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AGROCHEMICKA CHARAKTERISTIKA PUD HORSKYCH
A PODHORSKYCH OBLASTI JIHOVYCHODNI SUMAVY

AGROCHEMICAL CHARACTERISTICS OF SOILS IN MOUNTAIN
AND SUBMONTANE AREAS OF SOUTH-EAST SUMAVA

L. Kola#, J. Gergel%, R. Ledvina', S. KuZel', M. Sindelafova!

'Faculty of Agriculture, University of South Bohemia in Ceské Budéjovice, Czech Republic
?Research Institute for Soil and Water Conservation, Prague, Workplace Ceské Budéjovice,
Czech Republic

ABSTRACT: Quick acidification and thus decreased microbial activity in soils of mountain and submontane areas result
in deceleration of transformation processes of primary organic matter, mineralization and humification. Consequently,
organic matter accumulates in soils, and when penetrated with R,0, sols, it looses its transformation ability even under
improved microbial conditions. In soils, C,. goes up, level of humification S, does down, HK : FK ratio is getting worse.
Water soluble carbon content C_ (in extract 0.01 M CaCl,) is commonly very low, active organic carbon C,.» cxpressed in
percentage of total Cm1 of the soil, on the contrary, is distinctly high. It is caused by low pH of these soils, high share of
mobile iron and aluminium, and high elution of the soil. Dynamic elements of soil fertility of soils in mountain and sub-
montane areas are, with decrease of fertilization and liming intensity, getting worse two to three times more quickly than
is the average of the CR. Continuous compensation of these dynamic elements therefore will not be acceptable from
economic point of view. That is why it is necessary in these areas of Sumava, after delimitation of agricultural and forest
soil fund, to proceed to an intensive meadow and pasture farming, with emphasize on protecting water-management as-
pects. Though the consumption of liming materials in Czech agriculture is decreasing rapidly (2 659 000 t was applied in
1988, 240 000 t only was applied in 1998), the average pH of arable soils and soils of meadows and pastures of the
whole Czech Republic has not changed during the 1990 to 1992 and 1993 to 1998 periods of agrochemical soil testing,
carried out by the Central Institute for Supervising and Testing in Agriculture Brno. But in the districts with predominant
submontane and mountain areas the decrease of pH is quite marked. Using the example of soils of the Cesky Krumlov
district, we have proved, that an increased elution of calcium from leptosols, cambisols and podzisols of Sumava, togeth-
er with aggressivity of fulvic acids of stagnosols and gleysols of meadows and pastures, are the probable cause.

Keywords: mountain and submontane areas; soils; agrochemical characteristics; soil fertility; soil reaction; available nutrients;
soil organic matter; humus

ABSTRAKT: V pudach horskych a podhorskych oblasti vlivem rychlého okyselovani, a tim sniZené pudni mikrobialni ak-
tivity dochézi ke zpomaleni transforma&nich procesti primérni organické hmoty, mineralizace i humifikace. Hromadi se v nich
organickd hmota, kterd prosycenim soly R,0, ztrdci schopnost transformace i ve zlepSenych mikrobidlnich podminkéch,
stoupa C_ , klesd stupeii humifikace S, a zhorSuje se pomér HK : FK. Obsah vodorozpustného uhliku C_ (ve vyluhu 0,01 M
CaCl,) je obecné& velmi nizky, obsah aktivniho organického uhliku C, v procentualnim vyjadfeni celkového CMg pudy je
naopak zfeteln& vysoky. Dynamické prvky urodnosti piid horskych a podhorskych oblasti se s poklesem intenzity hnojeni
a vapnéni v obdobf let 1988 a% 1998 zhor¥uji dva- a% tfikrat rychleji, nez je pramér CR. Ptes prudky pokles spotteby
vépenatych hmot v eském zem&d&lstvi se primémé pH ornych pid i piid pod trvalymi travnimi porosty celé CR v obdobi
1990 a% 1992 a 1993 aZ 1998 nezménilo (testovani provadi UKZUZ Brno). Zcela markantnf je v3ak pokles pH v okresech
s pfevaZujicimi podhorskymi a horskymi polohami. Na ptikladu piid okresu Cesky Krumlov je doloZeno, e pravdépodob-
nou pfi¢inou je zvy3ena eluce vapniku z Sumavskych leptosolu, kambisoli a podzisoli a navic agresivita fulvokyselin stagno-
solli a gleysolu pod trvalymi travnimi porosty.

Klitov4 slova: horské a podhorské oblasti; pidy; agrochemické charakteristika; pidni arodnost; pidni reakce; pfistupné
Ziviny; pidni organick4 hmota; humus
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UVOD

Nové ekonomické podminky vyZaduji zm&nu hospoda-
feni v podhorskych a horskych oblastech, které jako re-
zerva nedostatkové kvalitni vody a lesnich porostti stale
vice pteduréuji zdej¥i zemé&d&lské krajin& mimoproduké&ni
funkce. K harmonizaci produk&nich a mimoprodukénich
funkei zem&d&lské krajiny v téchto oblastech jihovychod-
ni Sumavy je treba predeviim vyhodnotit jejich piidni
agrochemickeé charakteristiky. Jde pfedeviim o rozdilnou
rychlost zmén ptidni reakce, p¥istupnych Zivin (vapniku,
hotéiku, drasliku a fosforu), produk&niho potenciélu piid,
sorp&ni kapacity, parametrii piidni organické hmoty (C_,
stupn& humifikace S, pom&ru huminovych kyselin a ful-
vokyselin HK : FK, mnoZstvi horkou vodou extrahova-
telného uhliku C, , mnoZstvi vodorozpustného uhliku C,
[v0,01 M CaCl,] a pomé&ri t&hto hodnot k celkovému
C,p) (Ledvina etal., 1999; Kolar et al., 2000a, b).

Obraz o rozdilnych zmé&néach hodnot pH/KCl v obdobi
dvou cykli agrochemického zkouseni pid (1990 az 1992
a 1993 az 1998) ve vzorcich ornych plid a ptid pod trvaly-
mi travnimi porosty v Sumavskych okresech ve srovnani
s niZinnym okresem Mé&Inik a okresem niZino-vrchovin-
nym Ceské Budgjovice a celou CR jsme ziskali ze zpravy
UKZUZ Brno (Travnik et al., 1999a)— obr. 1, na obr. 2 jsou
zobrazeny analogické idaje pro p¥istupny draslik, fosfor
a vapnik.

MATERIAL A METODY

Studie byla realizovéna se dv&éma skupinami piidnich
vzorkd, prvni skupina je tvofena piidnimi vzorky z hor-

oma pida
pH/KCI 0 1990-1992
7 - 1993-1998

KL CB

skych a podhorskych poloh sledované oblasti, druha
skupina je z pidnich vzorki mist okresu Ceské Budgjo-
vice a slouZi jako srovnavaci standard.

Abychom vylouéili vliv kultury a hnojeni, viechny
vzorky byly odebrany z piid pod trvalymi travnimi poros-
ty, které nebyly nejméné deset let hnojeny ani vapné&ny.
Podrobny popis vzorki je uveden v tab. I a II. Ke zpfes-
néni zdkladniho udaje UKZUZ Brno (obr. 1 a 2) jsme pro-
vedli stanoveni pH/KCI, p¥istupného vapniku (Travnik
etal., 1999) a pomé&ru huminovych kyselin a fulvokyselin
v plidnich vzorcich (dva z ornych ptid, deset z pid pod
TTP) ze sledované oblasti v okrese Cesky Krumlov
(tab. III). Vzorky ptd byly pfipraveny odebranim
z hloubky 5 az 30 cm, usu$enim na vzduchu, prosatim
2mm sitem, dezintegraci prosevu a prosatim 0,2mm sitem.
Zéamé&rng nebyl odebirdn pouze humusovy horizont.

Celkovy organicky uhlik C__ ve vzorcich byl stanoven
obvyklou metodou podle Tjurina (Hrasko, 1962), zmoder-
nizovanou DEAD-STOP titraci (do mrtvého bodu) s po-
tenciometrickou indikaci ke zpfesn&ni poznani bodu
ekvivalence. Vodorozpustny uhlik C byl stanoven po-
dle postupu, ktery publikovali Vang&k et al. (1997), kon-
duktometrickou metodou (KuZel, 2000), protoze
pracovi§té nemd automaticky pritokovy analyzator
SKALAR k dispozici. Lze pracovat s piivodng vlhkymi ¢i
vysu$enymi vzorky. Zvolili jsme alternativu suchych
vzorkd.

Aktivni organicky uhlik C byl stanoven metodou,
kterou popsali Korschens et al. (1990). Pfevladé nazor, Ze
C,.. lépe koreluje s tetnymi vlastnostmi piidy, ovlivng-
nymi pudni organickou hmotou (fyzikélni vlastnosti,
struktura atd.), nez Cm (Soane et al., 1972). ZvI43t silné&
koreluje C, s mnoZstvim mikrobni biomasy v piidé (Bre-

00 1990-1992
1993-1998

pH/KCI

1. Hodnoty pH/KCI v obdobi dvou cykld agrochemického zkouseni pid (1990-1992 a 1993-1998) v Sumavskych okresech ve srovnéni
s okresy M&Inik a Ceské Budgjovice, Jihodeskym regionem a CR podle UKZUZ Brno (Trévnik et al., 1999b) — pH/KCI values in the period
of two cycles of agrochemical soil testing (1990-1992 and 1993-1998) in the Sumava districts compared with the Mé&Inik and Ceské
Budgjovice districts, South-Bohemian region and Czech Republic according to the Central Institute for Supervising and Testing in
Agriculture Brno (Travnik et al., 1999b)

Vysvétlivky k obr. 1 aZ 5 — Explanations to Figs. 1 to 5:

CK = Cesky Krumlov, PR = Prachatice, KL = Klatovy, CB = Ceské Bud&jovice, ME = MéInik, JR = JihoZesky region, CR = CR
orna pida — arable land
TTP - meadows and pastures
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2. Hodnoty obsahu ptistupného drasliku, fosforu a vapniku (mg/1000 g) v obdobi dvou cykli agrochemického zkouseni pid (1990-1992
a1993-1998) v Sumavskych okresech ve srovnéni s okresy Mé&lnik a Ceské Budgjovice, Jihoteskym regionem a CR podle UKZUZ Brno
(Trévnik et al. 1999b) — Values of the content of available potassium, phosphorus and calcium (mg/1000 g) in the period of two cycles of
agrochemical soil testing in the Sumava districts compared with the Mé&Inik and Ceské Bud&jovice districts, South-Bohemian region and
Czech Republic according to the Central Institute for Supervising and Testing in Agriculture Bmo (Travnik et al., 1999b)

mer et al., 1994). V biochemickych procesech v pliidach
jsou pochopitelng nejreaktivn&j3i lehce rozpustné orga-
nické uhlikaté slou€eniny, a proto vyznam pfi posuzova-
ni etnych procest s vlivem na pidni Grodnost ma
vodorozpustny uhlik v piidé C , stanoveny ve vyluhu
0,01 M CaCl, (Van&k et al., 1997).

ROSTLINNA VYROBA., 46, 2000 (12): 533542

Frakcionace humusovych kyselin prob&hla klasickou
metodou (Hragko, 1962). Vyvoj t&chto metod popisuje
Horagek (1995). Stupeti humifikace byl vypotitan ze vzta-
hu: S, =[(C, +C,): Cm].IOO. Iontovymé&nné kapacita T
byla stanovena konduktometricky podle Sandhoffa
(Hrazko, 1962).
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1. Charakteristika piidnich vzorki podhorskych a horskych oblasti Sumavy (okresy Cesky Krumlov a Prachatice) — Characteristics of soil
samples of submontane and mountain areas of Sumava (Cesky Krumlov and Prachatice districts)

Ptistupné Ziviny®
Cislo Odbérové| Padni Nadmotské Potencil szl:,:/kgl; =y Sorpeni
skupiny fsto? 3 | Piidni substrat'| Puadni druh® | vyska® pidni | pH/KCI Mehlich IlI kapacita’® 7]
vzorka! | TIStO P (m) | trodnosti’ (mgekv/kg)
P K Ca Mg
1 Dluhostg| GL | mivei uloZeniny| oo biniaol 605 | iz | 560 | 51| 149 | 2249| 219 | 137
nekarbonatové
Benctay olygenetické
2 nad | GL | POV pistitohlinita | 661 nizd | 528 | 48 | 133 | 2117| 195 132
G hliny kyselé
deluviofluvialni
3 Bujanov | GL uloZeniny | piscitohlinita 670 stredni™ | 5,30 | 55 142 | 2100| 199 145
nekarbonétové
4 Chval3iny| KP ortoruly pis¢itohlinita 671 stfedni | 5,00 43 136 | 1795 | 188 125
polygenetické | , .. . sl /15
5 Cerna PG hliny kyselé hlinitopis¢ité’ 728 nizky 5,48 49 118 | 1881 194 129
6 Zvonkova| PZ granulity | opistits | 769 nizky | 564 | 51 | 130 | 1927| 188 107
ortoruly
7 Koryto | KM ortoruly pis¢itohlinita 918 nizky 5,92 42 142 | 1890 | 212 116
8 Kfistanov| KP ortoruly pistitohlinita 925 n‘;;:g"l}s 5,85 30 111 1954 | 196 108
9 Albertov | PG ortoruly | hlinitopiscita| 932 ;';L’:‘y‘ 538 | 25 95 | 1920 162 93
polygenetické | . ... .. . i
10 Skfingfov| PG hliny kyselé pis¢itohlinita 940 nizky 5,67 33 126 | 2104 | 200 120
Kub cordierit- velmi
1 UDOV2 | RNk |  biotiticky | hlinitopisgita | 1025 " 512 | 36 | 107 | 1805| 174 86
Hut 5 : nizky
migmatit
3 - - - - 804 - 5,48 42 126 | 1977 | 193 118

Vysvétlivky k tab. I az 11l — Explanations to Tabs. I to III:

GL = glej - gley
KP = kryptopodzol - cryptopodzol
PG = pseudoglej — pseudogley

PZ = podzol - podzol
KM = kambizem — cambisol

RNk = ranker kambizemnf — cambisol ranker
FMG = fluvizem glejova ~ gleyic fluvisol
LM = luvizem — luvisol
LMg = luvizem pseudoglejova — pseudogleyic luvisol

KMga = kambizem pseudoglejova kysel4 — pseudogleyic acid cambisol

KMa = kambizem kysela — acid cambisol
RA = rendzina — rendzina

nivni uloZeniny nekarbonatové — flood-plain non-carbonated deposits

polygenetické hliny kyselé — polygenetic acid loams
deluviofluvialni uloZeniny nekarbonétové — deluvial-fluvial non-carbonated deposits
ortoruly — orthogneiss

granulity — granulites

cordierit-biotiticky migmatit — cordierite-biotitic migmatite

spraSova hlfna — loetic loam

prachovice — dusty earth

pararuly — paragneiss

migmatity — migmatites
leh&i — lighter
stiedni — middle

véapenec — limestone

'number of sample group, Zplace of sampling, ?soil type, “geological petrographic substratum, 3soil granularity, Selevation, "production
potential of soils, ®available nutrients, *sorption capacity, !%andy loam, !"loamy sand, '2loamy, “lower, “middle, *low, 'Svery low,
1Thigh, "$higher

536
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Do agrochemické charakteristiky piid patfi také posou-
zeni konzervativnich a dynamickych prvki piidni urod-
nosti (Balik et al., 1998), kterému se vénujeme
v samostatné praci (KolaF et al., 2000b). Zde uvadime
z konzervativnich prvki ptidni urodnosti pouze vysled-
ky potenciometrického stanoveni pufrovitosti z titra&nich
kfivek (Valla et al., 1980), protoZe jeji hodnota odrazi ro-
veii dal§ich konzervativnich prvki, pfedeviim mnoZstvi
a kvality humusu spolu s mnoZstvim koloidni mineralni
frakce.

Matematicko-statistické hodnocenf vysledki bylo pro-
vedeno podle postupii, které uvadi Eckschlager (1971).
Sife intervalu spolehlivosti (1 — o) = 0,95 byla vypo&tena
zrozpéti R podle Deana a Dixona ze vztahu: L, ,=x+K R.

VYSLEDKY A DISKUSE

Z vysledkit UKZUZ Brno (obr. 1, 2) a z nagich vysled-
ki (tab. I aZIII) je zfejmé, Ze od obecn& nepatrného sniZe-

nf piidni reakce ornych piid a piid pod trvalymi travnimi
porosty v celé CR se li3f zcela markantni okyselent pid
v Sumavskych okresech s podhorskymi a horskymi po-
lohami jako diisledek neim&mého poklesu spotteby
vépenatych hmot k vapn&n{ —v roce 1989 jsme u nés apli-
kovali 2 802 000t, v roce 1998 jen 240 000 t. Rovné* mno-
hem vyrazn&jsi je pokles obsahu p¥istupnych Zivin
v piiddch umavskych okresi s horskymi a podhorsky-
mi polohami ve srovnani s niZino-vrchovinnymi okresy
a celou CR. Zvlasté ubytek p¥istupného drasliku v pidach
pod TTP je velmi vyrazny. Je tedy ziejmé, Ze piidy hor-
skych a podhorskych oblasti reaguji mnohem rychleji na
prudky pokles intenzity hnojeni v CR —v roce 1987 byla
spotfeba NPK 238 kg/ha zem&d&lské pudy, v roce 1991
jen 65 kg/ha, v roce 1998 &inila 73,2 kg/ha. Tyto zm&ny
jsou logické, uvazime-li, jak velké jsou rozdily pufrovitos-
ti P asorp¢ni kapacity 7 pid Sumavskych okresd ve
srovnéni s okresy M&Inik a Ceské Bud&jovice (obr. 3 az 5,
tab. I, IT). Zatimco hodnoty P a T'jsou vyrazné niz3i, C,je
naopak vy33i. Dokazuje to obecné nizkou iontovymén-

II. Charakteristika srovnavaci skupiny pidnich vzorkd drodnych vrchovinnych oblasti okrest Ceské Budgjovice a Trebo#i — Characteris-

tics of comparison group of soil ples of fertile highland areas of the Ceské Budg&ovice and Tteboit districts
tistupné Ziviny®
Cislo Odberové| Padni Nadmotskd| Potencial ¥ szgr;/ké)v e Sorpéni
skupiny mistgl 7| Padni substrét'| Padnidruh® |  vyska® pidni | pH/KCI Mehlich 11 kapacita’® 7]
vzorkit' R (m) | trodnosti’ (mgekv/kg)
P K Ca Mg
Owiitaivi nivni uloZeniny
18 umﬁ;";;‘é FMG | nekarbondtové| hlinita" 375 | vysoky'| 625 | 48 | 162 | 2620| 260 219
leh¢i
Dolni spraSova hlina - 18
28 Bikovsko LM (prachovice) hlinita 430 vy3si 6,03 57 150 | 2608 | 245 185
sprasova hlina A
38 Dynin LM (prachovice) hlinita 439 vy33i 6,18 62 168 | 2535| 268 197
pararuly a
48 Hosin | LM | polygenetické | pisitohlinita'®| 472 vyssi 6,00 42 154 | 2594 | 226 174
hliny kyselé
Roudné nivni uloZeniny
58 u Ceskych| FMG | nekarbonatové | pis&itohlinita 395 vysoky | 6,27 55 192 | 2395 | 274 193
Budgjovic stfedni
68 Lifov | LMg| Peranlya hlinité 496 vyst | 595 | 59 | 181 | 2404 | 255 165
migmatity
polygenetické g e >
78 Borovany| PG hliny kyselé pis¢itohlinita 451 vy3si 5,18 45 164 | 2328 | 258 156
8s Kgggf&“ KMga| pararuly | pistitohlinita| 458 | stredni™| 6,05 | 58 | 157 | 2382 231 142
Lomnice
98 nad KMa pararuly hlinitopis¢ita"' 432 stfedni | 5,85 54 140 | 2103 | 217 130
Luznici
. polygenetické POk T ; 4
108 Libin PG hliny kyselé pis¢itohlinita 451 vysoky | 5,48 50 175 | 241 239 185
- - - 440 - 592 | 53 | 164 | 2438 247 | 175
g | Mholeskyl = - = - | s80 | s4 | 158 | 2200/ 221 =
region
CR - - - - - 5,90 58 174 | 2572 | 208 -
*South Bohemian region
For 1-18 see Tab. I
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1. Pomér HK : FK, pH/KCI a obsah pfistupného vapniku (mg/kg) v piidach okresu Cesky Krumlov v letech 1980 a 1999 s ¥i¥f intervalu
spolehlivosti (1 — o) = 0,95; primémy obsah pfistupného vapniku je v CR v letech 1993 az 1998 u omnych pid 2973 mg/kg, u pid pod

trvalymi travnimi porosty 2572 mg/kg (Travnik et al.,

1999a) - HK : FK ratio, pH/KCI and available calcnum content (mg/kg) in soils of

the Cesky Krumlov district in 1980 and 1999, when confidence limits (1 — &) = 0,95; average of av Icium in the CR in
1993 to 1998 in arable soils is 2973 mg/kg, in soils of meadows and pastures is 2572 mg/kg (Travnik et al., 1999a)
Cislo Nadmofsk4| HK : FK
skupiny| IO | T gikat | Kultura®” P;‘;’,“ Padn( substrét* | Padni druh® | pH/KCI o
vzorkd' (m) 1980 1999
1 Haslovice 590 orP KM pararula hlinitopiscita| 6,00 0,78+ 0,05 | 0,74+0,04 | 1994 +203
2 Koryto 918 TTP | KM ortoruly | pistitohlinita] 5,92 | 0,68+0,05 | 0,63%0,05 | 1724190
3 Zvonkova 769 TTP PZ | granulity ortoruly| hlinitopis¢ita| 5,64 | 0,44+0,03 | 0,45+0,03 [ 1806205
4 Chval3iny 671 OP KP ortoruly pis¢itohlinita| 5,10 | 0,23£0,01 | 0,18+0,02 | 1125%151
5 Kfistanov | 925 TTP | KP ortoruly piscitohlinita| 5,85 | 0,55£0,04 | 0,51£0,04 | 1810+174
6 Cerné 728 TTP | pG | Polygenetické | . opistita| 548 | 040£002 | 040+0,02 | 1321140
hliny kyselé
7 Skfingfov| 940 | TTP | pG | Polygenetické | . ontinita| 5,67 | 041002 | 032£001 | 1320%152
hliny kyselé
Albertov
3 (pod 932 TTP | PG ortoruly hlinitopiscita| 538 | 0,36+0,02 | 0,28+0,00 | 1265 145
Brlohem)
deluviofluvialni
. uloZeniny v i
9 Bujanov 670 TTP GL pisCitohlinita | 5,30 | 0,32+0,02 | 0,22+0,01 | 1408+ 164
nekarbonéatové,
stfedni
Dluhosté nivni uloZeniny
10 605 TTP GL | nekarbonatové, | pis¢itohlinita| 5,60 | 0,31£0,02 | 0,224+0,01 | 1594+185
(Bene3ov) i
stfedni
1 BeneSov | e TTP | gL | Polygenetické | o ohlinita| 528 | 030002 | 020002 | 1380142
nad Cernou hliny kyselé
12 Nové. 560 TTP | RA vipenec | hlinitopiscita| 520 | 0,25£0,01 | 0,16£0,00 | 1291115
Dobrkovice

HK = huminové kyseliny — humic acids

FK = fulvokyseliny — fulvic acids

OP = orné piida — arable land

TTP = trvalé travni porosty — meadows and pastures

For 1-11 see Tab. I, "Yculture

nou schopnost piidni organické hmoty plid Sumavskych
okresti.

Z tab. Tall je ziejmé, Zze sledované piidy horskych
a podhorskych oblasti se od srovnavaci skupiny piid-
nich vzorkd Grodnych vrchovinnych oblasti okresu Ces-
ké Budé&jovice li8i vy$8im poklesem pH, znanym
poklesem pfistupného drasliku, hoféiku a vapniku,
a kupodivu malym poklesem pfistupného fosforu. Oviem
z této skute¢nosti se nelze pfedem radovat; ze zkugenos-
ti z prace se Sumavskymi pidami z d¥ivéjsi doby vime, Ze
skute¢ny pifjem fosforu rostlinami z kyselych Sumav-
skych ptid je komplikovan velmi nepfiznivymi ukazateli
fosfatového rezimu t&chto pid, faktorem kinetiky, kon-
stantou vazebné energie a sorpénim indexem. S tim sou-
visi i celkem neptiznivé frakéni sloZeni ptidniho fosforu
(Kolat, 1987).

Udaje v tab. I a I ukazuji také na dosti podstatné roz-
dily v hodnotach sorpé&ni kapacity pid. UvéZime-li, Ze ve
viech pfipadech $lo o piidy s velmi podobnou zrnitosti,
a tedy podobnym obsahem mineralnich koloidnich &as-
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tic, je logické, Ze primé&mé niZ$i hodnoty sorp&ni kapaci-
ty ve vzorcich pid podhorskych a horskych oblasti Su-
mavy jsou vyvolény zdvadami v oblasti humifikace —
tedy men§im mnoZstvim humusu nebo jeho horsi kvali-
tou. Zcela to potvrzuji vysledky na obr. 4 az 7. Z jejich
srovnani zfeteln€ vyplyva, Ze ¢im horsi je agrochemicka
kvalita piidy ve skupin& pid horskych a podhorskych
oblasti, tim je obsah organického uhliku CoV pude vys-
81, stupeti humifikace S, niz8i, pom&r HK : FK niZ3i, vo-
dorozpustny uhlik C_ niZi a naopak obsah aktivniho
organického uhliku C, = vy38i. Ve skupin€ srovnavaci,
v plidnich vzorcich urodnych vrchovinnych oblasti
okresu Ceské Budgjovice tyto zavislosti, sledované podle
pH/KCI, obsahu pfistupnych Zivin a hodnot sorpénf ka-
pacity pudy, jsou zcela neznatelné. Primér hodnot frakci
plidniho uhliku ve srovnévaci skuping se v¥ak podstat-
né lidi od priméri téchto hodnot ve skupiné piid horskych
a podhorskych oblasti. Vysledky tedy jednozna&n& po-
tvrdily, Ze pidy horskych a podhorskych oblasti i pfi re-
lativnim pfebytku C = maji nedostatek humusu, a navic
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3. Sorpeni kapacita T (mgekv. H*/1000 g) pid Sumavskych okresi ve srovnani s okresy Mélnik a Ceské Budgjovice — Sorption capacity T
(mgekv. H71000 g) of soils of the Sumava districts compared with the M&lnik and Ceské Budgjovice districts
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4. Pufrovitost P (mgekv. OH-/1000 g) pid Sumavskych okresti ve srovnani s okresy Melnfk a Ceské Budgjovice — Buffering capacity P
(mgekv. OH/1000 g) of soils of the Sumava districts compared with the Mé&Inik and Ceské Budgjovice districts
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5. Obsah celkového organického uhliku C_ (%) piid Sumavskych okresdi ve srovnani s okresy Mélnik a Ceské Budgjovice — The content
of total organic carbon C, (%) of soils of the Sumava districts compared with the Mélnik and Ceské Budgjovice districts

tento humus je nizkomolekularni, nekvalitni, s pfevahou
fulvokyselin.

Pokles vodorozpustného uhliku C_ ve skupin€ pid
horskych a podhorskych oblasti vysvétlujeme elu¢nimi
procesy v humidnim klimatu a charakterem zrnitosti téch-
to pid. Dilezitou otdzkou v3ak zlistdvd, pro¢ v téchto
podminkéch nalézdme vysoké hodnoty aktivniho orga-
nického uhliku C, _a pro¢ uhlikaté zdroje této kategorie
uhliku nereaguji v humifika&nich procesech, a nezlepsi
tak mnoZstvi a kvalitu humusu téchto piid, a jestliZe je hu-

ROSTLINNA VYROBA., 46, 2000 (12): 533-542

mifikace z né&jakych diivodil inhibovana, pro¢ nereaguji
alespoti v mineralizaci. Vzdyt C, _indikuje aktivni frakci
pldniho uhliku, ktera je charakterizovana jako rozloZitel-
na. Schulz (1997) dokonce kalkuluje vztah mezi rozloZitel-
nym uhlikem v pidé C,_a C, rovnici: C, = 15C, .
Vysvétleni jsme nalezli jeding v ovéfeni hypotézy, Ze frak-
ceC,  jesiceivplidach Sumavy extrahovateln4 horkou
vodou, ale narozdil od C,_b&Zznych piid je mikrobidln&
nerozloZitelna.
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Vysvétlivky k obr. 6 a 7 — Explanations to Figs. 6 and 7:

Crg = celkovy organicky uhlik — total organic carbon
C,w = aktivnf organicky uhlik — active organic carbon
C,oq = vodorozpustny organicky uhlik — water-soluble carbon

Sy = stupefi humifikace — degree of humification

1 2 3 4 5 6 7 8 9 10 11 P

HK:FK

0 -

S O o o

[ - - -]
wn
m:
4:!

10 11 P

6. Obsah celkového organického uhliku C, (%), aktivntho orga-
nického uhliku C, , (mg/1000 g), vodorozpustného organického
uhliku C_, (mg/1000 g), stupné humifikace S, (%) a pom&ru humi-
novych kyselin a fulvokyselin pidnich vzorki podhorskych
a horskych oblasti Sumavy charakterizovanych v tab. - The con-
tent of total organic carbon Cm (%), active organic carbon C, |
(mg/1000 g), water-soluble organic carbon C_, (mg/1000 g), de-
grees of humification S, (%) and ratio of humic acids and fulvic
acids of soil samples of mountain and submontane areas of Sumava
characterised in Tab, |

HK : FK = pom&r huminovych kyselin a fulvokyselin — ratio of humic and fulvic acids

ZAVER

V plidach horskych a podhorskych poloh v okresech
Cesky Krumlov a Prachatice ve srovnani s relativng
tirodnymi piidami v okrese Ceské Budgjovice bylo zjists-
no, Ze hodnoty celkového uhliku Cbrg a aktivniho orga-
nického uhliku C, _jsou relativng vys3i, naopak obsah
vodorozpustného uhliku C , stupefi humifikace S,
a pomé&r HK : FK je vyrazné niZsi. Je to zplisobeno tim, Ze
v humidnim prosttedi vy$3ich poloh je C_ eluovan z pid,
sniZzend mikrobidlni aktivita naopak vede k hromadéni C__
iC

S'Ivrfiieni mnoZstvi humusu a jeho zhorSenéd kvalita
v pldnich vzorcich piid horskych a podhorskych oblas-
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ti se podili (proti srovnavaci skuping vzorki ptid irodnych
vrchovinnych oblasti okresu Ceské Bud&jovice) na prii-
mérném sniZeni sorpéni kapacity o 33 %, sniZzeni pH/KCl
07,5 % a sniZeni zasoby pfistupnych Zivin — fosforu
020 %, drasliku o 23 %, vapniku 0 29 % a hoi¢iku 0 22 %.
Zvl1astg pokles obsahu pfistupného fosforu je zna&ny.
V celé CR v piidach pod TTP obsah fosforu v rozmezi let
1992 a7 1998 viibec neklesl (Travnik et al., 1999a) a ve
srovnévaci skupin& piid okresu Ceské Budgjovice je
v soucasnosti proti pidam pod TTP celé CR zaznamenan
pokles o pouhych 9 %.

Vyzkum byl realizovan za finan&ni podpory grantu
MSMT, id. kéd: CEZ: J 06/98: 122200002.
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Ciod 7. Obsah celkového organického uhliku C, (%), aktivntho orga-
300 5 nického uhliku C, , (mg/1000 g), vodorozpustného organického
uhliku C_, (mg/1000 g), stupn& humifikace S, (%) a poméru humi-
200 - novych kyselin a fulvokyselin srovnavaci skupiny piidnich vzorkd
arodnych vrchovinnych oblasti okresu Ceské Budgjovice a Treboi
charakterizované v tab. Il — The content of total organic carbon
100 4 C,, (%), active organic carbon C,, (mg/1000 g), water-soluble or-
‘ ganic carbon C_, (mg/1000 g), degrees of humification S, (%) and
0 ratio of humic acids and fulvic acids of comparison group of soil
B e e T ' ' K J samples of fertile highland areas of the Ceské Budgjovice and Tre-
IS 25 35 4 55 6 75 8 95 108 P boi districts characterised in Tab. II
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ZELEZO, HLINIK A MIKROBIALNi AKTIVITA PUD
HORSKYCH A PODHORSKYCH OBLASTI JIHOVYCHODNI
SUMAVY

IRON, ALUMINIUM AND MICROBIAL ACTIVITY OF SOILS
IN MOUNTAIN AND SUBMONTANE AREAS OF SOUTH-EAST SUMAVA

L. Kola¥!, J. Gergel?, R. Ledvina’, S. Kuzel', M. Sindelarova!

!Faculty of Agriculture, University of South Bohemia in Ceské Budéjovice, Czech Republic
?Research Institute for Soil and Water Conservation, Prague, Workplace Ceské Budéjovice,
Czech Republic

ABSTRACT: Decrease of microbial activity in samples of soils of mountain and submontane areas of Sumava, in com-
parison with soils of fertile lowland areas in the Ceské Budg&jovice and Treboii districts, is quite remarkable for low
values of respiration at initial (1 to 3 days), basal (4 to 7 days) and long-time (35 days) incubation. Decrease of these
values is the highest in those samples, where the analyses proved high values of mobile iron and aluminium. At the same
time, C, . is increasing. We consider, that the unusually high resistance to microbial decomposition of the carbon source
fraction, characterized with C, , is caused by mummification of soil organic matter of soils of Sumava with iron and
aluminium sols. Shortage of decomposable energetic substratum and low pH lead to decrease of biomass of micro-organ-
isms C,,, and that is why the Hendrix’s index of biological activity of soil H,,, is not a reliable parameter in conditions of
soils of Sumava.

Keywords: mountain and submontane areas; soils; biological activity of soil; respiration; Hendrix’s index

ABSTRAKT: Pokles mikrobi4lni aktivity vzorki pad horskych a podhorskych oblasti Sumavy ve srovnani s pidami arod-
nych vrchovinnych oblasti okresu Ceské Bud&jovice a Tteboi je zcela ziejmy z nizkych hodnot respirace pfi potatetni
(1 az 3 dny), bazélni (4 a% 7 dnu) a dlouhodobé (35 dnu) inkubaci. Pokles téchto hodnot je nejvétdi tam, kde analyzy
" prokazaly v pidnich vzorcich vysoké hodnoty mobilniho Zeleza a hliniku. Soucasn¢ dochéazi k zvy3eni C, . Domnivame
se, Ze neobvyklou mikrobialni nerozloZitelnost frakce uhlikatych zdroji, charakterizovanych C, , pisobi mumifikace pud-
nf organické hmoty pid Sumavy soly Zeleza a hliniku. Nedostatek rozlozitelného energetického substratu a nizké pH vede
i ke sniZeni uhliku biomasy mikroorganismii C,,, a proto Hendrixtv index biologické aktivity pady H,,, nenf v podminkéch
pid Sumavy spolehlivym ukazatelem.

BM?

Klitova slova: horské a podhorské oblasti; pidy; biologicka aktivita pudy; respirace; Hendrixuv index

UvoD

V predchozi praci (Koléf et al., 2000a) jsme provedli
charakteristiku piid horskych a podhorskych oblasti ji-
hovychodni Sumavy z hlediska obsahu frakci piidniho
uhliku a dal3ich agrochemickych parametrii. V této praci
ji doplitujeme studiem schopnosti piidn{ organické hmo-
ty slouZit jako energeticky substrat pro pidni mikroor-
ganismy. Jde pfedevsim o srovnéani parametr( mikrobialn{
aktivity plidy (po¢étecni, bazalni a dlouhodobé respira-
ce — Cp, Cyp» Cr)» Obsahu uhliku mikrobiélni biomasy
C,\ @ Hendrixova indexu biologické aktivity pidy H,,
(Ledvina et al., 1999; Koléf et al., 2000b, c). ProtoZe plidy
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horskych a podhorskych oblasti jihovychodni Sumavy
vznikly vétSinou na siln& kyselych substratech a také
transformace plidni organické hmoty zde vede k vzniku
siln& kyselych fulvokyselin, je vaZnou komplikaci ionto-
vym&nnych procesii v t&chto piidach iontové Zelezo
a hlinik. V&novali jsme proto pozornost i p¥fstupnému Ze-
lezu a labilnimu hliniku jako &4sti hlinfku vymé&nného.

MATERIAL A METODY

Studie byla realizovéana se dv&éma skupinami ptidnich
vzorki, prvni skupina je tvofena plidnimi vzorky z hor-
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skych a podhorskych poloh sledované oblasti, druha
skupina je z piidnich vzorki mist okresu Ceské Budg&jo-
vice a slouZi jako srovndvaci standard.

Abychom vylouéili vliv kultury a hnojeni, v§echny
vzorky byly odebréany z piid pod trvalymi travnimi poros-
ty, které nebyly nejméné deset let hnojeny ani vépnény.
Podrobny popis vzorki je uveden v tab. I a II. Vzorky

ptid byly ptipraveny odebranim z hloubky 5 az30 cm. Z4-
mérné nebyl odebirdn pouze humusovy horizont.

K hodnoceni biologické aktivity ptidy navrhli Hendrix
et al. (1989) pomér uhliku bazalni respirace a uhliku bio-
masy mikroorganismii Cyp : Cy,.

Uroveii mikrobidln{ aktivity pidnich vzorki byla hod-
nocena v ¢erstvych odbérech metodou stanoveni bazal-

I. Charakteristika piidnich vzorki podhorskych a horskych oblasti Sumavy (okres Cesky Krumlov a Prachatice) — Characteristics of soil
samples of submontane and mountain areas of Sumava (Cesky Krumlov and Prachatice districts)

Cislo Nadmoiska | Potencial
skupiny QOdberové misto’ Pidni typ® Piidni substrat* Pudni druh® vydka® pidni pH/KCI
vzorki' (m) arodnosti’
1 Dluhosts GL RIvI Glodeniny piscitohlinita* 605 nizf! 5,60
nekarbonatové
2 Benesov nad Cernou GL polyge;;;x;l;é hitny pistitohlinita 661 niz3i 5,28
: deluviofluvidln{ oty g 2
3 Bujanov GL ulogeniny nekarbonatové pis¢itohlinita 670 stfedni 5,30
4 ChvalSiny KP ortoruly pis¢itohlinitd 671 stfedni 5,00
5 Cemnd PG polygenetické hliny | iy o tcits? 728 nizky® 548
kyselé
6 Zvonkova PZ granulity ortoruly hlinitopis¢ita 769 nizky 5,64
7 Koryto KM ortoruly pistitohlinitd 918 nizky 5,92
8 Kfi¥tanov KP ortoruly pis&itohlinita 925 velmi nizky" 5,85
9 Albertoy PG ortoruly hlinitopis¢ita 932 velmi nizky 5,38
10 SkFingtov PG polyge:;tszl;é hifny pistitohlinité 940 nizky 5,67
1 Kubova huf RNK cordierit-biotiticky hlinitopistit 1025 | velminizky | 512
migmatit
¥ = = = = 804 = 5,48

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

GL = glej — gley

KP = kryptopodzol — cryptopodzol

PG = pseudoglej — pseudogley

PZ = podzol - podzol

KM = kambizem — cambisol

RNk = ranker kambizemni — cambisol ranker

FMG = fluvizem glejova ~ gleyic fluvisol

LM = luvizem - luvisol

LMg = luvizem pseudoglejova — pseudogleyic luvisol

KMga = kambizem pseudoglejovéa kysela — pseudogleyic acid cambisol

KMa = kambizem kysel4 — acid cambisol

nivni uloZeniny nekarbonatové — flood-plain non-carbonated deposits

polygenetické hliny kyselé — polygenetic acid loams

deluviofluvidlni uloZeniny nekarbonatové — deluvial-fluvial non-carbonated deposits

ortoruly - orthogneiss

granulity — granulites

cordierit-biotiticky migmatit — cordierite-biotitic migmatite
spraSova hlina — loetic loam

prachovice — dusty earth

pararuly — paragneiss

migmatity — migmatites

leh&i — lighter

stfedni — middle

'number of sample group, 2place of sampling, 3soil type, “geological petrographic substratum, Ssoil granularity, Selevation, “production
potential of soils, ®sandy loam, *loamy sand, '°loamy, "lower, 2middle, "low, '4very low, '*high, '®higher
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1. Charakteristika srovnavaci skupiny piidnich vzorkd drodnych vrchovinnych oblasti okresi Ceské Budgjovice a Treboii — Characteris-
tics of comparison group of soil ples of fertile highland areas of the Ceské Budgjovice and Tiebofi districts

Cislo Nadmotskd |  Potencial
skupiny Odbérové misto’ Padni typ’ Pudni substrat Pidn{ druh® vyska® padn{ pH/KCI
vzorkd' (m) trodnosti’
: nivni uloZeniny 10 15
1S Opatovice u Hluboké FMG nekarbontové lehi hlinita 375 vysoky 6,25
spradové hlina s 16
28 Dolni Bukovsko LM (srachovice) hlinita 430 vy3si 6,03
spraSové hlina oty ;
38 Dynin LM (prachovice) hlinita 439 vyssi 6,18
- pararuly a polygenetické L prn i
48 Hosin LM liny kyselé pis¢itohlinita 472 vyssi 6,00
Roudné u Ceskych nivnf uloZeniny T TI ;
58 Budgjovic FMG sekarbondtové stiadid pistitohlinita 395 vysoky 6,27
6S LiSov LMg pararuly a migmatity hlinita 496 vyssi 5,95
75 Borovany PG P"'yg‘:;'si:l‘;é hllny plstitohlinita 451 vySsi 5,18
8S KardaSova Regice KMga pararuly pistitohlinitd 458 stredni'? 6,05
98 Lomnice nad LuZnici KMa pararuly hlinitopisgita’ 432 stfednf 5,85
108 Libin PG ”"'yge:;‘si;'f hiny | piseitohlinita 451 vysoky 548
- - - 440 - 5,92
b Jihoesky region” - - - - - 5,80
CR - - - - - 5,90

“South Bohemian region

For 1-16 see Tab. 1

ni respirace (Apfelthaler, 1994; Kubat et al., 1999) zjist&-
nim produkce CO, ze 100 g vzorku pfi 28 °C v obdobi
- 4 az7 dni inkubace a mé&fenim pocatetni respirace
v obdobf prvnich 1 aZ 3 dnil. Na mnoZstvi ptidnich mikro-
organismill bylo usuzovéno z pfiristku horkou vodou
vyluhovaného uhliku C, _bun&né protoplazmy mikro-
organismil po rozruseni jejich buné&nych blan chlorofor-
mem metodou, kterou popsali Vance et al. (1987). Tento
uhlik oznadujeme Cy,,.

Vy¢islenim poméru uhliku bazalni respirace mikrobial-
nich spole&enstev a uhliku biomasy mikroorganismt
jsme urdili znak biologické aktivity pliidy podle publiko-
vané metody (Hendrix et al., 1989) a oznatili jsme jej
H,

Vliv zpracovani piidy, které ovliviiuje bazaln{ respiraci
podstatné& vice nez Cm pidy (Campbell, 1992), jsme eli-
minovali odbérem v3ech vzorki pouze z pid pod TTP.

Respiraéni testy byly dopln&ny 35denni dlouhodobou
inkubaci (Klimanek, 1995; Weigel et al., 1998). Hluboce
zmrazené pidni vzorky byly tyden uloZeny pfi teplot&
4 °C, pak adjustovany 48 h p¥i teplot& 20 °C a tipravé ob-
sahu vody na 60 % jejich vodni kapacity. Kazdé analyza
byla p&tkrat opakovéna se vzorky se 100 g sudiny (pfi
105 °C). Inkubace stejné& vihkych vzorki probghla 35 dnii
pfi teploté 25 °C. Mnozstvi vyprodukovaného CO, neby-
lo mé&feno infradervenym analyzatorem, jak doporucuje

ROSTLINNA VYROBA., 46, 2000 (12): 543548

Klimanek (1995), ale absorbci v 1 N NaOH a titraci 0,2 N
HCl po srazeni CO,* jako BaCO, chloridem barnatym na
fenolftalein.

Na obsah mobilnich soli R,0, bylo usuzovéno z vy-
sledki stanoveni piistupného Zeleza Fe,, podle publiko-
vaného postupu (Lindsay-Norwell, 1978) v modifikaci,
kterou popsal Zbiral (1995), a labilnfho hliniku Al ,; podle
zveiejnéné metody (James et al., 1983).

VYSLEDKY A DISKUSE

V predchozi praci (Kolaf et al., 2000a) vysvétlujeme
pokles vodorozpustného uhliku C  ve skuping pid hor-
skych a podhorskych oblasti elugnimi procesy v humid-
nim klimatu a charakterem zrnitosti tchto piid. DileZitou
otdzkou vak zlstava, pro& v t&chto podminkach naléza-
me vysoké hodnoty aktivniho organického uhliku C,
a pro¢ uhlikaté zdroje této kategorie uhliku nereaguji
v humifikaénich procesech, a nezlep$i tak mnoZstvi
a kvalitu humusu téchto pid, a jestlize humifikace je z né-
jakych diivodi inhibovana, pro& nereaguji alespoii v mi-
neralizaci. Vzdyt C, _ indikuje aktivni frakci piidniho
uhliku, ktera je charakterizovana jako rozloZitelna. Schulz
(1997) dokonce kalkuluje vztah mezi rozloZitelnym uhli-
kemvpidéC, aC, rovnici:C, =15C, .
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1. Udaje o mikrobiélni aktivit& piidnich vzorkii podhorskych a horskych oblasti Sumavy charakterizovanych v tab. I — Data on microbial
activity of soil samples of submontane and m¢ in areas of $ characterised in Tab. I

Vysvétlivky k obr. 1 a 2 — Explanations to Figs. 1 and 2:

PR = potate¢ni respirace (mg C/100 g suSiny/den) — starting respiration (mg C/100 g of dry matter/day)

BR = bazalni respirace (mg C/1000 g sudiny/den) — basal respiration (mg C/100 g of dry matter/day)

DR = dlouhodob4 respirace (mg C/1000 g suliny/den) — long-time respiration (mg C/100 g of dry matter/day)
Cgy = uhlik biomasy mikroorganismi (mg/1000 g) — carbon of biomass of microorganisms (mg/1000 g)

35 jR 30 ?R
30 1 25 i
25_] ZOJ
20 4
15 15 4
il i
0 e e T o T 1 0+ — ™ T
IS 28 35S 45 55 6S 7S 8 9S 10S P 1S 28 35 4S 55 65 7S 8 9S 10S P
a0 DR 1800
= 1200
10 4
600
' i @ﬂ i
o4~ u U u L LUl (IR e e e e
1S 28 38 45 58 6S 7S 85 9S 10S P IS 28 35S 45 55 6S 7S 8 95 10S P

2. Udaje o mikrobialni aktivité pudnich vzorky srovnavaci skupiny vrchovinnych oblasti okresit Ceské Budgjovice a Treboii charakteri-
zované v tab. Il — Data on microbial activity of soil samples of comparison group of highland areas of the Ceské Budéjovice and T¥eboii
districts characterised in Tab. II
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Vysvétleni jsme nalezli jeding v ovéfen{ hypotézy, Ze
frakce C,, je sice i v plidach Sumavy extrahovatelna
horkou vodou, ale na rozdil od C, , béznych piid je mi-
krobidln& nerozloZitelna. Provéfovali jsme tedy tuto
myslenku a zjistili jsme, Ze pokles mikrobidln{ aktivity
vzorkil pid horskych a podhorskych oblasti Sumavy je
zcela evidentni podle nizkych hodnot po&ate¢ni (1 aZ
3 dny), bazélni (4 aZ 7 dnil) i 35denni respirace pti dlou-
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hodobé inkubaci. Pokles t&chto hodnot je zv1ast velky
(a nahromadéni C, _ velmi vysoké), kde analyzy proka-
zaly v piidnich vzorcich vysoké hodnoty mobilnfho Ze-
leza a hliniku (obr. 1 aZ 4). Domnfvame se proto, Ze
neobvyklou mikrobidlni nerozloZitelnost frakce uhlika-
tych zdroju, charakterizovanych C, _, plisobi mumifika-
ce pidn{ organické hmoty piid Sumavy soly Zeleza

a hliniku.
IOOOAILAB
800
m_
m_ﬂ
0, ﬂ
oLl A ;
2 3 4 5 6 7 8 9 10 11 P

3. Obsah pfistupného Zeleza Fe,, a labilniho hliniku Al ,; (mg/1000 g)
a Hendrixav index biologické aktivity pidy Hy,, v piidnich vzorcich
Sumavskych puid charakterizovanych v tab. I — The content of
available iron Fe,, and labile aluminium Al ,, (mg/1000 g) and
Hendrix’s index of biological activity of soils Hy,;, in soil samples of
Sumava soils characterised in Tab.

o5y & A

200 1
150
100 -
50 A

Malnllnlln

IS 28 35S 45 58 65 7S 8 95 10S P

4. Obsah pfistupného Zeleza Fe,, a labilntho hliniku Al ,; (mg/1000 g)
a Hendrixilv index biologické aktivity piidy Hy,, v pidnich vzorcich
srovnavaci skupiny charakterizované v tab. I — The content of
available iron Fe,, and labile aluminium Al ,, (mg/1000 g) and
Hendrix’s index of biological activity of soils Hy,, in soil samples of
Sumava soils characterised in Tab. II
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Tyto zav&ry potvrzuji i vysledky stanoveni Hendrixova
indexu biologické aktivity plidy Hy, .. Nedostatek rozloZi-
telného energetického substratu a nepfiznivé podminky
(nizké pH) pro mikrobidlni éinnost vedou nejen k sniZeni
bazilni respirace, ale i uhliku biomasy mikroorganismii C;,,
a proto index H,,, neklesé tak dramaticky, jak by se podle
ostatnich parametrti nejhor3ich piid ze sledovaného sou-
boru dalo ptedpokladat. Neni tedy H,, v t&chto podmin-
kéch spolehlivym ukazatelem biologické aktivity pidy.

ZAVER

Podatedni respirace (1 aZz 3 dny), bazalni respirace
(4 az 7 dnii) i dlouhodob4 respirace pfi 35dennf{ inkubaci
je v sérii pdnich vzorki z horské a podhorské oblasti ji-
hovychodni Sumavy ve srovnani se vzorky piid z tirodné
vrchovinné oblasti okresti Ceské Budgjovice a Tieboti
vyrazn& niz§i. V horskych ptidach dochéazi zarover
s poklesem respiraci k vzestupu aktivniho piidniho uhli-
kuC, . coZje nelogické. Zjistili jsme, Ze v téchto vzorcich
vyrazn& vystupuje vysoky obsah pfistupného Zeleza
nebo labilnfho hliniku, vétSinou obou kovi soudasné.
Domnivame se proto, Ze neobvyklou mikrobialni neroz-
loZitelnost frakce uhlikatych zdroji, charakterizovanych
C,.» Pisobi prosyceni plidni organické hmoty soly Zele-
za a hliniku. ProtoZe v plidnich podminkédch horskych
poloh Sumavy neklesa pouze bazalni respirace, ale také
uhlik biomasy mikroorganismii C,,, vlivem nepfiznivych
podminek, hlavné nizkého pH, Hendrixdv index biologic-
ké aktivity plidy paradoxn& nekles4, nebo relativng mélo.
Je tedy H,,, pro hodnoceni biologické aktivity pid
v téchto extrémnich podminkéch zcela nespolehlivy.

Vyzkum byl realizovén za finanéni podpory grantu
MSMT, id. k6d: CEZ: J 06/98: 122200002.
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VLIV ABIOTICKYCH STRESU NA AKUMULACI NETTO
ENERGIE V OBILKACH OZIME PSENICE (TRITICUM
AESTIVUM L.)

INFLUENCE OF ABIOTIC STRESSES ON THE CONTENT OF NET
ENERGY IN WINTER WHEAT (TRITICUM AESTIVUM L.) GRAINS

F. Hnili¢ka!, L. Blaha? J. Zameénik?, V. Novak!, M. Ottov4?

!Czech University of Agriculture in Prague, Czech Republic
’Research Institute of Crop Production, Prague-Ruzyné, Czech Republic

ABSTRACT: Net energy content was studied in grains of representative cultivars of wheat: Astella, Olga, Plodna, Patria
and Zdar. Grains were taken from plants cultivated under controlled glasshouse conditions and under conditions with
mutual combination of three representative abiotic stresses — low pH (pH), high temperature (T) and drought (S). There
is a possibility to conclude negative impact of abiotic stresses on accumulation of rich in energy matters into wheat
grains, as by the plants cultivated in stress conditions occurred the decrease of energy content in comparison with the
control variant (Fig. 1). The grains from stressed conditions had 11.06% lower values of combustion heat. If we express
this decrease in energetic equivalent, we get the value 1.66 kJ.g™. Similar conclusions for plants stressed only by drought
got Hansen, Diepenbrock (1994). Content of energy in 1 g of dry matter of wheat grains was, apart from the external
factors, limited also by the genotype of used cultivars, where in the amount of accumulated energy showed up the sensi-
tivity or, alternatively, tolerance towards abiotic stresses. At the cultivar Astella (Fig. 1) of the control variant was the
average combustion heat value 15.97 kJ.g™', then at the stressed variant occurred the decrease of net energy to 13.04 kJ.g™.
By the cultivar Zdar (Fig. 1) we have found at the control variant content of rich in energy matters 14.30 kJ.g™' and at
stressed plants it was 13.86 kJ.g™'. In view of gathered results it is possible to state, that for Astella cultivar we men-
tioned the most considerable decrease of net energy between both studied variants of experiments, this decrease was
18.25% for the stressed variant and for the cultivar Zdar was noted the lowest decrease of combustion heat values
(2.38%). We therefore suppose, that more tolerant of representative abiotic stressed of mentioned winter wheat cultivars
seems to be the cultivar Zdar. On the other side, the Astella cultivar reacted sensitively to decreased pH, high tempera-
. ture and drought. We observed that the more sensitive cultivars are cultivar Patria (decrease of energy content about
13.68%) and partial cultivar Plodna (decrease 10.10%) (Fig. 1). More tolerant to abiotic stresses seems to be the cultivar
Olga (decrease of net energy 9.10%), as results from Fig. 1. The individual cultivars of wheat did not react to combustion
of abiotic stress equally. The values of measured combustion heat are different. In that case to some extent occurred
influence of genotype, i.e. the ability of a certain cultivar to adapt towards unsuitable life conditions. We can agree with
Golley (1961) and Hansen, Diepenbrock (1994) that energetic value of plant material is the function of genotype and it
depends on conditions of external surroundings. That is why we suppose, that combustion heat values can to some extent
represent one of the limiting factors for finding out of adaptability of certain cultivars for abiotic stresses. Besides the
genotype and the variants of experiment, the influence of the year of experiment and provenance of seeds participated in
the amount of rich in energy matters accumulated into wheat grains, too. Comparing individual years of experiment
(Tab. III), it is possible to state that the seeds sown in 1997 had statistically significant lowest value of net energy. For
instance, the control variant had in this year an average energy content 12.45 kl.g™'. On the contrary, statistically signifi-
cantly highest average value of combustion was exhibited by the seeds sown in 1999 (16.66 kJ.g™). Abiotic stresses
during growth and development of seeds influence basal metabolic paths and majority of seed characters. More detailed
knowledge not only of anatomical construction of grains, but its physiological characters as well, including the amount of
accumulated energy can serve as one of the factors, which can influence the choice of genotypes resistant to some abiotic
stresses. Yield of grains was lower with the stressed variant compared with the control variant for 5.9 g per pot. The
lowest yield was found with the sensitive cultivar Plodna (33.23 g) and the highest one was recorded by the more sensi-
tive cultivar Olga (35.98 g). The tolerant cultivar, as far as the yield is concerned, seems to be the cultivar Patria, which
decreased the yield among variants for 4.13 g (Tabs. I, IV).

Keywords: winter wheat; cultivars; abiotic stresses; net energy
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ABSTRAKT: Abiotické stresy ovliviiuji kvalitu ziskavaného osiva, jeho morfologickou a anatomickou stavbu a obsah ener-
geticky bohatych latek. Primé&rné mnoZstvi akumulované energie se pohybovalo v rozmezi hodnot od 13,68 do 14,74 kJ.g™.
Obsah energeticky bohatych latek v zrnu je ovlivn&n nejen genotypem dané odridy, ale také vn&jsimi podminkami prostte-
di, tedy i abiotickymi stresy. MnoZstvi energie stanovené kalorimetricky ukézalo, Ze obilky p3enice ziskané ze stresovych
podminek (sucho, nizké pH a vysoka teplota) sniZily obsah energie o 11,06 % (pfi primé&rném obsahu energie 13,68 kJ.g™)
v porovnéni s kontrolou (14,74 kJ.g™). Pfi porovnéani jednotlivych odrid ozimé p3enice byla zjisténa rozdilna adapta&ni
schopnost na pusobeni abiotickych strest, nebot’ u odriidy Zdar bylo naméfeno nejniZ3i sniZeni obsahu energie (2,38 %)
mezi variantami stresovanymi a kontrolnimi. Oproti tomu odruda Astella velice citlivé reagovala na abiotické stresy vyraz-
nym sniZenim obsahu energie v obilce 0 18,35 %. Vynos zrna byl niZ8i u varianty stresované v porovnani s variantou kon-
trolni 0 5,9 g na naddobu. Nejnizsi vynos byl zjistén u citlivé odriudy Plodna (33,23 g) a naopak, nejvy3¥i vynos byl u citliv&jsi
odridy Olga (35,98 g). Jako tolerantni se po strance vynosové projevila odruda Patria, ktera sniZila vynos mezi variantami

04,13 g.

Klitov4 slova: ozima pienice; odridy; abiotické stresy; netto energie

UVoD

V soucasné dob& fesi nejen $lechtitelé, ale i p&stitelé
problém, jak zjistit stupeii odolnosti zemé&délskych plo-
din k jednotlivym biotickym a abiotickym stresim. Abio-
tické stresy jsou vyvolavany nejen reformami v systému
hospodateni farmati, ale i globalnimi promé&nami klimatu
celé planety.

Nastupujici klimatické zmény s sebou pfinaseji i nerov-
nomérné, nepravideln& a ndhodné& rozd&lené srazky
v pritb&hu vegetace rostlin. Vzhledem k témto skute¢-
nostem nemiizeme vyloucit ani del§i obdobi sucha. Sle-
dovéni adaptace rostlin na nedostatek vody je stale
aktudln&jsi, zvlasté s ohledem na skuteénost, Ze i v na-
Sich klimatickych oblastech dochazi v soudasnosti
v obdobi hlavni vegetace vé&tSiny polnich plodin k perio-
dickému nedostatku vody, ktery vede nejen ke sniZeni
prijmu Zivin, ale také k omezeni fyziologickych procest
rostlin.

Cornic, Briantais (1991) a Saccardy (1993, 1996) uvads-
ji, ze fotosynteticky aparét je v podminkéch vyvijejiciho
se vodniho stresu stabilni. V pfipad& prohlubujiciho se
vodniho deficitu dojde nejdfive ke sniZeni rychlosti riis-
tu asimilaCnf plochy list a k limitaci rychlosti asimilace
CO, (Comicetal., 1992; Lawlor, 1995). Schulze, Caldvell
(1995) a Lichtenthaler (1996) se domnivaji, Ze stres ovliv-
fuje transport, akumulaci suiny a schopnost produkce
hospodafsky dileZitych organt rostlin.

S transportem a akumulaci sudiny souvisi i distribuce
a hromadéni energeticky bohatych latek do jednotlivych
&asti rostlinného t&la. Tato akumulace mé v pribg&hu ve-
getace dynamicky charakter, ktery souvisi se zm&nami
obsahu a poméru jednotlivych energeticky bohatych la-
tek v suginé rostlinného téla (Golley, 1961; Lieth, 1977,
Netas, 1980). Uvadi se, Zze 1 g sudiny rostlinné biomasy
obsahuje v priimé&ru 16,74 kJ energie, tento obsah je vazan
podilem a vzdjemnou kombinaci jednotlivych latek, které
tvoff t&lo rostliny. Nejmensi obsah energie maji cukry
(glukéza 15,4 kJ.g", sacharéza 16,5 kJ.g™). Skrob mé kolem
17,4kJ.g™", celuldza 17,6 kJ.g, lignin 26,3 kJ.g™'. Obecng
maji uhlovodiky 17,16 kJ.g!, bilkoviny 23,65 kJ.g™, tuky
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39,56 kl.g™! (Paine, 1971). Stonky nebo listy maji podob-
né sloZeni organickych latek (Strasil, 1995), proto u nich
obsah spalného tepla kolisd méné neZ v reprodukénich
organech.

Vedle nedostatku vody se na sniZenf rostlinné produk-
ce podilf i niZ&i piidni reakce. Kyselé piidy jsou jednim
z nejzavazngjsich problémi zemé&dg&lské vyroby, a to ne-
jen na tzemi stfedni Evropy, ale i ostatnich kontinentd.
SniZovan{ hodnot pH piisobi kyselé deité, pouZivani fy-
ziologicky kyselych hnojiv a mengich davek dodanych
vapenatych hnojiv. Tento problém se bezprostfedng do-
tykd i CR, nebot v nasi republice &ini podil orné pidy
s nepfiznivou kyselou reakci asi 25 % (Vanék et al., 1995).
Kyselost ptid tak v mnoha oblastech vaZn& omezuje rist
rostlin. Situace miiZe byt jesté hor3i, pokud bude pokra-
Covat sou¢asny trend, kdy vdpnéni je na urovni 20 %
potieby. Dochdzi k postupnému sniZovéani nasycenosti
sorpéniho komplexu vapnikem a déle Ize otekavat i po-
kles pH ptid a ndsledné pidni Girodnosti.

Vliv abiotickych stresi u jednotlivych odrid ozimé
pSenice se projevuje zejména v mendi hmotnosti rostlin
a ve sniZeném vynosu. Existuje vyznamny vliv jednotli-
vych abiotickych stresii na sledované znaky osiva a zna-
ky kofentli v priibéhu vegetace i v nasledné generaci,
v pfijmu Zivin apod. Z osiva ovlivnéného abiotickymi
stresy se vyvijeji morfologicky zm&néné rostliny, pfevaz-
n¢ se slabdim kofenovym systémem a se sniZenou
schopnosti prijmu Zivin. Pro jednotlivé vlivy abiotickych
stresi jiZ 1ze do jisté miry uréit souvislosti mezi zmé&nou
vlastnosti kofent a p¥{jmem Zivin u jednotlivych odriid,
ale problém je v tom, Ze v pfirodé plisobi vZdy kombina-
ce stresll najednou.

PfestoZe jsou znamy pfiznaky ptisobeni jednotlivych
stresi Ci jejich kombinace na kvalitu rostlinné produkce,
pietrvava u semenaiské problematiky relativni nedosta-
tek informaci o vlivu abiotickych stresii na jednotlivé
znaky osiva, zejména na obsah energeticky bohatych la-
tek v osivu, na naslednou generaci, tj. na odolnost vii&i
vnéjsim podminkam prostiedi, a déle o jejich piisobeni na
rist, vyvoj a pfijem Zivin, potfebu vstupi do vyroby
apod.
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MATERIAL A METODY

V letech 1997 az 1999 byl ve skleniku v regulovanych
podminkach sledovén obsah energie v obilkéch vybra-
nych odrid psenice seté (Astella, Olga, Patria, Plodna
a Zdar). Pro vysev v pokusnych letech bylo pouzito stan-
dardizované jarovizované osivo jednotné provenience.

Rostliny pSenice byly péstovany v nadobovych po-
kusech s homogenizovanou zeminou a vyrovnanou hla-
dinou Zivin, pfi intenzit& ozéafeni 700 pmol.m=2.s™.
V kontrolnich podminkéach (K) byla priméma teplota
vnéjsiho prostiedi v dobé nalévani zrna 23 °C ve dne
a 15 °C v noci. Zalivka byla jednotna a vychazelaz 31 %
objemu ptdni vlhkosti, coZ predstavuje hodnotu vodni-
ho potenciélu pidy 0,12 MPa pri pH 7,0.

Druha varianta pokusu zahrnovala vzéjemnou kombi-
naci tfi nejcastéji se vyskytujicich abiotickych stresti —
nizké pH (pH), vysoka teplota (T) a sucho (S). Nizké pH
4,5 bylo navozeno opakovanou zalivkou 0,2% kyselinou
sirovou. Priméma teplota vné&jsiho prostiedi byla ve dne
37,6 °C a v noci 25,6 °C. Sucho bylo simulovano snize-
nou zalivkou na iroveii 17 % objemu pidni vlhkosti, tj.
vodni pidni potencial 1,28 MPa. Zavlaha u varian-
ty S byla realizovana vzdy po dosazeni bodu vadnuti
centualniho obsahu vody probihala pomoci elektronic-
kého ¢idla po ptislusné kalibraci. Bylo péstovano vzdy
20 rostlin v jedné Mitscherlichové nadobé, ve ¢tyfech
opakovanich.

U sledovanych odrid bylo stanoveno mnoZstvi netto
energie akumulované do zrn rostlin péstovanych v kon-

1. Vynos zrna (g na nadobu) — Grain yield (g per pot)

trolnich podminkéach (K) a do zrn rostlin péstovanych
v prostfedi s uméle vyvolanou vzajemnou kombinaci
abiotickych stresti — nizké pH (pH), vysoka teplota (T)
a sucho (S).

Obsah energeticky bohatych latek jsme zjist'ovali po-
moci automatického adiabatického spalného kalorimet-
ru MS 10 A, némecké fy Laget. Velikost spalovaného
vzorku byla cca 1,0 g. Kazdy vzorek byl &tytikrat doko-
nale spalen v kalorimetrické nadobé a ziskané hodnoty
tepelného skoku byly piepoéteny na hodnoty brutto
(obsah energie vztazeny na 1 g sudiny s popelovinami)
a netto energie (obsah energie vztazeny na | g susiny
bez popelovin). U vybranych odriid ozimé psenice byl
téz stanoven vynos zrna v g na nadobu pfi vlhkosti
14 % (tab. I).

VYSLEDKY A DISKUSE

Vlivem kombinace stresovych faktorti dolo ke sniZeni
mnozstvi netto energie vybranych odriid ozimé pSenice
v porovnani s kontrolni variantou (tab. II). Naméfeny
pokles hodnot spalného tepla ¢inil 11,06 % v nepro-
spéch obilek ze stresovanych rostlin, vyjadiime-li jej
pomoci energetického ekvivalentu, dostaneme hodnotu
1,66 kJ.g™'. K podobnym zavérim dospéli napf. u rostlin
stresovanych pouze suchem Hansen, Diepenbrock (1994).

Z obr. 1 vyplyvi, Ze obsah netto energie v 1 g suSiny
obilek pSenice je ovlivnén podminkami prostiedi a po-
uZitou odrtiidou, pfi¢emZ v mnozstvi akumulované ener-
gie se projevila citlivost nebo naopak tolerance

Odrida®
Rok' Astella Olga Patria Plodna Zdar
K S K S S K S K S
1997 35,50 29,00 37,00 28,00 34,50 30,00 35,90 30,00 35,90 28,00
1998 37,90 33,00 38,90 33,00 37,60 31,70 36,70 32,70 36,80 30,00
1999 38,50 34,50 43,00 36,00 38,40 36,50 39,10 25,00 37,90 34,70

K = kontrola — control
S = stres — stress

lyear, Zcultivar

II. Rozdily v primémém obsahu netto energie (kJ.g™') a ve vynosu zma (g na nadobu) — Differences of average contents of net energy

(kJ.g™") and of grain yield (g per pot)

Varianta' Potet® Primér’ Homo.gen‘nf Varianta Pocet Priimér Homogeant
skupiny skupiny

Stres® 6 13,35 * Stres 15 3147 *
Kontrola® 6 15,01 * Kontrola 15 37,57 *

T-metoda — T-method

a= 0,05

lyariant, 2number, 3average, “homogenous group, Sstress, Scontrol
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1. Obsah netto energie u odrid ozimé
p3enice — The content of net energy by
cultivars of winter wheat
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osa x: varianta/rok — x axis:
variant/year

K S K S K S . .
osa y: obsah netto energiec — y axis:
1997 1998 1999 content of net energy
K = kontrola — control
B Astella HOlga N Patria OPlodna m Zdar S = stres — stress

k abiotickym stresim. Napf. u odrudy Astella u kontrolni
varianty byla primérna hodnota spalného tepla
15,97 kJ.g™', zatimco u varianty stresované doslo ke sni-
Zeni netto energie na hodnotu 13,04 kJ.g™'. Oproti tomu
u odriidy Zdar byl zjisté€n u kontrolni varianty obsah
energeticky bohatych latek ve vy$i 14,30 kJ.g™' a u rostlin
stresovanych 13,86 kJ.g™'.

Z tab. I je patrné, Ze vynos zrna na nadobu byl ovliv-
nén nejen odridou, ale také variantou pokusu. Vynos
zrna u varianty stresované (primérna hodnota 31,47 g)
byl priikazné niz§i v porovnani s variantou kontrolni
(pramér 37,57 g). SniZeni piedstavuje 5,9 g na nadobu.
na (33,23 g), ktera také nejvyraznéji reagovala na stres sni-
Zenim vynosu o 8 g. Nejvyssiho vynosu dosahla odriida
Olga (35,98 g), ktera téz citlivé reagovala na podminky
stresu sniZenim vynosu o 7,3 g. Jako tolerantni se po
strance vynosové projevila odriida Patria, ktera snizila
u varianty stresované vynos zrna o 4,13 g. K obdobnym
zavériim, Ze stresované rostliny sniZuji vynos, dospéli
napt. Wiegand, Cuellar (1981) nebo Zimolka, Jani¢ek
(1984). Rostliny p3enice reagovaly vynosové statisticky
prukazné na roénik pokusu (tab. III), kdy nejniz$i vynos
byl zaznamenan v roce 1997 (32,38 g) a nejvyssi v roce
1999 (36,36 g).

Pfi porovnani mnozstvi akumulované energie do zrn
jednotlivych odrtid ozimé pSenice (obr. 1) je mozné kon-
statovat, Ze nejvy38i hodnotu spalného tepla méla u kon-
trolni varianty odrida Astella (primérnd naméfena
hodnota 15,97 kJ.g™'). Naopak, odriida Zdar méla nejnizi
obsah energeticky bohatych latek ze viech sledovanych
odrid pSenice u téZe varianty, v priméru dosahla
14,30 kJ.g™". U varianty s kombinaci stresovych faktort
se projevila tolerance vybranych odriid ozimé p$enice,
nejvyssi primérna hodnota spalného tepla byla namére-
na u odridy Zdar (13,86 kJ.g™'). Nejcitlivéji reagovala
u této varianty na stres odrida Patria, u niz bylo zjisténo
nejnizsi mnozstvi netto energie v porovnani s ostatnimi
odriidami (12,78 kJ.g™).

U odriidy Astella bylo zaznamenéno nejvyrazngjsi sni-
Zeni netto energie mezi obéma sledovanymi variantami
pokusu (18,35 % v neprospéch varianty stresované)
a u odriidy Zdar bylo zaznamenano nejniZ$i sniZzeni hod-
not spalného tepla (3,08 %). Jako tolerantné&;jsi viiéi vy-
branym abiotickym stresim ze viech sledovanych odrid
ozimé psenice lze oznacit odriidu Zdar. Oproti tomu od-
ruda Astella reagovala citlivé na sniZzené pH, vysokou
teplotu a sucho. Mezi citlivéjsi odridy lze na zakladé
naSich vysledki zaradit i odridu Patria (sniZeni obsahu
energie o 13,68 %) a castecné i odriadu Plodna (snizeni

111, Vliv roéniku na obsah netto energie (kJ.g™') a na vynos zma (g na nadobu) — Influence of year on the content of net energy (kJ.g™') and

on the grain yield (g per pot)

Rok! Potet? Primer’ H:kmu‘;ig:;,"‘ Rok Poget Préimér H‘S’l’:l‘;gis'y‘“f
1997 10 1271 P 1997 10 32,38 P

1998 10 14,47 * 1998 10 34,83 *
1999 10 15,36 * 1999 10 36,36 *

T-metoda — 7-method
o= 0,05

lyear, 2number, 3average, *homogenous group

552

ROSTLINNA VYROBA., 46, 2000 (12): 549-554



IV. Vliv odriidy na obsah netto energie (kJ.g") ana vynos zma (g na nédobu) — Influence of cultivar on the content of net energy (kl.g"")

and on the grain yield (g per pot)

Odrada' Potef Promer’ “:g;f:;‘?' Odrida Potet Primér H(s)lr(l::;)gi:;m
Olga 6 13,68 . Plodna 6 33,23 .
Zdar 6 14,79 . Zdar 6 33,88 ,
Patria 6 14,05 . Astella 6 47 *
Plodna 6 14,64 * Patria 6 34,78 ¥
Astella 6 14,74 * Olga 6 35,08 .

T-metoda — T-method
a=0,05

lcultivar, Znumber, 3average, homogenous group

0 10,10 %). Jako tolerantn&j3i vii¢i abiotickym stresiim se
ukazuje odriida Olga (sniZeni netto energie 0 9,10 %).
Naméfené rozdily v obsahu energie a vynosu zrna
(tab. IV) mezi jednotlivymi odriidami ozimé pSenice byly
na hranici statistické pritkaznosti (o= 0,05).

Z naméfenych hodnot spalného tepla je patrné, Ze jed-
notlivé odriidy p3enice seté nereagovaly na kombinaci
abiotickych stresli shodn&. V tomto pfipad& se do zna&-
né miry projevil vliv genotypu, tedy schopnost dané
odridy ptizplsobit se nep¥iznivym Zivotnim podmin-
kam. Nage vysledky koresponduji s udaji z literatury
(Golley, 1961; Hansen, Diepenbrock, 1994), Ze energe-
tickd hodnota rostlinného materidlu je funkci genotypu
a z4visi téZ na podminkach vnéjsiho prostfedi. Zmény
energetické hodnoty zrna z kontrolnich rostlin a rostlin
stresovanych byly téZ ddny jejich rozdilnym chemickym
sloZenim. Zrno ziskané z podminek stresu mélo vice bil-
. kovin ve vztahu k obsahu Skrobu a méné uhlovodikil
v porovnani se zrny kontrolnimi. Déle méla tato zrna
i siln&j3i vrstvu oplodi a osemeni. Zmény v chemickém
sloZeni téZ ovlivnily i obsah energie, nebot’ mnoZstvi
energie je vazano podilem a vzajemnou kombinaci jed-
notlivych latek, které tvofi jednotlivé organy rostlin, jak
se podobn& domnivaji n&ktefi autofi (Paine, 1971; Hoff-
mann, 1988; Stragil, 1995).

Predpokladame tedy, Ze hodnoty spalného tepla mohou
do jisté miry slouZit jako jeden z uréujicich faktort pro
zjidtovani ptizpisobivosti danych odrid k abiotickym
strestim.

Vedle genotypu a variant se na mnoZstvi energeticky
bohatych latek akumulovanych do zrna p3enice podilel
i vliv roéniku, Projevil se pfedev§im zmé&nou délky sluned-
niho zéafeni (obla¢nost, délka slune€niho svitu), nebot
intenzita slune¢niho zafeni ovliviiuje nejen rychlost fo-
tosyntézy, ale i tvorbu a distribuci energeticky bohatych
latek, jak dokladaji napt. Golley (1961), Pelikén et al.
(1985). Burcky, Winner (1981), Zentner et al. (1984)
a dal3f autofi dospéli k zaveéru, Ze ro¢nik ovliviiuje pri-
kazn& mnoZstvi akumulované energie do generativnich
orgéanti rostlin. Pfi porovnéni jednotlivych roéniki poku-
su (tab. III) je moZné konstatovat, Ze u semen vysetych
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vroce 1997 byla zjisténa statisticky priikazn& nejnizs{
hodnota netto energie ze viech sledovanych let. Napf.
u kontrolni varianty byl v tomto roce primérny obsah
energie 12,45 kJ.g™'. Statisticky prikkazng nejvy33i primer-
na hodnota spalného tepla kontrolni varianty byla zji¥t&-
na u semen vysetych v roce 1999 (16,66 kJ.g™).

Z vysledki pokusu vyplyva, Ze abiotické stresy b&hem
riistu a vyvoje semen ovliviiuji zdkladn{ metabolické po-
chody a vétSinu vlastnosti semen. Sledovéni vlivil abio-
tickych stresi na vlastnosti osiva je velmi potfebné,
nebot’ provenience osiva hraje &asto velmi vyznamnou
roli v dal3im réistu a vyvoji rostlin. Je zndm vyznamny vliv
jednotlivych abiotickych stresti na sledované znaky osi-
va a znaky kofenti v priib&hu vegetace i v nasledné ge-
neraci, dédle v pifjmu Zivin apod., ale v literatufe zcela
chybi pusobeni jednotlivych abiotickych stresii na aku-
mulaci energeticky bohatych latek do semen, prestoZe
i tento ukazatel kvality osiva je ovliviiovan piisobenim
vnéjsiho prostredi.
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THE AVAILABILITY OF SEWAGE SLUDGE DERIVED
CADMIUM AND NICKEL BY CROPS PLANTED ON SOILS
OF DIFFERENT TYPES

PRISTUPNOST KADMIA A NIKLU Z APLIKOVANEHO CISTIRENSKEHO
KALU ROSTLINAM PESTOVANYM NA PUDACH RUZNYCH TYPU

P. Tlustos, D. Pavlikova, J. Balik, J. Sziakova, A. Hané

Czech University of Agriculture in Prague, Czech Republic

ABSTRACT: The effect of sewage sludge application on nine soils of different properties was investigated in pot experi-
ment and the availability of Cd and Ni in sludge treated soils released by 0.01 mol.I"' CaCl, as well as the accumulation of
both elements in spinach, oat and maize was evaluated. The application of sludge significantly increased biomass yield of all
growing crops. The lowest yield effect was found at Fluvisols, significantly higher at Luvisols and Chernozems and fluctu-
ated at Cambisols. The elements showed different accumulation potential and extractability affected by crop and tested soil.
Higher yield at sludge treatments mainly reduced Cd and Ni content in plants. Highest differences of Cd were found in
spinach biomass mostly at Fluvisols and Cambisols. The oat and maize showed lower sludge effect. Content of Ni in plants
showed lower differences between sludge and control treatments, only mean content of Ni in sludge treatments was higher
than at control ones. Element recovery from applied sludge was affected by soil properties and plant species. Highest Cd
uptake was determined by spinach at Cambisols (10%) and was reduced at other soils and by other two crops. Recovery of
Ni was lower than Cd up to 3.3% by oat. Uptake of Ni by spinach and maize was lower and showed similar pattern as in
the case of Cd. Increment of Cd extractability was less affected by sludge application than Ni one.

Keywords: sewage sludge; Cd; Ni; spinach; oat; maize; soil availability

ABSTRAKT: Vliv aplikace stabilizovaného &istirenského kalu na hromadé&ni Cd a Ni v nadzemni hmot& kukufice, ovsa
a §penétu byl sledovan v nddobovém vegetaénim pokusu na deviti odlinych zeminach. Zeminy &tyf hlavnich pidnich typt
. (tab. I) byly odebrany z ornice (0 az 20 cm). Po homogenizaci a prosati bylo 5 kg zeminy obohaceno NPK (kontrolni
varianta), resp. NPK a &erstvym upravenym &istirenskym kalem v davce 20 t suché hmoty kalu na 1 ha. Takto pfipravené
nadoby byly osety $penatem (odriida Monores), ovsem (odriida Pan) a kukufici (hybrid DK 254) a pravideln& zavlaZovéany
deionizovanou vodou na hodnotu 60 % MVK. Ka?dé varianta byla zaloZena ve tfech opakovanich. Spenét byl sklizen ve
fazi pln& vyvinutych listi, oves v mléén&-voskové zralosti a kukufice pti dosaZeni vysky 100 cm. Byl zji§tovan vynos
¢erstvé a suché hmoty nadzemni biomasy a obsah Cd a Ni v biomase. Zemina odebrana z kaZzdé nadoby pfi sklizni jednotli-
vych plodin byla na vzduchu usulena a poté vyluhovéna 0,01 mol.I"* CaCl, k urleni pfistupnosti obou prvki v jednotli-
vych zemindch. K jejich stanoveni bylo pouZito plamenové a bezplamenové atomové absorpénf spektrometrie s pravidelnou
kontrolou kvality analyz vyuZitim referenénich materialti (tab. III). Ziskané vysledky ukézaly, Ze pfidavek kali vedl na
vétsin€ pud k ristu vynosu biomasy (tab. IV, obr. 1). Statisticky prikazné vy3si pfirustky byly zjistény na &ernozemich
a hnédozemich neZ na fluvizemich. Zmény vynosi na kambizemich vyznamné zévisely na zemin€ a p&stované ploding.
Rozdilna hmotnost biomasy rostlin na neo3etfené a o3etfené varianté méla vliv i na intenzitu hromadéni jednotlivych prvki
v rostlindch. Rist vynosu na variantach s kaly zpravidla vedl k poklesu koncentrace obou prvki v rostlinné biomase. Vy33f
rozdily byly zjidt&ny u Cd neZ u Ni. Zlep3eni pudnich vlastnosti po aplikaci kalu se projevilo nejvy33im poklesem obsahu
Cd v biomase $penatu, zejména u kambizemi a fluvizemi. U ovsa i kukufice byly zaznamenéany niZ8i rozdily v hromadéni
Cd. V pripad& Ni byla zji¥téna vy3$8i prim&rné akumulace v rostlindch ovsa na variantach o3etfenych kaly. U ostatnich
plodin byl stanoven mirny pokles koncentrace. Pffjem obou prvki z aplikovaného kalu zévisel na ploding a pidé. Nejvy33i
pfijem byl nalezen u $penétu na kambizemich a dosahoval vice nez 10 %. Na ostatnich piidach byl niZ3i a na &ernozemich
pouze mirné pfesahl 1 %. U ovsa byl trend podobny jako u $penatu a u kukufice byla opa&na tendence s nékolikandsobné
niz§imi hodnotami (obr. 2). P¥ijem Ni z kalu rostlinami byl niZ3i a pouze v pfipad& ovsa pfeséhl 3 %. U ostatnich plodin se
pohyboval na trovni 1 % (obr. 3). Aplikace kalii nemé&la jednozna&ny vliv na rist obsahu p¥istupného Cd v pudé, ktery se
zpravidla zvy3oval na piidach s nizkym celkovym obsahem Cd a nizkou extrahovatelnosti. Vazba Ni v piid€ byla ve varian-
tach s kaly zpravidla slabsi, coZ vedlo na v&tin& pud k mirnému narustu pfistupného obsahu tohoto prvku.

Klitovi slova: &istirenské kaly; Cd; Ni; 3penat; oves; kukufice; pFistupnost rostlindm

ROSTLINNA VYROBA., 46, 2000 (12): 555-561 555



INTRODUCTION

Suitability of sewage sludge application into the soil
and its valuability as organic fertilizers can be depressed
due to a content of risk compounds and organisms
(McGrath et al., 1993; Smith, 1996). Mostly pathogens,
organic compounds and potentially toxic elements are
mentioned as environmentally dangerous. Metals and
trace elements may persist in the soil indefinitely and be
absorbed by growing plants in wide range of quantities
to affect the health of plants and/or consumers for long
time (Changet al., 1997).

To assess the uptake of risk elements by plants the
upper 30 cm of soil or ploughed layer is mainly consid-
ered. Four attributes: pH, organic matter content, soil
texture and the content of sesquioxides, are commonly
used for evaluation of element adsorption in soils (Tow-
ers, Paterson, 1997). The assessment has to cover spe-
cific physicochemical properties of individual elements,
too (Gerritse, Driel, 1984). Binding capacity of elements
on surfaces of different materials (clays, organic and ox-
ides) significantly differed from material and element test-
ed. Usually Pb and Cu showed highest affinity to surfaces
tested and the highest mobility was observed for Cd and
Ni (Alloway, 1990; Ross, 1994). Organic matter and ses-
quioxides can adsorb metals more strongly than clay
particles.

The accumulation of elements in plant biomass was not
only affected by soil properties but crop species planted
on the soil, too (Tiller, 1989; Tlustos et al., 1997; Balik et
al., 1998b).

The application of sewage sludge can affect the growth
of plants as well as the accumulation of elements in plant
biomass. The addition of sewage sludge resulted in the
same or lower yield of corn as the application of NH,NO,
(Soon et al., 1978). The application of high rates of sludge
with high content of heavy metals can lead to yield re-
duction mostly due to phytotoxity effect of Zn, Cu and
Ni (Beckett, Davis, 1982). There is not a clear understand-
ing about adverse effect of elements on plants. Mitchell
et al. (1978) suggested that elements attack plants inter-

actively but Beckett, Davis (1982) biased independent
influence of elements.

The main objective of our study was focused on the
accumulation of two mobile potentially toxic elements Cd
and Ni by above-ground biomass of spinach, oat, and
maize grown on nine soils with substantially different soil
properties treated with processed fresh sewage sludge
and on the availability of both elements in soil when sew-
age sludge was applied.

MATERIAL AND METHODS

The accumulation of Cd and Ni was investigated in
three-year pot experiment. Identical nine soils taken from
surface layer (0 to 20 cm) of arable land covering the
dominant soil types (great soil groups) of the Czech Re-
public was used each year. Mean agrochemical parame-
ters of soils used in the experiment consisted of four soil
types are described in Tab. I. Mean total content of in-
vestigated elements for each soil is displayed in Tab. II.
Only Pi3tany soil showed higher content of Cd exceed-
ing Czech limit values and restricted waste application on
land. Other soils did not substantially exceed average
content of investigated elements in Czech soils.

Fresh homogenous sewage sludge with 26 to 28% of
dry matter and the mean total content of Cd 3.680 +
1.029 mg.kg™ and Ni44.74 +2.86 mg kg™ from one waste
water plant was used in the experiment. The content of
both elements corresponded with mean values of more
than 300 sludge samples analysed in 1997 in the Czech
Republic (Saitka et al., 1998).

Soils taken each year in the same plot of field (area of
6 m?) were passed through a 5 mm sieve, air-dried, and
5 kg of each soil (based on dry weight) was thoroughly
mixed with N, P, K applied in ammonium nitrate and po-
tassium hydrogen phosphate at control treatments and
with the same amount of nutrients plus processed fresh
sewage sludge in equivalent to 20 Mg.ha™' at observed
treatments. Mixture was filled into plastic pots, sown by
seeds of different crops and planted with regular mois-

. Soil type and content of available nutrients in soils used in the experiment

Soil Location Soil type PHkel i Sl ol
mgkg™”!
Pi Pidfany Fluvisols | 6.5+£00 1085 249+ 26 258432
Pr Prerov n. L. Fluvisols 4804 3035 190+ 30 56+18
Hu Humpolec Cambisols 49+03 123+ 42 286+ 53 137+ 46
Li Lipa Cambisols 5.6+0.6 98 +2 126 £45 7310
Lu Lukavec Cambisols 56%0.5 1242 24721 12124
cu C. Ujezd Luvisols 62+02 119+ 16 176 + 66 128 %15
Hn Hnév&eves Luvisols 59%03 847 251%33 157+37
Se Sedlec Chernozems 72+£03 6615 333+36 24542
Su Suchdol Chemozems | 72+02 110£10 223+24 247+50
556 ROSTLINNA VYROBA., 46, 2000 (12): 555-561



II. Content of total elements, amount of organic matter and sorp-
tion capacity of soils

Soil Cdr Nir Cox CEC
mgkg™ mgkg™! % mval kg™
Pi 2.670+0.070 | 30.73+6.56 |2.07+043 | 2113
Pr 0.147 £ 0.033 391£1.61 |0.82+0.15 77+ 13
Hu 0.255+0.138 | 4020+7.90 | 1.71+0.27 163+4
Li 0.171+0.053 1141+£274 [ 1.19+£0.23 | 137+12
Lu 0.340+0.078 1317131 |1.42£0.35 1379
Cu 0.181 = 0.049 1823+£724 |1.03+0.44 160+3
Hn 0.207+0.074 | 2030+3.37 |1.27£0.44 | 158+ 18
Se 0.192+0.081 | 26.13+2.30 |1.66+0.34 | 238+6
Su 0.321£0.065 | 26.07+0.76 |1.83%0.41 258+4

ture control (60% of MWHC) up to harvest. Spinach
(Spinacia oleracea L.) variety Monores was treated with
0.5gN,0.16 gP, and 0.4 g K and harvested in full leaves
development. Oat (Avena sativa L.) variety Pan was
treated with 1.0 g N, 0.16 g P, and 0.4 g K and harvested
at milk growing stage. Maize (Zea mays L.) hybrid DK 254
was treated with 1.5 plus 1.0 g N, 0.29 g P, and 0.73 g K per
pot and harvested when plants were 100 cm tall. After
harvest, above-ground biomass was gently washed by
deionised water in the case of spinach, checked for fresh
and dry biomass, grounded and analysed.

Plant material was decomposed by modified dry ash-
ing procedure in the mixture of oxidizing gases by APION

M. Quality control of soil, plant and sewage sludge analyses

equipment (Miholové et al., 1993). Total soil content was
determined after two step decomposition, using APION
in the first step and wet digestion by the mixture of HF +
HNO, in the second step (Mader et al., 1998). Available
portion of elements was determined in the extract of
0.01 mol.I"' solution of CaCl, in the ratio of 1 : 10 (w/v)
(Novozamsky et al., 1993). Content of elements was de-
termined by atomic absorption spectrometry using flame
and flameless techniques on VARIAN SpectrAA-40
equipment in Trace Laboratories of Chemistry and Agro-
chemistry Departments of the Czech University of Agri-
culture in Prague. Quality of plant analyses was
controlled by reference materials RM 12-02-03 Lucerne.
Total content of elements in soil was controlled by RM
7003 Silty Clay Loam. Results of analyses of both materi-
als are shown in Tab. III.

RESULTS AND DISCUSSION

The results of the experiment showed positive effect
of sludge application on the mean yield of all three crops.
The highest mean yield of dry matter was determined in
the case of maize, lower in oat and significantly lowest in
the case of spinach (Tab. [V). The addition of sludge in-
creased an average yield for all three crops, but the ef-
fect of sludge application differed by the soil used as well
as crop planted. Spinach introduced highest yield incre-
ment among all crops at Cambisols from Humpolec. De-
tailed study showed that high sensitivity of spinach for
soil acidity was diminished by sludge addition, therefore

) Cd (mgkg™) Ni (mg.kg™)
Reference materials : = = -
certified ] obtained certified obtained
RM 7003 Silty Clay Loam 0.32+0.04 0.31+0.03 31315 32224
RM 12-02-03 Lucerne 0.136 £ 0.003 0.143 +0.021 2.54+0.08 2.73+£0.42
RM 12-03-12 Sludge 1.97+0.21 1.80+0.16 320£23 32051
IV. The yield of dry matter of growing crops at control and sludge treatments (g per pot)
. Spinach Oat Maize
i control sludge control sludge control sludge
Pi 13.13 19.83 88.19 84.80 113.18 130.58
Pr 6.43 9.10 51.46 84.83 123.26 135.00
Hu 2.57 11.93 68.05 88.20 84.02 152.09
Li 10.50 15.23 59.48 83.70 63.86 121.02
Lu 11.80 18.17 60.81 89.14 101.38 143.92
Cu 797 11.57 52.70 92.70 51.02 130.03
Hn 11.33 15.30 62.29 81.62 51.55 146.33
Se 10.07 13.73 81.47 92.52 40.42 137.35
Su 11.90 15.10 68.86 83.64 26.16 86.60
LSD (0.05) 5.18 18.64 33.56
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almost five fold growth of biomass was observed on the
mentioned soil. The rest of soils treated by sludge im-
proved spinach yield, too. Higher yield effect was found
at acid Cambisols and Fluvisols. Completely opposite
effect of sludge addition was found in the case of maize.
Soils of higher clay content negatively affected the
growth of maize and the addition of sludge improved soil
properties and the yield of maize on Luvisols and Cher-
nozems. The lowest yield differences among soils used
in the experiment were found when oat was planted.
Sludge application the least affected yield of oat among
all growing crops. The comparison of relative yield incre-
ment for all crops planted at sludge treatments is de-
scribed in Fig. 1. The lowest relative yield effect of sludge
application was found on Fluvisols and significantly
higher at Luvisols and at Chernozems. Cambisols also
introduced very similar average yield effect of sludge
application, but due to extremely high effect of spinach
development on one of three soils the standard error of
yield at Cambisols was so high. Higher yield of four
crops at sludge treatments confirmed also Balfk et al.
(1998b) in pot experiment. Rappaport et al. (1988) also
confirmed positive sludge effect on the growth and the
yield of grain and stover of maize. Phytotoxicity effect of
sludge application reported by Mitchell et al. (1978) and
by Beckett, Davis (1982) was not observed in any treat-
ment probably due to lower rate of sludge used in the

1. Relative yield effect (%) of sludge application at different soil
types (mean of three crops)

experiment and substantially lower metal content in the
sludge used.

The application of sludge affected accumulation of el-
ements in plant biomass (Tabs. V, VI). Content of Cd in
plants is described in Tab. V. Spinach showed the high-
est accumulation of Cd in biomass among crops at all
soils. Oat accumulated lower amount of Cd and the low-
est Cd content was found in maize. Soil pH, clay content,
and total content of Cd in soil affected accumulation of
element in biomass mainly in spinach. High positive yield
response at sludge treatment led to significant changes
of Cd content. Majority of sludge treatments introduced
plants with lower metal content mostly due to their dilu-
tion effect. High differences were found at soils of high-
er Cd availability at Fluvisols and Cambisols in the case
of Cd probably due to improvement of binding capacity
by addition of sludge organic matter (McBride, 1995).
The oat as well as maize did not show such high differ-
ences in Cd accumulation. Mean content of Ni in plant
biomass was higher than Cd one and showed the same
order. Highest content of Ni was also found in spinach,
lower in oat and the lowest in maize plants where many
sludge treatments contained less Ni than was detection
limit of atomic absorption used. The sludge treatment
contained less Ni in majority of spinach treatments and
at five soils at maize experiment. Only oat biomass accu-
mulated more Ni at sludge treatments than control ones.

V. The content of Cd in above-ground biomass at control and sludge treatments (mg.kg™)

Soil Spinach Oat Maize

control sludge control sludge control sludge
Pi 3.837 3.536 0.393 0.273 0.300 0.257
Pr 1.923 1.654 0.140 0.240 0.070 0.070
Hu 5.406 3.575 0.195 0.162 0.066 0.073
Li 2.096 1.801 0.083 0.124 0.084 0.078
Lu 0.988 1.437 0.242 0.228 0.048 0.081
Cu 0.985 0.837 0.089 0.076 0.076 0.062
Hn 0.898 0.947 0.122 0.175 0.076 0.069
Se 0.983 0915 0.078 0.074 0.071 0.072
Su 0.489 0.461 0.146 0.072 0.059 0.052
LSD (0.05) 0.966 0.084 0.011
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VI. The content of Ni in above-ground biomass at control and sludge treatments (mg.kg™")

X Spinach Oat Maize
sol control sludge control sludge control sludge
Pi 1.246 1.053 1.109 0.799 <0212 <0.212
Pr 3.337 3.178 1.401 1.625 <0212 <0.212
Hu 4.941 4.528 0.909 1.039 0.297 <0212
Li 1.368 1.573 0.478 0.609 0.341 <0.212
Lu 1.226 2.003 0.803 1.267 0.216 <0212
Cu 4.621 2.997 1.536 1.524 0.268 <0.212
Hn 3.402 2.490 1.421 1.651 <0.212 <0212
Se 0.676 0.588 0.569 0.801 0.262 <0212
Su 1.623 1.177 2.498 3.805 <0212 0.216
LSD (0.05) 1.518 1.84 ns

The accumulation of Ni in plants was not significantly
correlated with any of determined soil properties.

Due to different content of Cd and Ni in sludge applied
each year, the best response of crop for availability of
elements is a calculation of relative uptake of element
from sludge applied using balanced method. Fig. 2
showed the uptake of Cd from sludge by crops on soils
of different types. The accumulation potential of crop
more affected the uptake of Cd than increment of dry
matter and the highest utilization of Cd was made by spin-
ach. Other two plants showed lower mean uptake of Cd
from applied sludge differed only on Fluvisols and Cher-
nozems. Due to extremely high Cd uptake by spinach at
Humpolec and Lukavec soils the mean Cd sludge recov-
ery at Cambisols was higher than 10% of applied element.
Very high utilization of Cd from sludge was also found at
Pistany soil causing 7% of mean Cd recovery at Fluvi-
sols. The Cd uptake on next soils was much lower reach-
ing less than 2%. Soil parameters adverse for Cd
immobilization and specific spinach rhizosphere environ-
ment allowed to take the highest portion of Cd from ap-
plied sewage sludge. Utilization of Cd by oat was highest
at Pferov soil and caused mean high Cd sludge recovery
at Fluvisols. Almost no Cd recovery was determined at
Chernozems mainly due to low yield effect of applied

Chemozems

2. The uptake of Cd from sewage sludge (%) by individual crops at
different soil types (balance method)
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sludge at these soils and high binding capacity. The ad-
dition of sludge mainly affected the yield of maize at Lu-
visols and Chernozems, therefore the utilization of Cd
from sludge was the highest on these soils. High recov-
ery at Cambisols was caused by lack of binding element
capacity at these soils than yield increment. The best
growth of maize on control treatments of Fluvisols ad-
versely affected sludge Cd recovery by maize.

Recovery of Ni from applied sludge by individual crops
is described in Fig. 3. Mean utilization of Ni was lower
than Cd and oat played dominant role among all crops.
There were not significantly high differences in Ni oat
recovery at different soil types fluctuated from 2.1 to
3.3%. Utilization of Ni by other two crops showed similar
pattern as in the case of Cd. The highest Ni recovery by
spinach was found at Cambisols lower at Fluvisols and
almost negligible at other two soil types. The highest Ni
recovery by maize was found at Luvisols and Chernozems
about 2% and failed to 0.2% at Fluvisols. The same fac-
tors affected the utilization of Ni as well as Cd by spin-
ach and maize.

Mean binding capacity of both elements at individual
soils was determined by soil extraction using CaCl,. Rel-
ative changes of Cd availability at sludge treatments are
described in Fig. 4. Available portion of Cd fluctuated

- spinach l:] oat m maize

i o

Fluvisols Cambisols

Luvisols Chemozems

3. The uptake of Ni from sewage sludge (%) by individual crops at
different soil types (balance method)
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4. Relative changes of Cd extractability by 0.01 mol.I"" CaCl, at
sludge treatments compared to control treatments (%)

from 0.3% at Suchdol soil to 15.2% at Pferov soil. Higher
fluctuation in Cd extractability at sludge treatments
showed soils with very low content of total Cd in soil and
low availability of that element. The highest more than
twice higher Cd availability at sludge treatment of Cer-
veny Ujezd soil was also caused by very low total Cd of
soil low extractability and probably higher heterogene-
ity of soil treated with sewage sludge too. Similar trend
with lower values was also found at Hnév¢eves soil
showing the same characteristics at Cerveny Ujezd soil.
The fluctuation of Cd extractability at the rest of soils was
lower than 20%. The lowest values were determined at
soils of highest extractability (Pferov and Humpolec).
The application of sludge increased total Cd content from
1 to 16% with no consistent effect on Cd mobility in soil.

Extractability of Ni by the same solution was lower than
Cd and fluctuated from 0.14% at Sedlec soil to 2.51% at
Prerov soil. Distribution of Ni availability among tested
soils was similar to Cd with low amount at Luvisols and
Chernozems and higher at Cambisols and Fluvisols. Rel-
ative mean changes of Ni mobility at treatments with ad-
dition of sludge are summarized in Fig. 5. Majority of soils
introduced higher Ni availability at sludge treated soils
fluctuating between 20 to 30% with exception of Lipa and
Sedlec soils with lower Ni availability at sludge treatments
than at control ones. The increase of total Ni content at
sludge treatments from 1 to 8% affected its mobility in
soil and showed lower binding capacity than in the case
of Cd.
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Z VEDECKEHO ZIVOTA

Prof. RNDr. Josef Vaclav KostiF, DrSc., in memoriam

Dne 26. srpna 2000 zemfel v Praze ve véku 93 let Josef
Viclav Kostif, velky pedagog a védec svétového jména,
nestor ¢eskych a slovenskych biochemiki, zakladatel
a prvni profesor biochemie jako samostatného pfedmétu
na Karlové univerzit&.

J. V. Kostif se narodil 25. bfezna 1907 v Kostomlatech
u Nymburka v roding zemé&dé&lce ,,na statku“. Na sviij ag-
rarni plivod, ktery rad €asto zdiiraziioval, byl velice hrdy.
Zde také vychodil za cisafe pana obecnou $kolu. Po ma-
turité na realném gymnéziu v Nymburce studoval chemii
napted na CVUT v Praze (dneni VSCHT) a pak na Pfiro-
dovédecké fakulté UK v Praze, kde ziskal doktorat., Ag-
koliv se cht&l vénovat vyhradn& védecké préci, osud
rozhodl jinak. Piisobil nejprve v letech 1931 az 1934 jako
stfedogkolsky profesor na gymnéziu Franze Rimavského
v Levoti. Pozdgji pak také na fadé gymnazii v Praze.

Na za&atku druhé poloviny t¥icatych let pfichazi
J. V. Kotif na Karlovu univerzitu a na P¥irodovédecké
fakult& se intenzivné vénuje védecko-pedagogické pra-
ci. M4 ¢&ilé kontakty s fadou vyznamnych védeckych
osobnosti, napf. s madam Marii Curieovou, prof. F. Bé&-
hounkem, prof. J. Stoklasou a dal§imi predstaviteli reno-
mované védy.

Zatatek valky a uzavieni ¢eskych vysokych $kol
A. Hitlerem v listopadu 1939 ho zastihne na Ustavu ana-
lytické chemie Ptirodovédecké fakulty UK, kde jako asis-
tent prof. O. Tomitka pracuje na své habilita&ni praci,
kterou dokonéi a obhdji aZ po op&tovném otevieni &es-
kych vysokych 8kol, kdy se vraci na Karlovu univerzitu
a je zde v roce 1946 jmenovén docentem.
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Za vilky pracuje pfechodné v laboratofich prazskych
nemocnic a posléze ve vyzkumné laboratofi tehdejii far-
maceutické firmy Fragner. Zde se vyznamn& zaslouZil
0 vyvoj a vyrobu plivodniho &eského penicilinu. V této
dobé& spolupracuje také s Vyzkumnym ustavem cukro-
varnickym v Praze, jmenovité s jeho pozd&jim feditelem
a prorektorem VSCHT v Praze prof. K. Sanderou, ktery se
pak stava jeho blizkym pfitelem.

V roce 1957 je J. V. Kostif jmenovéan na Karlové univer-
zité fadnym profesorem. Diky jeho usilovné odborné,
védeckeé a organizacni praci se mu podafi v tomto roce
zfidit na Pfirodovédecké fakulté UK samostatny bioche-
micky tistav, ktery je v té dob& prvnim toho druhu v Ces-
koslovensku. Stava se jeho ptednostou a vytvaii zde
atmosféru optimismu a tviréi aktivity.

J. V. Kostif je autorem fady uéebnic a kniznich mono-
grafii, z nichZ nékteré byly preloZeny do svétovych jazy-
kii a vydany v zahrani&i. Déle jsou to stovky védeckych,
odbornych a populdrn& nau¢nych publikaci. Byl dobrym
znalcem a vyznavaéem J. A. Komenského. Jako redaktor
casopisu Chemické listy a pfedseda nazvoslovné komise
pfi CSAV pro biochemii se zaslouZil o tiroveii a jazykovou
¢istotu tohoto védeckého periodika.

Vychoval tisice Zakt a stovky doktorandii ¢i aspiranti,
kteti na n¢ho budou vzpominat trvale s vdé&nosti. Po-
sledni rozloudeni s J. V. Kostifem se konalo 4. zafi 2000,
pfipomeiime si emotivni zav&r smuteéniho projevu jeho
zaka, slovenského exministra 8kolstvi prof. L. Kovéce:
,»Za viechno Vam, pane profesore, dé€kujeme a slibujeme,
Ze vé€rni ziistaneme.*

Doc. RNDr. Ing. Josef Zahradnicek, CSc.
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VULNERABILITY OF AGGREGATES SEPARATED
FROM SELECTED ANTHROSOLS DEVELOPED
ON RECLAIMED DUMPSITES

ZRANITELNOST AGREGATU VYBRANYCH ANTROZEMI
REKULTIVOVANYCH VYSYPEK

M. Vallal, J. Kozik!, V. Ondragek?

!Czech University of Agriculture in Prague, Czech Republic
’North-West Bohemian Mines, Doly Bilina, Czech Republic

ABSTRACT: The state of soil structure in epipedons of anthrosols formed on dumpsites reclaimed by Doly Bilina Com-
pany was studied. The methodology proposed by Le Bissonnais, Le Souder (1995) was used. The vulnerability coeffi-
cient (K)) was introduced to evaluate the structural stability. It expresses a rate of diminishing of the aggregate size
compared to an ideal weighted average of the size in the initial sample. A lower aggregate vulnerability was found in the
case of older anthrosols (approximately 30 years), a higher vulnerability in the case of younger ones. K, value was direct-
ly proportional to the silt and clay content and pH,, . Reciprocally proportional relationship was found with C_ con-
tent and A, /A, ratio as an indicator of organic maiter quality. The use of quadratic form of regression cquanons gave
the best results. It was statistically proved that the mechanism based on the breakdown by the air entrapped in the
aggregates was responsible for the aggregate destruction in the case of fast wetting. Amendments of composted paper-
mill wastes to the mineral dumpsite earth lead to a decrease of vulnerability by the above-mentioned mechanism and by
swelling and shrinkage. An influence of organic matter to the mechanical desaggregation was low.

Keywords: soil aggregates; vulnerability of soil structure; breakdown mechanisms; anthrosols

ABSTRAKT: Byl sledovén strukturni stav epipedonii vysypkovych antrozemi na trvalych plochach Dolu Bilina za pouZi-
ti metodiky, kterou navrhli Le Bissonnais, Le Souder (1995). K vyjadfeni stability struktury jsme zavedli koeficient vulne-
+ rability (K)), ktery vyjadfuje miru zmen3eni velikosti agregétii ve srovnani s idealnim stfednim vaZenym primérem vychoziho
vzorku. Byla konstatovdna men3i zranitelnost agregéti u antrozemi starSich (kolem 30 let), v&t3f u mladSich. K, byl pfimo
Gmérny mnoZstvi prachu a jilu, stejny vztah byl u pH,, , nepfimo 4mérny u Cw a 0, Nejtésn&jsi prab&h regresnich funkcf
2

odpovidal kvadratickym rovnicim. Statisticky vyznamné se na destrukci agregati podilel mechanismus zaloZeny na jejich
roztrzeni vzduchem uvéznénym uvnitf pfi nahlé zatopg. Umé&lé dodani kompostu z papirenskych kali k minerdlnim vy-
sypkovym zemindm vedlo ke sniZen{ zranitelnosti u pravé zmin€ného mechanismu a u destrukce vyvolané objemovymi zmé-
nami. U mechanické desagregace byl vliv organické hmoty minimalni.

Kli¢ova slova: pudni agregaty; zranitelnost struktury; destrukéni mechanismy; antrozemé

INTRODUCTION

The state of soil structure influences directly or indi-
rectly all soil properties. An influence on soil erosion,
compaction, crusting and infiltration are often reported
(e.g. Amezketa et al., 1996; Le Bissonnais, Arrouays,
1997; Becher, 1998). Recently, an attention has been
aimed at an evaluation of the soil structure quality as
affected by different soil cultivation (Angers, 1998; Yang,
Wander, 1998), and to organic matter distribution in soil
aggregates (Angers, Chenu, 1997). Consequently, it is
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related to general problems of soil fertility and to the dis-
cussed sustainability of agricultural development.
Crucial for aggregate quality is its resistance to degra-
dation by factors acting in given conditions. The struc-
tural stability is dependent most of all on soil texture
(predominantly on clay content and its mineralogical
composition), soil organic matter (it functions as a bond-
ing agent among mineral particles), vegetation (structure
stabilisation by fungi and plant roots), and soil microor-
ganisms (their excretions influence physical and chemi-
cal processes). Of other factors, the influence of cations
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and soil sesquioxides should be mentioned (they affect
the state of colloidal systems).

For forming stable aggregates, creation of strong
bonds among soil particles should be supported, which
is in our conditions dependent mainly on soil organic
matter and fine textural elements (silt, clay). Duchaufour
(1991) suggests for temperate zone a “humus threshold”
around 2% of organic matter. This author reports that in
an environment rich in clays and with low humus con-
tent, unstable sharp-edged structural elements are formed
only by volume changes. Organic matter (depending on
its quality) makes the soil mineral particles hydrophobe
which slows down wetting and consequently decreases
aggregate destruction. The influence of clay and silt was
studied on artificial aggregates by Attou et al. (1998).
Their findings were the same as we can usually see in
natural soils: the principal mechanism of destruction was
a breakdown during wetting and the stability of structur-
al elements increased with multiplying bonds in clay and
silt. The nature of destructive mechanisms is determined
by initial soil moisture and the way of wetting.

These factors are important especially in the case of
anthrosols formed on reclaimed dumpsites, where it is
necessary to create favourable environment for plant
growth and development as soon as possible. It usually
means simulation of soil classification units developed
naturally in the area. Soil structure is mostly studied in
the natural soils, not in the anthrosols. Only few works
studying artificially formed aggregates have been pub-
lished (e.g. Attou et al., 1998).

The aim of this study was to evaluate soil structure
stability in the anthrosols of the permanent areas of the
dumpsites reclaimed by Doly Bilina Company, using
method proposed by Le Bissonnais, Le Souder (1995).

1. Characteristics of the analyzed earths

This method was exploited also for an evaluation of the
role of composted material used for reclamation.

MATERIAL AND METHODS

Samples from the surface layer (0 to 15 cm) of epipedons
of reclaimed dumpsite anthrosols were analysed. They
were collected on ten localities with different management,
vegetation and different time after reclamation:

1. K¥inec, forest reclamation, deciduous forest, 33 years
old

2. Vétrak, forest reclamation, deciduous forest, 38 years
old

3. Pokrok, reclamation by covering the surface with
a 60-cm layer of loess-like material, young trees,
5 years old

4. Pokrok, reclamation by covering the surface with
a 60-cm layer of loess-like material, grass, 5 years old

5. Radovesice 111, 30-cm layer of marl and 30-cm layer of
natural topsoil, ploughed twice to the depth of 60 cm,
young trees, 6 years old

6. Futik, raw earth without any overlay, forest reclama-
tion, larch forest, 23 years old

7. Bratiany, reclamation by covering the surface with
a 60-cm layer of loess-like material, grass, 5 years old

8. Radovesice I, 20-cm layer of marl and 20-cm layer of
natural topsoil, grass, 6 years old

9. Fugik, raw earth without any overlay, forest reclama-
tion, deciduous forest, 23 years old

10. Radovesice I, two 30-cm layers of marl, ploughing to

the depth of 60 cm, young trees, 6 years old

In pot experiments three texturally different earths form-
ing main part of the inlying dumpsite were tested (A con-

i ocailly Content of fractions (%) pHH,o Cii Rl
<0.01 mm <0.001 mm 0.01-0.001 mm (%)
1. 356 22.0 134 7.4 1.30 5.64
2. 41.0 16.8 242 56 1.86 5.48
3, 482 305 177 83 0.61 4.94
4, 4938 295 203 8.0 027 5.17
5. 52.0 282 238 8.4 0.62 483
6. 59.0 293 297 72 112 5.04
7. 64.4 374 27.0 83 030 5.16
8. 712 45.0 262 8.1 2.26 3.86
9. 732 371 36.1 8.1 0.82 532
10, 88.0 382 4938 84 0.44 438
A 90.5 54.0 365 8.1 = =
B 65.1 31.0 34.1 3.1 - =
c 5.8 25 33 83 - =

N —

A - dumpsite earth (clay), B — dumpsite earth (clay loam), C — dumpsite earth (sand)
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. Kfinec, deciduous forest, 2. Vétrak, deciduous forest, 3. Pokrok, young trees, 4. Pokrok, grass, 5. Radovesice III, young trees,
. Futik, larch forest, 7. Bradany, grass, 8. Radovesice II, grass, 9. Fudik, deciduous forest, 10. Radovesice I, young trees




tained 90% of particles <0.01 mm, B—65.1%, C—5.8%).
Eight-litre pots were filled with earth containing increas-
ing amount of composted paper-mill wastes, seeded with
red fescue (Festuca rubra) and left outdoor for the whole
time of experiment (six months).

Selected characteristics of all the earths under study
are given in Tab. I. Textural composition was determined
areometrically, pH, , was measured in water free of CO,,
organic carbon was determined oxidimetrically using
K,Cr,0,. Humus quality was described by the ratio of
absorbances 0f 0.05 M Na, P,0, extract of soil (1 : 20 w/v)
at wavelengths 400 and 600 nm, respectively (A,,/A,)-

Different methods can be used for aggregate stability
determination. They use dry or wet sieving, simulated
rain, ultrasound, penetrometry etc., with different degree
and procedure of previous wetting. An overview of these
methods, going back to 1936, was published by Le Bis-
sonnais, Le Souder (1995) and Le Bissonnais (1996).
These authors specified four principal mechanisms caus-
ing aggregate destruction:

a) breakdown by air entrapped in the aggregates during
fast wetting

b) breakdown by differential swelling and shrinkage du-
ring wetting and drying

¢) physico-chemical dispersion after diminishing the in-
ternal attractive forces among colloidal particles during
wetting (influenced by monovalent cations, especially
Na*)

d) mechanical breakdown by raindrop impact
Mechanism c) takes place only under specific condi-

tions.

The principle of the analysis proposed by the above-
mentioned authors, which is there presented in detail, en-
ables to distinguish the individual mechanisms and
separate clearly the phases of the desaggregation itself
from the phases of the measurement of the desaggrega-
tion results. An important role is played by ethanol ex-
ploitation, which enables to control the desaggregation
and avoid re-aggregation during wetting. This procedure
was used in our study. Its usefulness was proved also
under conditions of higher soluble salts content (Saidi
etal., 1999).

Aggregates 2 to 5 mm in diameter were separated from
the samples and subjected to three different tests for
evaluation of the effect of the above-mentioned mecha-
nisms:

—test 1 enables an assessment of aggregate resistance to
rapid wetting — mechanism a)

— test 2 enables an assessment of aggregate resistance to
desaggregation caused by progressive wetting and
drying — mechanisms b) and c¢)

— test 3 enables an assessment of aggregate resistance to
mechanical influences on attractive forces among tex-
tural elements — mechanism d)

Aggregate stability and vulnerability can be assessed
by different criteria. For example mean weight diameter
(MWD) during desaggregation, an area delimited by cu-
mulative curve and x and y axes, aggregate porosity, per-
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II. Aggregate stability on the permanent areas

Vulnerability coefficient and the share on destruction
Locality (%)

test 1 test 2 test 3 average
1 2.3 (42.6) 1.4(25.9) 1.7 (31.5) 1.8
2 1.6 (39.0) 1.2(29.3) 1.3(31.7) 1.4
3 3.1(44.3) 1.8 (25.7) 2.1(30.0) 23
4 3.2 (46.4) 1.9 (27.5) 1.8 (26.1) 23
5 5.3(50.0) 3.0(28.3) 23(21.7) 35
6 2.1(40.4) 1.4 (26.9) 1.7 (32.7) 1.7
7 7.0 (56.9) 2.4 (19.5) 2.9(23.6) 4.1
8 2.8 (424) 2.0(30.3) 1.8 (27.3) 22
9 6.5 (65.7) 1.7 (17.2) 1.7 (17.2) 33
10 10.0 (72.5) 2.3 (16.7) 1.5 (10.9) 4.6
Average 4.4 (50.0) 19 19 27
Mollisol 1.4 1.1 1.2 1.2

test 1 — breakdown by air during fast wetting

test 2 — breakdown by differential swelling and shrinkage
test 3 — mechanical desaggregation

centage of microaggregates, etc., can be used. We intro-
duced the value of vulnerability coefficient (K)). Its cal-
culation is based on weighted average and it determines
how many times the aggregate size is decreased in
comparison to stable aggregates. Optimal value equals
1.0, increasing values indicate higher vulnerability.
K, values can easily be recalculated to MWD, in our case
MWD =3.5/K . A value similar to the vulnerability coef-
ficient is the index of instability (Saidi et al., 1999).

All data were statistically treated (Brabenec, 1979).
Regression and correlation analyses were used to analy-
se relationships between quantitative variables; analy-
sis of variance was used to determine the effect of
a qualitative variable on a quantitative one.

RESULTS AND DISCUSSION

Tab. II shows vulnerability coefficients (K) charac-
terising the resistance of aggregates from epipedons of
permanent dumpsite areas. Aggregate analysis of a Mol-
lisol is given for comparison. Analysis of variance
(Tab. III) verifies that the highest risk for aggregates
comes from fast wetting [test 1, mechanism a)], where the
vulnerability coefficient reaches the highest values. This

1L

Analysis of variance

Difference F-ratio t-test
Test 1-2 247 2.70°
Test 1-3 359 274
Test2-3 14 0.04
* significant at o = 0.05
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IV. Regression functions

Soil characteristic

Regression equation, determination coefficient

(independent variable) test 1 test 2 test 3
Sendiion G ® y=0.0023x% - 0.1563x + 4.9895 y=0.256"4% y=-0.001x*+0.1191x - 1.5368
raction < 0.01 mm
i quadratic 0.6482" power 0.2378 quadratic 0.3084"
. y=0.0375x" ™ y=0.253x"%1° y=-0.0024x + 0.1632x — 0.7607
Fraction < 0.001 mm (%) . . : .
power 0.4211 power 0.3583 quadratic 0.2562

Fraction 0.001-0.01 mm

y =0.0044x* - 0.0763x + 2.8003

y=0.9239,'%

y=-0.001x*+0.0516x + 1.2795

(%) quadratic 0.6452" power 0.0755 quadratic 0.1245
oH y = 0.0698¢% 1 y=0.3367x" - 4.2971x + 14.731 y =0.5134¢"16%=
e exponential 0.5516 quadratic 0.7252" exponential 0.3995"
y = 6.4723¢ 0518 y=0.5996x> - 1.8558x + 2.8942 y=0.3458x* - 1.1704x + 2.5438
CoiH) exponential 0.4187" quadratic 0.4058° quadratic 0.3157"
y ==-3.7046x* + 33.739x - 70.816 y=0.8613x*+7.701x - 14.862 y=-0.5907x + 5.583x — 11.125
Kailhen quadratic 0.2435 quadratic 0.4378" quadratic 0.1515

** close relationship
* medium relationship

mechanism differs significantly from the other two that
resemble each other. It is confirmed also by the share of
the individual mechanisms on aggregate destruction
(Tab. II). The aggregates of the anthrosols under study
do not attain in any case the level of stability found in
Mollisol.

The best structural state was found in samples from the
localities with the oldest reclamation (Vétrak, Kfinec,
Fucik), while the aggregates from newer localities were
usually the most labile (Radovesice I and 111, Braiiany).
Similarly, an increasing aggregate stability with longer time
of permanent pasture was shown by Haynes (2000). This
trend in our results can be explained by increasing con-
tent of organic matter in the anthrosols under study and
by building stronger bonds with mineral particles. At the
same time, organic matter in the formed more stable aggre-
gates is protected from mineralisation (there is a slow turn-
over), which was confirmed by a number of authors
(Angers, Chenu, 1997; Aoyama et al., 1999, and others).

Tab. IV summarizes the dependence of the structure
vulnerability on selected soil properties. The parameters
of the relationship between the independent variables
(content of particles with diameter <0.001 mm, <0.01 mm,
0.001-0.01 mm, pHHZO, Cm, and A, /A, respectively)
and vulnerability coéfficient as the dependent variable
were analyzed. The latter characterize basic mechanisms
of aggregate destruction and represent the correspond-
ing tests. Tab. IV shows the best-fitted regression mod-
els from the five tested (linear, logarithmic, quadratic,
power, and exponential) and their determination coeffi-
cients. Quadratic function was used most often (61%
cases), with the curve reduced to one half of parabola,
power function, where the rate of augmentation continu-
ally decreases, was used less often (22%). Exponential
function, with an accelerated increase of the dependent
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variable, was used only in 17% of cases. The phenomena
described are rather complicated, influenced by more fac-
tors, what is confirmed by relatively low measure of de-
pendence expressed by correlation coefficients (7).
Derived determination coefficient (#°.100), which express-
es the share of studied factor on the explanation of the
vulnerability coefficient changes, only rarely exceeds the
value of 64% delimiting strong relationship (Brabenec,
1979).

Data in Tab. IV also show that increasing content of
textural fractions important for structure building is neg-
atively correlated with structure stability. An opposite
phenomenon was reported by Angers (1998), however,
that was in soils with long-lasting pedogenesis and with
clayic epipedons saturated with organic matter. Our find-
ing is most probably caused by the organic matter, which
is deficient in the anthrosols under study and the bonds
in pure clay and silt are not strong enough. Saturation of
the primary particles (clay, silt) by humic substances
leads to the formation of microaggregates, as it was re-
ported by Angers (1998), while microbial polysaccharides
take effect during their subsequent associating to mac-
roaggregates. When the bonding agent (microbial organ-
ic matter) is missing, the aggregates formed are very
vulnerable and are easily broken down to the microag-
gregates, especially during a sudden wetting.

Organic matter (Cm) shows in all cases (test 1,2, and 3)
a positive effect, the vulnerability coefficient increases
with its augmentation. In the case of humus quality, as-
sessed by the A, /A ratio in alkaline extracts of humic
substances, the closeness of the relationship is lower. The
parabolic shape of the curve indicates that on the reclaimed
areas the less condensed and polymerized humic sub-
stances with higher amount of functional groups are more
efficient in formation of more stable aggregates.
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Soil pH was in most cases in the range of slightly alka-
line to alkaline. At higher pH,,  values the vulnerability
coefficient increased. This trend corresponds to the be-
haviour of acidoids prevailing in soil, which peptize at
abundance of OH- ions facilitating thus soil structure
destruction.

The influence of organic matter added in the form of
composted paper-mill wastes, produced by Doly Bilina
Company, was studied in a pot experiment with increasing
amounts ome: 0,1.33,2.65,3.98,5.30,and 7.10 g.kg™! soil,
respectively. The relationship of the vulnerability coeffi-
cient as the indicator of structure stability with organic
carbon content in soil is given in Fig. 1, the parameters of
. linear regression functions in Tab. V. This experiment
tested the effect of this kind of compost on physical prop-
erties of three types of dumpsite soil.

Added compost in most cases showed a decrease of
aggregate vulnerability. Its influence was more important
in dumpsite materials with higher content of fine parti-

V. Parameters of the linear relationship X, = f (C_) — pot experiment

B | Tet | B | G | Peoron
1 -0.5734 —0.8355 0.6981"
A 2 —0.4267 —0.8355 0.6982"
3 —0.1242 -0.6533 0.4268°
1 ~1.0946 —0.9352 0.8745"
B 2 -0.6335 -0.9235 0.8528"
3 0.0240 0.2370 0.0562
1 ~0.1695 -0.6339 0.4018"
C 2 02753 —0.7886 0.6218°
3 -0.1305 —0.7654 0.5858"

** close relationship
* medium relationship
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1. The effect of organic carbon on aggregate vulnerability

Earth: A = clay, B = clay loam, C = sand

cles (earths A and B), while in sandy earth (C) this effect
was less evident, as it is indicated by the regression co-
efficients. In earths A and B there is also best apparent
an enhanced resistance to the breakdown by air en-
trapped in the aggregates during fast wetting (test 1),
obvious is also better resistance to the breakdown by
differential swelling and shrinkage (test 2). An effect on
mechanical breakdown (test 3) is negligible. In the earth C,
where smaller surface is available for mutual binding of
particles, the resistance to all the three tested mecha-
nisms is similar, the differences were not statistically sig-
nificant.
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- stopové kovy; fotosyntetické pigmenty; semenacky;

hoiCice bila ...

Invertiza

- antropogenn{ pidy; biologické aktivita ... 55
In vitro
- digitonin; testace; fungicidni vlastnosti; pfirodni latky;
STOVRANT S PESHICIAY: cursomesnsssorvisswsmsnipsusessrsnssssasyrssparnsssiomsensonss ...343
- Rhododendron; kvétni pupeny; schopnost propagace ......281
- semena plevell; Zivotaschopnost; bachorova tekutina;
pepsin; chlévsky hnij 515
Jalovice
- kontinualni pastva; travni porosty; charakteristiky
porostu 107
Jetmen
— dvoufady ozimy j.; nalévan{ zrna; vynos; korelace ............... 81

— jarni je¢men
—-N__ v pudé; tepny chrast; zaoravka; vliv na obsah N_ ..443

min n

— produkéni potenciél; rdstovy model; zména klimatu;

citlivostni analyza 423
- vynos; piidni typ; zpracovani pidy; hnojeni; interakce;
péstitelské faktory; vliv 297

- odriidy; zimovzdornost, mrazuvzdornost; letdlni teplota;
obsah vody; osmoticky potencial; kyselina abscisové......... 193
- sladovnicky jedmen (Hordeum vulgare L.)
— obilky; dormance; poskliziiové dozravani; odridy;

pové&trnostni podminKy ..o 261
— 8krobova zrna; distribuce velikosti; metoda LALLS ..
Jeteloviny
— zavadani; sueni; rychlost desikace; odridy .........cococvvernenee 209
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Jilek vytrvaly (Lolium perenne L.)
~zvySena koncentrace CO,; zvy3ena teplota; hnojeni N;
rhizosféra; C a N latky; mikrobidlni a enzymova aktivita;

potty bakterif ..........ccone . 397
Kadmium
- distirenské kaly; aplikace; $penat; oves; kukufice;

ptistupnost rostlindm; rizné typy pid.......cccooeviiiiinienns 555
— ptijem Cd; o3etfené Cistirenské kaly; vapenec; bentonit;

aplikace kall; OVes: . iiaimmidaimmmeamranimenuem 273
—sorpce Cd v pidach; bentonit; &istirenské kaly; aerobni

a anaerobni podminky; extrakéni Cinidla ... 1
— t&Zké kovy; plidni parametry; korelace a regrese;

sekvenOni analyza; SR iimivmimimniiaisiainiiinnme 289
Kambizem
— pufrujici aktivita; kyselinovy stres; VIiv ..o 133

Kapkovéd zdvlaha

— doplitkové zdvlaha; rané brambory; saci tlak pidni vody,
Granular Matrix Sensor; uginnost zavlahové vody..............

- zavlaZzovani chmele; vyuZiti; vynos chmele; aginnost

ZAvIahOVE VOAY ..o 457
Karotenoidy
~ antioxidanty; brambory; hlizy; lidska vyZiva ...........c..... 231
Karvon
- kminova silice; inhibice klf¢eni; brambory ......................... 501
Karwinskia humboldtiana
- peroxizomicin A ; vegetativni orgény; stanoveni; HPLC ..477
Karwinskia parvifolia
— peroxizomicin A ; vegetativni orgény; stanoveni; HPLC ..477

Kataliza
— antropogenni pidy; biologicka aktivita ...
Klieni
— inhibice kli¢eni; brambory; karvon; kminova silice;

S A OV A Z ALY s s e e TR A R AR 501
— poskliziiové dozravani; obilky; sladovnicky je¢men;

OAIBAY icvivisimimtmiaimg s 261
Kminovd silice
— karvon; brambory; inhibice kli¢eni; zptsob aplikace .......... 501
Kombina&ni schopnost
— chemické znaky; tabak; typ burley ... 219
Komposty
— tistirenské kaly; sorpce Zn; piida; vliv komposti.................. 97
Krevni hydrolyzdt Synergin
— chmelova hlavka; vynos a jakost; vliv Synerginu............ 367
Kukufice
— Cistirenské kaly; aplikace; Cd; Ni; pfistupnost rostlinam;
rizné typy pud 9D
- kukufice na zrno; vynos; zpracovani pidy; pfedplodina;
jizni Morava; vliv zpracovani pidy .......cceoeveurccercrcennnees 113
Kvétenstvi
— pohanka seté4; odridy; genotyp; agrotechnika; vliv ........... 225
Kvétni pupeny
— rododendron; schopnost propagace; in Vitro ................... 281
Kvéty
— pohanka setd; odridy; polet kvétd; genotyp;
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Kyselina abscisovd
— dormance; poskliziiové dozravani; obilky; sladovnicky
jetmen; odridy ..o 261
— zimovzdornost; mrazuvzdornost; je¢men; odridy ............... 193
Kyselina askorbové
- antioxidanty; brambory; hlizy; lidska vyZiva.............. 231
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- pufrujfci aktivita; kambizem; podzol; nadobovy vegetaéni
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- hlizy; stolni hodnota; ekologické p&stovani; vliv ........... 487
— mechanické podkozeni; kyvadlovy index; citlivost
k poskozeni; rizné oblasti CR
—rané b.; hlizy; dusi¢nany; vliv odrid
- cukrovka
—vynos bulev; digesce; vynos polarizagniho cukru; vliv

OPB s sssiasss s A RS RSN IR SO RS 371
- jetmen
— sladovnicky j.; obilky; dormance; poskliziiové
dozravéni.......... 261
- zimovzdornost; mrazuvzdornost; ukazatele ...................... 193
- lesknice kanarska
- odridy svétového sortimentu; vynosy — zelena hmota,
seno, LT T L R a—— 471

- picniny
— zavadéni; sueni; rychlost desikace; odridové rozdily ...... 209
- pohanka seta
— vynos; vynosové prvky; genotyp; agrotechnika .............. 225
— pienice
— 0zima p3enice
— abiotické stresy; netto energie; obilky....
— evropské krajové a staré odriidy; vynosova stabilita;
reakce na prostfedi 153
— listy; SPAD; obsah N; hnojeni; vliv . i
— mrazuvzdornost; predikce; glladmové markery
— odolnost odriid; padli travni; fungicidy ..........
—vynos zrna; potravinafské jakost; vliv odridy .
— zasobni bilkoviny; SE-HPCL analyza; potravinafs:

jakost; predikce 213
— pSenice 3palda; ozimé formy odrid; vysokomolekularni
gluteninové podjednotky; relativni zastoupeni.................. 255

Okrasné rostliny

— transgenoze; Agrobacterium; chalkosyntéza; antokyany ..284

Olovo

- t€Zké kovy; pudni parametry; korelace a regrese; sekvenéni
analyza; SR 289

Osevni sled

— zpracovani piidy; kukufice na zrno; ozimé p3enice; vynosy;

jizni Morava ... 113
Osmoticky potenciil
- zimovzdornost; mrazuvzdornost; je¢men; odridy ............ 193
Oves

- Cistirenské kaly; aplikace; Cd; Ni; pFistupnost rostlinam;

HIZRE WPV POiaisissninansisammimisasiis e 555
- pfijem Cd a Zn; o3etfené Cistirenské kaly; vapenec,
bentonit; aplikace 273

Oxid uhlitity
- puda; eluce Ca; parcidlni tlak CO,; zAVislOSt.........ccovvvvicniiinncne 37
- zvySena koncentrace CO,; rhizosféra; jilek vytrvaly; vliv 397

Padli travni

— Blumeria graminis f. sp. hordei, rezistence k fungicidiim;
propiconazol; fenpropimorph; CR ........cccoovvvevvrensveionrrrienen, 311

— Blumeria graminis f. sp. tritici; oziméa p3enice; odriidy;
odolnost; fungicidy; modely pro integrovanou ochranu......303

Pastva

- kontinudlni p.; travni porosty; charakteristiky porostu;
jalovice....... 107

Pedotransferové funkce
- pudy; pesticidy; adsorpce atrazinu; aplikace GIS o pudg; CR 69

Pepsin
- plevele; semena; Zivotaschopnost semen; in vitro .............. 515

Peroxizomicin A,
- vegetativni orgény; Karwinskia humboldtiana; Karwinskia

parvifolia; stanoveni; HPLC 477
Pesticidy
- pedotransferové funkce; aplikace GIS o pudg; adsorpce
BIAZIDN CR i s R 69
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- ucinné latky; primiphos-methyl; flutriafol; propiconazol;
carbendazim; testace pesticidil ..........cococoveiieiiiiiniiiiinnne, 343

Péstitelskd opatieni
- ozimé p8enice; vynos zrna, potravinafska jakost; vliv....... 159

—jarnf jeSmen; vynos zrna; VIV ... 297
pH
— antropogenni pldy; biologicka aktivita ............ocoecerererennnene. 55

— Cistirenské kaly; puda; Zn; vapnéni; bentonit; komposty ....97

- nitrifikace v pidg; kontroln{ a reguladni faktory 385
Picniny
— travy; jeteloviny; zavadani; suleni; rychlost desikace;
OUEAY - v enicse st i ssetts e panstn et sas s sasagpas AL AR SRS 209
Podzemni vody
- kvalita; staré zatéZe, chlorované a ropné uhlovodiky;
LEZKE KOVY; VIIV oo 119
Podzol
- pufrujici aktivita; kyselinovy stres; vIiv ... 133
Pohanka setd (Fagopyrum vulgare L.)
- cytokininy; piidni mikroorganismy; vynos pohanky;
reakce mikroorganismi 527
- odriidy; vynos; kvétenstvi; podet kvetli; pocet semen,
hmotnost tisice semen; genotyp; agrotechnika; vliv ........... 225
Polyfenoly
— antioxidanty; brambory; hlizy; lidska vyZiva................. 231
Polychlorované bifenyly (PCB)
- zem&délské pudy; znedisténi 349
Polychlorované dibenzo-p-dioxiny (PCDD)
— zemédelské pudy; znedidténi 349

Poskliziiové dozrdvani
- obilky; sladovnicky je¢men; odridy; kli¢eni; povétrnostni
podminky; kyselina abscisova 261

Potencidlni zapleveleni

— systémy hospodateni; ekologické; integrované,
obdélavani pady

Potravindfskd jakost

- 0zima p3enice; odriida
=pistitelske opattenE VIV ovmemssnareninpmmm s 159
— predikce p. j.; SE-HPLC analyza; zasobni bilkoviny;

prolaminy; endosperm; zrmo .......cccovevieeinn 213
Povétrnostni podminky
— cukrovka; vynos bulev; digesce; vynos polariza¢niho
UK WY i v R s o S G T S s R R 371
Produké&ni potencidl
— jarni je¢men; zm&na potencidlu; ristovy model
CERESEBATIY: . ccvorssiissmassnsassstssmmssransssirsssasspsesssiamssmsnssosorarsiionss 423
Prolaminy
— laskavec; semeno; bilkovinné frakce .........ccooociiviriiniiennen 331
— zasobni bilkoviny; SE-HPLC analyza; potravinafska
jakost; predikce; ozima p3enice; odridy ..........cccoovviieiiinnan 213
Propiconazol
— padli travni (Blumeria graminis f. sp. tritici a f. sp. hordei);
rezistence k fungicidam; CR 311
Pfedplodina
— 0zima p3enice; rist; vynos zrna; VIiv p. .o, 451
— zpracovani piidy; kukufice na zrno; ozima p3enice; vynos;
vliv zpracovéni pidy; jiZni MOrava ...........coccooveivrvcniiennnns 113
Piedsetové ofetfeni pidy
— herbicid linuron; &irok; pidni mykofléra; reakce................. 417
Prisev

— travni porosty; kontinualni pastva; jalovice;
charakteristiky porostu....
Pienice
—ozim4 p3enice (Triticum aestivum L.)
— abiotické stresy; odriidy; netto energie; zrno; vliv stresi.549
— evropské krajové a staré odriidy; produktivita; vynosova
stabilita; reakce na prostfedi 153
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SUBJECT INDEX

Abiotic stresses
- net energy; grain; winter wheat; varieties; effect of

stresses ... 549
Abscisic acid
- dormancy; post-harvest maturation; caryopses; malt

barley; varieties 261

— winter-hardiness; freezing tolerance; barley; varieties ........ 193

Acid stress

- buffer activity; Cambisol; Podzol; pot vegetable
eXperinieilusanicamimivainms s s R 133

Aeration status
— changes of acration status; nitrification activity in soil .....385

Agrobacterium
-tr osis; or al plants 284
Air temperature
- betaine; sugar beet; vegetation period; dependence
of betaine content ... 77
- legumes; seeds; equilibrium moisture content; effect of
temperature ......... ..379
- rhizosphere; perennial ryegrass; elevated temperature;
effect AR 397
Albumins
— amaranth; seed; protein fractions .............coocovveviveieieniinns 331
Alpha-chaconine
- potatoes; Czech varieties; foreign varieties; raw unpeeled
and peeled tubers; mechanical damage of tubers 481

Alpha-lipoic acid
- antioxidants; potato tuber; human nutrition

Alpha-solanine
- potatoes; Czech varieties; foreign varieties; raw unpeeled
and peeled tubers; hanical damage of tubers

481

Aluminium
- biological activity of soil; mountain and submontane areas;

South-east Sumava; CR
— buffer activity; Cambisol; Podzol; acid stress.

Amaranth (Amaranthus sp.)
- seed, protein fractions; albumins; globulins; prolamins;

BIULRLING wvssiusinsmmismimmira s SRR e asea 331
Amino acids
— tobacco seeds; Bulgarian SPECIEs..........cccooververiieirererieninens 429

Anthropogenic soils

- biological activity; enzymatic activity; undisturbed soil;
recultivated soil; soil respiration 5§

- soil aggregates; vulnerability of soil structure; breakdown
mechanisms; reclaimed dumpsites....

Antioxidants
- polyphenols; ascorbic acid; carotenoids; tocopherols;
alpha-lipoic acid; Se; potato tubers .............ccoooceemurevercrienne 231
Arbuscural mycorrhizal fungi
— inoculation; horticulture substrates; balcony plants;
growth; effect.

Arsenic
- rhizobia; occurrence; symbiosis; pea; effect of Ni and As ....63

127

Ascorbic acid

- antioxidants; potato tuber; human nutrition ...........cccooeeeeee 231
Atrazine
~ pesticides; atrazine adsorption; application of soil GIS;

CR 69
Auxin

- dormancy; post-harvest maturation; caryopses; malt barley;
VARNCEIES coscvimovsinsssn b S B e 261

ROSTLINNA VYROBA., 46, 2000 (12)

Balcony plants
~— arbuscular mycorrhizal fungi; Trichoderma harzianum;

e R G T L I———— 127
Barley
— malting barley (Hordeum vulgare L.)
— caryopses; dormancy; post-harvest maturation;
varieties; weather conditions ... ..261

- starch granules; size distribution; LALLS method .. -...433
— spring barley
—content N,

min

in soil; beet tops; ploughing; effect

on N in SOl s 443
— production potential; crop model; climate change;
SEOBItIVILY: AMBIYSIS .ot o TR 423

- yield; soil type; soil cultivation; fertilization;

interactions; growing factors; cffect

— two-rowed winter b.; grain filling; yield; correlation
- varieties; winter-hardiness; freezing tolerance; lethal

temperature; water content; osmotic potential; abscisis acid 193

Beet tops
— ploughing; N_ in soil; spring barley; effect of ploughing

on mineral! N s e 443
Bentonite
- b. addition
- sewage sludge
— Cd and Zn uptake; oat; effect of application . 273

— incubation; Cd sorption; soil; effect of addition R |

— Zn sorption; soil; effect of addition w97

BET (Brunauer-Emmet-Teller) model

- seed; legume; monolayer moisture content; temperature ...379

Betaine

- sugar beet; rainfall, air temperature; vegetation period;
dependence of betaine CONtENt ..........ccoovevivevieeiiicrenieiiineins 77

Biochemical methods
- soil pollution; toxic trace clements; assessment of

POIGEION s onceiissss s i R A 405
Biomass
- biomass quality; canary grass; vVarieties ...............cccouvecenens 471
— production of biomass; unharvested grasslands;

management 269
- soil microbial biomass; soil contamination; heavy metals.... 87
Bisabolol
— essential oil; chamomile; effect of Se..........coccooovvviiiiiinnn 123

Bisabolol oxide
— essential oil; chamomile; effect of Se..

Blood hydrolysate Synergin

— hop cone; yield and quality; effect of Synergin.................... 367
Botanical composition

— semi-natural grassland; cutting frequency; effect; Slovenia 325
Bread-making quality

— winter wheat; variety

— cultural practices; effect .159
- prediction of b. q.; SE-HPLC analysis; storage proteins;
prolamins; endosperm; grain ... 213

Breakdown mechanism

— anthrosols; soil aggregates; vulnerability of soil structure;
reclaimed Jumpsitesy . iisnarmsdismuaiissimminiss 563

Buckwheat (Fagopyrum vulgare L.)

— cytokinines; soil microorganisms; buckwheat yield; response

of microorganisms...... T 527
— varieties; yield; inflorescence; number of flowers; number
of seeds; thousand grain weight; genotype; agronomical
practices; effect ..... 225
XV
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- soil microorganisms; buckwheat plants; response to
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Czech Republic (CR)
— mountain production type; systems of fertilization; field
crops; yields; yield stability ....
— oilseed rape; turnip rape; history of cultivation .
— potatoes; tubers; variety; mechanical damage;
susceptibility to damage; different regions; CR ...
— potatoes; varieties; alpha-chaconine; alpha-solanine;
National Book of Varieties ... 481
— powdery mildew (Blumeria graminis f. sp. tritici and
f. sp. hordei); fungicide resistance; propiconazole;

fenpropimorph 311
- Soil Informatics; GIS; application; atrazine adsorption ........ 69
— soils; mountain and submontane ares; South-east Sumava

— characteristics of soils; soil fertility; soil reaction............533

— Fe; Al; biological activity of soils; respiration .
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response to cytokinines e 527
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— agricultural lands; contamination ... 349
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sowing spacing; effect ...
Digitalis sp.
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quality of Digitalis sp.; bioassay in Vitro....................... 343

Digitonin
— model biologically active saponin; specific quality of
Digitalis sp.; toxicity, bioassays ifn VIiro............e 343

Dormancy
— caryopses; malt barley; varieties; weather conditions;

abscisic acid; phenolic compounds; cytokinines ................... 261
Dry matter
—nodules dry weight; small-grained bean; inoculation;

N fertilization; effect 361
Dynamic models
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year; effect ..... ’ 487
— potatoes; tubers; reducing sugars; effect of cultivation ......... 23
Electrophoresis
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— fractions and subfractions of K; extraction;
montmorillonite
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- grain; winter wheat; varieties; bread-making quality;
prediction; SE-HPLC analysis 213
Enzymatic activity
—elevated CO,; elevated temperature; rhizosphere;
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Equilibrium moisture content
- sced; legume; gravimetric static method; temperature ........ 379
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Farming systems
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— weeds; seeds; viability of seeds; maturing of farmyard
MABUTE? SFFECE i S st 515
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Fenpropimorph
— powdery mildew (Blumeria graminis f. sp. tritici and
f. sp. hordei); fungicide r ; CR — 1 |
Fertilization
— magnesium
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- nitrogen
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of contents; effect of fertilization ... 177
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- small-grained bean; grain yield; protein content;
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nitrification 443
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— growth; grain yield; effect of fertilization
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Fertilizers
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— potassium fertilizers; sulfate p. f.; chloride p. f.;
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Flower buds

— Rhodododendron; in vitro propagation ability ...............c.... 281

Flowers

- buckwheat; varieties; number of flowers; genotype;
agronomical practices; effect .............ccooviiiiiiiiiniiinnnns 225

Fodder crops
— grasses; leguminous plants; wilting; drying; speed
of desiccation; varieties ............ 209

Forecrop
- soil cultivation; grain maize; winter wheat; yield; effect
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Freezing tolerance
- barley; varieties; lethal temperature; water content;
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Mountain production type
— field crops; yields; yield stability; systems of fertilization;
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Net energy
— abiotic stresses; grains; winter wheat; varieties .................... 549
— irrigated and non-irrigated plants; hop .......cccocoviviiiinn 465
Nickel

— rhizobia; occurrence; symbiosis; pea; effect of Ni and As ....63
— sewage sludge; application; spinach; oat; maize; soil

availability; soils of different types............cccvvcivniniiiinnns 555
— trace metals; interaction; photosynthetic pigments;

seedlings; Sinapis alba 337
Nitrates
— potatoes; tubers; nitrates concentration ..............cccoviicinnns 17
Nitrification in soil — terminology and methodology
— autotrophic n.; heterotrophic n.; mineralization; aeration

MNP THIUIOE, s e A 385
Nitrogen
— labile forms of N; soil; incubation test; correlation;

N fertilizers; effect of fertilizers .29
— leaves; winter wheat; N content; different genotypes

and fertilization 237
- N, .. in soil; beet tops; ploughing; spring barley; effect

of ploughing......... 443

Oilseed rape (Brassica napus subsp. napus)
— history of cultivation; CR; SR .. x
— winter oilseed rape; seed yield; oil yield; oil content; CR ...521

Old environmental loads
- groundwaters; soils; quality; effect of old environmental
loads 119

Organic dry matter digestibility
- grassland; N fertilization; renovation of grassland; effect..177

Ornamental plants
— transgenosis; Agrobacterium; chs gene; antisense .

Osmotic potential
- winter-hardiness; freezing tolerance; barley; varieties ........ 193

Oversowing
- grassland; continual grazing; heifer; sward characteristic.... 107

Pasture

— continual grazing; grassland; sward characteristic; heifer....107
Pea

— rhizobia; occurrence; symbiosis; effect of Ni and As ......... 63

Pedotransfer function
- soils; pesticides; atrazine; adsorption; application of soil
GIS; CR.... veee 09

Pendulum index

- potatoes; tubers; variety; hanical damage; ptibility
to damage; different regions; CR .........occoovmviciniciinicccnene 509

Pepsin

— weeds; seeds; viability of seeds; in vitro.........ccccoocoeviicnne. 515

Perennial ryegrass (Lolium perenne L.)
—elevated CO,; elevated temperature; N fertilization;
rhizosphere; C and N compounds; microbial and enzymatic

activities; CFU ........ 397

Peroxisomicine A,
- vegetative organs; Karwinskia humboldtiana;, Karwinskia
parvifolia; determination; HPLC ..o 477

Pesticides

- active ingredients; pirimiphos-methyl; flutriafol;
propiconazole; carbendazim; test of pesticides .................... 343

- pedotransfer function; application of soil GIS; atrazine
adsorption; CR ...

XX

pH

- anthropogenic soils; biological activity
- nitrification in soil; control and regulatory factors
- sewage sludge; soil; Zn; lime; bentonite; composts....
Phenolic compounds

— dormancy; post-harvest maturation; caryopses; malt barley;

VBETCEIES :.uancamsumnsiusmaesssssms dosmmsssiassiss s0osmessossaeanssssse 261
Phosphatase
— anthropogenic soils; biological activity ..........cccocoereiiinnenns 55
— cytokinines; soil microorganisms; buckwheat plants;

response to CytoKinines .......cocoveniicnienns .527
Phospholipids
~tobacco seeds; Bulgarian Species............ocoovvevereeriiniecnnninnns 429
Photosynthetic pigments
- Sinapis alba; seedlings; trace metals; metal combinations;

INEETACION Lottt 337
Plant growth regulators
- blood hydrolysate Synergin; yield and quality of hop;

CEIECE Of SYACTRIN: .o ivasmmmssmimmsmimssiwimsasiiom 367

Ploughing
—beet tops; N in soil; spring barley; effect on mineral N..443

Podzol

— buffer activity; acid stress; effect................... 133
Polychlorinated biphenyls (PCB)

— agricultural lands; contamination ................cccocoveeriiciiennnnn 349
Polychlorinated dibenzo-p-dioxines (PCDD)

— agricultural lands; contamination .............c.ccoocoiiiniiccnnns 349
Polyphenols

— antioxidants; potato tuber; human nutrition ....

Post-harvest maturation
— caryopses; malt barley; varieties; germination; weather

condition; #bsCisIe FACId i s 261
Potassium
— fractions and subfractions of K; extraction; montmorillonite;
electro-ultrafilration ;i wmmainimaemmdsmiamaa. 355

Potassium humate
— sugar beet; root yield; digestion; yield of polarised sugar;

effect of fertilization ... 371
Potatoes
- antioxidants; tubers; human nutrition ...........cccccooeviiiccnns 231

— Czech and foreign varieties; alpha-solanine;
alpha-chaconine; raw unpeeled and peeled tubers;
mechanical damage of tubers; Year..........ccoooevivivcicnnincns 481
— early potatoes
— drip irrigation; microsprinkling; soil water suction;
Granular Matrix Sensor; production efficiency

of irrigation water; irrigation amount .............ccc.cccoovevnins 495
— tubers; nitrate concentration; varieties; N doses;
locality; years........... I 5
- ecological cultivation; cooking quality; tubers; location,
VBT O 5 YOAE «osnsnsrinsasds Ssimessss Sevasossasssssnn o nsh A s e e es Sa BV 487

- mechanical damage; pendulum index; locality; variety;

season; susceptibility to damage; different regions; CR ....... 509
- sprouting inhibition; carvone; caraway essential oil;

storage losses; way of application ... 501
- tubers; reducing sugars; conditions of environment;

ecological cultivation; varieties; year of cultivation; effect.23

Powdery mildew
— Blumeria graminis f. sp. hordei; fungicide resistance;

propiconazole; fenpropimorph; CR ..o 311
— Blumeria graminis f. sp. tritici; winter wheat; varieties;
resistance; fungicides; integrated protection models............ 303

Pre-planting soil treatment
- linuron herbicide; sorghum; soil mycoflora; responses ....... 417

Production potential
- spring barley; change of production potential;
CERES-Barley growth model ............ccoooevoiveiivcniiviiecnn. 423
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Zména publikaéniho jazyka
ve védeckych casopisech
Ceské akademie zemé&délskych véd

Na zaklad& doporu¢eni Vydavatelské rady CAZV budou od 1. 1. 2001 v &asopise Rostlinna vyroba
(Plant Production) publikovany vSechny prispévky pouze v anglictiné.

A change of publication language
in Scientific Journals
of the Czech Academy of Agricultural Sciences

As recommended by Board of Publishers of the Czech Academy of Agricultural Sciences all papers in
Rostlinna vyroba (Plant Production) will be published solely in English since 1% January 2001.



POKYNY PRO AUTORY

Casopis uvefejiiuje piivodni védecké price, kritka sd€leni
a vybérove i piehledné referaty, tzn. prace, jejichz podkladem
je studium literatury a které shrnuji nejnovéjsi poznatky v da-
né oblasti. Prace jsou uveiejiiovany v &edtiné, slovenstiné nebo
angli¢ting. Rukopisy musi byt doplnény kratkym a rozsifenym
souhrnem (v&etné klicovych slov).

Autor je plné odpovédny za pivodnost price a za jeji véc-
nou i formélni spravnost. K praci musi byt prilozeno prohla-
Seni autora o tom, Ze prace nebyla publikovina jinde.

O uvefejnéni priace rozhoduje redakéni rada ¢asopisu, a to
se zietelem k lektorskym posudkim, védeckému vyznamu
a pfinosu a kvalité prace.

Rozsah védeckych praci nesmi presahnout 12 strojopisnych
stran v&etné tabulek, obrazki a grafii. V praci je nutné pouzi-
vat jednotky odpovidajici soustavé mérovych jednotek SI
(CSN 01 1300).

Vlastni uprava rukopisu: format A4, 30 fddek na stranku,
60 thozl na Fadku, mezi fadky dvojité mezery. K rukopisu je
tfeba priloZit disketu s praci pofizenou na PC a s grafickou
dokumentaci. Tabulky, grafy a fotografie se dodavaji zvIast,
nepodlepuji se. Na vSechny piflohy musi byt odkazy v textu.

Pokud autor pouZiva v praci zkratek jakéhokoliv druhu, je
nutné, aby byly alespoii jednou vysvétleny (vypsédny), aby se
predeslo omylim. V ndzvu prace a v souhrnu je vhodné zkra-
tek nepouZivat.

Nazev prace (titul) nema piesahnout 85 thozi. Jsou vylou-
ceny podtitulky ¢lanki.

Kratky souhrn (Abstrakt) je informaénim vybérem obsa-
hu a zdvéru ¢lanku, nikoliv v8ak jeho pouhym popisem. Musi
vyjadrit vSechno podstatné, co je obsaZeno ve védecké praci,
a ma obsahovat zdkladni Ciselné udaje vcetné statistickych
hodnot. Musi obsahovat klicova slova. Nema prekrocit rozsah
170 slov. Je tieba, aby byl napsan celymi vétami, nikoliv hes-
lovité. Je uvefejiiovdn a mé&l by byt dodén ve stejném jazyce
jako védecka prace.

Rozsifeny souhrn (Abstract) je uvefejiiovan v angliéting,
mély by v ném byt v rozsahu cca 1-2 strojopisnych stran ko-
mentovény vysledky prace a uvedeny odkazy na tabulky a ob-
razky, popf. na nejdileZit&jsi literdrni citace. Je vhodné jej
(vCetné nazvu price a kli¢ovych slov) dodat v angli¢ting, popf.
v CeStiné ¢i slovensting jako podklad pro preklad do anglictiny.

Uvod ma obsahovat hlavni diivody, pro¢ byla price realizova-
na, a velmi struénou formou mé byt popsén stav studované otazky.

Literarni prehled méd byt kritky, je tieba uvadét pouze
citace majici izky vztah k problému.

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

Vysledky — pfi jejich popisu se k vyjadieni kvantitativnich
hodnot davé pfednost grafim pied tabulkami. V tabulkach je
tfeba shrnout statistické hodnoceni naméfenych hodnot. Tato
Cast by neméla obsahovat teoretické zavéry ani dedukce, ale
pouze faktické nalezy.

Diskuse obsahuje zhodnoceni price, diskutuje se o moz-
nych nedostatcich a prace se konfrontuje s vysledky diive
publikovanymi (poZaduje se citovat jen ty autory, jejichZ price
maji k publikované prici bliz8i vztah). Je piipustné spojeni
v jednu kapitolu spolu s vysledky.

Literatura by méla sestavat hlavné z lektorovanych perio-
dik. Citace se fadi abecedné podle jména prvnich autorii. Od-
kazy na literaturu v textu uvadéji jméno autora a rok vydani.
Do seznamu se zafadi jen prace citované v textu. Na price
v seznamu literatury musi byt odkaz v textu.

Na zvlaStnim listé uvadi autor plné jméno (i spoluautort),
akademické, védecké a pedagogické tituly a podrobnou adresu
pracovisté s PSC, &islo telefonu a faxu, popf. e-mail.

Rukopis nebude redakei piijat k evidenci, nebude-li po
formalni strance odpovidat pokyniim pro autory.

INSTRUCTIONS FOR AUTHORS

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

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

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

The paper extent shall not exceed 12 typescript pages, in-
cluding tables, figures and graphs.

Manuscript layout: quarto, 30 lines per page, 60 strokes
per line, double-spaced typescript. A PC diskette should be
provided with the paper and graphical documentation. Tables,
figures and photos shall be enclosed separately. The text must
contain references to all these annexes.

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

Abstract is an information selection of the subject and con-
clusions 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 basic nume-
rical 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 prob-
lem.

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 statis-
tical analysis of recorded values should be summarized in tables.
This section should not contain either theoretical conclusions or
deductions, but only factual data should be presented 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 section References should preferably contain reviewed
periodicals. 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 publi-
cation. 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.

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, telephone and fax
number or e-mail.

The manuscript will not be accepted to be filed by the
editorial office if its formal layout does not comply with the
instructions for author<
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