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SLEDOVANIE RASTU, VYVOJA A PRODUKCIE SUSINY
LADENCA ROZKATEHO V CISTEJ KULTURE
A V MIESANKACH S TRAVAMI

INVESTIGATION OF GROWTH, DEVELOPMENT AND DRY MATTER
PRODUCTION OF BIRD’S-FOOT TREFOIL IN PURE CULTURE
AND IN GRASS MIXTURES

J. Volosin

Research Institute of Grasslands and Mountain Agriculture, Banskd Bystrica, Research
Station, Nitra, Slovak Republic

ABSTRACT: During two year observations (1963 to 1964) growth and development of bird’s-foot trefoil (Lotus corniculatus
L.) in pure culture and in other seven two to four component mixtures in small-scale experiment (Figs 1 to 10) were
investigated. We re-evaluate the experiment at present, because there is a possibility to utilize the knowledge obtained with
bird’s-foot trefoil growing in temporary and reseeded grass-clover mixtures. It is of use especially from the point of view of
its low requirements for fertilization, good adaptability to ecological conditions and to various ways of utilization. Nowadays,
its larger utilization in agricultural practice is limited by the lack of seed stock. The differences in stem length and stem
weight between fertilized and unfertilized variants can be attributed to the activity of rhizobial nitrogen. These aspects were
solved in another trial which was established in 1991. During 1990 and 1995 the set of simple mixtures was established and
their research continues further on. Present results (Tab. I) show, that temporary grass-clover mixtures can be established
with good application of bird’s-foot trefoil in combination with the variety of grass components including the tetraploid
grasses and intergeneric hybrids. Formation of temporary stands on the basis of a single grass and bird’s-foot trefoil enables
better utilization of ecological conditions and guarantees better utilization of the mixture by mowing as well as by grazing
in optimal maturity stage. Growing such a kind of mixtures can also be possible on the basis of the species with different
competitive ability contrary to complicated multi-component mixtures.

bird’s-foot trefoil; pure culture; grass mixtures; growth; development; production

ABSTRAKT: V polnych pokusoch v kukuri¢nej vyrobnej oblasti v Nitre boli zaloZené pokusy na sledovanie rastu, vyvoja,
ale i produkcie susiny ladenca roZkatého v Cistej kultire i v mieSankach s travami. Vytvorenie porastov pre kosné i pasien-
kové vyuZitie na baze jednej travy s ladencom roZkatym nadm umoZiiuje zaradit travne komponenty s rozdielnou konkuren¢nou
schopnosfou, &o je v zloZitej§ich viackomponentnych mieSankdch problematické. Vzhladom na stipajiici vyznam ladenca
roZkatého aj pre tic¢ely mimoproduk&né venujeme vicSiu pozornost i jeho semendarstvu.

Tadenec roZkaty; Cistd kultura; mieSanky s travami; rast; vyvoj; produkcia

UvVoD

Ladenec roZkaty ako druhy dopliiujici druh dateli-
novin sa uplatiiuje prakticky vo vietkych vyrobnych
oblastiach, k ¢omu prispieva jeho §iroka stanovistna
amplitida, skromnost a velka trvdcnost (Morh4a¢,
1961; Kovacé, Lichner, 1964; Tomka, Pris-
ta§, 1964; Kraj¢ovi& a kol., 1968). Jeho hlavné
uplatnenie by malo byt v dofasnych a trvalych dateli-
notravnych porastoch, kde sa mu pripisuje tloha poist-
ného druhu, ktory zabezpetuje tdrodu najmié vtedy, ked
ostatné komponenty sklamii. Trvicnost [adenca rozka-
tého je znaCnd, v Cistych porastoch 5 aZ 7 rokov, pri
pestovani v mieSanke 10 aZ 15 rokov (Kolaf, 1956).
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Ladenec rozkaty dobre prezimuje, zniSa velmi dobre
studené a drsné podmienky pod snehovou pokryvkou,
pomerne dobre odolava suchu, lebo svojou korefiovou
sastavou prijima z hlbSich vrstiev nielen Ziviny, ale
i vlahu. Preto menej trpi vykyvmi pocasia, takZe kom-
penzuje mens$iu drodu ostatnych zloZiek porastu. Vy-
drZi i dlhSie obdobie sucha, i ked pofas neho takmer
neobrastd, ale po daZdi rychle regeneruje. Je viac za-
stipeny v prirodzenych porastoch, na suchSich stano-
viStiach a s pribidajicou vlahou jeho podiel klesa
(Regal, Strafelda, 1959). M4 velké poZiadavky
na svetlo, preto sa z vysokych porastov pri vacSich dav-
kach dusika rychlo straca. Nedostatoéne vyuZiva dusik
na vysSi rast stoniek, ktorych pocet sa zniZuje, ¢im sa
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oslabuje konkurencna schognosf (Krajéovié, Vo-

lo¥in, 1966). Po zbere rychlo obrast4, poskytuje tri

kosby, alebo dve kosby a pasenie. Pasenie znaSa dobre,
preto sa mbZe uplatnit i v do¢asnych pasienkovych mie-

Sankach. Celkova produkcia ladenca rozkatého je o 30 az;
40 % mensSia nez produkcia dateliny li¢nej a lucerny

siatej (Tomag§ik, 1990), len na horSich pddach sa im

vyrovna (Richtarik, 1968; Halva, Lesak,
1975). V zelenom stave nenadiiva a vetky druhy hos-

podarskych zvierat ho s chutou prijimaji. Dobre sa

uplatfiuje v mieSankéch s kostravou trstovitou, reznac-

kou lalo&natou i v intenzivnych mie$ankich (Smaj-

strla, 1988; Volo¥in, Smajstrla, 1991).

MATERIAL A METODA

Polny pokus bol zaloZeny vo vyrobnej oblasti kuku-
riénej do krycej plodiny ovsa zberaného na zeleno, pri
rieke Nitre. Nadmorska vyska stanovista je 143 m, po-
zemok je rovinny s hlbkou ornice 30 c¢m. Dlhodoby
roény priemer zraZok sa pohyboval od 600 do 650 mm,
potas vegetdcie od 300 do 350 mm. Priemerna ro¢na
teplota bola 8 az 9 °C, po&as vegetécie 16 °C. Priemer-
né rozborové hodnoty: ?H 7,4, humus 3,04, P,O5 7,10
mg.g~ LaN797 mg.g

Vysev a zloZenie mieSaniek

1. Tadenec roZkaty (Lotus corniculatus L.) 29,48
2. Tadenec rozkaty (Lotus corniculatus L.) 10,06
reznacka lalognatd (Ductylis glomerata L.) 11,24
3. Tadenec roZkaty (Lotus corniculatus L.) 10,06
mitonoh trvici (Lolium perenne L.) 15,08
4. Tadenec rozkaty (Lotus corniculatus L.) 10,06
kostrava li¢na (Festuca pratensis Huds.) 15,84
5. ladenec rozkaty (Lotus corniculatus L.) 6,72
kostrava li¢na (Festuca pratensis Huds.) 11,19
miitonoh trvici (Lolium perenne L.) 10,06
6. Tadenec rozkaty (Lotus corniculatus L.) 6,72
kostrava li¢na (Festuca pratensis Huds.) 11,19
reznacka lalo¢natd (Dactylis glomerata L.) 7,49
7. Tadenec rozkaty (Lotus corniculatus L.) 6,72
reznacka lalo¢natd (Ductylis glomerata L.) 7,49
miitonoh trvéci (Lolium perenne L.) 10,06
8. Tadenec rozkaty (Lotus corniculatus L.) 5,01
kostrava li¢na (Festuca pratensis Huds.) 6,71
reznacka lalo€natd (Dactylis glomerata L.) 5,59
miitonoh trvéici (Lolium perenne L.) 7,35

KaZd4 mie§anka mala $tyri opakovania (vymera par-
cely 10 m?) pri dvoch variantoch hnojenia: 1. nehnoje-
nd kontrola; 2. hnojenie 100 kg N, 60 kg P,Os; 80 kg
K50 v &istych Zivindch na 1 ha. Davky N boli delené:
50 kg na jar.a po 25 kg po prvej a druhej kosbe, P,Os
a.K,0 jednorazovo na jar.

Zber zelenej hmoty sme robili v spasacej zrelosti
Styrikrat do roka. Odber vzoriek pre biometricky rozbor
sme robili v 14dennych intervaloch z kaZdého opako-
vania po‘tri trsy z jednotlivych komponentov s mono-
litom do hlbky 25 cm. Po vyplaveni v rie¢nej vode sme
sledovali pocet, hmotnost a dlzku odnoZi a hmotnost ko-
refiovej hmoty. V. priebehu vegeticie sme k jednotlivym
odberom sledovali priemerné hodnoty zrdZok a teplot.
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V dalSej sérii pokusov. VUTPHP Banski Bystrica
a VS Nitra sme zaloZili pokusy s ladencom rozkatym

. v zoku 1991 s 20 druhmi a odrodami trdv v-dvojkom-

ponentnych mieSankich (tab. I), kde popri produkéne;j
schopnosfi sa sleduje aj trvicnost mie¥aniek v troch
kosbach roéne (v sledovani sa pokracuje).

Pokusné miesto Agrokomplexu Nitra (vystavisko)
sa nachadza v klimatickej oblasti suchej, teplej, v nad-
morskej vySke 145 m. Dlhodoby priemer zrdZok bol
580 mm, priemer zrdZok za vegetaéné obdobie 323 mm.
Priemerna ro&na teplota bola 9,7 °C, priemern4 teplota
za vegetatné obdobie 16,6 °C. Pokus bol zaloZeny vo
vyrobnej oblasti kukuri¢nej, pédny druh je ilovito-hli-
nitd pdda, pddny typ degradovana &ernozem. Predplo-
dinou bola pohéanka siata.

VYSLEDKY A DISKUSIA

Popri vplyve vyZivy je odnoZovanie ovplyviiované
aj zloZenim porastov, pri¢om vzidjomné vztahy medzi
jednotlivymi druhmi a poétom druhov nie si ustilené
(obr. 1, 2). V menej miere vplyvaji na vzdjomné vzta-
hy aj zmeny Zivotnych vlastnosti druhov, podmienené
ro¢nymi vegetalnymi fenofdzami vyvoja, rastu, biolo-
gickym starnutim a kolisajicim pomerom zastipenia
jednotlivych druhov v mieSanke.

Druhy Zijice v rastlinnom spologenstve sa chovaji
in&¢ ako v Cistej kultire, o spdsobuje, Ze ich rast a vy-
voj ovplyviiuje ostatné komponenty. Vplyv hnojenia na
tvorbu odnoZi sa prejavil vyrazne u travnych kompo-
nentov, kym u ladenca rozkatého boli namerané vyssie
hodnoty poctu byl u porastov bez hnojenia uZ od 2. 8.
a v jesennom obdobi Einili v priemere aZ o dve byle
viac. Z priebehu tvorby byl za roky sledovania v mie-
Sankach boli vy$Sie hodnoty na porastoch hnojenych,
v porovnani s poctom byl v Cistej kultire. Len u mie-
Sanky ladenca rozkatého s kostravou li¢nou a reznac-
kou lalo¢natou v Stvorkomponentnej mie$anke boli
vysSie hodnoty bez hnojenia (obr. 3).

Z vysledkov sledovania poétu byl u ladenca roZka-
tého, ale aj u ostatnych druhov trav vyplyva, Ze pocet
byl mal stipajicu tendenciu pocas celého vegetacného
obdobia, na jednu rastlinu &inil 4 aZ 12 u ladenca roz-
katého, 8 aZ 20 u kostravy li€nej, 6 aZ 15 u reznacky
lalo¢natej, 7 aZ 18 u mitonohu trviceho. Polet byl
u ladenca rozkatého v &istej kultire dosiahol vysSie
hodnoty ako v sledovanych mieSankach, v niektorych
pripadoch aZ o 100 % (mieSanka 7 a 8).

V priebehu vegeticie stipal pocet byl v miesSankach
rychlejsie ako v Cistej kultire a v §tvrtej kosbe uZ do-
chédzalo k vyrovnaniu. Pri sledovani po&tu byl na ne-
hnojenych variantoch mal tento u monokultiry aj
u-dvojkomponentnych mieSaniek stipajiicu tendenciu.

Vplyv hnojenia by mal viac ovplyvnit dizku a hmot-
nost byl (obr. 4 a7 7), ktord vyjadrujeme podla odberu
v priebehu vegeticie i v priemere za sledované roky.
Po vykli¢eni v prvych fdzach vyvoja.sa nadzemna
hmota vyvijala pomaly, lebo v tomto Case ladenec roz-
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L. Prod

kcia suSiny Tad
Agrokomplex Nitra

avnych

ieSaniel (l.hn"); Agrokomplex Nitra - Dry matter production of bird’s-foot trefoil mixtures (t.hn“'):

Variant! Druhy a odrody v mieSanke? 1992 1993 1994 1995 x

| Lotus corniculatus
Alopecurus pratensis; Levolski 11,15 6,56 6,85 4,53 7.27

2 Lotus corniculatus
Festuca rubra;, Levotski 12,09 8,21 8,35 4,74 8,35

3 Lotus corniculatus
Poa pratensis; Slezanka 12,67 6,79 9,41 438 8,31

4 Lotus corniculatus
Dactylis glomerata; Rela 9,86 9,82 10,63 4,77 8,77

5 Lotus corniculatus
Dactylis glomerata; Niva 12,02 9,86 11,81 5,54 1,23

6 Lotus corniculatus
Festuca pratensis; Levotskd 12,40 8,13 11,01 6,94 9,62

7 Lotus corniculatus
Festuca flavescens; Levotsky 12,55 9,38 10,47 6,44 9,71

8 Lotus corniculatus
Arrhenatherum elatius; Levodsky 11,66 10,26 15,05 7,26 11,06

9 Lotus corniculatus
Poa palustris;, RoZnovskd 12,84 7,97 11,94 7.85 10,15

10 Lotus corniculatus
Lolium perenne; Tarpan 12,68 8,27 10,41 724 9,65

11 Lotus corniculatus
Lolium perenne, Metropol 9,74 9,21 11,38 5,75 9,02

12 Lotus corniculatus
Phleum pratense; Levotski 12,53 8,99 11,37 6,95 9,96

13 Lotus corniculatus
Agrostis stolonifera; Levo&sky 13,55 7.81 11,83 7,26 10,11

14 Lotus corniculatus
Bromus inermis; Lubro 14,25 6,79 10,78 585 942

15 Lotus corniculatus
Festuca arundinacea; Lekora 12,39 9,23 12,44 5,88 9,99

16 Lotus corniculatus
Festuco lolium; Felina 10,09 9,93 13,61 7,42 10,26

17 Lotus corniculatus
Festuco lolium; Perun 9,09 8,74 10,15 7,01 8,75

18 Lotus corniculatus
Festuco lolium; Lofa 7,46 7.87 8,50 6,82 7,66

19 Lotus corniculatus
Festuco lolium; Hykor 12,04 9,46 14,11 8,71 11,08

20 Lotus corniculatus
Festuco lolium; Paulita 11,66 8,04 9,05 7,01 8,94

'variant, 2species and varieties in mixture

katy rychlo a intenzivne zakorenil, intenzivnejfie na
nehnojenych ako na hnojenych porastoch (obr. 8). Na
jar zadinal rast uZ pri teplote 5 aZ 6 °C a plnej vykon-
nosti dosiahol v prvom a druhom roku. Vysledky $ti-
dia hmotnosti byl ladenca roZkatého na hnojenych va-
riantoch ukazuji na dost velké rozdiely medzi
hmotnostou byl v &istej kultire a v mieSankich, kym
bez hnojenia sa rozdiely v mie$ankéch vyrovnavali.
Hmotnost byl ladenca rozkatého v Cistej kultire bo-
la pogas celej vegetdcie na hnojenych i nehnojenych

ROSTLINNA VYROBA, 43, 1997 (4): 153-160

variantoch vyrovnana, aj prirastky boli vyrovnané. Na-
opak v mieSankdch s trdvami hmotnost byl [adenca
rozkatého, ako aj prirastky hmotnosti boli ku koncu
vegeticie vySSie na nehnojenych variantoch. M6Zeme
to zd6vodnit tym, Ze na hnojenych variantoch mali pre
svoj rast lepSie podmienky (vytvorené hnojenim dusi-
kom na zaliatku vegetdcie a po prvej a druhej kosbe)
travy ako ladenec roZkaty a svojim rychlym vyvojom
potlagili fadenec rozkaty. V dlzke rastlin boli rozdiely
najmi u kostravy li¢nej od 20 do 70 mm, u reznacky
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Vysvetlivky k obr. 1 aZ 10 — Explanations to Figs 1 to 10:
. Tadenec rozkaty — bird’s-foot trefoil
. Tadenec rozkaty + miitonoh trvici — bird’s-foot trefoil + ryegrass

W=

NN

oo

M |, odber vzoriek — sampling |
3 2. odber vzoriek — sampling 2
KE 3. odber vzoriek ~ sampling 3

1 3. 3.

lalo¢natej od 20 do 50 mm a v hmotnosti u-kostravy
licnej od 1 do 3 g, u reznacky lalo¢natej od 1 do 6 g
v priemere na jednu rastlinu.

Rozdiely v dlzke a hmotnosti byl medzi hnojenymi
a nehnojenymi variantami je moZné pristdit i ¢innosti
rhizobidlneho dusika, na Co je potrebné este dalSie Sti-
dium, aby sme mohli ladenec rozkaty viac vyuZivat
z ekologického hladiska na pestovanie do datelinotrav-
nych porastov a podobne i na prisevy do prirodzenych
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1. Poget odnoZi fadenca rozkatého na hno-
jenom variante — The number of offshoots
of bird’s-foot trefoil in manured variants

. Tadenec roZkaty + mitonoh trvdci + kostrava li¢na — bird’s-foot trefoil + ryegrass + meadow fescue

. Tadenec rozkaty + reznacka lalonatd + kostrava li¢na — bird’s-foot trefoil + cock’s foot + meadow fescue

. Tadenec roZkaty + reznacka lalognata — bird’s-foot trefoil + cock’s foot

. Tadenec roZkaty + kostrava li¢na — bird’s-foot trefoil + meadow fescue

. ladenec rozkaty + reznacka laloénatd + mitonoh trvici — bird’s-foot trefoil + cock’s foot + ryegrass

Tadenec rozkaty + reznacka lalo¢natd + miitonoh trvici + kostrava li¢na — bird’s-foot trefoil + cock’s foot + ryegrass + meadow fescue

2. Polet odnoZi ladenca rozkatého na
nehnojenom variante — The number of off-
shoots of bird’s-foot trefoil in unmanured
variants

12345678
4. kosba

trdvnych porastov pre suchSie oblasti (Krajéovic
a kol., 1968).

Vzhladom na to, Ze vit¥ina $lachtitelskych stanic
porovnava vykonnost a vyvojovy rytmus triav a dateli-
novin v monokultire, je potrebné ich overenie v mie-
Sankéch a takto rieSif i proces $lachtenia v nastavajicom
obdobi. V pokusoch na Viglasi (Richtéarik, 1968),
kde se skusal spravny pomer ladenca roZkatého a trav
pre semenné tucely, je moZné hodnotit pozitivne mie-
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3. Podiel odnoZi v mieSankéich -
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Sanky ladenca rozkatého s kostravou li¢nou, ako aj
s reznackou lalo¢natou. Menej produkéné boli mie$an-
ky s mdtonohom trvacim, ¢o potvrdzuji i naSe pozoro-
vania z Nitry.

Hmotnost korefiovej hmoty l'adenca roZkatého na
hnojenych variantoch bola ovplyviiovana viac ako na
variantoch nehnojenych (obr. 9). V &istej kultire dosa-
hovala vy%8ie hodnoty ako v mieSankéch, kde narastanie
bolo ovplyvnené zloZenim mieSaniek, u nehnojenych
porastov boli vSak rozdiely minimalne. Z hmotnosti
korefiovej hmoty na nehnojenych variantoch je moZné
usudit, Ze travy v dosledku hnojenia dusikom vytvorili
velké mnoZstvo korefiovej hmoty a svojim bohatym za-
korenenim v jej vytvdrani obmedzili ladenec rozkaty.
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4. DIZka odnoZi Iadenca rozkatého
na hnojenom variante — The length
of offshoots of bird’s-foot trefoil
in manured variant -

12345678
4. kosbi

Na nehnojenych variantoch, kde travy neboli podporo-
vané v raste korefiovej hmoty, ale i nadzemnej hmoty
hnojenim, nevytvorili silnej$iu korefiovii hmotu, lade-
nec rozkaty zakorenil a vytvoril velké mnoZstvo hliz-
kotvornych baktérii, o potvrdzuje i Kolaf (1956).
Z nasich pozorovani vidiet, Ze rast a vyvoj ladenca
rozkatého nebol vyrazne ovplyviiovany poétom kom-
ponentov, ale viac samotnym hnojenim. Svoje opod-
statnenie ma teda ladenec roZkaty pre pestovanie na
docasnych pasienkovych porastoch pre svoju dobri od-
noZovaciu schopnost, prispdsobivost, nenaro¢nost na
hnojenie a pddno-klimatické podmienky (Kolaf, 1956;
Morhaé, 1961; Kovaé, Lichner, 1964). Jeho
prednosti v tomto smere sa prejavuji viac v suchSich
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5. Dlzka odnoZi ladenca rozkatého
na nehnojenom variante — The
length of offshoots of bird’s-foot
trefoil in unmanured variants
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a extrémnejSich podmienkach (Tomka, Prista§,
1964; Krajcovié, VoloSin, 1966; Richta-
rik, 1968). Podla doteraj§ich skusenosti sa zda, Ze
v intenzivnejSie hnojenych mieSankidch ma uZ ovela
men3i vyznam, Smajstrla (1988) ho viak odporica
v mieSankéch s kostravou trstovitou i reznackou lalo¢-
natou. Pre intenzivnejSie podmienky treba venovat po-
zornost vyberu odréd a $lachteniu pre tento ucel. La-
denec rozkaty v mieSanke moZno bez obdv spésat, lebo
znaSa zo§lapovanie a dobre zmladzuje (VoloSin,
Smajstrla, 1991).

Zaroky 1992 az 1995 sme sledovali ladenec rozkaty
v 20 kombinacidch s vybranymi druhmi a odrodami
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bez dusikatého hnojenia (tab. I). Menej produk&né si
mieSanky s psiarkou li¢nou a medzirodovym hybridom
Lofa. Ziskané $tvorroéné vysledky ukazuji moZnost
vyuzitia jednoduchych dvojkomponentnych mieSaniek
s priemernou produkciou suginy nad 10 t.ha™.,

Vytvorenim doasnych porastov na baze jednej tra-
vy a ladenca rozkatého sa daju lepS$ie zladit naroky na
stanoviSte aj na vyuZivanie v optimilnom $tddiu zre-
losti.

Véasnost je vyznamnda charakteristika, na zaklade
poznania skorosti druhov a odréd (Caputa et al.,
1970) moZno zostavit mieSanky pre postupné vyuZiva-
nie. Pestovat takéto mieSanky moZno aj z druhov s roz-
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7. Podiel hmotnosti odnoZi v mie-
Sankdch — The part of weight of
ofshoots in mixtures

—— hmotnost odnoZi v % na
nehnojenom variante — percentage
of weight of offshoots in un-
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10. Podiel nadzemnej a podzemnej
hmoty Tadenca roZkatého v Cistej
kultire a v mieSankdch na hnoje-
nom variante — The part of above-
ground mass and undeground
mass of offshoots as a pure culture
and as a mixture in manured vari-
ants

—— pocet odnoZi v % — percent-
age of number of offshoots

- - - - dl?ka odno%i v % — percent-
age of length of offshoots

-+ =+ hmotnosf odnoZi v % - per-
centage of weight of offshoots
~~~~~ hmotnost koreiiovej hmoty
v % — percentage of weight of root
mass

dielnou konkuren¢nou schopnostou, ¢o je v zloZitych
viackomponentnych mie$ankéich problematické. Na z4-
klade dlhodobého sledovania tvorby hmoty sme uréili
postupné vyuZivanie odrod.

Ladenec rozkaty overujeme i z hladiska biologickej
ochrany pddy, pre prisevy do trvalych travnych poras-
tov a na zatraviiovanie medziradi do sadov, vinohradov
a plantaZi drobného ovocia.

Vzhladom na stipajiici vyznam [adenca rozkatého
ako komponenta pre dofasné i prisievané porasty treba
venovat zvySeni pozornost semenérstvu najmi v ob-
lastiach, kde mala tato vyroba dlhodobu tradiciu.
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BOTANICKA SKLADBA A PRODUKTIVNOST DOCASNE
LOUKY V PODMINKACH HNOJENI KEJDOU

BOTANICAL COMPOSITION AND PRODUCTIVITY OF TEMPORARY
GRASSLAND IN CONDITIONS OF SEMI-LIQUID MANURING

K. Rimovsky, J. Svériakova

Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: In the first and second years after establishment of temporary grassland red clover, timothy and ryegrass
participated most in herbage production. In the third and fourth years red clover and ryegrass receded from the stand and
their production function was taken by timothy and intergeneric Felina hybrid and partially also smooth-stalked meadow
grass. Felina hybrid responded the best to mineral fertilization, while timothy was the best to semi-liquid manuring. This
grass species in last two years of utilization of temporary grassland exhibited highest proportion to herbage production (68 to
72%). The representation of smooth-stalked meadow grass in herbage production gradually raised in harmony with the growth
of productivity of this grass species. Practically, the remaining species, red fescue and white clover, did not participate in
biomass production in fertilized variants. The occurrence of diverse species was to a lesser degree recorded in fertilized
variants as late as in the fourth cropping year of the grassland. Botanical composition of the stand simplified during four
years of lasting the temporary grassland (Figs 1 to 3). In the last year in both fertilized variants only grass species timothy,
Felina hybrid and smooth-stalked meadow grass. Productivity of temporary grassland was affected by variants of fertilization
variants, method of semi-liquid manure application and botanical composition of the stand. Cattle semi-liquid manure reduced
the total herbage production in the years 1992 and 1993 at the identical nitrogen rate (200 kg.ha") compared with the
commercial fertilizers. This was caused by less favourable autumn date of manuring on grassland sod. In the years 1994 and
1995 when semi-liquid manure was applied in spring before grass regrowths, the herbage production was balanced in both
variants and the differences found were statistically insignificant. Average dry matter production for the years 1994 and 1995
amounted to 11.68 t.ha™ in the variant treated with commercial fertilizers (variant 1) and 11.00 t.ha”! in manured variant
(variant 2).

semi-liquid manuring; grasslands; botanical composition; grassland productivity

ABSTRAKT: V podminkich vy3§i bramborafské oblasti byly sledovany zmény v botanické skladb& porostu docasné louky
a jeji produktivnosti pfi dvou variantdch hnojeni (varianta 1 — hnojeni primyslovymi hnojivy, varianta 2 — hnojeni kejdou
skotu, pfi hladiné vyZivy 200 kg N.ha™). v prib&hu &tyf let trvani louky doslo ke zjednoduseni botanické skladby porostu.
Po tstupu jetele luéniho a jilku vytrvalého se na produkci pice nejvice podilel bojinek luni, travni hybrid Felina a na varianté 1
i lipnice lu¢ni. Na hnojeni primyslovymi hnojivy lépe reagoval hybrid Felina, na hnojeni kejdou skotu bojinek lu¢ni.
Rozhodujici pro produktivnost tiisetné dofasné louky byla vZdy prvni se&, kterd se v letech 1992 aZ 1995 na celkové ro&ni
produkci sudiny podilela 57 aZz 73 %. Pfi hnojeni kejdou skotu byl zjistén statisticky prukazny vliv terminu aplikace kejdy
na produktivnost travniho porostu. Podzimni aplikace v roce 1992 a 1993 se ukézala jako méné vhodnd, dosaZend produkce
sudiny byla vyrazné niZ8i neZ po hnojeni primyslovymi hnojivy. Pfi vhodné&jsi jarni aplikaci kejdy v roce 1994 a 1995 byla
produkce suliny na obou variantich hnojeni téméf vyrovnana. Pfi spravném vyuZiti kejdy ke hnojeni travniho porostu lze
sniZit spotfebu drahych prumyslovych hnojiv a dosédhnout v zemédélském podniku ekonomicky vyznamnych uspor.

hnojeni kejdou; travni porosty; botanickd skladba; produktivnost travnich porostu

UvoD

V CR se v bezstelivovych provozech Zivogisné vy-
roby ro¢né produkuje pfiblizné 9 mil. t kejdy prasat,
skotu a drubeZe. Nejefektivnéjsi zpusob vyuZiti kejdy
predstavuje pfimé hnojeni plodin kejdou, pfi kterém
kejdu hodnotime jako komplexni organomineralni hno-
jivo, hnojivym ucinkem srovnatelné s chlévskym hno-
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jem nebo primyslovymi hnojivy. Potvrzuji to dfivéjsi
prace (Skarda, 1982; Rimovsky, 1989; Neu-
berg et al., 1995).

Vyhodné je vyuZiti kejdy ke hnojeni travnich poros-
th pro vysokou inosnost travniho drnu pfi pouZiti t&Z§i
aplikacni techniky a pro moZnost hnojeni travnich po-
rostll v rovinnych terénech i v obdobi vegetacniho kli-
du. DalSi pfednosti je pomér v kejdé obsaZeného N, P
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a K, ktery odpovidd poZadavkim na vyZivu u travnich
porostl. Travni porosty pfedstavuji sloZité fytocenézy
(Velich, 1986), které svou skladbou, produkci a kva-
litou pice velmi citlivé reaguji na hnojeni (davky a for-
my Zivin, terminy hnojeni).

MATERIAL A METODA

Pokusné plocha dogasné louky se nachazi v aredlu
Vyzkumné stanice Ustavu picninafstvi MZLU v Brn&
ve Vatin& v okrese Zd4r nad Sézavou.

Puda pokusného pozemku je zrnitostné jilovitohlini-
ta, t&Z§i. Pudotvorny substrat piedstavuji nevépenité
nivni uloZeniny. Vysledkem pedogenetického procesu
je pudni typ — typicky kysely glej. Hladina spodni vody
je v hloubce 0,72 m.

Klimaticky odpovida misto pokusu bramborafskému
vyrobnimu typu. Primér ro¢nich teplot je 6,06 °C,
dlouhodoby ro&ni dhrn srdZek &ini 736 mm. Pokusné
misto se nachézi v nadmofské vysce 550 m. Sledované
obdobi pokusu (1992 aZ 1995) ve srovnani s dlouhodo-
bym primérem bylo sraZkové podnormaélni a teplotn&
nadnormalni.

Botanicka skladba porostu a produkce docasné lou-
ky v Cerstvé hmot€ a sufin€ byla sledovédna v letech
1992 a7 1995 véetné. Pokus byl zaloZen v roce 1991,
pfi tfech pokusnych variantich, ve &tyfech opakova-
nich. Plocha pokusné parcely ¢inila 45 m?.

Pokusné varianty:

0 - kontrola bez hnojeni;
1 — hnojeni N, P a K primyslovymi hnojivy;
2 - hnojeni kejdou skotu.

Hladina Zivin na hnojenych variantich 1 a 2 byla stej-
na, rofni davka cinila 200 kg N.ha™'. Sklizeii doZasné
louky byla kaZdoro¢né uskutenéna ve tfech secich.

V letech 1992 aZz 1995 byla ke hnojeni dofasné lou-

ky pouZita tato hnojiva:

a) kejda skotu ruzné kvality s obsahem 4,10 az
10,38 % susiny, 0,25 aZ 0,42 % N, 0,09 az 0,18 %
P a 0,17 aZz 0,43 % K,0;

b) primyslova hnojiva: dusi¢nan amonny (granulova-
ny) 34 % N, superfosfat granulovany 19 % P,0s,
draselnd sil (krystalickd) 60 % K,O.

Jetelotravni smés k zaloZeni doCasné louky (celkovy
vysev predstavoval 33 kg.ha"):

Jetel luéni (Kvarta) 8 kg
Mezirodovy hybrid (Felina) 8 kg
Jilek vytrvaly (Tarpan) 4 kg
Bojinek luéni (Vétrovsky) 6 kg
Lipnice luéni (RoZnovska) 3 kg
Kostrava ¢ervena (Taborska) 2 kg
Jetel plazivy (Dibrava) 2 kg

Porost byl zaloZen bez kryci plodiny letnim vyse-
vem v terminu seti 12. 8. 1991.

VYSLEDKY A DISKUSE

Zjisténé zmény v botanické skladbé (obr. 1 aZ 3)
zaloZeného porostu dofasné louky v prub&hu Ctyf let
(tab. I) potvrdily nékteré platné poznatky. Po tstupu
méné vytrvalych picnich druhu jetele Iuéniho a jilku
vytrvalého v prvnich dvou letech se ve tfetim a étvrtém
roce po zaloZeni doCasné travni louky uplatnily druhy
vytrvalejsi, dosahujici plné produkce aZ v této dobé.
Patfily k nim mezirodovy travni hybrid Felina a lipnice
luéni. Bojinek lu¢ni prokazal schopnost poskytovat vy-
sokou produkci pice v pribé&hu celého &tyfletého obdo-
bi, pro coZ ho lze doporudit pfi zakladani docasnych

I. Zastoupeni komponentli v porostu dotasné louky v dob& druhé sefe (v hmotn. % suché biomasy na vzduchu) — Rep ion of
components in the stand of temporary grassland during the second cut (in weight % of dry biomass in air)
Komponent' 1992 1993 1994 1995
var.O | var. | [ var. 2 | var.O [ var. | | var.2 | var.O | var. |1 | var. 2 | var. O | var. | | var. 2
Bojinek luéni? 38 24 25 31 41 26 45 34 68 38 49 72
Jilek vytrvaly? 22 19 15 5 5 2 1 | 1 2 0 0
Lipnice lugni* 1 1 2 2 7 2 2 13 2 2 14 5
Felina® 10 6 6 10 22 4 9 41 16 3 33 20
Kostfava Cervena® 1 1 1 1 1 0 0 0 0 0 0
Jetel lugni” 26 48 50 48 24 64 28 9 10 0 0
Jetel plazivy® 2 0 1 1 0 0 3 1 1 18 0 0
Ostatni diverzni druhy’ 0 1 0 2 0 2 12 1 2 37 4 3
Celkem'" (%) 100 100 100 100 100 100 100 100 100 100 100 100

Vysvétlivky k tab. I a II - Explanations to Tabs I and II:

var. 0 — kontrola bez hnojeni — control without fertilization
var. 1 — hnojeni primyslovymi hnojivy NPK - fertilization with commercial fertilizers NPK
var. 2 - hnojeni kejdou skotu — cattle semi-liquid manuring

lcomponent. 2timothy. 3rycgmss. 4smooth-stalked meadow grass, SFelina hybrid, “red fescue, 'red clover, *white clover, 9remnining diverse

species, Ytotal
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1. Botanicka skladba porostu dotasné louky (kon-

1994

trola) — Botanical composition of the temporary
grassland (control)

Vysvétlivky k obr. | aZ 3 — Explanations to Figs 1
to 3:

B bojinek lu¢ni — timothy

B jilek vytrvaly — ryegrass

O lipnice lu¢ni — smooth-stalked meadow grass

O Felina - Felina hybrid

W kostfava Cervend — red fescue

@ jetel lucni —
B jetel plazivy — white clover

red clover

O ostatni diverzni druhy — remaining diverse spe-
cies

1995

2. Botanickd skladba porostu docasné louky
(primyslova hnojiva NPK) - Botanical composition
of the temporary grassland (commercial fertilizers

1994

luk s vy$§i drovni hnojeni (200 kg.ha’l). Obdobné poz-
natky uvadi Lesdak (1986).

Malé uplatnéni kostiavy ervené a jetele plazivého
na hnojenych variantich docasné louky lze v prvém
piipadé zduvodnit vys§i drovni hnojeni dusikem, kdy
kostfava Cervend vlivem konkurence vzristnych trav
z travniho porostu ustupuje. Ke shodnym zavérim do-
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NPK)

1995
3. Botanicka skladba porostu do&asné louky (kejda
skotu) — Botanical composmon of the temporary
grassland (cattle liquid )

1995

spél Vitek (1974). Stejné tak nizké uplatnéni jetele
plazivého lze zduvodnit tim, Ze v dobfe zapojeném po-
rostu vzrastnych trav byl jetel plazivy pfi svém niZ§im
vzristu silné zastinén, coZ tato svétlomilna jetelovina
nesnasi. Vysledkem byl stav, kdy na hnojenych varian-
tach ve Ctvrtém roce existence doCasné louky jetel pla-
zivy z porostu vymizel. Uvadéné souvislosti potvrzuje
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i skladba porostu na varianté 0 (bez hnojeni), s nizkym
vynosem lucni biomasy, a tim i pfiznivé&jSimi svételny-
mi podminkami, pfi kterych jetel plazivy vykézal v po-
rostu do&asné louky v roce 1995 hmotnostni zastoupeni
18 %. Z uvedenych divodi povazujeme vyuZiti kostia-
vy Cervené a jetele plazivého v intenzivné hnojenych
a vysoce produktivnich porostech do&asné louky za
problematické. Potvrzuji to i ddaje nékterych autort
(Lichner etal., 1983; Petiik a kol., 1987), ktefi
se pozadavky t&chto picnich druhi na stanovistni pod-
minky zabyvali.

Zvlastni postaveni ve skladbé porostu do¢asné louky
zaujimaji luéni byliny, tzv. rostliny diverzni. B&€hem
Ctyfleté existence doCasné louky nebyl na hnojenych
variantidch zaznamenén jejich vyznamny vyskyt, hmot-
nostni zastoupeni v porostu ¢inilo pouze 3 a 4 %. Po-
tvrdil se tak poznatek, Ze hlavnim preventivnim pros-
tfedkem proti zapleveleni travnich porosti je kromé
opakované sklizné dobfe zapojeny porost s vysokou
produkci pice. Potvrzuje to i naristajici vyskyt luénich
bylin na kontrolni variant€ s nizkou produkci pice, kde
jejich hmotnostni podil ve Etvrtém roce trvani doCasné
louky &inil 37 %. Tato zji§téni jsou v souladu s udaji
z literatury (Krdlovec, 1996). Citovany autor za
nejduleZit&j¥i podminku pro zaloZeni druhové pestrych
luk s vysokym podilem lu&nich bylin povaZzuje sniZenf
intenzity jejich obhospodafovéni, zejména trovné du-
sikatého hnojeni.

Ctyiletd doZasné louka byla kaZdoro&né sklizena ve
tfech sedich. V letech 1992 aZ 1995 se na celkové pro-
dukci suSiny luéni biomasy svymi 57 aZ 73 % nejvice
podilela prvni se¢. Vynosova jistota a vysoké produkce
prvni sefe je ddna zejména dostatkem vldhy v jarnim
obdobi. Zbytek celoro¢ni produkce pice poskytla druha

a titeti sec, kterd se na celkové produkci susiny podilela
minimalné.

Jak dokumentuji udaje v tab. II, produkce do&asné
louky byla ovlivnéna variantami hnojeni, dobou hnoje-
ni a roénikem. V letech 1992 a 1993 na varianté hno-

" jené kejdou byla na dotasné louce dosaZena niZi pro-

dukce Cerstvé pice a suSiny neZ na varianté hnojené
pramyslovymi hnojivy. U susiny ¢inilo v roce 1992 toto
sniZeni 23,08 %. V nésledujicim roce 1993 byla produkce
suSiny na varianté hnojené kejdou opét niZi oproti va-
riant€ hnojené primyslovymi hnojivy o 31,50 %. V le-
tech 1994 a 1995 se produkce sufiny u obou variant
hnojeni téméf vyrovnala, sniZeni na varianté hnojené
kejdou dosahlo pouze 3,28 a 7,86 %. Pricinou byla ¢a-

~sova zména aplikace kejdy na travni drn doCasné louky.

Zatimco v letech 1992 a 1993 bylo kejdou hnojeno po-
zdé€ na podzim, v letech 1994 a 1995 se hnojeni kejdou
uskute¢nilo na jafe, bezprostiedn& pied obristianim
travniho drnu, coZ umoZnilo efektivng&jsi vyuZiti dusiku
travnim porostem. Vhodnost jarni aplikace kejdy pfi
hnojeni travnich porostii prokazuje i Skarda (1982).

Platnost té€chto zavéra potvrdilo i statistické vyhod-
noceni dosaZenych vysledka v produkci su§iny sklize-
né pice doCasné louky. Zatimco pfi podzimnim hnojeni
kejdou doSlo k statisticky vysoce priukaznému sniZeni
produkce su$iny oproti varianté hnojené primyslovymi
hnojivy, po jarni aplikaci kejdy byla produkce susiny
vyrovnand, zji§téné rozdily byly statisticky nepriikazné.
Byl tak potvrzen pii sprdvném hnojivafském vyuZiti
kejdy jeji srovnatelny hnojivy G¢inek s primyslovymi
hnojivy. Statisticky prukazny vliv ro¢niku na produkci
docasné louky souvisi se znafnou zdvislosti travniho
porostu na rozdilném prib&hu povétrnostnich podmi-
nek v letech 1992 az 1995.

II. Prim&rnd produkce Cerstvé hmoty a suSiny pice doCasné louky podle pokusnych variant (t.ha") — Average fresh matter and herbage dry
matter production of temporary grassland according to the experimental variants (tha™)

i T Produkce Cerstvé hmoty? Produkce sudiny*
tha™! index® tha™! index
0 47,18 100,00 9,09 100,00
1992 1 65,17 138,16 12,39 136,30
2 49,98 105,93 9,53 104,84
0 33,78 100,00 7.51 100,00
1993 1 64,34 190,47 13,08 174,17
2 55,58 164,54 8,96 119,31
0 29,43 100,00 6,86 100,00
1994 1 42,72 145,16 10,38 151,31
2 48,94 166,29 10,04 146,36
0 37,68 100,00 7,63 100,00
1995 1 54,52 144,69 12,98 170,12
2 53,73 142,60 11,96 156.75

'yem“ 2experimemal variant, *fresh matter production, "dry matter production, Sindex
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VARIABILITA NUTRICNICH CHARAKTERISTIK LISTU
TRAV V ZAVISLOSTI NA JEJICH POSTAVENI NA STEBLE

VARIABILITY OF NUTRITIVE CHARACTERISTICS OF LEAVES
OF GRASSES IN DEPENDENCE ON THEIR POSITION ON STEM

V. Mika, A. Kohoutek

Institute of Agricultural and Food Information, Praha, Research Station of Grassland
Ecosystems, Jevicko, Czech Republic

ABSTRACT: In grass leaves originating from natural environment changes in anatomy, chemical composition and nutritive
value take place as depended on the growth and development. Leaves standing higher on the stem in terms of their evolution
(onthogenetically) are older, however younger by their growth than those being below them. Their development is slower,
they stay green longer (photosynthetically active) and their senescence is later as well. In the first trial and in the first cut
16 species and grass varieties were evaluated, of it two rhizomatous (in Italian ryegrass in the first and separately also in the
second cut), at one site and in two years. With reference to certain calendar date, in terms of their growth younger leaves
had higher nutritive value regarding lesser range of lignification of tissues. Generally, growth stage seems to be a factor more
significantly affecting nutritive value of herbage than developing stages. For the needs of diagnostics the principle of leaf
sampling of certain insertion is to be kept. It is better to specify an order of leaves by their position on stem below flag leaf.
With respect to the shift in chemical composition and nutritive value of leaves of the same insertion on the main versus
secondary stem, or on the stem of lower order, resp., in practice it is necessary to take sufficiently great mean sample of
leaves of the given level of insertion. It follows from the fact that it is not possible to distinguish safely which stem is main
and which is of lower order. In the second series of trials Italian ryegrass was cultivated in a glasshouse and gradually leaves
of certain insertion (Tab. II) were taken from it to keep almost the same growth stage. Comparing their nutritive value, leaves
of lower insertion showed higher content of dry matter, fibre (NDF, ADF, ADL), sometimes also WSC and lower OMD, as
well as the content of crude protein. As to the growth, they were almost of the same age, however, they developed longer in
conditions of predominantly short day, under higher temperatures, lower relative air moisture and under intensive solar
radiation, so under conditions accelerating lignification. Leaves on secondary stem correspond by their chemical composition
to leaves on the main stem by two to three positions younger (higher level of insertion), as they developed later. This fact is
to be considered in modelling of grass growth. From the breeding point of view it is an important relationship: with length
of leaf mostly its width enlarges along with fibre content and crude protein content comprised in it is reduced.

grasses; leaves; nutritive value; defoliation; tillering; leaf diagnostics

ABSTRAKT: Listy postavené na stéble vy3e jsou ontogeneticky (vyvojove) star$i, ristové viak mlad3i neZ ty, které stoji
pod nimi. Posuzovéno k uréitému kalend4fnimu datu, ristové mlads$i listy maji vy$3i nutriéni hodnotu vzhledem k men3imu
rozsahu lignifikace pletiv. Rustova fize se obecné jevi jako faktor ovlivitujici vyZivnou hodnotu pice vyznamnéji neZ vyvojova
stadia. Pro potfeby diagnostiky je proto tfeba dodrZovat zasadu odbé&ru listi urcité inzerce. Pokud se viak srovnava nutri¢ni
hodnota listii odebiranych postupné podle toho, jak se vyvijely (tj. odb&ry pfibliZn& ve stejné ristové fazi), listy vy33i drovné
inzerce mé&ly hor¥i nutridni hodnotu. Ristové byly pfibliZné stejného stafi, vyvijely se vSak delsi dobu v podminkéch pievaZné
kritkého dne, za vy3Sich teplot, niZ3i relativni vzdu¥né vihkosti a za intenzivniho slune&niho zéfeni, tedy podminek urychlu-
jicich lignifikaci. Listy na vedlejsim stéble odpovidaji svym chemickym sloZenim listim na hlavnim stéble o dvé& aZ tfi pozice
mlad$im (vy33i uroveii inzerce), nebot se vyvinuly pozdgji. Z Slechtitelského hlediska je zdvaZny vztah: S délkou listu se
vétSinou zvétiuje také jeho Sitka i obsah vldkniny a sniZuje se v ném obsah dusikatych latek.

travy; listy; vyZivni hodnota; defoliace; odnoZovéni; listovéd diagnostika

10A70)1] . se zaCina prodluZovat (vlajkovy list). Spodni list po-
stupné ztraci svoji fotosyntetickou funkci, zasycha

Na stéblech trav mirného padsma se obvykle nachd- a méni se nakonec v detrit.
zeji tfi aZ Etyfi funkEni listy. Jakmile se Gepel a pochva S tvorbou listd na hlavnim stéble souvisi i odnoZo-
pIné rozvinou, list pfestava rust a dalsi, nad nim stojici,  vani. U jilku mnohokvétého se nezaéne tvofit postranni
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vyhon dfive, dokud se na hlavnim stéble nevytvorily tfi
az Gtyfi plné vyvinuté listy, u bojinku aZ pét lista. Tvor-
ba listd- ma svij fad a je urychlovana ristovymi pod-
minkami (zejména teplotou) aZ do dosaZeni jejich op-
tima. Podobng& i postup odnoZovéani. Na intenzité
odnoZovéni zavisi hustota porostu i produkéni schop-
nost. Limitujicimi faktory pro intenzitu odnoZovini je
dostatek Zivin, zejména dusiku, dostatek vldhy a frek-
vence vyuZiti porostu. B&hem pocéate&niho ristu seme-
nacku vzrista pocet listli a odnoZi geometrickou fadou,
a to dokud se neza&ne projevovat konkurence o svétlo,
vodu ¢&i Ziviny. Hierarchické uspofadéni trsu trav bylo
znazornéno dfive (M ika, 1982, 1985). Jakmile se vy-
tvofi zapojeny travni porost, pofet odnoZi a podet listl
na odnoZi zustdva dosti stdly, jen velikost listd se vice
méni.

Postup tvorby listi a odnoZi v pribéhu ontogeneze
je fizen geneticky a ovliviiovan vngjs§imi vlivy. Méni
se tedy kvantitativni zastoupeni jednotlivych &asti
v nadzemni biomase rostliny a jejich parcidlni chemic-
ké sloZeni. Oboji se promitd do nutriéni kvality pice
jako celku. S udrovni inzerce listd, tj. s jejich postave-
nim na stéble, se méni téZ vodni poméry v pletivech.
Proto uroveii inzerce listi by méla byt respektovana pfi
vypracovavani ndvrhu technik vzorkovéni, a téZ pfi
modelovéni rustu trav.

Sezonni variabilita ukazateld vyZivné hodnoty &epe-
li je relativné mala v porovnani s listovymi pochvami
a zvlasté stébly, kterd starnou rychleji Mika,
Paul, 1985). V podéate¢nich fazich jarniho ristu (pfed
nastupem dlouZivého riistu) miZe byt stéblo stravitel-
né&j8i a mit vy$8i vyZivnou hodnotu neZ &epel, nebot je
obklopeno listovymi pochvami se silnou kutikulou,
chranici ristovy vrchol s listovymi primordii na bazi
stébla pred dcinky atmosféry. Stéblo samo v této dobé
je chranéno podstatné slabsi kutikulou, a tedy jeji ne-
gativni G&inky (tvofi fyzikalni bariéru pro travici enzy-
my) na stravitelnost pod ni leZicich pletiv jsou slabsi
ve srovnani s listovymi pochvami a ¢epelemi. Vyvoj
kutikuly probiha velice rychle. Béhem péti dni se na
vnéjsi (abaxidlni) stran& listové pochvy vytvoii silnd
kutikula, pfi¢emZ tento efekt u vrchnich listi je zvlast
rychly.

Ackoliv pocatecni rist semenacku témér viech dru-
hu trav je stejny, charakter ristu dospélych rostlin riz-
nych druht se li§i zvlast€ podle rozsahu prodlouZeni
internodii a sméru rastu stébel. Listy nejvyssi drovné
inzerce nesou vice znaki xeromorfni stavby, tj. maji
vy$§i pocet svazkd cévnich, vice stomat na jednotku
plochy, siln&jsi kutikulu a epidermis a mensi rozméry
bunék (Tetter, Mika, 1987). Rostou pomaleji, zi-
stdvaji déle zelené a senescence se u nich projevuje po-
zvolné&ji neZ u listd dolnich (Wilson, 1976a). Rozdi-
ly v anatomickych charakteristikach vyplyvaji zfejmé
z toho, Ze spodni listy soutéZi o vodu vystupujici stéb-
lem, a proto horni listy trpi vodnim deficitem.

OdnoZovani vétsiny vytrvalych trav probihé rychle
a do zacatku kveteni je prodluZovani postrannich stébel
pomalé. Béhem vegetativniho ristu proto riustové
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vrcholy a bazilni meristémy listi zustavaji pod drovni
defoliace a tvorba novych listd miZe neruSené pokra-
&ovat dokonce i pfi intenzivni pastvé. Jakmile se vyvi-
ne dostatecné husty porost a je-li vlhko, nizké travy
(zvlasté trstnaté) jsou na nizkou troveii defoliace dale-
ko méné citlivé neZ na zastifiovani vysokymi travami
(Whyte et al., 1959).

List vyzrava bazipetalng, tzn. %e jako posledni jeho
Gast dospiva listova pochva. Jakmile se vytvori jazycek,
rast listu je ukonlen. Proto pokusy stimulovat dalsi
aktivitu interkalarnich meristému Cepele, zvlasté &as-
te¢nou defoliaci listl, u nichZ se uZ vytvoril jazycek,
nebyly uspésné (Coodin, 1972).

Cepele se s vy$¥i drovni inzerce zv&tSuji (ifka, dél-
ka) aZ do vytvoreni kvétenstvi, poté stébelné listy po-
kraduji ve zvétSovani své §itky, ale zkracuji se. Naopak
délka pochvy se zvétSuje i po vytvoreni kvétenstvi.
Z toho plyne, Ze plocha kaZdého nového listu se do
metani zvétSuje. Pak zvétSeni listové plochy sice ¢as-
te¢né kompenzuje zkracovani &epele, ale pochva je or-
gén s priblizné polovi¢ni fotosyntetickou aktivitou neZ
Cepel, takZe fotosynteticka vykonnost listi se zvySujici
se trovni inzerce se podstatné nemé&ni. Obecné plati, Ze
delsi listy byvaji Sirsi.

Listy niZ§i inzerce na hlavnim vyhonu rostou rychle,
pokud takeé rostlina jako celek roste dostatené rychle.
Rychlost ristu dalfich listd se zpomaluje, takZe listy
¢. 10 aZ 13 (poéditano od baze stébla) odpovidaji svym
sloZenim listim &. 5 aZ 7 na vedlejSich vyhonech
(Wilson, 1976a). Bojinek vytvafi listy nejrychleji,
stha a jilek vytrvaly pomaleji a kostfava rikosovitd
a kostfava luéni nejpomaleji (Anslow, 1966).

MATERIAL A METODA

Na $lechtitelské stanici Cerveny Dviir u Mé&Sic byly
sledovéany dvé fady pokusu:
1. Polni pokusy s travami, z nichZ v roce 1994 a 1995
na pocatku kvétu byly odebirany: a) listy nejvyssi
urovné inzerce, tj. bezprostfedné pod vlajkovym listem,
b) listy niZ8i Grovné inzerce, tj. tfeti list pod vlajkovym
listem. Byly vyuZity semenné porosty zaloZené v pred-
chézejicich letech téchto volné trsnatych (vt) a rhi-
zomatickych (rh) trav:
Lolium multiflorum Lam., cv. Romul (diploidni),
v 1. a2. sedi :
(porost sklizeny na semeno ze 2. sece byl
v 1. se€i pokosen na pici)
Lolium multiflorum Lam., cv. Lolita
(tetraploidni), v 1. a 2. sedi
(porost sklizeny na semeno ze 2. sece byl
v 1. seci pokosen na pici)
Lolium perenne L., novo§lechténec CD
(diploidni), v 1. seti
Lolium perenne L., cv. Mustang (tetraploidni),
vlsesi

(vt)

(vt)

(vt)

(vt)

'Festuca rubra L., ssp. rubra, cv. Téaborska,

v 1. seti (rh)
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Festuca rubra L., ssp. rubra, cv. Tamara,

v 1. seéi (rh)
Festuca rubra L., ssp. fallax, cv. Rosana,
v 1. sedi (vt)

Festuca rubra L., ssp. fallax, novo$lechténec CD,

v 1. sedi (vt)
Festuca pratensis Huds., cv. Otava, v 1. se€i (vt)
Festuca pratensis Huds., novo$lechténec CD,

v 1. sedi (vt)
Dactylis polygama Horvit., novoslechténec CD

(diploidni), v 1. seéi (vt)
Dactylis glomerata L., cv. Niva (tetraploidni),

v L. sedi (vt)
Cynosurus cristatus L., cv. RoZnovska, v 1. se¢i  (vt)
Cynosurus cristatus L., novoslechténec CD,

v 1. seéi (vt)

Poa nemoralis L., cv. Dekora, v 1. seéi (vt)
Bromus unioloides L., novo§lechténec CD,
v 1. sedi (vt)

2. Ve skleniku v sadbovadich bylo na jafe roku 1994
pfipraveno 5200 rostlin Lolium multiflorum Lam. cv.
Romul. S kaZzdym pIn& rozvinutym listem na hlavnim,
resp. vedlej§im stéble (tab. II) byl odebran vzorek vidy
z bloku 400 rostlin. KaZzdy z odebranych vzorku listi
byl separovén na epele a pochvy, usuSen pfi 55 °C
a analyzovén technikou NIRS (na pfistroji Pacific

Scientific 6500) na stravitelnost organické hmoty
(OMD), obsah susiny, dusikatych latek, frakce vlikniny
podle van Soesta (NDF, tj. neutrdlni vlaknina; ADF, tj.
acidodetergentni vlaknina; ADL, tj. acidodetergentni lig-
nin) a vodorozpustné sacharidy po inverzi (WSC). Ob-
sahy latek byly vyjadieny jako procento v su§ing.

VYSLEDKY

Posuzuji-li se listy na stéble k ur&itému datu (tab. I),
¢epele i pochvy nejvyssi inzerce z polnich pokusti maji
niZ8i susinu a vy$si nutri¢ni hodnotu ve srovnani s Ce-
pelemi a pochvami niZ&i inzerce. ProtoZe oddélovani
starSich pochev od stébla (listy niZ§i drovné inzerce)
Cinilo znaéné technické problémy a nebylo vidy komplet-
ni, rozdily u pochev byly ve skutenosti je§té vétsi.

Posuzuji-li se listy postupné inzerce na stéble za
pfedpokladu nivelizace vlivu vnéjsich faktoru (tab. II),
zmény v nutriéni hodnoté odraZeji vrozené ontogene-
tické zmény ve strukturalnich charakteristikdch nasled-
nych listd. Cepele na hlavnim stéble se zvy3ujici se
urovni inzerce se vyvijeji delSi dobu, a s vyjimkou
WSC maji horsi nutriéni hodnotu. Cepele na vedlej§im
stéble €. 3 a 5 se svymi charakteristikami bliZi ¢epelim
na hlaynim stéble €. 5 a.7. Pochvy mély v priméru sice
hori nutri¢ni charakteristiky neZ &epele, av3ak trend

I. Nutriéni charakteristiky (primé&ry hodnot) epeli a pochev nejvyssi (H) a niZsi (L) urovn€ inzerce na zaddtku metdni trav na poli v letech
1994 a 1995 (n = 36) — Nutritive characteristics (means of values) of blades and sheaths of highest (H) and lower (L) levels of insertion at
the onset of earing of grasses in the field in the years 1994 and 1995 (n = 36)

L H t-test
Sugina® (%) 21,7 16,9 L
OMD 74,6 82,5 s
N.6,25 (% v susing) 22,5 27,1 Lad
i ;
Cepelé NDF (% v suting) 46,4 38,7 w
ADF (% v suling) 33,7 28,2 %
ADL (% v suling) 31 ; 2 o
WSC (% v suling) 10,2 13 i
Sufina (%) 23,5 18,7 Lot
OMD 70,9 77 *hk
N.6,25 (% v sufin&) 19,2 22,8 **
2
Pochyy NDF (% v suting) 49,6 43,1 w
ADF (% v sulin&) 379 32,6 i d
ADL (% v susin&) 3,8 2,8 »
WSC (% v suing) 11,6 14,6 ]
* Pygs
** Pogy
**% Poggy
Vysvétlivky k tab. I a Il — Explanations to Tabs I and II:
OMD = stravitelnost organické hmoty — organic matter digestibility
NDF = neutrdlni vldknina — neutral fibre
ADF = acidodetergentni vldknina — acidodetergent fibre
ADL = acidodetergentni lignin - acidodetergent lignin
WSC = vodorozpustné sacharidy po inverzi — water-solubl harides after in

'blades, 2sheaths, 3dry matter
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I1. Nutriéni charakteristiky &epeli a pochev riizné urovng inzerce na hlavnim stéble jilku mnohokvétého Romul — Nutritive characteristics of
blades and sheaths of various levels of insertion on the main stem in Italian ryegrass Romul

Po:el dni po.tfe:bn)';ch Sugina? OMD % v susing

rozvinuti listu (%) N.625 | NDF | ADF | ADL | wsc

Cepel na hlavnim stéble’ 3 45 16,7 84,3 25.8 36,8 24,6 1,7 18,6
4 6,9 17,3 82,4 21,6 38,2 27,8 2,0 16,4
5 10,2 17,5 81,6 22,1 39,5 30,5 2,1 18,9
6 14,8 19,0 80,3 21,0 40,7 332 2,1 21,7
7 19.9 21,7 79,7 20,3 41,8 35,0 2,2 23,5

Cepel na vedlej§im stéble* 3 9,2 17,4 81,0 22,6 41,7 30,6 1,9 18,2
5 17,1 21,2 78,7 20,7 45,4 35,1 22 23,2

Pochva na hlavnim stéble’ 3 18,6 72,7 21,5 42,7 32,7 2,6 20,0
4 21,3 70,1 20,4 43,6 34,5 29 18,7
5 22,6 67,8 20,2 459 37,8 29 19,5
6 24,5 65,7 18,7 47,5 39,7 3.2 22,2
74 26,9 63,7 17,8 49,1 41,5 33 24,7

Pochva na vedlej$im stéble®3 22,3 67,6 20,6 44,0 36,9 2,8 19,2
5 26,3 64,1 17,2 49,5 41,8 32 24,2

'number of days needed for leaf unfolding, zdry matter, 3blade on main stem, “blade on secondary stem, Ssheath on main stem, %sheath on

secondary stem

zmén v souvislosti s tdrovni inzerce vcelku vérné sle-
doval zmény v &epelich.

DISKUSE

Listy niZ8i drovné inzerce jsou ontogeneticky mlad-
§i, rastové vSak star$i neZ ty, které stoji nad nimi. Jest-
lize se srovnava nutriéni hodnota fotosynteticky aktiv-
nich listi niZ§i a nejvyssi drovné inzerce k uréitému
datu (tab. I), ristové nejmladsi listy nutné maji vyssi
nutri¢ni hodnotu vzhledem k malému rozsahu lignifi-
kace. Podobny obraz poskytne srovnéni ranych a pozd-
nich odrid trav, jsou-li sklizeny k ur¢itému kalendar-
nimu datu (Mika, 1983). Lignifikace v rustové
nejmlad$ich listech teprve zadind a vné&j$i podminky,
které ji urychluji (vyssi teplota, intenzivni sluneéni za-
feni, délka dne, nizka relativni vzdu$nd vlhkost), na né
pusobi pomé&rné kratkou dobu.

JestliZe by se v podobnych podminkach mély k uce-
lum diagnostiky odebirat listy trav, je nutné dodrZovat
zasadu odbéru funkénich listd pouze urdité urovné in-
zerce. Je v8ak zna¢né problematické rozhodnout, zda
list uZ odumfel, a témé&f nemozZné urtit, kdy se vZ roz-
loZil (Anslow, 1966). Pfi odbé&ru listd v urdité risto-
vé fazi (napf. na zacatku meténi) je proto lépe specifi-
kovat potradi podle postaveni pod vlajkovym listem.
Druhym problémem u dospélé rostliny je rozhodnout,
zda se jednd o hlavni (primérni) &i vedlejsi (sekundéarni
a dalsi) stéblo. Jedinym pfijatelnym feSenim v praxi je
odebirat dostatecné velky pramérny vzorek listd dané
Grovné inzerce z riznych stébel. :

Pokud se srovnava nutri¢ni hodnota listd ve stejné
rustové fazi, to znamend, Ze listy byly odebirdny po-
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stupné podle toho, jak se plné vyvinuly (tab. II), pro-
ménlivym faktorem je pouze ontogenetické stafi listi.
Cepele a pochvy vys§i hladiny inzerce vykazovaly vys-
§i podil sklerenchymu a svazki cévnich, mély vice lig-
nifikovanou blanu bunéénou, siln&j$i kutikulu a mensi
podil mezofylovych a epidermalnich bunék. Lignifika-
ce a vyvoj kutikuly v pochvéch byl vét§iho rozsahu neZ
v Cepelich (Wilson, 1976b). Gradient zmén v nutri¢-
ni hodnoté listl podle jejich drovné inzerce na hlavnim
stéble udava téZ Wilson (1976a), aviak diferenco-
vané podle pozice listu. Pro vyssi droveii inzerce cepeli
a pochev (tj. 10. aZ 16. list) nejsou rozdily tak velké
jako u listd niZsi drovné. Urdity posun nastiava i mezi
listy stejné pozice na stéblech rizného fadu (Mika,
1982, 1985): Listy ¢. 3 a 5 na vedlej§im stéble svym
chemickym sloZenim i dobou potiebnou k plnému roz-
vinuti (tab. II) odpovidaji listim na hlavnim stéble
o dvé aZ tfi pozice mlad§im (vys§i inzerce). Z toho ply-
ne nutnost urcité opatrnosti pfi vzorkovani listd ze star-
§ich rostlin, u nichZ stébla niZ8iho fadu prevladaji.

Naproti tomu listy z Casné prvni sete u jednoletého
jilku, resp. prvnich ndristd trav po vysevu by podle
toho mély mit vy$§i OMD a méné& vlakniny neZ listy
z opozdéné prvni sece a dalSich nartustid. Obsah vldkni-
ny narista se zvySujici se velikosti listd (se zvySujici
se drovni inzerce), kterd v nich tvoii mechanickou kos-
tru, kterd udrZuje list vzpfimeny (Mika, 1989). Se
stoupajicim obsahem vldkniny klesd stravitelnost
(tab. II). Wilson (1976a) na zdkladé studia literatury
nenael konzistentni zdvislost mezi obsahem vldkniny
a velikosti listd rdznych druht trav a nepriklada ji vétsi
vyznam.

Mezi obsahem vlakniny a dusiku v travich byva ob-
vykle negativni korelace (Mika, Paul, 1985).
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Trend zvySovani obsahu vldkniny (NDF, ADF), resp.
ligninu (ADL) a sniZovani obsahu dusikatych latek
smérem k listdm vy3§i drovné inzerce odriZi ziejmy
prohlubujici se dusikovy stres pozdgji nasazenych
a rozvinutych lista.

Listy vy38i drovné inzerce se vyvijeji pomaleji
(tab. II), zustéavaji déle zelené a senescence u nich po-
stupuje pomaleji. JelikoZ se obsah NDF v priib&hu stér-
nuti listd zvySuje pfibliZzné linedrné (Mika, Paul,
1985), rozdily mezi listy ruzné drovné inzerce by bylo
mozné Castedné eliminovat analyzou kovariance podle
NDF (Mika, 1991), ne vak tplné (Wilson, 1976a).
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Za finanéni pfispévek na dokonfeni experimentél-
nich praci, zvla§t¢ na chemické rozbory metodou
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nich moZnosti vyuZiti metody NIRS pro hodnoceni che-
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VZTAH MEZI OBSAHEM DRASLIKU A NITRATU
V PICNINACH

RELATIONSHIP BETWEEN POTASSIUM AND NITRATE CONTENTS
IN FORAGE CROPS

Z. Poulik

Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: The relationship between potassium and nitrate contents in herbage of perennial forage crops on arable land
and grassland was studied by correlation and regression analyses, along with the relationship between potassium content and
dry matter production of these crops. Problems were solved in three-year exact field trials with alfalfa, red clover and Italian
ryegrass or grassland consisting of 30% clover crops (red clover, white clover) and 70% grasses (meadow fescue, red fescue,
smooth-stalked meadow grass, timothy, ryegrass). Results of the trial with perennial forage crops on arable land are in Tab. II.
The relationship between potassium and nitrate contents was much dependent on forage species, year and relevant harvest
(cut). In alfalfa a strong positive correlation was found between potassium and nitrates in most of the cuts. In red clover and
Italian ryegrass this relationship was free, with some exceptions. More significant dependence was not found in any of these
crops, nor in case of relationship between potassium content and dry matter production. The results of the trial with temporary
grassland are in Tab. IV. Simultaneously with it, in case of meadow fodder a great variability of results as depended on the
year and cut was recorded. Significantly positive correlation coefficients for relationship between potassium and nitrate
contents were found in the second cut of the first time replication, in all cuts of the second time replication and in the first
cut of the third time replication. Unlike forage crops on arable land significantly positive relationship between potassium
content and dry matter production was found in meadow fodder, namely in the second cut of the first time replication, in the
first and third cuts of second time replication and in the second cut of third time replication. In total, in can be drawn from
the results obtained that relationships between potassium and nitrate contents, and potassium and dry matter production cannot
be unambiguously generalized because they are conditioned by a lot of factors affecting uptake of both ions by plants and
dry matter production, particularly by uptake ability (affinity) of different crops, weather (especially precipitation) conditions,
ion content and ratio in nutritional medium, concentration in plants, etc.

potassium; nitrates; forage crops; correlation of potassium to nitrates; correlation of potassium to dry matter production

ABSTRAKT: V exaktnim polnim pokusu s viceletymi picninami na orné piidé (vojt&ska setd, jetel lu¢ni, jilek mnohokvéty)
a doCasnym lu¢nim porostem (30 % jeteloviny, 70 % travy) byl studovin vztah mezi obsahem drasliku a nitratd v pici a mezi
obsahem drasliku a produkci sudiny. T&snost vztahu byla znadné zdvisld na druhu picniny, roéniku a sefi. Obsah drasliku
siln& koreloval s obsahem nitrati ve v&tSiné sei u vojtésky, u jetele a jilku byl tento vztah volny. V luéni pici byly prikazné
kladné zavislosti zjiit€ny pfedeviim ve druhém Easovém opakovéni, v dal§ich dvou letech jen v n&kterych sedich. Vztah mezi
obsahem drasliku v pici a produkci suSiny nebyl u picnin na orné pidé prokazan, v pici z doCasné louky byly priikazné kladné
korelace zjistény jen v nékterych sefich. Sledované vztahy u picnin byly celkové charakteristické znafnou variabilitou,
podminénou zejména druhem plodiny, pedologickymi a agrochemickymi vlastnostmi pfislu$ného stanovist€ a povétrnostnimi
podminkami v jednotlivych se&ich.

draslik; nitraty; picniny; korelace draslik x nitraty; korelace draslik x produkce susiny

UvVoD

Draslik je pro rostliny jednim z nejvyznamnéjSich
makrobiogennich prvka. Ovliviiuje fadu biochemic-
kych a fyziologickych procesi, odolnost rostlin k su-
chu, nizkym teplotdm, poléhéni, jejich zdravotni stav
a rovnéZ kvalitu rostlinnych produkti. Vyznaduje se
snadnym pfijmem a zna¢nou labilitou v rostlinich
vzhledem k relativné malé velikosti hydratovaného iontu
a také schopnosti redistribuce ze starSich pletiv do mlad-
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§ich. Rostlinami muZe byt pfijiman bud aktivné, zejmé-
na pfi nizké koncentraci v Zivném prostiedi, nebo pa-
sivné, zvIasté pii vysoké koncentraci (nad 0,5 mmol.l'l)
v pidnim roztoku (Epstein, 1972).

Na pudach s vysokym obsahem vyménného a vodo-
rozpustného drasliku miZe byt pfijimén a v rostlinnych
burikdch hromadén ve znaéném mnoZstvi. Ve snaze do-
sahnout geneticky dany elektroneutralni stav buiiky reaguji
rostliny na nadmémy pfijem drasliku zvySenou sorpci snad-
no dostupnych anionti, pfedev§im NO3, CI", H,POjy aj.
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Byly napf. prokazany Casové shodné prodlevy v pohy-
bu nitratd a drasliku v xylémovém proudu, a tim i spo-
le€ny transport obou téchto protiiontd (Plhak, 1992).
Objevuji se i teorie, Ze nadbytedny piijem drasliku
a synergicky vztah K* a NOj3 jsou pfiginou nejen zhor-
Seni kvality nékterych rostlinnych produkti (cukrovka,
brambory, silaZni kukufice), ale i poklesu vynosu plo-
din (Krdlovic, 1984). Uvedené vztahy byly v pos-
ledni dobé sledovéany v fadé experimenti s jednotlivy-
mi plodinami, napf. cukrovkou (Miiller, 1977),
bramborami (Forster, Berlinger, 1983), trava-
mi (Banszki, 1988), lu¢nimi porosty (Honz,
Honzova, 1989), slunednici a $peniatem (Minaf et
al., 1990), jetelotravnimi sméskami (M orhac, 1992) aj.

Vyznamné je tato problematika zvlasté u picnin,
u nichZ je z hlediska potieb hospodarskych zvifat ne-
Zadouci jak nadmérné hromadéni drasliku v pici, které
miZe mit za nasledek metabolické poruchy v disledku
hyperkalinémie a pastevni tetanie, tak i nitratl, jeZ mo-
hou byt v télech zvifat redukovany na toxické nitrity
nebo tvofit karcinogenni nitrosaminy (Krédlovi¢,
1984; Hl4dsny, 1990). Vzhledem k tomu, Ze dosaZe-
né vysledky u picnin jsou dosud zna¢né rozporné, bylo
cilem price objasnit uvedenou problematiku v exakt-
nich pokusech s viceletymi picninami na orné pudé
a s doasnym luénim porostem.

MATERIAL A METODA

Problematika byla studovana ve dvou tfiletych po-
kusech. Experiment s viceletymi picninami (vojtéska
setd Palava, jetel lugni Start, jilek mnohokvéty Lolita)
probihal v fepaifském vyrobnim typu na stanovisti

s nadmoriskou vySkou 280 m. Prub&h povétrnostnich
podminek v jednotlivych pokusnych letech uvadi
tab. I. Pedologicky lze lokalitu charakterizovat jako
hlinitou hn¥dozem s niZm sklonem k hrudovitosti.
Z agrochemického hlediska se jedna o pidu slabé ky-
selou (pH 5,7; 6,0; 6,2) s obsahem pfistupného fosforu
97, 107 a 36 mg.kg™", drasliku 163, 195 a 194 mg.kg™"
a horéiku 125, 143 a 186 mg.kg™" v jednotlivych aso-
vych opakovénich.

V3Sechny picniny byly hnojeny fosforem a draslikem
do zdsoby, vojtéSka na tii roky vegetace, jetel a jilek
na dva roky vegetace. Celkové davky Zivin &inily pro
vojtésku 80 kg P.ha™! 2280 kg Kha™', pro jetel a jilek
50 kg P.ha! a 180 kg K.ha™!. Fosfor byl aplikovén ve
formé superfosfatu, draslik ve formé draselné soli. Du-
sikem byla hnojena kryci plodina (oves na zeleno)
v divce 40 kg.ha ! a dale jilek po sklizni kryci plodiny
a po sklizni 1. a 2. sece v L. uZitkovém roce v davce
60 kg.ha’l a na jafe v I. uzitkovém roce v dévce
100 kg.ha™', ve viech pripadech ve formé ledku amon-
ného s vapencem.

Experiment s do¢asnym luénim porostem probihal
v bramboriiském vyrobnim typu na stanovisti s nad-
mofi'skou vy$kou 550 m. Prubé&h povétrnostnich podmi-
nek je uveden v tab. II. Z pedologického hlediska lze
pokusnou lokalitu charakterizovat jako fluvizem glejo-
vou, jilovitohlinitou, na nevapnitych nivnich sedimen-
tech, s ornici do hloubky 200 mm. Z agrochemického
hlediska se jednd o pudu extrémné& kyselou (pH/KCI
3,81) s obsahem pfistupnych Zivin (Mehlich II): 5 mg
Pkg™', 200 mg Kkg™', 300 mg Mgkg™' a 1225 mg
Ca.kg".

Luéni porost byl tvofen z 30 % jetelovinami (jetel
lucni, jetel plazivy) a ze 70 % travami (kostfava lucni,

1. Prab&h povétrnostnich podminek na stanovisti pokusu s viceletymi picninami na orné piidé€ — The pattern of weather conditions at the

experimental site with perennial forage crops on arable land

1. &asové opakovani? 2. dasové opakovéni 3. Gasové opakovini
Mésic! prim&mé teplota® tihrn sraZek* priméma teplota thrn srizek praméma teplota thrn srizek
9 (mm) (°C) (mm) (°C) (mm)
L -1,3 30,3 -74 493 1,3 338
1L -6,8 32,2 -1,0 42,8 1,7 40,5
1L 1.8 18,4 -1,1 17.9 1,9 39,7
v. 10,3 6,9 9,0 12,1 8,7 14,2
V. 15,6 71,9 12,4 112,5 15,8 26,7
VL 16,8 59,8 159 116,0 16,2 76,8
VIL 17,4 46,3 19,3 84,8 19,4 71,0
VIIL 17,6 141,4 16,3 53,0 18,8 1173
IX. 12,6 18,6 15:2 51,7 13,7 57,0
X. 8,5 27,0 9,7 34,5 8.8 213
X1 3,8 314 44 83 -0,3 17,7
XIL ~-1,1 75,1 0.8 31,3 1,5 48,4
Pramér’ 7,9 - 7.8 - 9,0 -
Suma® - 559.3 - 614,2 - 564,6

. . . .. . 5
"month, *time replication, *average temperature, *sum of precipitation, *average, *sum
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kostfava Cervend, lipnice lugni, bojinek luéni, jilek vy-
trvaly). Ro¢ni davka dusiku cinila 240 kg.ha‘l a byla
d&lena na 120 kg.ha™' v jarnim obdobi, 70 kg.ha™" po
sklizni 1. sece a 50 kg.ha‘l po sklizni 2. sede. Ziviny
byly dodany ve formé ledku amonného s vapencem,
superfosfitu a draselné soli.

Pii sklizni kazdé sele, provedené v picninéiské zra-
losti, byly odebrany vzorky rostlin na chemické analy-
zy. Draslik byl stanoven fotoplamenometricky, nitraty
potenciometricky (ISE). Pfedmétem sledovéni byly
vzajemné vztahy obsahu drasliku a nitrati v suiné pi-
ce a obsahu drasliku a produkce suSiny, hodnocené ko-
relaéni analyzou, a v pfipadé zji§téni prukaznych zavis-
losti determinace typu regresniho vztahu.

VYSLEDKY A DISKUSE

Primérné obsahy drasliku a nitrata v pici z jednot-
livych seéi, produkci suSiny a korelacni koeficienty
z pokusu s viceletymi picninami uvadi tab. III. Z dosa-
zenych vysledku vyplyva, Ze vztah mezi obsahem dras-
liku a nitratd je zna¢né zavisly na druhu picniny, roc-
niku a piislugné sklizni (se&i). Silnd kladna korelace
byla zaznamendna u vojtésky v 1. Casovém opakovéni
ve viech &tyfech skliznich. Zatimco v 1. seci byl vztah
determinovan jako exponencidlni, definovany rovnici
y = exp.(=5,00 + 0,78x), v dalSich secich vesmés jako
linearni ve tvarech y = —0,0059 + 0,024x (2. sec), y =
0,013 +0,026x (3. se¢) a y = 0,0024 + 0,0058x (4. sec).
Ve 2. Casovém opakovéni se v prvnich tfech secich
pohybovaly korelaéni koeficienty zhruba na drovni
pfedchoziho roku, avSak pouze ve 3. seCi na hladiné

statistické vyznamnosti. Vztah byl determinovan jako
exponencidlni ve tvaru y = exp.(-4,83 + 0,38x). Ve
3. Casovém opakovani byla zji§téna vysoce prikazna
korelace multiplikativniho charakteru ve 3. a 4. sedi,
definovand rovnicemi y = —4.43)(0‘9O 3. sed) ay =
-5,00x"3 (4. set).

U jetele lu¢niho byla tésnost vztahu mezi obsahem
drasliku a nitratd podstatné niz§i neZ u vojtésky.
V L. a 3. asovém opakovani byly vesmés zjiSfovany
bud volné, nebo velmi slabé vztahy, vyjimku tvorila
pouze 1. se¢ ve 2. ¢asovém opakovani s }'Jn'xkaznou
multiplikativni korelaci ve tvaru y = -5,77x 20,

Jilek mnohokvéty vykazoval podobné vysledky jako
jetel luéni. Ve viech se¢ich obou Casovych opakovani
nebyla existence tésnéjSiho vztahu mezi obsahem dras-
liku a nitrath prokazana.

Vysledky dosaZené u viceletych picnin naznacuji
pomérné znaénou zavislost vztahu drasliku a nitratd na
druhu plodiny. Zatimco u vojté8ky byla silnd kladna
korelace prokdzédna ve vétSiné seli, a podpofila tak pu-
vodni teorii (Kralovic¢, 1984) i nékteré vysledky
(Hlasny, 1990 aj.), u jetele a jilku byl uvedeny vztah
az na vyjimky volny, coZ koresponduje s jinymi publi-
kovanymi zavéry (napi. Morhac, 1992; Torma,
1994). Nepotvrdily se viak tendence k poklesu obsahu
nitrath zvySenym piijmem drasliku, jak uvadéji Ban -
szki (1988), Minafr et al. (1990) aj.

Zjisténé hodnoty korelacnich koeficientl pro vztah
mezi obsahem nitratd a produkei sudiny vyloudily ja-
koukoliv vyznamnéjsi zavislost mezi uvedenymi para-
metry u vSech tfi picnin. Vysoce prikazna zavislost
u jilku ve 2. seci 1. Casového opakovani (r = 0,932“)
byla pouze ojedinéld. U viceletych picnin se tedy ne-
potvrdily predpoklady o poklesu vynosové urovné pri

11. Prabéh povétrnostnich podminek na stanovisti pokusu s dodasnym luénim porostem — The pattern of weather conditions at the experimental

site with temporary grassland

1. casové opakovini® 2. Casové opakovani 3. Casové opakovini
Mésic! pramérni teplota® |  thm srizek® primérmi teplota Ghrn srizek pramérni teplota ihrn srizek
(°C) (mm) (°C) (mm) (°C) (mm)
I -1,5 30,4 -1.5 46,6 0.6 426
IL. -0,2 254 -42 28,4 -1,7 10.5
1L 22 69,7 -0,4 25,8 42 57,2
V. 6,3 20,2 7.9 30,7 6.9 48,7
V. 12,7 6.3 14,5 47,1 11,8 66,7
VI 16,4 99,3 14,5 79,2 15,1 14,7
VIL 17,7 63,9 15,0 65,3 19.9 54,5
VIIL 203 49,8 157 66.8 17.4 116,3
IX. 12,4 26,2 114 42,1 133 96,4
X. 5.4 57,9 %S 50,2 5.2 34,6
XI. 23 43,1 -1,0 26,5 7.1 39,7
XII. -29 53,1 -0,4 73.3 -0,5 66,9
Primér’® 7,59 = 6,58 = 8,28 =
Suma® - 5453 = 582,0 = 648.8

For -6 see Tab. |
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I11. Vysledky pokusu s viceletymi picninami na orné pudé — Results of the trial with perennial forage crops on arable land

' s Primérmy obsah | Primémy obsah | Primémé ROSHlans kolbles: fr vaish
Plodina' dpiovint’ Sez® K : NO3 produkce ju?.my“ K x NOj K x Plg'?dURCC
(% susiny") (% susiny) (t.ha™) (n=28) suliny
(n=28)
1. 2,88 0,064 6,60 0,728" -0,360
‘., 2. 2,57 0,056 794 0,674"" 0,335
3. 3,09 0,094 4,78 0,667"" 0,339
4. 2,69 0,018 2,17 0,733" 0,605
1. 2,23 0,034 7.42 0,602 0,297
i :ﬂ‘fm 5 2 2,25 0,052 5,20 0,601 0,093
3. 2,16 0,018 491 0,679° 0,120
4. 2,58 0,017 3,01 -0,073 0,198
1. 2,80 0,057 8,20 0,233 -0,125
3, 2, 273 0,076 5,00 0,010 -0,043
3. 2,38 0,027 491 0,635"" 0216
4, 2,92 0,029 2,21 0,642" 0,335
1 2,51 0,019 9,04 0,480 0,452
1 2. 2,44 0,021 8,56 0,301 -0,330
3. 2,39 0,010 1,65 -0,242 -0,287
Jetel 1. 1.81 0,012 6,92 0,718" -0,280
luéni® 2
2. 2,31 0,011 3,81 0418 0,184
1. 2,59 0,023 8,02 -0,093 -0,555
3 2. 3,21 0,030 6,24 0,332 0,054
3. 2,97 0,013 5,51 0,044 0,262
i L 215 0,061 4,44 0,301 0,519
i 2. 2,27 0,070 4,19 -0,059 0,932"
mnohokvaty® f! 2,96 0,122 7,69 0,179 -0,366
2 2. 2,64 0,070 3,79 0,345 -0,400
3. 2,55 0,060 2,43 0417 0,018

:'hlndinn vyznamnosti n 0,05
hladina vyznamnosti 0,01

'crop, 2alfalfa, *red clover, “Italian ryegrass, Stime replication, fcut, 7avemge content, *of dry matter, 9avemge dry matter production,

1 1

Ycorrelation coefficients for relationship, " 'significance level

zvySeném pfijmu drasliku rostlinami jako u nékterych
jinych plodin (Krdlovic, 1984).

Vysledky sledovanych ukazateli z pokusu s luénim
porostem uvadi tab. IV. RovnéZ v tomto piipadé byla
prokazina znafna variabilita dosaZenych vysledku
v zévislosti na ro¢niku a se¢i. V 1. Easovém opakovani
byl zji§tén vysoce prikazny vztah mezi obsahem dras-
liku a nitrata v pici ze 2. sele, regresni analyzou deter-
minovany jako linedrni ve tvaru y = -0,28 + 0,16x.
Relativné vysoké hodnoty korelanich koeficientd li-
nearniho charakteru byly zjiStény ve vech se&ich 2. &a-
sového opakoviani. Definovany byly rovnicemi y =
—-0,049 + 0,078x (1. se), y = 0,017 + 0,061x (2. se)
ay=0,0016 + 0,095x (3. sec). Ve 3. asovém opakovani
byla zévislost prokdzéana pouze v 1. sedi (y =-0,019 +
0,079x). Uvedené vysledky jsou v souladu s nékterymi
publikovanymi zavéry (Honz, Honzova, 1989).
Citovani autofi na tiise¢né louce zjistili rovnéZ ptfimo
imérny vztah mezi obsahem drasliku a nitratd v pici.

176

Na rozdil od picnin na orné pudé byl u lu¢niho po-
rostu v nékolika pfipadech nalezen vztah mezi obsa-
hem drasliku a produkci suSiny. Jednalo se o 2. se
v 1. ¢asovém opakovani s linearni zavislosti tvaru y =
-3,23 + 1,85x, 1. a 3. se¢ ve 2. fasovém opakovani
s multiplikativni zavislosti tvari y = —1,20x%% (1. sed)
ay= —4.26):3’00 (3. set) a 2. se¢ ve 3. fasovém opako-
vani s linedrnim vztahem y = -2,15 + 1,43x. Na téchto
vysledcich se do znaéné miry podili jednak pfitomnost
travnich komponenti v porostu, vyznadujicich se vys§i
osvojovaci schopnosti k drasliku (i z méné pfistupnych
forem), neZ maji jeteloviny, pro které je naopak typicka
vy33i afinita k dvojmocnym kationtim (Baier, 1982),
jednak pfiznivé vlahové podminky na stanovisti pokusu
(tidolni poloha s vys8i hladinou podzemni vody).

Souhrnné Ize z vysledkid provedeného vyzkumu vy-
vodit, Ze vztah mezi pfijmem a obsahy drasliku a nit-
rata v rostlinich nelze pro zemédglské plodiny a zvlas-
té¢ picniny jednoznaéné zobecnit, nebotf je podminén
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V. Vysledky pokusu s dogasnym luénim p — Results of the trial with temporary grassland
L C:sové y Segé | Promérmy 9bsgh7 K Pmmél::gsobsah Prﬁmé::gﬁi r;:;godukcc ::o:f;cloc_nt korcla;(:expn:o:?::ems —
pakovani (% .susiny®) (% suSiny) (tha™) 3l 365‘ P(" = 36) Yy

1. 291 0,294 5.87 0,392 0,490

L 2. 3,54 0,288 3,30 0,762"" 0,617°
3. 2,83 0,165 1,00 0,568 0,241
1. 3,49 0,225 6,59 0,729" 0,783"

2 2. 3,40 0,224 3,57 0,744 -0,179
3. 3,38 0,319 0,60 0,806"" 0,656""
1. 2,33 0,166 6,61 0,861°"" 0,021

3. 2 2,65 0,265 1,64 0,177 0,736""
3. 2,49 0,277 1,55 0,306 0,408

* hladina sznnmnosti” 0,05
** hladina vyznamnosti 0,01

For 5-11 see Tab. III

fadou faktorti, ovliviiujicich pfijem obou ionti, prede-
v§im sorpéni schopnosti (afinitou) jednotlivych plodin,
povétrnostnimi (zvla§té vldhovymi) podminkami v ob-
dobi narustu pfislusné sece, jejich obsahem a pomérem
v Zivném prostiedi, koncentraci v rostlinich aj. Zusta-
vé vak otazka, ktery z obou iontu je pfijimédn primarné
a indukuje sorpci a transport druhého protiiontu (V a-
nék, Balik, 1993), lze-li viibec o priméirnim a se-
kundéarnim pfijmu v pfipadé& t&chto dvou iontl hovofit.
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MINERALIZATION ACTIVITY OF MICROBIAL BIOMASS
IN RECLAIMED SOILS IN COMPARISON
WITH EMPIRICAL MATHEMATICAL MODEL

MINERALIZACNI AKTIVITA MIKROBIALNI BIOMASY
V REKULTIVOVANYCH PUDACH VE SROVNANI
S EMPIRICKYM MATEMATICKYM MODELEM

M. Skoda', L. RiiZzek?, L. Dugek', J. Hofman', J. Sixta®

lMasaryk University, Faculty of Science, Brno, Czech Republic
2Czech University of Agriculture, Praha, Czech Republic
3Restoration Center, Inc., Most, Czech Republic

ABSTRACT: This study compared two different approaches for assessing biological potential of reclaimed soils: 1) an
empirical mathematical model for topsoil microbial evaluation comparing measured values with model minimum for microbial
biomass carbon (MB-C) and with model maximum for extracellular extractable organic carbon (EX-C) and 2) actual and
laboratory estimation of microbial parameters associated with mineralization activity of the whole microbial community:
respiration rate (RR), glucose-stimulated potential respiration response (PR), biomass specific respiration rate (qCO,) and
capability to utilize easily available organic substrate. Six different reclaimed dumps from North Bohemian Brown Coal Basin
were selected for that purpose. The selected sites formed a reasonably wide range of possible results of reclamation process.
The soils in the first category (two sites suitable for agronomic management and one extensive meadow) were found to have
well developed MB-C (72 to 78% of model minimum) associated with relatively high mineralization activity. Model findings
were fully confirmed by estimation of actual and potential mineralization parameters: relatively low content of EX-C; high
ratio PR/PR: 13.8 to 15.2 and relatively high conversion rate of added glucose-C to biomass-C. The opposite situation was
found in the case of technically adjusted dump without a prospect for biological reclamation: low MB-C content (22% of
model minimum); relatively high content of EX-C associated with low mineralization activity; extremely low potentiation of
respiration response by glucose (PR/RR ratio 3.2). Both compared experimental approaches were able to detect positive
changes in reclaimed dump overlaid with unsuitable loamy loess after application of organic materials (increased MB-C
content, increased mineralization capacity, lower maintenance energy requirements and higher biosynthesis of MB-C from
available organic substrate). Biomass specific respiration rate was confirmed to be a sensitive indicator of physiological stress
both in field and laboratory conditions, particularly when evaluated simultaneously with EX-C.

reclaimed soils; microbial biomass carbon; mineralization activity; evaluation and bioindication of soil fertility; mathematical
model; risk assessment in stressed soils

ABSTRAKT: Studie srovnava dva rozdilné pfistupy pouZitelné pro posouzeni biologického potenciélu rekultivovanych ptd:
1) empiricky matematicky model srovnavajici naméfené hodnoty s modelovym minimem, vypoétenym pro obsah mikrobiélni
biomasy (MB-C), a s modelovym maximem, vypo&tenym pro extrahovatelny (0,5 M K,S0,) extraceluldrni organicky uhlik
(EX-C); 2) stanoveni velikosti mikrobidlni biomasy a mineralizaéni aktivity celého mikrobidlniho spoleenstva v &erstvé
odebrané piidé a b&hem laboratornich inkubaci, kde byly sledovany tyto parametry: respiraéni rychlost (RR), ¢asna potencialni
respiraéni odpovéd na pfidani saturujici koncentrace glukézy (PR), specifickd respiraéni rychlost vztaZend na jednotku
biomasy (qCO,) a kapacita spolefenstva vyuZit lehce dostupny substrat pro syntézu nové mikrobialni biomasy. Pro uéel studie
bylo vybrano Sest riiznych rekultivovanych ploch tak, aby bylo zaji§t&no dostatedné spektrum moZnych vysledki rekultivace.
Lokality Jirdsek (vysypka povrchového Lomu Jirdsek) a Zelénky (vnitini vysypka lomu pélenych jili v katastru obce Zelénky)
byly vybrany jako plochy umoZiiujici standardni zem&dg&lské vyuZiti. U t&chto pid byla aplikaci matematického modelu
zjidt€na velmi dobfe vyvinutd mikrobialni biomasa (72 aZ 78 % modelového minima) spojend se zna¢nou mineraliza&ni
aktivitou (pfedevsim u lokality Jirdsek). Ob& pidy vykazovaly relativn& nizkou specifickou respiraci, indikujici nestresové
podminky, a zna¢nou mineralizadni kapacitu, mobilizovatelnou ihned po pfidani substratu (pom&r PR/RR: 13,8 aZ 15,2).
V prubé&hu laboratornich inkubaci byla u t&chto pud prokazana i dostatedna konverze organického uhliku do nov& syntetizo-
vané biomasy. Dostate&ny rozvoj obsahu MB-C byl rovn&% zji¥t&n u lokality Hornojitetinska (vysypka Velkolomu Ceskoslo-
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venské armady; extenzivni louka, rovnéZ vyuZitelnd ze zemé&délského hlediska): 69 % modelového minima MB-C a 24 %
modelového maxima EX-C. V prib&hu laboratorni inkubace v3ak tato puda prokézala sniZenou schopnost obnovy a syntézy
nové mikrobiélni biomasy: obsah MB-C klesl i v pfitomnosti saturujiciho mnoZstvi glukozy (stresové podminky byly nazna-
&eny i zvySenymi hodnotami qCO,). Lokality Rudolice (vysypka lomu LeZdky a Lomu Most) a Lom Most (vysypka Lomu
Most) byly srovndvany vzhledem k stejnému typu podloZi a historii rekultivatniho procesu. Vystupem z matematického
modelu byl rozvoj mikrobiélni biomasy u Lomu Most ohodnocen lépe neZ u lokality Rudolice pfesto, Ze materidl vysypky
Lomu Most ma nevhodnou texturu (v roce 1994 byl v8ak obohacen organickymi materidly). A&koli byla zjidt€na vy33i aktudlni
mineraliza&ni aktivita u odebranych vzorki z Rudolic ne# z Lomu Most, laboratorni inkubace jednoznaéné odhalily nizkou
stabilitu mikrobidlni biomasy u Rudolic a malou kapacitu této pidy syntetizovat novou biomasu v pfitomnosti glukozy.
Lokalita Radovesice (pouze technicky upravend vysypka lomu Bilina) byla obéma srovnidvanymi postupy oznafena jako
nejhor¥i ze zkoumanych lokalit (22 % modelového minima MB-C; 189 % modelového maxima EX-C; pomér PR/RR 3,2;
vysoka hodnota qCO,; velmi nizka schopnost akumulace dostupného substratu). Pi statistickém hodnoceni dat byl vyznam
modelového parametru EX-C jako stresového indikatoru potvrzen vyznamnou korelaci se specifickou respiracni rychlosti
(r =-0,9574). Vysledné hodnoceni biologického potencidlu piid ob&ma pfistupy bylo shodné a kombinace uvedenych metod
piispéla k vytvoreni vérohodnych prognéz o vyvoji studovanych lokalit. Parametry popisujici respiracni aktivitu a minerali-
zaéni potencidl mikrobidlniho spoleéenstva by tedy mohly byt do popisovaného modelu zahrnuty na zdklad& rozsahlejsi studie,
zahrnujici $irdi spektrum pud a vedouci k stochastickému modelu zaloZenému na vicerozmérné statistické analyze dat.

rekultivované pudy; mikrobidlni biomasa; mineraliza¢ni aktivita; specifickd respiraéni rychlost; matematicky model; hodno-

ceni rizik v pudnich ekosystémech

INTRODUCTION

In recent years, increasing environmental disturba-
tion and associated environmental hazards have stimu-
lated intensive research to reliably assess the possible
impact of stress factors on soil microbial communities.
Parameters related to the whole microbial community
have been proposed as early and sensitive indicators of
stress caused by environmental factors. It seems possi-
ble to detect changes in microbial biomass and its ac-
tivity long before they are detectable in the total or-
ganic matter content or by chemical analyses
(Powlson, Brookes, 1987). The effect of stress
factors on soil microbial populations is mostly studied
in terms of changes in functions of the whole microbial
‘community and the activity parameters are frequently
determined in field soil samples (with or without pre-
incubation) providing rather variable results due to the
dependence on conditions at the time of sampling.
Changing values of field parameters can reflect more
substantial interaction of environmental stress with the
distribution of energy input between growth (bioaccu-
mulation of substrate) and maintenance energy require-
ments in microbial populations. This energy aspect of
stress influence on soil microbial community can be
studied only under well defined conditions where min-
eralization kinetics of added substrate is studied simul-
taneously with microbial biomass content (Chan-
der, Brookes, 1991).

Although the role of microbial populations in soil
ecosystem for nutrient cycling and soil stability is rela-
tively well understood, there is still a scarcity of
knowledge on standard methodology in evaluation of
biological potential of stressed soils. Combination of
different experimental approaches appears to be neces-
sary for reliable risk assessment and prognosis in these
systems. The main objective of the present study was
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to compare two different approaches and their sensitiv-
ity in assessing the biological potential of reclaimed
soils: 1) bioindication of soil fertility using an empiri-
cal mathematical model for topsoil microbial eva-
luation and 2) evaluation of microbial biomass carbon
content (MB-C) and estimation of parameters asso-
ciated with mineralization activity of the whole micro-
bial community: respiration rate (RR), potential respi-
ration response in the presence of saturating amount of
glucose (PR), biomass specific respiration rate (so
called metabolic quotient qCO, - Anderson,
Domsch, 1993), ratio PR/RR. Second objective was
to evaluate biological potential of six reclaimed soils in
a model laboratory incubations studying the capability
of the soils to utilize easily available organic substrate
(glucose).

MATERIAL AND METHODS
Site description and soil handling

Six different reclaimed dumps from North Bohe-
mian Brown Coal Basin were chosen as a basis for
microbial evaluation. The sites were selected in order
to cover a wide range of possible results of reclamation
process. The altitude above the sea level of the tested
sites was 200 to 350 m. Physico-chemical properties of
the sites are shown in Tab. I.

A profile of tested soils was man-made from soil
deposits after mining. The sites Zelénky and Jirdsek
were successfully reclaimed dumps that allowed stan-
dard agronomic management. At the time of sampling,
the site Zelénky was used for agricultural production
(wheat, maize), Jirdsek was in the state of fallow field.
Temporal outer dump Hornojifetinskd was extensively
reclaimed. At the time of sampling, the site was in the
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. Description and physico-chemical parameters of studied reclaimed soils

c N Soil texture (% of
Site Age of restoration; site description | pHyuer | PHkr | @ | (o) [ €N | Qus particles)
sand silt clay
reclaimed from 1976; clayey subsoil
Zelénky overlaid with deposited sandy loam 7.28 6.73 | 0912 | 0.144 6.33 | 6.847 | 40.81 | 30.42 | 28.77
and mouldered porcelanit
1 reclaimed from 1986; silt loan
Jirdsek overlying clay, sands 7.60 | 699 | 1.493 | 0.192 | 7.78 | 6.127 | 21.80 | 42.61 | 35.59
Homojifetinsks | Teclaimed from 1970; direct 6.68 | 6.10 | 1.685 [ 0204 | 826 | 6.110 | 21.19 | 34.86 | 43.95
reclamation of clay subsoil
reclaimed from 1979; low quality
Lom Most loamy loess overlying clayey subsoil 7.23 | 670 | 1.354 [ 0.120 | 11.28 | 7.501 | 50.99 | 18.71 | 30.30
Rudolice reclaimed from 1979; low quality. | 416 | 665 | 1362 | 0.155 | 879 | 7.452 | 2236 | 3226 | 45.38
loamy loess overlying clayey subsoil : : B o : e - s i
technically adjusted from 1993;
Radovesice technically treated low quality sandy | 7.69 | 7.18 | 0.427 | 0.068 | 6.28 | 7.276 | 41.51 | 33.13 | 25.36
material

state of extensive meadow and at the starting point of
afforestation. The first reclamation process of the dump
Lom Most failed due to low quality of overlying loamy
loess. The site was then continuously amended with
green manure and in addition to that, industrial com-
post VITAHUM and bark fermented compost EN-
VIMA was applied in 1994 (200 t/ha). The dump
Rudolice was in the state of fallow field due to low
fertility and heavy structure of overlying loamy loess.
The soil in site Radovesice has very low nutrient re-
serves and increased amount of Fe and Al ions
(Ruzek, unpublished data). There is no perspective
for direct biological reclamation in this site.

Samples of soils were taken in October 1995. To
take samples from the topsoil layer (0 to 15 cm deep),
special stainless-steel microprobes, which facilitated
minimum mechanical disturbance and the significant
presence of coarse particles and roots, were used. Im-
mediately after sampling, the samples were cooled be-
low 10 °C and transported in portable ice-safe bags to
the laboratory. Rough admixtures were removed and
soil samples were stirred and sieved (< 4 mm). Ad-
Jjusted soil samples (< 500 g) were stored before analy-
ses in a refrigerator (4 °C) at field moisture for 30 days
in aluminium or plastic boxes (designated for food),
which were wrapped in plastic bags to avoid the mois-
ture changes.

Microbiological and chemical analyses

The model evaluation used data from determination
of soil microbial biomass (MB-C) by rehydration
method (RE; Blagodatskiy et al., 1987) based on
heat treatment of soil samples. Other evaluations of soil
microbial biomass content were based on chloroform
extraction-fumigation method (FE; Vance et al.,
1987). Microbial biomass content (MB-C) was esti-
mated according to recommended equations for RE
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method (Blagodatskiy et al., 1987) and FE
method (Vance et al., 1987).

Both RE and FE methods used 0.5 M K,SO4 ex-
tracts for determination of organic C (TOT-C) released
from cells in heated or chloroform-treated (fumigated)
samples. Extracellular extractable organic C (0.5 M
K,504 extracts) from untreated samples was used as
a control value in both methods (EX-C). All chemical
analyses associated with the RE method were made as
described in RuZek (1995). Organic carbon content
in fumigated and non-fumigated samples (FE method)
for MB-C estimation was determined by dichromate
oxidation (Tate et al., 1988).

Soil respiration rate (RR) (at 22 °C) was estimated
by gas chromatography analyses of accumulated CO,
in the headspace of glass beakers containing soil samp-
les. Potential respiration rate (PR) was estimated meas-
uring maximum respiration response of soil samples
amended with glucose water solution (5000 pg C g'I
dry soil). Each microbial parameter was determined us-
ing four independent estimates. Biomass specific respi-
ration rate (qCO,) was evaluated as index relating ac-
tual RR value to the actual estimates of MB-C.

-Laboratory incubations of soil samples were arran-
ged according to DuSek, Tesafova (1996). In
the beginning of laboratory incubations, composite soil
samples were amended or not with 2 ml of glucose
water solution provided saturating amount of glucose:
5000 pg C g" dry soil. Sufficient amount of bottles
were prepared to allow three independent estimations
of soil respiration rate and microbial biomass content
at each sampling time during the incubation. The bot-
tles were incubated at 22 °C for 13 days. Soil respira-
tion rate (RR) was measured daily and samples for
MB-C estimation were taken on Sth and 13th day of
incubation. Moisture of soil samples was kept at the
constant level.

All analyses of actual respiration activity and labo-
ratory incubations used preincubated soil samples
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(22 °C; 4 days). This preincubation was observed to
sufficiently reduce the influence of previous laboratory
procedures and storage. Samples for determination of
actual amount of MB-C in the field were equilibrated
at 22 °C for 18 hours prior to the analysis.

Mathematical model description

Simple mathematical model has been developed in
order to define relation between measured values of
MB-C and EX-C and calculated model values
(Razek, 1994). In its first form, the model was set
up on the basis of data collected in the years 1989 to
1992 on a wide range of undisturbed and reclaimed
soils from 35 sites in the North Bohemian Brown Coal
Basin (pHyy ker: 4.5 to 7.15 Cypgt 0.54 to 3.41%).
Model parameters were estimated on the basis of cor-
relations between selected soil parameters and took into
consideration total organic carbon in soil, pH value
(H,0 and KCl), ratio of C : N of soil organic matter,
the quality of humus substances (coefficient Q4/c), and
the percentage of clay and sand particles (particle size
categories ISO: < 0.002 mm; 0.063 to 2.00 mm)
(Ruzek, 1994). The model evaluation was expressed
as percentage of model minimum calculated for MB-C
and model maximum calculated for EX-C according to
final model equations (RuZek, 1995; slightly modi-
fied).

Statistical data evaluation

All results were expressed on the basis of the oven-
-dry (105 °C/8 hours) weight of the soil as mean value
of independent replications and standard error (SE).
The actual estimates of microbial parameters in the
sites were compared using a one way analysis of va-
riance (ANOVA; random model). Detailed differences
between the sites were compared using the Student-
-Newman-Keuls test. An o = 0.05 was chosen for de-
termining significant differences between the variants.
Spearman rank correlation coefficients (r;) were calcu-
lated to estimate relations between microbial parame-
ters (Zar, 1974).

RESULTS AND DISCUSSION

Comparison of model predictions (MB-C and EX-C)
with measured values revealed significant differences
among the sites. The two sites suitable for agricultural
management, Jirdsek and Zelénky, and the meadow
Hornojitetinskd were very similar in the amount of mi-
crobial biomass as related to model minimum (72 to
78%). Within this group, Jirasek and Hornojifetinska
seemed to have higher mineralization activity, because
substantially lower amount of EX-C was found in these
soils (24 to 28% of model maximum) than in Zelénky
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(71%). These model findings were fully confirmed by
analyses of rtespiration activity (Tab. III). Zelénky,
Hornojifetinskd and particularly Jirdsek had higher va-
lues of PR/RR ratio than the other soils, which indi-
cated higher capability of their microbial community to
mineralize easily available organic matter (glucose).
Relatively increased value of specific respiration activ-
ity in Hornojifetinskd might indicate stress conditions,
probably due to the lack of available organic substrates
at the time of determination (low content of EX-C per
unit of MB-C — Tab. I). Low amount of accessible
organic matter in this site could be related to very in-
tensive mineralization activity of existing microbial
community (Tab. III).

Although overlying loamy loess differed in texture
parameters (Tab. I), the sites Rudolice and Lom Most
could be compared on the basis of the same history of
reclamation process. The application of organic mate-
rial (VITAHUM, ENVIMA) in 1994 significantly in-
creased organic matter content in the site Lom Most
(from previous 0.61 to 1.354% of C,, at the time of
sampling). Mathematical model evaluation found better
development of MB-C in Lom Most than in Rudolice
(78 vs. 67% of model minimum; Tab. II). Lower con-
tent of extracellular organic carbon in Lom Most indi-
cated higher mineralization activity than in the site
Rudolice (47 vs. 53% of model maximum for EX-C;
Tab. II).

On the other hand, microbial biomass content (meas-
ured by FE method), respiration activity (RR) and glu-
cose-stimulated initial respiration response (PR/RR)
were found to be significantly lower in soil samples
from Lom Most than from Rudolice (Tab. III). The
only discrepancy between the compared approaches
(Tab. II vs. III) can be explained with respect to differ-
ent soil parameters. Microbial biomass in Lom Most
seemed to suffer from unsuitable texture parameters
and lack of N (C : N ratio 11.28) which could have led
to significant decrease of MB-C content as a conse-
quence of sieving and storage of soil samples. Unsuit-
able parameters of organic matter in this soil could also
influence immediate response to the addition of glucose
as a simple carbon substrate (PR/RR — Tab. III).

Both compared approaches found the conditions in
the dump Radovesice to be extremely unsuitable for the
development and activity of microbial populations.
Very low content of microbial biomass was associated
with relatively high value of EX-C (Tabs I to III).
Model evaluation was confirmed by extremely low ca-
pability of the soil to mineralize easily available sub-
strate (PR/RR) and by high value of specific respiration
activity (Tab. III). 3

Comparing respiration rates (RR) with initial rates
of glucose-stimulated respiration of soil samples was
proposed as an indication (but not accurate estimation)
of the amount of easily available organic substrates in
soils (Novédk, 1965; Parkinson, Coleman,
1991). However, in the case of stressed soils described
here, the derived parameter PR/RR could not be used
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I1. Results of mathematical model evaluation

Site Microbial bi mas Extracellul cnrbonl A ’ Model prediction”*
(ug MB-C g™) (g EX-C mg MB-CT) minimum MB-C maximum EX-C
Zelénky 355.25 (14.36) 65.8 (8.58) 492.89 (72) 92.49 (71)
Jirfsek 447.16 (8.10) 27.58 (13.58) 599.86 (75) 99.13 (28)
Hornojifetinskd 450.95 (20.44) 23.17 (12.10) 651.89 (69) 98.15 (24)
Lom Most 408.27 (24.87) 53.71 (13.45) 528.07 (78) 115.43 (47)
Rudolice 397.67 (9.68) 47.8 (19.19) 593.97 (67) 90.55 (53)
Radovesice 95.44 (10.60) 136.62 (21.73) 429.03 (22) 72.28 (189)
* anues esumated by RE method (Blag odntsk iy etal, 1987); in parentheses: standard deviation (SD)
“In p d values exp d as % of model maximum (EX-C) and model minimum (MB-C)
I11. Actual values of microbial biomass content and its activity'
oy (L?;Bécg") (ug COzl-(g day'gh) | (ug COT-(C hl g FRIBE 9c0;
Zelénky 33822 a 4.11 (091) a 2.36 (0.65) a 13.78 12.15
Jirdsek 44025 b 5.22 (0.64) a 330 (022) b 15.17 11.86
Hornojifetinsk4 620.21 ¢ 11.42 (0.67) b 6.78 (0.44) ¢ 14.25 18.41
Lom Most 37731 a 499 (1.11) a 2.45 (0.50) a 11.78 13.23
Rudolice 587.39 ¢ 8.45 (1.30) ¢ 4.50 (0.51)d 12.78 14.39
Radovesice 152.97 d 4.57 (0.39) a 0.61 (0.22) ¢ 3.20 29.80

* MB-C: microbial bxomass-C content RR: respiration rate; PR: potential respiration (glucose-stimulated); qCO,: biomass specific respiration

rate (ug CO,-C dny mg MB- c

Numbcrs within single column followed by the same letter are not significantly different (Newman-Keuls test, P = 0.05)
Mncrobml biomass content estimated by chloroform fumngntnon-extracuon method (FE)

‘In parentheses: standard errors (SE)

as a direct measure of substrate availability because the
initial rates of glucose-stimulated respiration depended
not only on substrate availability, but also on physi-
ological state of the whole microbial community in
stressed soils. Instead of it, we used extracellular or-
ganic carbon (EX-C) per unit of MB-C that is routinely
used as a control value for MB-C determination both
in RE and FE method. EX-C content correlated signifi-
cantly with specific respiration rate (r; = -0.9574) sug-
gesting stress conditions for microbial biomass in soil
samples with lack of available organic matter. Ratio
PR/RR seemed to reflect capacity of existing microbial
biomass to utilize easily available organic carbon (glu-
cose).

Although it was difficult to exactly evaluate statis-
tical significance of correlation between actual esti-
mates of MB-C content made by RE and FE method
(relatively small sample for relevant statistical evalu-
ation), the results of both methods were found to be
very similar (compare Tabs II and III). The FE method
appeared to give higher values of MB-C estimates,
probably due to higher efficiency of chlorophorm in
comparison with heat treatment. :

Comparing with initial values (Tab. III), the MB-C
content in all studied soils significantly decreased dur-
ing first 120 hours of incubation without substrate ad-
dition. Significantly highest decline of MB-C was de-
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tected in Radovesice and Rudolice (by 63.25 and
49.07%, related to the initial values — Tab. IV). The
best capability to sustain existing microbial biomass
was found in samples from Zelénky. Although the MB-C
content remained significantly lower than initial values
during the whole incubation without substrate in all the
samples, the decrease of MB-C value appeared to stop
in the second phase and most of the soils started to
recover their microbial biomass (except for Zelénky).
However, more frequent estimation of microbial
biomass should be made to fully describe these fluctua-
tions. Anderson, Domsch (1990) also observed
occasional increases of the biomass during laboratory
incubations, probably as a response to remixing and
remoistening of the soil samples. The differences
among the sites were less clear in the end of incubation
without addition of glucose (312 hours), but stress con-
ditions in the samples from Radovesice were still ap-
parent (Tab. IV). In laboratory incubation, biomass
specific respiration rate (qCO,) significantly correlated
with decline -of MB-C content (in % of initial values;
re = 0.9551) which again proved the sensitivity of
qCO, as an indicator of stress.

The addition of saturating amount of glucose should
stimulate, at least temporarily, the synthesis of new
microbial biomass. Microbial biomass in variants with
glucose was significantly higher than in control vari-
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IV. Microbial biomass content and respiration activity during laboratory incubation”

Without glucose addition

With 0.5% glucose-C (based on dry weight)

Site microbial biomass (MB-C) EX-C RR qCO, microbial biomass (MB-C) EX-C RR qCO,
®gCg™ ::z‘:_"f’)'" ""(';()’ gcy | U85S | AT [ c(ph:"gcc;_r;m "":;(: (PP B e M B s
Zelénky 252.27 8595 | -25.41 5173 6.70 26.56 430.10 +91.88 | +27.77 | 175.07 223.41 519.44
Jirdsek 289.15 -151.09 | -34.32 34.67 10.64 36.80 467.10 +26.85 +6.09 | 155.37 232.06 496.81
::';: :}o Homojifetinska | 423.55 -196.66 | -31.71 25.64 15.94 37.63 543.88 -7633 | -12.31 102.80 535.08 988.82
incubation | Lom Most 247.19 -130.12 | -34.49 51.57 13.79 55.79 466.02 +88.71 +23.51 166.52 371.94 798.12
Rudolice 299.14 -288.24 | —49.07 72.14 27.52 91.99 52231 6508 | -11.07 | 183.40 280.65 537.32
Radovesice 56.21 -96.76 | —63.25 39.93 12.54 223.09 ND ND ND ND 198.47 =
Zelénky 207.95 -130.26 | -38.51 85.48 7.81 37.56 415.90 +77.68 | +2297 | 10151 29.38 70.63
Jirssek 312,32 -12802 | -29.08 7471 10.19 3263 433.40 -6.85 -1.56 97.70 37.34 86.16
:::f,: z'fz Homojifetinskd | 463.87 -156.34 | -25.21 24.87 18.53 39.64 549.58 -7063 | -11.39 | 118.14 31.88 58.01
incubation | Lom Most 263.19 -114.11 -3.24 73.29 9.19 34.92 360.84 -16.47 —437 | 12565 31.04 86.02
Rudolice 387.99 -199.40 | -33.95 73.61 15.54 40.05 467.57 -119.82 | -2040 | 122.68 36.61 78.29
Radovesice 63.59 8938 | -58.43 22.29 8.75 137.60 94.21 5876 | -34.41 | 41229 50.32 534.12

MB-C microbial biomass-C content csumated by FE method; EX-C: extracellular-C content; RR: rcspmnon rate; qOO, biomass specific respiration rate

* Ch in mi

Lot hi

ND: non-determined

d to the initial incubation values (- means decli

+ means




pg CO2-C . gdry soit
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Time of incubation (hours)

—x- Jirdsek

= Zelénky

1. Cumulative CO,-C respi
matter); coefficient of variance: 6.2 to 7.4%

in control variants in all the soils and the increase in
MB-C content could be arranged in the following order
(the end of incubation): Zelénky > Jirdsek > Lom
Most > Hornojifetinskd4 > Rudolice > Radovesice.
However, in comparison with the initial values, the
MB-C content in soils Radovesice, Rudolice and Hor-
nojifetinska significantly decreased even in the glucose
amended soil (Tab. IV). Glucose-stimulated increase of
MB-C content as related to the initial value was ob-
served in soil samples from Jirdsek, Lom Most and
particularly in soil from Zelénky that was able to main-
tain newly synthesized biomass until the end of incu-
bation.

Considering the capability of microbial community
to survive in laboratory conditions, the worst situation
was found in the site Radovesice (Tab. IV) which fully
corresponded to conclusions based on estimation of ac-
tual values (Tab. III). Extreme conditions in this soil
were also responsible for very low mineralization ca-
pacity: only 25.88% of added glucose-C was mineral-
ized during 312 hours of incubation (Fig. 1).

Relatively high actual values of microbial biomass
determined by FE method in the site Rudolice in com-
parison with Lom Most was in the contrary to the
evaluation of this site using empirical mathematical
model. This discrepancy has already been partially ex-
plained as a consequence of laboratory procedures.
Simple laboratory incubation allowed to quantify very
low stability of MB-C in this site. Although the soil
from Rudolice mineralized 59.36% of added glucose-C
(Fig. 1), MB-C content significantly decreased compar-
ing with ‘the initial value (Tab. IV), even in glucose
treated samples. Consistently increased values of
biomass specific respiration rate in the sites Radovesice
and Rudolice during laboratory incubation without glu-
cose suggested higher maintenance energy require-
ments of stressed microbial biomass. Lower ability to
assimilate easily available organic carbon could be hy-
pothesized for such microbial communities.
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d during laboratory incubation of soil samples treated with a) water, b) glucose (0.5% C, based on dry soil

On the other hand, addition of organic materials dur-
ing the reclamation process helped microbial commu-
nity in the site Lom Most to survive in unsuitable
loamy loess and this soil significantly less suffered
from incubation treatment than Rudolice (Tab. IV). Mi-
crobial community in this soil was able to readily as-
similate available organic carbon and mineralization
capacity of the soil was also high (64.26% of glucose-C
was mineralized; Fig. 1).

Relatively high content of MB-C in site Horno-
jifetinské appeared to be associated with high respira-
tion activity ‘and with reduced content of EX-C during
the laboratory incubation without substrate addition.
The same results were obtained in estimation of actual
microbial parameters in this soil (Tab. IIT). However,
the capacity of the soil to assimilate available organic
carbon appeared to be even lower than in loamy loess
from Lom Most (Tab. IV). Low potential to further
increase MB-C content in the site Hornojifetinska
could be concluded, mainly due to increased mainte-
nance energy and relatively low pool of available or-
ganic matter.

Zelénky and Jirdsek were the reclaimed dumps that
fully allowed standard agrotechnical management.
Field investigations revealed (particularly at Jirisek)
well developed microbial biomass, sufficient respira-
tion activity and prompt potentiation with easily avail-
able substrate (Tab. III). Laboratory trials found very
good capability of these soils to resist additional stress
situation and to assimilate easily available organic car-
bon. Although the potential mineralization activity was
similar in both soils (Fig: 1b), higher respiration activ-
ity during incubation without glucose was detected in
the case of Jirasek (Fig. 1a), probably as a response to
organic substrate released from reduced microbial
biomass (Tab. IV).

It has been reported that information provided by only
respiration or MB-C measurement may be limited due to
great complexity of these parameters (Santriékova,
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1993). In this study, simultaneous evaluation of pa-
rameters like MB-C content, qCO,, RR, PR and PR/RR
allowed to assess mineralization capacity of studied
soils from different viewpoints. Similarly, although the
results of laboratory tests could be affected by different
experience of studied microbial community and by
laboratory procedures, they may help in understanding
the mechanisms of influence and may be useful in mak-
ing prognosis about biological potential of studied soil.
On the other hand, the output of the evaluated empirical
model took into account a typical situation derived
from previous analyses of a wide set of experimental
data. The empirical equations then described the situ-
ation in soil ecosystem without strict dependence on
actual soil conditions.

In conclusion, this short term study showed that both
compared approaches are compatible and that the com-
plex investigation allowed to scale reclaimed soils with
respect to results of reclamation process. Parameters
associated with mineralization activity should therefore
be involved in the mathematical model providing an
indication of the mineralization capacity and sustain-
ability of tested soil. Further investigation using multi-
variate modelling techniques based on a reasonable
data set-is required for construction of such a complex
model.
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SPECIATION OF CADMIUM, LEAD AND ZINC
IN HEAVILY POLLUTED SOILS '

SPECIACE KADMIA, OLOVA A ZINKU
V SILNE KONTAMINOVANYCH PUDACH

L. Boriivka', S. Kristoufkova', J. Kozak', Ch. Huan-Wei’

Czech University of Agriculture, Praha, Czech Republic
2Beijing Agricultural University, China

ABSTRACT: Speciation of Cd, Pb, and Zn in soils of two areas with different source and level of contamination in the
alluvium of the Litavka river was studied in order to assess mobility and availability of metals. Two-step sequential extraction
with 0.1M Ca(NO3), for exchangeable metals and with 0.05M Na,P,0, for organically bound metals was used. Proportion
of fracions was calculated in relation to concentrations extracted with 2M HNO,. Exchangeable form accounted in average
for 33.7-58.7% of Cd, 0.32-9.8% of Pb, and 15.5-23.1% of Zn, respectively. Organic fraction accounted for 1.7-35.4% of
Cd, 1.3-22.3% of Pb, and 3.5-22.3% of Zn, respectively. Lower proportion was found in the heavily polluted area. Exchan-
geable metals were rather homogeneously distributed through the soil profile, organic lead and to a lower extent also cadmium
were accumulated in the topsoil. Mobility of studied forms followed order Zn > Cd > Pb. In case of lead, specific sorption
was suggested. Proportion of mobile forms in the area moderately polluted was negatively correlated with 2M HNO;-extract-
able metal content (r = -0.749, -0.707, and -0.704 for Cd, Pb, and Zn, respectively).

heavy metal speciation; cadmium; lead; zinc; exchangeable form; organic form; mobility; soil contamination

ABSTRAKT: V nivé feky Litavky byla v pidich dvou oblasti s rliznou trovni a zdrojem kontaminace studovina speciace
Cd, Pb a Zn s cilem posoudit mobilitu a pfistupnost kovii. Byla pouZita postupné extrakce vyménnych kovii 0,IM Ca(NO,),
a organicky vazanych kovi 0,05M Na,P,0,. Podil frakci byl potitin z koncentraci extrahovatelnych 2M HNO;. Vyménna
forma zaujimala 33,7-58,7 % Cd, 0,32-9,8 % Pb a 15,5-23,1 % Zn. Organicka frakce ¢inila 1,7-35,4 % Cd, 1,3-22,3 % Pb
a 3,5-22,3 % Zn. NiZ§i procentudlni zastoupeni sledovanych forem se nachézelo v oblasti siln& kontaminované. Vymé&nné
kovy byly pomé&rné rovnomé&rné rozmistény v pidnim profilu, organicky vézané olovo a v men$i mife i kadmium byly
akumulovany v povrchové vrstvé pudy. Mobilita studovanych forem sledovala pofadi Zn > Cd > Pb; u olova se pfedpokladd
specifickd sorpce. Podil mobilnich forem v oblasti mirného zne&i$téni byl v negativni korelaci s obsahem kovil extrahovatel-
nych 2M HNO; (r = -0,749, -0,707 a -0,704 pro Cd, Pb a Zn).

speciace t&Zkych kovi; kadmium; olovo; zinek; vymé&nna forma; organicka forma; mobilita; kontaminace pudy

INTRODUCTION 1979; Sposito etal, 1982; Ure et al., 1993). Ef-

ficiency of extractants is different and the methods are

Heavy metals in soils represent an important source
for their uptake by plants and consequent input into
food chain, even if it is only a point contamination.
However, total heavy metal content does not indicate
the amounts available for plants. For this reason, it is
necessary to study the speciation of metals, i.e. to de-
termine amounts of different metal forms (Tessier
et al, 1979; Sposito et al,, 1982; Férstner,
1993). Metals in soil solution, exchangeable metals and
organically bound metals are considered as easily or
potentially available (Kabata-Pendias, Pen-
dias, 1992), and represent the most dangerous metal
forms for the environment. The most often used
method of heavy metal speciation is a sequential ex-
traction with various extractants (Tessier et al.,
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mainly operationally defined. However, their results in-
dicate at least different extractability of heavy metals,
and thus allow a rough estimation of heavy metal mo-
bility in soils (Briimmer et al., 1986).

The aim of this study was to determine the propor-
tion and distribution of exchangeable (together with
water-soluble) and organically bound fractions of cad-
mium, lead and zinc in heavily polluted soils in the
alluvium of the Litavka river, as influenced by different
source of metals and at different level of contamina-
tion. The proportion of exchangeable and organic frac-
tions was computed in relation to metal content ex-
tractable by 2M HNO,. This content represent
maximum potentially mobilizable amount of metals in
soil. From this point of view, it is more effectual in risk
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assessment of metal in the environment than total con-
tent. The studied area was depicted in our previous
works (Kozédk etal, 1995; Bortuvka etal., 1996).
In the latter, the content of metals extractable by 2M
HNO; was given and the area slightly contaminated
mainly by atmospheric deposition and the area heavily
polluted with floods of contaminated water were dis-
tinguished, representing two different levels of con-
tamination and two different sources of metals.

MATERIAL AND METHODS

Soil sampling

This study was carried out on soil samples collected
in the summer 1993 from the alluvium of the Litavka
river from 125 sampling sites; 85 belonged to the area
contaminated with polluted floods and 29 were influ-
enced by atmospheric deposition as the main source of
contamination; 11 sites were excluded from the two
groups. The sampling scheme was described by
Boruvka et al. (1996).

Speciation procedure

Air-dried 2 mm sieved soil samples were treated
with a modified two-step sequential extraction proce-
dure. Samples were extracted with 0.IM Ca(NOj3), at
first for exchangeable and water-soluble metal fraction.
Suspensions were shaken in centrifuge tubes on recip-
rocating shaker for one hour and then centrifuged for
30 minutes at 15 000 rpm. Sediments after centrifuga-
tion were subsequently extracted in the same way by
0.05M NayP,0; (pH 12) for organically bound metal
fraction. Ratio solution/soil was 15 : 1 (v/w) for both
agents. For details on metal extraction by 2M HNO,
see Boravka et al. (1996). Metal contents in all
extracts were determined by means of atomic absorp-
tion spectrophotometry in air-acetylene flame.

1. Mean contents of exchangeable and organic metal forms in soil

Statistics

Data were treated with classical statistical methods,
namely with r-test and correlation and regression analy-
sis, using the software Statgraphics version 5.0. In case
that the statistical distribution was strongly skewed,
logarithmic transformation was used for calculations.

RESULTS AND DISCUSSION

Contents of determined metal fractions were fairly
high (Tab. I) and their spatial distribution in topsoils
followed approximately distribution of 2M HNO3-ex-
tractable contents (Bortuvka et al,, 1996). This was
due to specific extension of atmospheric deposition and
floods of polluted water, respectively. Contents of both
exchangeable and organic metal fractions were signifi-
cantly higher in the contaminated floodplain than in the
area influenced only by atmospheric deposition, with
exception of exchangeable lead content which was
rather independent on 2M HNO;-extractable content.

In the contrary, the share of determined mobile
metal forms on 2M HNOs-extractable content was
lower in the floodplain (Figs 1 and 2). Mean share of
exchangeable fraction in the area influenced by atmo-
spheric deposition ranged from 45.3 to 58.7%, 4.1 to
9.8%, and 21.6 to 23.1% for Cd, Pb, and Zn, respec-
tively, and in the floodplain those values were 33.7 to
40.5%, 0.32 to 0.52%, and 15.5 to 17.4%, respectively.
Mean share of organic fraction in the area of atmos-
pheric deposition ranged from 17.4 to 35.4%, 4.1 to
22.3%, and 4.7 to 8.4% for Cd, Pb, and Zn, respec-
tively, and in the floodplain we found ranges 1.7 to
11.3%, 1.3 to 1.8%, and 3.5 to 3.7%, respectively. Dif-
ference between the two areas was highly significant
for organic form of all the three metals and for ex-
changeable lead. It is not in accordance with findings
of other authors (Zhu, Alva,1993; Ramos etal.,
1994), reporting higher percentages of exchangeable
metal forms in contaminated soils, but it can be ex-

Source of pollution Atmospheric deposition Floods
Metal depth exchmgeﬂble orgnni_cI exchmgeﬁble orgrmi_cI
(cm) (mg.kg™) (mgkg™) (mgkg™) (mg.kg™')
0-15 0.500 0.164 11.211 0.958
Cd 30-40 0.391 0.095 9.826 0.577
" 50-60 0.319 0.059 9.182 0.428
0-15 3.764 16.55 8.329 50.62
Pb 30-40 4.764 19.59 7.357 41.73
50-60 7.862 15.84 8.025 32.14
0-15 9.207 3.365 397.9 119.4
Zn 30-40 7.051 2013 372.6 114.8
50-60 6.687 2.168 360.8 98.2
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1. Share of exchangeable ((J) and organic (E) metal fractions in
% of 2M HNO;-extractable content in soils in the area polluted with
atmospheric deposition as the main source of contamination (note
different scales of x-axes)

plained by different initial forms of metals originating
from different sources, and also by possible saturation
of sorption sites at extremely high metal concentra-
tions.

From the data it is clear enough that cadmium was
present in the soil mainly in exchangeable form, which
can account for more than 50% of 2M HNOj-ex-
tractable cadmium content. For lead, on the contrary,
the exchangeable form represented less than 10% in the
area of atmospheric deposition and even less than 1%
in the area under floods; for this metal, organic form is
more important, especially in the topsoil. However,
most of lead was present in other forms, probably in
the fractions of Fe-Mn oxides and carbonates, as re-
ported in literature (Kozdk etal, 1995; Ramos et
al., 1994). Fraction of Fe-Mn oxides is reported as pre-
vailing also for zinc, however, also exchangeable and
organic zinc forms were found important in the soils
under study accounting together for about 20 to 30%
of 2M HNOj-extractable zinc content, which corre-
sponds with findings of Férstner (1993).

In Figs 1 and 2, metal distribution in the soil profile
is shown. In the case of exchangeable fraction, there

ROSTLINNA VYROBA, 43, 1997 (4): 187-192

Cadmium
0-15 .
g
= 30-40 I
¥
2 s0-60 |
0 50 100
Percentage of fractions
Lead
0-15
LW
g
-
] 50-60
0 10 20 30
Percentage of fractions
Zinc
0-15 .
g
§
50-60
0 10 20 30 40
Percentage of fractions

2. Share of exchangeable (CJ) and organic (WM) metal fractions in
% of 2M HNO;-extractable content in soils in the area polluted with
floods of contaminated water (note different scales of x-axes)

was no significant difference between the soil layers,
which confirmed very high mobility of that form. In
case of organic fraction, accumulation of lead in the
organic matter in the topsoil, and to a lower extent also
accumulation of cadmium, was apparent. For zinc,
however, there was no significant difference in the or-
ganic fraction content between the layers. It corre-
sponds with the fact that zinc and cadmium tend to
form soluble and mobile complexes with organic com-
pounds of low molecular weight, while lead is rather
able to form complexes with insoluble humic com-
pounds and to be fixed and immobilised in this way
(Angehrn-Bettinazzi et al, 1989).

Correlation matrices of different cadmium fractions
in the three soil layers are given in Tab. II. Strong
correlation of exchangeable form, and also of organic
form in the floodplain, with 2M HNO;-extractable cad-
mium content indicate relatively high importance of
these forms of cadmium. Easy transport of exchange-
able cadmium through the soil profile is expressed by
strong correlation of this fraction between soil layers.
Organic cadmium was less mobile, with exception of
subsoil in the area under floods. High mobility of both
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I1. Correlation matrices of cadmium forms in soil layers separately for

the areas of different prevailing source of contamination (exch. —

exchangeable form, org. — organic form, tot. - 2M HNO;-extractable content)

Depth (cm) 0-15 30-40 : 50-60
form exch. org. tot. exch. org. tot. exch. org. tot.
exch. 1.000
0-15 | org. 0.167 1.000
tot. 0.649°"" | 0.460° | 1.000
Atmospheric exch. 0.603 0.464 0.504 1 .000‘
deposition 30-40 | org. 0.041 | 0369" |-0.118 | 0.446" | 1.000
tot. 0.466° | 0.664™*"| 0.799" 0.738"**| 0318 | 1.000
exch. | 0.568°° [ 0.525" | 0.625"""| 0.668"""| 0.233 | 0.783"" | 1.000
50-60 | org. 0.596""" | 0388° | 0421° | 0442° | 0363 | 0425° | 0.528" | 1.000
tot. 0.482"" | 0.601"" | 0.779°""| 0.765""" | 0.266 | 0.942"" | 0.793""" | 0.449" 1.000
exch. 1.000 -
0-15 | org. 0.644""" | 1.000
tot. 0.650""" | 0.437""" | 1.000
exch. | 0.746"" [ 0.511°*" | 0.627™"| 1.000
Floods oo e ool e
3040 | org. 0.480 0.375 0.542"" 0.773 1.000
tot. 0.554""" | 0.382"""| 0.798"""| 0.801°"" | 0.816""" | 1.000
exch. | 0.684°""| 0349" | 0.674"""| 0.880""" [ 0.687°"" | 0.803" | 1.000
50-60 | org. 0.461°*"| 0.362" | 0.566"* 0.703*** | 0.740"** [ 0.783"** | 0.751°** | 1.000
tot. 0.548"** [ 0.367""" | 0.803**| 0.730"**| 0.751"*" | 0.950"** | 0.801°*"| 0.809"*" | 1.000

III. Correlation matrices of lead forms in soil layers separately for the areas of different prevailing source of contamination (exch, —
exchangeable form, org. — organic form, tot. - 2M HNO,-extractable content)

Depth (cm) 0-15 30-40 50-60
form exch. org. tot. exch. org. tot. exch. org. tot.
exch. 1.000
0-15 | org. 0.235 | 1.000
tot, -0303 | 0.382" | 1.000
Rintierie exch. 0297 | 0394" | 0.078 | 1.000
deposition 30-40 | org. | -0.036 | 0.414" | 0295 | 0.454" | 1.000
tot. -0.256 | 0.469" | 0706 | 0.441° | 0.714"**| 1.000
exch. |-0.032 | 0461° | 0187 | 0646" | 0353 | 0.406" | 1.000
50-60 | org. 0.024 | 0343 |[0361 |0461° | 055" | 0.717"" | 0.380" | 1.000
tot. -0.296 | 0.430" | 0.695"*| 0.403" | 0.597°**| 0930"**| 0.414" | 0.745"°| 1.000
exch. 1.000
0-15 | org. 0.384"""| 1.000
tot. 0.383"""| 0.752""" | 1.000
exch. | 0525 0413"*"| 0.394°**| 1.000
R 3040 | org. 0.373""" 0.559"*" | 0.519"""| 0.631°*"| 1.000
tot. 0.297"" | 0.570"" [ 0.798""" | 0.483°"" | 0.678""" | 1.000
exch. | 0.394"* 0393 | 0.433"**| 0.569"** [ 0.340"* | 0.383"**| 1.000
50-60 | org. 0212 | 0357 | 0.547""" | 0.517°"" | 0.626""" | 0.743""" | 0.513"""| 1.000
tot. 0216 | 0.450™"| 0.691"""| 0.409™" | 0.589""" | 0.889""" | 0.394""" | 0.746""" | 1.000

exchangeable and organic forms was apparent for zinc
(Tab. IV). For this metal, no accumulation could be
seen. Organic form of zinc was relatively closer to its
2M HNOj-extractable content than exchangeable form.
Correlation matrices for lead (Tab. III) are different
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from those of the other two elements under study. Cor-
relations between layers are quite weak confirming
strong accumulation and low mobility of lead in soil.
Tab. V shows correlation coefficients of the forms
between metals in topsoil. Exchangeable fractions of
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IV. Correlation matrices of zinc forms in soil layers separately for the areas of different prevailing source of contamination (exch. —

exchangeable form, org. — organic form, tot. — 2M HNO;-extractable content)

Depth (cm) 0-15 30-40 50-60
form exch. org. tot. exch. org. tot. exch. org. tot.
exch. 1.000
0-15 | org. 0.361 1.000
tot. 0321 | 0792 1.000
Afinosberic exch. | 0.853""| 0355 | 0219 1.000
deposition 30-40 | org. 0388 | 0417 | 0260 | 0.584™" | 1.000
tot. 0329 | 0722"""| 0.864°*"| 0308 | 0.532" | 1.000
exch. | 0.632" | 0579" | 0.570™ | 0.752"** | 0.641*" | 0.746"*" | 1.000
50-60 | org. 0229 | 0285 |[0361 |0457° | 0597" | 0.584" | 0.728"*"| 1.000
tot. 0278 | 0762"""| 0.879"*°| 0243 | 0370 | 0934"""| 0.698"**| 0.563"" | 1.000
exch. 1.000
0-15 | org. 0.498"** | 1.000
tot. 0.633""" | 0.908"""| 1.000
exch. | 0726 | 0.477™"| 0.608"""| 1.000
Floods e "o e vee
30-40 | org. 0.482 0.742 0.783 0.691 1.000
tot. 0.544""" | 0752"""| 0.837°""| 0.744™"" | 0.921°""| 1.000
exch. | 0.740°**| 0.598""" [ 0.712"*"| 0915 | 0.772"*" | 0.793"** | 1.000 .
50-60 | org. 0.426"" | 07017 [ 0.748"™"| 0.585"""| 0.928"" | 0.874™"" | 0.714™™") 1.000
tot. 0.532""" [ 0.733"*" | 0.800°"" | 0.713"""| 0.916™" | 0.926"** | 0.821°"" | 0.908"""| 1.000

V. Correlation coefficients of exchangeable and organic form between metals in topsoil separately for the areas of different prevailing source

of contamination
. A heric deposition Floods
Relation
exchangeable organic - exchangeable organic
Cd-Pb -0.137 0.143 0.546""" 0.664°""
Cd-Zn 0752"" 0.064 0.822*** 0.577°**
Pb-Zn 0.053 0.595""" 0.489""" 0.656""*

VI. Correlation coefficients between share of metal forms and 2M HNO;-extractable metal content in
different prevailing source of contamination

topsoil separately for the areas of

i Atmospheric deposition Floods
Fraction
cd Pb Zn cd Pb Zn
Exchangeable -0.536"" -0.673""" -0.619""* -0.186 0.063 -0.159
Organic -0.330 -0.636"* -0.697"* -0.302" ~0.161 0.109
Exchangeable + organic -0.749""" -0.707""* -0.704""" -0.213 -0.178 -0.237°

cadmium and zinc were strongly correlated in both areas.
Organic fraction of lead was correlated with that of
zinc, and in area under floods also of cadmium. Par-
ticular case represented exchangeable fraction of lead.
In the area of atmospheric deposition as the main
source of pollution, i.e. under conditions. of moderate
contamination, no correlation with exchangeable frac-
tion of either cadmium or zinc was found. It can be
explained by specific adsorption, which is more impor-
tant for lead than for the other two metals (Briimmer
et al., 1986). After saturation of lead-specific adsorp-
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tion sites, the behaviour of lead:is also dominated with
exchange reactions (Sims, 1986). This was supposed
to be the case of the area heavily polluted with floods,
so that correlations of exchangeable lead with other
metals were highly significant.

Correlations between the share of mobile forms in
the 2M HNO;-extractable metal content and level of
contamination, expressed as the content of 2M HNO;-
-extractable metals, showed that in the area of atmos-
pheric deposition that share decreased with increasing
2M HNOj-extractable metal content (Tab. VI). This-
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3. Relationship between share of mobile (sum of and
organic) metal fraction on 2M HNOj-extractable content and 2M
HNO;-extractable metal content in soil of the area slightly polluted
with atmospheric deposition

corresponds with statements of Brimmer et al.
(1986) that deficiency of specific adsorption sites,
which is inevitable under such a heavy contamination,
can be one of the conditions for formation of defined
metal compounds. Relation of the share of mobile (sum
of exchangeable and organic) fraction and 2M HNO;-
-extractable metal content is presented as multiplicative
regression (Fig. 3). In the area of heavy pollution
weaker correlations were found.
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ZMENA KVALITY VODY PRI PRUTOKU UDOLNI NADRZI

CHANGE IN THE WATER QUALITY IN FLOWING THROUGH
THE VALLEY RESERVOIR

0. Rec, M. Stary

Technical University, Faculty of Civil Engineering, Brno, Czech Republic

ABSTRACT: Theoretical procedure for drawing up of simulation models of water management systems (VS), particularly
those working in longer time (a month) and are dealing only with quantitative side of the problem, is known also for extensive
water management systems. Extension of the utilization of these models to model changes in water quality within water
management systems is conditioned by solution of principal problems: above all, modelling of changes in water quality when
flowing through the water basin. It is necessary that programmed model will work very fast in view of a lot of solved variants.
The contribution is dealing with testing of the possibility of utilization of linear regression model for solving of the given
problem. It summarizes a part of published results (Rec, Stary, 1995). For drawing up and calibration of regression
equations the program STATGRAPHICS, version 6, was used in a standard way. For sets of measured data in discharge and
runoff from water basins Vir (1985 to 1994) relevant linear regression equations were made up allowing determination of
the values of selected indicators of contamination in runoff from the basin in monthly steps. These are: temperature, solved
oxygen, biochemical consumption of oxygen, chemical consumption of oxygen, nitrates, ammonia and phosphates. Graphical
comparison of the pattern of model (predicted) and measured values of these indicators (water basin Vir) is in Figs 1 to 7.
Patterns show a very good conformity. Numerical expression of this conformity by means of coefficients of determination
and standard error of estimate is presented in Tabs I and II. Coefficients of determination are predominantly higher than 0.9.
Also standard error of estimate is relatively low. Calibrated regression equations allow to consider temperature dependence
of qualitative indicators. In suitable sequence of their utilization they allow to take into consideration mutual bonds between
indicators (internal sources and throughs). However, it is evident from the form of these equations that though they are of
similar form, they are distinct by some indicators, particularly by the number of input quantities on the right side of equations.
This fact is influenced by different form, depth and position of basins, the effect of monitoring and reliability of input data
cannot be eliminated. Each basin requires individual making up and calibration of these equations. Results of solution confirm
the possibility to use this very simple procedure for the needs of simulation model.

water management system; simulation model; indicators of contamination; linear regression model; coefficient of determi-
nation; standard error of estimate

ABSTRAKT: Usp&&né sestaveni simulainiho modelu vodohospoditské soustavy, pracujictho s del$im &asovym krokem
(jeden mésic) a umoZiiujictho modelovat kromé mnoZstvi i zménu kvality vody, je podmin&no nalezenim vztahi mezi
mnoZstvim a kvalitou vody na pfitocich a odtocich z nadrZi. Je popsdna moZnost uZiti linedrniho regresniho modelu pro fe$eni
tohoto problému. NavrZeny postup je aplikovan na vodni nadrZe Vir (1985 aZz 1994) a Brno (1993 aZ 1994). Modelované
a mé&fené priib&hy ukazatelli zne&i§t&ni jsou graficky srovnény a vykazuji velmi dobrou shodu. Ciselng je tato shoda posouzena
pomoci koeficientd determinace, které jsou pfevazn& vyssi neZ 0,9, a smérodatnych chyb odhadu, které jsou relativné nizké.
DosaZené vysledky potvrzuji vhodnost navrZeného pfistupu. Okalibrované regresni rovnice umoZiiuji respektovat teplotni
z4vislost mezi ukazateli zne¢isténi a brat v dvahu i jejich vzajemné vazby, tj. vnitini zdroje a propady.

vodohospodéiska soustava; simulaéni model; ukazatele zneci$téni; linedrni regresni model; koeficient determinace; smérodat-
na chyba odhadu

UVOD

V ramci vyuZiti povrchovych vodnich zdroji se zie-
telem na jejich ochranu a zlep$eni kvality vod je tfeba
feSit komplexné fadu tloh. Ve stavajicich velkych po-
vodich se tyto ukoly fesi v ramci vodohospodaiskych
soustav (VS). Kazda VS ma svoje dynamické (pfeno-
sové) vlastnosti, které pfi daném zpisobu fizeni odtoku
jednozna¢né uréuji vztah mezi vstupnimi a vystupnimi
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veli¢inami. To plati jak pro kvantitativni, tak i kvalita-
tivni ukazatele. Pfitom zména jakéhokoliv prvku sou-
stavy (napf. dlouhodobého &isticiho efektu COV, zpi-
sobu fizeni odtokl z néddrZe), ale i vazeb mezi prvky
nutné vede ke zméné téchto pienosovych vlastnosti.
Pro dspé$né sestaveni simulaéniho modelu, respektuji-
ciho jak kvantitativni, tak i kvalitativni zmény pritoku
vody v ramci VS, je tieba znat a umét matematicky
popsat pienosové vlastnosti pro jednotlivé useky tokl
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i pro vodni nadrZe. Zatimco zikladni rovnice, popisu-
jici tok vody tseky toki a zmé&nu kvality vody v tse-
cich tokd, jsou znamy a jsou tisp&$né pouZity v pouZi-
vanych programovych systémech napf. QUAL2E
(Brown, 1987), matematicky popis zmény kvality
vody pfi prutoku nadrZzemi je asto problematicky. Pfi-
spévek se zabyva moZnosti vyuZiti linearniho regresni-
ho modelu pro popis téchto zmén s &asovym krokem
jeden mésic. Tato velikost Casového kroku je b&zné
uZivand v simulacnich modelech respektujicich pouze
kvantitativni strdnku feSeného problému. NavrZeny pfi-
stup byl aplikovan na vodni nadrzi Vir a Brno. Ziskané
vysledky ukazuji cestu moZného roz3ifeni simula¢niho
modelu i na oblast kvality vody.

MATERIAL A METODA
LINEARNI REGRESNI MODEL

Pro popis zmény kvality vody pfi pritoku nadrzi
s Casovym krokem jeden mésic (prumérné mésicni
hodnoty) byl pouZit line4rni regresni model ve tvaru:

Yizag+a,.X) +ap Xy +.. +a, X, (¢))

kde: Y - vyslednd pfedpovézend hodnota ukazatele

znediSténi
day aZ a, - neznimé regresni koeficienty
X aZ X, — vstupni velifiny modelu
i — pofadi mésice

Pro poutZiti regresniho modelu je tfeba mit k dispo-
zici dostate¢né mnoZstvi méfenych dat. V naSem pfipa-
dé to znamenalo mit k dispozici fady primérnych mé-
sinich pfitoki a odtoki z nadrZi a jejich teplot, fady
prumérnych mési¢nich plnéni nadrZi a fady koncentraci
uvazovanych druht zne€isténi. PouZita vstupni data pro
nadrZ Vir (1985 az 1994) byla ziskana od spravce Po-
vodi Moravy.

Pro uréeni regresnich koeficienti v rovnici (1) byl
pouZit program STATGRAPHICS v. 6 standardnim
zplisobem. Jako vstupni veli¢ina v rovnici (1) byla
programu vzdy nabidnuta fada jak kvantitativnich veli-
¢in popisujicich tok vody nadrZi, tak i kvalitativnich
ukazatelu zneci§téni majicich vliv na fefeny cyklus
kysliku, dusiku, resp. fosforu. Tyto ukazatele byly na-
bidnuty jak pro fefeny &asovy krok, tak i s jedno-,
dvou- a tiimési¢nim predstihem. Program si na zékladé
F-testi v automatickém reZimu vybral ty, které mély
nejvétsi vliv na vystupni veli¢inu, a provedl vypo&et
regresnich koeficienti. Rec, Stary (1995) podrob-
né& popisuji nabidnuté a ponechané ukazatele. Déle uva-
dgji podrobné zhodnoceni pfedpovézenych priab&hi
t&chto veli¢in.

NUMERICKA ANALYZA

Pro uvaZované nadrZe byly vybrany tyto velifiny,
pro néZ byly sestaveny odpovidajici regresni rovnice:
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1. Teplota vody [°C]

2. Rozpudtény kyslik [mg/l]

3. Biochemicka spotieba kysliku [mg/l]

4. Chemicka spotieba kysliku [mg/l]

5. Amoniak [mg/l]

6. Dusiénany [mg/1]

7. Fosfore¢nany, resp. celkovy fosfor [mg/l]

Pro nadrZ Vir byl vstupnim profilem odbérny profil
Dalecin a vystupnim profilem vyvar (odtok z nadrZe).
Pro nadrZ Brno byl vstupnim profilem odbérny profil
Veverska Bityska a vystupnim profilem oddéleny pro-
fil v Kominég.

Vstupem feSeni byly vysledky chemickych rozborl
odebranych vzorki vody z pfisluinych profila s fre-
kvenci jeden mésic, ziskanych od Povodi Moravy. Pro
nadrZ Vir byly k dispozici fady pfislu§nych veli¢in za
obdobi 1985 aZ 1994. Pro nadrZ Brno pak za obdobi
1993 az 1994.

PREHLED OKALIBROVANYCH REGRESNICH
ROVNIC

NédrZ Vir (vyvar)

1. Teplota vody
T = 0,07317.V + 0,18346.dtep + 0,53863.vtep_1
2. Rozpustény kyslik
RO =0,07317.V + 0,28122.dro + 0,44724.vro_1 +
+ 0.077636.dq — 0.22404.vtep
3. Biochemicka spotieba kysliku
BSKjs = 0,04562.dro + 0,02619.vq +
+ 0,63621.vbsk_1
4. Chemicka spotieba kysliku
CHSK = 0,36583.dro + 0,63443.vchsk_1
5. Amoniak
NH} = 0,01113.dro + 0,05425.dnh4 +
+ 0,43372.vnhk_1
6. Dusi¢nany
NO3 = 0,15954.dtep + 0,61686.dno3 +
+ 0,30468.vno3_1
7. Fosforenany
POi‘ =-0,00125.V + 0,00701.dro + 0,03530.dpo4 +
+ 0,46766.vpo4_1

Né4drZ Brno (Komin)

1. Teplota vody

T = 0,66204.btep + 0,42067 ktep_1
2. Rozpustény kyslik

RO = 0,84175.bro + 0,11801.bg_1
3. Biochemick4 spotieba kysliku

BSKs = 0,13049.V + 0,23642.bbsk_1
4. Chemicka spotieba kysliku

CHSK = 1,34964 .kro + 0,77351.ktep
5. Amoniak

NH} = 0,03804.bro
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6. Dusi¢nany
NOj3 = 0,39704.bno3_1 + 0,43010.bno3

7. Celkovy fosfor
Celk. P = 0,012424.bro_1 - 0,00764.bq_1 +
0,32035.beelp

Pouzita symbolika

A% — pIn&ni nadrZe na konci mésice [mil. m3]
RO - rozpustény kyslik [mg/l]

q — pritok [m3/s]

T — teplota [°C]

BSK - biochemicka spotfeba kysliku [mg/1]

NH} - amoniak [mg/l]
NOj3 - dusi¢nany [mg/l]
POy~ - fosforetnany [mg/l]

CHSK - chemické spotfeba kysliku [mg/1]
11 — predchozi tidaj posunuty o 1 mésic (napf. ro_1)
_2 - pfedchozi udaj posunuty o 2 mésice (napf. ro_2)

Vyznam prvniho pismene (kromé& plnéni nadrZe V):

d — odbémny profil Dalein (pfitok do virské nadrZe)

v — odb&rny profil Vir — vyvar (odtok z virské na-
drze)

b — odbérny profil Veverska BitySka (pfitok do br-
nénské nadrZe)

k — odbérny profil Komin (odtok z brnénské nadrZe)

Pfiklady

dro_1 : rozpu$tény kyslik, pfedchozi uidaj posunuty
o 1 mésic, odbérny profil Dalecin [mg/l]

: biochemickéa spotfeba kysliku v odb&rmném
profilu Veverské Bity$ka [mg/1]

bbsk

Vysledky feSeni jsou vzhledem k rozsahu uvedeny
graficky pouze pro nadrZe Vir na sérii obr. 1 az 7. Pro
nadrZ Brno jsou tyto vysledky obdobné. Stru¢né statis-
tické zhodnoceni pfedpovézenych pribéhi je uvedeno
v tab. I a II. V nich je koeficient determinace uveden
v nekorigovaném tvaru. Smérodatna odchylka (sméro-
datna chyba odhadu) je konstruovana ze souboru roz-
dild modelovanych a méfenych hodnot (absolutni hod-
noty). U kazdé piedpovidané veli¢iny je redukovana
s ohledem na pfislusny pocet stupiiii volnosti, které se
vztahuji k jednotlivym zdrojum variability.

VYSLEDKY A DISKUSE

Z hlediska téelu, pro ktery byla analyza daného
problému provedena, je moZno konstatovat nasledujici.
DosaZené vysledky dokumentuji vhodnost uZiti lineér-
niho regresniho modelu pro modelovani zmény kvality
vody pfi pritoku nadrzi s asovym krokem jeden mé-
sic. Tato skute¢nost plyne jednak z grafického srovnéni
méfenych a predpovézenych prubéhi feSenych veliCin,
jednak z hodnot koeficientli determinace, které jsou ne-
cekané vysoké (pfevazné vétsi nez 0,9), pficemZ pro-
gram STATGRAPHICS si z nabizenych vstupnich ve-

ROSTLINNA VYROBA, 43, 1997 (4): 193-198

—_

. NadrZ Vir - Water basin Vir

Ukazatel zne&isténi Koeficient Smérodatnd
vody! determinace? (R%) odchylka® (o)
Teplota* 0,943 1,541
Rozpustény kyslik? 0,977 1,397
BSK; 0,940 0,459

. CHSK 0,935 3,183
NH} 0,862 0,121
NO3 0,982 2,418
PO}~ 0,852 0,044

'indicator of water contamination, “coefficient of determination,
standard deviation, 4tr.-,mpcrmurc. *solved oxygen

II. NddrZ Brno — Water basin Brno

Ukazatel znediSténi Koeficient Smérodatna
vody' determinace? (R2) odchylka? (o)
Teplota* 0,983 1,685
Rozpustény kyslik® 0,988 L171
BSKj 0,931 0,881
CHSK 0,951 4,946
NH} 0,893 0,151
NO3 0,947 1,465
Celkovy fosfor® 0,915 0,058

For 1-5 see Tab. I, ®total phosphorus

lidin ponechal na zakladech F-testu vidy jen jejich
zna¢né redukovany pocet. Pfi bliZ§im rozboru regres-
nich rovnic je zfejmé, Ze maji tvar piedpovédniho mo-
delu typu ,korigovany pfidrZovac“, vychazeji tedy
z hodnoty pfisludné veliiny v pfedchozim mésici, kte-
rou opravuji o vlivy jinych vybranych veli¢in. Regresni
rovnice jsou navic sestaveny tak, aby bylo moZné
v kaZzdém Casovém kroku pii daném odtoku vody z na-
drZe respektovat teplotni zdvislost kvalitativnich uka-
zateli a pfi vhodné posloupnosti modelovéni jednotli-
vych veli¢in respektovat i jejich vzdjemné vazby
(vnitfni zdroje a propady). Tyto skute¢nosti jsou pak
postacujici i pro ndvazné modelovani prubéhu pratoku
a kvality vody v useku toku pod néadrZi.

Ze vzajemného srovnani tvard regresnich rovnic, se-
stavenych pro stejné pfedpovidané veli¢iny a rizné na-
drZe, plyne, Ze i kdyZ maji v mnohém podobny tvar,
pfesto se li8i zejména podtem vstupnich veli¢in na pra-
vé strané rovnic. Do této skutenosti se miZe promitat
rozdilny tvar, hloubka a situovani nadrZi. Vyrazné v§ak
miiZe tuto skutecnost ovlivnit i délka pozorovani a spo-
lehlivost vstupnich dat. Pro pfijmuti jednozna&néjSich
zavéra v této oblasti by bylo tfeba pokracovat v dalsi
analyze problému. Zejména mit k dispozici vstupni da-
ta stejné délky za stejnd obdobi. Pro pfipadné zobecné-
ni zavéru by bylo vhodné rozsifit analyzu i na dalsi
nadrZze obdobného typu. Z dosud ziskanych vysledku
viak je zfejmé, Ze kazda nadrZ vyZaduje individudlni
sestaveni a kalibraci pfislu$nych regresnich rovnic.
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Clanek zahrnuje vysledky vyzkumu feSeného v ram-
ci projektu GA CR 511/95/0637.
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INFORMACE - STUDIE - SDELENI

VZTAH HNOJENI A MECHANICKEHO POSKOZENI HLiZ
BRAMBORU U ODRUDY KRASA

RELATIONSHIP OF FERTILIZATION AND MECHANICAL DAMAGE
TO POTATO TUBERS IN KRASA CULTIVAR

J. Divis, Z. Stérba

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

ABSTRACT: In 1991 and 1992 in potato-growing region at 380 m above sea level (Ceské Budgjovice) on the plot with
good supply of nutrients the relationship of NPK fertilization and mechanical damage to tubers in very early table variety
Krasa. Dependence between mechanical damage to tubers and fertilization was found and statistically confirmed. The highest
values of mechanical damage were found in unfertilized variant by mineral fertilizers and in variants fertilized only by nitrogen
and potassium. Lower mechanical damage of tubers was achieved in NPK fertilized variants. The lowest values of mechanical
damage were then found in variants with the highest potassium rate (variants with 360 kg Kha™') in combination with 40,
80, 120 kg N.ha™'. Growing nitrogen rates up to 120 kg.ha™' did not bring increased occurrence of mechanical damage to
tubers. The favourable effect of phosphorus on reduction of susceptibility of tubers to mechanical damage based on compa-
rison with variants of one-sidedly fertilized with nitrogen and potassium. Balanced NPK nutrition in potato is a factor which
along with other factors modifies susceptibility of varieties to mechanical damage. Significant reduction of mechanical damage
at higher temperature of tubers was recorded compared with temperature of 4.5 °C.

potatoes; NPK fertilization; mechanical damage

ABSTRAKT: V bramborifském vyrobnim typu v 380 m n. m. (Ceské Bud&jovice) byl v letech 1991 a 1992 sledovin vztah
hnojeni NPK a mechanického pokozeni hliz u velmi rané konzumni odridy Krasa. Byla zji§téna a statisticky potvrzena
zdvislost mezi stupném mechanického poSkozeni a hnojenim. Nejvy$si hodnoty pfepo&teného mechanického poskozeni hliz
byly zaznamendny u variant jednostrann& hnojenych dusikem a draslikem a u varianty nehnojené (kontrola). U vSech ostat-
nich hnojenych variant byla zji§t€na vy33i odolnost hliz k mechanickému poskozeni. Vy33i ddvky drasliku piizniv& ovlivnily
odolnost hliz k mechanickému poskozeni. V pokusu se projevil pfiznivy vliv fosforu na sniZeni citlivosti hliz k mechanickému
poskozeni. Naristajici ddvka dusiku nepfinesla zvy$eni mechanického poskozeni hliz. P¥i vy33i teplot& hliz (9 °C) bylo
zaznamenano pritkazné sniZeni mechanického poskozeni v porovnani s teplotou 4,5 °C.

brambory; hnojeni NPK; mechanické poskozeni

UvoD

Pfi mechanizované sklizni a poskliziiové upravé je
nutné vénovat zvySenou pozornost mechanickému po-
§kozeni hliz brambord, které znehodnocuje okamZité
i nasledné zna&nou &ast tdrody (Bfedka, 1992). Ve
vysledném mechanickém poskozeni hliz se projevi
podminky pé&stovéni, sklizeii a citlivost odrudy.
Gluska et al. (1988) na zakladé pokusu s 39 odruda-
mi uvadéji, Ze citlivost k mechanickému po§kozeni je
odridovym znakem, ktery je modifikovan agrotechnic-
kymi faktory.

Hnojeni NPK patii mezi nejvyznamné&j§i péstitelské
faktory. U dusiku se uvadi, Ze jeho zvySené davky se
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mohou negativné projevit v odolnosti k mechanickému
poSkozeni. Odpovida to idajiim, které uverejnil Ben -
kenstein (1988). Citovany autor zaznamenal zhor$eni
odolnosti bramborovych hliz k mechanickému pogko-
zeni pfi pfevladajici vyZivé dusikem. Toto hodnoceni
vychazi spiSe z nevyrovnané jednostranné vyZzivy dusi-
kem, kdy dusik prodluZuje vegetaéni dobu, hlizy jsou
nevyzrilé a nichylné k mechanickému poskozeni. Na-
opak Zadina (1983) nezjistil zvySenou nachylnost
hliz k mechanickému poSkozeni se zvySenou davkou
dusiku. Votoupal et al. (1982) pfi raznych hladi-
nich hnojeni zaznamenali, Ze vlivem Zivin (N, P, K,
Mg, Ca) se zvySila odolnost hliz k mechanickému po-
§kozeni. Pisobenim vyrovnané vyZivy fosforem (M-
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Srézkové a teplotni pomé&ry — Precipitation and temperature conditions 2

5

Rok! 1991 1992 Priimér 50 let?
Hodnota® za rok* za vegetaci’ za rok " za vegetaci za rok za vegetaci
Srdzky® (mm) 464,2 3284 5278 308,4 620,0 427,0
Teplota’ *(°C) 9,39 16,07 9,50 15,64 7,8 13,8

lyear. zﬂvemge of 50 years, 3value, *for year, Sfor vegetation, 6precipitntion. 7lempemture

¢a, 1992) a draslikem (M ica, 1989) dochazi ke zvy-
Seni odolnosti hliz vi¢i mechanickému poskozeni.
Wirsing, Horneburg (1994) naopak v podmin-
kach nedostatku drasliku a dusiku nalezli nejvyssi po-
$kozeni hliz, nejniZ$i pak pfi plném hnojeni NPK.

MATERIAL A METODA

Pokus byl zaloZen v Ceskych Budgjovicich v bram-
borafském vyrobnim typu v nadmoiské vySce 380 m
n. m. v letech 1991 a 1992. SraZkové a teplotni poméry
jsou uvedeny v tab. I. Pida na pokusném pozemku je
charakterizovédna jako typ puda oglejend, druh hlinito-
pisCita, stfedné hlubokého charakteru, dobfe zpracova-
telnd. Pedochemické podminky jsou uvedeny v tab. I.

K pokustim byla v obou letech pouZita odrida Krasa
(Sativa, Ketkov) jako velmi rand, konzumni odruda,
s dosti rychlym pocate¢nim ristem naté. Stfedné velké
az vét§i kulovitoovalné hlizy s mélkymi ocky jsou
stfedné aZ méné odolné k mechanickému poskozeni,
dosti odolné k obecné strupovitosti.

Pokus s diferencovanym hnojenim byl zaloZen me-
todou nahodné zvolenych bloki, ve &tyfech opakova-
nich. V obou pokusnych letech (1991 a 1992) bylo
zvoleno 14 variant hnojeni (tab. III).

K zji§tovéani odolnosti hliz u odridy Krasa proti me-
chanickému poskozeni bylo pouZito odrazové kyvadlo
(Gall et al, 1967). K testovani byly vybrany hlizy
velikosti 60 aZ 70 mm a tdernd hlavice o hmotnosti
300 g. Testovéni probéhlo pfi teplotich 4,5 a 9 °C.

Podle zaznamenaného poltu uderld potfebnych
k proraZeni hlizy bylo stanoveno odpovidajici pfepoc-
tené poskozeni (tab. IV) a provedeno rozdéleni do sku-
pin (napf. 21 aZ 30). Pro pfepocet koeficientem bylo
pouZito vZdy nejvy38i &islo skupiny (30), pfi¢emZ
v tab. IV lze nalézt k tomuto &islu odpovidajici hodno-
tu prepocteného poskozeni (3,2). Hodnota prepoctené-
ho poskozeni u kaZdé varianty byla ziskdna soudtem
hodnot piepoéteného poSkozeni péti hliz a podle tab.
V byl uréen stupefi odolnosti. Ziskané udaje byly sta-
tisticky vyhodnoceny pomoci po&itatového programu
STATGRAPHICS analyzou rozptylu a testem nejmen-
§ich Etvercovych odchylek (LSD) (tab. VIII az XI).

VYSLEDKY A DISKUSE

Hlizy pouZité k testu na odolnost vici mecha-
nickému poskozeni byly po sklizni &tyfi tydny usklad-
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II. Pedochemické podminky — Pedological and chemical conditions

P K M C
Rok! | pH/KCI I [ mg ox
mg.kg™! %
1991 6.5 630 | 2000 | 930 | LI
1992 6.6 730 | 1660 | 1095 | 121
o

III. Varianty hnojehi — Variants of fertilizing

Vaiatita! Dévka® (kg.haf')

- N b K Mg
i g = = 3y
2 = 35 60 -
3 80 35 60 &
4 80 35 180 -
5 80 35 360 -
6 120 35 60 =
7 120 35 180 =
8 120 35 360 =
9 40 35 60 =
10 40 35 180 -
11 40 35 360 -
12 40 = ke g
13 = - 180 -
14 80 35 180 100

'variant, *rate

1V. Hodnoty piepoéteného poSkozeni — Values of mechanical damage

Potet tideri' Koeficient? Piepoctené poskozeni?
1 10 10
2 4 8’
3 2,26 6,78
5 1,3 6.5
4 0,79 5,5
10 0,5 5.0
15 0,3 45
20 0,2 4,0
30 0,11 3.2
40 0,06 24
60 0,03 1.8
80 0,015 1,2
100 0,009 0.9
160 0,000037 0,006

'number of strokes, coefficient, *calculated damage
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nény. Pied testem byly hlizy kondiciovény na teplotu
45a9 °C.

Pfi testaci citlivosti hliz k mechanickému poSkozeni
byl prokazan statisticky vysoce vyznamny vliv teploty
(tab. VIII). Vy3§i hodnoty mechanického poskozeni by-
ly zjist€ny pfi teplot€ 4,5 °C v porovnéni s vysledky
ziskanymi pfi teploté¢ 9 °C. Odpovida to doporucenim
z literatury (Rybacdek, 1988) manipulovat s hlizami
kondiciovanymi na 8 aZ 10 °C, pfi¢emZ pfi sklizni by
teplota hliz neméla klesnout pod 8 °C (VUB, 1990).

Potvrdilo se, Ze odrida Krasa patfi mezi odrudy

V. Stupeii odolnosti hliz pfi pouZiti 300g uderné hlavice — Degree
of potato resistance at use of 300g striking head

Soutet pfepolteného Hodnoceni Stupeil
poskozeni 5 hliz' odolnosti2 odolnosti*
1-15 vysoce odolny* 5
16-20 odolny® 4
21-25 slab& odolny® 3
26-30 néchylny’ 2
> 30 siln& ndchylny® 1

'sum of mechanical damage to 5 tubers, Zevaluation of resistance,

s vy83i citlivosti k mechanickému po¥kozeni. Hodno-  *degree of “highly Slittle
cenfm vztahu riizné hladiny hnojeni NPK a irovnd me-  'susceptible, *highly susceptible
VI. Pfepoétené poskozeni a stupeii odolnosti pfi 4,5 °C — Mechanical damage and degree of resistance at 4,5 °C
ek Prepottené poﬁkou:ﬂz i Stupeit odolnosti? <
1991 1992 x P 1991 1992 x
1 42,39 34,70 38,55 100 1 1 1
2 41,14 33,59 37,37 96,9 1 1 1
3 40,42 32,42 36,42 94,5 1 | |
4 37,67 33,28 35,48 92,0 1 1 1
5 36,42 32,14 34,28 88,9 1 1 |
6 37,81 34,92 36,37 94,4 1 1 1
7 37,78 35,14 36,46 94,6 1 1 |
8 36,89 31,64 34,27 88,9 1 1 1
9 36,81 33,17 34,99 90,8 1 1 1
10 36,06 35,31 35,69 92,6 1 1 |
11 38,06 33,45 35,76 92,8 1 1 1
12 35,45 35,17 35,31 91,6 1 | 1
13 42,03 32,17 37,10 96,2 1 1 |
14 34,84 32,17 33,51 86,9 1 1 1
!variant, 2mech 1 d 3degree of
VII. Prepoétené poskozeni a stupeii odolnosti pii 9 °C — Mechanical damage and degree of resistance at 9 °C
atacia] Pfepodtené po§koze:ﬂ2 Stupeii odolnosti? a
1991 1992 x %o 1991 1992 X
1 34,14 32,53 33,34 100 1 1 1
2 32,00 33,17 32,59 97.8 1 1 !
3 31,53 31,39 31,46 94,9 1 1 1
4 32,78 29,64 31,21 93,6 1 2 |
5 3L17 29,89 30,53 91,6 1 2 1
6 29,50 31,81 30,66 92,0 2 1 1
7§ 31,25 30,89 31,07 93,2 | | |
8 28,00 30,00 29,00 87,0 2 2 2
9 32,03 31,92 31,98 95,9 1 | |
10 30,53 32,56 31,55 94,6 1 1 1
1 29,50 28,50 29,00 87,0 2 2 2
12 53.92 34,56 34,24 102,7 1 I |
13 32,56 35,45 34,01 102,0 1 1 1
14 31,64 33,67 32,66 98,0 1 1 1
!variant,’mechanical d 3degrec of
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VIIL Statistické hodnoceni; analyza rozptylu — The evaluation of variability; variance analysis

Soucet tvercu? Stupné volnosti® Primérny &tverec® F-vypotitané’ Hoe;.'::;;':g::iifké

1991 1992 1991 1992 1991 1992 1991 1992 1991 1992
Varianta' 147,0809 | 108,4103 13 13 11,3139 8,3393 3,557 3,050 0,0010 0,0014
Teplotnz 620,7120 56,1403 1 1 620,7120 | 56,1403 195,143 10,267 0,0000 0,0001
Opakovini® 13,8405 1,0789 | | 13,8404 1,0789 4,351 0,395 0,0534 0,5387

Hod
r

statistické vyzn.

i — The value of statistical significance:

Ily significant
lly insignificant

6,

< 0,01 = rozdily statisticky vysoce vyznamné — differences statistically highly significant
0,01-0,05 = rozdily icky vy é — diffe

>005 = rozdily icky nevy ¢ — diffe

lvariant, 2!empe:mlum. 3 p 4sum of q 3 5degme of freed

ge square, F-cal d, *value of statistical significance

IX. Prakaznost pii hlading 35 kg P.ha™ a 60 kg K.ha™ - Significance at level 35 kg P.ha™" and 60 kg K.ha™'

1991 1992
Varianta | 2 9 3 6 1 2 9 3 6
1 0 ++ 0 ++ 0 0 0 0
v 0 0 + 0 0 0
9 0 0 0 0
3 0 0
6
Primér variant — The average of variants
1 - 38,265 1 - 33,550
2 - 36,570 2-33513
9 - 34,420 9 - 32,550
3 - 35,975 3 - 31,660
6 - 33,655 6 - 32,957
Vysvétlivky k tab. IX aZ XI — Explanations to Tabs IX to XI:
+ rozdily icky vy é — diffe istically signifi
++ rozdily statisticky vysoce vyznamné — differences statistically highly significant
0 rozdily icky nevy: é - diffe Ily insignificant
X. Pritkaznost pfi hlading 35 kg P.ha'a 180 kg Kha' - Significance at level 35 kg P.ha”' and 180 kg K.ha!
1991 1992
Varianta 1 10 4 7 1 10 4 7
| ++ ++ 0 0
10 0 0
4 0 0
7
Primér variant — The average of variants
1 - 38,265 1 - 33,550
10 - 33,295 10 - 33,133
4 - 35,225 4 - 31,280
7- 34,515 7 - 31,760

chanického poSkozeni hliz u této odridy bylo zjiténo,
Ze jednostrannd aplikace dusiku (varianta 12) a drasli-
ku (varianta 13) vyrazné zvysila citlivost hliz k mecha-
nickému poSkozeni (tab. VII). U varianty bez mineral-
niho hnojeni (kontrola) byl zaznamenan rovnéZ
vyrazny narust citlivosti hliz k mechanickému posko-
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zeni (tab. VI a VII). Statistickym hodnocenim byla pro-
kdzana vysoka statisticka prikaznost rozdili mezi va-
riantami (tab. VIII),

U variant s nejvy$8i davkou drasliku (360 kg K.ha!
v kombinaci se 40, 80, 120 kg N.ha"') byly zjiStény
nejniZ8i hodnoty mechanického poskozeni v porovnéni
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XI. Pritkaznost pii hlading 35 kg P.ha™ a 360 kg K.ha™' - Significance at level 35 kg P.ha™' and 360 kg K.ha™'

y i i 1991 4 1992
Varianta 1 11 5 Tt 8 1 1 5 8
1 ++ ++ e ++ ++ ++
11 0 0 0 0
5 0 0
8 y
Pramér variant — The average of variants

1 - 38,265 1 -33,550

11 - 33,780 11 - 30,947

5 - 33,795 5-30,973

8 - 32,445 8 - 30,463

se vSemi ostatnimi variantami (tab. VI a VII). Rozdily
mezi témito variantami a kontrolou byly statisticky vy-
soce prikazné v obou letech (tab. XI). Pokus potvrdil
pfiznivy vliv drasliku na zvySeni odolnosti hliz k me-
chanickému poskozeni, které uvadi téZ Mica (1989).

Pfi hodnoceni vlivu narustajici davky dusiku pfi
uplatnéni hnojeni fosforem a draslikem nebyl zjiStén
narist mechanického poSkozeni hliz, ale naopak byly
‘zaznamenany niZ$i hodnoty, které byly statisticky pru-
kazné ve srovnani s kontrolou v zdvislosti na ddvce ap-
likovaného drasliku (tab. IX aZ XI). Shodné vysledky
uvadi také Zadina (1983), ktery rovnéZ nezazname-
nal narist mechanického poskozeni hliz se zvySujici se
davkou dusiku.

Nejpiiznivéjsi hodnoty pfepofteného mechanického
poskozeni hliz bylo dosaZeno u variant hnojenych NPK
(tab. VI a VII). Byl potvrzen pfiznivy vliv plné vyZivy
na zvySeni odolnosti hliz k mechanickému poskozeni.
Shodny poznatek uvadéji téZ Votoupal etal. (1982)
a Wirsing, Horneburg (1994).

Ve shodg s vysledky, které uvefejnil Mica (1992),
byl zaznamenan kladny vliv fosforu v porovnéni s va-
riantami s jednostrannou vyZivou dusikem nebo drasli-
kem.

Vyrovnana vyZiva NPK u brambor je faktor, ktery
s dal§imi podminkami modifikuje citlivost odriid k me-
‘chanickému po¥kozeni hliz.
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The paper extent shall not exceed 15 typescript pages, in-
cluding tables, figures and graphs.

Manuscript layout shall correspond to the State Standard
CSN 88 0220 (quarto, 30 lines per page, 60 strokes per line,
double-spaced typescript). A PC diskette should be provided
with the paper, written in an editor program, preferably T602,
and with graphical documentation. Tables, figures and photos
shall be enclosed separately. The text must contain references
to all these annexes.

The title of the paper shall not exceed 85 strokes. Subtitles
of the papers are not allowed either.

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

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

Review of literature should be a short section, containing
only literary citations with close relation to the treated pro-
blem.

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

In the section Results figures and graphs should be used
rather than tables for presentation of quantitative values. A sta-
tistical analysis of recorded values should be summarized in
tables. This section should not contain either theoretical con-
clusions or deductions, but only factual data should be presen-
ted here.

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

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

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

The author shall give his full name (and the names of other
collaborators), academic, scientific and pedagogic titles, full
address of his workplace and postal code, telefon and fax num-
ber or e-mail.



ROSTLINNA VYROBA 'PLANT PRODUCTION

Volume 43, No. 4 April 1997

OBSAH - CONTENTS

Volo§in J.: Sledovanie rastu, vyvoja a produkcie sufiny ladenca rozkatého v Cistej kultire
a v mieSankdch s trdvami — Investigation of growth, development and dry matter production of
bird’s-foot trefoil in pure culture and in grass MIXEUIES ...

Rimovsky K., Svérdkova J.: Botanicka skladba a produktivnost do¢asné louky v podmin-
kéch hnojeni kejdou — Botanical composition and productivity of temporary grassland in conditions
of ‘semi=liquid MANUEING cueimaas « s e e e S e i

Mika V., Kohoutek, A.: Variabilita nutri¢nich charakteristik listi trav v zavislosti na jejich
postaveni na stéble — Variability of nutritive characteristics of leaves of grasses in dependence on
their position on stem

Poulik Z.: Vztah mezi obsahem drasliku a nitrti v picnindch-— Relationship between potassium
and nitrate CONENLS TATTOTHNE CTODS csssussuusuinssnnkess ossnss it s s vasmiss s ansssss s e vasshe s nosiesons s s i aieh s inessy

Skoda M., Riizek L., Dufek L, Hofman J, Sixta J.: Mineralization activity of mic-
robial biomass in reclaimed soils in comparison with empirical mathematical model — Mineraliza¢ni
aktivita mikrobidlni biomasy v rekultivovanych pidéich ve srovnani s empirickym matematickym
TETOABIEIIE v muatessmavsmmnsnssmuirsssmiarss e s v o e s S A A B A S S eSS U3

Bortivka L., KriStoufkova S, Kozdk J.,, Huan-Wei Ch.: Speciation of cadmium,
lead and zinc in heavily polluted soils — Speciace kadmia, olova a zinku v silné kontaminovanych
L 0 o] |

Rec O, Stary M.: Zména kvality vody pii pritoku tidolni nadrZi — Change in the water quality
in flowing through the Valley IeSErVOIT . ..ottt e

INFORMACE - STUDIE - SDELENI — INFORMATION - STUDY - REPORT

Divi§ I, Stérba Z.: Vztah hnojeni a mechanického poskozeni hliz bramboru u odridy Krasa —
Relationship of fertilization and mechanical damage to potato tubers in Krasa cultivar ...................

153

161

167

173

179

187

Védecky ¢asopis ROSTLINNA VYROBA @ Vydivi Ceskd akademie zemé&délskych véd — Ustav zeméd&lskych a potravindi-
skych informaci @ Redakce: Slezskd 7, 120 56 Praha 2, tel.: 02/24 25 51 06, fax: 02/24 25 39 38 @ Sazba: Studio DOMINO
— Ing. Jakub Cerny, Bii Nejedlych 245, 266 01 Beroun, tel.: 0311/22 959 @ Tisk: UZPI Praha @ © Ustav zemé&d&lskych

a potravinafskych informaci, Praha 1997

Rozsituje Ustav zeméd@lskych a potravindiskych informaci, referit odbytu, Slezskd 7, 120 56 Praha 2



