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ANALYZA PUDNICH EXTRAKTU PODLE MEHLICHA III
METODOU ICP-AES

ANALYSIS OF MEHLICH III SOIL EXTRACTS BY ICP-AES

J. Zbiral

Central Institute for Supervising and Testing in Agriculture, Brno, Czech Republic

ABSTRACT: Inductively coupled plasma atomic emission spectroscopy (ICP-AES) has proved to be a time and cost effective
analytical technique for simultaneous determination of many elements. Universal soil extractants are well suited for adoption
of ICP-AES. The object of this study was to optimize ICP-AES determination of phosphorus, potassium, magnesium, calcium,
sulphur, iron, aluminium, manganese, copper, zinc and boron in Mehlich III soil extracts. The most suitable wavelengths and
background corrections were chosen, the concentration ranges for calibration were found and matrix effects of Mehlich TIT
extractant were studied. The results for phosphorus, potassium, magnesium, calcium and sulphur determined by ICP-AES were
compared to the results achieved by commonly used methods (FAAS — flame atomic absorption spectrophotometry, flame
photometry, spectrophotometry). 147 topsoil and 29 subsoil samples collected from the soil monitoring plots were used for
evaluation of the relationships between the analytical techniques. The results for potassium and magnesium were statistically
significantly different but the difference was small (2 to 8%) and it did not influence the classification of available nutrients.
ICP-AES determination of calcium gave the results 7 to 12% higher than those obtained from flame atomic absorption
spectrophotometry. The increase can be explained by reducing the interferences in plasma due to a higher temperature. The
lower temperature of air-acetylene flame in FAAS could not completely reduce the chemical interferences even in the presence
of lanthanum. The results for phosphorus determined by ICP-AES in topsoils were 8 to 14% higher than the results of
spectrophotometric determination. In subsoil samples the results of both analytical techniques were statistically equal. The
reason is that spectrophotometry (molybdate blue method) can determine only the ortho-phosphate form of phosphorus.
ICP-AES determines the total content of phosphorus present in a soil extract.

Keywords: ICP-AES:; soil extraction; Mehlich III

ABSTRAKT: Pouziti metody ICP-AES (atomové emisni spektrometrie v induktivné vizaném plazmatu) pro analyzu pidnich
extraktll podle Mehlicha III je velmi vyhodné. Byly uréeny optimélni vinové délky, rozsah kalibraénich kfivek a vliv extrak¢-
niho roztoku na signdl fosforu, drasliku, hof¢iku, vépniku, Zeleza, manganu, hliniku, médi, zinku, siry a boru. Pro zikladni
ziviny (P, K, Mg, Ca) byly porovnany metody ICP-AES s dosud pouZivanymi metodami stanoveni na souboru 147 vzorkl
pud odebranych z orné pidy v ramci Bazdlniho monitoringu piid CR. Z 29 ploch byly analyzovany kromé& vzorkil ornice
i vzorky podorni¢i. Rozdily mezi metodami byly ve vétsiné ptipadi statisticky pritkazné, ale z hlediska poZadavkil na piesnost
stanoveni byly zanedbatelné. Vyznamnéjs§i odchylka byla zji§téna pouze pii stanoveni vépniku. Metoda ICP-AES dava pro
tento prvek ponékud vyssi hodnoty (o 7 aZ 12 % rel.). Diivodem je pravdépodobné vysoki teplota plazmatu, ktera odstrani
rudivé vlivy zpisobené nedokonalou atomizaci vapniku pfi plamenové atomové absorpéni spektrofotometrii. Vysledky jsou
tedy pii pouZziti metody ICP-AES piesnéjsi. Problém pfi stanoveni fosforu spodiva v tom, Ze dosavadni spektrofotometrickd
metoda stanovi pouze fosfor ve formé fosfore¢nanové. Metodou ICP-AES se v§ak stanovi celkovy fosfor pfitomny v piidnim
extraktu. V ornici byly obsahy fosforu o 8 az 14 % vysi pii pouziti metody ICP-AES oproti spektrofotometrické metodé. Pro
podorni¢i byly vysledky obou metod totoZné. Rozdil mezi celkovym obsahem fosforu a fosfore¢nanovou formou je dén
pravdépodobné predevSim organicky vazanym fosforem, jehoZ koncentrace je v podorni¢i vyznamné niZdi, proto se pii
porovnani vysledki pro podorni¢i neobjevuje statisticky vyznamny rozdil mezi obéma metodami.

Klicova slova: ICP-AES; extrakce pid; Mehlich ITI

UvoD

S rozvojem instrumentalnich analytickych metod se
stala béZné dostupni metoda ICP-AES (atomova emisni
spektrometrie v induktivné vazaném plazmatu) a pfi-
padné dal$i analytické techniky, umoZiiujici analyzu vice

prvki nebo parametrti sou¢asné. Tyto techniky vyznam-
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né prispély ke zvySeni zajmu o univerzalni extrakcni
postupy. Podrobny piehled téchto extrakénich postupt
uvadi Raij (1994). Pfesny popis nejvyznamnéjsich uni-
verzédlnich extrak¢nich postupt véetné rozsahu jejich
pouZitelnosti publikoval Jones (1990). V Agrochemic-
kém zkouseni pid CR byl zaveden univerzalni extraké-
ni postup podle Mehlicha III (Mehlich, 1984). Kromé
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zékladnich Zivin (Zbiral, Némec, 1999) je tento postup
pouZitelny i pro stanoveni mikroelementd (Sims, 1985;
Zbiral, Némec, 1998) véetné boru (Shuman et al., 1992),
kovi na kontaminovanych plochéch (Sistani et al., 1995)
a siry (Rao, Sharma, 1997).

Metoda ICP-AES vyuZivd méfeni vyzéfenych cha-
rakteristickych kvant jednotlivych prvki. Aerosol vzorku
je ptiveden do argon—argonového plazmatu, ve kterém
dojde k ionizaci a excitaci atomi a iontd. Pfi ndsledné
z4fivé deexcitaci dojde k vyzareni charakteristickych
kvant. Mé&fenim intenzity emitovaného zéieni charak-
teristického kvanta se ur¢i obsah daného prvku ve vzorku.
Metoda ICP-AES je mnohem méné zatiZena interferen-
cemi neZ napf. metoda FAAS (plamenova atomova ab-
sorp¢ni spektrofotometrie), protoZe zde neexistuji prak-
ticky Zadné chemické interference, presto se projevuji
interference transportni a excitacni, které jsou ovliviio-
vany sloZenim zmlZovaného roztoku a nastavenim pfi-
stroje, piedev§im piikonu, pritoku jednotlivych plyni
a pozorovaci vysky (Sommer et al., 1992; Otruba, Ka-
nicky, 1997).

Byl proveden vybér emisnich Car pro vSechny sledo-
vané prvky (P, K, Mg, Ca, Fe, Al, Cu, Zn, Mn, B, S)
a promé&feny profily standardnich roztoki i extraktl redl-
nych vzorku. Na zakladé profilt jednotlivych car byly
ureny optimdlni vinové délky méfeni a polohy korekce
pozadi (pokud byla tato korekce nutnd). Déle byl optima-
lizovéan koncentra¢ni rozsah kalibra¢nich kfivek a ové-
fen vliv extrakéniho Cinidla na jejich pribéh. Pro P, K,
S, Mg a Ca byly porovniny dosud pouZivané postupy.
Problematiku tykajici se siry publikoval Zbiral (1999).

MATERIAL A METODY

Pristroje a zafizeni. Pro méfeni byl pouZit pristroj
ICP-AES JY-138 ULTRACE fy Jobin-Yvon (Francie)

1. Popisnd statistika (mg.kg") — Descriptive statistics (mg.kg")

s koncentrickym zmlZovacem (typ Meinhard) a Scotto-
vou mlZnou komorou, pro spektrofotometrickd stanoveni
spektrofotometr U 1100 (Hitachi, Japonsko) s pritoko-
vou kyvetou o optické délce 10 mm. Vzorky pro méfeni
metodou atomové absorpéni spektrofotometrie byly fe-
dény za pomoci dilutoru Gilson A310 (Gilson, Francie).
Vysoce Cista voda byla pfipravena na zaiizeni MilliQ
(Millipore Corp., USA). Extrakce probihala na rotaini
tiepacce pro 100 vzorki (UKZUZ, Brno), pro tpravu
vzorkd na prosev < 2 mm byla pouZita pidni prosévac-
ka (UKZUZ Brno). Dile bylo vyuZivino b&zné vyba-
veni laboratofe.

Chemikalie a roztoky. VSechny chemikilie byly
Cistoty p. a. (Lachema, Brno; Merck, Darmstadt; Fluka,
Buchs). Pro pfipravu roztoki byla pouZivana deminerali-
zovana voda s kontrolovanym obsahem stanovovanych
sloZek, pro pripravu standardnich roztoki vysoce Cista
voda. Kalibra¢ni standardni roztoky byly pfipraveny fe-
dénim certifikovanych zakladnich standardnich roztoki
(Analytika, Praha). Extrak¢ni roztoky byly pfipravovi-
ny vzdy Cerstvé.

Vzorky pud. Byly pouZity vzorky z bodl bazdlniho
monitoringu pid (Saiika et al., 1998). Analyzovany byly
pouze vzorky z bodi na orné pudé, a to z orni¢ni vrstvy
(celkem 147 vzork). Pro body jihomoravského regionu
(29 vzorku) byly provedeny i analyzy podornici. Popis-
na statistika souboru vzorki je uvedena v tab. I.

Extrakce a méreni. Extrakce pid a méfeni pro po-
rovnani stavajicich metod s metodou ICP-AES probiha-
ly podle Jednotnych pracovnich postuptt UKZUZ (Zbi-
ral, 1995). Pro stanoveni vapniku a hoi¢iku byla pouZita
metoda FAAS v plameni acetylen-vzduch po zfedéni
extraktu a odstranéni interferenci pfidavkem lanthanu,
pro draslik byla vyuzita plamenova fotometrie v plame-
ni acetylen—vzduch, fosfor byl stanoven jako fosfomo-
lybdenova modf spektrofotometricky (Murphy, Riley,

Metoda’ Primér? Mediin? Minimum Maximum Dolni kvartil* | Horni kvartil®
pH/KCI 6,43 6,49 4,63 7,60 5,96 6,99
p ICP-AES 119 101 26 410 69 149
SPEFO 109 91 27 404 64 132
K ICP-AES 232 217 39 869 154 269
FAES 236 218 46 930 165 270
Mg ICP-AES 177 156 31 1 030 102 235
FAAS 175 151 35 938 104 237
Ca ICP-AES 3193 2 588 939 12 578 1912 3629
FAAS 2 964 2 381 937 12 455 1 840 3431
Cu ICP-AES 4,13 3,43 0,50 23,5 2,16 5,06
Zn ICP-AES 5,84 4,84 1,46 20,7 3,89 6,76
Mn ICP-AES 154 151 25 377 113 183
Fe ICP-AES 398 407 66 889 319 488
Al ICP-AES 878 886 124 1 544 738 1 000
S ICP-AES I5:7 14,9 7,51 57,7 11,2 18,3

1 2 S | s 8 s
method, “average, “median, “lower quartile, suppcr quartile
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1962). Ostatni prvky byly stanoveny metodou FAAS
v plameni acetylen—vzduch.

Nastaveni pristroje ICP-AES. Prikon do plazmatu
1,00 kW, pratoky argonu: zmlZovadem 0,325 I/min,
plazmovy plyn 12,0 I/min, stinici plyn 0,275 1/min, mo-
nochrométor byl proplachovan dusikem. Integrace sig-
nalu byla provadéna zpravidla méfenim intenzity na pi-
ku (on peak mode). Vstupni §térbina monochromatoru
byla 21 pm a vystupni 83 pm.

Statistické zpracovani. Pro statistické zpracovani
vysledku byly vyuZity programy EXCEL 97 (Micro-
soft, Redmont, USA) a ADSTAT 2.0 (Trilobyte, Pardu-
bice). VSechny statistické vypocty byly provddény na
95% hladiné vyznamnosti (o = 0,05).

VYSLEDKY A DISKUSE

Vybér vinovych délek

Pro zji$téni optiméalnich vinovych délek a uréeni ko-
rekce pozadi byly proméfeny profily Car pro kalibra¢ni
standardni roztoky a pro vybrané extrakty vzorku.
V tab. II jsou uvedeny sledované vinové délky. Vybér
vinovych délek byl proveden jednak podle intenzity ¢a-
ry a dale podle ruseni v realnych vzorcich. Doporucené
vinové délky pro méfeni jsou vyznadeny tu¢né.

Pri stanoveni fosforu se objevil na ¢ate P 1214,914 nm
u nékterych extrakti nedostatecné rozliSeny rusivy sig-
ndl, posunuty ke krat§im vinovym délkam. Bylo proto
pro méfeni na této ¢aie zvoleno vyssi rozliSeni pfistroje
pouZitim uZ§i vystupni $térbiny monochromatoru. Ma-
ximum bylo v tomto pfipadé odecitino metodou prolo-
Zeni Gaussovy k¥ivky. Cara P I 213,618 nm je rudena
médi. Toto ruSeni se vSak v extraktech pudy podle
Mehlicha III muZe objevit jen ve vyjimeénych piipadech.
Nejvhodnéjsi je stanoveni fosforu na ¢ate P 1 178,229 nm,
ale pro poufZiti této Cary je nezbytné dokonalé odstrané-
ni kysliku z optické drahy pfistroje.

Pri stanoventi siry bylo zji§téno, Ze ¢ara S I 180,676 nm
je silné rusena pfitomnosti vapniku. Rugivy vliv vapni-
ku nebylo moZné odstranit ani pfi maximalnim rozliSeni
pfistroje, proto byla dile pro méfeni vyuZivana pouze
cara S 1 181,978 nm.

Rozsah Kkalibrace a p¥iprava standardnich roztoka

Pro rutinni stanoveni je vhodné pfipravit dvé sady
smésnych standardnich roztokd: prvni pro bézné stano-
vované prvky (P, K, Mg, Ca) a druhou pro ostatni prv-
ky. Pfehled sm&snych kalibraénich roztokd a koncen-
traci pro jednotlivé prvky uvadgji tab. III aIV. Viechny
vzorky o obsahu studovaného analytu nad rozsah kalib-
raéni kiivky byly fedény. Prubéh kalibracnich kfivek
byl v celém sledovaném koncentraénim rozsahu linear-
ni. Pfi meéreni vzorki o niZ§i koncentraci stanovova-
nych prvki je vhodné kalibraci upravit tak, Ze se nepo-
uZije nejvyssi kalibracni roztok. PFi piekrogeni rozsahu
kalibraéni kiivky je tieba extrakt pudy fedit extrak&nim
roztokem podle Mehlicha III. Koncentraci extrakéniho

ROSTLINNA VYROBA, 46, 2000 (4): 141-146

1. Studované a doporucené vinové délky — Studied and recommen-
ded wavelengths

— Vinovd BCI BC2 Matrice?
délka® (nm) (-nm) (+nm) (% rel.)

PI 214,914 0,0396 +3
Mg II 279,079 0,0301 -15
Call 317,933 -5
KI 766,490 -10
SI 181,978 0,0768 -8
BI 208,959 0,0308 -
Znl 213,856 0,0549 -13
Mn 11 257,610 -8
Fe II 259,940 -7
Cul 324,754 -8
All 396,152 0,0751 -10
PI 178,299 0,032 +3
Mg 11 280,270 -9
Cul 327,396 -7
S1 180,676 -8
PI 213,618 +3
Call 393,366 -5
K1 769,896 -10

BC = relativni poloha odectu pozadi mé&fené ¢ary — relative position
of background correction

Matrice: relativni sniZeni nebo zvySeni intenzity emise dané &ary
v pfitomnosti extrak&niho Cinidla v porovnini s vodou - Matrix:
influence of extracting solution on the intensity of emission com-
pared to the intensity in water matrix

Doporugené vinové délky jsou vyznadené tuéné — Bold letters denote
recommended wavelengths

lelement, 2wavelt‘,ngth. 3 matrix

I Snllésné standardni roztoky (mg,l") - Mixed standard solutions
(mg.1™)

Standardni Prvek®

roztok! K P Mg Ca
STDAH 100,0 40,0 100,0 1 000
A3 50,0 20,0 50,0 500
A2 25,0 10,0 25,0 250
Al 10,0 4,0 10,0 100
STDAL 0,0 0,0 0,0 0,0

o 2
'standard solution, “element

¢inidla ve standardnich kalibraénich roztocich je tfeba
modelovat tak, aby pfesné odpovidala sloZeni extrakc-
niho Cinidla.

Vliv extrakéniho Cinidla na pribéh kalibracnich
krivek

Byly pfipraveny dvé sady kalibraénich standardnich
roztoki, jedna s modelovanou matrici (stejna koncen-
trace extrakéniho ¢inidla v kalibragnich roztocich jako
ve vzorcich) a druhd doplnénd pouze demineralizova-
nou vodou. Ve vétSiné piipadi do§lo ke sniZeni inten-
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IV. Smésné standardni roztoky (mg.l") ~ Mixed standard solutions
-1
(mg.1™")

Prvek?
Standard'
Fe Al Mn Cu Zn B

STDBH 100,0 100,0 40,0 4.0 10,0 4.0
B3 50,0 50.0 | 20,0 2,0 5.0 2,0
B2 25,0 25,0 | 10,0 1,0 25 1,0
Bl 10,0 10,0 4,0 0.4 1.0 0.4
STDBL 0,0 0,0 0,0 0,0 0,0 0,0

'standard solution, Zelement

zity emise jednotlivych ¢ar vlivem extrakcniho Cinidla.
Jde pravdépodobné o kombinovany vliv soli a kyselin,
ktery je vysvétlovan zmlZovacimi a excitacnimi interfe-
rencemi. Pouze v piipadé fosforu byly intenzity v pfi-
tomnosti extrakéniho ¢inidla na vSech Carach asi 0 3 %
vy$8i nez ve vodé. V tab. II je v poslednim sloupci
uveden vliv extrakéniho &inidla na intenzitu emise.
Z vysledkt jednoznaéné vyplyva, Ze pro spravné méie-
ni je nezbytna shodnd koncentrace extrak¢niho cinidla
ve standardech a ve vzorcich.

Porovnani ICP-AES s dosud pouZivanymi
metodami stanoveni

Vzorky byly analyzovany podle platnych Jednotnych
pracovnich postupit UKZUZ i metodou ICP-AES. Zis-
kané vysledky byly porovnany za pomoci parovych testi
a s pouZitim linedrni regrese (Meloun, Militky, 1994).
V parovych testech byla srovnavana vypoctena hodnota
kritéria 7' s tabelovanou hodnotou. Vystupem parového
testu bylo zji§téni, zda se soubory vysledka ziskanych
riznymi postupy od sebe statisticky vyznamné li§i. Pro
oba soubory byla také spocitana linearni regresni funk-
ce. Pro statisticky zcela shodné soubory plati, Ze hodnota
useku regresni pfimky je rovna nule a hodnota smérnice
se rovnd jedné. Hodnota R? udava spolehlivost regrese
(jde o tzv. koeficient determinace, ktery po vynasobeni
stem udavad procento vzorki, které spliiuji uvedenou

regresni rovnici). VSechny sledované prvky byly porov-
nany a zjiStény piipadné odchylky. VSechny statistické
vypocty byly provedeny pro o = 0,05.

Souhrnné vysledky parového testu a linearni regrese
podéva tab. V. Na obr. 1 jsou uvedeny pribéhy jednot-
livych regresnich primek.

Fosfor. Ze statistického hodnoceni vyplyva, Ze v or-
nici jsou vysledky stanoveni fosforu o 8 az 14 % vyssi
pii pouZiti metody ICP-AES oproti spektrofotometrické
metodé. Pro podorniéi jsou vysledky na dané hladiné
vyznamnosti totoZné. Rozdil zji§t€ny pro ornici je zpl-
sobeny tim, Ze v piipadé spektrofotometrické metody
nejsou stanoveny jiné formy fosforu v extraktu nez for-
ma fosfore¢nanova. Metoda ICP-AES stanovuje celko-
vy fosfor pfitomny v extraktu. Rozdil mezi celkovym
obsahem fosforu a fosfore¢nanovou formou je dan prav-
dépodobné predevsim organicky vazanym fosforem, je-
hoZz koncentrace je v podorni¢i vyznamné nizsi, proto
se pii porovnani vysledki pro podorni¢i neobjevuje sta-
tisticky vyznamny rozdil mezi obéma metodami. Toto
zjisténi je v souladu s publikovanymi udaji (Eliason,
1999). Ur¢itym problémem je interpretace vysledki sta-
noveni fosforu. Kritéria pouZivana pro vyhodnoceni vy-
sledkd byla zpravidla odvozena pro spektrofotometrické
stanoveni fosforu, které zjistuje pouze obsah fosforec-
nanii. Jakym zplsobem se uplatiiuje jinak vézany fosfor
ve vyzivé rostlin, neni dosud objasnéno. Podobné jako
u dusiku a siry, probiha i zde mineralizace a organicky
vazany fosfor se stava pfistupnym pro rostliny. Pak by
jeho zahrnuti do pfistupné frakce fosforu, stanoveného
metodou Mehlich III, mélo své opodstatnéni a méteni
metodou ICP-AES by davalo vysledky bliZsi skute¢nosti.

Draslik. Mezi metodami byl zjistén statisticky vy-
znamny rozdil, ktery je vSak z praktického hlediska ne-
podstatny. Duvodem horsi shody pro tento prvek jsou
jednak ionizacni interference v plameni acetylen—vzduch
pro FAAS a déle vysoky stupefi ionizace drasliku pfi
ICP-AES. Meéfeni probiha na atomové Cafe a vysoka
urover ionizace sniZuje intenzitu emise atomovych car.

Hox¢ik. Mezi metodami byl zjiStén statisticky vy-
znamny rozdil, ktery je vSak z praktického hlediska za-

V. Statistické zpracovéni — Statistical evaluation (Y = a + bX, ¥ - ICP-AES)

Prvek! T It Apin a iy bpin b Do R? xl x2
P (ornice?) 10,1 1,976 -4,781 -1,236 2,309 | 1,084 1112 1,140 0,977 120 109
P (podornici?) =331 2,048 -5,706 | -0,426 4853 | 0.850 0,925 1,001 0,959 54 59
K -3,50 1,976 | -16,83 | -12,59 -8.35 1,024 1,041 1,058 0,990 228 : 23]
Mg 2,38 1,976 -8,952 | -6422 | -3,891 1,034 1,047 1,061 0,994 171 170
Ca 7,64 1,976 |-155 -59 37 1,070 1,097 1,124 0,977 3193 2 964

T = hodnota vypoctend v pirovém f-testu — value of paired r-test

Iy = kritickd hodnota parového testu — critical r-value

a = {sek linedrni regresni rovnice — intercept

b = smérnice linedrni regresni rovnice — slope

xl = primérnd hodnota souboru méfeného metodou ICP-AES - average value for ICP-AES
x?_., = pramérnd hodnota souboru méfeného puvodni metodou — average value for commonly used methods
R = koeficient determinace linedrni regresni rovnice — coefficient of determination

1 2 o B ;
element, “topsoil, “subsoil
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1. Linedrni regrese; vzorky ornice — Linear regression; topsoil samples

nedbatelny. Vzhledem k tomu, Ze vysledky naméfené
metodou ICP-AES maji ponékud vys$§i hodnoty, mize
byt davodem dokonalejsi odstranéni rusivych vliva pu-
sobenim podstatné vyssi teploty plazmatu.

Vapnik. Vysledky ziskané obéma metodami se sta-
tisticky vyznamné li§i. Z lineérni regresni rovnice vy-
plyva, ze obsahy stanovené metodou ICP-AES jsou o 7 aZ
12 % rel. vy$8i nez hodnoty ziskané metodou FAAS.
Divodem je pravdépodobné odstranéni ruseni pfi me-
todé ICP-AES, dané podstatné vyssi teplotou plazmo-
vého vyboje. Pii této teploté se jiZ neuplatni chemické
interference metody FAAS, které dokonale neodstranil
ani pfidany lanthan.
zadné problémy. Porovnani metod nebylo moZné, protoZe
se tyto prvky dosud v extrakénim Cinidle Mehlich III
nestanovovaly. Stanoveni siry je tfeba vénovat zna¢nou
pozornost predev§im z hlediska maximédlniho omezeni
kontaminaci (napf. pfi styku s pryZovym t€snénim atd.).
Stanoveni siry v riiznych extraktech byla vénovéna sa-
mostatnd publikace (Zbiral, 1999). Stanoveni béru je
velmi problematické z diivodu vysoké moZnosti konta-
minace. Pfi poZadavku na stanoveni béru je tieba zame-
zit styku extrak¢niho Cinidla se sklem, protoZe pfitomny
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fluorid v kyselém prostiedi atakuje sklo, a tim zvySuje
kontaminaci uchovavanych roztoki. V pripadé tohoto
prvku je nejlep§im feSenim pouZiti plastového nadobi
ve vSech stupnich pfipravy roztoki, extrakce, filtrace
1 méreni.

Pouzité zkratky

ICP-AES - opticka emisni spektrometrie v induktivn&
vazaném plazmatu

FAAS - plamenova atomovéa absorpcni spektrofo-
tometrie

FAES - plamenova atomovéa emisni spektrometrie
(plamenova fotometrie)

SPEFO - spektrofotometrie (ve viditelné oblasti spek-
tra)
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RESPONSE OF SUGAR BEET TO FOLIAR MAGNESIUM
FERTILIZATION WITH EPSOM SALT

REAKCE CUKROVKY NA FOLIARNI HNOJENI HORCIKEM VE FORME
SIRANU HORECNATEHO

A. Kristek], V. Kovaéevic’z, M. Antunovié’

'Institute for Sugar Beet Breeding, Osijek, Croatia
2Facullry of Agriculture, University of J. J. Strossmayer, Osijek, Croatia

ABSTRACT: Response of sugar beet to Epsom salt (MgS0O,.7 H,0) foliar fertilization (ESFF) was tested in field trials on
three locations during three growing seasons. Magnesium sulphate was applied as 5% w/v solution, 400 L/ha (two spraying
in ten-day interval in June). In general, significant differences of sucrose concentrations, yields (root and technologic sugar),
as well as K, Na and amino-N status in sugar beet root were found among years (influences of factor growing season) and
among three tested localities (influences of factor soil characteristics) in all three years of testing. Also, the application of
ESFF increased sucrose concentration by 0.25, 0.20 and 0.26%, at growing seasons 1995, 1996 and 1997, respectively.
However, sugar yield was significantly increased in amount of 0.40 t/ha only in the third year of testing. Also, an improvement
of root quality concerning in a decrease of amino-N content was found only in the second year of testing. ESFF was especially
effective in increasing sugar concentrations under soil conditions showing moderate Mg supplies. The growing season 1997 was
especially favorable for sugar beet growing. Under these conditions, ESFF significantly influenced on digestion (15.18 and
15.44%, for control and ESFF, respectively), sugar beet root yields (55.16 and 57.38 t/ha, respectively), sugar yields (7.12 and 7.52 t/ha,
respectively) and root K contents (3.83 and 3.95 mmol/100 g of root, respectively). However, sodium (Na) and amino-N
contents were not affected by ESFF treatment. Drought stress in 1995 was in close connection with the lower sucrose contents
(12.38%) in comparison with the 1996 (15.10%) and 1997 (15.31%) growing seasons. Based on our three-year investigations,
we would recommend foliar application of Epsom salt for sugar beet as usual crop management practice, especially under
conditions of moderate soil-Mg and/or S supply.

Keywords: sugar beet; field experiments; foliar fertilization; magnesium sulphate; Eastern Croatia

ABSTRAKT: Reakce cukrovky na siran hofeénaty (MgS0O,.7 H,0) byla testovdna v polnich pokusech na tfech lokalitich
béhem tii vegetacnich obdobi. Siran hofecnaty byl aplikovan ve formé 5% roztoku w/v, 400 I/ha (dva postiiky v desetidennim
intervalu v ¢ervnu). Pritkazné rozdily v koncentracich sacharézy, vynosech (kofenovy a technologicky cukr) a obsahu drasliku,
sodiku a aminodusiku v bulvach cukrovky byly zjist€ny mezi roky (vliv faktoru vegetaéni obdobi) a mezi tfemi testovanymi
lokalitami (vliv faktoru piidni charakteristika) ve vSech tfech pokusnych letech. Aplikace ESFF zvy§ila koncentraci sacharézy
0 0,25, 0,20 a 0,26 % ve vegeta¢nim obdobi let 1995, 1996 a 1997. Vynos cukru se zvy$il vyrazné na 0,40 t/ha ve tfetim
roce. Zlepseni kvality bulev, tykajici se poklesu obsahu aminodusiku, bylo zaznamenéno aZ ve druhém roce. ESFF byl ucinny,
co se tyka rostoucich koncentraci cukru, v pidnich podminkach, které vykazuji mirnou zisobu hoi¢iku. Vegetaéni obdobi
1997 bylo pro rust cukrovky pfiznivé. Za téchto okolnosti ESFF prikazné ovlivnil stravitelnost (15,18 a 15,44 % pro kontrolu,
resp. ESFF), vynosy bulev cukrovky (55,16, resp. 57,38 t/ha), vynosy cukru (7,12, resp. 7,52 t/ha) a obsah drasliku v bulvach
(3,83, resp. 3,95 mmol/100 g bulev). Obsah sodiku a aminodusiku nebyl pusobenim ESFF ovlivnén. Stres ze sucha v roce
1995 byl v 1zké korelaci s niZ§im obsahem sacharézy (12,38 %) ve srovnéni s vegetaénim obdobim roku 1996 (15,10 %)
a 1997 (15,31 %). Na zdkladé naSich tfiletych vyzkumi lze doporuéit folidrni aplikaci siranu hofe&natého u cukrovky jako
béZny péstebni postup, zvlasté za podminek mirné zasoby hofciku anebo siry.

Klicova slova: cukrovka; polni pokusy; folidrni hnojeni; siran hofeénaty; vychodni Chorvatsko

INTRODUCTION Beet Producers Association, sugar beet harvested area
in Croatia and sucrose contents (five-year means) were

Sugar beet growing area in Croatia is mainly situated  as follows: 27.850 ha and 15.41%, 14.200 ha and
in its Eastern continental part (Slavonia and Baranya  14.03%, for the period 1981 to 1990 and 1991 to 1995,
province) because of relative favorable soil and climate  respectively (Kristek et al., 1998). Great differences of
conditions. According to the data of Croatian Sugar sugar beet growing arca are influenced by war escala-
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tion in Croatia. In general, tendency of lower digestion
(yield) decreasing in the last years is possible to partly
explain by climatic changes (hot stress) under European
environmental conditions (Kristek et al., 1998). Also,
in the period of last a few years, fertilizer use in eastern
Europe has tremendously declined. Nutrient imbalances
in arable crops and accompanying manifestations char-
acterizing increasing stress susceptibility, disease and
pest incidence could be in connection with low fertilizers
use (Andres, 1996; Krauss, 1997). By results of field
experiments with magnesium fertilizers Epsom salt
(MgS0,4.7 H,0) and kieserit (MgSO4.H,0) and con-
ducted in some European countries have been shown
excellent effects of magnesium sulphate on yield of
different crops (Uebel, 1999), for example sugar beet
(Orlovius, 1992; Birkmann, 1996; Grzebisz, 1997; Kul-
char, Debreczeni, 1998), sunflower, potato and legumes
(Loch, 1992) and cereals (Czuba, 1992). We presume
that sugar beet digestion is possible partly increase by
adequate fertilization practice, including Epsom salt
(MgS04.7 H,0) foliar fertilization (ESFF). This study
includes our three-year experiences, which were partially
published in form of abstract (Kristek et al., 1998) and
short communications (Kristek et al., 1997).

MATERIAL AND METHODS
Field experiments

In total three field experiments including different
sugar beet hybrids were conducted on soils situated on
three areas (Osijek = Os, Djakovo = Dj and Donji Mi-
holjac = DM) in Eastern Croatia for three growing sea-
sons from 1995 to 1997. The field trials were conducted
in four replications for the 1995 and 1996, and eight
replications for the 1997. Each experimental plot meas-
ured 10 m?2 (two 10-m rows; interrow spacing 50 c¢m).
In the 1995 and 1996 for two replications were applied
Epsom salt foliar fertilization (ESFF): MgS0,.7 H,0,

I. Chemical properties of soils

5% wlv solution, 400 L/ha; two applications in ten-day
interval in June (total 6.4 kg MgO and 4.6 kg S/ha in
both applications), while two remaining were used as
a control. For the 1997 growing season ESFF was made
with four replications and remaining four were used as
a control. In total 13 sugar beet hybrids were tested for
the 1995 and 1996 growing seasons and 19 hybrids for
1997 growing season. For this reason, data presenting
sugar beet response to Epsom salt are mean values from
26 (for 1995 and 1996) and 76 (for 1997) individual
results of each experiment.

Sampling and sample analysis

Sugar beet roots from entire experimental plot were
used for root yield and chemical analysis. Analyses of
sugar beet root samples were made in Osijek Sugar Beet
Breeding Institute by using Venema equipment (Venema
Automation bv, Groningen, Holland). Sucrose contents
were determined polarimetrically, root K and Na plam-
menfotometrically and amino-N contents colorimetri-
cally by using Venema Autoanalyser Typ IIG. Parameters
for determination have been described by correspond-
ing instructions (1990).

Soil testing was made by EUF method as part of the
project for improvement of sugar beet production (in-
ternal data of Osijek Sugar Beet Breeding Institute).
Soil samples to 30 cm of depth were collected in autumn
of previous year and N, P and K fertilization was made
based on recommendation in accordance with soil nu-
trient status.

Soil characteristics

Soil types similar characteristics as eutric cambisol
(brown soil) are mainly in use for sugar beet growing
in Croatia. In general, the used soils for the field trials
are suitable for sugar beet growing, except the soil of

. EUF-fraction 20 °C/200 V
Year Soi! (S)_ pH Humus -
designation | (KCI) (%) mg/100 g of soil ppm
Mg Ca K Na P Fe Mn Zn
$1-95 Os 6.30 2.07 3.58 234 10.3 2.51 1.84 - - -
1995 §2-95 Dj 5.30 1.90 3.22 6.53 5.65 223 0.71 1.98 0.87 .29
$3-95 DM 6.00 1.99 474 35.1 9.01 291 1.63 1.84 4.15 2.80
$4-96 Os 5.80 1.20 3.75 27.8 5.81 4.43 0.85 0.42 0.75 1.38
1996 §5-96 Dj 7.04 2.60 4.35 44.7 4.14 15.42 1.89 0.42 0.15 1.55
$6-96 DM 6.42 2.40 4.42 47.0 9.22 0.55 1.69 0.60 0.33 1.03
§7-97 Os 5.40 2.30 5.24 19.3 5.36 5.93 1.67 0.44 0.32 0.36
1997 $8-97 Dj 5.46 2.66 3.57 20.8 7.27 3.34 1.63 1.07 0.95 0.84
$9-97 DM 5.40 1.70 2.63 15.0 5.53 1.58 0.79 1.23 0.63 1.62

" Osijek (Os), Djakovo (Dj) and Donji Miholjac (DM) area
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Djakovo area used for the 1995 growing season (Tab. I).
Low sugar beet yields on this location cannot be ex-
plained by the soil test performed. We used two studies
for interpretation of EUF soil test data (Nemeth, Rex,
1980; Wicklicky, 1982). For example, EUF-Mg-20 °C
above 3 mg Mg/100 g and EUF-K-20 °C 11 to 15 mg
K/100 g soil are required for optimal sugar beet nutrition.

Weather characteristics

In general, rainfall and air-temperature regimes (Fig. 1)
were favorable for 1996 and 1997 growing season.
Drought and hot stresses characterized 40 day period of

Rainfal (mm)
Temperature (°C)

1L .

4 6 8 10 5 s 9 4 6 8 10
1995 1996 1997

Months In three growing seasons

| CRainfal (mm) —— Temperature (oC)

1. Rainfal and mean air temperature in three growing seasons 1995,
1996 and 1997 (the data of Osijek, Weather Bureau)

intensive growth of leaves (from 30 June to 9 August
1995: 26 mm rainfall and 21.2 °C average air-tempera-
ture (Weather Bureau Osijek). Under stress conditions,
leaves necrosis developed and part of supply of sucrose
was spent for their subsequently regeneration. At the
same period of 1996 and 1997, weather conditions were
normal. The growing season 1997 was especially favor-
able for sugar beet growing. Rainfall quantities in the
period April to October in Osijek was 433 mm, 573 mm
and 461 mm, for 1995, 1996 and 1997, respectively
(30-year mean: 444 mm), while analogous data for air-
temperature were as follows: 16.6, 16.7 and 16.7 °C
(30-year mean: 16.5 °C).

RESULTS AND DISCUSSION

Sugar beet yields, sucrose, potassium (K), sodium
(Na) and amino-nitrogen (amino-N) contents in sugar
beet roots were under considerable environmental influ-
ences (Tabs. IT and III, Figs. 2 and 3). Also, tested
properties are in different degrees connected with ESFF
treatment (Tab. III). In general, significant differences
of sucrose concentrations, yields (root and technologi-
cal sugar), as well as K, Na and amino-N status in sugar
beet root were found among years of testing (influences
of factor growing season) and among three tested lo-
calities (influences of factor soil characteristics) in all
three years of testing. Also, by ESFF increased sucrose

I1. Sugar beet status as affected by soil (A) and foliar application of Epsom salt (B); mean values of different sugar beet hybrids

Year dTé:?g!:::n Yield (t/ha) Sucrose (%) mmol/100 g (sugar beet) :
root sugar K Na amino-N
Al (soil 1-95 Os) 38.5 3.7 12.09 3.91 1.71 3.09
A2 (soil 2-95 Dj) 16.8 1.3 10.82 3.92 3.84 1.34
1995 A3 (soil 3-95 DM) 45.6 54 14.23 4.10 1.53 1.43
(total 13 hybrids) LSD A 5% 3.9 0.4 0.23 0.13 0.15 0.15
B1 (control) 334 3.4 12.25 3.95 237 1.91
B2 (Epsom salt) 33.8 3:5 12.50 4.00 2.36 1.91
LSD B 5% ns ns 0.19 ns ns ns
Al (soil 4-96 Os) 54.1 6.7 14.61 4.38 0.80 1.30
A2 (soil 5-96 Dj) 424 5.5 14.85 3.04 1.15 1.43
1996 A3 (soil 6-96 DM) 59:5 8.0 15.81 442 0.96 2.08
(total 13 hybrids) LSD A 5% 0.7 0.1 0.15 0.09 0.10 0.17
B1 (control) 52.1 6.8 14.99 3.95 1.00 1.69
B2 (Epsom salt) 52.0 6.7 15.19 3.95 0.94 1.52
LSD B 5% ns ns 0.09 ns ns 0.06
Al (soil 7-97 Os) 62.87 8.10 15.40 433 1:53 243
A2 (soil 8-97 Dj) 53.0 6.79 14.74 2.87 1.21 2.62
1997 A3 (soil 9-97 DM) 5293 7.06 15.81 4.47 1.19 1.97
(total 19 hybrids) LSD A 5% 2.51 0.45 0.38 0.31 0.15 ns
B1 (control) 55.16 7.12 15.18 3.83 1.32 2.48
B2 (Epsom salt) 57.38 7.52 15.44 3.95 1.29 2.45
LSD B 5% 0.84 0.13 0.08 0.04 ns ns
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I11. Sugar beet status as affected by interactions between soil properties (A) and foliar application of Epsom salt (B); mean values of different

sugar beet hybrids

s T‘?‘“"’“’T“ Yield (t/ha) Sucrose mmol/100 g (sugar beet)
designation root sugar (%) K Na amino-N
AlBI 54.6 6.7 14.36 439 0.89 1.39
AlB2 53.7 6.8 14.86 437 071 1.21
1996 A2BI 41.0 53 14.81 3.13 1.13 1.52
L T 438 5.7 14.89 2,96 118 1.35
A3BI 60.6 8.1 15.81 432 0.98 2.15
A3B2 58.4 7.8 15.82 4.53 0.94 20.1
LSD AB 5% ns 0.4 0.17 ns ns 0.11
AlBI 63.01 8.16 15.43 431 1.44 2.39
AlB2 62.73 8.03 15.36 435 1.61 2.46
1957 A2BI 51.15 6.47 14.58 2.84 1.22 2,65
(total 19 hybrids) | A2B2 54.85 7.11 14.89 2.90 1.20 2.59
A3BI 51.31 6.71 15.53 434 1.31 2.37
A3B2 54.54 7.40 16.08 4.60 1.07 2.27
LSD AB 5% 1.46 0.22 0.14 0.07 0.08 0.10

" non-significant differences of AB interactions in the first year of testing (1995)

115,31

Sucrose contents (%)

1995 1996 1997
The growing season

T Yield of root
Yield of white sugar
Sucrose contents

2. Influence of growing season on yields (t/ha) and sucrose contents
(%) of sugar beet

concentration for 0.25, 0.20 and 0.26%, for the growing
seasons 1995, 1996 and 1997, respectively. However,
sugar yield significantly increased in amount of 0.40 t/ha
only in the third year of testing. Also, improvement of
root quality concerning amino-N contents decreasing
were found only in the second year of testing. Amino-N
is harmful N and it is in connection with lower techno-
logical quality of sugar beet root because of disturbance
in sucrose crystallization (Burba, 1996).

ESFF was especially effective in increasing sugar
concentrations under soil conditions characterizing
moderate Mg supplies (for example, S4-96, S8-97 and
$9-97).

In general, degree of ESFF influences on yield and
quality of sugar beet is more expressed under more
favorable weather conditions (Andres et al., pers. com-
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mmol/100 g root

| @1995 01996 1997 |

3. Influence of growing season (1995, 1996 and 1997) on potassium,
sodium and amino-N contents (mmol/100 g root) of sugar beet

mun.). The growing season 1997 was especially favor-
able for sugar beet growing. Under these favorable con-
ditions, ESFF significantly influenced a digestion
(15.18 and 15.44%, for control and ESFF, respectively),
sugar beet root yields (55.16 and 57.38 t/ha, respec-
tively), sugar yields (7.12 and 7.52 t/ha, respectively)
and root K contents (3.83 and 3.95 mmol/100 g of root,
respectively). However, Na and amino-N contents were
not affected at ESFF treatment (Tab. II).

Drought stress in 1995 was in close connection with
the lower sucrose contents (12.38%) in comparison with
the 1996 (15.10%) and 1997 (15.31%) growing seasons
(Fig. 2).

Properties of sugar beet were in close connection
with inheritance, because under identical environmental
conditions, there were found significant differences
among sugar beet genotypes (Rastija, 1997). For exam-
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ple, in the 1997 growing season (Kristek et al., 1998),
they were in ranges from 14.81 to 16.00% (sucrose),
from 49.48 to 60.54 t/ha (root yield) and from 6.18 to
8.23 t/ha (technological sugar yield), while root com-
position was in ranges from 3.47 to 4.48 mmol/100 g
(K), from 1.09 to 1.56 mmol/100 g (Na) and from 2.00 to
2.96 mmol/100 g of root (amino-N).

According to experience based on field trials in some
European countries, Epsom salt is an ideal fertilizer for
covering of Mg and S needs at critical stages of plant
growth by foliar application (Uebel, 1999). It is in use
exclusive as individual fertilizer and with low expence
as foliar fertilizer often in combination with pesticides.
The application is possible profitable insurance against
yield decrease risk and loss of quality. Kieserite
(MgS0,) as soil fertilizer is especialy suitable for basic
supply of plants with magnesium and sulphur. Yield
increases between 6 and 15% under soil conditions aver-
age Mg supply and between 2 and 8% on soil with high
and very high Mg supplies. However, on soils charac-
terizing Mg and S deficiency they were observed yield
increases above 10% (Uebel, 1999).

Results of field trials showed remarkable effects of
MgSO, fertilization on increase of yield of crops in
Germany depending on the Mg supply status of soil.
Mean increments of yield between 6 to 15% on soils
with medium Mg supply and 2 to 8% on soils with high
and very high Mg supplies have been observed. The
highest effects of yield increases between 13 and 23%
were found at soils with low and very low Mg content
(Hundt, Kerschberger, 1991). By ESFF at stage of
leaves covering, sucrose yield in sugar beet was in-
creased from 1.07 t/ha (control) to 1.12 and 1.17 t/ha,
by application of 5 and 10% solution, respectively
(Birkmann, 1996).

Good effects of ESFF on yield and quality on sugar
beet were found in Poland (Grzebisz, 1997) and in Hun-
gary (Kulchar, Debreczeni, 1998). Orlovius (1992) re-
ported positive response of sugar beet to ESFF (total
seven trials) in Rhainlad and Rheintal regions in Ger-
many. Depending on trial, sugar yields were increased
from 0.4 to 1.0 t/ha, while sucrose concentration was
increased by mean 0.3% as affected by ESFF. Also,
positive effects of ESFF were observed with sunflower,
potato and legumes in Hungary (Loch, 1992).

Mg uptake is unlike K and P uptake not finished at
flowering stage, therefore were observed high effects of
ESFF at the end of flowering state on yield of cereals
in Poland (Czuba, 1992). In general, only 15% of arable
land in Poland have a natural high Mg content because
of prevailing light sandy soils of diluvial origin, espe-
cially in an area with a relatively high rainfall (Uebel,
1999).

CONCLUSIONS

In general, ESFF influenced sugar beet yields and
quality, especially sugar (sucrose) contents, but envi-

ROSTLINNA VYROBA, 46, 2000 (4): 147-152

ronment conditions (weather and soil characteristics)
were found as the most important factors. Based on our
three-year experiments, we would recommend foliar
spraying of sugar beet with Epsom salt as usual crop man-
agement practice, especially under conditions of mod-
erate soil-Mg and/or S supply. However, for achieve-
ment of more reliable conclusions, these investigations
will be continued.
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YIELD POTENTIAL AND STABILITY IN SELECTED
WINTER WHEAT LANDRACES AND OBSOLETE
CULTIVARS OF EUROPEAN ORIGIN

VYNOSOVY POTENCIAL A JEHO STABILITA U VYBRANYCH
EVROPSKYCH KRAJOVYCH A STARYCH ODRUD OZIME PSENICE

L. Dotlaéil', J. Hermuth', V. Tisovéz, J. Brindza® , F. Debre?

'Research Institute of Crop Production, Prague-Ruzyné, Czech Republic
2Research Institute of Plant Production, Pies§tany, Slovak Republic
3Slovak Agricultural University in Nitra, Slovak Republic

ABSTRACT: Productivity of selected European landraces and obsolete cultivars of winter wheat (31 accessions) was esti-
mated in field trials in six environments (two years and three sites) with four modern cultivars as checks. Yield, its stability
and response to range of environments were estimated with the aim to characterize the differences between old and modern
cultivars and specify valuable landraces and obsolete cultivars. Mean yield of four modern cultivars was by 51% higher than
in landraces and obsolete cultivars, best old cultivar Zarja reached 77% of the yield of best modern cultivar Astella. Eleven
old cultivars provided mean yields over 4.0 tha™', local cultivars Bild od Dukovan, Vouska z Tremognice, Zidlochovické
jubilejni osinatd and Chlumeckd 12 belonged to this group. Years and especially sites had significant influence on yields,
however, impact of these factors was lower in landraces and obsolete cultivars than in modern cultivars. Also relative yields
of old cultivars when compared to modern cultivars had clearly increasing trend in environments with lower mean yields. This
indicates that landraces and obsolete cultivars could better compensate adverse conditions of environment and provided better
yield stability, of course on lower level of yield potential than modern cultivars. Also results of regression analysis confirmed
much stronger mean response of modern cultivars to environment (b = 1.63) when compared to the mean response of old
cultivars (b = 0.87). Different response to environments can be found also within the landraces and obsolete cultivars. Some
of these cultivars, similarly as modern ones, strongly respond to environments (e.g. Bild od Dukovan, Brauner Fuchs, Barbu
du Maconnais, Baltischer Winterweizen and Gammel Svensk Landhvetde). On the contrary, cultivars with extremely flat
reaction (b = 0.73) were Dolis-Puri 35/4 and Hatvani 5612. Cultivars with this broad general adaptation could provide better
results in on farm conservation or in low input growing systems. Among old cultivars of Czech origin Zidlochovicka jubilejni
osinatd and Chlumecka 12 showed broad adaptation, similar was also cultivar Vouska z Tremosnice, but its response to
environment was more balanced.

Keywords: winter wheat; landraces and obsolete cultivars; productivity; yield stability; response to environment

ABSTRAKT: V polnich pokusech byla v Sesti prostfedich (dva ro¢niky, tfi stanovi§té) hodnocena produktivita vybranych
krajovych a starych odrid ozimé pSenice z evropského regionu (31 ptvodnich odrid, ¢tyfi moderni odridy byly zafazeny jako
kontrolni). Byl zjidtovin vynos zrna, jeho stabilita a reakce na podminky péstovini; cilem bylo charakterizovat rozdily mezi
starymi a modernimi odridami a nalézt cenné genotypy mezi krajovymi a starymi odridami. Pramérny vynos &tyf modernich
odrid byl o 51% vy$§i neZz primér krajovych a starych odrid, nejvynosnéjsi stard odrida Zarja dosdhla 77% pramérného
vynosu nejvykonnéjsi moderni odriidy Astella; 11 starych odrid pfekonalo vynosovou troveii 4,0 tha™!, mezi nimi domaci
odriidy Bild od Dukovan, Vouska z Tfemosnice, Zidlochovicka jubilejni osinatd a Chlumecka 12. Vynosy zrna byly vyrazné
ovlivnény ro¢nikem a zejména stanovidtém. Vliv téchto faktord se projevil méng u krajovych a starych odrid neZ u odrid
modernich. Také relativni vynosy starych odrid mély ve srovnani s kontrolnimi odridami vzristajici trend v prostiedich
s niz§i vynosovou urovni, coZ naznaCuje, Ze krajové a staré odriidy byly lépe schopny kompenzovat nepfiznivé podminky
prostiedi a vykazovaly vy3si stabilitu vynosi, oviem na niZ8i vynosové drovni neZ moderni odridy. Jak ukazuji vysledky
regresni analyzy, mnohem vyrazn&j3i reakci na prostiedi mély moderni odridy (b = 1,63) ve srovnani s pramérnou reakci
starych odrd (b = 0,87). Rizna reakce na prostiedi vSak byla zji§téna i u starych odrud. N&které z t&chto odrid reagovaly
velmi vyrazné jako odridy moderni (napf. Bild od Dukovan, Brauner Fuchs, Barbu du Maconnais, Baltischer Winterweizen
a Gammel Svensk Landhvetde). Naopak odriidy Dolis-Puri 35/4 a Hatvani 5612 vykazaly velmi nizkou reakci na prostiedi
(b = 0,73). Odridy se Sirokou adaptaci mohou poskytnout lepsi vysledky pfi tzv. on farm konzervaci nebo pfi péstovani
v systémech s nizkymi vstupy. Mezi starymi ¢eskymi odridami maji k tomuto typu blizko Zidlochovicka jubilejni osinatd
a Chlumecka 12, podobné, ale s vyviZzenou odezvou na prostiedi reagovala i Vouska z Tfemosnice.

Kli¢ova slova: ozima pSenice; krajové a staré odrudy; produktivita; vynosova stabilita; reakce na prostiedi
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INTRODUCTION

Landraces have arisen through combination of natu-
ral selection and selection performed by farmers (Belay
et al., 1995) and old bred cultivars often originated from
selections in landraces or landraces were used as parents
in crosses (Bares, Dotla¢il, 1990). Landraces and obsolete
cultivars derived from them are usually well-adapted to
the climate and soil conditions of regions where they
were bred and they are tolerant to the locally appearing
stresses (Tahir et al., 1988; Li et al., 1997). Kato, Yo-
koyama (1992) studied adaptation of wheat landraces in
earliness, photoperiodic response and vernalization re-
quirement. Wide varietal variation and adaptation to the
conditions where landraces have been selected were
found. Also Tesemma et al. (1998) have referred on better
adaptation to local conditions and good plasticity of
landraces. As a result, good yield stability is often con-
sidered as a typical character of landraces.

There is of course difference in the yield potential
between old and modern cultivars, which represents the
progress through breeding. As Mac Key (1993) esti-
mated, the genetic gain given as a percentage of in-
crease in grain yield since 1898 was for winter wheat
49%, that is the highest one among analyzed crops.
However, some landraces and obsolete cultivars can
provide relatively good yields in specific conditions.
Shroyer, Cox (1993) found old cultivars that showed
relatively good yields when compared to modern varieties,
especially in low-input conditions. Also Elings (1993)
confirmed in some durum wheat landraces relatively
good productivity on lower fertilization levels. Bekele
et al. (1992) referred on performance of local, old bred
and released wheat varieties in nine locations in Ethio-
pia. Significant cultivar x yield interactions were ob-
served and old cultivars proved adaptability in some
specific environments only. On the basis of these gen-
eral knowledge possible utilization of landraces and ob-
solete cultivars in low-input systems and organic farm-
ing systems has been discussed (Brush, Meng, 1998).
Also on farm conservation of landraces is lately intro-
duced (Brush, 1995), where selected landraces are grown
in conditions similar to those under which they were
bred to allow their further development.

MATERIAL AND METHODS

The estimation of yield potential and its stability was
performed in 31 European winter wheat landraces and
obsolete cultivars which were selected on the basis of
preliminary three-year field experiments with 121 ac-
cessions. Cultivars were screened which proved rela-
tively good productivity and specific grain quality. Four
modern cultivars released in Czech Republic and/or
Slovak Republic were used as a check (Astella, Ilona,
Samanta and Sarka represent different types of wheat).
Among 31 old cultivars there were six cultivars origi-
nating from Czech and Slovak territory (Bild od Duko-
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van, Chlumecka 12, Slovenska 777, Slovenska B, Vouska
z Tfemosnice and Zidlochovicka jubilejni osinatd).

Yield was estimated in field trials on three locations,
one of them was in Czech Republic (Praha-Ruzyné) and
two in Slovak Republic (PieStany, Nitra). Experiments
were sown in three randomized blocks on micro-plots
3m?, using standard growing techniques. During vege-
tation neither fertilizers nor growth retardants were used.
After harvest the grain yield per plot was calculated on
14% moisture content.

ANOVA was used to estimate influence and interac-
tions of environmental factors and cultivars. Yield vari-
ability was evaluated by coefficient of variation (c.v.)
and mean deviation (s) whereas responses of cultivars
to environment were calculated by Finlay, Wilkinson
(1963) and Eberhart, Russel (1966) using linear regres-
sion of yields of particular cultivars over the range of
environments to mean yield values of all evaluated cul-
tivars in these environments.

RESULTS AND DISCUSSION

As it could be envisaged all modern check cultivars
proved much higher productivity than old landraces and
cultivars. When we have analyzed mean yields over all
environments the modern cultivars provided grain
yields between 5.51 t.ha™! (Tlona) and 6.12 t.ha™! (As-
tella), mean value of check cultivars was 5.85 l,ha",
that is 142.0% to the mean value of all cultivars and
151.2% to the mean value of 31 landraces and obsolete
cultivars tested. This indicates that the gain through
breeding relevant to materials tested was 51%, what is
very close to estimations of Mac Key (1993) who found
49% yield increase. Local origin of cultivars should be
advantageous for their better adaptation to local condi-
tions and appearing stresses (Belay et al., 1995; Li et
al.,, 1997; Tahir et al., 1988), therefore, we also offer
comparison of six old Czech and Slovak cultivars to the
modern ones. Their mean yield reached 4.13 t.ha™!, that
is the same value as mean yield of all the set of lan-
draces and obsolete cultivars. Even when this result
does not support above mentioned statement, cultivars
Bild od Dukovan, Vouska z Tfemo$nice and Zidlo-
chovicka jubilejni osinatka provided yields over 4.3 tha!
and they belonged to the six best-yielding old varieties.

Mean yields of all examined cultivars are given in
Tab. 1. None of old cultivars reached the productivity
of presently released ones and most productive of them
(Zarja) had yield by 23.2% lower than the best check
cultivar (Astella) and by 19.7% lower than mean of
check cultivars. Best Czech landrace Bila od Dukovan
had yield 4.61 tha™!, that is by 24.7% less than in the
best check cultivar. Mean yields over 4.00 t.ha”! pro-
vided also another nine old cultivars, among them three
of Czech origin (Vouska z TfemoSnice, Zidlochovicka
jubilejni osinatka and Chlumecka 12). Relatively good
grain yields proved also Tschermaks weisser Marchfelder
(4.47 l.ha_l) and Brauner Fuchs (4,44 l.ha_]). First of
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I. Grain yield in selected European winter wheat landraces and obsolete cultivars (tha™) and yield variability in six environments (two years,

three sites)

Cultivar Mean yield Yo (o’(he l?esl Mgan Clgefﬁcielfl onf Homogenit?/ int?rvnl
(t.ha™") check cultivar deviation (s) variation (c¢.v.%) (95% Scheffe)
Astella 6.12 100.0 1.44 23.7 X
Sarka 5.92 96.7 1.67 28.3 XX
Samanta 5.85 95.6 1.30 222 XX
Ilona 5.51 90.0 1.74 315 XX
Zarja 4.70 76.148 1.25 26.7 XXX
Bila od Dukovan 4.61 75.3 1.29 279 XXX
Tschermaks weisser Marchfelder 4.47 73.0 0.99 222 XXX
Brauner Fuchs 4.44 72.5 1.62 36.6 XXX
Vouska z Tremosnice 4.39 707 0.99 22,6 XXX
Zidlochovicka jubilejni osinatéd 431 70.4 0.99 229 XXX
Dolis-Puri 35/4 4.28 69.9 0.88 20.5 XXX
Ukrajinka 4.20 68.6 0.90 21.5 XXX
Tiroler Landweizen (aus Wien) 4.09 66.8 0.90 220 XXX
Hatvani 5612 4.04 66.0 0.87 214 XXX
Chlumecka 12 4.02 65.7 0.82 20.4 XXX
Austro-Bankut Grannen 4.00 65.4 0.91 22.8 XXX
Stepowa 4.00 65.4 0.84 212 XXX
Szekacz 19 3.98 65.0 0.58 14.7 XXX
Slovenska 777 3.93 64.2 0.80 20.4 XXX
Bergland 391 63.9 0.70 17.9 XXX
Barbu du Maconnais 3.82 62.4 1.22 31.8 XXX
Barbu du Tronchet 3.76 614 0.79 21.2 XXX
Eritrospermum 917 3.71 60.6 0.95 25.6 XXX
Hessische Landsorte 3.66 59.8 0.99 27.2 XXX
No 11 (Sofia) 3.66 59.8 0.62 17.1 XXX
Landvete fran Halland 3.62 59.2 0.72 19.9 XXX
Krymka mestnaja 3.59 58.7 0.64 17.7 XX
Gammel Svensk Landhvetde 3.54 57.8 1.13 31.8 XX
Slovenska B 3.50 02 0.99 28.5 XX
Visperterminen 640 E 3.49 57.0 0.76 21.7 XX
Baltischer Winterweizen 3.48 56.9 1.50 43.1 XX
Bartweizen linie a 3.44 56.2 1.01 29.7 XX
Mindeszentpusztai 3.29 538 0.63 19.1 X
Limburgse kleine Robe 3.12 51.0 0.63 20.2 X
Automne rouge barbu 3.01 49.2 0.75 25.1 X

them had lower variability of yields (c.v. = 22.2%),
similarly as local old cultivars Vouska z Tremog$nice
and Zidlochovicka jubilejni osinata (c.v. = 22.6% and
22.9% respectively). Lower variability of yields (c.v. <
20%) was found only in few low-yielding old cultivars,
among them Hungarian cultivar Szekacz 19 had the
most stable yields (c.v. = 14.7%) by the productivity
level 3.98 tha !,

Year and especially site (locality) strongly influenced
the yields (Tab. II), the interactions of these two factors
had a bit lower importance. Significantly higher yields
were in the year 1998 (112% in the mean of all culti-
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vars, 128% in modern cultivars and only 110% in lan-
draces and obsolete cultivars when compared to the year
1999). Even greater differences were found among ex-
perimental sites. When compared to the lowest mean
yield in Picstany (3.54 tha™'), slightly higher yields
were estimated in Nitra (104% in the mean of all culti-
vars as well as in modern cultivars and the same value
also in old cultivars) and substantially higher in Praha
(141% in the mean of all cultivars, 148% in modern
cultivars and 140% in old cultivars). These results sup-
port the hypothesis that landraces and obsolete cultivars
derived from them can compensate unfavorable grow-
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II. Influence of environmental factors (year, site and their interactions) on yields in modern cultivars, landraces and obsolete cultivars

Mean yields (t.ha™")
Source of variability all examined cultivars | modern cultivars landraces and obsolete cultivars (n = 31) F-test
(n=35) =4y tha! % to the modern cultivars
- 1998 436 6.61 4.07 62 759+
1999 3.88 5.17 3.71 72
Piestany 3.54 498 3.35 67
Site Praha 5.00 7.38 4.69 64 381.8 *
Nitra 3.69 5.20 3.50 67
PieStany 1998 4.01 6.02 375 62
Praha 1998 5.23 7.69 491 63
Site x year Nitra 1998 3.53 5.90 3.22 55 56.6 *
Piestany 1999 3.07 3.93 2.96 75
Praha 1999 4.717 7.07 4.47 63
Nitra 1999 3.80 4.51 371 82
Mean value 4.10 5.85 3.87 66 28.4 *
* P> 0.05

ing conditions and stresses better than modern cultivars
(Bekele et al., 1992;, Li et al., 1997). It can be demon-
strated especially by the lower influence of climate in
particular years on the yields of landraces and obsolete
cultivars when compared to modern cultivars (difference
1.44 tha™' in modern cultivars and only 0.36 tha ! in
landraces and obsolete cultivars). Diverse range of dif-
ferences between both groups of cultivars in experimen-
tal sites (2.40 tha™' in modern cultivars and 1.34 tha™'
in old ones) indicates, that also compensation of ad-
verse conditions of locality (soil, nutrients) is better in
old cultivars than in modern ones, however, this trend
is not so obvious as in differences in years and specific
adaptation of landraces and old cultivars to particular
sites (conditions) can appear. Better yield stability of
old cultivars can be well demonstrated on the mean
yields of both groups in particular environments (years x
sites). where these cultivars proved maximal difference
1.95 t.ha™" whereas this difference in modern cultivars
was almost double (3.76 t.ha_l). This hypothesis is also
supported by the fact that relative yields of old cultivars
to modern ones showed clear tendency to higher values
in environments with lower mean yields (Tab. II). On
the other hand, the different response of modern and old
cultivars to growing conditions could be partially ex-
plained as poor response of old ones to favorable con-
ditions. Because our experiments were carried out on
relatively low level of inputs the effective response of
modern cultivars was probably not the main source of
differences between both groups of cultivars.

To estimate the relative response of cultivars to dif-
ferent environments linear regression to mean values of
these environments has been calculated (Finlay, Wilkin-
son, 1963). Results are given in Tab. III, where coeffi-
cients b characterize the slope of linear regression and
coefficients a characterize a level of the trend (y value
when x = 0). Coefficients of multiple correlation and
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determination refer to the extent to which the linear
regression can explain existing variability. Also results
of this analysis confirmed much higher mean response
of modern cultivars to environment (b = 1.63) when
compared to the mean response of old cultivars (b = 0.87).
Among old cultivars, balanced mean response (b = 1.00)
was found in these cultivars of local origin (six culti-
vars) which provided relatively good results even in
less favorable environments (a = 3.78). This data can
refer on the effective and well-balanced response and
adaptation of the group of local (Czech and Slovak)
cultivars to environments where experiments were car-
ried out. We obtained similar results also in our earlier
work (Dotlacil, Toman, 1991) with 12 diverse wheat
cultivars which were tested in nine environments using
three different sowing rates (among them was old cul-
tivar Chlumecka 12, which provided comparable results
as in this work).

As Tab. III indicates, strong differences in a response
to environments can be found not only among groups
of cultivars but of course also within the group of lan-
draces and obsolete cultivars. Some of these cultivars,
similarly as modern ones, strongly respond to environ-
ments (e.g. Bila od Dukovan, Brauner Fuchs, Barbu du
Maconnais, Baltischer Winterweizen and Gammel Svensk
Landhvetde). On the contrary, cultivars with extremely
flat reaction (b = 0.73) were Dolis-Puri 35/4 and
Hatvani 5612. Lower estimated b values in some other
cultivars cannot be considered as significant (because
of low % of determination and significance). Neverthe-
less, linear regression could explain very high degree
of variability in most of cultivars.

Ditferent response of modern and old cultivars is
shown in Fig. 1, where are also given examples of rather
distant response in two relatively well-yielding old va-
rieties Brauner Fuchs and Dolis-Puri 35/4. First old cul-
tivar had very similar response as the most responding
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I11. Linear regression of yields (tha™) of particular cultivars (1-35) on the mean yields in six environments (y = a + bx; by Eberhart, Russel,

1966)
Ciitiivi Regression coefficients Multiple Coefficient of Significance
i B correlation (R) | determination (R°) in % (%)
Astella 0.38 1.42 0.80 64 94
Sarka -1.95 1.92 0.97 94 99
Samanta 0.29 1.37 0.89 79 98
Ilona -1.78 1.80 0.83 69 96
Zarja -0.55 1.28 0.84 71 96
Bild od Dukovan -1.22 1.48 0.85 71 97
Tschermaks weisser Marchfelder 0.62 0.94 0.84 70 96
Brauner Fuchs -3.55 1.95 0.97 93 99
Vouska z TfemoSnice 0.11 1.04 0.92 84 99
Zidlochovicka jubilejni osinati 0.46 0.95 0.85 73 97
Dolis-Puri 35/4 1.28 0.73 0.84 71 96
Ukrajinka 0.75 0.84 091 82 99
Tiroler Landweizen (aus Wien) 0.16 0.95 0.95 91 99
Hatvani 5612 1.06 0.73 0.87 76 98
Chlumecka 12 0.45 0.86 0.83 69 96
Austro-Bankut Grannen 0.69 0.82 0.76 58 92
Stepowa 0.57 0.84 0.81 65 95
Szekacz 19 2.42 0.38 0.58 34 87
Slovenska 777 0.54 0.82 0.84 71 97
Bergland 1.67 0.53 0.74 54 90
Barbu du Maconnais =227 1.48 0.93 87 99
Barbu du Tronchet 0.21 0.86 0.97 94 99
Eritrospermum 917 -0.70 1.07 0.92 84 99
Hessische Landsorte -1.01 1.13 091 82 99
No 11 (Sofia) 2.34 0.32 0.74 54 91
Landvete fran Halland 0.31 0.81 0.96 92 99
Krymka mestnaja 1.58 0.48 0.68 46 86
Gammel Svensk Landhvetde -1.92 1.34 0.97 94 99
Slovenska B -0.58 1.00 0.87 75 97
Visperterminen 640 E 4.97 -0.36 0.47 22 58
Baltischer Winterweizen -4.26 1.87 0.93 86 99
Bartweizen linie a -1.16 1.10 0.80 65 95
Mindeszentpusztai 2.66 0.16 0.23 5 35
Limburgse kleine Robe 3.47 -0.09 0.12 2 16
Automne rouge barbu -0.37 0.82 0.87 76 98
Modern cultivars (n = 4) -0.76 1.63 091 82 99
Landraces and obsolete cultivars (n = 31) 0.29 0.87 0.99 97 99
Local landraces and obsolete cultivars (n = 6) 3.78 1.00 0.99 99 99

check cultivar Sarka (b = 1.95), of course on the lower
yield level (4.44 tha™') and by higher variability of
yields (c.v. = 37%). Cultivar Dolis-Puri 35/4 had rela-
tively good productivity in less productive environ-
ments and increase of yields in favorable conditions
was only mild, what is also expressed in lower variability
of yields (c.v. = 21%). Both old cultivars had very simi-
lar mean yields (difference only 0.16 t.ha"l). Whereas
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cultivars of the first type (Brauner Fuchs) could be con-
sidered as adapted to specific environment, the type of
response in Dolis-Puri 35/4 indicates broad general ad-
aptation and cultivars of this type could provide good
results in on farm conservation or (e.g. if specific quality
characters can be utilized) in low input growing systems.
Among old cultivars of Czech origin Zidlochovicka ju-
bilejni osinatd and Chlumecka 12 are similar to this
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type. Also cultivar Vouska z Tfemo3nice could be men-
tioned, even when the response to environment was
more balanced. Among three local cultivars mentioned
only Chlumecka 12 had relatively good grain quality.
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VLIV ODRUDY A PESTITELSKYCH OPATRENI NA VYNOS
ZRNA A POTRAVINARSKOU JAKOST OZIME PSENICE

EFFECT OF CULTIVAR AND CULTURAL PRACTICES ON GRAIN
YIELD AND BREAD-MAKING QUALITY OF WINTER WHEAT

V. Sip', M. Skorpik', J. Chrpova', V. Sottnikova?, . Bartova'

'Research Institute of Crop Production, Prague-Ruzyné, Czech Republic
2HybriTech, Monsanto Co., BraniSovice, Czech Republic

ABSTRACT: Effect of cultivar and cultural practices on grain yield and grain quality characters was studied in field trials
with seven Czech bread wheat cultivars of winter habit (Tab. I) grown at two locations for two years (Tab. IT) and with eight
variants of treatment during vegetation: additional N nutrition (50 + 50 kg N/ha), application of growth regulator Retacel
(2 1/ha) and fungicide Tango (1 I/ha). Cultural practices were applied according to the standard methodology. The results of ANOVA
(Tab. IIT) demonstrated a high effect of cultivar on traits of gluten quality (gluten index and gluten swelling), Zeleny sedimen-
tation volume, falling number and thousand grain weight. In comparison with the effects of location, year and treatments
during vegetation, cultivar had a relatively lower effect on protein and wet gluten content and protein and grain yield. The
effects of treatment during vegetation were highly significant with the exception of traits falling number and thousand grain
weight. Response of cultivars to treatments was found similar. The additional N nutrition had significant positive effect on
protein content (increase by 1.55%), wet gluten content, Zeleny sedimentation volume and grain and protein yield, and negative
effect evidently on gluten index (Tab. 1V, Figs. 1 and 3). On average, N application caused 10.8% increase in grain yield and
27.2% increase in protein yield per | ha. The cultivar Vlasta, registered in 1999, had in comparison with older cultivar Regina
(registered in 1982) protein yield higher by 11%, which documents better utilization of N nutrients (Fig. 2). The application
of growth regulator had positive effect on grain yield only when combined with additional N nutrition, but not in comparison
with untreated control variant. Cultivar differences in the response to this treatment had to be taken into account. In general,
the application of fungicide did not influence significantly any of the examined traits, but a high resistance of a cultivar to
powdery mildew (prevailing disease in these experiments) enabled to omit this treatment (cultivar Vlasta). Evidently in
connection with the effects of additional N nutrition, Zeleny sedimentation volume was in all the cultivars significantly
positively correlated with protein and wet gluten content (Tab. V). Relatively less dependent on the other examined grain
quality traits were falling number and thousand grain weight. Principal component analysis was used to determine the
contribution of six traits to the variance in Zeleny sedimentation volume (Fig. 4). First principal component, explaining 51.3%
of variation in Zeleny sedimentation volume, was influenced positively by protein and wet gluten content and negatively by
gluten swelling and gluten index. Second component (26.5% of variation) reached the highest values in conditions favourable
for a high thousand grain weight and gluten swelling and low falling number. The presented results clearly document the
importance of adequate N nutrition for obtaining high grain yield in combination with desirable breadmaking quality.

Keywords: bread wheat; grain yield; grain quality characters; genotype and environmental effects; effects of management
practices

ABSTRAKT: Vliv odrady a péstitelskych opatfeni na vynos zrna a znaky potravinafské jakosti zrna byl studovan v pokusech
se sedmi odriidami ozimé pSenice, péstovanymi ve dvou lokalitich, dva roky, s osmi variantami oetfeni b&hem vegetace:
kombinace pfihnojeni N, aplikace ristového reguldtoru Retacel a fungicidu Tango. Vysledky analyzy rozptylu ukazaly vysoké
ovlivnéni genotypem u vlastnosti lepku, posuzovanych na zikladé jeho bobtnavosti a gluten indexu, Zelenyho sedimenta¢niho
testu, Cisla poklesu a hmotnosti tisice zrn. V porovndni s ostatnimi vlivy byl vliv odridy relativné niZ§i u obsahu bilkovin,
obsahu mokrého lepku, vynosu zrna a vynosu hrubych bilkovin. Vysledky jednoznaln& prokézaly vyznam hnojeni N pro
dosaZeni vysokého vynosu zrna v kombinaci s pozadovanymi parametry jakosti zrna. Pfihnojeni N vedlo ke zvy$eni obsahu
bilkovin v priméru o 1,55 %, ke zvy3eni obsahu mokrého lepku, hodnot Zelenyho sedimentaéniho testu, vynosu zrna o 10,8 %
a vynosu hrubych bilkovin 0 27,2 %. Vynos hrubych bilkovin byl u odriidy Vlasta, registrované v roce 1999, o 11 % vy3si
neZ u starsi odriidy Regina. Aplikace ristového regulitoru méla prokazatelny pozitivni G¢inek na vynos zrna pouze v kombi-
naci s piihnojenim N. Vysledky také dokumentuji moZnost sniZeni ndkladii na aplikaci riistovych regulitorti a fungicidd u
soucasnych odriid. Odriidové specificka aplikace téchto prostfedkii v podminkach intenzivniho hospodaieni je viak nezbytnym
opatfenim pro zajisténi stability produkce sniZenim rizika ztrat pii silném vyskytu patogenii a ztrit polehnutim porostu.
PredloZeny jsou rovnéz vysledky korelagni analyzy a analyzy hlavnich komponent s vyuZitim Sesti proménnych pro popis
proménlivosti v hodnotich sedimentaéniho testu podle Zelenyho. Prvni hlavni komponenta (C1), vysvétlujici 51,3 % celko-
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vého rozptylu, vykazovala kladnou korelaci se znaky obsah bilkovin a obsah mokrého lepku a negativni korelaci se znaky
bobtnéni lepku a gluten index. Pomoci druhé hlavni komponenty (C2) bylo vysvétleno 26,5 % proménlivosti a jeji rozmér byl
nejvétsi v podminkach, kdy byla dosaZena vysokd hmotnost tisice zrn, vysSi hodnoty bobtndni lepku a naproti tomu nizké
Cislo poklesu, pfevazng tedy vlastnosti, které patii mezi ostatni nepfimé ukazatele. Treti hlavni komponenta (C3). podilejici
se 11,2 % na celkové proménlivosti, byla charakterizovana niz§imi pozitivnimi pfispévky viech sledovanych proménnych
(nejméné gluten index). Analyza hlavnich komponent ukdzala vyrazny pozitivni pfispévek znaki vypovidajicich o obsahu
lepkovych bilkovin, které dosahly vysokych hodnot v prostiedi s vysokou Grovni vyzivy N.

Kli¢ova slova: potravinifska pSenice; vynos zrna; znaky potravinarské jakosti; ovlivnéni genotypem a prostiedim; vliv pés-

titelskych opatieni

UvVOD

K zdkladnim péstitelskym cilim u vSech plodin patii
dosaZeni maximalni produkce vyhovujici kvality. K tomu
je nepochybné zapotiebi optimalizovat péstitelska opa-
tieni, a to ekonomicky vyhodné a s ohledem na ochranu
Zivotniho prostiedi. Nové odridy skytaji vedle vysokého
vynosového potencidlu i moZnost sniZeni vstupti a diver-
zifikace v kvalité produkti. Odradové specifické vlast-
nosti viak dosud v praxi nejsou naleZité vyuZity, a tu-
diZ je detailni odradova charakteristika velmi prospéina
(Hazen et al., 1997).

PSenice je vedle ryZe nejpouzivanéjsi obilovinou
v lidské vyzivé. Kritéria pro posuzovani technologické
jakosti zrna odrud pSenice jsou predmétem mnoha stu-
dii, v zakladé v8ak rozhoduji o jakosti zrna znaky vypo-
vidajici o obsahu a viskoelastickych vlastnostech lepko-
vych bilkovin. K tomu pfistupuje posuzovéni hmotnosti
a tvrdosti zrna, vaznosti a vytéznosti mouky, obsahu
mineralnich latek a viskozity (aktivity hydrolytickych
enzymui). Na zdkladé srovnini 46 raznych parametri
technologické jakosti uvadéji Branlard et al. (1991), Ze
modifikovany sedimentacni test podle Zelenyho vyka-
zoval nejvétsi pocet vyznamnych korelaci s ostatnimi
testy, zatimco vytéznost mouky, objemova hmotnost
a Cislo poklesu byly znaky relativné nejméné zavislé na
ostatnich znacich. Velky pocet znaki byl vyznamné ovliv-
nén také obsahem bilkovin v zrnu.

Znaky technologické jakosti zrna jsou ovlivnény jak
odridou, tak podminkami stanovi$té a ro¢niki a pésti-
telskymi opatienimi. Z péstitelskych opatieni predev§im
hnojeni N, ale i K mélo v fepaiské oblasti Moravy po-
zitivni vliv na obsah bilkovin a mokrého lepku, pficemz
droven téchto znakt byla podstatné vice ovlivnéna roc-
nikem nez odriadou (Hubik, 1995). Kontinudlné se na
daném stanovisti projevuje predevs§im vliv padnich pod-
minek. Vyrazny pozitivni vliv zvySovéani davek mine-
ralnich Zivin, a to zvlasté N, na obsah bilkovin a lepku
Ize ocekdvat na lehkych pudach s chudsi zasobenosti
zivinami (Eder et al., 1995; Vrko¢ et al., 1995). Ke
slabému sniZeni obsahu bilkovin miZe dochazet po ap-
likaci reguldtort rustu, avSak pekarska jakost zrna by
pii optimdlni ddvce a optimalnim terminu zasahu neméla
byt ovlivnéna (Dolgodvorcov et al., 1990). U odrid na-
chylngjSich k poléhani, p&stovanych v intenzivnich pod-
minkach, patfi aplikace riistovych regultorii mezi nezbyt-
na opatreni, garantujici vedle vynosu i dosazeni
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poticbné kvality produkce (Webster, Jackson, 1993).
Ovlivnéni znakua jakosti zrna aplikaci fungicidi neni
jednoznacné a je zfejmé odridové specifické. Clark
(1993) zjistil po aplikaci fungicidi pozitivni efekt na
vynos zrna a specifickou hmotnost zrna, redukci obsa-
hu bilkovin a nekonzistentni ovlivnéni Cisla poklesu. Ze
znakt technologické jakosti se uvadi relativné nizsi
ovlivnéni prostiedim (vyssi heritabilita) u hodnot sedi-
mentacnich testi (Matuz, 1998), a tak jsou tyto znaky
(SDS ¢&i Zelenyho test) nejvice vyuZivany jako kritéria
Slechtitelského vybéru na jakost zrna v ranych hybrid-
nich generacich.

Cilem prace bylo vyhodnotit vliv odridy, podminek
stanovisté a roCniku a oSetieni porostu béhem vegetace
na vybrané charakteristiky, urcujici potravinarskou ja-
kost zrna ve vztahu k vynosu zrna u ozimé pSenice.

MATERIAL A METODY

Charakteristika pouzitych odrid je uvedena v tab. L.
Vybér probihal tak, aby byly zastoupeny nové odridy,
odridy roz§ifené v praxi, rozdilné v ranosti, morfotypu,
vynosovych schopnostech, parametrech jakosti zrna
a podobné. Vysoce pekaisky jakostni nil. RUSIA, ofi-
cidlné zkousené v pokusech UKZUZ étyfi roky, a vybra-
né odridy ozimé pSenice, zafazené na zikladé posouzeni
UKZUZ mezi potravinifské pSenice (Bruta, Samanta,
Regina — skupina A; Vlasta, Sarka, Siria — skupina B),
byly péstovany na stanovistich Praha-Ruzyné (fepai'skd
vyrobni oblast, pudy hnédozemé, jilovitohlinité, s dob-
rou zasobou Zivin, 360 m n. m.) a Humpolec (brambo-
rafska oblast, pidy hnédé, piscitohlinité, 545 m n. m.)
ve vegetacnich ro¢nicich 1996/1997 a 1997/1998. Pra-
béh pocasi v letech 1996 az 1998 je uveden v tab. II
Hlavni rozdily mezi vegetacnimi ro¢niky spocivaly v ob-
jemu srdazek v jarnim obdobi. Zatimco pro rok 1997
bylo pfizna¢né pomérné rovnomérné rozdéleni srazek
v jarnich mésicich, v roce 1998 se sriazky vyskytly az
ve tfeti dekdadé mésice kvétna a vyrazny srazkovy defi-
cit byl zaznamenan v mésici dubnu, zvIa§té na stano-
vi§ti v Praze-Ruzyni.

Pokusy v jednotlivych lokalitaich a rocnicich mély
zndhodnéné usporadani, ve tfech opakovanich s veli-
kosti parcely 10 m”. Seti bylo uskute¢néno vidy mezi
25. zaiim a 2. fijnem, a to bezezbytkovym secim strojem
OYJORD, s vysevkem 4,5 mil. kli¢ivych zrn na | ha.
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V kazdém pokusu byly dile kombinovany tii pokusné

zasahy pri zaClenéni neoSetfené kontrolni varianty (K):

N — pfihnojeni N hnojivem (ledek amonny) bylo
rozdéleno do dvou davek, z nichZ prvni byla apliko-
véna brzy zjara jako regenera¢ni (50 kg ¢. Z. N/ha)
a druha (rovnéZz 50 kg ¢. z. N/ha) na pocatku
sloupkovani rostlin

R - aplikace rustového reguldtoru Retacel v davce
2 1/ha ve fazi objeveni praporcového listu

F — aplikace fungicidu Tango (1 I/ha) v optimalni fézi
s ohledem na vyskyt chorob

Varianty pokusu: I. = K, II. =R, IIL. =F, IV. =R + F,
V.=N,VL=N+R,VIL=N+F, VIIL=N+R +F.

1. Charakteristika sledovanych odrid ozimé pSenice s pramérnymi udaji
znaku vyska rostliny, odolnost k poléhani a odolnost k padli travnimu —
Charateristics of the examined winter wheat cultivars and means of
the traits plant height, resistance to lodging and resistance to powde-
ry mildew

7% Odolnost®
0| Rok | pekarska | YYka o
Odrida” | o oistrace? jakost? ostlin éhani6 | PAdli
g g (cm) | poléhdni®| Lo

Sérka 1997 B 78 9 8,37
Vlasta 1999 B 81 8.7 8,98
Bruta 1994 A 87 8.7 7.60
Regina 1982 A 84 79 6,97
Samanta 1993 A 86 8.5 7.25
Siria 1994 B 82 8.8 7,89
RUSIA - A-E 88 8.9 7.35

E = elitni - elite

A = vysoka - high

B = stiedni — medium

9 = nejvyssi — the highest

'cultivar, 2ycar of registration, 3hrend—m;\king quality, 4plnnt height,
“resistance to, ('lodging, 7|:oowd<:ry mildew

Celkové tedy analyzy vychazeji z 32 variant prostiedi
u kazdé odrady (osm variant oSetieni, dva roky a dvé
pokusna stanovisté). Pfedplodinami byly hrach sety na
stanovisti v Ruzyni a jetel Cerveny na stanovi§ti
v Humpolci.

Zrno sledovanych odrid bylo analyzovano na tech-
nologickou jakost. Byl zjiStovan sedimentacni objem
testem, ktery vypracoval Zeleny (1947). Obsah mokré-
ho lepku byl ziskdn na automatickém vypiraci a u takto
vypraného lepku bylo méfeno jeho bobtnani. Obsah bil-
kovin jsme stanovili metodou podle Kjeldahla. Gluten
index (Perten et al., 1992) byl stanoven na pfistroji
GLUTOMATIC. Hodnota viskotestu (&isla poklesu)
byla méfena na pfistroji Falling Number 1800. K tomu
jsou doplnény tddaje o vynosu zrna (v piepoctu na vlh-
kost 15 %) a hmotnosti tisice zrn a dopocitdn vynos
hrubych bilkovin na plochu 1 ha. Ziskané adaje byly
statisticky zpracovany programovym vybavenim UNIS-
TAT.

VYSLEDKY A DISKUSE

Vysledky analyz rozptylu, které demonstruji vliv od-
rudy, oSetfeni porostu, stanovi§té a ro¢niku na sledova-
né znaky jakosti zrna, vynos zrna a vynos hrubych bil-
kovin, jsou obsaZeny v tab. III. Porovnani pramérnych
Ctvercu ukazalo relativné vysokou genetickou podminé-
nost u vlastnosti lepku, posuzovanych na zakladé jeho
bobtnavosti, gluten indexu a Zelenyho testu, jakoZ i u Cis-
la poklesu a hmotnosti tisice zrn. Vliv odridy byl rovnéz
vysoce statisticky vyznamny, ale ve srovnani s ostatnimi
sledovanymi vlivy relativné niz§i u obsahu bilkovin,
obsahu mokrého lepku, vynosu zrna a vynosu hrubych
bilkovin. Také oSetfeni porostu se vysoce vyznamné
projevilo u vétSiny znaki, s vyjimkou &isla poklesu

II. Prabé&h pocasi v letech 1996, 1997 a 1998 na stanovi§tich Ruzyné a Humpolec — Weather conditions of the years 1996, 1997 and 1998 at

the locations Ruzyn& and Humpolec

1996 1997 1998
Meésic! Ruzyné Humpolec Ruzyné Humpolec Ruzyné Humpolec

teplota (°C) |sriazky’ (mm) | teplota | srizky | teplota | srazky | teplota | sriZky | teplota | srizky | teplota | srazky

l. -3.4 3,0 -6,0 16,1 =37 11,0 -6,8 15,7 1.3 10,3 -2.8 23,0

2. -29 34 -6,1 15,6 3,1 27:1 0,0 329 43 17,4 1,0 12,8

3 09 3.2 -2,1 292 49 40,7 22 593 47 27.3 0,0 62,9

4 9,6 11,2 3 56,5 5.8 31,0 35 64,6 10,6 75 6.0 25,7

5 13,1 75,6 13.0 78,4 14,0 28,4 13,2 55.6 14,6 29.5 10,9 24.6

6. 17,0 822 16,7 71,2 16,6 51.5 16,3 75.1 17,6 97,0 145 88,1

7 16,9 83.2 16.0 97.7 17,4 125.2 17,0 192,0 17.3 57.4 14.6 133,9

8 18,2 63,4 16,7 733 19,0 48,8 18,3 42,0 17,6 35,7 15,4 445

9 11,3 41,0 9,2 48,8 13,7 153 13,0 24,5 133 78,4 9,0 89.7

10. 9.8 27,9 8,2 54,5 7.2 23,8 43 46,1 9.2 69,5 47 106,8

L 5.0 239 33 359 34 30,7 1.0 42,0 1,5 36.2 -4.2 46,2

12. -4,5 14,7 -7.4 323 2,0 432 -2,0 46,9 0,2 9.5 -6,2 25,6

"month, zlcmper:uure. *rainfall
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a hmotnosti tisice zrn, kdy se na zakladé jednoduchého
porovnani nepodarilo najit ani jeden statisticky vyznamny
kontrast (tab. IV). Z tab. III je dale ziejmé, Ze se ve
vSech piipadech projevil vyznamny vliv stanovi§té
(v nejvétsi mife na vynos zrna, vynos hrubych bilkovin
a hodnoty Zelenyho sedimenta¢niho testu) a u vétSiny
znaki 1 vliv ro¢niku. Vysoky podil na variabilit¢ mély
(predevsim u znaka Zelenyho sedimentacni objem, obsah
bilkovin a obsah mokrého lepku) interakce roku a sta-
novi§té a vétsinou vysoce vyznamné byly i interakce
odridy a pokusného oSetieni s rokem a stanovi§tém. In-
terakce odridy s pokusnymi oSetfenimi vSak s vyjim-
kou gluten indexu vyznamné nebyly, coZ ukazuje podob-
nou reakci odrid na jednotlivé pokusné zasahy.

Primérné hodnoty sledovanych znaka pro zkousené
odridy, pokusnd oSetfeni, ro¢niky a stanoviSté jsou uve-
deny v tab. IV. Jednozna¢né bylo mozné odrudy rozcle-
nit do péti skupin podle hmotnosti tisice zrn. Nejvyssi
vynos zrna dosahla odrida Vlasta, nejvy$si hodnotu
vétSiny znaku jakosti zrna, s vyjimkou gluten indexu
a ¢isla poklesu, mélo n3l. RUSIA. Statisticky vyznam-
ny rozdil ve vynosu hrubych bilkovin (11 %) byl pro-
kazan mezi odradou Vlasta (registrovanou v roce 1999)
a star§i odridou Regina (rok registrace 1982). Fenoty-
pové korelace mezi obsahem bilkovin a vynosem zrna
byly nevyznamné nebo u odrid Vlasta a Siria dokonce
vyznamné pozitivni (tab. V). Vysledky Slechtitelského
programu CIMMYT (Ortiz-Monasterio et al., 1997) do-
kladaji, Ze u modernich kratkostébelnych odrad pSenice
nedochdzi v podminkéach optimalni vyzivy N pfi vyso-
kém vynosu zrna k poklesu obsahu bilkovin. Vyznamna
pozitivni korelace mezi obsahem bilkovin a vynosem
zrna svédCi o zvySené translokaci N do zrna a pravdé-
podobné i efektivngj$i utilizaci této Ziviny, coZ patii
k vyznamnym S$lechtitelskym cilim (Pena, 1996).

Tab. IV doklada na zakladé porovnani primérnych
hodnot vyznamnost ovlivnéni viech znakt pokusnym
stanovi§tém a vétSiny znaki téZ roénikem. Ve sledova-
nych roénicich se neliSily primérné hodnoty znaku Cis-
lo poklesu, gluten index a bobtnani lepku. Znaky ¢islo
poklesu a hmotnost tisice zrn nebyly ovlivnény pokusnym
oSetfenim a vliv odridy u téchto znakt vyrazné prevla-
dal. Dominantni vliv genotypu na Cislo poklesu (visko-
test) dokazuje téZ ve svych pokusech Hubik (1995). Pro
Cislo poklesu je uvadéna relativné vysoka deédivost
a nizké ovlivnéni interakcemi genotypu s prostiedim (Pel-
tonen-Sainio, Peltonen, 1993; Trethowan, 1995).

Jednoznacné se efekt piihnojeni N projevil ve zvy-
Seni obsahu hrubych bilkovin, obsahu lepku a vynosu
zrna hrubych bilkovin, coz doklada fada praci, v naSich
podminkéch napi. Hubik (1995). Efekt prihnojeni N na
vynos zrna v interakci s ro¢nikem, pokusnym stanovis-
tém a odrudou je patrny z obr. 1 a 2. U variant pfihno-
jovanych N doslo k vyraznému zvySeni hodnot Zelenyho
sedimenta¢niho testu (obr. 3) a sniZeni hodnot gluten
indexu (v jisté mife i hodnot bobtnani lepku, tab. IV).
Obr. | a 3 ukazuji, Ze efekt N hnojeni na vynos zrna
a hodnoty sedimentacniho testu byl nizsi v roce 1998,
zv1asté na stanoviSti v Praze-Ruzyni, nepochybné

Hmotnost tisice
zm'"
699,9 **
154 %
129,7 **
178,4 ™
0,9
19:2:**
8,0 XX
Tz
2,8 XX
59,1 **
1,0
22,8

7,64 %
7:02**
13,93 **
121,41 **
0,10
1,33%%
0,82 **
|.72 Xx
1,40
55,34
0,13
1,54

Vynos
zra’®

Vynos l;rubych
x 1073
40,1 **
4513 **
12562 %
30478
1,7
12:3 %
98*
73,17
27
27,6 ™
3
40,7

bilkovin'

Cislo
poklesu’ x 1073
66,13 **
1,46 *
0,10
22,53 ¥
0,48
2,70 **
1,19 *
0,67
0,47
1,30
0,55
2,50

Gluten
index®
1:022:8 ™
867,6 ™
334
1954 **
56,6 *
82,0 ™
144,7 **
142,1 **
40,5 "
352,4 **
17.9
91,0

ani

Bobtn:
lepku®
STAT
19,99 **

0,29
18,66 **
0,89
2,87 %
4,59 ™
423 ™
1,03
21,05 **
0,98
3,36

14,6 ™

Obsah mokrého
lepku*
88,5 "
211,5 %
506,1 **
408,2 ™
1
43
20,5
27,0
886,6 **
2
20,7

Obsah
bilkovin?
7,85
20,01 **
63,97 **
37,16 **
0,17
0,94 **
1,24 **
1
1,42 %
119,73 **
,2
2

2

Zelenyho
sedimentacni objem
11323
3258 %
13114 %
17272
1.8
90,4 ™
282
58,1 %
193
2758,0 %
9,3
78,4

: : : . i . 8 s O L 10 : : g 12
sedimentation volume, "protcm content, *wet gluten content, Sgluten swelling, ﬁgluxen index, "falling number, *protein yield, “grain yield, '’thousand grain weight, ' cultivar, "“treatment,

df
6
7
1
1

42
6
6
7/
7
1
total

ol

N
'Zelen?'
Iscrror, 8

k

tfeni X rol
location,

Odrada x oSetieni
14

Odruda x rok
Odruda x misto
Ofetieni x misto
Rok x misto
Chyba'?

Zdroj variance'
Ose

Ogetieni'?
Rok!?
Misto!*
Celkem'®

Odrida'!
source of variation,

year,

I11. Pramémé &tverce analyzy rozptylu pro sledované znaky jakosti zrna a vynos zma — Mean squares of analysis of variance for the examined traits of grain quality and grain yield

*P <005
P <001

13
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IV. Primé&rné hodnoty sledovanych znakii pro odridy, varianty oSetieni, roky a mista a jejich zafazeni do homogennich skupin (Duncan P = 95 %) — Average values of the examined traits for cultivars, variants

of treatment, years and locations and their inclusion in homogeneous groups (Duncan P = 95%)

comenyho | Obsah bilkovin® Obsaly mokrého | Bobtnini lepk® | Gluten index® | Cislo poklesu” | Vynos hrubych | Vynos zma’ | Hmotnost tisice
obje|112 (ml) (%) lepku® (g/100 g) (ml) (%) (s) bilkovin® (kg/ha) (t/ha) zrn'Y (g)

RUS1A 42,6 a 1.8 a 28.8 a 11,4 a 85,2 c 169 e 966  ab 8.14 c 533 a

Bruta 31,2 b 11,4 ab 25,8 ab 10,3 b 90,4 be 256 d 948  ab 8.35 be 538 a

Samanta 27,4 be 11,3 ab ab 9,2 c 96,2 ab 285 bc 979 ab 8,61 be 47,1 c

Odrida' Viasta 274 be 106 b b 8.2 c| 936 av| 3n al 1031 a| 965 al| 509 b
Sirka 27,3 be 11,6 ab : b 11,1 ab 993 a 265 de 1010 ab 8.69 be 517 b

Regina 26,4 be 10,5 b 23,9 b 1.1 ab 98.4 a 286 b 929 b 8.77 be 41,2 e

Siria 258 c 10.9 ab 25.2 b 8.8 ¢ 86.3 c 252 d 995 ab 9,03 ab 454 d

kontrola'* 27,1 abe 10,6 b 23.6 b 10,3 abed 96,9 a 256 a 857 b 8,11 c 49,1 a

Retacel R 25,6 c 10,1 b 22,1 b 11,1 a 99,2 a 255 a 826 b 8,17 be 48,5 a

fungicid'’ F 274 abe 10,6 b 24,0 b 10,9 ab 97,2 a 252 a 901 b 848  abc 50,2 a

(‘)’;e':fﬂe'::}, R+F 263 be 10,3 b 23,0 b 108 abe [ 978 a| 257 a 87 b | 844 abc [ 496 a
hnojeni!S N 33,7 a 12,1 a 28,5 a 9,1 d 86,7 b 268 a 1 093 a 9,08 ab 48,4 a

N +R 32.8 ab 118 a 27.8 a 9.4 cd 88,9 b 269 a 1 085 a 9.19 a 48,1 a

N+F 32,5 ab 12,0 a 28,6 a 9,0 d 85.4 b 258 a 1107 a 9,23 a 49,7 a

N+R+F 325  abe 119 a 27.9 a 9,5  bed 89,9 b 269 a 1103 a 9,30 a 48,9 a

Rkl 1997 27,3 b 10,6 b 24,2 b 10,1 a 92,4 a 261 a 95 b 8,50 b 50,7 a
1998 32,2 a 11,7 a 27,2 a 10,0 a 93,2 a 259 a 1 055 a 9,00 a 49,2 b

T Humpolec 27,0 b 10,8 b 243 b 9,7 b 93,7 a 270 a 83 b 8,01 b 49,0 b
Ruzyné 32,5 a 11,6 a 27,0 a 10,3 a 91,8 b 250 b 1 096 a 9,49 a 50,8 a

Yeultivar, for 2-10 see Tab. III, ”treatment, 13

year, Blocation, '*check, lsfungicidc. "fertilization




V. Analyzy korelaci mezi znaky hodnocenymi v rizném prostfedi (n = 32) u jednotlivych odrid — Correlations between the traits evaluated
in different environments (n = 32) for single cultivars

Koz':;i;?"é RUSIA Bruta Samanta Regina Vlasta Sirka Siria

172 0,91 0,94 0,90 0,96 0,98 0,92 0,97**
13 0,93** 0.89™ 0,94™ 0,94 0,98 0,85 093"
1/4 -0,54™ -0,27 -0.70™ -0.22 -0,69™* 0,05 -0,48"%
1/5 0,13 0,28 -0,37* -0,35" 0,30 -0.24 0,01
1/6 0,77% 0,61 0,87 0,84 0,89 0.67% 0,93*
117 0,24 -0.30 0,48 0,36 0,60™* 0,32 0,64*
1/8 -0,24 0,38 0,54 -0,23 0,01 0,17 -0,02
23 0,98 098" 0,94% 0,97 0,98™ 0,95 0,94**
2/4 -0,70* -0,36" -0,72* -0,37* -0,71* -0,17 -0,61*
2/5 0,28 0,23 -0,19 -0,20 0,24 -0,33 -0,04
2/6 0,82% 0,76 0,77 0.81™ 0,90™* 0.59™ 0,89
27 0,22 -0,17 0,25 0,25 0,60™ 0,18 0,52
2/8 -0,30 0,40 0,48 -0,30 0,03 0.22 -0,10
3/4 -0,69** -0,37* -0,83% -0,40% -0,75™ -0,34* -0,48™
3/5 0,25 0,20 -0,20 -0,20 0,22 -0.30 -0,15
3/6 0.87™ 0,84 0,85™ 0,78 0,87 0,53 090"
37 033 -0,02 0,42" 0,24 0,57%* 0,13 0,62"
3/8 -0.25 0,43 0,45™ -0,30 0,02 0,15 0,07
415 -0,58™ -0,35" -0,14 -0,43" -0,16 0,00 -0,18
4/6 -0,42" -0,36" -0,62%% -0,14 -0,60™* 0,14 -0,40"
417 0,11 -0,04 -0,27 0,14 -0,38" 0.25 -0,07
4/8 -0,01 0,05 -0,14 0,50 0,20 0,17 0,42"
5/6 0,05 0,12 -0,40" -0,40" 0,34 -0,32 0,07
517 -0.24 -0,13 -0,42* -0,42" 0,39 -0,21 0,18
5/8 0,23 -0,35" -0,63 -0,07 -0,53%* -0,52"* -0,53"
617 0,73 0,51 0,80** 0,77** 0.89** 0,90 0,85
6/8 -0,27 0,47 0,61%* -0,40% -0,09 0,11 0,08
/8 -0,11 0,18 0,46™ -0.37% -0,21 0,02 0,25

*P <005

**p<0,01

| = Zelenyho sedimentacni objem — Zeleny sedimentation volume 5 = Cislo poklesu - falling number

2 = obsah bilkovin — protein content 6 = vynos hrubych bilkovin — protein yield

3 = obsah mokrého lepku — wet gluten content 7 = vynos zrna - grain yield

4 = bobtndni lepku — gluten swelling 8 = hmotnost tisice zrn — thousand grain weight

!correlated traits

t/ha HU 97 HU 98 RU 97 RU 98 1. Vliv aplikace N a ofetieni ristovym regulitorem

Retacel (R) na vynos zrna (00 = kontrolni ncoSetiend

i varianta) u sedmi odrid p3enice pé&stovanych na
74 stanovistich Ruzyné (RU) a Humpolec (HU) v letech
1997 a 1998 — The effects of additional application
10 of N and the growth regulator Retacel (R) on grain
yield (00 = untreated check variant) in the seven
9 wheat cultivars grown at the locations Ruzyné (RU)
and Humpolec (HU) in 1997 and 1998
8 |
—+— Sarka
7 —s— Vlasta
- =& - Bruta
6 =5 U] [ —— - - Regina
Samanta
5 Siria

00 O0R N0 AR 00 OR N AR 00 OR NO NR 00 OR NO NR st RUSIA
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t/ha

65 75 85 95 105

2. Regresni analyza reakce odrid pSenice na podminky prostfedi pro
znak vynos zrna (N = pfihnojeni N; 0 = bez prihnojeni N) — Regres-
sion analysis of the cultivar response to the environment in grain
yield (N = additional N nutrition; 0 = without additional N nutrition)

osa X — x axis (t/ha):

— Samanta

HU 97 O 6,5 RU 98 O 9,22 - Vlasta

HU97 N804 HU98NO925 ----S8arka .... Siria
HU98 0827 RUY8N925 --- Bruta — RUSIA
RU97 0921 RU97N 10,26 -..- Regina

vzhledem k niZ§i uc¢innosti dodate¢ného pfihnojeni N
hnojivem v podminkéch suchého jara. Reakce jednotli-
vych odrid byla ziejmé obdobna, vyrazné je vSak vy-
nosové zhodnoceni podminek prostiedi a N vyZivy
u nové odriady Vlasta (obr. 1 a 2). Regresni analyzou
interakce odrtd s prostfedim pro vynos zrna (obr. 2) byl
u této odridy zjistén pozitivni absolutni Clen regresni
piimky (a = 0,90), vyznamné odliSny od nuly a od abso-
lutnich ¢lent v8ech ostatnich odrid, coZ svédci o efek-
tivni reakci na prostedi (Sip, Skorpik, 1979), projevu-
jici se dobrym zhodnocenim jak prostiedi s niZ§im
pramérnym vynosem (s niz§i hladinou N vyzivy), tak
podminek piiznivych pro dosaZeni vysokého vynosu zrna.

Obr. | a 3 umoziuji u jednotlivych odrid také po-
soudit v rizném prostiedi ovlivnéni vynosu zrna a hodnot
sedimentace aplikaci reguldtoru ristu a vyvoje. SniZeni
vynosu po aplikaci rastového regulatoru, ke kterému
doslo na stanoviSti Humpolec v roce 1997, zvlasté
u odriid Sarka, RUS1A a Samanta, indikuje potiebu op-
timalizace ddvek rustovych regulatord s ohledem na da-
nou odriidu. V praméru se aplikace rastového regulatoru
v kombinaci s pfihnojenim N projevila proti neoetiené
kontrole vyznamnym zvySenim vynosu, efekt samotné
aplikace Retacelu proti kontrole vSak u sledovaného
souboru odriid nebyl vyznamny (tab. IV). U Zelenyho
sedimentacCniho testu byly zjistény statisticky prukazné
rozdily mezi variantami N, N + R a N + F a variantou R
(Retacel). SniZeni hodnot sedimenta¢niho testu po apli-
kaci Retacelu vSak nebylo vyznamné vzhledem ke kon-
trolni neosetiené varianté. U gluten indexu a bobtnéini
lepku byly po aplikaci morforegulatoru zji§tény nejvys-
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§i hodnoty, a tak nizsi hodnoty Zelenyho sedimentacni-
ho testu ziejmé souvisely s niZ8im obsahem bilkovin
a lepku u variant nepfihnojovanych N. Literarni tdaje,
tykajici se ucinku regulatord ristu na znaky jakosti zrna,
nejsou jednotné a jsou evidentné poplatné pouZitym od-
radam, péstovanym v rozdilnych podminkach. Po apli-
kaci regulatord rustu lze ocekavat slabou redukci obsa-
hu bilkovin s nevyraznym efektem na jakost zrna
(Dolgodvorcov et al., 1990; Esala, 1991). Ma et al.
(1994) uvadéji, Ze aplikace ristového reguldtoru muze
mit pozitivni vliv na akumulaci bilkovin v zrnu i na
jakost zrna, zvlasté v podminkach kratkého vegetacni-
ho cyklu, v souvislosti se sniZzenou depozici $krobo-
vych litek a niz§im vynosem zrna.

Vyrazny vliv aplikace fungicidu na néktery ze znaka
jakosti nebyl zjistén (tab. IV), i kdyZ po zabranéni des-
trukce listové plochy pfi silném napadeni chorobami je
nepfimy efekt tohoto oSetfeni na vynos i znaky jakosti
zrna vysoce pravépodobny (Clare et al., 1990) a odru-
dové specificky (Puppala et al., 1998). JelikoZ se ve
sledovanych podminkach vyskytovalo v nejsilngjsi mire
zvlasté na stanovisti v Humpolci napadeni padlim trav-
nim, vyrazny odridovy efekt v tomto sméru se projevil
u odridy Vlasta (tab. I), s vysokym stupném rezistence
k této chorobé (Sip et al., 1999). Vysoky stupeii rezis-
tence k padli travnimu je obzvlasté cenny v intenzivnich
podminkach, pfi vysoké urovni N vyzivy, kdy dochazi
k vy$S§imu stupni napadeni porostl timto patogenem.
Aplikace fungicidu méla u odriady Vlasta v prameéru
pouze 0,7% vliv na vynos zrna, zatimco u odriid Regina
5,5%, Siria 4,7%, RUS1A 3,0%, Sarka a Samanta 2,1%
a Bruta 1,7%.

Pro zjisténi vztah mezi znaky hodnocenymi v riz-
ném prostiedi byla provedena korelaéni analyza u jed-
notlivych odrad (tab. V). Z vysledki analyzy je ziejmé,
Ze odrida neméla zdasadni vliv na smér korelaci mezi
znaky a zjisténé meziodridové rozdily spocivaly spise
v prukaznosti ¢i neprukaznosti nékterych vztahd. Ze sle-
dovanych znakt lze na zakladé korelaénich analyz po-
vazovat Zelenyho sedimentacni test za nejvice vypovi-
dajici o komplexnim znaku pekaiskd jakost zrna (Branlard
et al.,, 1991). Nejtésnéjsi pozitivni vztah byl u vSech
odrud zjiStén mezi hodnotou sedimentacniho testu pod-
le Zelenyho a obsahem bilkovin a mokrého lepku, coZ
je evidentné poplatné vyraznému pozitivnimu efektu
N vyZivy na v8echny tyto znaky. Také mezi hodnotami
SDS sedimentaéniho testu a obsahem bilkovin a mok-
rého lepku zjistil Hubik (1995) vysoce statisticky vy-
znamnou pozitivni korelaci a naopak negativni korelaci
mezi parametry bobtndni a obsahem bilkovin. Tato ne-
gativni korelace byla s vyjimkou odridy Sarka zji§téna
také v naSich pokusech. Vétsi odriudova specifi¢nost
vztaht a relativni mensi zdvislost na ostatnich znacich
jakosti zrna byla pfizna¢na pro &islo poklesu (podobné
Branlard et al., 1991), hmotnost tisice zrn a vynos zrna.
Cislo poklesu bylo u vét§iny odriid negativné korelova-
no s hmotnosti tisice zrn, coZ muZe byt vysvétleno in-
terakcemi s podminkami prostiedi, predevsim ovlivné-
nim lokalitou pokust (tab. IV).
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m HUS7 HU 98 RU g7 RU 98 3. Vliv aplikace N a ofetieni ristovym regulatorem
65 | S s s = Retacel (R) na hodnoty Zelenyho sedimentacniho
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Obr. 4 dokumentuje vysledky analyzy hlavnich kom-
ponent pies sledované odridy s vyuZitim proménnych
1 az 6 pro popis proménlivosti v hodnotich sedimen-
taéniho testu podle Zelenyho jako ukazatele pekaiské
jakosti zrna. Prvni hlavni komponenta (C1), vysvétluji-
ci 51,3 % celkového rozptylu, vykazovala kladnou ko-
relaci se znaky obsah bilkovin a obsah mokrého lepku
a negativni korelaci se znaky bobtnani lepku a gluten
index. O rozméru této komponenty nerozhodovalo ¢islo
poklesu ani hmotnost tisice zrn a tato komponenta naby-
vala nejvétsiho rozméru v podminkach, kdy byl dosazen
maximalni obsah lepkovych bilkovin na tkor parametrt
souvisejicich s kvalitou bilkovin. Pomoci druhé hlavni
komponenty (C2) bylo vysvétleno 26,5 % proménlivosti
a jeji rozmér byl nejvét§i v podminkach, kdy byla do-
sazena vysoka hmotnost tisice zrn, vy$si hodnoty bobt-
nani lepku a naproti tomu nizké ¢islo poklesu, pievazné
tedy vlastnosti, které patfi mezi ostatni nepfimé ukaza-
tele. Minimdlni byl u této komponenty vliv obsahu bil-
kovin a lepku. Treti hlavni komponenta (C3), podilejici
se 11,2 % na celkové proménlivosti, je charakterizovina
niz§imi pozitivnimi pfispévky vSech sledovanych pro-
ménnych (nejméné gluten indexu). Celkové analyza
hlavnich komponent ukazala vyrazny pozitivni prispé-
vek znaku vypovidajicich o obsahu lepkovych bilkovin,
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0.12 4 = bobtndni lepku - gluten swelling

5 = Cislo poklesu — falling number
6 = hmotnost tisice zrn — thousand grain weight

které dosahly vysokych hodnot v prostiedich s vysokou
urovni N vyZivy. Gluten index jako ukazatel hmotnosti
kvalitniho lepku (Manev et al., 1996) mél relativné nej-
niZ8i pozitivni vliv na hodnoty Zelenyho testu. Pozitiv-
ni vliv na hodnoty tohoto ukazatele kvality zrna vSak
muZe mit, zvlasté u nékterych odrid, i dosaZzend hmot-
nost tisice zrn, vystupujici do poptedi v druhé hlavni
komponenté.

ZAVER

Vysledky jednoznacné dokazuji vyznam N vyZivy
pro dosaZeni vysokého vynosu zrna, vysokého vynosu
bilkovin z jednotky plochy i potiebné technologické ja-
kosti zrna, posuzované v komplexu na zdkladé hodnot
Zelenyho sedimentacniho testu. U souasnych vykon-
nych odrid ozimé pSenice intenzivniho typu lze pied-
pokladat efektivni reakci na prostredi, liSici se stupném
minerdlni vyZivy, a jak ukazuje srovnani odrady Vlasta
se starSi odridou Regina (tab. IV), je mozné ocCekavat
vyznamné vys§i vynos bilkovin z jednotky plochy. Piz-
nivé je zjisténi, Ze u soucasnych kratkostébelnych od-
rad pSenice neni vysoky vynos nutné spojovan s reduk-
ci obsahu lepkovych bilkovin a s negativnim dopadem
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na technologickou jakost. Optimalizace drovné mineralni
vyZzivy je pro dosaZeni vysokého vynosu zrna v kombi-
naci s pozadovanou pekatskou jakosti zrna nepochybné
zadouci. Naproti tomu Ize vzhledem ke zvySené rezis-
tenci soutasnych odrid ke komplexu chorob a kratko-
stébelnému morfotypu zfejmé sniZzit ndklady na aplikaci
morforeguldtort 1 fungicidu, presto je odrudové speci-
ficka aplikace téchto prostfedkii v podminkach inten-
zivniho hospodafeni nezbytnym opatienim pro zaji§téni
stability produkce sniZenim rizika ztrat pfi silném vys-
kytu patogent a ztrat polehnutim porostu.
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STABILITY OF AGRONOMIC TRAITS IN SUGAR BEET
HYBRIDS

STABILITA AGRONOMICKYCH ZNAKU U HYBRIDU CUKROVKY

I. Liovié, A. Kristek

Institute for Sugar Beet Breeding, Osijek, Croatia

ABSTRACT: For achievement of maximum yield, it is needed to use a high yielding and quality genotype which will kept
high production values in different climatic and soil conditions. Due to evaluation of genotype (G) and environmental (E)
effects, and their interactions, in the field experiments in 1996 and 1997 year, on the three locations (Osijek, Pakovo,
Magadenovac) have been tested production values of the 17 sugar beet genotypes (hybrids). After analysis of variance, on the
level of tested years and combined analysis of variance by localities, established differences among environments, genotypes
and their interactions had a significant influence on the yield of investigated traits, and therefore a stability analysis was done
by estimation of stability parameters. By biometrical methods are estimated: ecovalence (W), coefficient of regression (b;)
and deviation mean squares (slz,,-). On basis of the estimated stability parameters, on two-year level, the genotypes of high yield
stability were: for root yield — Kristal, Jela and Rita; sugar content — Os Ana, Kawemaja, Marika and Jela; sugar recovery —
Dunja, Jela, Kristal and Marika; and for white sugar yield — Jela, Barbara, Dunja and Kristal. By comparison of investigated
traits means and stability parameters, it is obviously that genotypes with the highest yield. regardless of investigated trait, have
not a high yield stability. Correlation coefficients (r), for root and white sugar yield, show existence of high significant and
positive correlation among mean and b;, and among s‘zl,- and W;. For sugar content is established a significant correlation among
mean and s,z,,-, and in sugar recovery among s:'),,- and W,

Keywords: sugar beet; stability; correlation; root yield; sugar content; sugar recovery; white sugar yield

ABSTRAKT: K dosaZeni maximdlniho vynosu je nezbytny kvalitni genotyp, ktery si zachova vysoky produk&ni potencial
v riznych povétrnostnich a pudnich podminkach. V polnich pokusech v letech 1996 a 1997 bylo na trech lokalitach (Osijek,
bakovo a Magadenovac) sledovano 17 genotypl (hybridi) cukrovky pro hodnoceni jejich produk&nich parametrii s ohledem
na plsobeni genotypu (G), prostiedi (E) a jejich interakce. Analyzou variance na trovni testovanych let a lokalit byly zjidtény
rozdily mezi prostfedim, genotypy a jejich interakcemi, které mély vyrazny vliv na vynos sledovanych znakl. Analyza stability
byla provedena odhadem parametri stability. Biometrickymi metodami byly stanoveny: ekovalence (W;), regresni koeficient
(h;) a odchylka primérnych Etvercl (.\*‘2,,-). Na zékladé hodnoceni parametrl stability na trovni dvou let se jako vysoce stabilni
ukdzaly tyto genotypy: pro vynos bulev — Kristal, Jela a Rita, pro cukernatost — Os Ana, Kawemaja, Marika a Jela, pro
vytéZnost cukru — Dunja, Jela, Kristal a Marika a pro vynos bilého cukru — Jela, Barbara, Dunja a Kristal. Z porovnani priméri
sledovanych znaki a parametri stability je zfejmé, Ze genotypy s nejvy$sim vynosem, bez ohledu na ovéfovany znak, nemély
vysokou stabilitu vynosu. Korelacni koeficienty (r) pro vynos bulev a bilého cukru vykazaly vysoce pritkazné a pozitivni
korelace mezi primérem a b; a mezi :;“;i a W,. Pro cukernatost byla stanovena priikaznd korelace mezi primérem a s,z,,- a pro
vytéznost cukru mezi :‘2,,- a W,

Klicova slova: cukrovka; stabilita; korelace; vynos bulev; cukernatost; vytéZnost cukru; vynos bilého cukru

INTRODUCTION

Sugar beet (Beta vulgaris var. saccharifera Alet.) is
grown in Croatia on area of 28 568 ha (Kristek et al.,
1996), mostly in the eastern part of the Pannonian valley
due to better soil characteristics. Because of different
climatic and soil conditions in the production, it is very
important that used genotypes are high yielding and
stable. New sugar beet genotypes (hybrids) have to have
a high root yield, sugar content, sugar recovery and
white sugar yield, and their superiority should be reli-
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able over very different environmental conditions. By
testing genotypes in a series of trials on several different
environments, we can estimate genotype (G) and envi-
ronmental (E) effects, that can be used for explanation
of part of variation if exist GE-interactions (Becker,
Leon, 1988; Diepenbrock et al., 1995). Stable geno-
types have low GE-interactions. Existence of these in-
teractions is to determine by analysis of variance, and
stability analysis methods to explain performance of
genotypes in different years and environments (Vratari¢
et al., 1993, 1998). Becker (1981) distinguishes two
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concepts of phenotypic stability: a biological — a stable
genotype would have a minimal variance in different
environmental conditions, and an agronomic — a stable
genotype would show a minimal interaction with envi-
ronment. In consideration of yield and other quantita-
tive traits, we talk about the agronomic concept of sta-
bility, which is equivalent to the dynamic concept. By
parallel testing different techniques of yield stability
estimation of genotypes, Sneller et al. (1997) are con-
cluded that a repeatability of genotype stability parame-
ters is low.

MATERIAL AND METHODS
Field experiments

In the field experiments in 1996 and 1997, on the
three locations (Osijek, Pakovo, Magadenovac), the pro-
duction values are investigated for the 17 sugar beet
hybrids. Among tested hybrids, three hybrids belong to
the Institute for Sugar Beet Breeding Osijek, Croatia:
Os Nada (5), Os Ana (11) and Os Sana (13); two arc
joint hybrids of the Institute for Sugar Beet Breeding
Osijek and the KWS from Einbeck, Germany: Stela (8)
and Jela (17); seven hybrids: Zita (1), Rita (2), Barbara
(3), Dunja (9), Kawemaja (10), Marika (14) and Perla
(16) are selections of the KWS; two hybrids are from
Maribo, Denmark: Kristal (4) and Marathon (15); and
by one are: Monofort (12) from Van der Have, the
Netherlands; Janus (6) from KHBC, Poland; and Sirius
(7) from Strube, Solingen, Germany.

Field experiments are sown in a randomized block
design with five replications. Distance between rows
was 50 cm, within a row about 20 c¢m, and area of an
experimental plot was 10 m?2. Root yield, content of
sugar, K, Na, amino-N, sugar recovery and white sugar
yield are determined. Analyses of root quality were made
by the automatic line Venema (the Netherlands): sugar
content by saccharometer, K and Na flamephotometri-
cally, and amino-N colorimetrically. Sugar recovery is
calculated by Reinefeld (Winner, 1981), and white sugar
yield is a product of multiplication root yield and sugar
recovery.

Biometrical methods to estimate stability

Before stability estimation, that is based on a different
genotype reaction on environmental changes or various
GE-interactions, by the analysis of variance is estab-
lished existence of these interactions. The means are
tested with the LSD test on the 5% and 1% level. All
procedures of stability estimation, based on the GE-in-
teractions cffects estimation (Shukla, 1972), belong to
the dynamic concept of stability (Becker, Leon, 1988).
In this investigation are combined methods of the GE-
interactions partitioning (ecovalence W,) and the regres-
sion approach (coefficient of regression b; and devia-
tion mean squares sy;).
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Ecovalence W;

Wricke (1962, in Becker, Leon, 1988) has proposed
using the GE-interaction effects for each genotype,
squared and summed across all environments, as a sta-
bility measure. Because ecovalence measures the con-
tribution of a genotype to the GE-interactions, a stable
genotype with W; = 0 possesses a high ecovalence (low
values of W; = high ecovalence).

Coefficient of regression b;

Coefficient of regression is a measure of relationship
of a single genotype to various environments (Finlay,
Wilkinson, 1963). showing a specific relationship of
genotypes to environmental conditions, and represent-
ing a parameter of reaction (Breese, 1969, in Becker,
Leon, 1988). Stable genotype toward dynamic concept
(Eberhart, Russell, 1966) has b; = 1.

Most authors consider b; not as a measure of stability
but as additional information on the average response
of a genotype to advantage of environmental conditions.
Knight (1970) quotes some weak sides of the regression
approach. Different limiting factors (e.g. frost or
drought) result in equally low mean yield. Genotypes
are unlikely to be similarly ranked under these factors
but this difference in ranking is not readily detected by
the existing regression technique.

Deviation mean squares s2;

This parameter shows a contribution of single geno-
type to GE-interactions (Eberhart, Russell, 1966). It is
strongly related to the remaining unpredictable part of
variability of any genotype and therefore is considered
as a stability parameter (Breese, 1969, in Becker, Leon,
1988). Stable genotype has s,z,, =0.

RESULTS AND DISCUSSION

After performed field experiments at the localitics
Osijek, Dakovo and Magadenovac, in 1996 and 1997,
and the laboratory analysis, obtained data are processed
by the adequate statistical methods. Joint analysis of
variance (Tab. I) shows existence of significant differ-
ences among years, localities, genotypes and their inter-
actions. For root yield has established highly significant
differences among years (Y), localities (L), YL-interac-
tions and genotypes (G), but significant differences in
YG-interactions. In sugar content highly significant dif-
ferences are established for years, localities, YL-inter-
actions, genotypes and YLG-interactions, but signifi-
cant differences in LG-interactions. At sugar recovery
have been highly significant differences among localities,
YL-interactions, genotypes, LG-interactions and YLG-
interactions. In white sugar yield has established highly
significant differences among years, localities, YL-in-
teractions, genotypes and LG-interactions, but signifi-
cant differences for YG- and YLG-interactions.
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1. Analysis of variance

Shurce Degrees of Mean square
freedom root yield sugar content sugar recovery white sugar yield
year 1 1945.18"" 6.82"" 0.00 32.53""
location 2 16 291,117 47.80"" 28.80"" 305.21°"
Y. 2 4892.12" 10757 565" 85.93"
Toiit il Genotype 16 287,12:‘ 433" 585" 7.71:‘
YG 16 78.35 0.21 0.27 1.39
LG 32 60.21 0.22" 037" 1523
YLG 32 59.02 033" 0.48" 121"
error 384 43.48 0.14 0.18 0.79
location 5 8 862.33" 24.79"° 13.787" 162.96"
Combined genotype 16 287.12" 433" 585" 711"
by locations 16 80 63.36" 0.26" 039" 1377
error 384 43.48 0.14 0.18 0.79

! significant at the 5% level
“* significant at the 1% level

By joint analysis of variance it is not possible to
interpret three-factor interactions, and therefore a com-
bined analysis of variance by all localities within both
years of investigations was done. Combined analysis of
variance by localities (Tab. I), has detected highly sig-
nificant differences of the all investigated traits for lo-
calities, genotypes and their interactions except in LG-in-
teractions of root yield where are established significant
differences.

On the level of tested years and combined analysis
of variance by localities, detected differences among
environments (localities), genotypes (hybrids) and their
interactions have had a significant influence on the yield
of investigated traits, and therefore these results justify
a performance stability analysis by proposed methods.

Inlerpretalmn of the parameters of the regression ap-
proach b; and 3 i is done toward model Haufe, Geidel
(1978 in Beckel Leon, 1988). Genotype with b; about
, and small s,,, has a high yield stability, but w:th large
Sd: a low yield stability. When b; < 1 genotypes are
adapted to low yielding environments, and when b; < 1
genotypes are adapted to high yielding environments.
With regard to ecovalence W;, stable genotypes have
low values of W;. Because for us it is the most interest-
ing to detect genotypes with a high yield stability in
single years of investigation and on an average, that
genotypes will be presented toward investigated traits.

Root yield

Analyzed by years (Tab. II), the largest mean root
yield in 1996 had a hybrid Zita (56.076 t/ha), in 1997
Marathon (57.208 t/ha), and on the both years level Os
Sana (55.509 t/ha). Genotypes with the largest average
root yield have not had also a high yield stability.

On the basis of the estimated stability parameters,
following selected genotypes with a high yielding sta-
bility for the root yield:
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1996:

Os Nada (x = 52.087, b; = 1.04, 53 = 0.12, W; = 1.51)
Marathon (x = 50.880, b; = 1.06, s3; = 0.04, W; = 1.92)
1997:

Stela (x = 53.255, b; = 0.88, x(,, = 006 W;=121)
Barbara (x = 54.231, b; = 1.02, Jd: =0.10, W; = 0.74)
Mean:

Kristal (x = 52.16, b; = 0.98, s(,,_OOI W; = 0.20)
Jela (x = 53.596, b; —098 5% =0.12, W; =0.92)
Rita (x = 53.601, b = 1.09, sz = 0.11, W,» =2.21)
Sugar content

In Tab. III are shown the results of sugar content
mean and estimated stability parameters. The highest
sugar content in 1996 had the hybrid Os Ana (15.76%),
in 1997 Os Sana (15.90%), and on the both years level
Os Ana (15.81%).

On the basis of the estimated stability parameters,
following selected genotypes with a high yielding sta-
bility for the sugar content:

1996:

Os Ana (x = 15.76, b; = 0.92, sd,—OOO W; =0.01)
Kristal (x = 15.14, b; = 0.97, s,,, = 0.00, W; = 0.00)
Os Sana (x = 15.36, b = 1.01, sd, = 0.00, W =0.01)
1997:

Dunja (x = 15.19, b; = 0.98, v(,,-OOO W; = 0.00)
Kawemaja (x = 15. 19 b; = l 00, Ad: = 000 W; = 0.00)
Zita (x = 15.33, b; = 1 Ol, sd, = 0.00, W; = 0.00)
Mean:

Os Ana (x = 15.81, b; = 0.87, .sd,_OOI W; =0.07)
Kawemaja (x = 15. ()6 b;=0. 90 sd, = 0.00, W; = 0.01)
Marika (x = 15.66, b; = 093 :,,, = 0.00, W; = 0.00)
Jela (x = 14.81, b; = 1.04, s,,,- 0.00, W; = 000)

Sugar recovery

In Tab. IV are shown the results of sugar recovery
mean and estimated stability parameters. The largest
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I1. Root yield (t/ha) and estimated stability parameters

Ordinal 1996 1997 Mean (1996 and 1997)
Genotype
number mean b; .\',2,,- W; mean b; -‘«zli W; mean b; .\"z,,- W,
| Zita 56.076 1.27 2.38 47.82 | 54.419 0.62 0.17 9.41 | 55.247 1.10 1.75 14.14
2 Rita 50.157 1.19 244 3242 | 57.044 | 0.65 0.08 7.41 | 53.601 1.09 0.11 221
3 Barbara 48832 [ 0.75 1.05 34.84 | 54.231 1.02 0.10 0.74 | 51.531 | 0.84 0.27 6.51
4 Kristal 49919 | 1.10 0.31 6.67 | 54.401 | 0.54 0.02 11.93 | 52.160 | 0.98 0.01 0.20
5 Os Nada 52.087 | 1.04 0.12 151 [ 56952 | 1.03 4.42 31.00 | 54519 | L1l 1.29 11.51
6 Janus 42.539 | 0.70 0.50 | 44.48 | 47.535 | 0.87 5.15 36.96 | 45.037 | 0.64 0.62 28.80
7 Sirius 47.632 | 0.99 1.13 8.01 | 56.031 | 0.20 0.27 3842 | 51.831 | 0.82 0.03 6.11
8 Stela 47.449 | 095 2.95 2171 | 53.255 | 0.88 0.06 1.21 | 50352 [ 0.92 1.01 8.27
9 Dunja 44.829 | 0.96 0.20 2.12 [ 53536 | 0.78 1.80 1535 | 49.183 | 0.96 0.87 6.44
10 Kawemaja | 48.165 | 0.98 1.57 11.10 | 49413 | 0.59 247 26.90 | 48.789 | 0.84 1.24 13.43
11 Os Ana 48.227 | 0.83 0.15 1431 | 48.641 148 | 17.11 | 13272 | 48.434 | 0.84 6.05 47.58
12 Monofort 45.283 | 0.94 1.07 9.05 [ 51.558 | 1.99 0.51 59.41 | 48.420 | .16 0.17 6.18
13 Os SanaA 55.707 1.14 0.02 8.47 | 55.312 1.20 0.30 4.48 | 55.509 1.17 0.08 6.31
14 Marika 55.655 1.20 0.88 24.65 | 54.877 | 0.90 0.85 6.45 | 55.266 1.15 1.12 12.28
15 Marathon 50.880 1.06 0.04 1.92 | 57.208 1.80 0.76 41.92 | 54.044 1.21 0.53 12.17
16 Perla 54.092 1.09 0.22 4.80 | 55.857 1.29 1.62 16.25 | 54.975 1.18 0.48 9.62
17 Jela 51.767 | 0.82 2.81 3323 | 55425 | 1.13 2.07 15.43 | 53.596 | 0.98 0.12 0.92
Mean 49.959 53.864 51.911
I1I. Sugar content (%) and estimated stability parameters
Ordinal 1996 1997 Mean (1996 and 1997)
Genotype
number mean b; i W; mean b; 5 W, mean b; 2 W,
1 Zita 15.18 1.25 0.00 0.06 15.33 1.01 0.00 0.00 15.25 1.14 0.00 0.01
2 Rita 14.24 0.72 0.01 0.12 14.72 0.53 0.00 0.12 14.48 0.72 0.00 0.05
3 Barbara 15.70 1.13 0.00 0.02 15.58 1.54 0.01 0.23 15.64 1.24 0.01 0.08
4 Kristal 15.14 0.97 0.00 0.00 15.37 1.52 0.01 0.19 15.26 1.14 0.01 0.05
5 Os Nada 15.29 1.13 0.01 0.09 | 15.73 1.12 0.00 0.03 15.51 L1l 0.01 0.05
6 Janus 14.81 0.70 0.00 0.09 15.04 0.57 0.00 0.10 14.92 0.65 0.00 0.08
7 Sirius 15.06 0.39 0.00 0.33 15.13 0.67 0.02 0.22 15.09 0.65 0.00 0.08
8 Stela 14.83 0.77 0.00 0,05 | 1513 0.60 0.00 0.10 14.98 0.68 0.00 0.06
9 Dunja 14.84 1.10 0.00 0.04 | 15.19 0.98 0.00 0.00 15.01 110 0.00 0.01
10 Kawemaja | 1494 | 0.8l 0.00 0.03 | 15.19 1.00 0.00 0.00 15.06 | 0.90 0.00 0.01
11 Os Ana 15.76 0.92 0.00 0.01 | 1585 1.22 0.04 0.29 15.81 0.87 0.01 0.07
12 Monofort 15.26 1.23 0.00 0.05 | 15.39 133 0.00 0.06 1533 1.25 0.00 0.04
13 Os Sana 15.36 1.01 0.00 0.01 | 15.90 131 0.01 0.10 15.63 1.20 0.00 0.03
14 Marika 15.62 0.58 0.01 0.20 15.71 1.43 0.00 0.11 15.66 0.93 0.00 0.00
15 Marathon 14.70 1.29 0.00 0.11 14.85 0.56 0.01 0.15 14.78 1.09 0.00 0.02
16 Perla 14.66 1.57 0.00 028 | 1484 | 085 0.00 0.02 14.75 1.31 0.00 0.07
17 Jela 14.63 1.39 0.00 0.14 | 1498 | 065 0.01 0.12 14.81 1.04 0.00 0.00
Mean 15.06 15.29 15.17

sugar recovery in 1996 had the hybrid Barbara
(13.80%), in 1997 Os Sana (13.74%), and on the both
years level again Barbara (13.63%).

Selected genotypes are shown a high yield stability

for sugar recovery:
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1996:

Os Ana (x = 13.60, b; = 0.92, 53, = 0.00, W; = 0.01)
Os Sana (x = 1341, b; = 1.07, s3; = 0.00, W; = 0.01)
Kristal (x = 13.11, b; = 1.08, 5% = 0.00, W; = 0.01)

a

ROSTLINNA VYROBA, 46, 2000 (4): 169-175



IV. Sugar recovery (%) and estimated stability parameters

Ordinal Ganchype 1996 1997 Mean (1996 and 1997)

number mean b; & W, mean b; sH W, mean b; 5 W,
| Zita 13.17 1.38 0.00 0.09 13.08 0.90 0.00 0.01 13.13 1.24 0.00 0.02
2 Rita 1203 | 063 | 0.00 0.1 | 1230 | 043 | 001 0.16 | 1217 | 0.69 | 0.00 0.04
3 Barbara 13.80 1.23 0.00 0.05 13.47 1.54 0.04 0.33 13.63 1.18 0.02 0.13
4 Kristal 13.11 1.08 0.00 0.01 13.08 1.47 0.03 0.23 13.09 1.06 0.01 0.05
5 Os Nada 13.22 1.28 0.01 0.10 13.51 1.52 0.00 0.05 13.37 1.34 0.00 0.05
6 Janus 12.52 0.65 0.01 0.13 12.51 0.28 0.01 0.17 12.52 0.59 0.01 0.13
i 4 Sirius 12.76 0.13 0.00 0.51 12.61 1.21 0.06 045 12.69 0.69 0.01 0.12
8 Stela 12.56 0.55 0.00 0.14 12.66 | -0.18 0.00 0.23 12.61 0.33 0.00 0.16
9 Dunja 1263 | 0.83 | 0.01 0.10 | 12.80 1.02 | 000 | 000 | 1272 | 094 | 0.00 0.03
10 Kawemaja 12.77 0.68 0.00 0.08 12.68 0.79 0.00 0.01 12.72 0.69 0.00 0.03
I Os Ana 13.60 0.92 0.00 0.01 13.37 0.39 0.06 0.50 13.48 0.52 0.01 0.13
12 Monofort 13.19 | 140 | 0.00 011 | 13.04 | 135 [ 001 | 042 | 1311 [ 129 | 0.00 0.05
13 Os Sana 1341 | 107 | 0.00 0.01 | 1374 | 227 | 000 | 026 | 13.57 | 146 | 0.00 0.07
14 Marika 13.59 0.65 0.02 0.19 13.53 2.18 0.00 0.23 13.56 1.07 0.00 0.00
15 Marathon 12.64 1.34 0.01 0.14 12.62 0.74 0.03 0.19 12.63 1.33 0.00 0.05
16 Perla 12.72 1.65 0.01 0.34 12.62 113 0.00 0.03 12.67 1.59 0.00 0.12
17 Jela 12.59 1.47 0.01 0.21 12.73 0.07 0.00 0.14 12.66 1.06 0.00 0.00

Mean 12.96 12.96 12.96

1997: Mean:

Zita (x = 13.08, b; = 0.90, sd,_OOO W; =0.01) Jela (x = 6.798, b; = 0.95, x(,,_OOO W; =0.02)

Dunja (x = 12.80, b; = 1.02, {,,—OOO W; = 0.00) Barbara(x-7030b—097 sd,—OOOW—OO4)

Mean: Dunja (x = 6.284, b; = 1.00, s (= 0.01, W; = 0.07)

Dunja (x = 12.72, b; = 0.94, sd, = 0.00, W; = 0.03) Kristal (x = 6.821, b = 1.04, sg; = 0.00, W; = 0.01)

Jela (x = 12.66, b; = 1.06, s(,, = 0.00, W; = 0.00) According to Finlay, Wilkinson (1963) genotypes

Kristal (x = 13. 09 b; = 1.06, s ;= 0.01, W, = 0.05) which have b; = 1.00, and low values of sd, and W;, have

Marika (% = 13.56, b; = 1.07, 55 = 0.00, W, = 0.00)

White sugar yield

In Tab. V are shown the results of white sugar yield
mean and estimated stability parameters. In 1996 the
highest white sugar yield had the hybrid Marika
(7.555 t/ha), in 1997 Os Nada (7.722 t/ha), and on the
both years level Os Sana (7.543 t/ha). Genotypes
adapted to high yielding environments (b; > 1) on average
for the both years and three localities are: Marathon,
Zita, Os Nada, Os Ana, Perla, Marika and Os Sana.

On the basis of the estimated stability parameters,
following genotypes are selected with a high yielding
stability for the white sugar yield:

1996:

Dunja (x = 5.692, b; = 0.97, Ad, = OOO W; =0.01)
Monofort (x = 5998 bi=1 OO \',, =0.04, W; = 0.25)
Rita (x = 6.043, b; = | 06, *1/:-007 W; —054)
OsN'ld'l(x—6895 bii = 1.06, s, --00[ W; =0.10)
1997:

Kristal (x = 7. 120 b; = 0.84, s,,-O()O W; = 0.04)
Dunja (x = 6.875, b; = 0.89, 3(11_004 W; = 0.26)
Jela (x = 7.071, b-]l? sd,-OOI ;= 0.08)
Marika (x = 7. 446 be=i1.13; “(h = 004 W; =0.33)
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an average y:eld on the level of all genotypes means
over all environments, and can be considered as wide
adapted genotypes. On the basis of the results of ana-
lyzed traits means and estimated stability parameters, it
is obvious that genotypes which have a high yielding
stability, regardless of an investigated trait, are not the
most yielding genotypes.

For example, the sugar content in 1997 (Tab. III) of
genotypes Dunja (15.19%) and Kawemaja (15.19%) was
less for 0.10% than the mean, although b; = 0.98 and
1.00, respectively, and sd, and W; were for both geno-
types 0.00. On the two year level along with similar
values of the stability parameters, the genotype Jela had
the sugar content less for 0.36%.

Similar situation was for the sugar recovery (Tab. IV).
According to estimated stability parameters, genotypes
which showed a high yielding stability, in 1997 year
Dunja and on the both years level Dunja and Jela, had
the sugar recovery less than the mean for 0.16, 0.24 and
0.30%, respectively, although the values of b; were
about 1.00 (1.02, 0.94 and 1.06), and ‘d: and W, about
0.00.

With regard to the white sugar yield (Tab. V) in
1996, from four high yielding stability genotypes, threc
of them had a yield below the mean. White sugar yield
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V. White sugar yield (¢ha) and estimated stability parameters

Ordinal 1997 Mean (1996 and 1997)
Genotype
number mean b; i W, mean b; 2 W, mean b; 55 W,
1 Zita 7.406 1.33 0.06 1.30 7.113 0.65 0.01 0.17 7.260 1.16 0.04 0.37
2 Rita 6.043 1.06 0.07 0.54 7.014 0.45 0.00 0.34 6.528 0.94 0.00 0.04
3 Barbara 6.733 0.81 0.01 0.35 7.328 1.37 0.00 0.15 7.030 0.97 0.00 0.04
4 Kristal 6.521 1.08 0.01 0.10 7.120 0.84 0.00 0.04 6.821 1.04 0.00 0.01
5 Os Nada 6.895 1.06 0.01 0.10 7.722 1.28 0.10 0.80 7.309 1.18 0.03 0.36
6 Janus 5.327 0.65 0.01 1.04 5.942 0.51 0.09 0.86 5.634 0.53 0.01 0.84
7 Sirius 6.051 0.88 0.07 0.64 7.065 -0.01 0.04 1.39 6.558 0.73 0.00 0.27
8 Stela 5.961 0.92 0.02 0.21 6.740 0.75 0.00 0.08 6.351 0.85 0.00 0.11
9 Dunja 5.692 0.97 0.00 0.01 6.875 0.89 0.04 0.26 6.284 1.00 0.01 0.07
10 Kawemaja | 6.129 0.90 0.05 0.39 6.268 0.49 0.03 0.51 6.198 0.77 0.03 0.37
11 Os Ana 6.550 0.85 0.00 0.20 6.539 1.41 0.48 3.57 6.544 0.82 0.15 1.16
12 Monofort 5.998 1.00 0.04 0.25 6.750 2.03 0.03 1.36 6.374 1.20 0.00 0.18
13 Os Sana 7.478 1.17 0.00 0.25 7.608 1.39 0.02 0.33 7.543 1.27 0.00 0.29
14 Marika 7.555 1.21 0.00 0.36 7.446 1.13 0.04 0.33 7.501 1.24 0.02 0.32
15 Marathon 6.472 1.10 0.00 0.10 7.202 1.43 0.02 0.35 6.837 1.14 0.00 0.09
16 Perla 6.933 1.17 0.03 0.41 7.055 1.26 0.03 0.27 6.994 1.22 0.02 0.33
17 Jela 6.525 0.84 0.01 0.28 7.071 1.13 0.01 0.08 6.798 0.95 0.00 0.02
Mean 6.486 6.992 6.739

of genotypes Dunja, Monofort and Rita were less than
the mean for 0.794, 0.488 and 0.443 t/ha, respectively.
On the both years the level along with similar stability
parameter values, the genotype Dunja had the white
sugar yield less for 0.455 t/ha.

The highest white sugar yield, on the two year inves-
tigation basis, had the genotype Os Sana (7.543 t/ha).
Estimated stability parameters were: b; = 1.27, s,zl,- =0.00
and W; = 0.29, and therefore this genotype would be
recommended for growing in high yielding environments.

Because of detecting connections among yield and
estimated stability parameters, the coefficients of corre-
lation (r) are calculated and their significance is estab-
lished. In Tab. VI are presented the results of the cor-
relation analysis of investigated traits on the two year
level of investigation.

For root yield is established a positive and high sig-
nificant correlation among the mean and b; (0.754**),
and among the x,z,,- and W; (0.870""). Other correlations
were negative and not significant.

At sugar content only a significant correlation is es-
tablished among the mean and .rlz,,- (0.572*). Other cor-
relations were not significant and positive, except
among b; and W; where was negative.

For sugar recovery only a positive and significant
correlation is established among 3(2,,- and W; (0.5517).
Other correlations were not significant, some were posi-
tive and some negative.

As for root yield, for white sugar yield is established
a positive and high significant correlation among the
mean and b; (0.805""), and among s,zﬁ and W; (0.8 107).
Other correlations were negative and not significant.
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VI. Correlation coefficients (r) of investigated traits on the level of
1996 and 1997 year

Mean b; “‘lzli
Root yield

b; 0.754""

% -0.250 -0.218

W, -0.457 -0.401 0.870"
Sugar content

b; 0.277

% 0.572" 0.229

W; 0.053 -0.256 0.406
Sugar recovery

b; 0.375

Sh 0.299 -0.228

W, -0.023 -0.357 0.551"

White sugar yield

b, " 0.805"

5 -0.010 -0.145

W, -0.231 -0.375 0.810"

Because of the fact that on the white sugar yield the
greatest influence has root yield, both analyzed traits
have similar correlation coefficients. For both traits,
positive and highly significant correlations arec estab-
lished among the mean and regression coefficient (b;),
and among the deviation mean squares (5(2,,-) and ecova-
lence (W;). These results are according to the results of
Becker (1981) and Zdunic¢ (1998).
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Among the stability parameters except among .rg’,i and
W,. is not established significant correlation, and that is
showing that different stability parameters estimating
a stability in different way. Lin et al. (1986) consider
that with different approach to stability estimation can
happen that same genotypes are estimated as unstable
by using biological concept, but according to agronomic
concept these genotypes are stable, and reverse.

CONCLUSIONS

On the basis of the two year stability investigation
of 17 sugar beet genotypes (hybrids), estimated by sta-
bility parameters (b;. .s':‘,,. W), and correlations among
the yield and stability parameters, following conclu-
sions were derived:

Genotypes of a high yielding stability are for: root
yield (1996 — Os Nada, Marathon; 1997 — Stela, Bar-
bara; mean — Kristal, Jela, Rita); sugar content (1996 —
Os Ana, Kristal, Os Sana; 1997 — Dunja, Kawemaja,
Zita; mean — Os Ana, Kawemaja, Marika, Jela); sugar
recovery (1996 — Os Ana, Os Sana, Kristal; 1997 — Zita,
Dunja; mean — Dunja, Jela, Kristal, Marika); white
sugar yield (1996 — Dunja, Monofort, Rita, Os Nada:
1997 — Kristal, Dunja, Jela, Marika; mean — Jela, Bar-
bara, Dunja, Kristal).

Comparisons of the investigated traits means and sta-
bility parameters show that the most yielding genotypes,
regardless of investigated traits, have not high yielding
stability. Genotype of the highest white sugar yield Os
Sana had low s(?;,- and W; values, and due to the high
regression coefficient (b; = 1.27) it is recommended for
growing in high yielding environments.

Correlation coefficients (r) of the root yield and white
sugar yield show existence of high significant and posi-
tive correlations among the mean and b;, and among
sf,,- and W;. For the sugar content is established signifi-
cant correlation among the mean and 3{2,,-, and for the
sugar recovery among 5(2“ and W,
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ZMENY OBSAHU LIGNINU A ESTEROV
FENOLKARBOXYLOVYCH KYSELIN V ZAVISLOSTI
OD HNOJENIA A OBNOVY TRAVNEHO PORASTU

CHANGES IN LIGNIN AND ESTERIFIED PHENOLCARBOXYL ACIDS
CONTENTS IN RELATION TO GRASSLAND FERTILIZATION
AND RENOVATION

P. Slamka
Slovak Agricultural University in Nitra, Slovak Republic

ABSTRACT: Effect of fertilization (four treatments) and radical renovation of original grassland on the lignin and esterified
phenolcarboxyl acids (CPFI) concentrations in grass phytomass and their impact on organic dry matter digestibility (SOH)
was investigated on semi-natural grassland of Lolio-Cynosuretum typicum association during the years 1992 to 1994. It was
found out that original grassland renovation reduced lignin concentration by 11% (statistically highly significant differences)
on the average of years, cuts and treatments (Tabs. III, VII, VIII) and on the other side, it caused an increase of CPFI
concentration approximately by 9% (statistically non-significant differences) (Tabs. IV, VII). Increasing concentration of CPFI
was caused by higher Dactylis glomerata dominance in the cover as a consequence of radical original grassland renovation
(Tab. VI1). There was determined strong positive correlation between Dactylis glomerata dominance in the cover and CPFI
concentration in grass phytomass. Nitrogen fertilization (especially the rate of 180 kg N.ha™") raised CPFI concentration in
phytomass dry matter on both investigated stands (original and renovated). At the same time both investigated experimental
factors (fertilization and renovation) caused minimum differences (non-significant) in organic dry matter digestibility between
original and renovated grassland grass phytomass. The values of digestibility depended on CPFI concentration in dry matter
of grass phytomass. There was found strong negative correlation (r = -0.85) in all cuts indicating that the digestibility was
decreasing with increasing CPFI concentration. Similar relation was also determined between lignin concentration and diges-
tibility (r = -0.67).

Keywords: grassland; radical renovation; fertilization; lignin; esterified phenolcarboxyl acids; digestibility

ABSTRAKT: Na poloprirodnom trdvnom poraste (asocidcia Lolio-Cynosuretum typicum Jurko, 1974) bol sledovany vplyv
hnojenia (Styri varianty) a radikdlnej obnovy tohto porastu na obsah ligninu a koncentriciu esterov fenolkarboxylovych kyselin
v suine travnej fytomasy a ich dopad na stravitelnost organickej hmoty susiny pocas rokov 1992 az 1994. Obnova povodného
trdvneho porastu zniZovala $tatisticky vysoko preukazne obsah ligninu o 11 % (priemer rokov, kosieb a variantov) a Statisticky
nepreukazne zvySovala koncentréciu esterov fenolkarboxylovych kyselin 0 9 %. Zvy3enie koncentricie esterov fenolkarboxy-
lovych kyselin bolo spdsobené zvySenim pokryvnosti reznacky lalocnatej (Dactylis glomerata L.) na obnovenom poraste.
Medzi pokryvnostou reznacky lalo€natej a koncentréiciou esterov fenolkarboxylovych kyselin v sufine travnej fytomasy bola
vypocitana stredne silnd kladnd korelicia. Hnojenie dusikom (najmi davka 180 kg N.ha™" zvySovalo koncentriciu esterov
fenolkarboxylovych kyselin v susine fytomasy obidvoch porastov (pdvodného i obnoveného). Obidva sledované faktory (ob-
nova, hnojenie) podmiefiovali v priemere rokov, kosieb a variantov minimélne (Statisticky nepreukazné) zmeny v stravitelnosti
organickej hmoty suiny medzi povodnym a obnovenym porastom. Hodnoty stravitelnosti organickej hmoty boli zévislé od
koncentricie esterov fenolkarboxylovych kyselin. Vo vietkych kosbéach bol zisteny silny negativny vztah (r = -0.85), z ¢oho
vyplyva, Ze stravitelnost klesala so stipajicou koncentraciou esterov fenolkarboxylovych kyselin. Rovnako medzi obsahom
ligninu a strdvitelnostou organickej hmoty bola zistend silnd negativna zévislost (r = -0,67).

Klicové slovi: travny porast; radikdlna obnova; hnojenie; lignin; estery fenolkarboxylovych kyselin; straviteInost

UvoD vany obsah ligninu, rastliny su §tavnaté s relativne vy-
sokym obsahom vody, maji vysoku stravitelInost a kon-

V priebehu rastu a vyvoja rastlin dochadza ku kvan-  centréaciu energic (Thomas, 1983). Starnutim sa koncen-
titativnym a kvalitativnym zmendm v bunkovych obaloch  tricia ligninu v nadzemnej biomase rastlin zvySuje
a nasledne v rastlinnych pletivich. Pokial sa nezaine  priemerne 0 0,03 % za defi, pric¢om v mlad$ich vyvojo-
objavoval na rastlinach sdkvetie, je v rastlinach limito-  vych Stadiach je jeho obsah okolo 50 g.kg’I suSiny,
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v star§ich sa zvySuje az na 100 g.kg_l (Keftasa, Tuves-
son, 1993).

Zrychlenie dynamiky lignifikicie bunick a pletiv je
obvykle spojené so zatiatkom tvorby generativnych or-
ganov. Od tejto fazy je lignifikdcia intenzivna a preja-
vuje sa zhorSenou kvalitou krmiva, predovSetkym po-
klesom stravitelnosti organickej hmoty.

Esterifikované fenolkarboxylové kyseliny (kumari-
novi, ferulovd, hydroxybenzoova a iné) maji podobné
G&inky na stravitelnost organickej hmoty krmiva ako
lignin. St podobne ako lignin viazané na vldkninové
Struktiry bunecnych stien, ale ich esterické vizby na
rozdiel od ligninovych si reverzibilné, v dosledku ¢oho
sa tieto kyseliny pocas fermentdcie krmiva v zaZivacom
trakte preZivavcov uvoliiuji a pdsobia baktericidne na
mikroorganizmy v bachore. Ich primarnym cinkom je
viak inhibicia prenikania celulolytickych enzymov do
vldkninovej Struktiry buniek s naslednym zniZenim
stravitelnosti bunkového obsahu (Scehovic, 1992a, b).

V prezentovanom prispevku sme analyzovali zdvis-
lost obsahu ligninu a esterifikovanych fenolkarboxylo-
vych kyselin od drovne hnojenia a radikdlnej obnovy
travneho porastu. Skimali sme tieZ vztah medzi kon-
centraciou tychto chemickych Struktir a straviteInostou
rastlinnej fytomasy.

MATERIAL A METODY

Experimentélne sledovania uvedenej problematiky
sme realizovali na poloprirodnych travnych porastoch
SM Nitrianske Pravno (StraZovské vrchy, geografickd
jednotka Malda Magura, lokalita Chvojnica). Zaujmové
Gzemie pokusného stanovita lezi vo vyske 600 m n. m.
Pddna reakcia je vo vrchnej Casti podneho profilu (do
150 mm) extrémne kysld, nedosahuje ani 4,2 pH/KCIL.
Celkovy obsah dusika dosahuje stredni troven. Obsah
fosforu v tejto Casti pddneho profilu je nizky. Obsah
pristupného horcika je stredny. Naopak, obsah draslika
je extrémne vysoky (tab. I). Agrochemické vlastnosti
pddy uvddza tab. IL V ramci agroklimatického ¢lenenia
patri izemie do agroklimatickej oblasti mierne chlad-
nej, podoblasti mierne vlhkej s prevazne chladnou zi-
mou. Priemernd rocnd teplota dosahuje 7,4 °C, za ve-
getacné obdobie (IV. az IX.) 13,8 °C. Roc¢né vodné
zrazky maji priemernd hodnotu 805 mm, za vegetacné

I. Déavky Zivin a ich delenie — Rates of nutrients and their division

R
Dnv‘ka Zi\l,m Termin aplikicie N*
. 1| Potet (kg.ha™)
Variant kosieb?
na po po
P k N jar® | 1. kosbe® | 2. kosbe
1 3 - - - o - =
2 3 30 60 - - - -
3 3 30 60 90 | 30 30 30
4 3 30 60 180 | 60 60 60

2 3 o ; ;
"treatment, number of cuts, “rate of nutrients, “term of N applica-
« S. . [
tion, “in spring. “after the cut
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obdobie 446 mm. Severovychodna az severna expozicia
lokality pokusného stanoviSta vytvara priaznivé pod-
mienky pre relativne vyrovnand vlahovi bilanciu v prie-
behu roka.

Dvojfaktorovy pokus bol zaloZeny v dvoch paralel-
nych blokoch: prvy blok predstavuje poloprirodny travny
porast (PTP), druhy blok doCasny travny porast (DTP).

PTP reprezentoval povodny poloprirodny travny po-
rast z typologického hladiska identifikovany ako zviz
Cynosurion R. Tx. 1937, asocidcia Lolio-Cynosuretum
typicum Jurko, 1974. Na druhom bloku (DTP) bola rea-
lizovana radikalna obnova pévodného porastu hlbokou
jesennou orbou (v roku 1991) pluhom s predplizkom.
Na jar nasledujiceho roku bola urobena predsejbovi
priprava pody a nisledna sejba datelinotrdvnej mieSan-
ky tohto zloZenia:

ot o | i rin 12 kg
Lolium perenne odroda Metropol 8 kg.ha!
Dactylis glomerata odroda Rela 4 kg.ha!
Trifolium pratense odroda Sigord 3 kgha!
Trifolium repens odroda Huia 2 kg.ha!

z 29 kg.ha™!

Obidva bloky mali rovnaké varianty mineralnej vyZzivy
(usporiadané nahodne v Styroch opakovaniach), zhodny
sposob delenia dusika k jednotlivym kosbam a boli na
nich pouzité rovnaké formy priemyselnych hnojiv (tab. I).

Fosfor sa aplikoval vo forme superfosfatu, draslik vo
forme 60% draselnej soli a dusik vo forme liadku
amoénncho s vdapencom. Prva aplikicia N a PK hnojiv
sa na obidvoch blokoch uskutocnila na jar v Case zazele-
nania porastov, dalSie davky N sa aplikovali najneskor
10 dni po kosbe. Porasty sa kosili trikrat poCas vegetac-
ného obdobia:

Lignin a Cistt celulézu sme stanovili gravimetrickou
metddou, posobenim trietylénglykolu aktivovaného ky-
selinou chlorovodikovou na vzorku rastlinného materialu.

Po spracovani vzorky rastlinného materidlu kyslym
detergentom ADS rozpustenym v N-acetyl-N,N,N-tri-
metylaméniu sme stanovili obsah lignocelulézy vo
vzorke gravimetricky.

Esterifikované fenolkarboxylové kyseliny (CPFI) sme
stanovili v metanolovom extrakte, v ktorom dochddza
k redukcii pritomnych fenolov v alkalickom prostredi.
Z tarebného komplexu vytvoreného reakciou molybdé-
novych a wolfrimovych soli s fenolovymi litkami sa
spektrofotometricky stanovi intenzita modrého sfarbe-
nia roztoku odmeranim extinkcie. Linedrny vz(ah medzi
optickou hustotou a obsahom fenolov umoZiiuje vypo-
¢itat koncentriciu v g.kg‘l suSiny podla vztahu:

CPFI = (extinkcia CPFL.0,8877 — 0.0066).5000/0obsah
suiny vo vzorke (g.kg“l susiny)

Strivitelnost organickej hmoty (SOH) v % sme vy-
pocitali matematickou rovnicou (Scehovic, 1991):
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praten.se

SOH = 34,286 - 1,295 L +0,589.(113,71 - 1,222 LC +
+ 0,462 CV - 10,85 CPFI)

kde: L - obsah ligninu v su$ine TP (%)
LC - obsah lignocelulozy v susine TP (%)
CV - obsah &istej celulézy v suSine TP (%)
CPFI - obsah esterifikovanych fenolovych kyselin v susine TP (%)

VYSLEDKY A DISKUSIA

Koncentricia ligninu v suSine

Typ porastu (oznaCenie nie je pouZité vo fytoceno-
logickom zmysle, ale len na rozliSenie skiimanych po-
rastov PTP a DTP) mal $tatisticky vysoko preukazny

II. Agrochemické vlastnosti pody — Agrochemical soil properties

vplyv na obsah ligninu v su$ine travnej hmoty. V dosled-
ku radikalnej obnovy sa zniZil obsah ligninu v suSine
DTP (priemer rokov, kosieb a variantov) z 54,87 gkg!
(PTP) na 48,59 g.kg"l (DTP), t. j. o 11,4 %, pricom
tento rozdiel bol $tatisticky vyznamny v prospech DTP
(tab. III, VII, VIII). Podobna situacia bola aj na jednot-
livych variantoch, ked na DTP sme zistili niZSie kon-
centrdcie ligninu v porovnani s PTP.

Hnojenie nemalo v jednotlivych kosbach i v celo-
roénych drodach susiny (priemer rokov) $tatisticky vy-
znamny vplyv na obsah ligninu. Na DTP bola zistena
tendencia zniZovania obsahu ligninu so zvySujicou sa
davkou N v druhych a v tretich kosbach i v celoro¢nej
urode. Na PTP sme takito tendenciu nezistili a niZsi

Hlbka odberu' | Pédna reakcia® |OxidovateIny uhlik® | Obsah humusu® | Celkovy dusik® Prijatelné iviny® (mg.kg™")
(mm) (pH/KCI) Cox (kg™ (gkg™ Ny (2kg™) P K Mg
50-100 4,13 25,8 444 2,04 15,76 696 68

200-300 3,83 13,6 234 0,95 9,70 604 23
300-400 3,88 53 9.2 0,37 0,66 636 29
600-700 3,92 1,7 0,25 8,33 559 36

ldepth of sampling, %50il reaction, “oxidable carbon, *humus content, *total nitrogen, favailable nutrients

[1I. Obsah ligninu v susine trdvnych porastov (g.kg’l) — Lignin content in dry matter of grass phytomass (g,kg")

Kosby?
Roky' Varianty? PTP DTP
I. I1. T11. VP 1. 11. 111 VP
1 56,30 54,00 37,40 54,15 48,10 55,10 27,40 46,87
2 52,00 64,70 40,30 57,17 54,30 63,80 27,60 53,09
1992 3 50,30 61,20 40,00 53,22 51,70 53,90 26,60 4581
4 43,40 56,50 34,50 48,23 61,00 56,60 23,60 49,63
VP 49,86 59,27 37,83 52,68 54,46 56,84 25,59 48,68
1 46,80 52,50 44,10 4791 49,90 49,80 50,00 49,90
2 69,00 52,40 56,90 62,71 53,40 49,20 53,60 52,59
1993 3 57,30 51,20 46,50 53,13 55,10 39,70 35,40 45,49
4 46,40 59,50 43,40 49,97 57,10 43,50 37,60 46,86
VP 54,88 54,99 46,34 53,08 54,39 43,99 40,47 47,92
1 61,60 59,50 67,70 62,20 51,40 51,80 51,90 51,61
2 51,20 50,80 68,00 55,01 52,10 53,50 52,00 52,37
1994 3 57,40 65,80 68,10 61,60 39,80 44,70 47,80 42,54
4 55,90 57,50 60,10 57,17 34,50 45,50 49,60 51,40
VP 56,35 58,85 65,45 57,17 49,05 48,15 50,03 49,07
1 55,80 54,85 54,00 55,27 49,94 52,62 4491 49,60
i 2 57,05 58,99 58,68 57,96 53,18 56,08 46,75 52,56
1992-1994 3 55,19 59,39 52,71 56,02 47,18 46,17 36,48 44,47
4 49,33 57,69 46,85 51,68 57,08 48,73 37,32 49,33
A\ 53,93 58,00 51,76 54,87 52,19 49,97 39,62 48,59
Vysvetlivky k tab. IIl aZ V — Explanations to Tabs. III to V:
VP = vazeny priemer — weighted mean
PTP = poloprirodny trivny porast — seminatural grassland
DTP = docasny travny porast — temporary grassland
'years, *treatments, “cuts
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IV. Obsah esterov fenolkarboxylovych kyselin v sudine travnych porastov (gkg") - Content of esterified phenolcarboxyl acids in dry matter
of grass phytomass (g.kg")

Kosby?
Roky! Varianty? PTP DTP
I. I 1. VP 1. 1L. 111 VP

1 12,27 11,02 10,90 11,61 13,72 10,92 10,40 12,24
2 12,08 12,10 11,64 12,05 10,75 10,81 10,10 10,67
1992 3 12,15 11,75 11,60 11,89 10,89 10,87 10,76 10,85
4 12,85 11,30 10,80 11.82 11,52 11,25 10,98 11,29
VP 12,36 11,56 11,26 11,85 11,60 11,01 10,72 11,22
1 11,14 11,86 11,50 11,39 11,71 12,53 11,77 11,91
2 5,79 11,16 11,35 8.09 13,12 12,20 10,56 12,44
1993 3 935 11,76 11,69 10,57 12.87 12.43 12,37 12,61
4 15,56 12,21 12,16 13,56 14,99 13,20 13,11 13,86
VP 10,75 11,86 11,83 11,31 13,37 12,74 12,41 12,94
1 12,11 13,06 13,94 12,61 15,19 14,33 13,63 14,62
2 13,40 13,17 14,77 13,67 16,18 14,57 13,90 15,27
1994 3 13,61 12,91 14,76 13,73 16,28 15,70 15,70 16,03
4 14,38 14,81 14,55 14,51 16,56 16,21 16,31 16,42
VP 13,53 13,62 14,59 13,78 16,16 15,35 15,18 15,76
l 11,90 11,65 12,54 11,90 13,70 12,54 12,22 13,09
VP 2 10,61 12,12 13,13 11,51 13,57 12,68 12,06 13,06
1992-1994 3 11,88 12,01 12,83 12,11 13.81 13.01 12,90 13,38
4 14,30 12,32 12,63 13,27 14,69 13,35 13,50 14,00
VP 12,34 12,08 12,78 12,34 14,02 12,99 12,92 13,49

For 1-3 see Tab. 11

V. Stravitelnost organickej hmoty suSiny travneho porastu (%) — Organic dry matter digestibility of grass phytomass (%)

Kosby?
Roky! Varianty? PTP DTP
I 1L. 111 VP I I 11 VP

1 71,93 73,58 77.88 73,04 71,92 72,78 80,93 73,73
2 73.22 69,72 76,42 71,79 74,17 71,93 81,01 74,53
1992 3 74,05 71,08 75,06 72,96 74,35 73,01 79,36 75,27
4 73.87 73,05 79,70 74,35 71,27 72,04 81,90 74,35
VP 73,39 71,83 77,21 73,15 72,89 72,43 80,82 74,54
1 74,94 73,10 74,78 74,41 73.12 71,75 72,94 72,77
2 75,29 73,49 72,79 74,42 71,01 72,23 73,79 71,79
1993 3 73,57 73,11 74,06 73,54 70,39 73,82 74.87 72.56
4 69,59 73,13 73,84 71,87 67,16 72,61 73,79 70.88
VP 72,96 73,18 73,85 73,22 70,03 72,81 74,01 71,83
1 70,51 70,92 68,23 70,21 68,10 70,12 70,16 69,07
2 70,86 72,14 66,85 70,19 66,53 69,55 69,55 67,95
1994 3 69,49 69,07 66,34 68,68 68,65 69.29 67,89 68,64
4 69,37 69,72 67,65 69,07 65,56 69,35 67,06 66,72
VP 69,94 70,23 67,13 69,39 67.12 69.52 68.34 67,94
1 72,19 72,90 72,26 72,43 70,77 71.57 73.82 71,62
- 2 72,96 71,08 70,64 71,96 70,25 71,03 73.44 71.06
1992-1994 3 72,12 71,20 71,43 71,69 70,73 72,02 74.11 71.89
4 70,75 72,39 73,18 71,82 67,63 71,49 74,03 70,44
VP 71,90 71,86 72,04 71,91 69.65 71.57 73.93 71.18

For 1-3 see Tab. III
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VI. Pokryvnost reznacky lalo¢natej v porastoch (%) — Dactylis glomerata dominance in the covers

Kosba?
Porast! Variant? 1992 1993 1994
1. 2. 3 1. 2 3, L 2 3

| 325 4,25 4.5 6,25 42 5,25 6,3 4 7
PTP 2 2,25 25 325 4.5 4 4 4,75 4 5,75

3 55 6 10,25 12,25 135 11,75 12.55 15,75

4 5 8,25 9.5 11,1 12,75 16,75 15,75 16.25 20,5

| 17 22 22,75 46 40,75 44.75 51.25 46,75 69.5
DTP 2 19.25 25,25 31.5 48,5 45 515 51,63 49 85 70.75

3 20 30.5 28 58.25 74,75 76.5 88 81.25 87

4 19,25 33 35,25 66,75 85 87.75 92,25 87.4 91

1

2 3
cover, “treatment, “cut

VII. Dvojfaktorovi analyza rozptylu vplyvu sledovanych faktorov na obsah ligninu, esterov fenolkarboxylovych kyselin (CPFI) a stravitelnost
organickej hmoty suSiny (SOH) — Variance analysis of studied factors effect on content of lignin and esterified phenolcarboxyl acids (CPFI),
and organic dry matter digestibility (SOH)

e Kosba? 1. 2. 3 X
zdroj variability? df MS F MS F MS F MS F
porast? 1 15.36 0.42 258,1 670" | 639.6 338" 230 14.40"
Lignin hnojenie’ 3 13,79 0,37 10,2 0,28 74,1 0.39 34.5 2.16
porast X hnojenie 3 75,44 2,04 50,6 1,37 18,3 0,1 20,8 1.3
reziduum® 16 36,96 36,9 189,2 16
porast 1 15,18 2,53 2,61 0,85 0,0002 0 6,37 1.58
CPFI hnojenie 3 6,38 1,06 0,97 0,32 1551 0,36 2,61 0,61
porast x hnojenie 3 2,02 0,34 0,07 0,02 1,08 0,26 0,23 0,06
reziduum 16 6 3,08 4,19 4,27
porast | 24,93 3,24 0,55 0,17 16,09 0,5 1,64 0.2
SOH hnojenie 3 8,04 1,05 0.35 0,11 1,89 0,06 1,07 0.13
porast x hnojenie 3 1,06 0,14 N 0,34 1,6 0,05 0,66 0,08
reziduum 16 7 3,29 32,52 8,23

df = stupne volnosti — degrees of freedom
MS = priemerny $tvorec — mean square

F = vypotitand F-hodnota — calculated F-value
y Statisticky preukazny — significant difference
o Statisticky vysoko preukazny — highly significant difference

. 3 . aye 5 Y] . .
"trait, Zeut, *source of variability, 4cover, *fertilization, “residuum

VIII. Vplyv sledovanych faktorov na obsah ligninu v susine trivnej fytomasy (Tukeyov test) — Effect of studied factors on lignin content in
dry matter of grass phytomass (Tukey test)

Znak' Kosba® 1. 2. 3. ¥

— PTP 5397 a 57,13 a 50,58 a 5521 a
DTP 5237 a 50,08 b 40,25 b 49,02 b
variant® | 5235a 53,78 a 46,42 a 52,12 ab

Hrojenic variant 2 5533 a 5570 a 49,73 a 55,50 a
variant 3 5193 a 52,75 a 44,07 a 50,28 be
variant 4 53,05a 53,18 a 4147 a 50,55 b

e 3 & i % 5
trait, “cut, “cover, “fertilization, “treatment
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obsah ligninu na variantoch hnojenych N (var. 3, 4) bol
zaznamenany len v tretej kosbe (tab. III).

Skumané porasty reagovali rézne na davku N. Na
PTP vyssia davka (var. 4) zniZovala obsah ligninu v po-
rovnani s var. 3 vo vietkych kosbach (priemer rokov),
na DTP opalne. Aj v sudine celoroénych trod (priemer
rokov) bola na var. 4 PTP niZ§ia koncentracia ligninu
(51,68 g.kg") v porovnani s var. 3 (56,02 g.kg™'); na
DTP opacne, t. j. na var. 4 ¢inila 49,33 g.kg‘l v porovnani
s 44,47 g.kg'l na var. 3. Pricina r6znej reakcie porastov
na zvysenie davky N tkvie pravdepodobne v minerali-
zaénom efekte, ktory bol vyvolany orbou povodného
porastu pri jeho radikdlnej obnove. V dosledku toho
doslo k elimindcii u¢inku réznych davok N na var. 3
a4 DTP.

PK hnojenie (var. 2) malo v priemere troch rokov
jednoznacni tendenciu zvySovat obsah ligninu v suSine
urody jednotlivych kosieb i v suSine celorocnych trod
v porovnani s nehnojenym variantom (var. 1) na obid-
voch porastoch. Je to logické, pretoZe na PK variante
bola vys§ia pokryvnost druhov z floristickych skupin
legumindz a bylin, ktoré sa vyznacuji vy3§im obsahom
ligninu v porovnani s travami.

Dynamika vyvoja obsahu ligninu (priemer rokov
a variantov) v kosbéch mala na DTP zostupny trend
s najniZz§im obsahom v tretej kosbe (39,62 g.kg‘l), na
PTP sa obsah ligninu zvySil na maximum v druhej kosbe
(58,00 g‘kg‘l) a v tretej poklesol na minimum
(51,76 g.kg_[). Z hladiska stravitelnosti zodpovedaji
koncentracie ligninu v suSine na obidvoch typoch po-
rastov limitnej podmienke, ktora predstavuje koncentra-
ciu 70 g.kg"suéiny (Scehovic, 1992b). Holubek, Slam-
ka (1993) uvadzaji, Ze PTP pri trojkosnom vyuzivani
uvedent limitnd hodnotu neprekracuje, ¢o je v silade
aj s vysledkami tohto experimentu (tab. III). Medzi
koncentraciou ligninu v su$ine travnej fytomasy a stra-
vitelnostou organickej hmoty sme zistili relativne silni
negativnu zavislost (r = -0,67; n = 72).

Koncentracia esterov fenolkarboxylovych kyselin
(CPFI) v susine

Na zaklade analyzy variancie mozno konstatovat, Ze
typ porastu nemal Statisticky vyznamny vplyv na kon-
centraciu CPFI v suSine trod jednotlivych kosieb ani
v susine celoro¢nej trody (tab. VII).

Za celé obdobie trvania pokusu (priemer rokov, ko-
sieb a variantov) bola na PTP zistend koncentrécia CPFI
v suSine na drovni 12,34 g.kg_l, na DTP 13,49 gkg™',
t.j. 09,3 % viac v porovnani s PTP. Vyssie koncentré-
cie CPFI boli v priemernych hodnotéich za tri roky do-
siahnuté aj na jednotlivych variantoch DTP v porovnani
s variantmi PTP (tab. IV) vo vSetkych kosbach i ich
priemeroch. Tento trend je viditelny aj na variantoch
v jednotlivych kosbach a rokoch (s vynimkou tretej
kosby 1993 a 1994). Podobne ako typ porastu (resp.
radikalna obnova) ani hnojenie nemalo $tatisticky vy-
znamny vplyv na koncentraciu CPFI v suSine trdvnej
hmoty (tab. VII).
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U trojro¢nych priemerov koncentracii CPFI v suSine
celorocnej drody je na obidvoch typoch travnych poras-
tov zrejma tendencia ich vysSej koncentracie na varian-
toch hnojenych N a zvy$uje sa s daivkou N. NajniZSie
koncentrécie boli zistené na PK variante alebo na ne-
hnojenom variante. S vynimkou prvého roku pokusu
a tretej kosby 1994 na PTP a tieZ prvej kosby 1992 na
DTP bola najvyssia koncentracia CPFI na Stvrtych va-
riantoch, t. j. pri najintenzivnejSom hnojeni N.

V kosbach (priemer rokov) bol zaznamenany trend
poklesu koncentracie smerom k tretej kosbe na DTP; na
PTP bola najvysSia koncentriacia v tretej kosbe
(12,78 g.kg™') a najniZsia v druhej kosbe (12,08 gkg ™)
v priemere vSetkych variantov.

Koncentracia CPFI v suSine travneho porastu je ov-
plyviiovana predovsetkym jeho floristickym zloZenim
(Scehovic, 1991). Vyssia koncentricia bola stanovena
vo floristickej skupine trav, v ramci ktorej napr. reznac-
ka lalocnata (v rastovej faze metania) obsahuje
15,48 g.kg™! suginy CPFI. So zvySujicim sa podielom
floristickej skupiny bylin v trdvnom poraste koncentra-
cia CPFI klesd, nakolko jednotlivé druhy bylin maja
v porovnani s travami niz§i obsah CPFI (napr. Taraxacum
officinale 5,79 g.kg—], Geranium silvaticum 7,26 g.kg_]).

Uvedené poznatky potvrdzuji nase vysledky, na za-
klade ktorych sme vypocitali stredne silnt kladni kore-
laciu medzi pokryvnostou reznacky lalo¢natej a kon-
centraciou CPFI v suSine (v prvej kosbe r = +0,60;
v druhej kosbe r = +0,59; v tretej kosbe r = +0,44;
n = 24), ¢o sa v kone¢nom désledku prejavilo zniZenim
stravitelnosti organickej hmoty na variantoch s domi-
nanciou reznacky lalo¢natej, najmi v tretom roku trva-
nia pokusu (tab. IV, V, VI).

Hodnoty koncentriacie CPFI na DTP v zaverecnom
roku pokusu na variantoch hnojenych N vo vsetkych
troch kosbéch (15,7 az 16,56 g.kg_l) pri absolitnej do-
minancii reznacky lalo¢natej (okolo 90 %, tab. VI) zod-
povedaji pribliZzne obsahu CPFI v reznacke lalo¢natej
(15,48 gkg™h.

Stravitel'nost organickej hmoty suSiny

Na zédklade analyzy rozptylu sme zistili, Ze typ po-
rastu ani hnojenie nemali Statisticky preukazny vplyv
na stravitelnost organickej hmoty su$iny drod jednotli-
vych kosieb i celoroénej urody (tab. VII).

Hnojenie najvy§§ou davkou N (var. 4) pdsobilo na
stravitelnost suSiny (priemer rokov) negativne v prvych
kosbach na obidvoch typoch porastov (PTP 70,75 %:;
DTP 67,63 %). V dalsich kosbach (i v priemere kosieb)
boli hodnoty stravitelnosti na variantoch velmi vyrov-
nané na PTP i DTP, t. j. vplyv hnojenia sa v trojro¢nom
¢asovom horizonte prejavil na stravitelnosti organickej
hmoty suSiny minimalne (tab. V).

Hodnoty stravitelnosti organickej hmoty boli zdvislé
od koncentrécie esterov fenolkarboxylovych kyselin v su-
Sine travnej fytomasy. Vo vSetkych kosbach sme zistili
silny negativny vztah (v prvej kosbe r = -0,85; v druhej
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kosbe r = -0,74; v tretej kosbe r = -0,90; n = 24),
z ¢oho vyplyva, Ze stravitelnost organickej hmoty klesala
so stipajicou koncentraciou CPFI (Scehovic, 1992a).

Moézeme pozorovatl (tab. V), Ze v trefom roku pokusu
v porovnani s predchadzajicimi rokmi stravitelnost or-
ganickej hmoty suSiny na jednotlivych variantoch kle-
sala na obidvoch typoch travnych porastov ako désledok
zvySujicej sa koncentracie CPFI (tab. IV), sposobenej
zvy$enou dominanciou floristickej skupiny trav
(a v ramci nej najmi reznaCky laloCnatej, tab. VI) v po-
rastoch v zdvereCnom roku trvania pokusu.

ZAVER

Obnova pdvodného trdvneho porastu spdsobila zni-
Zenie obsahu ligninu o 11 % v priemere rokov, kosieb
a variantov. Na druhej strane tento faktor zvySoval kon-
centraciu esterov fenolkarboxylovych kyselin (CPFI)
priblizne 0 9 % (priemer rokov, kosieb a variantov).
Zvysenie koncentracie CPFI v suSine bolo sposobené
zvySenim pokryvnosti reznacky laloCnatej vplyvom obno-
vy pévodného porastu. Medzi pokryvnostou reznacky
lalo¢natej a koncentraciou CPFI v suine sme vypo&i-
tali stredne silna kladnd korelaciu (v prvej kosbe
r = +0,60; v druhej kosbe r = +0,59; v tretej kosbe
r=+0,44; n = 24), ¢o sa v kone¢nom désledku preja-
vilo zniZenim stravitelnosti organickej hmoty na varian-
toch s dominanciou reznacky lalo¢natej v tretom roku
trvania pokusu.

Hnojenie N (najmd davka 180 kg.ha") zvySovalo
koncentréciu CPFI v su§ine na obidvoch porastoch.

Obidva sledované faktory (typ porastu a hnojenie)
podmiefiovali v priemere rokov minimélne zmeny
v strdvitelnosti organickej hmoty suSiny medzi PTP
a DTP. Hodnoty strévitelnosti organickej hmoty boli
zdvislé od koncentrécie esterov fenolkarboxylovych ky-

T

1. Obsah ligninu (g.kg"'), esterov fenolkar-
boxylovych kyselin (g.kg") a stravitelnost
organickej hmoty sufiny travnej fytomasy
(%); priemer rokov a variantov — Content
of lignin (g.kg"). esterified phenolcarboxyl
acids (gkg™") and organic dry matter di-
gestibility of grass phytomass (%); average
of years and treatments

N

=

7%
%

%

Q
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selin v suSine travnej fytomasy. Vo vSetkych kosbach
sme zistili silny negativny vztah (v prvej kosbe r = -0,85;
v druhej kosbe r = -0,74; v tretej kosbe r = -0,90;
n = 24), z ¢oho vyplyva, Ze striavitelnost organickej
hmoty klesala so stapajicou koncentraciou CPFI. Rov-
nako medzi koncentraciou ligninu a stravitelnostou or-
ganickej hmoty sme zistili silni negativnu zavislost
(r =-0,67; n = 72). KedZe obnova porastu sposobila
zvySenie koncentriacie CPFI a sicasne zniZenie obsahu
ligninu v suSine, vysledkom tychto protichodnych pro-
cesov boli minimélne, tatisticky nepreukazné rozdiely
v strivitelnosti organickej hmoty suSiny medzi PTP
a DTP v priemere rokov a kosieb (obr. 1).
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VYNOSY POLNICH PLODIN V PODMINKACH
HORSKE OBLASTI

YIELDS OF FIELD CROPS IN CONDITIONS OF MOUNTAIN REGION
J. Sroller', J. Simon®

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

ABSTRACT: In exact field trials in two different crop rotations the effect of fertilization by industrial fertilizers and manure
was studied as affected the yields and the stability of yields of field crops in mountain production type. Experimental site is
situated at 670 m above sea level. Average annual air temperature is 5.8 °C, with average annual sum of precipitation 1020 mm.
Crop rotations: A) red clover, winter rye, root crop, oat with underseeding; B) red clover, triticale, root crop, spring barley
with underseeding. The following three variants of fertilization were selected for each crop rotation: 1. fertilization by industrial
fertilizers (used doses of nutrients see Tab. I); 2. fertilization by industrial fertilizers as variant 1 and 30 t.ha™! of manure to
root crop; 3. manuring in a dose of 60 t.ha™" to root crop and 30 t.ha™" winter cereal. The greatest differences in the yield of
main product as well as in the total production expressed in cereal units were found between variants fertilized in combined
way (manure and fertilizers) and variants fertilized only by manure. Red clover alone in the systems of crop rotations did not
respond to fertilization, slightly increased hay yields gave in the manured system (3). The other variants only manured (winter
and spring cereals, root crops) showed a decrease of yields by 20 to 34% compared with average. Yield stability evaluated
for three experimental years (1995, 1996, 1997) was highest in red clover and spring cereals, lower in root crops. It has been
showed that replacement of nitrogen fertilizers by manures cannot stabilize yields and prevent contamination of waters. Results
confirm that classical system of organo-mineral fertilization was not significantly better than sole fertilization by fertilizers,
if perennial leguminose is in the system. Fertilization by organic fertilizers alone in all years showed (except red clover) highly
significant decrease of crop yield and productivity of crop rotations. Optimization of production in marginal regions is possible
above all by stabilization of crop rotations in representation of perennial forage crops and balanced manuring and fertilizing.

Keywords: mountain production type; systems of fertilization; crop yields; stability of yields

ABSTRAKT: V piesnych polnich pokusech v horském vyrobnim typu CR byl sledovén vliv hnojeni primyslovymi a statkovymi
(organickymi) hnojivy na vynosy a stabilitu vynosi jetele lu¢niho, ozimych a jarnich obilnin a okopanin v trvalych osevnich
postupech. Pokusy prokazaly vyznamny pozitivni efekt kombinovaného hnojeni na vynosy obilnin i okopanin. Plodiny hnojené
pouze organicky poskytovaly s vyjimkou jetele luéniho niz&i vynosy o 20 az 34 % oproti priméru. Pomérné vysoka vynosovi
stabilita ve tfech pokusnych letech byla zji§téna u jetele lu¢niho a obilnin.

Klicovi slova: horsky vyrobni typ; systémy hnojeni; vynosy plodin; stabilita vynost

UvoD

Marginalni oblasti zaujimaji v CR 45 % zemé&d&lské
pidy (Kvapilik, 1996). Rada autort fesi otdzky vhodného
vyuziti téchto ploch tak, aby byly v souladu nejen pro-
dukéni, ale i krajinotvorné aspekty se zietelem k eko-
logickym poZadavkiam. Dusledn&jsi diferenciaci pé&sto-
véni tradicnich plodin v zavislosti na agroekologickych
a ckonomickych podminkach zdaraziiuji pro tyto oblas-
ti Vrko¢, Vach (1995). Vztahy mezi strukturou plodin
a jejich vynosy v osevnim postupu se zabyvaji téZ Sroller,
Rosochatecka (1999). Simon (1995) a Zimova (1989)
upozorfiuji v téchto podminkdch na dlohu osevnich po-
stupt z ekologickych hledisek. Klir (1993) dokazuje, Ze
v podhorskych oblastech je icelny monitoring soustavy
hnojeni, pricemZ pouhd nahrada praimyslovych dusikatych
hnojiv statkovymi hnojivy nemiize stabilizovat vynosy

ROSTLINNA VYROBA, 46, 2000 (4): 185-191

a zamezit zneCiStovani podzemnich vod. Hodnocenim
soustav plodin v margindlnich oblastech ve vztazich
vynosy — rentabilita péstovani se zabyva také Sindela-
fova (1999).

MATERIAL A METODY

Cilem pokust zaloZenych na pokusné stanici VURV
Praha-Ruzyné ve Vysokém nad Jizerou v letech 1995
az 1997 bylo posoudit vliv soustav hnojeni ve dvou
odlisnych osevnich postupech na produkci hlavniho
a vedlejsiho produktu, vyrobnost celkem v obilnich jed-
notkach (OJ) a miru stability v prabéhu sledovanych
roénikda.

Pokusna stanice ve Vysokém nad Jizerou se nachazi
v nadmoi'ské vySce 670 m, v horském vyrobnim typu.
Padnim typem je kambizem (hnéda puda), pievladajicim
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I. Davky Zivin v pramyslovych hnojivech u variant | a 2 (kg.ha") -
Doses of nutrients in fertilizers in variants 1 and 2 (kg.ha™")

Plodina' N P,05 K,0 | Celkem®
Jetel luéni? 0 0 0 0
Ozima obilnina® 70 50 100 220
Okopanina? 150 60 130 340
Jarni obilnina® 70 75 120 265
Celkem® 290 185 350 825
Pramér’ 72,5 46,2 87,5 206,2

- - | .
Icrop. %ted clover, *winter cereal, *root crop, “spring cereal, Stotal,
average

padnim druhem hlinitopiscita pada s orni¢ni vrstvou do
0,2 az 0,3 m.

Agrochemické vlastnosti ornice: pH (KCl) 5,6; ob-
sah P 18,6 mg.kg"l; obsah K 109,5 mg.kg™'; primérna
rocni teplota vzduchu 5,80 °C, primérnd rocni suma
srazek 1020 mm.

Sledovéany byly dva osevni postupy, li§ici se druhy
zatazenych ozimych a jarnich obilnin: A (jetel lu¢ni,
ozimé Zito, okopanina, jarni oves s podsevem); B (jetel
luéni, tritikale, okopanina, jarni je¢men s podsevem).

V kazdém osevnim postupu byly zvoleny tfi varianty
hnojeni: 1. hnojeni pouze primyslovymi hnojivy (tab. I);
2. hnojeni primyslovymi hnojivy jako u varianty 1
230 tha™! chlévského hnoje k okopaning; 3. pouze

II. Vynosy plodin v roce 1995 (v t.ha™' a v obilnich jednotkéach na 1 ha) — Crop yields in 1995 (in tha™" and in cereal units per | ha)

Osevni | pogin 2 Varianta Vynos* (tha™") Obilni jednotky®
postup' hnojent’ hlavni produkt® |vedlejii produkt? | hlavni produkt | vedlej§i produkt celkem®

1 9,27 * 4,63 * 4,63

jetel lugn® 2 10,17 * 5,09 * 5,09

3 9,87 * 4,93 * 4,93

¥ 9,77 4,88 488

1 6,37 447 6,37 0,45 6.82

— 2 6.58 4,65 6.58 0,45 7.03

3 3,85 2,90 3,85 0.29 4,14

A x 5,60 4,01 5,60 0.40 6,00
I 49,96 33,27 5,00 3.37 8,37

kemnd fepa!! 2 50,78 37,12 5,08 3,71 8,79

3 43,01 17,56 430 1,76 6.05

¥ 47,92 29,32 4,79 2,95 7,74

1 523 5,00 523 0,75 5.98

oves'? 2 5,27 4,92 527 0,74 6,01

s podsevem'? 3 3,55 4,54 3,55 0,68 423

x 4,68 482 4,68 4,22 541

1 9,34 * 4,67 * 4,67

jetel lugni 2 9,57 * 478 * 4,78

3 9.85 * 4,93 * 4,93

X 9,59 4,79 4,79

1 7,50 4,60 7.50 0.46 7.96

— 2 8,05 482 8,05 0,48 8,53

3 5.21 3,09 521 0,31 5.52

B 3 6,92 417 6.92 042 734
1 50,08 27.85 5,01 2,78 779

—— ) 512,41 38,12 524 381 9,05

3 48,28 19,03 4,83 1,90 6,73

X 50,25 28,33 5,03 2,83 7,86

1 6.25 430 6,25 0,64 6,89

jarni je¢men'* 2 6,25 4,13 6.25 0,62 6.82

s podsevem!? 3 327 3,63 3.27 0,54 381

x 5,26 4,02 5,26 0,60 5,84

1 ; 2 3 s 5 4 5 : . : g .
crop rotation, “crop, “fertilization variant, 4yleld. cereal units, *main product, Tside product, Stotal, “red clover, "winter rye, "fodder beet,

Z0at, I“u'i!iclec, Mspring barley, Bwith underseeding
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organické hnojeni v ddvce 30 tha™' k ozimu a 60 t.ha™'
k okopaniné.

Pouzité davky Zivin k jednotlivym plodinam jsou uve-
deny v tab. I. Velikost pokusné parcely byla 25 m?> (ve
Styfech opakovdnich). Agrotechnika pokusu se fidila
pokusnickymi zasadami, ochrana porostii byla realizo-
véna b&Znymi pesticidy podle potieby.

Ve vysledcich jsou hodnoceny vynosy hlavniho
a vedlej§iho produktu a jejich pfepodet na obilni jed-
notky. Stabilita vynost byla vyhodnocena jednak pro-
centudlnim porovninim kaZdé varianty a roCniku s tii-
letym pramérem varianty, jednak mirou stability.

V roce 1996 vymrzly ozimé obilniny (Zito a tritikale)
a byly nahrazeny jarnimi obilninami, v letech 1995

a 1996 byla péstovana krmna fepa, kterou nahradily
v roce 1997 brambory.

VYSLEDKY A DISKUSE

Prehled o naturdlnich vynosech hlavni a vedlejsi pro-
dukce a obilnich jednotkach (OJ) u sledovanych plodin
v jednotlivych pokusnych letech podavaji tab. II az IV.
Informaci o primérnych vynosech hlavniho produktu
a o celkové produkci plodin, vyjadiené v OJ, uvadi tab. V.

Pfi hodnoceni vynost sena jetele luéniho nebyly me-
zi osevnimi postupy zjiStény podstatné rozdily. V obou
osevnich postupech u varianty hnojeni 1 (pouze pri-

Il Vynosy plodin v roce 1996 (v tha™' a v obilnich jednotkdch na | ha) — Crop yields in 1996 (in tha™' and in cereal units per | ha)

Osevni | o 2 Varianta Vynos* (t.ha™) Obilni jednotky®
postup' hnojent’ hlavni produkt® |vedlejsi produkt’ | hlavni produkt | vedlejsi produkt celkem®
1 1,57 * 3,78 * 3,78
jetel Tugnf? 2 7.69 * 3,84 * 3,84
3 8,78 * 4,39 * 439
¥ 7,99 4,00 4,00
1 6,00 497 6,00 0,74 6.74
ovestl2 2 5,79 557 579 0,83 6,62
3 4,75 429 475 0,64 539
& X 5,51 494 5.51 0,74 6,25
| 26,53 30,10 2,65 3,01 5,66
P 2 31,53 39.73 3,15 3,97 712
3 21,75 24,18 2,17 2,42 4,60
x 26,60 31,34 2,66 3,13 579
1 4,48 4,27 4,48 0,64 5,12
oves'? 2 4,50 4,69 4,50 0,70 5.20
s podsevem'® 3 2,05 3.62 2,05 0.54 2,59
x 3,67 4,19 3,68 0,63 4,30
1 7,36 ¥ 3,68 * 3,68
jetel lugni 2 741 * 3,70 * 3,70
3 9,01 * 4,50 * 4,50
x 792 4,02 4,02
1 4,80 2,44 4,80 0.37 5.17
jarni jcémenm 2 431 235 431 0,35 4,66
3 3,70 1,94 3,70 0,29 3.99
B X 4,27 2,24 4,27 0,33 4,61
1 34,10 31,15 3,41 3,11 6,52
krmnd Fepa 2 32,92 37,90 329 3,79 7.08
3 22,83 1933 2,28 1.93 4,21
x 29,95 29,12 2,99 2,94 5,94
| 4,97 3,21 4,97 0,48 5.45
jarni je¢men'* 2 533 3.81 533 0,57 5,90
s podsevem'* 3 2,05 3,35 2,05 0,50 2,55
x 4,12 3,46 4,12 0,52 4,63
* nihradni plodina za vyzimované ozimy — alternative crop under winter killing crops
For 1-15 see Tab. 11
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myslova hnojiva) byly vSak vynosy sena niZ8i oproti
varianté 3 (jen organické hnojeni), a to u osevniho po-
stupu A 0 6 % a u osevniho postupu B 0 9 %. Dokazu-
je to negativni pasobeni minerdlniho hnojeni dusikem
na podsev jetele luéniho pfi jeho zakladani v porostech
jarnich obilnin.

Z hodnoceni vynost zrna ozimych obilnin vyplyva,
Ze tritikale dosahovalo ve vSech sledovanych letech pra-
kazn& vysSich vynosi zrna neZ ozimé Zito (v praméru let
o0 24 %). Vynechané hnojeni primyslovym dusikem
u ozimych obilnin a jeho nahrada hnojenim chlévskym
hnojem (dévka 30 tha™' je ekvivalentni davce 70 kg
N.ha™) nedokézaly udrZet srovnatelnou vynosovou tro-
veil a u této varianty (3) doslo k poklesu vynosu zrna
ozimt o 40 aZ 48 % oproti varianté 2.

Byly zaznamenédny vynosové rozdily téZ mezi jed-
notlivymi variantami jarnich obilnin. Primérny vynos
zrna jarniho je¢mene u varianty 1 byl ve srovnani s vyno-
sem zrna ovsa vyS$§i o 12 az 13 %. Stejné jako u ozi-
mych obilnin ani kompenzace absence minerdlniho
hnojeni chlévskym hnojem k pfedplodiné u varianty 3
(navyseni davky o 30 t.ha") nezabrénila poklesu vyno-
su zrna jarnich obilnin oproti varianté 2 (u ovsa o 38 %,
u jarniho je¢mene o 49 %). Vynosovou troveii jarnich
obilnin ovlivnil zejména na varianté 3 i abnormalné in-
tenzivni rust podsevu jetele lucniho.

Vynosy krmné fepy byly vyssi v osevnim postupu B
(v praméru let a variant hnojeni o 7 %) nez v osevnim
postupu A. Na varianté 2 nebyly zaznamenany mezi
osevnimi postupy ve vynosech krmné fepy statisticky

1V. Vynosy plodin v roce 1997 (v tha™' a v obilnich jednotkach na 1 ha) — Crop yields in 1997 (in tha™" and in cereal units per 1 ha)

Osevni | pp o Varianta Vynos® (t.ha™") Obilni jednotky®
postup! hnojeni® hlavni produkt® |vedlejii produkt’ | hlavni produkt | vedlejsi produkt celkem®

1 7,44 * 3,72 * 372

jetel lutnf? 2 7,96 * 398 * 3,98

3 7.23 * 361 * 3,61

X 7.54 3,77 3,77

| 4,56 426 4,56 0,42 498

sl 2 473 436 473 0,43 5,16

3 4,04 3,18 4,04 031 435

A x 4,44 393 4,44 039 4,84
| 17,60 * 4,40 * 4,40

— 2 19,07 * 477 * 477

3 14,76 * 3,69 * 3.69

x 17,17 429 4,29

1 528 3,18 5,28 0,47 576

oves!? 2 596 3,38 5,96 0,51 6,47

s podsevem'? 3 3.95 282 3.95 0.42 437

x 5.06 3,12 5,06 0,47 5,53

| 730 * 3,65 * 3,65

jetel luéni B 132 il 3,96 * 3,96

3 7.59 * 3,79 * 3,79

X 7,60 3,80 3,80

1 6,30 372 63 037 6.67

itikale!? 2 5.98 3,67 5.98 037 6.35

3 493 1.69 493 0,17 5.10

B X 5,74 3,03 5,74 0,30 6.04
1 19,59 * 4,90 * 490

— 2 21,35 * 5,38 * 538

3 14,62 * 3,65 * 3,65

x 18,52 4,63 4,63

1 5.64 2,60 5,64 0,39 6,03

jarni je¢men!? 2 6,20 2,51 6,20 0,37 6,57

s podsevem!® 3 3,60 1,89 3,60 0.28 3.88

x 515 2,33 515 0,35 5,50

For 1-15 see Tab. II, '{'pommes
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V. Vynosy hlavniho produktu a celkovi produkce v obilnich jednotkich v priméru pokusnych let u sledovanych plodin — Yields of main
product and total production in cereal units on average of experimental years in studied crops

Bseynt e Varianta Vynos* Obilni jednotky®
| Plodina - =1
postup hnojeni tha % 0J %
1 8,09 94,0 4,04 93.9
jetel luéni” 2 8,61 100,0 430 100,0
3 8,63 100,2 431 100,2
1 5.47 96,6 6,18 98,6
ozimé Zzito*'" 2 5,66 100,0 6,30 100.0
A 3 3,95 69,8 4,63 73.8
1 38,25 92,9 6,41 96,7
krmnd fepa™!! 2 41,16 100,0 6,63 100,0
3 3238 78,7 4,78 75.9
1 5,00 95.4 5,17 87.8
oves'?

s 2 524 100,0 5,89 100,0

s podsevem
3 3,18 60,7 3,73 63,2
1 8,00 96,4 4,00 96,4
jetel luéni 2 8,301 100,0 4,15 100.0
3 28,82 106,3 441 106,3
1 36,90 98.3 6,60 101.4
tritikaleX!? 2 17.02 100,0 6.51 100,0
B 3 25,07 52,2 4,87 74,8
1 42,09 98,6 6,40 89.4
krmna fepa® 2 42.67 100,0 7,10 100,0
3 35,56 63.3 4,87 68,0
e 1 5,62 94,8 6,12 94,9

jarni jeCmen
s podsevem!s 2 593 100,0 6,45 100,0
3 2,97 50,1 3,42 53,0

* primér ze dvou let — average from two years

For 1-15 see Tab. 11

VI. Vynosy v obilnich jednotkich vyjadiené v % z tfiletého praiméru — Yields in cercal units expressed in % from three-year average

Osevni postup' Plodina? Varianta hnojeni’ 1995 1996 1997
1 114,46 93,59 91,96
jetel luéni? 2 118,17 89.35 92,49
3 114,30 101,78 83,81
1 110,20 109.10 80,65
ozimé Zito!" 2 112,20 105,51 82,27
A 3 89,41 116,48 94,12
1 130,70 88,40 68,68
okopanina'” 2 132,52 107,43 71,86
3 126,63 96,23 77.14
- 1 106,42 91,12 102,45
oves
¢ podesgsmi® 2 101,96 88,30 109,76
3 113,37 69,48 117,17
1 116,75 92,00 91,25
jetel lucni 2 115,30 89,27 95,42
3 111,79 102,15 86,05
1 120,57 78.25 101.06
tritikale 2 130,99 71,58 97,45
B 3 113,35 81,96 104,72
1 121,67 101,87 76.45
okopanina 2 126,49 98,95 74,57
3 138,29 86,62 75,09
iatnt iedrmen’d I 112,57 88,99 98.44
JS“;’(‘)' s 2 106,53 91.51 101,98
3 111,65 74,70 113,67

For 1-15 see Tab. II,

17
root crop
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1. Vyrobnost osevnich postupt (v OJ) — Productivity
of crop rotations (in cereal units)

A, B = osevni postup — crop rotation
osa x: varianty hnojeni — x axis: fertilization variants

VII. Mira stability (v %) vynosu v obilnich jednotkich celkem — Stability margin (in %) of the yield in cereal units in total

Osevni postup’ Varianta® Jetel Tuéni® Ozimé Zito'" Okopanina'? Oves'? s podsevem'*
| 89,95 86,33 72,84 87,64
A 2 87,79 86,78 76,02 89,96
3 87,51 86,96 79,61 78,39
Osevni postup' Varianta3 Jetel lu¢ni® Tritikale'? Okopanina'” Jarni je¢men'* s podsevem'?
1 90,67 82,05 81,52 89,80
B 2 87,69 75,72 78,56 93,06
3 88,39 86,36 72,25 81,46

For 1-15 see Tab. II, '"root crop

prikazné rozdily. Na varianté 3 (organické hnojeni) do-
§lo k poklesu vynost krmné fepy oproti varianté 2
v osevnim postupu A o 21 % a v osevnim postupu B
037 %.

Z hodnoceni celkové produkce sledovanych plodin
v obilnich jednotkach (tab. II az V) je ziejmé, Ze relace
mezi osevnimi postupy, jednotlivymi plodinami a va-
riantami hnojeni se vyrazné nemeéni. Pouze u ozimych
obilnin doslo na varianté 3 ke zmenSeni rozdilt oproti
varianté 2 zvy$enym nértstem vedlej$iho produktu (sla-
my) u varianty 3.

Z bilance vyrobnosti osevnich postupt (obr. 1) vy-
plyva, Ze relace mezi variantami hnojeni v ramci osev-
nich postupi jsou shodné jako u jednotlivych plodin
s vyjimkou jetele lu¢niho, s patrnou tendenci vyssi vy-
robnosti osevniho postupu B (u varianty 2 aZ o 5 %).

Vynosovou stabilitu plodin a variant lze posoudit
jednak srovninim drovné vynosu, vyjadienych v pro-
centech k tiiletému praméru (tab. VI), a jednak mirou
stability (tab. VII). Nejvy38i miru stability a nejmensi
kolisani vynost vykazal jetel lucni, zatimco u krmné
fepy mely tyto hodnoty opacny trend. Jarni obilniny
maji vyS§§i miru stability nez ozimy (v roce 1996 vy-
mrzly) a z jarnich obilnin vice je¢men neZ oves, coZ je
ponékud piekvapujici zji$téni.

Vybrany soubor plodin odpovidd danym stanovist-
nim podminkdm (Vrko¢, Vach, 1995) a pfi nastdvajici
restrukturalizaci rostlinné vyroby lze odekavat, Ze tato
struktura plodin bude v horské oblasti dobfe vyuZitelna
(Simon et al., 1997). Vynosova droveii plodin, zejména
tritikale (6 az 7 t.ha™!) a jarniho je¢mene (5 a7 6 t.ha™")
tyto pfedpoklady jednozna¢né potvrzuje (Gromova,
Dancik, 1995). Vynosy plodin téZ dokazuji, Ze na ménég
pfiznivych stanovistich i na ptidach s niZ8i Grodnosti,
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za podminek dodrZeni spravného sledu plodin (osevni-
ho postupu), se lze produkci vyrovnat i lep§im stano-
vistim (Kubat, Lipavsky, 1996). Ukazuje se rovnéz, Ze
i pouZitd droveii hnojeni je oprdvnénd, jednak s ohle-
dem na vynosovou odezvu plodin, ale je nutna i vzhle-
dem k bilanci Zivin, resp. odbéru Zivin vynosy plodin
(Klir, 1993). Pouh& ndhrada primyslovych dusikatych
hnojiv statkovymi hnojivy nemiZe stabilizovat vynosy
a zamezit zneCiStovani vod (Vanék et al., 1997). Nase
vysledky téZ dokladaji, Ze klasicka soustava organomi-
nerdlniho hnojeni (varianta 2) nebyla prukazné lepsi
nez pouhé hnojeni primyslovymi hnojivy (varianta 1),
pokud je v soustavé viceletd leguminéza (Travnik et al.,
1998). Hnojeni pouze organickymi hnojivy (varianta 3)
ve vSech letech mélo za nésledek (s vyjimkou jetele
luéniho) vysoce prikazny pokles vynosu i vyrobnosti
osevnich postupt.

V podhorskych marginélnich oblastech je moZné opti-
malizovat rostlinnou produkcei predevsim vhodnym osev-
nim postupem s vy$§im podilem viceletych picnin (je-
telotrav) a vyvédZzenou vyZzivou jednoletych druhu tak,
aby bylo dosaZeno jeji intenzity i rentability.
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