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VYNOSOVA ODEZVA ODRUD OZIME PSENICE
NA NIZKE VSTUPY

YIELD RESPONSE OF WINTER WHEAT VARIETIES TO LOW INPUTS

J. Petr, J. Skefik

Czech University of Agriculture, Praha, Czech Republic

ABSTRACT: In five-year varietal trial the set of varieties was studied in conditions of ecological cultivation according to
IFOAM (International Federation of Organic Agriculture Movements) principles and Methodological Instruction for Ecological
Agriculture of Ministry of Agriculture of CR. Trials were a part of national investigation of varieties for the List of Recom-
mended Varieties preparing by the Central Institute for Supervising and Testing in Agriculture, Brno. The trials with wheat
varieties are conducted on many Czech places at various cultivation intensity, fertilization and application of pesticides and
growth regulators. Our trial was conducted without using of fertilizers, herbicides, fungicides, insecticides and growth regu-
lators. Experimental station of the Czech University of Agriculture is in Praha-Uhfinéves in fertile beet-growing region
(production capacity of soil 84 points) with a good reserve of nutrients. Average annual air temperature is 8.3 °C and annual
sum of precipitation is 575 mm. Weather pattern in different years is presented in Tab. 1. Different weather pattern in different
years participated significantly in obtained yields. In 1994 average yield of all varieties amounted to 7.92 tha™, in 1995 7.51 t.ha™
what were markedly higher yields than in the other years. Significantly lowest yield in 1996 was 4.58 t.ha™! likewise in 1998.
Average yields of tested varieties in different years are given in Tabs. II to VI. Sets of identical varieties tested for three, four,
five years were compiled for statistical evaluation. The varieties Bruta, Samanta and Siria seemed to be the most yielding in
these sets. Regarding the good yield, the varieties Astella, Estica and Athlet of new varieties included in the last years in this
system of cultivation were well manifested. It was proved that for cultivation procedures with low inputs or directly for
ecological cultivation it is not necessary to select older varieties or originall regional as it was recommended earlier. On the
contrary, these are mostly very good yielding modern varieties forming the yield rather by productivity of spike than the
number of spikes and high weight of caryopses. They should be also the so-called plastic, i.e. suitable into less favourable
conditions, with very good health condition.

Keywords: wheat; varieties; low inputs; ecological agriculture; yields

ABSTRAKT: V pétiletém odridovém pokusu UKZUZ, vedeném v CR pro Seznam doporu&enych odriid, jsme zkou3eli soubor
odrid v ekologickém zpiisobu péstovéni (bez pouZiti hnojiv a pesticidii). Metodika odridového pokusu, vybér odriid i osivo
byly v kaZdém pokusném roce stejné pro viechna pokusna mista. Pokusy probéhly ve Ctyfech opakovanich. Primérny vynos
souboru odriid byl v roce 1994 7,92 tha™, 1995 7,51 tha™, 1996 4,58 t.ha™', 1997 5,96 tha™' a 1998 5,26 t.ha™'. Rozdily
mezi prumérnymi vynosy zpusobilo po¢asi v druhém pokusném roce. V roce 1996 byl prikazné nejniZ§i vynos oproti ostatnim
ro¢nikim v dusledku nepfizné pocasi, ale téZ opoZdénym setim. Pro vyhodnoceni vSech pokusnych let jsme sestavili soubory
odrad (tfi-, étyi- a pétileté), které pro statistické hodnoceni zahrnovaly stejné odridy. V té€chto souborech se projevily jako
nejvynosnéjsi odridy Bruta, Samanta a Siria. Z novych odriid, zkou$enych v poslednich letech, se v t&chto péstitelskych
podminkach jako vynosové dobré ukézaly i odridy Astella, Estica a Athlet, ale nebyly mezi nimi zji§t€ny prikazné rozdily.
Pro tyto péstitelské zpusoby neni tfeba vybirat odridy puvodni, pfizpusobené, jak se dfive doporucovalo. Naopak, pouZitelné
jsou vétSinou velmi vynosné moderni odriidy, tvofici vynos spise produktivitou klasu nez poctem klast, s vysokou hmotnosti
obilek (HTZ), plastické, tj. vhodné i do méné& pfiznivych péstitelskych podminek, s velmi dobrym zdravotnim stavem.

Klicova slova: pienice; odridy; nizké vstupy; ekologické zemédélstvi; vynosy

UvoD bu, resp. bioetanolu apod. Nejvétsi podil produkce p3e-

nice je uren na krmeni, pfi¢emz k témto Géelam dosud

Moderni §lechténi obilnin sméfuje k ziskavani odrid  nejsou odridy pfimo deklarovany, ale pouZivaji se ty,
pro rizné uZitkové sméry, napf. odrid pSenice pro po-  které nemaji potravinarskou jakost.

travindiské ucely s riznym stupném kvality, dnes jiZ na Dal3i sméry Slechténi sleduji odrady vhodné i do riz-

vyrobu specidlnich produkti, dale odrid k produkci $kro-  nych péstitelskych systémi a podminek, napf. intenziv-
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ni zpasob péstovini, integrované systémy s nizkymi vstu-
py. resp. ekologicky zpusob hospodaieni, piipadné pod-
minky CHKO a PHO.

V ekologickém zemédélstvi jsou péstitelské postupy
kontrolovany, aby vypéstky mohly byt prodany jako
bioprodukty, a tvoii ucelenou soustavu hospodaieni, pro
kterou plati mezinarodni predpisy IFOAM a v CR Meto-
dicky pokyn pro ekologické zemédélstvi, vydany MZe
CR (€. j. 655/93) s kazdoro&nimi dopliiky. V t&chto po-
kynech je nejvice zduraziovano nepouZivani béznych
pramyslovych hnojiv, syntetickych pesticid a regula-
tortl ristu. Za téchto podminek nemaji odridy podporu
v podobé uvedenych latek, které jim umoZiuji pieko-
navat nékteré nedostatecné vlastnosti, tykajici se odol-
nosti k chorobam nebo konkurence vuéi pleveltim, resp.
schopnosti pfijimat Ziviny z padni zdsoby.

Reakce odridy na podminky bez hnojeni a pesticidi
muZze byt vyznamna i v souCasné ekonomické situaci,
kdy jsou v zemédélstvi pro nedostatek financnich zdro-
ji bézné nizké vstupy, co se tykd hnojiv i rozsahu oSet-
feni proti nepfiznivym Cinitelim.

Pavodni nédzory, Ze pro ckologické zemédélstvi a hos-
podafeni s nizkymi vstupy jsou vhodné staré odridy,
pochazejici z doby, kdy se nepouzivala pramyslova hno-
jiva a pesticidy. Tento pohled se ukdzal jako nespravny,
protoZe i mezi §lechténymi odridami se objevily vhod-
né pro ekologické péstitelské systémy jak vynosove, tak
zdravotnim stavem i kvalitou produkce. Dokonce se na
zdkladé téchto zkuSenosti dal formulovat ideotyp odri-
dy pro tyto péstebni zpisoby. Predpokladem je prede-
v§im dobré konkuren¢ni schopnost viici plevelim, dana
dynamikou tvorby pokryvnosti listovi, aby porost rych-
le po vzejiti zakryl padu, coZ oviem souvisi i $ narts-
‘tem sudiny nadzemni biomasy v poc¢atec¢nim obdobi ve-
getace. Je potiebny rychly narist kofenové soustavy
a jeji celkovd mohutnost a schopnost pfijimat Ziviny,
dale odolnost ¢i tolerantnost k chorobam pat stébel, resp.
listovym a klasovym chorobam. Odrady by pro tyto pod-
minky mély byt pri malé nabidce dusiku schopné pfi-
méfené odnoZit a vytvorit produktivni stébla (Oberfos-
ter, Kogelberger, 1996). Pro dobrou konkurenci vuci
plevelim je nutnd veétsi listova plocha, vyska porostu
a rychlost rastu na jare. Piorr, Kopke (1985) navic uva-
déji, Ze postaveni listi by mélo byt planofilni. Obilky
s ohledem na jejich pouziti i jako osivo by mély byt
velké, o vyssi HTZ, protoZe tak zarucuji rychlej$i vzcha-
zivost a mohutnéj$i pocatecni rist a téZ odolnost vaci
patogenum pii klieni a vzchdazeni. Polozakrslé, kréitko-
stébelné a drobnozrnné odridy jsou nevhodné. V této
souvislosti Spiess (1995) zduraziuje, aby Slechténi odrad
pro ekologické zemédélstvi bylo vedeno rovnéz v eko-
logickych péstitelskych podminkach, coZ v8ak nardzi na
finanéni problémy, nebot odbyt takového osiva by byl
velmi maly a nerentabilni. U nds se §lechténim odrad
pro ekologické zemédélstvi zabyva Ing. Danda, jehoZ
odridy jsme v naSich pokusech také sledovali.

S ohledem na budoucnost zemédélstvi sméfujiciho
k setrvalému charakteru (tzv. udrzitelné zemédélstvi) by
méla byt vénovana pii §lechténi vétsi pozornost vybéru
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odrid Iépe vyuzivajicich podminky péstovini a nizké
vstupy, protoZe to pfedstavuje energetickou usporu
a obecné omezeni vstupu agrochemikalii do Zivotniho
prostiedi. Dosavadni smér §lechténi byl orientovin jen
na vynosové piirtistky v podminkach vysokého hnojeni
a ochrany proti plevelim a patogenim (Stoppler et al.,
1989). Citovani autofi zjistili u pSenice v letech 1947
az 1973 ro¢ni piiristky v konvenénim péstovani 41 kg
a v ekologickém péstovini jen 21 kg, za roky 1916 az
1975 pak 15 kg v konvenénim péstovani a 11 kg v eko-
logickém péstovani. Podobné vysledky jsou uvadény
v USA a Velké Britanii (Cox, Silvey — cit. Stoppler et
al., 1989). V budoucnu by byly vitiny odridy se stej-
nymi nebo vy38imi meziro¢nimi pfirastky v podmin-
kdch nizkych vstupt a ekologického systému péstovani.
Hlavni pokrok mtiZzeme oekdvat u novych odrid zmi-
néného charakteru ve zméné skliziového indexu a odol-
nosti k nepiiznivym Cinitelim i stresovym faktorim.
Odradové pokusy pro ekologické zemédélstvi jsme
na CZU v Praze zahdjili jiZ v roce 1991 (napf. Habéti-
nek, 1994) a reakci odrid v podminkéch nizkych vstu-
pu sledovali téz Kien (1994) a Drobny et al. (1994).

MATERIAL A METODA

V ramci Statnich odradovych pokust UKZUZ sledu-
jeme na Pokusné stanici CZU v Praze-Uhiinévsi jako
jedini v CR cely soubor odrid zkouSenych pro Seznam
doporucenych odrad v ekologickych podminkéch, bez
pouZiti priamyslovych hnojiv a pesticidi podle zasad
IFOAM (International Federation of Organic Agricul-
ture Movements) a Metodického pokynu pro ekologic-
ké zemédélstvi MZe CR, podle nichZ je pokusna stanice
certifikovana k vedeni téchto experimentt. ZaloZeni
pokust predchazela konverze z konven¢niho na ekolo-
gické hospodareni, které je pro pokusny pozemek rea-
lizovano bez chovu skotu. Byl proveden pedologicky
prazkum k posouzeni vyrovnanosti pozemku a obsahu
tezkych kovi a cizorodych latek. V misté pokusi jsou
sledoviny i spady téchto litek, které v obdobi pokust
byly viechny pod limitni hranici. Pokusy probihaji podle
oficidlnich metodik odridovych pokusii metodou zné-
hodnénych blokl. Osivo, které je stejné pro vSechny
pokusy v CR, pochdzi z konvenéniho mnoZeni, ale je
nemorené.

Stanice leZi v drodné feparské oblasti v nadmorské
vyice 295 m s hnédozemnimi jilovitymi ptidami a s pro-
dukéni schopnosti 84 bodt. Obsah piijatelnych Zivin
v pudé (Mehlich II) v pokusnych letech na plose poku-
st byl v mgkg™": P 94-96, K 173-188, Mg 112-129,
Ca 2 730-3 263; pH 6,88 az 7,23, obsah humusu kolisal
od 1,6 do 2,53 %. Obsah N, se na jafe (v bieznu)
pohyboval okolo 12 mg.kg_I do hloubky 30 cm (Steh-
no, 1998). Primérnd ro¢ni teplota byla 8,3 °C a dhrn
ro¢nich sraZzek 575 mm.

V roce 1993 az 1994 byl odridovy pokus zaloZen po
bramborach, kterymi koncila konverze na ekologické
zemédélstvi. V souboru bylo zarazeno 18 odrad sledo-
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I. Prib&h pocasi v pokusnych letech 1993 aZ 1998; primérnd mésicni teplota vzduchu (°C) a mésicni dGhrn sriZek (mm) — Wheater pattern
in experimental years 1993 to 1998; average monthly air temperature (°C) and monthly sum of precipitation (mm)

Rok! 19931994 1994-1995 1995-1996 1996-1997 19971998 Dlouhodoby
pramér
Mésic? ©e mm °C mm e mm °C mm °C mm °Q mm
9. 13,1 68,0 14,4 56,5 13,2 89,2 10,7 48,9 13,7 41,5 14,0 49,0
10. 83 48,3 6,9 30,9 10,9 103 9.8 23,1 4,2 34,1 8,6 41,0
11. 1,1 50,2 6,7 22,7 17 31,5 52 28,6 33 38,1 32 34,0
12 35 52,8 | -2,6 55,1 -1,4 306 | 44 213 1,9 46,1 -0,5 34,0
3,0 17,0 | -0,6 27,1 -3,5 98 | 4,4 21,5 1,6 129 [ -2,1 28,0
2 -0,2 15,4 92 124 | -3,0 19,9 34 224 44 14,1 -0.8 27,0
3. 6.9 75,4 3,5 63,7 03 21,8 5.2 44,8 4,7 38,1 34 31,0
4. 8,9 48,2 9.5 0,0 9,5 233 6,3 35,1 11,1 9.9 82 46,0
5. 13,7 76,2 13,2 1152 13,0 169,7 14,6 25,7 15,0 27,0 13,4 65,0
6. 17,5 46,6 15,5 89,4 16,8 110,6 17,0 84,1 18,1 107,7 16,3 74,0
2 22,4 354 | 21,1 32,6 16,5 105,7 17,8 110,2 18,0 89,0 18,2 74,0
8. 18,1 84,4 18,7 99,3 17,6 57,5 19,5 60,5 18,2 30,3 17,5 72,0
Rotolpramée | 9 | 93 | 6os 76 | 680 84 | 526 98 | 489 83 | 575
teplot*/ihrn srazek
'year‘ month, *annual average of temperatures, 4sum of precipitation, slong-term average
1. Primérné vynosy odrid p3enice v roce 1994 — Average yields of wheat varieties in 1994
Odrada’ Vynos? (t.ha™!)
Livia 7,33 Test homogenity rozptyli — Homogeneity test of variances
Hana 7,36 .
a1 a2 r
Vlada 7.41
2,318 17 54 0,01
Mona 7.43
Ilona 7,61
Torysa 74|
Regina 7.85 Analyza rozptylu jednoduchého tfidéni — Variance analysis of simple classification
Simona 791 o el Soudet &tvercl Stupeii 4 e S Hladina
Teaiie 7.3 Zdrojervaciability odchylek? volnosti® | Rozp! fretegt vyznamnosti®
Bruta 8.00 Mezi praméry tid’ 10,342 17 0,608 2,322 0,01
Rexia 8.02 Uvnitf tiid® (rezidualng”) 14,148 54 0,262
&l
Vega 8.03 Celkové 24,490 71
Samanta 8,05 'sources of variability, %sum of squares of deviations, 3degree of freedom, *variance, *F-test, “level of
Blava 8,21 significance, 7zlmong means for classes, "inside classes, “residual, "“total
Sparta 8,21 Odridy Livia a Hana mély vynos prikazné niZii neZ odrida Asta — Varieties Livia and Hana had the
Sida 8,27 yields significantly lower than the variety Asta
Siria 847 Mezi ostatnimi odradami nebyly statisticky vyznamné rozdily — There were no statistically significant
; differences among the other varieties
Asta 8,71

Tukey HSD 1994

lv:u'iely. 2yit:ld

vanych pro Seznam doporuéenych odrad. Pokus byl za-
set 7. 10. 1993. V roce 1994 az 1995 byly pokusy za-
loZeny po hrachu a vysev byl realizovan 14. 10. 1994.
V roce 1995 az 1996 byl predplodinou rovnéz hrach
a vysev byl pro poSkozené vzchazeni opakovin, takze
se opozdil (1. 11. 1995). V roce 1996 aZ 1997 byla
piedplodinou pohanka a pokus byl zaset 15. 10. 1996.
V roce 1997 az 1998 byl predplodinou hriach a pokus
byl zaset 8. 10. 1997.

ROSTLINNA VYROBA, 45, 1999 (12); 525-532

Pribéh pocasi v pokusnych letech ve srovnani s dlou-
hodobym primérem podava tab. L.

VYSLEDKY A DISKUSE

Soubor odriid zkouenych pro Seznam doporucenych
odriid se b&éhem let ménil. N&které odrady byly restrin-
govény, daldi nové odridy byly do pokusu pfifazeny.
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I11. Prim&rné vynosy odrid pienice v roce 1995 — Average yields of wheat varieties in 1995

Odrada’ Vynos? (tha ')
Ilona 6,02
Livia 6,28
Hana 6,35
Vlada 6.35
Vega 6,77
Rexia 6,82
Asta 7,02
Mona 7,36
Sparta 743
Estica 7,46
Bruta 7,53
Astella 7.66
Alka F4S
Sida 7,76
Torysa 7,80
Regina 781
Boka 7.88
Trane 8,18
Samanta 8,36
Blava 8,38
Ina 8,39
Samara 8,66
Siria 8.81

Tukey HSD 1995

For 1, 2 see Tab. Il

Test homogenity rozptyli — Homogeneity test of variances

df 1 df 2 P
2,443 22 69 0,003

Analyza rozptylu jednoduchého tiidéni — Variance analysis of simple classification

Zdroje variability' Soggz:];ll:;:{cﬁ v§;:2§23 Rozptyl* F-test® vyzl-rl'xlaar:::;‘sti(’
Mezi pruméry tiid? 55,585 22 2527 9,144 0,000
Uvnitf tid® (rezidudlng”) 19,065 69 0,276

Celkove!" 74,650 91

For 1-10 see Tab. II

Ve vysledcich roku 1995 existuje fada prikaznych rozdili mezi primérnymi vynosy odrid -~ There are
a lot of significant differences among average yields of varieties in the results of 1995

Ilona méla prikazné nizsi vynos nez Sparta a dalsi odrady s vy3$sim vynosem — Ilona had significantly
lower yield than Sparta and other varieties with higher yield

Livia a Hana mély prikazné nizsi vynos nez Alka a dalsi odridy s vy$§im vynosem — Livia a Hana had
significantly lower yield than Alka and other varieties with higher yield

Vlada méla prikazné niz$i vynos neZ Sida a dal3i odridy — Vlada had significantly lower yield than
Sida and other varieties

IV. Pramérné vynosy odrid pSenice v roce 1996 — Average yields of wheat varieties in 1996

Odrada’ Vynos? (t.ha™!)
Ritmo 3,0150
Asta 3,1850
Ilona 3,2975
Rexia 3,3300
Mona 3,6375
Ina 3,8950
Hana 4,0550
Vega 4,3225
Torysa 4,3875
Alka 4,5125
Bruta 4,5725
Estica 4,9950
Samara 5,0425
Athlet 5,0925
Sida 5,1350
Blava 5,2200
Samanta 5,2500
Astella 5,4300
Siria 5.4450
Boka 5,4475
Brea 5,4950
Trane 6,0550

Tukey HSD 1996
For I, 2 see Tab. 11
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Test homogenity rozptyli — Homogeneity test of variances

dr 1 dr2 P
2,443 22 69 0,003

Analyza rozptylu jednoduchého tfidéni — Variance analysis of simple classification

Zdroje variability' 50352;;;:3& vi::g‘s::] Rozptyl* F-test® vy:\l:l:::]onsti(’
Mezi praméry tiid’ 65,580 21 3123 4,981 0,000
Uvnitf tfid® (rezidudlng”) 41,377 66 0,627

Celkové'" 106,956 87

For 1-10 see Tab. II

Pritkazné rozdily mezi odridami — Significant differences of wheat varieties

Ritmo méla prikazné niZ§i vynos neZ Sida a dal§i odridy — Ritmo had significantly lower yield than
Sida and other varieties

Asta, Ilona, Rexia mély prikazng niZsi vynosy neZ Astella dalsi vynosng;si odrudy — Asta, Ilona, Rexia
had significantly lower yields than Astella and other more yielding varieties

Mona a Ina mély prikazn€ niz§i vynos nez Trane — Mona and Ina had significantly lower yield than
Trane
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1. Vynosy odrid v jednotlivych letech —
Yields of varieties in different years

O Rexia

B llona

O Hana

B Samanta
[@ Siria

0 Bruta

2. Vynosy odrid (priméry riznych obdobi) —
Yields of varieties (means for different pe-
riods)

71994 - 1998
@ 1995 - 1998
1996 - 1998

V. Primérné vynosy odrid pSenice v roce 1997 — Average yields of wheat varieties in 1997

Odrida’ Vynos® (t.ha™")

Alka 4,8375

SG S 411 4,9000

Samara 5,0975

Hana 5,1725

Vega 52200 Test homogenity rozptyli — Homogeneity test of variances

Siria 5,3325 df | df 2 P

Alana 54525 1,102 21 66 0,368

Estica 5.4675

Boka 5,6975

Sarka 5,7575

Ina 5,8050

Ritmo 58175

Veicailles 5.8450 Analyza rozptylu jednoduchého tfidéni — Variance analysis of simple classification

g:;i ::gzg Zdroje variability' So::z;;lt:;:;cu Vi::ﬁz:; Rozptyl* F-test® V)"z'-rillaar::,:sti(‘

EBI 6,1500 Mezi praméry tfid’ 42,777 27 1,584 1,042 0,426

Rexia 6,1525 Uvnitf tfid® (rezidualng®) 127,673 84 1,520

Sida 6.1650 Celkové'? 170,450 111

Ahlet £,1650 For 1-10 see Tab. II

Torysa 6,2875

lona 6.4375 Pn‘xfné.mé vyr.nos.y nejsou mezi odradami statisticky prukazné — Average yields among varieties are not
K statistically significant

Saskia 6,4600

Bruneta 6,4925

Samanta 6,6150

Bruta 6,7625

Blava 6,9450

Mona 6,9450

Astella 7,0975

Tukey HSD 1997
For 1, 2 see Tab. II
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Pramérné vynosy z jednotlivych pokusnych let uva-
déji tab. IT az VI a obr. 1 a 2.

Pramérné vynosy celého souboru odrad byly v roce
1994 7,92 tha™', 1995 7,51 tha™', 1996 4,58 tha™',
1997 5,96 tha ' a 1998 5,26 tha™'.

V roce 1994 a 1995 byly vynosy nejvyssi. Rok 1994
byl z hlediska prubéhu pocasi nejpriznivéjsi. V roce 1995
byl suchy duben, ale sraZkové bohaty kvéten plsobil
pfiznivé na tvorbu vynosu. V obou letech bylo pfiznivé
pocasi pro dozravani a sklizen. V roce 1994 prekrocilo
vynosovou hranici 8 tha™! devét odrid a v roce 1995
Sest odrud. V poradi mezi odridami Sparta aZ Siria nebyly
prikazné rozdily. Nizkd vynosova trovei celého souboru
odriad v roce 1996 byla ovlivnéna opakovanym pozd-
§i (horsi prezimovani pozdé vzchazejicich porosti). Také
suchy duben a abnormalné vlhky kvéten, Cerven i Cer-
venec zpusobily nizkou droven vSech vynosovych prv-
ka. V tomto nepfiznivém roce vynikly odriady Trane,
Brea, Boka, Siria, Astella, Samanta a dalsi, pficemz od-
ridy v poradi Hana az Trane nevykazaly statisticky vy-
znamné rozdily. Tyto odridy se nachdzeji na ptednich
mistech vynosového poradi i v ostatnich letech.

V roce 1997 byl pro zaloZeni porosti piiznivy podzim
a zimni mésice byly mrazivéjsi nez dlouhodoby pramér.

Jarni vegetace se vlivem teplejSiho inora a bfezna obnovila
diive. Nepriznivé se v§ak na vynosu projevil teply a sussi
kvéten a velmi vlhky Cervenec. VSechny porovnavané
priméry vynost se li$i nepriikazné. V roce 1998 byly po-
rosty diky pfiznivému podzimu dobie zaloZeny. Zima
byla velmi tepld, také jarni mésice byly teplejsi. Duben
i kvéten vSak byly velmi suché a srazky pfisly aZ v ¢ervnu
a Cervenci. Porosty byly poSkozeny hraboSi a vynosové
rozdily nebyly statisticky vyznamné. I tak mély vyssi
vynosovou troveii stejné odridy jako v minulych letech.

Béhem pokusnych let se vybér odrud lisil, bylo proto
tieba hodnotit jen soubory se stejnymi odridami v pru-
béhu jednotlivych let. Pro celkové hodnoceni jsme po-
suzovali a statisticky hodnotili tii-, ¢tyi- a pétileté sou-
bory stejnych odrad (tab. VII az IX).

Ve ctyfletém zkouSeni odrid v letech 1994 az 1997
se projevily prikazné rozdily jak mezi odridami, tak
i mezi ro¢niky. Prikazna byla i interakce mezi odriadou
a ro¢nikem (na drovni 99 %). Prikazné nejvynosnéjsi
byly odriady Blava, Samanta, Siria, Sida a Bruta.

Ve ctyfletém zkouSeni odrad v letech 1995 az 1998
byly rovnéZ prikazné rozdily mezi odriadami a ro¢niky
(kromé let 1996 a 1998) i interakce mezi odradou a roc-
nikem (na drovni 99 %). Prikazné nejvynosnéjsi byly
odridy Bruta, Samanta, Astella, Estica a Siria.

VI. Primérné vynosy odriid pSenice v roce 1998 — Average yields of wheat varieties in 1998

Tukey HSD 1998
For 1, 2 see Tab. II
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Odrida' | Vynos? (tha™')

Saskia 4,1250

Astella 4,2500

Rexia 4,3500

Solara 4,3500

Ilona 4,3500

Contra 4,4750 Test homogenity rozptyli — Homogeneity test of variances

Alka 4,5250 df | dfr2 P

Hana 4,5750 2,832 25 78 0,000
Sarka 4,6750

Siria 4,7750

Samanta 4,8650

Samara 5,0500 Analyza rozptylu jednoduchého tfidéni — Variance analysis of simple classification

Boka 5.,0750 - = -
Nela 5,1250 Zdroje variability! Sosgz:]jl‘zgcu vi::gz:}; Rozptyl* F-test® vy,zl:l:;:]n;”(,
Brunei 5.2250 Mezi priméry tfid? 67,296 25 2,692 2,044 0,009
Brea 54250 Uvnitf tfid® (rezidudlng’) 102,696 78 1,317

Elpa 5,7000 Celkové'" 169,992 103

Ritmo 5,7250

Alana 5.9000 For 1-10 see Tab. II

Konsul 5,9000 Soubor je homogenni, mezi odridami jsou prikazné rozdily — Set is homogenous, there are significant
EBI 6,2000 differences among varieties

Athlet 6,2750

Versailles 6,2750

Bruta 6,3000

Tower 6,7000

Estica 6,7500

ROSTLINNA VYROBA, 45, 1999 (12): 525-532



VII. Vynosy odrud zkouSenych v ruznych obdobich (tha™') - Yields of varieties tested in different periods (tha™)

Odriidal 1994-1997 1994-1998 1995-1998 1996-1998

C vynos® prl'.ikaznost3 poradi* | vynos |prikaznost| pofadi | vynos |prikaznost| pofadi | vynos |prikaznost| potadi
Hana 5.80 12 5,55 5 5,10 10 4,68 12
Ilona 5.84 11 5,51 6 4,99 11 4,65 13
Rexia 6,08 10 5,74 4 5,16 9 4,61 14
Vega 6,09 9 - - -
Asta 6,21 8 - - -
Mona 6,35 7 - - -
Torysa 6,55 6 - - -
Bruta 6,72 5 6,64 ¥ 1 6,29 X 1 5,88 ns 1
Sida 6,84 i 4 - - -
Siria 7,02 * 3 6,57 * 6,09 » 5 5,18 ns 8
Samanta | 7,07 ¥ 2 6,63 * 6,27 * 2 5,58 ns 6
Blava 7,18 * I - - -
Alka 5,79 8 513 9
Samara 5,96 7 5,06 10
Boka 6,03 6 541 9
Estica 6,17 ¥ 4 5,74 3
Astella 6,17 x 3 5,68 ns 4
Ritmo - 4,85 11
Brea - 5,62 5
Athlet - 5,84 ns 2
FaktorS 1994-1997 1994-1998 1995-1998 1996-1998

F-test prikaznost? F-test prikaznost F-test prikaznost F-test prakaznost

Odrida’ 5,67 2 8,35 > 471 ** 2,26 ns
Ro¢nik® 186,14 el 75,23 W 84,63 b 23,42 bl
AxB 2,08 b 2,27 X 2,93 ** 2,83 **

. s Blis 5
]vanety. Zyleld. “significance, 4sequence, factor, ('yeur

V tiiletém zkou$eni v letech 1996 aZ 1998 byla opét
prokazana statisticka prikaznost mezi ro¢niky. Nejvy-
nosnéjsi byly odridy Bruta, Athlet, Estica a Astella, ale
mezi odridami nebyly prikazné rozdily.

V pétiletém zkouSeni v letech 1994 az 1998 byly
pritkazné rozdily mezi roéniky 1994 a 1995 ve srovnani
s roky 1996 a 1998 a téz 1997 ve srovnani s ostatnimi
ro¢niky. Prikazné nejvynosnéjsi byly odrady Bruta, Sa-
manta a Siria.

Z téchto udaju v pokusech vedenych ekologicky (bez
hnojeni a pesticidi) vétSinou vynikly odridy Bruta, Sa-
manta a Siria, dale Astella a Estica.

Vlastnosti téchto odrid v konvenénich podminkéch

péstovani:
Bruta (povolena 1994) — s vysokymi a stabilnimi vynosy,
vhodna do vSech péstitelskych oblasti, polorana a pe-
katsky kvalitni odrida (A7), s vysokou HTZ (51 aZ 53 g)
a vysokou produktivitou klasu, odnoZuje, s primérnou
odolnosti k vyzimovani, poléhéni, vydrolu a portstani,
s vy$8i odolnosti k chorobam (6 az 7) kromé rzi travni
Samanta (povolena 1993) — z kfizeni Hana x Viginta,
s vysokymi a stabilnimi vynosy, s moZnosti péstovani
ve vSech oblastech, polorand, kvalitni potravinaiska odra-
da (A7), pomérné zimovzdornd, dobie odnoZivé, odolna
k portsténi, s primérnou odolnosti k chorobam krom& rzi
travni

ROSTLINNA VYROBA, 45, 1999 (12): 525-532

Siria (povolena 1994) — pozdni s vysokymi a stabilni-
mi vynosy, zvlasté v chladngj$i a méné trodné oblasti,
chlebova odrida (B5 aZ B6), s pomérné dobrym zdra-
votnim stavem (kromé rzi travni), dobfe odnoZuje,
stfedné€ odolnd k vyzimovdani a poléhéni, neporista
Astella — slovenskd velmi vynosnd, vyslechténa z odridy
Viginta (povolena 1995), poloran4, chlebové odrida (B5),
odolna k poléhani, stfedné odolna k vyzimovéni, s po-
mérné dobrym zdravotnim stavem, doporuCovana spise
do intenzivnich obilnafskych oblasti

Estica — holandska s vysokym vynosem, polopozdni,
spiSe krmné odriida, odolna k poléhéni a porusténi, s jed-
nim z nejlepSich hodnoceni zdravotniho stavu, doporu-
¢ené do obilnafské a bramboraiské oblasti

Projevy téchto odrid v konvenénim péstovani a od-
ridovych pokusech:

Popsané odridy patfily ve SOP a pokusech pro Se-
znam doporucenych odrid vétSinou k nejvynosnéjsim.
Zejména to plati o odradach Estica a Astella, které vy-
nosové vynikaly pravé v méné drodnych, marginélnich
lokalitdch obilnaiské vyrobni oblasti. N&které z nich
(Samanta, Siria a Bruta) vyrazn&ji reagovaly na vyssi
intenzitu péstovani, zejména aplikaci fungicidd, insek-
ticida a regulatord rastu.

U odrudy Bruta, které se spiSe vynosové pohybovala
okolo priiméru (2 aZ 3 %), byl vynos dan produktivitou
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VIIIL. Vynosy odrud (tha™) = Yields of varieties (t.ha™")

Roky' N Podsoubor?

1 2
Rexia 20 54110
llona 20 55145
Hana 20 5,5520
Siria 20 6,5685
Samanta 20 6,6305
Bruta 20 6,6350
Prikaznost? 0,995 1,000

Tukey HSD""

Praméry skupin v homogennich podsouborech — Means for groups
in homogenous subsets

Podle typu 111 souctu &tvercti — Based on type 11 sum of squares
Termin chyba je souctem &tverct = 0,750 — The error term is mean
squares = 0.750

a) pouziti hodnoty pramérného harmonického vzorku = 20 000 — uses
harmonic mean sample size = 20 000

b) alfa = 0,05 - alpha = 0.05

2 Ao
'years, Zsubset, “significance

IX. Vynosy v pokusnych letech (Lha™) - Yields in experimental years

Roky! Wt Podsoubor?

1 2 3
1996 24 43662
1998 24 4,8442
1997 24 5,6083
1995 24 75183
1994 24 7,9225
Priikaznost® 0,319 1,000 0,491

Tukey HSD*

Priméry skupin v homogennich podsouborech — Means for groups
‘in homogenous subsets

Podle typu III souétu étverct — Based on type III sum of squares
Termin chyba je souctem &tverct = 0,750 — The error term is mean
square = 0.750

¢) pouziti hodnoty pramérného harmonického vzorku = 24 000 - uses
harmonic mean sample size = 24 000

d) alfa = 0,05 — alpha = 0.05

For 1-3 see Tab. VIII

klasu a nadprimérnou HTZ 50,9 g, kterd byla nejvyssi
ze viech sledovanych odrid (primér HTZ v8ech odrid
v letech 1993 az 1996 Cinil 44,3 g).

Vsechny ostatni odridy, které se osvédcCily v ekolo-
gickém zpusobu péstovéni, vynikaly dobrou odolnosti
k chorobdm (zejména Estica, Astella a Bruta). Dobry
zdravotni stav a téZ vynosnost zaloZend na produktivité
klasu a vysoké HTZ mohou byt povaZzoviny za vlast-
nosti, které jsou vhodné pro péstovani s nizkymi vstupy

a pro ckologické péstovini v oblastech CHKO a PHO.
Také vysoka vynosnost v méné pfiznivych podminkach
je vhodnym piedpokladem.

Pro péstovéni s nizkymi vstupy a ekologické zemé-
délstvi se zdd, Ze jsou vhodné&jsi odridy, které tvori
vynos produktivitou klasu. Diferenciace zakladu klasu
nastava pozdéji, kdyZ je kofenovy systém mohutnéjsi,
probihd intenzivnéjsi nitrifikace a rostliny maji k dis-
pozici vice dusiku. Naopak odriidy, u kterych je vynos
zaloZen na poctu klasi na jednotku plochy, potiebuji
pro zaloZeni vét§iho poctu odnoZi Ziviny uZ s obnove-
nim jarni vegetace. V té dobé neni vyvinuty aktivni
kofenovy systém ani neni k dispozici dostatecné mnoz-
stvi dusiku uvolnéného pfirozenou nitrifikaci.

Tyto poznatky postaCuji k prekonani nazori, Ze pro
ekologické systémy péstovani jsou vhodné staré, pri-
zplisobené odridy (napf. krajové). V naSich pokusech
jsme sledovali vynosy starSich odrad, napi. Mironov-
skd, povolena v letech 1966 aZ 1992 (26 let), Diana,
povolena v letech 1960 az 1969 (9 let) a Slavia, povo-
lena v letech 1976 az 1991 (15 let), ale tyto odriidy
nedosahovaly drovné novych odrid.

Price byla realizovana za podpory grantu MZP CR
¢. 316/93.
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CHEMICAL COMPOSITION OF GRAIN OF DIFFERENT
SPELT (TRITICUM SPELTA L.) VARIETIES

CHEMICKE SLOZENI ZRNA RUZNYCH ODRUD PSENICE SPALDY
(TRITICUM SPELTA L.)

J. Moudry, V. Dvoracek

University of South Bohemia, Faculty of Agriculture, Ceské Budé&jovice, Czech Republic

ABSTRACT: Ten varieties of spelt wheat Triticum spelta L. (Ostro, Altgold, KR 489-11-15, Oberkulmer, Ostroschwarzer,
Lueg, H 9227, H 9228, Rouquin, Hercule), and common wheat Triticum aestivum L. (variety Samara) were cultivated in Ceské
Budg&jovice during the years 1996 to 1998 in the low-input system. The forecrop was mixed crops and no N fertilization was
applied after forecrop harvesting. Chemical composition was analyzed in wheat and spelt grains: content of N compounds was
determined according to Kjeldahl, fat content according to Soxhlet, fibre content according to Scharrer and Kiirschner,
P content according to Lorenc, and contents of ash compounds and metals ions (Cu, Zn, Mg, Ca, K, Na, Fe) were determined
using AAS. Spelt wheat had in low-input system better resorption ability than common wheat. Statistically significant diffe-
rences were detected in ash content, and Zn and P contents. Average content of N compounds in spelt grain was about 0.5%
higher than in common wheat grain. Old Swiss varieties Ostro and Oberkulmer, and also new breeding material KR 489-11-15
had a little bit higher content of N compounds. Also fibre content was in spelt wheat 0.35% higher than in common wheat.
Generally it is possible to recommend spelt wheat for growing in low-input system according to its better utilization of nutrients
and higher content of minerals. Older spelt varieties (Ostro, Oberkulmer) and new breeding material KR 489-11-15 have higher
contents of fat and N compounds, and are therefore more suitable for low-input system.

Keywords: spelt wheat; common wheat; chemical composition; low-input

ABSTRAKT: V letech 1996 a# 1998 bylo v Ceskych Budgjovicich p&stovano deset odriid pSenice $paldy Triticum spelta L.
(Ostro, Altgold, KR 489-11-15, Oberkulmer, Ostroschwarzer, Lueg, H 9227, H 9228, Rouquin, Hercule) a pSenice setd
Triticum aestivum L. (odriida Samara) v podminkach tzv. nizkych vstupi, bez pouZiti hnojeni a davek pesticidi. Pfedplodinou
byla luskovinoobilnd sméska, po které nebylo hnojeno N. Po sklizni bylo zrno analyzovano na obsah N latek (Kjeldahl), tuku
(Soxhlet), vldkniny (Scharrer, Kiirschner), P (vaZkové, Lorenc), popelovin, resp. Cu, Zn, Mg, Ca, K, Na a Fe (atomovi
absorpéni spektrofotometrie). V podminkach bez hnojeni a pesticidii byla u pSenice $paldy zjiSténa lepSi schopnost v pfijmu
a vyuZiti Zivin oproti pSenici seté. Statisticky prikazny vliv odridy na obsah testovanych parametri pomoci analyzy rozptylu
byl u p3enice 3paldy zji§tén jen v obsahu Zn a P. Pfi srovnavani viech odrid pSenice $paldy s odridou pSenice seté byly
zjiStény statisticky prikazné rozdily v obsahu popelovin, Zn a P. Primérny obsah N ldtek v zrné byl u pSenice $paldy o 0,51 %
vy§8i nez u pienice seté. Staré Svycarské odridy Ostro a Oberkulmer a také n§l. KR 489-11-15 v obsahu N litek ponékud
pievySovaly ostatni odriidy. Obsah vldkniny u testovanych odrid p3enice $paldy byl o 0,35 % vy38i neZ u p3enice seté.
V obsahu Cu pievySovaly odridy p3enice $paldy p3enici setou téméf o 25 %, v obsahu K 0 5 %, v obsahu P o 14 %, v obsahu
Mg, Na a Fe 0 15 % a v obsahu Zn o 51 %. Kromé Zn a P vSak tyto diference nebyly statisticky priikazné. Obecné lze
z hlediska chemického sloZeni pSenici Spaldu doporucit do podminek péstovani s nizkymi vstupy vzhledem k lepsi utilizaci
Zivin a k vy3$§imu obsahu mineralnich latek. Pro péstovani v podminkdch s limitovanymi vstupy se z pohledu vyssiho obsahu
N latek a vy3siho obsahu tuku ukazuji jako vhodnéjsi star$i odridy pSenice $paldy (Ostro, Oberkulmer) a ze sledovanych nsl.
KR 489-11-15.

Klicovi slova: p3enice §palda; pienice setd; chemické sloZeni; nizké vstupy

INTRODUCTION

In addition to common wheat (Triticum aestivum L.)
spelt wheat (Triticum spelta L.) is rarely cultivated in
Europe. Spelt wheat represents phylogenetically older
form of bearded hexaploid wheats with genetic consti-
tution AA BB DD (Kling, 1988). Winzeler, Riiegger
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(1990) reported that hexaploid cultural wheats origi-
nated from spelt wheat and not from hexaploid bearded
forms of Triticum aestivum.

Spelt wheat is cultivated on relatively small area and
its cultivation and breeding is more traditional in rough
conditions in Austria, Switzerland, south Germany,
Belgium, and north Spain. The total growing area in
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Europe is about 14 000 to 18 000 ha. Several varieties
have been tested in the Czech Republic since 1990. The
growing area reached about 600 ha and is concentrated
predominantly in ecological farms. Disadvantages of
spelt wheat are sensitivity to lodging, lower yield and
difficulties during harvesting, because grains are en-
closed in beards and scrub is necessary for their releas-
ing. On the other hand, the overproduction of traditional
agricultural crops and market demands of higher food
diversity (rational nutrition, bioproduction) are factors
increasing interest of spelt wheat cultivation. The rea-
son for spelt cultivation is also its very good adaptabil-
ity to rough conditions in submontane and montane re-
gions and higher content and digestibility of nutrient
(especially minerals and vitamins) in spelt grain (Kahnt,
1991).

The content of N compounds in spelt is reported in
relatively broad range from 12 to 20% (Cubadda, Mar-
coni, 1995). Grela (1996) in comparative trials with
spelt wheat, common wheat and triticale found in spelt
grain higher average content of N compounds (14.5%).
Jorgensen, Olsen (1997) reported similar values in the
case of N fertilizer dose 100 kg N.ha™!. Cubadda, Mar-
coni (1995) reported average content of N compounds

1. Climatic characteristics

In this contribution we focused on comparison of
chemical composition of grain of several spelt and com-
mon wheat varieties and new breeding materials culti-
vated in low-input system.

MATERIAL AND METHODS

Ten varieties of spelt wheat Triticum spelta L. Ostro
(CH, 1978), Rouquin (B, 1979), Oberkulmer (CH, 1948),
Altgold (CH, 1952), Lueg (CH, 1990), Ostroschwarzer
(CH) Hercule (B, 1982), H 9227 (CH), KR 489-11-15
(CH), H 9228 (CH) and common wheat Triticum aesti-
vum L., variety Samara were cultivated in Ceské Budé-
jovice during years 1996 to 1998 in the low-input system.
The experimental site is located in Ceské Budgjovice
(380 m a.s.l., sandy-clay soil, acid cambisol). The pH
value of soil was in acid range (6.4 to 6.6). Average N
contents (NHI, NO3) in soil was low (8 to 10 mg.kg‘l),
P and K contents were in optimal range (95 to 112 mg
P.kg™' and 180 to 224 mg K.kg™!). Mg was in the range
of very good supply (95 to 108 mg.kg"l). Forecrop was
mixed crops (oat and pea). Climatic characteristics are
given in Tab. L

Characteristics 1996 1997 1998 50years average
Average year temperature (8] 72 83 8.9 72
Average temperature during vegetation (°C) 14.8 15.9 16.1 15.2
Year amount of precipitation (mm) 713.8 706.1 536.6 620.0
Amount of precipitation during vegetation  (mm) 322.0 420.1 340.2 381.0
Month with higher precipitation amount (mm) 6/103.7 7/189.6 6/109.1 7/102.0

in spelt grains over 20% on fertilized soils. Grela (1996),
Ranhotra et al. (1996), Hein (1997), Jorgensen, Olsen
(1997) and other authors reported that content of
N compounds in spelt grain is highly variable and is
year-depending.

Despite this variation, several spelt wheat varieties
(Ostro, Oberkulmer, Loge) exceeded other spelt and com-
mon wheat varieties in the content of N compounds
statistically significantly (Hein, 1997; Kontturi, 1997).
Fertilizer dose also influences the amount of N com-
pounds in spelt grain. Without N fertilization the aver-
age content of N compounds was 14.2%. N fertilization
in dose 50 kg.ha"l increased content of N compounds
to 17.5% and in dose 100 kg N.ha~! even to 19% (Cas-
tagna et al., 1996).

The content of lipids is in spelt wheat higher than in
other varieties of common wheat and triticale (Ranhotra
et al., 1995; Grela, 1996) and is almost constant in
different spelt varieties. Also the amount of fibre is
a little bit higher (Jorgensen et al., 1996). The content
of ash is comparable to common wheat variety (Grela,
1996; Jorgensen et al., 1996).
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After podding composite samples from four repli-
cates were prepared for chemical analysis of grain.
N compounds were analyzed according to Kjeldahl and
recalculated using coefficient 5.75. Fat analyses were
done according to Soxhlet with petrolether. Fibre con-
tent was analyzed according to Scharrer and Kiirschner.
P was determined by Lorenc weight method and other
minerals were determined using AAS. Results of chemi-
cal analyses were evaluated using analysis of variance
and Tukey HSD test.

RESULTS AND DISCUSSION
Nitrogenous compounds

Content of N compounds in analyzed samples of spelt
grains is lower than is reported by Grela (1996), Hein (1997)
and Cubadda, Marconi (1995). The highest N amount was
found in new breeding material KR 489-11-15 (13.72%).
On the other hand, the lowest N amount was in cv. Her-
cule (10.95%) and this amount is even lower than in
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I1. Statistical evaluation (analysis of variance) of mean values of the common wheat. The standard deviation value was in all

chemical parameters between the spelt wheat and the control com- analyzed spelt samples lower than in common wheat.
mon wheat variety Samara

Average content of N compounds from all spelt samples

was 12.12% and in comparison to common wheat
cv. Samara was 0.51% higher. This low difference in

N content was not statistically significant (Tab. II).

- rﬁ:’) ngs| Pt Fibre Ash
%
T. spelta 12.12 1.73 2.25 239
T. aestivum 11.61 1.43 1.83 1.76
Difference (%) | 0.51 0.30 0.42 0.63
P-level 0.4608 0.1190 0.3556 0.0497

The results showed that in low-input system of spelt
growing amount of N compounds is comparable with
common wheat, and is even more stable among years
of growing. We do not confirm the higher ability of

111. Statistically significant differences in contents of Zn and P between analyzed varieties (Tukey HSD test)

N utilization in spelt wheat grown in low-input system.

Variety (Zn) P-level
KR 489-11-15 (53.57 mg.kg™!) vs. Samara (32.80 mg.kg™") 0.0329
H 9227 (57.27 mg.kg™") vs. Samara (32.80 mg.kg™") 0.0075
H 9228 (53.77 mg.kg™') vs. Samara (32.80 mg.kg™") 0.0305
Variety (P) P-level
KR 489-11-15 (4 230 mg.kg™") vs. Samara (3 550 mgkg™") 0.0171
ROUQUIN (4 190 mgkg™") vs. Samara (3 550 mg.kg™") 0.0276

IV. Statistical evaluation (analysis of variance) of mean values of the mineral composition between the spelt wheat and the control common
wheat variety Samara

Cu Zn Fe P K Mg Ca Na
mgkg™!
T. spelta 5.15 49.79 69.55 4 060 4740 1 090 425 43.93
T. aestivum 4.13 32.80 60.57 3 550 4530 950 437 38.23
Difference (%) 24.7 51.8 14.8 14.3 47 14.9 -2.8 14.9
P-level 0.0901 0.0004 0.5677 0.0002 0.5336 0.1369 0.7687 0.5562
V. Chemical composition of 7. spelta and T. aestivum grain (tested by analysis of variance)
Variety N compounds Fibre Fat Ash
%o
Ostro 12.52 £ 0.50 228 £0.81 1.70 £ 0.12 2,62+ 091
Altgold 11.62 + 1.07 1.92 £ 0.52 1.50 £ 0.15 1.94 £0.13
KR 489-11-15 13.72 £ 0.62 245 £ 1.08 2.00 £0.38 275%0.17
Oberkulmer 12.60 + 0.44 2.53 £ 0.66 1.41 £ 0.38 248 £ 0.85
T. spelta Ostroschwarzer 11.9 £ 0.96 1.90 £ 0.38 1.58 £ 0.34 2.15+0.25
Lueg 12.19 £ 0.69 220 +£0.23 1.88 = 0.05 2.40 £ 047
H 9227 12.17 £ 0.66 1.71 £ 043 1.67 = 0.40 2.63 £ 0.37
H 9228 12.46 £ 0.27 2.17 £ 0.61 1.67 £ 0.15 2.09 £0.15
Rouquin 11.06 £ 0.99 2.76 £ 0.94 2.02 £ 045 2.73 £ 0.84
Hercule 10.95 £ 1.51 1.89 + 0.08 1.82£0.11 2.06 £ 0.08
T. aestivum Samara 11.61 £ 1.98 1.83 £ 0.34 1.43 £ 0.10 1.76 £ 0.04
P-level (variety) 0.1169 0.0640 0.1286 0.2407
1996 12.03 £ 0.96 233+0.74 1.66 + 0.28 2.43 £ 0.50
1997 12.26 £ 0.90 2.35+0.55 1.61 £0.38 2.48 £ 0.64
1998 11.93 £ 1.49 1.77 £ 0.30 1.82 £ 0.24 2.08 £ 0.37
P-level (years) 0.7407 0.4235 0.2461 0.2641
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VI. Content of selected elements of 7. aestivum and T. spelta grain (tested by analysis of variance)

Variety Cu Zn P K Mg Ca Na Fe
mg kg™
Ostro 4.69 £0.52 50.00 + 4.07 4110191 4410 + 443 1 070 = 104 348 +27.6 35.00 £ 19.14 69.33 £ 13.65
Altgold 5.15+0.52 46.63 £ 5.18 4110 £ 471 4 330 + 980 1010 %58 446 + 50.6 40.33 £+ 14.63 112.60 + 52.33
KR 489-11-15 5.78 £ 0.30 53.57 £ 6.02 4230 + 305 4 640 £ 665 1 100 + 57 422 +46.2 52.77 + 21.56 64.30 £ 9.40
Oberkulmer 6.35 £0.70 50.77 £ 2.16 4130 +97 5 050 + 597 1 050 = 190 507 £ 130 39.47 £ 12.01 69.20 £ 28.71
T. spelta Ostroschwarzer 5.64 £ 0.64 50.17 £ 10.39 3930 + 89 4710 £ 313 970 + 121 393 +27.6 40.83 + 20.81 65.77 £ 18.82
Lueg 4.30 £ 0.86 45.57 £ 11.83 3954 + 166 4 370 + 401 1 090 + 246 361 £ 32.5 40.93 +13.83 64.37 £ 15.57
H 9227 478 £ 0.94 57.27 + 5.84 4020 63 4770 £ 823 1220 + 158 415+ 244 44,63 + 25.56 81.53 + 26.07
H 9228 557152 53.77 £ 5.06 4 060 + 100 5100 + 626 1 220 + 265 424 +42.1 51.10 £ 14.76 59.33 £12.93
Rouquin 4.80 £ 0.64 41.50 £ 1.25 4190 + 131 4920 + 348 1 070 £ 181 446 + 59.3 43.53 £ 16.62 59.63 £ 24.03
Hercule 4.39 £ 0.49 48.67 £ 9.32 3900% 115 5122 + 269 1 090 + 83 487 +71.8 50.70 + 19.14 49.40 £ 15.38
T. aestivum Samara 4.13 £ 1.49 32.80 +4.41 3550+ 116 4 530 £ 336 950 = 109 437 £ 414 38.23 + 9.68 60.57 £ 10.39
P-level (variety) 0.0886 0.0164 0.0335 0.6281 0.5429 0.0764 0.9651 0.2191
1996 4.84 £ 1.07 49.66 + 10.39 4 060 + 237 4 760 * 325 1010 £ 132 440+ 79.3 43.35 £ 13.60 74.20 £+ 31.22
1997 495 £ 1.26 47.65 £ 7.72 4 090 245 4760 + 831 1 177 £ 164 416 + 63.5 40.37 £ 16.45 79.89 £ 21.97
1998 5.37 £0.50 4743 £7.95 3910 + 241 4 660 + 421 1045 + 127 422 599 46.52 £ 17.55 52.10 £ 11.55
P-level (years) 0.4332 0.8059 0.1926 0.8899 0.0226 0.6840 0.6684 0.0199




The reason should be probably found in very low soil
supply of N. The new breeding material KR 489-11-15,
and also cv. Ostro and Oberkulmer, have the highest
contents of N compounds and performed higher stabil-
ity in this character. Also Ranhotra et al. (1996), Grela
(1996) and Hein (1997) found in cv. Ostro and Oberkul-
mer relatively high amount of N compounds.

It is necessary to remark that the total amount of
N compounds is not the crucial factor for grain quality.
The most important factors are the fraction composition
of grain protein, amino acid composition and bakery
quality. Further research activities will be focused on
these studies.

Fat

The fat contents in analyzed spelt samples were 0.3 to
0.5% lower than reported Cubadda, Marconi (1995),
Jorgensen, Olsen (1997) and other authors. Spelt sam-
ples have higher amount of fat than common wheat. The
highest fat content (2.02%) was found in cv. Rouquin, the
lowest was determined in cv. Oberkulmer (1.41%). In
comparison with common wheat average fat content
from all spelt samples was 1.73% and was 0.3% higher
that in common wheat cv. Samara. Also this difference
in fat content was not statistically significant (Tab. II).
Varieties Ostro, Altgold, Lueg performed the lowest
variation, cv. H 9227 and Rouquin have variation com-
parable with results of Grela (1996) and Ranhotra et al.
(1996).

Correlation between content of N compounds and fat
was not statistically significant, but cv. Rouquin and
Hercule have the lowest amount of N compounds and
the highest amount of fat.

Ash

The content of ash was in range from 1.94% in cv.
Altgold to 2.73% in cv. Rouquin. In comparison to com-
mon wheat the content of ash was 0.63% higher and
this difference was statistically significant (Tab. II).

Crude fibre

Average content of fibre in all spelt wheats was in
the range from 1.5 to 3% and was comparable to results
of Grela (1996) or Ranhotra et al. (1996). The higher
fibre content in spelt grain was in cv. Rouquin (2.75%).
The lowest value was found in H 9227 (1.7%), and this
amount was even lower than in common wheat variety
Samara (1.83%). The average fibre content in analyzed
spelt samples was 2.18% and was 0.35% higher than in
common wheat. This difference was not statistically sig-
nificant (Tab. II).
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Minerals

Eight elements were determined (Na, K, Ca, Mg, P,
Cu, Zn, Fe,). Using analysis of variance, the significant
difference between spelt and common wheat was found
only in Zn content (Tab. IIT). The contents of analyzed
elements were in spelt wheat grains higher (except Ca).
Content of Cu in spelt was about 25% higher than in
common wheat, contents of K were 5%, P 14%, Mg,
Na and Fe 15%, and Zn even 51% higher than in com-
mon wheat. Statistically significant differences were
confirmed only in Zn and P content (Tab. IV).

Our results are similar to those of Ranhotra et al.
(1996) and Grela (1996). Also variation of analyzed
elements was comparable to results of Ranhotra et al.
(1996).

Statistically significant differences were found be-
tween years of growing in Fe and Mg contents
(Tabs. V, VI).

CONCLUSIONS

The spelt wheat grown in low-input system reached
in comparison with common wheat cv. Samara slightly
higher, but statistically not significant, contents of some
analyzed grain components. The exception is statisti-
cally significant higher content of Zn, P and ash. Old
Swiss varieties Ostro and Oberkulmer and new breeding
material KR 489-11-15 exceeded other varieties in sta-
bility and in absolute content of N compounds in grain.

Older varieties Ostro and Oberkulmer are from the
point of view of higher contents of N compounds, min-
erals and fat content more suitable for growing in low-
input system. Also new material KR 489-11-15 should
be forward-looking.

This study was supported by grant of the Grant Agency
of the Czech Republic No. 521/97/0052.
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PRODUCTION OF ABOVE-GROUND BIOMASS
IN MISCANTHUS SINENSIS IN THE CZECH REPUBLIC

PRODUKCE NADZEMNI FYTOMASY OZDOBNICE CINSKE
(MISCANTHUS SINENSIS) V CR

Z. Strasil

Research Institute of Crop Production, Praha-Ruzyné, Czech Republic

ABSTRACT: Field trials were established at four different sites in 1994, setting out plants of Miscanthus sinensis, cv.
Gigantheus produced from tissue cultures. The influence of soil and weather conditions was studied with respect to plant
wintering over the first winter season, the effects of differentiated N rates (0, 50, 100 kg.ha'l) on the yield of Miscanthus dry
biomass were investigated at the experimental sites in the particular years. The survival of plants in the first winter with respect
to the soil and weather conditions at the sites ranged between 10% on shallow and poor-in-nutrients Cambisol in cold
conditions and 100% on Orthic Luvisol and Chernozem in warmer conditions. The yields of dry biomass increased every year,
average yields amounted to 6.15 tha™' at Lukavec, 17.89 tha™" at Ruzynég, 28.19 t.ha™' at Troubsko in the third year after
planting. Miscanthus yields were substantially influenced by N application rates at Lukavec site with less favorable soil and
climatic conditions, and at Troubsko site. Application rates of 100 kgiha'l N at Lukavec increased dry biomass yields from
3.0 tha™' without N fertilizing to 9.32 tha™ in the third year after planting. At Troubsko, the best site for Miscanthus
productivity, N application rates of 50 kg.ha'l increased dry biomass yields by 6.9% on average over the whole period of
observation, while the N rate of 100 kg.hzl_I increased yields by 18.2% against the variant without fertilizing. The results
obtained at Ruzyné site in the separate years do not allow to determine explicitly any significant effect of differentiated N rates
on yield increase.

Keywords: Miscanthus sinensis; wintering;, N fertilizing; yields

ABSTRAKT: V roce 1994 byly na ¢tyfech odlisnych stanovistich zaloZeny polni pokusy ze sazenic ozdobnice ¢inské, odridy
Gigantheus, vypéstovanych z tkanovych kultur. Byl sledovén vliv pidnich a povétrnostnich podminek na pfezimovani sazenic
v prvnim zimnim obdobi a vliv stupiiovanych ddvek N (0, 50, 100 kg.ha") na vynosy sudiny fytomasy ozdobnice v jednotlivych
letech na danych stanovistich. V zévislosti na ptidné klimatickych podminkéch na jednotlivych stanovistich pfeZilo prvni zimu
od 10 % na mél¢ich a chudSich hnédych pidach v chladnych podminkach do 100 % na hnédozemi a ernozemi v teplejsich
oblastech. Vynosy suSiny fytomasy kaZdoro¢né vzristaly a ve tfetim roce po vysadbé bylo v priméru dosaZeno v Lukavci
6,15 tha™, Ruzyni 17,89 tha™' a Troubsku 28,19 tha™. Hnojeni N nejvice ovliviiovalo vynosy ozdobnice na stanovisti
v Lukavci, kde jsou hor§i piidni a povétrnostni podminky, ale také v Troubsku. Davky 100 kg N.ha™ v Lukavei ve tretim
roce po vysadbé ozdobnice zvySovaly vynosy sudiny fytomasy ze 3,0 tha™! bez hnojeni N na 9,32 tha™'. V Troubsku, jez
predstavuje pro péstovani ozdobnice nejlepsi stanovisté, zvySovalo hnojeni N v priméru za celé sledované obdobi vynosy
suiny pii davce 50 kg.ha_l 06,9 % a pii davce 100 kg.ha™ o 18,2 % oproti nehnojené variant&. Na stanovisti v Ruzyni nelze
z dosaZenych vysledki z jednotlivych let jednozna¢né stanovit prikazny vliv stupiiovanych davek N na zvySovani vynost.

Kli¢ova slova: Miscanthus sinensis; ptezimovani; hnojeni N; vynosy

INTRODUCTION and largely resistant to diseases and pests. It has been
grown as an ornamental plant until now. Trials on their
production at a large scale have started in the last ten
years. Its yields can amount to more than 30 t.ha™! of
above-ground dry biomass under favorable growing con-
ditions.

Productivity of Miscanthus sinensis was tested in field

Miscanthus sinensis is a plant that is currently con-
sidered as an alternative source of renewable energy
and as a raw material for industrial use. Miscanthus
originates from East Asia. It was imported to Europe
for the first time in 1935, to Denmark. Miscanthus is

botanically included in the class of monocotyledons
(Monoxyledonae), to the family Poaceae, to the tribe
Andropogeneae. Miscanthus is a perennial plant of type
Cy, efficiently utilizing solar energy, water, nutrients,

ROSTLINNA VYROBA, 45, 1999 (12): 539-543

conditions in 1994 to 1998 in trials conducted in the
Research Institute of Crop Production at Praha-Ruzyné
in cooperation with the Research Institute of Forage
Crops at Troubsko; the goal of these trials was to study
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. Basic site characteristics

Eharaciediiiic Experimental site
Ruzyné Troubsko Lukavec Chomutov

Latitude 50° 04° 49° 127 49° 37" 50° 56°
Longitude 14° 26’ 16° 37" 15° 03" 13° 16"
Altitude (m as.l) 350 270 620 363
Production subtype clay loam loam sandy loam sandy loam
Soil texture luvisol degraded chernozem cambisol lithic cambisol
Average annual temperature (°C) 77 8.4 6.8 7.6
Average annual sum of precipitation (mm) 517 547 686 484
Agrochemical properties of topsoil layer

Humus content (%) 3.00 2.44 3,32 2.07

pH (KCI) 5.57 5.94 6.11 5.12

P (Mehlich II, mg.kg™" of soil) 124.9 112.0 131.0 52.6

K (Mehlich II. mg.kg™" of soil) 126.0 199.7 166.0 107.7

the influence of different soil and climatic conditions in
the year after planting on the wintering of Miscanthus
plants and the effect of different N application rates on
above-ground dry biomass yields in 1994 to 1998.

MATERIAL AND METHODS

Plants of Miscanthus sinensis, cv. Gigantheus were
imported from the Federal Republic of Germany in spring
1994; they were grown from tissue cultures and made
to produce roots in containers of ca. 0.1 dm® volume.
The plants were set out in field trials at four sites with
different soil and climatic conditions (Ruzyné, Troub-
sko, Lukavec, Chomutov) in the same year. Tab. I shows
-the basic characteristics of the sites. Common cultural
practices applied in autumn and spring were used at all
sites before the plants were set out (stubble-breaking,
plowing, applications of fertilizers at a rate of 60 kg
P205.ha_l in form of superphosphate and 60 kg K20.ha_l
in form of potassium salt, seedbed preparation in spring).

The plants were set out in the field manually in the
second half of May 1994 at a density of one plant per
1 m% Experimental plot size was 10 m?. At Lukavec,
the received plants were transplanted in pots, placed in
a vegetation tunnel over the winter and set out in the
field in spring 1995.

These measures were taken in November 1994 to
provide for Miscanthus wintering. A third of plants at
Ruzyné site and all plants at Troubsko were covered
with wheat straw at a layer of ca. 0.1 m. All plants at
Lukavec were covered with composted earth at a 0.1 m
layer over the winter season 1995 to 1996. Another
third of plants at Ruzyné was hilled up by ecarth at
a 0.1m layer. Miscanthus plants at Chomutov and the
remaining third of the plants at Ruzyné were left with-
out any treatment.

These N rates in form of ammonium saltpeter with
limestone were applied every year since the second year
after planting. N, = without fertilizing, N; = 50 kg.ha'l
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in spring before plant sprouting, N, = 100 kg.ha_l
(50 kg.ha™! in spring before sprouting and 50 kg.ha™!
in early June at the beginning of vegetation). Only rates
Np and N, were used at Lukavec site.

The stands were not mown in the year of planting.
Trials at Chomutov were terminated in 1995, because
only 10% of the plants survived over the winter season.
Harvests in 1996 and 1997 were carried out on two
dates (autumn and spring ones) to determine changes in
moisture content and losses of above-ground biomass
during the winter season.

Data on the effect of N fertilizing on dry matter
yields in Miscanthus were processed statistically.
Analysis of variance of two-way classification was used
(Tab. V).

RESULTS AND DISCUSSION

Plant wintering in the first year after planting

The results of Miscanthus wintering show Tab. II.
As very weak plants were set out in field conditions,
13% of plants at Ruzyné failed to establish in spite of
great care, 15% at Troubsko, 10% at Chomutov and 5%
at Lukavec. Losses at sites with worse soil and climatic

II. Mortality of Miscanthus sinensis plants during autumn and over
the first winter season

Plant mortality Plantsaoitalit Total mortality
. by 30th P wintcry by the second
Site December year
% of all plants set out
Ruzyné 13 0 13
Troubsko 15 0 15
Lukavec 5 45 50
Chomutov 10 80 90

* the values are identical at all variants of wintering
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conditions amounted to 45% of plants at Lukavec and
up to 80% of plants at Chomutov (total loss over the
first year was 90%) over the winter season. No plants
died at Ruzyné and Troubsko sites over winter. No loss
of plants was observed over the winter season at Ruzyné,
not even on plots that were left without any treatment
to provide for wintering (straw, soil hilling up).

Total losses in the second year were 13% at Ruzyné,
15% at Troubsko, 50% at Lukavec, 90% at Chomutov.
Trials with Miscanthus were terminated at Chomutov
with respect to a very low number of the remaining
plants.

Similarly like in our trials, Eppel-Hotz et al. (1998)
report that the loss of young plants amounted to 40%
in the first winter season 1995/1996 while a five-year
stand wintered without any losses.

To identify the causes of these losses, climatic con-
ditions in the winter season at the experimental sites
were analyzed. Figs. 1 and 2 show temperatures, pre-
cipitation or soil temperatures (if it was possible to reg-
ister these data) in the winter 1994/1995. At Chomutov,
where the plant losses were highest, the precipitation
sum was lower by 27% in December and by 57% in
February than is the long-term average. The precipita-
tion sum in January was regular. The snow cover did
not last throughout the whole winter, there was no snow
cover at the end of January. The insufficient snow cover
may have had negative impacts on Miscanthus winter-
ing. In addition, the month of March was very cold at
Chomutov. Its average monthly temperature was 0.3 °C
only (Fig. 2).

In general, the winter 1994/1995 was characterized
by above-average values of temperatures and precipita-
tion at all sites in comparison with long-term averages.
It was only at Chomutov, which is situated in the rain
shadow of the Kru¥né hory Mts, where the precipitation
sum was by 25% lower than the long-term average in
the winter season from early December to late February.
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No plant losses over winter were observed at any
experimental site in the second and successive years.

The use of the cv. Gigantheus may have been a cause
of poor wintering. The cv. Gigantheus used in our trials
was one of the most susceptible to freezing out. Another
reason for freezing out may be the fact the 90% of all
rhizomes are concentrated at a soil layer of 0 to 10 cm
(Koessler, Claupein, 1998). Moreover, the rhizomes in
the first year are not strong enough, they are weak,
having a lower content of storage nutrients that facili-
tates wintering and provides for better rooting in spring.

Dry biomass yields

The yields of above-ground dry biomass in Miscan-
thus in the separate years and with respect to different
N application rates show Tab. III. Data indicate that the
yields of above-ground dry biomass in Miscanthus were
influenced first of all by the soil and climatic conditions
of the sites. The respective average yields at Lukavec,
Ruzyné and Troubsko were 6.15, 17.89 and 28.19 t.ha™!
in the third year after planting.

Higher yields at Troubsko and Ruzyné are ascribed
to a longer growing season and higher temperatures in
the growth period of Miscanthus in comparison with
Lukavec.

It is to assume that yields will increase in the next
years because in spite of the progressive expansion of
shoots the stands at Ruzyné and Troubsko cover ca.
55% and at Lukavec 35% of land as they have not been
fully closed yet. Average yields at Troubsko substan-
tially decreased from 28.15 to 16.01 tha™' in 1998.
This yield decrease is ascribed to a very low precipita-
tion sum recorded at this site from spring to the end of
May when precipitation amounted to 87 mm only from
the beginning of January to the end of May while the
precipitation sum over the same period in 1997 was
131 mm.
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I1I. Yields of above-ground dry biomass of Miscanthus sinensis (tha™') and average plant length (m) at autumn harvest

Site Ruzyné Troubsko Lukavec

G biomass yields length biomass yields length biomass yields length
Ny N, N, average |average Ny N, N, |average |average Ny, N, |average |average

1995° 2.11 522 4.03 3.79 1.00 3.60 4.03 5.04 4.22 1.05 - - - -

1996 9.35 | 1432 | 1041 | 11.36 | 247 1566 | 17.22 | 17.28 | 16.72 | 2.76 0.10 - 0.10 0.97

1997 17.56 | 16.20 | 19.91 | 17.89 | 2.19 [ 27.23 | 28.42 | 29.71 | 28.15 | 252 1.35 - 1.35 1.44

1998 21.06 | 18.75 | 17.06 | 18.96 | 2.03 13.87 | 14.83 | 1933 | 16.01 2.16 3.00 9.32 6.16 1.07

Ny =0, N; = 50, N, = 100 kg N.ha™"

" plants at Lukavec u Pacova were set out to an experimental plot in the spring 1995

IV. Moisture content of harvested biomass on various harvest dates and loss of dry biomass of Miscanthus sinensis over the winter season

Site Ruzyné Troubsko

Ssison autumn spring loss loss autumn spring loss loss
(tha) | (%) (tha)) | (%)

Harvest date 22.10. 1996 | 22.4.1997 21.10. 1996 | 6.4, 1997

Dry biomass yield (tha™" 14.32 9.88 4.44 31.0 16.72 11.90 4.82 28.8

Moisture content at harvest (%) 61.6 12.6 70.0 30.1

Harvest date 31. 11,1997 | 3.3.1998 22.10. 1998 | 8. 4.1997

Dry biomass yield (tha™") 17.56 11.19 6.37 36.3 28.15 19.50 8.65 30.7

Moisture content at harvest (%) 42.6 18.9 63.0 242

Miscanthus yields in this country are comparable with
yields achieved in foreign countries. Miscanthus yields
of perennial stands were 15 to 25 t.ha™! on better soils,
7 to 10 tha™! on worse soils in Bavaria in similar climatic
conditions. Similar yields were reported by Schwarz et
al. (1997) for Denmark. Yields in Greece amounted to
43.6 tha™! dry biomass under optimum conditions (op-
timum fertilizing, irrigation).

Miscanthus biomass harvested in autumn, in October
and November, is not mostly usable for direct burning
because its moisture content is high (42 to 70%,
Tab. IV) and plants are still partly green at that time.
Most boilers for biomass burning are designed for an
optimum moisture content in straw 15 to 20%. Hence
it is advisable to cut the stand of Miscanthus for direct
burning in a period from the end of winter to the end
of April after the plants have reduced their surplus mois-
ture content over winter. The moisture content of Mis-
canthus plants was below 20% on spring harvest dates
in our trials (Tab. IV).

Leaf shedding and shattering caused substantial losses
of biomass over the winter season. The loss at Troubsko
site amounted to 30% on average. The loss at Ruzyné
site was even higher (34% on average of the years). It
can be explained by stronger winds blowing at this site
in winter that cause more intensive shattering.

A question arises if economic aspects are taken into
account, whether additional drying in the autumn can
balance biomass losses. It is necessary to reckon on the
positive functions of shedding. E.g. shed leaves act as
a mulch protecting soil from erosion, preventing weeds
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from growing in the spring, and last but not least, a part
of nutrients from sheddings is extracted.

In view of economic aspects, it is recommended in
Denmark to harvest Miscanthus in autumn if losses
amounted to 50% dry mass over winter because it is
evident that neither will leaf shedding that participates
in nutrient recycling and soil humus formation balance
the biomass losses.

N fertilizing

Data on the effect of different N application rates on
biomass yields of Miscanthus (Tab. IIT) show that higher
N rates substantially influenced Miscanthus yields at
the site at Lukavec with worse soil and climatic condi-
tions as well as at Troubsko site. The rates of 100 kg.ha_l
(N,) at Lukavec increased the yields of Miscanthus dry
biomass from 3.0 tha™' in unfertilized variant to
9.32 tha™! (Tab. III) in the third year after planting.
N fertilizing at Troubsko increased dry biomass yields
by 6.6% after application of N rate, and by 18.2% after
application of N, rate in comparison with unfertilized
variant. The differences in dry biomass yields and be-
tween the N application rates were statistically signifi-
cant (Tab. V). The effect of different N rates on an
increase in biomass yields was insignificant at Ruzyné
site (Tab. V).

Similar field trials carried out at two different sites
in Italy and in which different N application rates were
used (0, 50, 100, 150, 250 kg.ha’l) provided the yields
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V. The effect of N fertilizing on the yields of Miscanthus sinensis
dry biomass (analysis of variance — mean squares at Ruzyné and
Troubsko sites)

Site Ruzyné Troubsko

Source of variability | d.f. | MS F |df | MS F

N fertilizing 2 [1.279(0.246 | 2 |7.7166|6.2415*
Error 6 |5.197 6 |1.63
*P<0.05

of Miscanthus dry biomass after gradated N fertilizing
in the third and fourth year after planting that did not
differ very much from the results of our trials (Pignateli
et al., 1998).

In general, N rates of 60 to 100 kg.ha‘l are recom-
mended to achieve dry biomass yields of Miscanthus 15 to
20 tha™' as they are considered as sufficiently high
(Strasil, 1998).

The results of research conducted at many work-
places of Europe indicate that Miscanthus is a very in-
teresting plant as for the use of raw materials from plant
sources. The yield potential of Miscanthus at warmer
sites exceeds the productivity of all current domestic
plant species including fast growing tree species. This
finding is supported by our results that were obtained
especially at Troubsko and Ruzyné sites. Although
there are some problems to be solved in research pro-
grams, it is possible to state that Miscanthus sinensis
can be considered as an important source of renewable
raw materials for industrial and energy use.

The study was conducted as a part of Project EP
6457 supported by the National Agency for Agricul-
tural Research.
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Z VEDECKEHO ZIVOTA

MEZINARODNI KONFERENCE O STOPOVYCH PRVCICH

Mezindrodni konference vénovand problematice sto-
povych prvkl (5‘h International Conference on the Bio-
geochemistry of Trace Elements) se konala ve dnech
11.az 15. ¢ervence 1999 ve Vidni. Navazovala na pied-
chozi Ctyfi konference, pofadané od roku 1990 (Orlan-
do/Florida 1990, Taipei/Taiwan 1993, PaiiZ/Francie
1995, Berkeley/California 1997). Hlavnim organizito-
rem tohoto setkani védcl z padesiti zemi byla Univer-
sitit fiir Bodenkultur ve Vidni. Clenem organiza¢niho
vyboru byl téZ doc. Ing. P. Tlusto$, CSc., z Ceské ze-
médélské univerzity v Praze.

Jednani konference bylo zahdjeno dvéma plenarnimi
prednaskami: L. Kochian, Cornell University, USA (Ulo-
ha procest rhizosféry v prfijatelnosti stopovych prvki
pro rostliny) a I. Thorton, Imperial College of Science,
Technology & Medicine, London, UK (Pfijatelnost sto-
povych prvki v potravnim fetézci).

Vlastni program byl rozdélen do deseti sympozii a de-
vatenécti technickych sekci. Jednotlivd sympozia sou-
stiedovala klicové problémy vyzkumu stopovych prvki
a jeho vyuZiti v Zivotnim prostiedi. V jejich prib&hu
zaznélo 136 prednasek:

— Fytoremediace (A. J. M. Baker, D. Salt, J. Vangrons-
veld) — fytoextrakce stopovych prvki z kontamino-
vanych pid a mozZnosti vyuZiti vybranych rostlin jako
hyperakumulatora rizikovych prvka (nejfrekventova-
néjsi byla rostlina rodu Thlaspi)

— Radionuklidy (F. Carini, P. Coughtrey, C. Bunnen-
berg, M. Gerzabek)

— Stopové prvky a pedologie (D. Baize, J.-C. Vedy)

— Prijatelnost, zdroje a pfemény stopovych prvka v pade
a pudnich casticich (M. B. Kirkham, I. K. Iskandar,
A. Banin) — mobilita a pfijatelnost stopovych prvki,
vliv padnich podminek na pfijatelnost stopovych prv-
kt pro rostliny

— Stopové prvky v rhizosfére (G. Gobran, E. Lombi,
W. W. Wenzel)
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— Remediace pud kontaminovanych kovy (R. Naidu,
W. W. Lepp, N. van der Lelie) — remediace ex situ
a in situ, remediaéni technologie vyuZivané v riz-
nych zemich svéta, perspektivy remediaénich tech-
nologii

— Problematika stopovych prvki v rozvojovych zemich
(Z.-S. Chen, D. Chakraborti) — piekvapivé byly za-
fazeny do této sekce i piispévky informujici o této
problematice v Polsku a Madarsku

— Stopové prvky v odpadech aplikovanych do pudy
(S. P. McGrath, P. Sequi, F. Zhao) — zdroje riziko-
vych prvki v pidich, faktory ovliviiujici rozpust-
nost, moznost vyplaveni a biologickou pfijatelnost
vybranych prvki na pudach po aplikaci odpadi

— Kinetika a mechanismy sorpce a uvoliiovani stopo-
vych prvki v piirodnich materidlech (M. Selim,
D. L. Sparks)

— Interakce kov — organické latky (R. Sletten, N. Se-
nesi) — riizné pohledy na organickou hmotu a samot-
né huminové kyseliny a fulvokyseliny a jejich inter-
akci s vybranymi prvky
Program technickych sekci (180 prednasek) byl za-

méfen na dil¢i problémy stopovych prvki (stopové prv-

ky v zemédélském, lesnim a vodnim ekosystému, resp.
jejich pfijatelnost a distribuce v rostlinnych tkanich).

Dalsimi diskutovanymi problémy byly speciace jednot-

livych forem prvki v rostlindch véetné modernich ana-

lytickych technik, vyuZzivanych pfi téchto studiich, biomo-
nitoring, fytoremediace a hromadéni stopovych prvki

v rostlinach, velmi Casto s vyuZitim metod genového

inZenyrstvi. Nechybély ani matematické modely vza-

jemnych vztahi stopovych prvki v systému puda —
rostlina. Pfednasky v sekcich i sympoziich byly dopl-
nény 264 postery.

Sborniky z konference jsou k dispozici na katedie
agrochemie a vyZivy rostlin CZU v Praze.

Ing. Daniela Pavlikovd, CSc.
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VICEUCELOVE PUDNI TESTY A BIOLOGICKA
DOSTUPNOST DRASLIKU, FOSFORU, HORCIKU,
MANGANU A SIRY Z PUDY

MULTINUTRIENT SOIL TESTS AND BIOAVAILABILITY
OF POTASSIUM, PHOSPHORUS, MAGNESIUM, MANGANESE
AND SULPHUR FROM SOILS

J. Matula

Research Institute of Crop Production, Praha-Ruzyné, Czech Republic

ABSTRACT: One of the presuppositions of the agronomic usefulness of a soil test, for advising on the precise use of
fertilisers, is a good correlation of the test with the phytoavailability of nutrients. The following multinutrient soil tests:
Mehlich 2, Mehlich 3, KVK-UF, extraction with 0.01M CaCl,, extraction with water in the ratio 1 : 5 (w/v), simulated soil
solution and the UNIBEST soil test with PST-1 resin capsules, were evaluated on a set of 32 soils taken from plough depth
of research plots distributed across the Czech Republic (Tab. I). The bioavailability correlation study was run in a plant growth
chamber using barley, mustard and maize in vegetative trials for 21 days. The measure of bioavailability was the content of
K, P, Mg, Mn, and S in the dry matter of shoots. In spite of great differences in extracting power of extractants, a very good
and similar relationship was found between all of the soil tests used and the K content of the test plants (Tabs. II to IV, Fig. 1).
More marked differences were found in extracting power of extractants and in the bioavailability of P. The best correlation
was obtained using water (1 : 5), UNIBEST PST-1 and KVK-UF. Mustard exhibited the highest capability of absorbing P from
soils, but with a poorer correlation with soil tests than barley or maize (Tabs. II to 1V, Fig. 2). The prediction of Mg bioavailability
with soil test used was similar and the correlation improved when the Mg soil test was corrected by a soil K-status (Tab. IV).
Neither of the Mehlich methods showed any relationship with the Mn content in plants. The best prediction of Mn bioavaila-
bility was shown by the methods CaCl,, soil solution, KVK-UF and water (1 : 5) (Tab. IV). The best S bioavailability
correlation was found with water (1 : 5), UNIBEST PST-1, KVK-UF, but unsatisfactory with Mehlich 3 and 2, and CaCl,
(Tab. IV, Figs. 3 and 4). Overall the best indicator of bioavailability was exhibited by the simple extraction from soil using
water (I : 5), method KVK-UF and UNIBEST PST-1 resin capsules, resp.

Keywords: multinutrient soil tests; bioavailability; potassium; phosphorus; magnesium; manganese; sulphur

ABSTRAKT: Soulad mezi sedmi pldnimi testy (Mehlich 2, Mehlich 3, KVK-UF, extrakce 0,01M CaCl,, extrakce H,O [1 : 5],
simulovany pldni roztok, sinkovy postup s pouZitim ionexovych kapsli PST-1) a biologickou dostupnosti Zivin (K, P, Mg,
Mn a S) byl ovéfovin na 32 pidach z teritoria CR. Biologickd dostupnost Zivin byla posuzovéna na zdkladg jejich obsahu v testo-
vacich rostlindch (je¢men, hoi¢ice, kukufice) po tfitydenni kultivaci testovacich rostlin v klimaboxu. Pies vyrazné rozdily ve
stupni extrakce K z piidy mezi ovéfovanymi piidnimi testy bylo dosaZeno velmi podobné korelace s jeho biologickou dostup-
nosti. V extrakci P z piidy byly shleddny zna¢né rozdily v sile extrakce a jeho osvojitelnosti testovacimi rostlinami. Nejlep$iho
souladu mezi pidnim testem a biologickou dostupnosti P bylo dosaZeno pfi extrakci vodou (1 : 5), ionexovymi kapslemi PST-1
a extrakci KVK-UF. Korelace mezi obsahem Mg v testovacich rostlindch a ovéfovanymi pldnimi testy byla velmi podobnd.
Zahrnuti stavu zdsoby K v pidé do Mg-pudniho testu (pouhym pomérem Mg/K) podstatné zvysilo tésnost korelace. Obé
extrakce podle Mehlicha byly zcela nepouZitelné k diagnostice Mn v ptidé. Uspokojivé vysledky byly dosaZeny extrakci 0,01M
CaCl,, simulaci pidniho roztoku, extrakci KVK-UF a vodou (1 : 5). Nejlep3iho souladu mezi obsahem S v testovacich
plodindch a pidnimi testy bylo dosaZeno extrakci vodou (1 : 5), PST-1 a KVK-UF. NepouZitelny k diagnostice S v pudé byl
zejména test Mehlich 3.

Kli¢ova slova: viceilelové pudni testy; biologickd dostupnost; draslik; fosfor; hoi¢ik; mangan; sira
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UvoD

Agrochemické zkouSeni pid pres viechny své soucas-
né nedokonalosti je nejroziifenéj§im prostfedkem dia-
gnostiky vyzivného stavu pad a z ni odvozované potieby
hnojeni. Hlavni prednosti pudnich testd je moZnost pre-
vence piipadnych poruch vyZivného stavu porostu
v predstihu pred jeho vlastnim péstovdanim na daném
pozemku.

Raij (1998) povaZuje testovani pud za pozoruhodnou
a jedineCnou aktivitu, kterd v sobé zahrnuje rozsihlé
mnozstvi vyzkumnych informaci a védeckych poznat-
kd, a tim umozZiuje identifikovat vétSinu vyZzivnych dis-
proporci plodin na konkrétnim stanovisti, resp. pozemku.
Autor ddle uvadi, Ze zZadné dalsi aktivity zemédélskych
sluzeb nejsou schopny poskytnout zemédélci tolik prak-
ticky uzite¢nych informaci.

Agrochemické zkouSeni pid lze rozdélit na tfi na-
sledné etapy: 1) odbér reprezentativniho pidniho vzor-
ku z pozemku nebo jeho &asti, 2) analyza ptdniho vzorku
v laboratofi danym metodickym postupem, 3) interpre-
tace analytickych vysledkt pro potfeby hnojeni (hnojai-
ska doporuceni). Klicovym predpokladem dobré agro-
nomické interpretace pidniho testu je, Ze stanovené
obsahy Zivin v pudé dobfe koresponduji s redlnou bio-
logickou dostupnosti Zivin. Metoda ptidniho testu by
méla podchycovat srovnatelny zdroj Zivin v pidé, resp.
jejich redlnou dostupnost pro rostlinu (Peck, Soltan-
pour, 1990; Raij, 1998).

Technologie precizniho zemédélstvi nabizi moZnost
plosné diferencované aplikace hnojiv v souladu s varia-
bilitou vyZivného stavu pozemku. Otazkou vSak je, zda-
li soucasné metody pidnich testd jsou schopny poskyt-
nout presnéjsi informace o vyzivném stavu pudy pro
‘moznosti piesnéji diferencovaného hnojeni na pozemku.
K tomu jsou potiebné pidni testy, které jsou schopny
piesnéji diferencovat oblasti deficitu, dostate¢nosti a nad-
byte¢né zdsobenosti pid Zivinami (Jones, 1998).

Vyzvou dne$ka (Jones, 1998) je vybrat z kolekce
pudnich extrak¢nich Cinidel ta, kterd spojuji nékolik vi-
ceticelovych poZadavkl, aby umoznily pIné vyuZivat
piednosti mnohoprvkovych analyzétort jako napi. ICP,
a jsou funkéni v Sirokém rozpéti pidnich charakteristik
jako napi. pH, textura, obsah organické hmoty, které
vykazuji potiebny soulad mezi zdsobou Zivin v padé
a obsahem v rostliné.

Prokazani prednosti jednotlivého ptdniho testu v pol-
nich podminkach je zdlouhavy a ndkladny proces pro
obtizné postiZitelné a proménlivé interakce komplexu
vegetaCné-stanoviStnich faktord. RovnéZ zna¢na varia-
bilita a niz$i korelace pidniho testu na jednom stano-
vi$ti nemusi hned znamenat analytickou pochybenost
zjiSténych hodnot. Pfi¢inou mohou byt i interference
s dal$imi téZko kontrolovatelnymi faktory, které mohou
ovlivnit napi'. rozvoj kofenli v objemu pudy (Johnston
et al., 1998).

Cilem naSi prace bylo ovéfit diagnosticky soulad
perspektivnich viceucelovych pidnich testd s moznosti
prijmu Zivin rostlinou na vét§im souboru pud. Z téchto
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davodu byly v prvni etapé vyzkumu jako diagnostické
hodnoty puadnich testi pouzZity biotesty za kontrolovanych
podminek kultivace testovacich rostlin, které umoziuji
snadnéji ovéfit vztah mezi ptidnim testem a rostlinou
v interakei s rozsdhlej$im souborem rozdilnych pad.

MATERIAL A METODA

K ovéfeni souladu sedmi pidnich testd s biologic-
kou dostupnosti Zivin byl pouzit soubor 32 ptd z ornic
pozemki vybranych vyzkumnych stanovist. Pivod pid
a jejich zakladni charakteristiky jsou uvedeny v tab. L.
Zasoba zivin (K, Mg, P, Mn a S) v pudach byla stano-
vena témito postupy: Mehlich 3 (Mehlich, 1984), Meh-
lich 2 (Mehlich, 1978) v dpravé (Travnik et al., 1988),
extrakce KVK-UF (0,5M octan amonny s pfidavkem
0,015M fluoridu amonného o hodnoté pH 7) (Matula,
1996; Matula, Pirkl, 1988), extrakce 0,0IM CaCl,
(Houba et al., 1990), sinkovym postupem na ionexové
kapsle PST-1 (UNIBEST, Inc. Bozeman, MT, USA,
Skogley, 1994), extrakce vodou v poméru 1 : 5 (zemina
: pida, w/v) a extrakce piudniho roztoku ze saturované
pudni pasty vodou, tzv. simulovany pudni roztok.

Struény postup simulovaného pudniho roztoku: na-
vizi se 25 g jemnozemé do 50ml centrifugacni kyvety,
piida se 1,5ndsobek zjisténého objemu vody, aZ vznikne
nasycend pudni pasta, zamichd se sklenénou ty¢inkou
a nechd se stat v exsikdatoru nad vodni hladinou pies
noc. Druhy den se obsah kyvety v Smin intervalech
Styfikrat dikladné promichd sklenénou tyéinkou. Poté
se centrifuguje do vzniku &irého roztoku nad zeminou,
tzn. asi 10 min pfi otd¢kach 6000.s™". Po centrifugaci
se bezprostiedné jemné odsaje Ciry roztok. Zajmové prv-
ky byly v pudnich extraktech stanoveny na optickém
emisnim spektrometru s induk&né vizanym plazmatem
(ICP-OES) TraceSCAN firmy Thermo Jarrell Ash (USA).

Ke zjisténi biologické dostupnosti Zivin ze souboru
32 pud byly zakladany vegetacni pokusy v klimaboxu
po dobu tfi tydnt. Testovaci plodinou byl jarni jecmen
(odruda Akcent), hoi¢ice bild (odrida Zlata) a kukufice
(odrida CE 240). Vegetacni nadobky byly plnény 400 g
testované zeminy, vzdy ve tiech opakovanich. V kazdé
nadobce bylo kultivovino po 15 rostlindch je¢mene a hoi-
Cice a po osmi rostlinich kukufice. Zavlaha nadobek
byla diferencovana podle vodni kapacity zeminy a dopl-
fiovana pfi poklesu pod 75% nasyceni. Svételny a tep-
lotni rezim kultivace byl: den 16 h, 20 °C, noc 8 h, 15 °C,
pii fotosyntetickém acinném zareni 500 uE.m“zs_l. Bé-
hem kultivace bylo aplikovano celkem 72 mg N na
nadobu v Sesti délenych davkiach ve formé roztoku
NH4NO;. Sklizena nadzemni hmota testovacich rostlin
byla bezprostiedné suSena pri 65 °C. K mineralizaci
nadzemni hmoty rostlin bylo pouzZito mikrovinné zafi-
zeni MILESTONE v prostredi kyseliny dusicné a pero-
xidu vodiku. Jednotlivé prvky byly stanoveny na pfi-
stroji ICP-OES Trace SCAN.

Ke zpracovani experimentalnich vysledki bylo pouZi-
to statistického programu GraphPad PRISM, CA, USA,
version 2.0 a Microsoft Excel, version 5.a.

ROSTLINNA VYROBA, 45, 1999 (12): 545-553



1. Piehled pouZitych pid a nékterych agrochemickych charakteristik — Survey of used soils and some agrochemical characteristics

Cislo | Lokalita piivodu a klasifikace pH (0.2M KVK Vysledky pidniho testu? Mehlich 2 (mg prvku‘/kg)

pady' | pudy' KCI) (mmol+/kg) K P Mg Mn S
1 SenoZaty, Eutrochrepts 5,6 113 339 138 149 56 28
2 Novy Ji¢in, Aquepts 5.9 257 224 42 334 57 51
3 Bolatice, Ochrepts 6,3 79 117 57 68 61 21
4 KnéZmost, Ochrepts 6,4 118 215 66 80 64 24
S Suchdol u KH, Rendolls 6,4 100 248 29 80 41 24
6 Dolany-letisté, Hapludalfs 6.5 86 331 110 157 67 40
7 Dolany-Brzice, Rendolls 6,5 75 189 108 63 52 24
8 | Zimutice, Eutrochrepts 5.7 164 129 52 307 50 32
9 Nové StraSeci, Rendolls 5.8 136 159 51 70 65 38
10 Kravate v Cechich, Eutrochrepts 5.8 100 233 78 78 54 18
11 Lesonice, Eutrochrepts 59 93 271 94 121 119 21
12 Cernodin, Eutrochrepts 6,3 117 686 104 117 123 27
13 Kobefice, Ochrepts 6,2 86 396 87 69 42 21
14 Vilémov, Glossudalfs 6,1 136 172 46 181 56 64
15 Stichovice, Eutrochrepts 5.5 129 134 45 183 51 31
16 Horni Police, Vertic Ochrepts 5.8 179 343 92 18 78 34
17 Chotébof, Vertic Ochrepts 6,1 143 389 141 60 40 37
18 Ostrovska Bityska, Eutrochrepts 6,3 93 232 166 37 57 26
19 Pust&jov, Glossudalfs 6,4 114 173 98 153 39 32
20 Porici nad Sdzavou, Fluvents 6,2 100 544 208 78 49 27
21 Radoui, Ochrepts 4,5 43 171 95 22 73 23
22 Sobotka, Eutrochrepts 5.7 100 170 37 87 81 22
23 Némdcicky, Calciaquolls 6,3 129 253 54 315 31 56
24 Vycapy, Eutrochrepts 6,2 139 237 92 197 55 30
25 Tiebohostice, Ochrepts 55 107 166 97 118 39 21
26 Oparany, Eutrochrepts 59 100 292 84 161 43 24
27 Dolany-niva, Fluvents 6,0 157 69 40 196 86 42
28 Svihov, Dystrochrepts 52 121 199 50 179 48 31
29 Kolove¢, Eutrochrepts 59 136 173 36 222 78 28
30 Dlouhd Ves, Dystrochrepts 52 143 215 112 142 54 38
31 Rosovice, Ochrepts 55 79 120 52 40 100 12
32 Ruzyné, Hapludalfs 6,2 186 266 54 139 54 62

'soil No., %site of origin and soil classification, 3results of soil test, *of element

VYSLEDKY A DISKUSE

PouZité extrakéni postupy se mezi sebou znaéné li-
Sily ve schopnosti uvoliiovat Ziviny z pudniho vzorku
(tab. II a III).

Draslik. V pripadé K extrakéni sila metod Mehlich
3, Mehlich 2 a KVK-UF byla velmi podobna. Tyto po-
stupy extrakce postihuji obdobnou frakci K v pudé, tj.
K vyménny. Zjisténou koncentraci K v simulovaném
pidnim roztoku lze povaZovat za kategorii faktoru in-
tenzity. Extrakce vodou (1 : 5) jiZ potom Castené zasa-
hovala do kapacitni frakce pidniho K. Extrakce 0,01M
CaCl, v priméru postihovala méné nez 50 % frakce
vyménného K v pudé. Podil extrahovaného K zde reci-
pro¢né korespondoval s hodnotou kationtové vyménné
kapacity pudy.

ROSTLINNA VYROBA, 45, 1999 (12): 545-553

Pres vyrazné rozdily ve stupni extrakce K z pudy
jednotlivymi typy pidnich testd (tab. II a III) bylo do-
saZeno velmi podobného souladu s biologickou dostup-
nosti vemi testovanymi rostlinami (tab. IV). Regresni
zavislost mezi obsahem K v pé&stovanych rostlindch
a pudnim testem lépe postihovala funkce polynomickéd
druhého stupné neZ linearni. Nazornou demonstraci v pii-
padé je¢mene podava obr. 1, ktery uvadi ptiklady roz-
dilného stupné extrakce K z pudy. Z korelaéniho pole
zévislosti zde nejvice vybocCovala ptida 21, ktera se vy-
znaCovala extrémné nizkou hodnotou pH a kationtové
vyménné kapacity. Z grafl je ziejmé, Ze vyboceni pudy
21 z korelaéniho pole vzristalo s poklesem extrakéni
sily padniho testu. Pfri¢inou by mohla byt vyssi citlivost
je¢mene k nizkym hodnotdm pH a rovnéZ nizka hodnota
KVK, ktera souvisi s malou kapacitni zasobou K v pudé.
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11. Charakteristiky extrakce Zivin pidnimi testy a testovacimi rostlinami — Characteristics of nutrient extraction by soil tests and testing plants

Pudni test’ — extrakce®

Odbér Zivin nadzemni hmotou rostlin'!

Zivina' Charakteristika?® (mg ziviny’/kg zeminy'%) (mg Ziviny/kg zeminy)
Mehlich 3 Mehlich 2 KVK-UF CaCl, voda'?1:5 pudni roztok'? jegmen' hotcice!® kukufice'®
koncentraéni rozpéti® 66-683 69,4-686,3 60-606 10-315 7,5-102,1 24-414 62,6-203.0 48,6-225,2 50,3-252,5
K pramér? 2383 245.5 2294 104,3 39,3 13,7 134,4 143,9 138,0
median® 218,5 219,2 211 88 352 10,7 135.8 141.6 131,6
variabilita® % 53,4 51,4 50,0 65,2 57,4 73,4 25,5 30,3 35,0
koncentra¢ni rozpéti 45-322 28,5-207,8 2,8-41,6 1-8,6 2,7-16,4 0,3-2,4 53-254 3,1-25,1 8,9-22,7
P pramér 1194 81,7 18,2 3,0 7,0 1.1 13,1 18,1 14,0
medidn 1 105 80,8 18,8 2 6,3 1,1 12,2 18,8 13,9
variabilita % 49,6 50,5 59,9 61,9 44,7 39,0 33,1 29.8 24,1
koncentra¢ni rozpéti 24-325 18,1-333,6 18-222 18-194 3,1-17,3 1,4-11,9 1,7-9.7 2,2-20,5 6,8-26,3
Mg pramér 139,2 131.9 106,9 89,9 9,7 5.6 5.5 12,2 13,7
medidn 137 119,6 104 89 9.5 5.5 54 12,4 12,8
variabilita % 56,8 62,3 51,9 50,5 45,6 539 30,3 30,6 36,7
koncentracni rozpéti 61,5-364 30,6-123 2,2-20,4 0,3-34,5 0,2-2,7 0.04-2,07 0,09-0,80 0,14-0,85 0,15-3,09
Mn primér 149 61,8 9.6 8.0 0,69 0,54 0,17 0,28 0,37
median 119 55,5 8.6 53 0,48 0,39 0,14 0,26 0,28
variabilita % 48,5 34,8 L 414 95.8 82,7 85,4 71,6 46,6 135,1
koncentracni rozpéti 2-106 12,4-64,3 3,2-278 0-31 5,7-43.6 4,7-46,5 2,5-13,7 4,2-226 3-7.7
s pramér 45,7 315 10,6 52 11 9,6 5 7.5 4,6
medidn 43,5 27,8 9.8 2 9 7.4 42 6,6 4.4
variabilita % 67,2 39.3 41,5 151,1 61,9 78,1 48,2 46,2 23,7

1 5 i i3 i
nutrient, “characteristic, “concentration
*mustard, "*maize

range, "avcrage‘ Smedian, ('variabili(y. "soil test, “extraction, *of nutrient, '%of earth, ''nutrient uptake by plant above-ground mass,

2 . . 14,
2yater, soil solution, barley,




II1. Relativni porovnani extrakéni sily vyluhovadel ve srovnini se simulovanym pudnim roztokem — Relative comparison of extracting power

of extractants compared with simulated soils

. Extrakéni postupy?
Ziviny'
Mehlich 3 Mehlich 2 KVK-UF CaCl, voda® (1 : 5) pudni roztok*
K a 17.4 17,9 16,7 7.6 2,9 1
b 20,4 20,5 19,7 8,2 3,3 1
P a 111,6 76,3 17,0 2,8 6,5 1
b 98,7 72,1 16,8 2,4 5,6 1
Mg a 25,1 23,8 19.3 16,2 1,7 1
b 24,9 21,7 18,9 16,2 1,7 1
Mn a 275,8 114,4 17,8 14,7 1,3 1
b 305,0 142,2 22,1 13,6 1,2 1
S a 4,7 33 11 0,5 1,2 1
b 59 53 13 0.3 1,2 1

a) hodnota odvozend z aritmetického priméru — value derived from arithmetic mean

b) hodnota odvozeni z medidanu — value derived from median

. 2 . 3 5 5
'nutrients, %extraction procedures, “water, 4s0il solution

IV, Zji¥téné korelatni koeficienty mezi pidnimi testy a testovaci rostlinou — Found correlation coefficients between soil tests and testing

plant
i Pudni testy®

Ziviny' .Toisg;?:;fl ’ : KVK-UF voda’ pldni
Mehlich 3 | Mehlich 2 | KVK-UF | o' iors | caCly ) B PST-1
jeEmen-‘ 0,7769 0,7641 0,7687 0,7513 0,7245 0,6424 0,7155
K hof¢ice? 0,7722 0,7709 0,7674 0,8412 0,8086 0,7254 0,8157
kukufice® 0,8416 0,8336 0,8365 0,8255 08115 0,7014 0,8158
jecmen 0,6238 0,6376 0,6016 0,7714 0,5781 0,7599 0,7447 0,7059
P horcice 0,3599 0,4065 0,4026 0,5645 0,3298 0,5218 0,316l 0,4781
kukufice 0,6209 0,6425 0,7499 0,7155 0,7721 0,8663 0,5651 0,7058
je&men 0,6061 0,6233 0,6310 0,6865 0,6249 0,5835 0,5913
Mg hoiéice 0,6439 0,6366 0,6835 0,7486 0,7060 0,7449 0,6201
kukufice 0,5559 0,6213 0,5321 0,5961 0,5922 0,6218 0,5130
je¢men -0,0856 0,1295 0,5262 0,6942 0,5143 0,6610 0,3697
Mn hoi¢ice -0,0269 0,2113 0,5617 0,6960 0,5249 0,6848 0,4243
kukufice -0,0560 0,1358 0,5249 0,5756 0,4249 0,5585 0,3800
je¢men 0,2387 0,5367 0,7932 0,6836 0,8354 0,7729 0,8315
N hoitice 0,2205 0,4547 0,7413 0,7257 0,8761 0,8387 0,8411
kukufice 0,2841 0,3579 0,6689 0,6171 0,7598 0,7331 0,6200
jeCmen 0,8630 0,8593 0,8678 0,7353 0,8331 0,7741 0,7726
Mg/K hofi¢ice 0,8475 0,8354 0,8608 0,7614 0,8292 0,7972 0,7925
kukufice 0,8816 0,8931 0,8650 08173 0,8777 0,8509 0,8401

7,

"nutrients, 2tesling plant, 3bzxrh’.y, *mustard, *maize, soil tests, "water,

Informace o sorpcni kapacité pidy a mnoZstvi vy-
ménného K v pidé jsou duleZité k agronomické inter-
pretaci zasoby K v pidé€ pro potiebu hnojeni. Zvlasté
u slabych extrakénich postupd (0,01M CaCl, a voda),
pfes jejich dobry soulad s biologickou dostupnosti K,
bude tfeba pro agronomickou koncovku jejich vyuZitel-
nosti tento nedostatek kapacitniho charakteru vhodnym
zpusobem nahradit.

ROSTLINNA VYROBA, 45, 1999 (12): 545-553

. . Y .
¥50il solution, *correction

Fosfor. V extrakci P byly shledény nejvyrazngjsi roz-
dily mezi pouZitymi vyluhovadly (tab. II a III). Z vy-
sledkd je patrné, Ze simulovany pudni roztok a extrakce
0,01M CaCl, podavaly prevazné informaci z oblasti tzv.
faktoru intenzity. Extrakce vodou (1 : 5) zahrnovala
caste¢né i labilni formy P z jeho kapacitni zasoby. Ex-
trakce KVK-UF postihovala znanou &ést labilnich fo-
rem, kterd je signalizovana odbérem fosforu testovaci-

549



y =-0,0001x* + 0,1611x + 25,794
R? = 0,7024

20 I + } 4
0 200 400 600 800
Mehlich 2 (mg K/kg)

la. Vztah mezi pidnim testem Mehlich 2 a obsahem K v je¢menu —
Relationship between soil test Mehlich 2 and K content in barley

y =-0,0004x” + 0,2298x + 36,604
R?=0,6238

3514 .21

20 + + t+ + + + J
0 50 100 150 200 250 300 350
cacl, (mg Kikg)

Ib. Vztah mezi extrakei K z pidy 0,0IM CaCl, a obsahem K
v jemenu — Relationship between K extraction from soil 0.01M
CaCl, and K content in barley

y =-0,0028x* + 0,6259x + 35,833

R?=0,5509
* ® 29

20 - + - + + 1
0 20 40 60 80 100 120
H,0 1:5 (mg K/kg)

le. Vztah mezi extrakei K z pidy vodou a obsahem K v je¢menu —
Relationship between K extraction from soil by water and K content
in barley

Vysvétlivky k obr. 1 aZz 3 — Explanations to Figs. 1 to 3:

osa x: extrakéni metoda — x axis: extraction method

osa y: g/kg suSiny nadzemni hmoty — y axis: g/kg of dry matter of
above-ground mass
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mi rostlinami (tab. II). Extrakéni Cinidla podle Mehli-
cha zasahovala do oblasti fixovaného P. Zejména ex-
trakce Mehlich 3 mohla uvoliiovat i pevné fixované
slozky P z typu Fe-fosfétt, diky pfitomnosti chelatoru
EDTA.

Nejlepsiho souladu mezi pidnim testem a biologic-
kou dostupnosti P bylo dosaZeno pfi extrakci do vody
(1 : 5), sinkovou metodou PST-1 a extrakci KVK-UF
(tab. IV). V piipadé padniho testu KVK-UF, ktery v sobé
zahrnuje i stanoveni hodnoty KVK, lze tuto hodnotu
vyuzit ke korekci extrahované koncentrace P z pludy
(Matula, 1996), jejimz vysledkem je obvykle rast tés-
nosti vztahu s biologickou dostupnosti P. V souboru
testovanych pad se nevyskytovaly pudy neutrdlni aZz
alkalické, na kterych selhdvaji kysela extrakcni ¢inidla,
v nafem pripadé metoda Mehlich 2 a 3. U extrakce Meh-
lich 3 byl zaznamenan trend niZ§iho souladu s biologic-
kou dostupnosti P neZ u extrakce Mehlich 2. Pricinou
by mohl byt obsah chelatu (EDTA) v &inidle Mehlich
3, ktery muze napomdhat extrakci i hife dostupnych
Fe-fosfati pro rostliny. Piiklady korela¢nich poli jsou
uvedeny na obr. 2.

Vys8i osvojovaci schopnost P z testovanych rostlin
vykazovala hoi€ice (tab. II). Tésnost korelace mezi pid-
nimi testy a P v hoi¢ici byla podstatné niZ$i nez u jec-
mene a kukufice (tab. IV). Pfijem P hoi¢ici byl méné
zévisly na jeho obsahu v prostfedi. Z tohoto pohledu
byla hoi¢ice méné vhodnou testovaci rostlinou stavu
zasobenosti pud P.

‘Hor¢ik. Ze sledovanych pid byl Mg nejlépe extra-
hovéan postupy Mehlich 2 a 3. Ve srovnani s extrakci
KVK-UF byly obé extrakce podle Mehlicha vyss§i v pri-
méru o 20 %. Pfi¢inu rozdilu lze spatfovat v acidité &i-
nidel, kterd umoZiiuje uvolilovat Mg z precipitati napf.
dolomitického charakteru. Stupeil extrakce Mg slabym
vyluhovadlem 0,01M CaCl, byl ve srovnéni s extrakci
K podstatné vy3$si (tab. III). Koresponduje to se slabsi-
mi vazebnymi silami Mg2+ na plandrnich vyménnych
pozicich pevné fize pudy, resp. s jeho vétsi mobilitou
v pude.

Korela¢ni vztah mezi pidnimi testy a obsahem Mg
v testovacich rostlinach byl ve vSech pfipadech velmi
podobny (tab. IV). Vétsi rozptyly korelacnich poli byly
nutim obsahu K v pidé do Mg-testi pomérem Mg/K se
podstatné zvysila tésnost korela¢nich vztaht (tab. IV).
Tato skute¢nost dokldada dominantni postaveni K v in-
terakci s mozZnosti piijmu Mg rostlinou. :

Mangan. Byly zjistény vyssi rozdily v extrakéni sile
mezi jednotlivymi puadnimi testy (tab. III). Extrémné
silnym extrakénim cinidlem byl Mehlich 3, nasledoval
Mebhlich 2. Kyselost téchto extrakénich ¢inidel zptso-
buje radikdlni zménu chemismu pidy béhem extrakce.
Dochézi tim k uvolnéni nedefinovatelného mnoZstvi Mn
z troj- a ¢tyfmocnych forem. Je potom logické, Ze Mn
extrahovany takovymi Cinidly nemuzZe korespondovat
s jeho dostupnosti, resp. s jeho obsahem v rostliné
(tab. IV). Extrakce podle Mehlicha jsou proto prakticky
nepouzitelné k diagnostice Mn v pudé.

ROSTLINNA VYROBA, 45, 1999 (12): 545-553
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2a, Vztah mezi piadnim testem Mehlich 3 a obsahem P v kukufici —
Relationship between soil test Mehlich 3 and P content in maize

g P/kg

6,0 -
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y=0,311x + 2,7071
,I,: ¢ R? = 0,5961

2¢. Vztah mezi extrakci P z pidy 0,01M CaCl, a obsahem P v kuku-
fici — Relationship between P extraction from soil 0.0IM CaCl, and
P content in maize

g Plkg
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3,00 1 ¥ =-11,162x +12,18x + 2,1555
2,50 - R?= 0,509
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2e. Vztah mezi pidnim testem PST-1 (Skogley) a obsahem P v kukufici —
Relationship between PST-1 (Skogley) test and P content in maize

y = 8,176x + 2,4563
R? = 0,4982

V pfipadé sinkové metody PST-1 byla zji§téna méné
té€sna korelace s obsahem Mn v testovacich rostlinach.
Pfic¢inu lze hledat v zastoupeni silnych katexd v naplni
sorpcni kapsle. Pii iontové vyménné interakci kapsle
s pudou uvoliiuje sorpce dominantnich kationtd pudni-
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2b. Vztah mezi pidnim testem KVK-UF a obsahem P v kukufici —
Relationship between KVK-UF test and P content in maize
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2d. Vztah mezi extrakci P z pidy vodou a obsahem P v kukufici —
Relationship between P extraction from soil by water and P content
in maize

ho roztoku (Ca, Mg, K) katexem z n€ho protony vodiku
(H*, H;0%), dochazi k okyselovéni pidy, a tim i k mo#-
nosti pfevodu vysSich mocenstvi Mn na Mn?*. Uspoko-
jivy soulad mezi pidnim testem a biologickou dostup-
nosti Mn byl dosaZen extrakci 0,01M CaCl,, simulaci
pudniho roztoku, extrakci KVK-UF a vodou (1 : 5).
Sira. Extrak¢ni sila simulovaného pidniho roztoku,
extrakce vodou (1 : 5) a KVK-UF davaly velmi podrob-
né vysledky. Podstatné niz§i extrakéni silu vykazoval
postup 0,01M CaCl,. Divodem by mohly byt sraZeci
reakce s Ca (vypadavani sadry) v procesu extrakce.
Podstatné silnéj$imi extrakénimi &inidly byly Mehlich
3 a 2, u nichZ se vzristem extrakéni sily klesal soulad
s biologickou dostupnosti S (tab. II a III). V piipadé
extrakce Mehlich 3 jiZ stupefi nesouladu nasvédcuje
o nevhodnosti jejiho pouZiti k diagnostice S v pudé.
Tyto vysledky jsou ve zdanlivém rozporu s literaturou.
Rao, Sharma (1997) povaZzuji metodu Mehlich 3 za po-
uzitelnou k predikci poZadavku Cajovniki na S. Pfi¢inu
disproporce jejich zavéru s nasimi vysledky lze spatio-
vat v tom, Ze citovani autofi pracovali na pidé v jedné
lokalité, kde stupiiovali davky hnojeni S od 50 do 150 kg
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3a. Vztah mezi pidnim testem Mehlich 3 a obsahem S v kukufici -
Relationship between soil test Mehlich 3 and S content in maize

g S/kg
2,20 -
2,00
1,80 -
1,60 -
1,40
1,20
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0,80 -
0,60
0,40 -
0,0 50

y =0,0401x + 0,7763

=0,0003x° + 0,0311x + 0,8306
R? = 0,4465

10,0 15,0 20,0 25,0 30,0
KVK-UF (mg S/kq)

3c. Vztah mezi pudnim testem KVK-UF a obsahem S v kukufici -
Relationship between KVK-UF test and S content in maize

S.ha™'. V nasem piipadé jsme testovali 32 pid z rozdil-
nych lokalit CR. P¥i zevrubn&j§im pohledu na nase vy-
sledky korelacnich poli mezi extrakci Mehlich 3 a tes-
tovacimi rostlinami (obr. 3a, b) by se dalo pfi ziZeni
kolekce pid, resp. vybéru podobnych pud najit i uréité
zdvislosti. V kazdém piipadé univerzalni pouZiti ex-
trakce Mehlich 3 pro rozdilné pidy je sporné, ne-li ne-
mozné.

Formulace zavéru pouze na zakladé korelacnich koe-
ficientd bez znalosti skute¢ného korelaéniho pole bodi
muze byt zavadéjici. V naSem piipadé korela¢ni koefi-
cienty biologické dostupnosti S mezi extrakci KVK-UF
a CaCl, byly velmi podobné (tab. IV). Korela¢ni pole
dané zavislosti jsou zndzornéna na obr. 3c, d. UZitna
hodnota extrakce 0,0 /M CaCl, k diagnostice S je horsi
pro znacny rozptyl korelacniho pole v oblasti nizkych
koncentraci S v extraktu. PriCinu lze spatfovat ve zminéné
moZnosti srdZecich procest béhem extrakce CaCl,.

V nasi prici se vyraznéji neprojevily predpoklddané
prednosti sinkové metody PST-1 pred klasickymi ex-
trakénimi postupy z pohledu lepSiho souladu mezi ptd-
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3b. Vztah mezi pudnim testem Mehlich 3 a obsahem S v hoi¢ici -
Relationship between soil test Mehlich 3 and S content in mustard

g Slkg
2,20
2,00
1,80
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1,40 1 .

1,20
1,00 §o 00 y = 0,0201x + 1,0966
0,80 * R? = 0,3567
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y = 4E-05x* + 0,019x + 1,0989
R? = 0,3569 .

3d. Vztah mezi extrakei S z pidy 0,01M CaCl, a obsahem S v kukufici —
Relationship between S extraction from soil 0.01M CaCl, and S con-
tent in maize

nim testem a biologickou dostupnosti sledovanych Zi-
vin (tab. IV). Navic sinkova metoda PST-1 byla casové
zdlouhavéjsi a pracnéjsi, i kdyz by to nemél byt davod
diskriminace metody za piedpokladu jeji lepsi infor-
macni kvality. Smyslem puadnich testd by hlavné méla
byt uZitnd hodnota pro uZivatele (zemédélce) a ne vy-
hodnost pro poskytovatele sluzby (laborator).

Velmi slibné vysledky ddvala extrakce vodou v po-
méru | : 5, kde u vSech sledovanych Zivin bylo dosaZeno
vysoké shody s jejich biologickou dostupnosti. Soulad
mezi pidnim testem a biologickou dostupnosti Zivin je
vychozim piedpokladem dalsi prace na zdokonalovani
agronomické koncovky. Ke specifikaci presnéj§i potie-
by hnojeni jsou vSak tieba i dalSi parametry. Napf. v pii-
padé K je podstatnd také informace o jeho kapacitni
zasobé v pudé. Po prekondni tohoto nedostatku kapacit-
niho razu by extrakce vodou pro svoji jednoduchost
a relativni cenovou dostupnost mohla sehrat kladnou
roli pfi potfebé intenzivnéjSiho vzorkovani pid, napfi.
pro ucely diferencovaného hnojeni v systému precizni-
ho zemédélstvi.

ROSTLINNA VYROBA, 45, 1999 (12): 545-553



Podékovani

Vyzkum byl umoznén finan¢ni podporou NAZV
v ramei projektu EP0960006472.

LITERATURA

Houba V. J. G., Novozamsky 1., Lexmond Th. M., Lee J. I.
van der (1990): Applicability of 0.01M CaCl, as a single
extractant for the assessment of the nutrient status of soils
and other diagnostic purposes. Commun. Soil Sci. PL
Anal., 27: 2281-2290.

Johnston A. E., Barraclough P. B., Poulton P. R., Dawson C.
J. (1998): Assessment of some spatially variable soil fac-
tors limiting crop yields. Proc. Int. Fertil. Soc. (419).

Jones J. B., Ir. (1998): Soil test methods: past, present, and
future use of soil extractants. Commun. Soil Sci. Pl. Anal.,
29: 1543-1552.

Matula J. (1996): Determination of potassium, magnesium,
phosphorus, manganese and cation exchange capacity for fe-
tilizer recommendations used by Czech Union of rapeseed
growers. Commun. Soil Sci. Pl. Anal., 27: 1679-1691.

Matula J., Pirkl J. (1988): Vyluhovaci roztok pro stanoveni
drasliku, hof¢iku, vdpniku, sodiku, manganu a rostlinim

dostupného fosforu v pudé a hodnoty kationtové vyménné
kapacity. [Autorské osvédceni.] Praha.

Mehlich A. (1978): New extractant for soil test evaluation of
phosphorus, potassium, magnesium, calcium, sodium, man-
ganese and zinc. Commun. Soil Sci. Pl. Anal., 9: 477-492.

Mehlich A. (1984): Mehlich 3 soil test extractant: A modifi-
cation of Mehlich 2 extractant. Commun. Soil Sci. PL
Anal., 15: 1409-1416.

Peck T. R., Soltanpour P. N. (1990): The principles of soil
testing. In: Westerman R. L. (ed.): Soil testing and plant
analysis. Madinson, Wiscontin SSSA: 1-9.

Raij B. van (1998): Bioavailable test: alternatives to standard
soil extractions. Commun. Soil Sci. Pl. Anal., 29: 1553-1570.

Rao T. N., Sharma P. K. (1997): Evaluation of Mehlich III
as an extractant for available soil sulfur. Commun. Soil
Sci. Pl. Anal., 28: 1033-1046.

Skogley E. O. (1994): Reinventing soil testing for the future.
In: Soil testing: Prospects for improving nutrient recom-
mendations. Spec. Publ. 40. Soil Sci. Soc. Amer. Madison,
Wiscontin SSSA: 187-201.

Travnik K., Stafia J., Husdkova A., Zbiral J. (1988): MoZnosti
zavedeni metody stanoveni pfistupnych Zivin v padé podle
Mehlicha do systému agrochemického zkouseni pid. [Za-
vérednd zprava.] UKZUZ,

Doslo 20. 5. 1999

Kontakni adresa:

Doc. Ing. Jiti Matula, CSc., Vyzkumny tstav rostlinné vyroby, Drnovskd 507, 161 06 Praha 6-Ruzyn&, Cesk4 republika,
tel.: 02/33 02 22 71, fax: 02/33 31 06 36, e-mail: matula@hb.vurv.cz

ROSTLINNA VYROBA, 45, 1999 (12): 545-553

553


mailto:matula@hb.vurv.cz

Z VEDECKEHO ZIVOTA

MEZINARODNI KONFERENCE O DUSIKU

JiZ tradi¢ni mezinarodni konference vénovana pro-
blematice dusiku (10th Nitrogen Workshop) se konala
ve dnech 23. aZ 26. srpna 1999 v Kodani. Hlavnim
organizitorem konference byla Laboratof vyZivy rostlin
a pudni drodnosti Kralovské veterinarni a zemédélské
univerzity. Konference si stdle drZi pavodni nazev, ale
ucast vice nez dvou set védeckych pracovniki z Evro-
py, Ameriky, Asie a Australie svéd¢i o tom, Ze toto
setkdni pracovniki zabyvajicich se problematikou dusi-
ku je jedno z nejvyznamnéjsich. ’

Program konference nemohl zah4jit jeden ze zakla-
datelti prof. Dr. David S. Jenkinson (UK), jak bylo pu-
vodné oznameno, ale nahradil ho Dr. Thomas Addiscot,
ktery se pokusil nastinit kli€¢ové otdzky problematiky
tykajici se dusiku, a to z oblasti jeho transformace v pidg,
resp. jeho negativniho pisobeni v Zivotnim prostfedi,
i z oblasti vyuZiti modelt k predikei davek dusiku.

Jednani bylo rozdéleno do Ctyf nasledné probihaji-
cich tematickych sekci:

I. Kolobéh dusiku v zemé&délstvi s omezenymi vstupy

Uvodni pfednasku na téma Cyklus dusiku v zemédél-
stvi pFi vysokém vyuZiti legumindz a omezenych vstu-
pech N prednesl Dr. S. F. Ledgard (Rakousko). V této
sekci byly predev§im diskutovany problémy biologické
fixace N, v zeméd@lstvi s nizkymi vstupy a jejich vliv
na kvalitu organickych litek a na pfemény dusiku v pudg.
II. Vyména dusikatych plyni mezi pudou, rostlinou
a atmosférou

Jako hlavni fe¢nik vystoupil prof. Dr. A. R. Mosier
(USA) s ptednaSkou Vyména plynnych dusikatych slou-
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Cenin mezi agrosystémem a atmosférou. Na tuto pred-
nasku navazaly prace zabyvajici se uvoliiovanim oxida
dusiku z pidy a jejich kvantifikaci, podminkami a vli-
vem rostlin v této bilanci.
III. Nové metody méfeni a interpretace kolob&hu dusi-
ku v rdmci ekosystému

Hlavni referat pfednesl prof. J. Sorensen (Dansko)
na téma presné odpovidajici nazvu sekce. Dal§i price
se zabyvaly interpretaci zmén pidni mikrobialni aktivi-
ty, resp. vyuZitim stabilniho izotopu 5N pfi studiu pro-
cesli pifemén dusiku v pidé a vyuZitim markeru.
IV. MoZnosti lep§iho vyuZiti dusiku v intenzivnim ze-
médéElstvi

S dvodnim referdtem (s nazvem odpovidajicim na-
zvu sekce) vystoupil prof. Dr. D. S. Powlson (UK),
ktery se pokusil shrnout nékteré novéjsi poznatky z vy-
zkumu dusiku a jejich vyznam v praktickém pouZiti.
V této sekci byl poloZen velky diraz na péstovani me-
ziplodin a na optimalizaci osevnich postuptl s ohledem
na omezeni ztrit dusiku do ovzdusi i do spodnich vod.

Kromé Ctyf hlavnich sekci byla ¢ast programu vy-
hrazena moderovanym diskusim, které se soustfedily na
uzsi okruhy otazek.

Prednesené referaty mély ve vét§iné pfipadi velmi
dobrou droveii. Rada prispévkil prezentovala vysledky
rozsdhlé mezinarodni spoluprace.

Z konference je na katedfe agrochemie a vyZivy
rostlin CZU v Praze k dispozici dvoudilny sbornik.

Doc. Ing. Pavel Tlustos, CSc.
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EFFECT OF PEROXISOMICINE ON LIPID BILAYER
MEMBRANES

UCINOK PEROXIZOMICINU NA LIPIDICKE BIMOLEKULARNE
MEMBRANY

W. Ziegler, J. Ranansky, M. Andel, A. Lux
Comenius University, Faculty of Natural Sciences, Bratislava, Slovak Republic

ABSTRACT: The possible effect of Peroxisomicine A; on the plasma membrane level was investigated by help of lipid
bilayer model membranes. Peroxisomicines A, A, (dimeric antracenones) were isolated from plants of the genus Karwinskia
(Rhamnaceae). One of them (Peroxisomicine A|) was applied to lipid bilayer model membranes to observe its possible
influence on the permeability behavior of attacked cell membranes. The electrical conductance of the lipid bilayer was taken
as the main electrical parameter under consideration. Upon a supplement of the above-mentioned toxin the bilayer responded
with a moderate increase of its membrane conductance. This indicates that Peroxisomicine A; has some influence on the
structural properties of the lipid bilayer, though the extent of the observed effect may not count for the full scale toxic activity
imposed by this subtance reported.

Keywords: Peroxisomicine; lipid bilayer membranes; membrane conductance

ABSTRAKT: Skimali sme moZny d¢inok peroxizomicinu A na cytoplazmaticki membréinu z pohladu umelo vytvorenej
lipidickej membrany. Peroxizomiciny A, A, (dimerické antracendny) boli izolované z rodu Karwinskia (Rhamnaceae). Pe-
roxizomicin A; bol testovany na lipidickych modelovych membrinach za icelom zistenia jeho moZného vplyvu na permea-
bilitu bunkovych membrin. Sledovali sme elektricki vodivost lipidickej bimolekuldrnej membrany. Po pridani toxinu na
lipidickd dvojvrstvu sme zistili zvySeni membrdnovi vodivost. Vysledky preukdzali, Ze peroxizomicin A| méd vplyv na
Strukturdlne vlastnosti lipidickej bimolekuldrnej membrény, i ked pozorovany G¢inok nemdZeme povazovat za toxicku aktivitu

v celom rozsahu jeho pdsobenia.

Klacové slova: peroxizomicin; lipidické bimolekuldrne membrany; membranova vodivost

INTRODUCTION

The plasma membrane is the place of the first con-
tact between the cell and the intruding toxic agent. This
encounter may already result in processes on the plasma
membrane level what can be related to the potential
toxic activity of the given toxin. There are numerous
papers dealing with toxin triggered symptoms on the
cell membrane level, like electrolyte efflux (Pavlovkin
etal., 1986a, b), as well as loss of amino acids (Pavlovkin
et al., 1984), and depolarization of the membrane po-
tential (Mistrik et al., 1993). The effect of Peroxisomi-
cine on yeast peroxisomes (Martinez et al., 1997) led
us expect to observe certain changes in the lipid mem-
brane conductance behavior upon the addition of this
toxin to the aqueous environment of the lipid bilayer.
Toxic effects of Peroxisomicine A, A, to animals have
been reported. For example extraneural lesions in goats
and sheep, necrosis of skeletal and heart muscles as
well as of liver were observed. An inhibitory effect of
T-514 on the hepatic catalase activity has been observed
in three animal objects — bovine, dog and mouse liver
(Sepulveda et al., 1995). It exhibits further selective tox-
icity in vitro on tumor cells (Pifieyro-Lopez et al., 1994).
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Since the plasma membrane is the place of the first
contact, it is advisible to start investigations which ad-
dress the question whether or not Peroxisomicine can
interact with the lipid moiety of the plasma membrane
and cause significant changes in the permeability status
of the cell membrane.

Since their invention in the early 1960s, planar lipid
bilayer membranes have been extensively used as
a very versatile tool to model the permeability behavior
of biomembranes. For example, by virtue of these mem-
branes Ziegler, Pavlovkin (1986) and Ziegler et al.
(1986) attributed the phytotoxic activity of syringotoxin
to its ionophoretic effect observed on the lipid bilayer.
For the same reason lipid bilayer has been chosen to
study the possible influence of Peroxisomicine on the
lipid moiety of affected biological membranes.

MATERIAL AND METHODS

Preparation of toxin

Peroxisomicine A| was provided by the Departamento
de Farmacologia y Toxicologia, Facultad de Médicina,
U.A.N.L. Monterrey, México. It was prepared accord-
ing to the procedure described by Sepulveda et al. (1995).
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It was dissolved in UV-grade EtOH (I mg/ml) and stored
in a refrigerator. Aliquots of this stock solution were
added to the aqueous solution of the cis-compartment
of the bilayer chamber.

Membrane preparation

Conventional bilayer lipid membranes were formed
over a 0.4-mm hole in a teflon septum (0.1 mm thick).
The experimental chamber itself consisted of two sub-
chambers of 3.5 ml each, the cis- and the trans-compart-
ment, which were divided by each other by the above-
mentioned teflon septum. Asolectin (SERVA) dissolved
in spectroscopic grade decane (45 mg/ml) was used as
the bilayer-forming solution. Prior filling the chamber
with the recording medium the opening in the teflon
septum was pretreated with the bilayer forming solution
and allowed to dry. A very small amount (less than one
microliter) of this solution was then pipetted onto the
teflon septum and allowed to fill the hole. A black film
usually formed within 2 to 5 min, yielding a trans-mem-
brane conductance of approximately 20 pS. After a stable
lipid bilayer has formed an aliquote of the toxin stock
solution was added to the aqueous solution of the cis-com-
partment and changes of the membrane current recorded.

Toxin

voltage source

cis compariment trans compartment

lipid bilayer membrane

Fig. 1 shows a schematic diagram of the experimental
set-up. As the standard recording medium 100 mmol/l
KCI was used.

Electrical circuit

The membrane voltage (constant voltages and trian-
gular waveform) was applied to the cis-compartment.
The trans-compartment was virtually grounded via the
current-to-voltage converter (Keithley electrometer/mul-
timeter, model 619). Voltage generator and electrometer
were connected to the aqueous solution of the respective
compartments via Ag/AgCl-electrodes. A positive mem-
brane current was defined as a cation flow from the cis-
into the trans-compartment and/or anion flow in the
opposite direction. Membrane currents were recorded
by a line chart recorder (TZ 4200, manufactured by
Laboratorni pfistroje Prague, Czech Republic).

RESULTS

The electric conductance of the unmodified bilayer
is extremely low, mostly in the range of 10 to 20 pS.
For this reason influence of externally added substances

Ro. 1. Schematic sketch of the ex-

perimental set-up for prepara-
tion and investigation of lipid
bilayer membranes

to recorder
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partment

on the permeability of the bilayer membrane can by
easily detected. Fig. 2 shows the response of the bilayer
conductance versus time. The toxin concentration was
increased by supplementing aliquots of the EtOH stock
solution to the cis-compartment of the bilayer chamber.
As obvious from Fig. 2 the presence of the toxin prepa-
ration in the cis-compartment causes an approximately
twofold increase of the membrane conductance. Plot-
ting the conductance response of the bilayer membrane
versus the toxin concentration (Fig. 3) reveals a linear-
like relationship between toxin concentration and bi-
layer conductance. Membrane conductance changes can
therefore be taken as caused by the toxin. But despite
an obvious response of the membrane conductance to
the toxin supplements, the extent is too small to be
considered as of any significant physiological relevance.

DISCUSSION

Various plants produce biologically active substances
including toxins that either cause damage to cell struc-
tures of other plants or serve as important signals for
triggering processes inducing defense responses in plants.
Known are non-specific changes of plant cell plasma
membranes induced by toxins. Earlier investigations re-
ported some effects of toxins including electrolyte leak-
age, membrane depolarization and changes in the struc-
ture of plant cells (Pavlovkin et al., 1986b; Zajchenko
et al., 1989). For instance Ziegler et al. (1994) studied
the effect of some mycotoxins (Verrucarine A, Roridine
H, DON, F-2 and Zearalenone) on the electrical prop-
erties (conductance, membrane potentials) of lipid bi-
layer membranes. All toxins — Verrucarine A, Roridine
H, F-2, Zearalenone with exception of DON affected
the conductance behaviour of lipid bilayer by inducing
ionophoretic activity in the membrane. After their ap-
plications to the aqueous medium on the cis-side of the
lipid bilayer ion channels were induced in the mem-
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brane. Investigations of membrane potential changes in
corn root cells induced by Roridin H (Pavlovkin et al.,
1990) proved that such bilayer measurements are of real
physiological relevance. Fast responding depolarization
of the membrane potential indicates a toxin triggered
incorporation of ion channels in the cell membrane of
treated cells causing rapid loss of cytoplasmic electro-
lytes.

Compared with the influence of above-mentioned
toxic substances on the conductance state of lipid bi-
layer membranes, the effect of Peroxisomicine A, is
relatively low. For this reason the observed membrane
conductance response cannot be attributed to the full
scale toxic potential of Peroxisomicine A . However,
the fact that the presence of this substance in the envi-
ronment of the lipid bilayer influences the conductance
of the membrane indicates that this toxin membrane
interaction could be part of the overall toxic activity
developed in the biological target. Even when, based on
these findings, the lipid moiety of the cell plasma mem-
brane cannot be considered as the main target of the
Peroxisomicine toxic activity, our results indicate that
it might act as a pathway for the toxin to enter the cell
interior.
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Z VEDECKEHO ZIVOTA

SYMPOZIUM O PLEVELECH

Za Géasti 419 védci z celého svéta se v Basileji ve Svy-
carsku ve dnech 28. ervna az 1. Cervence 1999 konalo
11. sympozium Evropské plevelaiské spole¢nosti (European
Weed Research Society). Jednani probihala v sekcich,
v nichZ bylo pfedneseno nékolik zasadnich referatd, ostatni
informace byly prezentovdny formou postert, které byly
uspofadany podle jednotlivych témat:

Sekce Téma postert
Biologie Semena a kliceni
plevelu Rist a vyvoj

____________ Spolecenstva .. o oo vvsmsanass
Ekologie Kompetice plodina — plevel
plevelu Regulace pleveli s ohledem na dobu

oSetieni

___________ | Alelopatie __________________

Biologické Patogeni jako biopreparaty

hubeni pleveld

Fyzikalni Systém orby
a nechemickd | Stfidani plodin
regulage Hnojeni
Pl Kompeti¢ni schopnost plodin
Mechanickd regulace plevell
Pokryvné plodiny
Termalni regulace plevelu
___________ | Integrovand regulace plevela ____ __ _
Chovini Herbicidni chovani v pudé
herbicidi
_vpudéavode | .. -
Chemicka Rezistence
regulace Chemicka regulace plevell
plevela

Vzijemny vztah mezi herbicidy
a vnéjsimi faktory

Poznatky prezentované na sympoziu jsou velmi podnétné
jak pro vyzkumné pracovniky, tak pro praktické zemédélce.
Vzhledem k rozsahu referdti a postert l1ze uvést pouze nékte-
ré podstatné vysledky.

Velka pozornost byla vénovana biologii a ekologii pleve-
la. Védci stdle hledaji biologické faktory, na jejichZ zakladé
se nékteré cizi plevele mohou stit vyznamnymi v oblasti ze-
médélstvi. Zdrojem téchto plevell jsou zejména oblasti v jiz-
ni a stfedni Evropé. Jsou to napf. mraciidk Theofrastav (Abu-
tilon theophrasti), pouva fepiiolista (Iva xanthiifolia), lesknice
podivnd (Phalaris paradoxa), oves jalovy (Avena sterilis),
laskavec Zmindovity (Amaranthus blitoides), ktidlatka sacha-
linskd (Reynoutria sachalinensis), laskavec Powellv (Ama-
ranthus powellii) a dalsi.

Mezi plevele, které plisobi vazné Skody v fadé evropskych
zemi, patfi Sté€nic¢nik paprskujici (Bifora radians), svizel trojrohy
(Galium tricornutum), jezatka kufi noha (Echinochloa crus-
galli), ptacinec bahenni (Stelaria glauca), Phragmites austra-
lis, psarka polni (Alopecurus myosuroides), svizel pfitula

(Galium aparine), violka rolni (Viola arvensis), rozrazil (Ve-
ronica sp.), mak vI&i (Papaver rhoeas), turanka kanadska
(Conyza canadensis), oves hluchy (Avena fatua), chundelka
metlice (Apera spica venti), hefmankovec piimoisky (Matri-
caria maritima), Veronica sp., Lamium sp., durman obecny (Da-
tura stramonium), lilek Cerny (Solanum nigrum).

Mezi nejvyznamnéjsi plevele, u kterych byla prokdzana re-
zistence vii¢i herbicidim (mimo triazinové herbicidy), patii Scir-
pus mucronatus (Itdlie), kamy3nik piimoisky (Scirpus mariti-
mus) (Spanélsko), zlateil osenni (Chrysantemum segetum)
(Svédsko, Irsko), Stellaria media (Dansko, Svédsko, Irsko),
Alopecurus myosuroides (Anglie, Francie, Belgie, Némecko,
Nizozemsko, Spanélsko), Conyza canadensis (Madarsko), jilek
tuhy (Lolium rigidum) (Spanélsko, Recko) a bytel metlaty (Ko-
chia scoparia) (Ceska republika). Oekdvame, Ze v budoucnu
se mohou nékteré z té€chto pleveld Sifit i u nas.

Intenzivné se rozviji vyzkum alelopatickych Géinkt nékte-
rych plevell jako ovsa hluchého, ambrozie pefenolisté, pyru
plazivého nebo hefméanku pravého.

Byly zaznamendny uspéchy pii biologické regulaci vy-
znamnych pleveli zejména mykotoxiny hub. Pfi hubeni pchéde
osetu se uplatiiuje houba Sclerotinia sclerotiorum, merliku
bilého Ascochyta caulina, durmanu obecného Alternaria
crassa.

Vyznamnym celosvétovym problémem je rezistence ple-
vell vi&i herbicidiim, zejména tzv. mnohonasobna rezistence.
Napt. jilek tuhy je rezistentni vici herbicidim jako chlorsulfu-
ron, diclofop, fluazifop, tralkoxydim.

Znacné Cast referdtd byla vénovéana praktickému hubeni
pleveli v jednotlivych plodindch, vlivu vnéjSich faktord na
ucinek herbicidi, sledovani rezidui herbicidi v pudé a jejich
vlivu na nasledné plodiny.

Ceska republika byla prezentovéna t&mito referaty:

A model of the optimum economic herbicide dose based on
the crop-weed competition using an example of Galium apa-
rine in winter wheat (K. Klem, M. Vaiova, ZVU, Krométiz)
Uses of graminicides in grass seed production and grasslands
(V. Kohout, V. Brant, CZU, Praha)

Behaviour of sunflower seeds in soil (J. Soukup, P. Koredek,
CZU, Praha)

Incipient phase of development of seed dormancy in Echi-
nochloa crus-galli (Z. Martinkova, A. Hon&k, VURV, Praha-
Ruzyné)

Long-term changes in weed societies in the Czech Republic
(J. Mikulka, D. Chodova, VURYV, Praha-Ruzyné)

Sensitivity of Kochia scoparia to herbicides inhibiting aceto-
lactate synthase in the Czech Republic (D. Chodova, J. Mi-
kulka, VURYV, Praha-Ruzyng)

Problémy, které se fesi v evropskych zemich, se dotykaji ne-
bo v budoucnu budou dotykat i naSeho zemédélstvi, a je pro-
to nutné, aby se jimi na$ vyzkum zabyval jiz v pfedstihu.
S nejnovéjsimi poznatky, které byly prezentoviny na konfe-
renci, se mohou seznamit i dal§i odbornici v publikaci
Proceedings EWRS, dostupné v oddéleni herbologie VURYV,
Praha-Ruzyné, eventudlné u dalSich Gcastniki sympozia.

RNDr. Daniela Chodovd, CSc.
Ing. Jan Mikulka, CSc.

Vyzkumny dstav rostlinné vyroby, Drnovskd 507, 161 06 Praha 6-Ruzyné, Ceskd republika
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— polopfirodni travni porosty; kvalita luénich rostlin ......... 79
— preruseni m. h.; travni porosty; floristicko-produkéni zmény . .. 23
— trovefi m. h.; travni porosty; energeticky zisk ............... 73
Hor¢ik
- extrakce pad; Mehlich I1; Mehlich I1I; porovnini metod; CR ..... 1
— folidrni aplikace; ozimd fepka; vyZivny stav; vynos semene;
VIVAPIIRACE! g 48 S g A a4 o SV s 299
— viceticelové pudni testy; biologicka dostupnost z pidy . .......545
Hrach (Pisum sativum L.)
- kvalita semen; NIR spektroskopie; $krob; N ldtky ............. 41
Huminové kyseliny
— poskliziiové zbytky; rozklad; puda; viastnostih. k. ........... 455

Hustota porostu
- cukrovka; vynos semene; kvalita osiva; vlivh.p. ............ 305

Chemické vlastnosti
— tabik; typ burley; odriidy; komponenty genetické variance;

PERTESTT - ANAIYZA w v i s wranari i 3 s o w40 89 R e 40 157
Chlorofyl
— velmi rychlé fluorescenéni indukce ch.; brambory;

postemergentni o$etfeni; metribuzin; bentazon . ............. 477

Chmel (Humulus lupulus L.)
— Ceské odridy; DNA fingerprinting; RAPD; PCR; STS;

mikrosatelitni sekvence; genetickdanalyza ................. 165
— dédicnost; viiné hlavek; hustota nasazeni hlivek; alfa-horké
kyseliny; pfenos; potomstvo .. ...........c.uuieiiinnnann 245

— genetickd transformace; Agrobacterium tumefaciens; gusA;
acetosyringon; 5-azacytidin; antioxidanty; aktivita

beta-glukuroniddzy .............. ... 219
- ozdraveny Zatecky polorany &erveiidk; vynos; alfa-horké

kyseliny; tEInfEROE. <o i vsss s ps s bR 251
— plostice; piemnoZeni; poskozeni chmele; ztrdty .............. 255

Chmelovi hlavka
- viné hlavek; hustota hldvek; pfenos; potomstvo F) generace . . . . 245

Inbridink

—agronomické a morfologické vlastnosti; tabak; typ burley;
rodicovské odridy; potomstvo ... 149

Inkubace

— Cistirenské kaly; vapnéni; rizné zeminy; sorpce Cd ........... 511

Jeémen
— jarni je¢men; bezpluchy j.; systémy péstovani; vynos; kvalita . . .. 53
- obilky; mikroskopické houby; srazky; klicivost .............. 133
Jeteloviny
— pastevni porosty; fytocenologické vztahy; regulace podilu

jJetelovin; fegresnianIYZa . . o visnmicosemmmmossmismmsasms 205
Jilek vytrvaly
—rezistence; Drechslera spp.; testace invitro ................. 461

VI

Kadmium

—sorpee Cd; vyvapnéné Cistirenské kaly; pouziti .............. 511
Klicivost

— jecmen; obilky: mikroskopické houby ............ ... ... 133
— kfidlatka japonskd; semeno; vybrané lokality; CR ........... 189
- osivo; bob obecny; pSenice; saflor; skladovani; mykofléra . . .. .. 85

Kostiava luéni

- rezistence; Drechslera spp.; testace in vitro ................ 461
Krmni kapusta [Brassica oleracea L. var. acephala (DC.) Alef.]

- homogenita; biochemické markery; izoenzymova a proteinova

elektroforéza; PAGE; Slecht¥nl’ . c.covvinvamanaspnmmesias 45
Krmni Fepa
— vynosy bulev; vynosy susiny bulev; redukee listové plochy . .. .. 69
Kridlatka japonska (Reynoutria japonica Houtt.)
- semena; klicivost; zapleveleni; vybrané lokality; (] : S 189
KukufFice
— alokace suSiny; relativni rustova rychlost; Cisty vykon

A1 iDilace} FYNORKION iy s e e S B i i S S St 173
— hybridni kukufice; produkce zrma; matefské a otcovské

komponenty; vzdilenost komponenti; korelace . ............ 467
- rané hybridy; hmotnost rostlin; zrno; rychlost riistu; obdobi pied

BRMZIL o vty swie. o 00 o 9 8 0 S T A0 8 S 8 BB WA TR 121
— staciondrni pokus; hnojeni N; transformace N vpudé ......... 317

Kyselina askorbova
— brambory; hlizy; podminky prostiedi; ekologické péstovini;
odrida; rofnik; VIV ..o 293

Laskavec (Amaranthus mantegazzianus L.)

- nadzemni biomasa; kvalita; ozima meziplodina tritikale . . . .. .. 125
Lipidické bimolekulirni briny

— membranova vodivost; G¢inek peroxizomicinu .............. 555
Listova plocha

—redukce L. p.; krmnd fepa; vynosy bulev a suSiny bulev . ....... 69
Lnicka seti

- plevele; hnojeni N; vysevek; mezidruhova konkurence ........ 29
Makroclementy

— mdta peprnd; agroekologické faktory; vliv faktord ........... 259

Mandelinka bramborova
— pneumaticky sbéra¢ hmyzu; propanovy plamenometr;

biologicka ochrana; srovnédni .............. ...l 311
Mangan
— vicecelové pudni testy; biologicka dostupnost z pidy .. ...... 545
Maéta peprné (Mentha piperita L.)
- silice; chemické sloZeni; Se; vlivSe ...................... 265
- vynos; kvalita; agroekologické faktory; makroelementy;
mikroelementy; VIiv faktorll ... couvevnnmvonsmamesmesvas o 259
Med'
- byliny; vnitrodruhové tolerancenavlivCu ................. 473
Mebhlich IT
- extrakee pud; pristupny P, K, Mg, Ca; stanoveni; porovnani
B0 iy R R e SR A R s R e o 1
Mebhlich III
- extrakce pud
- pristupny P, K, Mg, Ca; stanoveni; porovniani metod . ......... 1
~ stanoveni S; extrakéni postupy; porovnani; CR . ........... 439
Mentol
~ silice; mata pepma; vIivSe .o...oiviviiiiisiiise i 265
Metribuzin
- postemergentni oSetfeni; brambory; citlivost odrud;
fluorescencni indukce chlorofylu .. ....................... 477
Meziplodina
- ozimd m. tritikale; laskavec; nadzemni biomasa; kvalita ...... 125

Meziradkovi vzdilenost
— cukrovka; vynos bulev; digesce; vytéznost rafinddy ........... 61
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— laskavec; rozdilnd m. v.; vynos sudiny; ozima meziplodina

RTINS i 5 T O S A R A P s 125
Mikroelementy
— laskavec; nadzemni biomasa; ozima meziplodina tritikale ... .. 125
- mita peprnd; agroekologické faktory; vliv faktorai . ........... 259
Mikroorganismy
— dlouhodobé f)olni pokusy; vlivhnojeni .. ............ .. ... 389

— puidni m.; diverzita; aktivita; Ni; As; stupiiované davky; vliv ... 421

Mikroskopické houby .
- nekrézy obilek; je¢men; rizné rody mikromycet; izolace hub

WOBINCK . <& s sssimsimsamin s m Faia s s suatin o a0ne prbewne siorm g e 133
Minerilni prvky
- laskavec; nadzemni biomasa; oziméd meziplodina tritikale .. .. .. 125
Milynéiska jakost
— Zito; hybridni odrudy; populaéni odrida; vlivodrid .......... 283
Mobilita
— stopové prvky; puda

— mobilni specie; predikéni rovnice; vicendsobna regresni

ARAIYZI 1o 5r0ce vmsesmiscsosi oA e A N A A At 345

- podminky mobility; faktorovd analyza ................... 337
Model WOFOST
- cukrovka; jarni pSenice; potencidlni vynos; vodou limitovany

VYN0S; VATADIILA. ¢ o oo:5 ammmam s smmammsmmisio o ma s o s 433
Model Zeeuw-Helinga
— drenazni odtok; povodiiové situace; riiznd povodi; CR ........ 113
Monokultura
—Brambory? VIRaR VIV .50 v sansvevame s s s 279
Mykofléra
— kvalita osiva; zmény; bob obecny; pSenice; saflor; skladovani . .. 85
Mykotoxin
- infikované osivo; bob obecny; pSenice; saflor; skladovani . ... ... 85

Néhodn4 amplifikace polymorfni DNA (RAPD)
- geneticka analyza; mikrosatelitni sekvence; chmel; Ceské

PT35S TV R RS 165
Nikl
— stupiované dévky; fedkvicka; rist; pidni mikroorganismy; viv . . . 421
NIR spektroskopie
— hrich; kvalita semen; Skrob; Nlatky ................ ... . .. 41
N latky
— hrich; semena; NIR spektroskopie ...................o.00.. 41
— laskavec; nadzemni biomasa; ozima meziplodina tritikale . . . . .. 125

Nitrifika¢ni aktivita
- cyklus organického N; proteolytické bakterie; dlouhodobé polni

TIOKRIS oo 00 o 000 A A O A S O RO B RS YT
— pudni vzorky; skladovani; vliv .............. ..o 415
Nitrogendza
— aktivita nitrogenazy; fixace vzdu$ného N; bobovité rostliny . ... 411
Nizké vstupy

- ozimi p3enice; odridy; vynosovi odezva; ekologické
ZOMEABIBEVE i saio vy W R e
— pSenice $palda; penice setd; zrmo; chemické sloZeni

Obilka
- nekrozy obilek; srizky; vztahy; mikroskopické houby; izolace
mikromycet z obilek; jeémen ......... ... ...l 133
Obilniny
—bilkovinny komplex . ... 183
— fluorescenéni indukce
S PBTDACKAY! 00 ucsioariasiions 5 i 8 i S S 269
~ hnojeni
—je¢men
- klicivost
BRURBBICE. o corgmemvcr o sommmmms s M s R e 173, 317, 467
S RVAIAIOSIVAL ¢ .oonccnns o oiosnis mnsiusionmisiosacriosmnisin misions
~ mateiské a otcovské komponenty; vzdalenost .. ..
= HCZIPIOTING: i vvvoinunei waicab v s vRamE v
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=~ ikrosSKOPICKEMOUBY: -« samsmum s simmscasas 133

MISMASKRTAIOSE . dre s onm o e S e SR A AT e 283
~IZKE VEMIPY: : 455000 msos s m s s ntin o0 b 5655 8 wamie s &6 525,533
OB, oisananp s e R R S PR ARV 133
= OSEVRLPOSIIPY. « csuvorsiamowmias s e s sus e e st eamiom 373
SHORATSKATAKOSE: ..o wmtossseraom: svscmmsesomram s remsasmsismeysensce nss 197, 283
— pSenice ....... 17, 85, 145, 173, 179, 183, 197, 213, 269, 373, 433,
.......................................... 445, 525, 533

B L S 173
RIS o n0h. s o B A A A R S S B ars Ty 85
—systémy péstovani . ...........00i i 53, 145, 373
AOURAIE! ¢ vomimmem scennam sl e e oS 125
> A 17, 53, 213, 373, 433, 445, 467, 525
—~zaplevelent’ i uvrai i S R SR 213, 445
—BMOVZAOMOSE woerwnwmmnrasm s
=ZIMO s vovvsvsevsosssnsssssesossssiss
IO s s T T e S P A e T T T AT
Odrudovi citlivost
- brambory; odridy; postemergentni odetfeni; metribuzin;

BEALHZON: 1415051 s rasstamess 69 B T O oo Sa e e 477
- ozim4 pSenice; herbicidy; fluorescenéni indukece ............ 269

Odridovi deklarace
— potravinafska pSenice; pekafska jakost; kontrola deklarace;

BIEKBOIONEZA o v ononmsmmamsvmmans ssmmv s s e 197
Odriidovi pravost
— potravinafska pSenice; pekafska jakost; registrované odrudy;
CIBRITOTOTEZE .o cviuisiivivaii s st B e R S U 197
Odriidy
— brambory
- hlizy; polyfenoly; kyselina askorbovd; vliv odrid .......... 293
— identifikace odrid; elektroforéza; proteiny; enzymy;
FETEBCKETNATKLY, vy vimca s o miv s s AR RS R 193
- odridova citlivost; postemergentni oSetieni; metribuzin;
DEBZON, . 000,00 5 050 % o S Bt S A a0 ndn Stk ispa bt 4717
— velmi rané odrudy; rustové charakteristiky; vynos .......... 503
- cukrovka
- vynos bulev; digesce; vytéZnost rafinddy; vlivodrad ... ...... 61
- chmel
— Ceské odridy; charakterizace; metoda RAPD; genetickd
ANALYZA .. oo e 165
— ozdraveny Zatecky polorany erveiidk; vynos; alfa-horké
RYBCLINY i i i s S0 G S e R R 251
- psenice
- ozimd
- bilkovinny komplex; zmo; vlivodrady ................. 183
- odradova citlivost; herbicidy; fluorescenéni indukee ...... 269
- soucasné odridy; zimovzdornost; gliadinové markery ... .. 179
— vybrané odrudy; vynosova odezva; nizké vstupy ......... 525
— vynosova stabilita; rozloZeni srazek; vlivodrad ........... 17
- vynosy; ekonomicka a energeticka efektivnost produkce;
VEVOARId «vvvsecrome sy s den e wim e 373
— zmo; obsah Skrobu; vlivoedrid . .......... ...l 145
- potravindfskd pSenice; odridové deklarace; odridova pravost;
pekafska jakost; elektroforéza . .................. .. ... 197
— pSenice $palda; rizné odridy; zrno; chemické sloZeni .. .. ... 533
— tabdk; typ burley
- rodi¢ovské odrudy
— chemické vlastnosti; genetickd analyza ................. 157
— uZitkové znaky; kvantitativni parametry ................ 149
- vojtéska
- vojtéskotravni smésky; vynos suiny; vlivodrad ............ 93
- Zito
- hybridni odriidy; populaéni odriuda; mlynéfska a pekafska
RO o viote 1A ) R S PR TR A AN 283
Odvodnéni
— trubkovi drendZ; drendZni odtok; povodiiové situace ......... 113
Ochrana plodin
— ozima pSenice; odridy; hnojeni N; ekonomickd a energeticka
CIEKBVNOSE: &5 5sthnstn s, s 500, SV PR SR B A8 8 9 373
Organické xenobiotické latky (OXL)
- kontaminace piidy a zeleniny; zivlahovd vodaz Labe ........ 351
IX



Osevni postup

ZBrANBORY VWRGSMIVODE vommmennt dns S B Ao T 279
- ozimd p3enice; jednoleté plevelné druhy; konkurencni vztahy . . . 445
— ozima pienice; vynosy; péstitelskd opatfeni; ekonomickd

aenergeticki-efektivnost: .o iwnaa s snaisisssaisnsise 373
Osivo
— bob obecny; pSenice; saflor; zmény kvality; skladovéni;
mykotoxiny; kli¢ivost; enzymy; olej; bilkoviny; cukry ......... 85
— cukrovka; kvalita osiva; hustota porostu; hnojeni N; vliv ......305
Ozdobnice ¢inské (Miscanthus si is)
— produkce nadzemni biomasy; pfezimovini; hnojeni N; vynosy;
O e 539
Pastevni porosty
~ fytocenologické vztahy; regulace podilu jetelovin; typologie
pastvin; regresniianalyzal «uewmas s s i sk e 205
Pekaiské jakost
— potravindiska psenice; odrudovi Cistota; deklarované odridy;
YAKASEOERIG. | o eyt s P XA SR S 197
— Zito; hybridni odridy; popula¢ni odriida; vlivodrad .......... 283
Peroxizomicin
— lipidické bimolekulirni membrany; a¢inek peroxizomicinu . ... 555
Plevele
- jednoleté plevelné druhy; ozima pSenice; konkurenéni vztahy . . . 445
— kfidlatka japonskd; semeno; kli¢ivost; vybrané lokality; CR .. .. 189
— Inicka setd; hnojeni N; vysevek; mezidruhova konkurence ... ... 29
—ozima fepka; herbicidy; bioregulatory; vliv .................. 51

Plodinové ekvivalenty
— ozimd pienice; jednoleté plevelné druhy; konkurencni vztahy . . . 445

Plostice (Heteroptera, Miridae)
— premnoZeni; Skodlivost; chmel; ztrity ..................... 255

Podminky prostiedi

— brambory; hlizy; polyfenoly; kyselina askorbovd; vlivp.p. ....293
Polyfenoly
— brambory; hlizy; podminky prostiedi; ekologické péstovani;
odrida; roénik; VIiv ... 293
Polymerizova Fetézova reakce (PCR)
— genetickd analyza; mikrosatelitni sekvence; chmel; ceské
OATUDY, s iswansaia s vat Eie i Emn R e 165
Pomér prvki
— lu¢ni porost; minerilni sloZeni; hnojeni; vapnéni; vliv ......... 101
Poskliziiové zbytky
— zakladni sloZeni; rozklad; puda; huminové kyseliny . .......... 455
Povétrnostni podminky
— cukrovka; vynos bulev; digesce; vytéZnost rafinady . ........... 61
Povoden
— odvodnéni; trubkova drendZ; podil povrchového a drendZniho
odtoku; model Zeeuw-Helinga. . ..............oooviiunn. 113
Povrchové vody
— dusi¢nany; koncentrace; povodi; vodirenska nadrz Svihov ... .. 107

Povrchovy odtok
- odvodnéni; podil povrchovych a drendZnich odtoki; povodné .. 113
Primérni a sekundarni metabolity
— polopfirodni travni porost
= hnojent N vliv hnojent' s i 5o vins sis o000 508 5 vms 00000 000 30D
— vybrané luéni rostliny; dlouhodobé hnojeni ................. 79
Proteolytické bakterie
- cyklus organického N; amonifikaéni aktivita; nitrifikani
aktivita; dlouhodobé polni pokusy ........................397
Prezimovini
— ozdobnice &inskd; biomasa; hnojeni N; vynosy ..............539
Piimés
- odridy; dopliikovi a nepotravindiska pSenice; potravindfska
pSenice; jakost; vVlivpiimési ... oo 197

X

Prisev
— travni porosty; energetickd analyza; energeticky zisk; vliv
PESBY: itz s s e s A SR P e SRR e R 73

PSenice
- diferencované hnojeni; konkurencni schopnost; zapleveleni;

O S AN, S oy e e e e e s ey 213
- jarni pSenice

— potencidlni vynos; vynos limitovany vodou; variabilita; model

VOIS st R0 5 A S SRV SRS R O 433
- kvalita osiva; zmény; skladovéni; mykofléra ................ 85
— mladé rostliny; relativni rastova rychlost .. ................. 173
— ozimd pSenice
- bilkovinny komplex; biosyntéza; vyvinzma .............. 183
— konkurence plevelt; plodinové ekvivalenty: vynos; osevni
BIEA: v e e R R R R 445
— odriidovi citlivost; herbicidy; fluorescenéni indukce ........ 269
— vynosova odezva; nizk€ VSWpy ........ooviiiiiiiiiein. . 525
- vynosovd stabilita; rozloZeni sraZek; slozky rozptylu;
SHINKONEBNALY 2D, o ryunsmsnsrsiamionse s s sy s g s A 17
— zimovzdornost; gliadinové markery; soucasné odrady . ... ... 179
— zrmo; obsah Skrobu; systémy péstovani ................... 145
~ péstitelska opatfeni; ekonomickd a energeticka efektivnost;
OSBVIEPOSTNDY! exsiaatsrmei e Hav/s v s O S e 373

- potravindfska pSenice; odriidova Cistota; pekai'skd jakost;
elektroforéza

— pSenice setd; zmo; chemické slozeni; nizké vstupy ........... 533
- pSenice $palda; zrno; chemické sloZeni: nizké vstupy ......... 533
Piada

= antropogennl PUAY: . sk A s Saa e R S 237
=extralee pid  wiven sonimnvrsrenrs s TR R 1. 439
— fyzikdlni a hydrofyzikalni vlastnosti ...................... 359
— hnEdozemi&; plidni nitrdty »« s wasvssmmes e 519
— huminové kyseliny; poskliziiové zbytky ................... 455
SKIasifRAE DU« commommamssesmsmemmasmsims s onims 237
SRONBININTEEPI. S S s T R e N S 351
—padni mikrofléra .. ... .. o 421
= IRANReAlee: oo s iem smins Bms 0 aw TS SRS R AT RS 229
— pudni vzorky; skladovani . .......ooiiii i 415
= FRMUTVACE PO v o A R S AT AT 9
—TZAKOVEIPIVRY: oicuvcirviamsssiimisms s i aedsrs wavaass s araa 351,421
= SOTPCR GO VAPTIENT a.coc 5w iieies s A oG AR S RV S0 a3 3 511
= SOpove prvRy; OB o vrmmmmsmwmes ssmrsawe 337,345
=viceiCelove PUANTIESEY: cviviovmmsimsrammm sismammismmimmasnmmns 399
OV AT DAY el s A B e S A s s 9D

Piidni charakteristiky

- acidita; Corg; A4/A6; CEC; toxické formy Al; pudy
severoeslVehhor: CR zs i i aie iR v s 229

Pidni reakce

— toxické formy Al; pidni charakteristiky; pudy severoceskych

TROIE o o BB R AR R R S AT S NI 56 X5 229
Pudni vlastnosti
— fyzikdlni a hydrofyzikalni vlastnosti; zpracovini pudy; vliv
ZPIACOVANT ..o v ittt ittt et e e e 359

Pudni vzorky
— skladovini; piida; mikrobiomasa; respirace; nitrifikacni aktivita;

WHVSKIAOVART, 44 ccioa v aenanivn st S5 a i bail Saa i e 415
Raselinisté
— ombrotrofni raeliniité; Cesky masiv; stopové prvky; distribuce
PrvkA:Zne SISOl Profilyf « . wuesemmmmee s mmmme s 331
Regresni analyza
— agronomické a morfologické vlastnosti; tabdk; typ burley ... .. 149
— dlouhodobé polni pokusy . ... 389,397
— chemické vlastnosti; tabdk; typburley . .. .................. 157
— pastevni porosty; zastoupeni trav a jetelovin . ............... 205

- toxické formy Al; pidni charakteristiky; pudy severoceskych
BIEER wosmmeie
— vicendsobna r. a.; stopové prvky; piida; mobilni specie;
predikce mobility; predikéni rovnice ........ ... L 345
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Rekultivace piid
— dulni vysypka Litov; mobilni formy Al; antropické pidy;
OFEANICKAHIMGIA’ vnce wovrsmmmvormmis s otsme s tsmmsie amaiss iscere 9
Respirace
- pudni vzorky; skladovani; vliv ........ ... i 415
Respira¢ni aktivita
— dlouhodobé polni pokusy; vlivhnojeni . .................... 389
Rhizobium japonicum
— mikrobidlni solubilizace P; vyuZiti; hnojeni P ............... 407
Rizikové prvky
- kontaminace pudy a zeleniny; zivlahovd vodaz Labe ......... 351
— Ni; As; stupiiované davky; rust fedkvicky; viiv .............. 421
Ruist
— brambory; velmi rané odrudy; ristové charakteristiky; analyza
rastu; vynos hliz; vztah ristovych charakteristik ............. 503
~ reguldtory rustu
— cytokininy; cukrovka; vynos; jakost bulev; vliv reguldtort . . .. 379

— formulace benzolinonu; brambory; vynos; $krob; dusi¢nany . . 487
— relativni rustova rychlost; mladé rostliny; Aegilops tauschii;
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