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JAKOST SLADU V ZAVISLOSTI NA ODRUDE, ROCNIKU
A TECHNOLOGII SLADOVANI U JARNIHO JECMENE

MALTING QUALITY IN DEPENDENCE ON GENOTYPE, YEAR
AND MALTING TECHNOLOGY IN SPRING BARLEY

M. Spunarova', J. Prokes’

IAgricultural Research Institute, Kromériz, Czech Republic
’Research Institute for Brewing and Malting, Brno, Czech Republic

ABSTRACT: One-third of spring barley production is used for malt, and subsequently beer production. High qualitative
parameters are required for this part of the production. The main objective of the study was to evaluate individual malt quality
parameters in relation to genetic, technological and climatic factors. Two standard varieties of spring barley Rubin and Akcent,
and new breeding line KM 1630 were cultivated after sugarbeet in four replicates. They were malted after the harvest using
four malting processes: standard one — two months after the harvest, classic steeping, descending temperatures and higher
water content at shorter germination in 1994 to 1996. The obtained values were analysed using the Stat-Plus program and
presented in graphs produced by the Excel program. Mean values of qualitative parameters in the tested varieties under four
malting processes during three years are illustrated in Figs 1 to 8. ANOVA was used to assess effects of the variety, year
and malting process on individual qualitative parameters (Tab. I). The effect of the variety on malt extract content and diastatic
power was highly significant (P = 0.01), and that on protein content, final attenuation and malt friability was insignificant.
Ratios of mean squares (Tab. I) show dominant effects of the year on protein, final attenuation and friability. Changed
conditions of malting processes showed highly significant effects on Kolbach index, diastatic power and final attenuation.
Relative extract at 45 °C and malt friability were affected only significantly (P = 0.05). The analysis showed that the adjusted
malting process could not affect values of the decisive malting parameter, malt extract content, and protein content either.
To assess potential relationships between individual malt parameters, the correlation analysis was used (Tab. 1) which
suggested a lot of significant to highly significant correlations. Most of all, the highly significant positive correlation was
found between grain protein content and diastatic power (r = 0.85™). Highly significant negative correlations were assessed
between grain protein content and the following parameters: malt extract (r = -0.49""), Kolbach index (» = -0.67""), and
friability (r = -0.76""). Other very important qualitative parameter, malt extract, correlated with Kolbach index highly
significantly (r = -0.76"") and with relative extract significantly (r = -0.37""). All the findings in this study suggest that
malting quality of barley is a complex of closely related characters.

spring barley; malting quality; variety; qualitative parameters; year; malting process

ABSTRAKT: U souboru tii sladovnickych odrid jarniho jemene byly v rognicich 1994 az 1996 sledoviny jednotlivé
parametry sladovnické jakosti a moZnosti jejich ovlivnéni &tyfmi rdznymi technologiemi sladovéni. Vysledky sladovéni
zhodnocené analyzou variance prokdzaly vysoce priikazny vliv (P = 0,01) odridy na obsah extraktu sladu a diastatickou
mohutnost, priikazny vliv (P = 0,05) na obsah relativniho extraktu a Kolbachova &isla, nevyznamny vliv na kone&ny stupefi
prokvadeni, friabilitu sladu a obsah bilkovin. Ro¢nik ve srovnini s odriidou prokizal pfevaZujici vliv na hodnoty bilkovin,
konetného stupné prokvadeni a friability. Z hlediska zm&nénych podminek technologie sladovéni byly vysoce pritkazn&
ovlivnény hodnoty Kolbachova &isla, diastatické mohutnosti a kone¢ného stupné prokvaseni. Jen vyznamné byl ovlivnén
obsah relativniho extraktu pfi 45 °C a friabilita sladu. Analyzou se prokazalo, Ze ipravami technologie sladovéni nelze ovlivnit
hodnoty rozhodujiciho sladovnického ukazatele obsahu extraktu sladu a rovn&Z obsahu bilkovin. Ke zji§téni vztahii mezi
jednotlivymi sledovanymi parametry byla provedena koreladni analyza, kterd ukdzala na fadu vyznamnych, statisticky pri-
kaznych aZ vysoce prikaznych korelanich vztahl. Pfedeviim byla stanovena vysoce prikaznd korelace mezi obsahem
bilkovin v zrn& a diastatickou mohutnosti (» = 0,85"") a extraktem sladu (r = -0,49"") a Kolbachovym &islem (r = -0,67"")
a friabilitou (r = =0,76""). Dalii velmi dileZity kvalitativni parametr extrakt sladu vysoce kladn& (r = 0,76™") koreloval
s Kolbachovym &islem a priikazng (r = 0,37") s relativnim extraktem. Vechna zjidténi v této studii ukazuji, Ze sladovnickd
hodnota je¢mene predstavuje komplex vzdjemné provdzanych znak.

jarni je¢men; sladovnickd jakost; odriida; kvalitativni parametry; roénik; technologie sladovani
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Produkce zrna jarniho je¢mene jako druhé nejdile-
7itéj8i obilniny se zhruba ze 70 % zkrmuje. Zbyvajici
tfetina produkce jeCmene je surovinou k vyrobé sladu
a nasledné piva. Na tuto mensi ¢ast produkce jsou kla-
deny vysoké jakostni poZzadavky, plné odpovidajici z4-
mérim zpracovatelského primyslu. Niaroéné poZadav-
ky zpracovatell jsou nutné nejen pro uspokojeni stile
naro¢né&jSich zahranicnich odbérateli sladu, ale dnes
i pro zabezpeceni tuzemské vyroby sladu a piva (Ko-
saf, 1996). V ramci pfiblizeni se k systémim hodno-
ceni pouzivanym v ¢lenskych zemich EBC (Evropska
pivovarska konvence) bylo dosavadnich Sest hodnoce-
nych znaki sladaiské kvality (obsah bilkovin v zrné,
obsah extraktu ve sladu, relativni extrakt pfi 45 °C,
Kolbachovo ¢islo, diastatickd mohutnost, dosaZitelny
stupefi prokvaseni) rozsifeno o dal3i dva vyznamné pa-
rametry jakosti — friabilitu sladu a obsah B-glukani ve
sladiné (Psota et al., 1995). S ohledem na podstatu
viech znaku lze konstatovat, Ze jde o mnoZstvi a jakost
latek tvoricich extrakt a enzymatickou aktivitu nezbyt-
nou k prevedeni téchto latek do rozpustné formy a déle
tvorbu chutovych a aromatickych latek nutnych pii vy-
robé piva pro jeho koloidni a senzorickou stabilitu
(Stoklasova, 1993; Kosaf et al., 1997).

Obsah technologicky duleZitych latek a Cinnost en-
zymatického komplexu zrna je ovliviiovana nejen ge-
notypem, ale i vyrazn& klimatickymi a technologicky-
mi podminkami pfi jeho péstovani a zpracovani.

Cilem predlozeného prispévku bylo prostudovéni
odridovych a technologickych vliva a jejich podili na
jednotlivych ukazatelich sladafské jakosti zrna u stan-
dardnich sladovnickych odrad a nového materialu jar-
niho je¢mene.

MATERIAL A METODA

Vybrané sladovnické odriidy Rubin, Akcent a novy
$lechtitelsky material jarniho jecmene KM 1630 byl
péstovény v maloparcelkovych pokusech (4 x 10 m®)
na pozemcich Zemédélského vyzkumného tstavu Kro-
méfiz v letech 1994 az 1996. Metodika péstovani byla
standardni, po predplodiné cukrovce se zaordavkou chras-
tu. Pokusy byly sklizeny maloparcelnim kombajnem
Osevan v plné zralosti. Po sklizni byl u kazdého opako-
vani stanoven vynos zrna (tha™"), hmotnost zrna (HTZ
v g) a podil zrna na sité 2,5 mm (%). Sladovnicka hod-
nota zrna je¢mene byla hodnocena laboratornim slado-
vanim ve Vyzkumném dstavu sladaiském v Brné
(VUPS) za pouZiti &tyf technologii:

T1 - sladovani standardni technologii: maceni 3den-
ni, vzdu$né, 4-5-5 h pod vodou, 14 °C, celkem 53 h,
z toho 14 h pod vodou a 39 h bez vody; je¢men po
vymoceni dokropen na 46 % vody, teplota pfi kli¢eni
14 °C, vzorky Ix denn& obraceny a kypieny, maceni
a kli¢eni trvalo celkem 6 dni (144 h), hvozdéni 1 x 22 h
pii dotahovaci teploté 80 °C po dobu 4 h;
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T2 - sladovani s klasickym macenim: maceni 3den-
ni, 16-16-16 h pod vodou, celkem 64 h, z toho 48 h
pod vodou a 16 h bez vody, pri kli¢eni 14 °C, vzorky
I1x denné obraceny a kypfeny, maceni a kliceni trvalo
celkem 6 dni (144 h), hvozdéni | x 22 h pii dotahovaci
teploté 80 °C po dobu 4 h;

T3 - sladovani sestupnou teplotou pfi kli¢eni se sou-
Casnym zvySovanim vody: maceni 2denni 4-5 h pod
vodou, 18 °C, celkem 29 h, z toho 9 pod vodou a 20 h
bez vody, kliceni pfi sestupné teplot& od 18 °C na 12 °C
(denné o 2 °C, tj. z 18 °C na 16-14-12 °C) a dokrope-
ni na 48 % vody, maceni a kli¢eni trvalo celkem 6 dni
(144 h), hvozdéni na elektricky vyhfivaném hvozdu
1 x 22 h pfi dotahovaci teploté 80 °C po dobu 4 h;

T4 - sladovani s vysokym obsahem vody pfi sou-
Casné zkrdcené délce kliceni: maceni 3denni, vzdusné,
4-5-5 h pod vodou, 14 °C, celkem 53 h, z toho 14 h
pod vodou a 39 h bez vody; je¢men po vymoceni do-
kropen na 48 % vody, teplota pfi kliceni 14 °C, vzorky
Ix denné obraceny a kypfeny, maceni a kli¢eni trvalo
celkem 5 dni (120 h), hvozdéni 1 x 22 h pfi dotahovaci
teploté 80 °C po dobu 4 h.

Vysledky sladovani byly zpracovany pomoci analy-
zy variance za pouziti pocitaového programu Stat-
-Plus. Prukaznost rozdild mezi ro¢niky, odridami
a technologiemi sladovani byla hodnocena Tukeyovym
testem. Vzajemné vztahy mezi testovanymi parametry
jakosti byly stanoveny vypo&tem korelacnich koefici-
entii. Ke grafickému vyjadieni ziskanych vysledku jed-
notlivych parametra sladovnické jakosti bylo pouZito
pocitatového zpracovani programem Excel.

VYSLEDKY A DISKUSE

Hodnoty sledovanych parametra sladovnické jakosti
zrna analyzovanych odrid jarniho je¢mene pfi riznych
technologiich sladovani v prabéhu tii roéniki jsou gra-
ficky znazornény na obr. 1 az 8. Z grafického znazor-
néni je zfejmy vysSi obsah bilkovin (obr. 1) v ro¢nicich
1995 a 1996. Stejné vysledky prokazali Prokes,
Kraus (1995) pii hodnoceni odrid je¢mene ze skliz-
né 1995 z celé CR. Statisticky vysoce prikazné zvySeni
prumérnych obsaht bilkovin v ro¢nicich 1995 a 1996
oproti roku 1994 se projevilo u vSech tfi pozorovanych
odrad. Statisticky prikazny rozdil byl nalezen mezi od-
ridami Rubin a Akcent. Zcela neprikazné zistaly obsa-
hy bilkovin pfi pouZiti riznych technologii sladovani.

NejniZ§imu obsahu bilkovin v roce 1994 odpovida
nejvy3s8i obsah extraktu, s vyjimkou odridy Akcent,
u které byl dosaZen pfi viech technologiich vyznamné
vy3§§i extrakt v roce 1996. Naopak s vysokym obsahem
bilkovin v roce 1995 souvisi velmi vysoce prikazny
pokles obsahu extraktu (obr. 2) v tomto ro&niku
u viech sledovanych odrid, rovnéz i pfi viech techno-
logiich sladovani. Postup jednotlivych technologii sla-
dovéni se vyznamné neodrazil na hodnotidch obsahu
extraktu.

ROSTLINNA VYROBA, 44, 1998 (2): 45-50
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5. Diastaticka mohutnost — Diastatic power

Obdobné i obsah relativniho extraktu pfi 45 °C
(obr. 3) byl statisticky nejniZ3i v rocniku 1995 u viech
odrid. Stejna zavislost se viak neprojevila v roce 1994,
ale vyznamné nejvysSi relativni extrakt byl dosaZen
v roce 1996, pri¢emZ nejvyssi hodnoty v tomto roce

dosahla odrida Rubin pfi technologii T2. Nejnizsiho

ROSTLINNA VYROBA, 44. 1998 (2): 45-50
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2. Extrakt v sudiné sladu — Malt extract
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4. Kolbachovo ¢islo — Kolbach index
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6. Konecny stupeii prokvaseni — Final attenuation

obsahu relativniho extraktu dosahlo n§l. KM 1630. ale
opét s vyjimkou roku 1996, kdy rovnéz pouzitou tech-
nologii T2 vykazalo stejnou hodnotu s odridou Rubin.
Statisticky prikazny pokles hodnot v tomto roce zpra-
covanim stejnou technologii se projevil u odrady Ak-
cent. Zménénd technologie sladovini prikazné ovlivni-
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7. Friabilita - Friability

la hodnoty parametru relativniho extraktu, nejlépe se pro-
jevilo klasické maceni (T2), kdy kliceni probihalo 48 h
pod vodou a 16 h bez vody, pfi nepfetrZitém vétrani.

Rovnéz i hodnota Kolbachova cisla (obr. 4) méla
obdobny roénikovy trend, kdy byly statisticky vysoce
vyznamné nejvyssi hodnoty tohoto parametru v roce
1994, vyjimecéné velmi nizké v roce 1995 a téméf stej-
né (s rokem 1994) v roce 1996. Nejvyssi hodnotu bé-
hem (fi ro¢niki méla odrida Akcent a statisticky pra-
kazné niz8i n¥l. KM 1630. Vyznamné byla ovlivnéna
hodnota Kolbachova ¢isla zménénou technologii slado-
vini, pficemz se nejlépe projevilo opét klasické maceni
oproti sestupné teploté pii kliceni i sladovani s vysokym
obsahem vody pfi soucasné zkracené délce kliceni.

Vzestupny charakter roénikovych pribéhu sledova-
nych parametra sladovnické jakosti byl zaznamenan
u diastatické mohutnosti (obr. 5). Nejnizsich hodnot
bylo dosaZeno u viech odrid v roce 1994, naopak nej-
vy§8ich v roce 1996, s vyjimkou odrady Akcent pfi
viech technologiich. Statisticky vysoce vyznamné zmé-
ny diastatické mohutnosti nastaly dpravou technologie
sladovani, pficemz nejvyssi diastaticka mohutnost byla
dosazena technologii T2 u nsl. KM 1630.

Dulezity parametr hodnoceni jakosti je¢mene - ko-
ne¢ny stupefi prokvadeni (obr. 6), ktery vyjadiuje sou-
hrn viech zkvasitelnych latek, byl nejvyssi v roce 1994
pii sladovani klasickym macenim (T2). Prikazny po-
kles hodnot prokvaSeni byl v roce 1996, s nejniZ8imi
hodnotami dosaZzenymi pii sladovani sestupnou teplo-
tou pfi kli¢eni (T3). Obdobné u friability (obr. 7) se po
roéniku 1994 s nejvyssi dosazenou hodnotou projevilo
statisticky vysoce vyznamné sniZeni tohoto parametru
v ro¢nicich 1995 a 1996 u viech odrid sladovanych
technologii sestupné teploty. Posledni ze sledovanych
parametri (obsah B-glukani nelze hodnotit v komple-
xu pusobeni viech faktort z diivodu jen ¢aste¢ného sta-
noveni v roce 1994 a v roce 1995.

Hodnoty jednotlivych parametra byly podrobeny
analyze variance s cilem zjistit vliv odrudy, ro¢niku
a technologie sladovini na jednotlivé parametry jakosti
(tab. I). Vliv odrady byl vysoce prukazny (P = 0,01)
u obsahu extraktu sladu a diastatické mohutnosti, pru-
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8. Obsah B-glukand — Content of B-glucans

kazny (P = 0,05) u obsahu relativniho extraktu pii 45 °C
a Kolbachova ¢isla. Vliv odridy se neprojevil vyznamng
u obsahu bilkovin, dosaZitelného stupné prokvaseni a fri-
ability sladu. Obdobny vliv odriidy na rozhodujici sladov-
nické ukazatele nalezli u jecmeni Back, Narziss
(1997).

Pomér strednich &tverci (tab. I) ukazuje prevaZujici
vliv ro¢niku na hodnotu obsahu bilkovin, obsahu ex-
traktu a friabilitu sladu, coZ je také v souladu s poznat-
ky z literatury (Kosaf, Vrtélova, 1988). Vlivem
podminek roéniku dochézi ke zménam v zrné jeCmene,
zvIasté pii vysokych teplotach se méni tvorba, rychlost
a ukladani skrobu do zrna (Jenner etal., 1993), nebo
dochdzi az k tzv. gelatizaci Skrobu, a tim zvySovani
obsahu bilkovin (Tester etal, 1991; McGregor,
1996) s dopadem na friabilitu (kiehkost) sladu.

Naopak vyvaZeny vliv genotypu s ro¢nikem se vys-
kytuje u obsahu extraktu, relativniho extraktu a diasta-
tické mohutnosti (tab. I).

Na zdkladé zménénych podminek technologie slado-
vini byly vysoce priikazné ovlivnény hodnoty Kolba-
chova cisla, diastatické mohutnosti sladu a kone¢ného
stupné prokvaSeni. Jen vyznamné byl ovlivnén obsah
relativniho extraktu pfi 45 °C a friabilita sladu. Z ana-
lyzy je vidét, ze Gpravami technologie sladovéni nelze
ovlivnit hodnoty rozhodujiciho sladovnického ukazate-
le, 1j. obsahu extraktu, a rovnéZ obsahu bilkovin (tab. ).

Akumulace bilkovin v zrné je¢mene je tradiéni kri-
térium v selekei sladovnickych linii je¢mene. Mnozi
autofi (Munck, 1987: McGregor, 1991; Home,
Elamo, 1993) povazuji za duleZitgjsi jejich inverzni
pomér k obsahu $krobu a extraktu v suiné sladu. Ob-
dobné i my jsme zjistili pom&rné vysokou negativni
korelaci k obsahu extraktu (r = -0,49 "), coz ma velky
vyznam a potvrzuje nutnost pouZivani odrid pro sla-
dovnické ucely s hodnotami obsahu bilkovin 10,7 aZ
11,5 %, nebot pii zvySovani obsahu bilkovin dochazi
k nértstu podilu zasobnich prolamint, které zpomaluji
lusténi endospermu, coz vede k niz§imu mnoZstvi roz-
pustného dusiku (Sacher, Back, 1996; Back,
Narziss, 1997). Z nasich vysledku je ziejmé (tab. II),
Ze obsah bilkovin zdporné koreloval i s Kolbachovym
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I. Analyza variance pro faktor genotyp, ro¢nik a technologie sladovini — Results of multifactor analysis of variance for genotype, year and

malting technology

= 7 —

s kot | stae® Rcmagl%m“ s 2?::::;::2 pmslese:ni’ Fﬁ‘:gé')“““
(%) (%) (%) (G.W.K.) (%)

Genotyp’ 0,769 4,581"" 19,480 16,834" 9704861 | 0,116 11,194

Roénik!? 20321" | 17,480" 56,764"" 148,117 | 58 075,694 | 4,576 1 483,694

Technologie sladovéni'! 0,025 0,289 20,999" 36,852"" | 3313657 | 5.224” 144,667

hladina vyznamnosti 0,01 - significance level 0.01
hladina vyznamnosti 0,05 - significance level 0.05

N oe. 2 . . . . . . Re o 1o
'source of variation, “protein content, malt extract, *relative extract, *Kolbach index, ®diastatic power, "final attenuation, friability.

10, 1

year, ' malting technology

“genotype,

II. Korelacni koeficienty mezi parametry sladovnické jakosti v le-
tech 1994 aZ 1996 — Correlation coefficients between malting quality
parameters of the years 1994 to 1996

111. Korelacni koeficienty mezi parametry sladovnické jakosti v roce
1994 — Correlation coefficients between malting quality parameters
of the year 1994

B EX REX K& DM KSP B EX REX KC DM KSP
B 1.00 B 1,00
EX | -049| 1,00 EX | -086"| 1,00
REX | -0.17 037" | 1,00 REX | 040 | -021 | 1,00
KC | -067""| 076" 065" 1,00 KC | 056 | 066" | 045 1.00
DM 085" -032 | 008 | -037"| 1,00 DM 027 | -0412 | 076 | 052 | 1,00
KSP | -0.23 | -0,20 0,11 0,15 | 0,10 1,00 KSP | -0.22 0,14 | 0,55 065" | 053 1,00
FRI | -076""| 022 | 023 | 050"| -0.62"| 0.45™ FRI | -052 | 031 | 023 065 | 032 | 086"
P <0,05 =034 (n = 36)
" P <001 =041 (n=36)
Vysvédivky k tab. II a2 V ~ Explanations to Tabs Il to V: V. Korela¢ni koeficienty mezi parametry sladovnické jakosti v roce
B~ obsah bilkovin v suing zrna - protein content in grain dry 1996 — Correlation coeffici between malting quality p 5
matter of the year 1996
EX - extrakt sladu — malt extract
REX - relativni extrakt (45 °C) - relative extract (45 °C) B EX REX KC DM KSP
KC - Kolbachovo ¢islo -~ Kolbach index
I g ot - B 1,00
DM - A - power ‘
KSP - kone&ny stupeii prokvaseni — final attenuation EX -0,63 1,00
FRI - friabilita — friability REX | 0,13 | -0.11 1,00
KC | -075"" 067" | 055 1,00
IV. Korelacni koeficienty mezi parametry sladovnické jakosti v roce DM 0.74 -0.84 0.04 -0.70 1,00
1995 — Correlation coefficients b Iting quality p S KSP | -0,15 0,01 0,33 037 0,15 1,00
ofthe year 1995 FRI | 021 | 054 | -039 | o014 | -050 | o0.14
B EX REX K¢ DM KSP 5
P <0.05=0,58 (n=12)
B 1,00 “P<001=071(n=12)
EX | -04l 1,00
REX | 024 | -044 | 1,00
ke | —020 | <018 | 050 1.00 nezh0r§ujle. 'Itt.:;rvc. _pfli [;]oklesu pqd mi.nLn:lélnihhranic?
DM gz | .cose® | s 044 1,00 95 % nelze ji za]lstl.t odnoty dla.?(al{c.e mohutnosti
odpovidajici poZadavkiim na sladovnicky je¢men (Pso-
KSP | -0.40 | -0,01 0.18” -025 | -0,49 | 1,00 ta etal. 1995).
FRI | 012 | -047 | 095 056 | 041 | 029 Poné&kud rozdilna byla tato korelace v jednotlivych
. %
letech. Stejné vysokd (r = 0,74 ) byla v roce 1996
.« . . *
(tab. V), na hranici priikaznosti (r = 0,57 ) v roce 1995
Cislem (r = -0,67; P < 0,01) a friabilitou (r = -0,76; (tab. IV) a zcela neprikazna v roce 1994 (tab. III). PFici-

P <0,01).

Na druhé strané zji$téna vysoce prukazna kladna ko-
relace mezi obsahem bilkovin a diastatickou mohutnos-
ti (F= 0,85") vysvétluje, Ze oproti ostatnim ukazate-
lim se vy$8im obsahem bilkovin diastatick4 mohutnost
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nou nizké diastatické mohutnosti v n&kterych letech jsou
zfejmé& zmény v aktivité B-amylazy, pfedevsim v jeji cit-
livosti k vysoké teploté (Guerin etal., 1992), coZ miZe
byt v naSem pfipadé vysvétleno vy¥simi teplotami a vldho-
vym deficitem v Cervnu a ervenci, zvI4sté v povétrnost-
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n& abnormélnim roce 1994 (Proke$ etal, 1994; Pro-
kes, 1996; Spunar etal., 1996).

Friabilita (kiehkost sladu) jako dalsi kvalitativni
znak korelovala vysoce kladné (r = 0,50"") s Kolbacho-
vym Cislem a rovnéz i kone¢nym stupném prokvaseni
(r=046""). Tato nase stanoveni jsou v souladu s hod-
nocenim kvalitativnich parametrii jeémene a sladu, jak
je uvefejnil Kosaft (1996).

Obsah extraktu ve sladu, povaZovany za duleZity
a Siroce uzivany indikdtor kvality je¢mene (Bam-
forth, 1993), dany obsahem $krobu v zrné je¢mene
(Basafova, Cepicka, 1992), jsme potvrdili ve
vysoce kladné korelaci (r = 076" s Kolbachovym ¢is-
lem a v prukazné korelaci s relativnim extraktem.

Tato prace vznikla pfi feSeni grantového projektu
CR &.510/94/1441.
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VLIV RUZNYCH ZPUSOBU ZALOZENI POROSTU
KUKURICE NA VYNOS ZRNA A PUDNI VLASTNOSTI

THE EFFECT OF DIFFERENT WAYS OF MAIZE STAND
ESTABLISHMENT ON GRAIN YIELD AND SOIL PROPERTIES

V. Skoda, R. Bures

Czech University of Agriculture, Praha, Czech Republic

ABSTRACT: At the school agricultural enterprise of the Czech University of Agriculture at Cerveny Ujezd the Department
of General Plant Production and Agrometeorology established trials with cultivation of grain maize after tillage, after rotation
loosener and on no-till soil. Each variant consisted of two levels of N fertilization (60 and 120 kg.ha"). Before trial
establishment in spring and after harvest soil samples were taken from each variant to compare changes in bulk density and
soil porosity. Soil samples were taken from all variants during growing season to assess biological activity of soil. This is
a slightly warmer drier beet-growing region, beet-cereal type with long-term average sum of precipitation 549 mm (361 mm
for the growing season) and average air temperature 7.7 °C (13.9 °C for the growing season). The soil is predominantly loamy
with good P, K and Mg content, pH is neutral and humus content is around 1%. The highest grain maize yield 9.03 tha™!
was on average for four years (1993 to 1996) recorded in the variant I, i.e. after tillage (namely in individual years) at the
dose of 60 kg N.ha™'. Then follow the yields of the variant II and III after looser 8.35 tha™! but at the dose 120 kg N.ha™
and also on the same variant 8.15 t.ha™" at the dose 60 kg N.ha™'. The lowest grain maize yields were recorded in the variant
III, i.e. no-till, namely 7.65 t.ha™' at the dose 60 kg N.ha™' and 7.51 tha™ at the dose 120 kg N.ha™'. The model with solid
effects: yield = constant + year + soil cultivation + N fertilization + year x soil cultivation + year x N fertilization + soil
cultivation x N fertilization. Interaction of the third order was not used in the model because its influence was not statistically
confirmed. All components of the model used act highly significantly. A part of analysis of variance was also the test of
significance of all simple contrasts in the model. A great majority of them is statistically significantly different from zero.
Physical properties of soil (bulk density and porosity) and biological activity of soil were not significantly affected.

grain maize; tillage; loosening; no-till; N fertilization; grain yield; physical properties and biological activity of soil

ABSTRAKT: Na 3kolnim zemé&délském podniku CZU Praha v Cerveném Ujezd& byly katedrou obecné produkce rostlinné
a agrometeorologie zaloZeny pokusy s péstovanim kukufice na zrno po orbé&, po vifivém kypfi¢i a na nezpracované pudg.
KaZdd varianta méla dv& drovné€ hnojeni N (60 a 120 kg.ha"). Pred zaloZenim pokusu na jafe a po sklizni byly z kazdé
varianty odebirdny piidni vzorky k porovnédni zm&n v objemové hmotnosti a pérovitosti pidy. B€hem vegetace byly odebirdny
ze viech variant pudni vzorky k posouzeni biologické aktivity pidy. Jde o mirné teplou sui¥i oblast fepatskou, typ fepaisko-
-obilndfsky s dlouhodobym primérnym ro&nim Ghrnem sriZek 549 mm (za vegetaci 361 mm) a primérnou ro¢ni teplotou
vzduchu 7,7 °C (za vegetaci 13,9 °C). Puda je pfevazné hlinitd s dobrym obsahem P, K a Mg, pH je neutrdlni a obsah humusu
kolem 1 %. Nejvy3si vynos kukufice na zrno 9,03 tha™' byl v priméru &tyf let 1993 aZ 1996 zaznamenan na varianté I, tj.
po orbé (a to i v jednotlivych letech) pfi davce 60 kg N.ha™. Nasleduji vynosy na variant& II po kypfici 8,35 tha™, ale pri
dévee 120 kg N.ha™', a na té¥e varianté 8,15 tha™ pii ddvce 60 kg N.ha™'. Nejnizsi vynosy kukufice na zrno byly zazname-
nény na variant& III, tj. bez zpracovani pudy, a to 7,65 t.ha™ pfi davece 60 kg N.ha™' a 7,51 tha™ pii davce 120 kg N.ha™.
K analyze rozptylu byl pouZit model s pevnymi efekty: vynos = konstanta + rok + zpracovani pudy + hnojeni N + rok x zpracovani
ptidy + rok x hnojeni N + zpracovéni pidy x hnojeni N. V modelu nebyla pouZita interakce tfetiho fidu, protoZe jeji vliv
nebyl statisticky prokédzan. Vechny sloZky pouZitého modelu pisobi vysoce signifikantng. Soudasti analyzy rozptylu byl
rovnéZ test vyznamnosti viech jednoduchych kontrastli v modelu. Naprosta vétSina z nich je statisticky vyznamné odli$na od
nuly. Fyzikilni vlastnosti pidy (objemovd hmotnost a pérovitost) a biologicka aktivita pidy nebyly podstatn& ovlivnény.

kukufice; orba; kypfeni; bez zpracovini pidy; hnojeni N; vynos zrna; fyzikalni vlastnosti a biologicka aktivita pidy
UvoD 1995). Uplatnéni a rozifeni novych technologii je cha-
rakterizovdno ekonomickym tlakem na sniZovani na-

Soucasné trendy zakladani porostii jsou podmin&ny  kladu, spotfeby energie i cen mechaniza¢nich prostied-
novymi technologiemi zpracovani pudy (SuSkevié, kua pfi zvySovani jejich vykonu ( Hula, Zelen4,
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1995). Skoda, Horédk (1996) pfipominaji, Ze ne-
Ize opomijet ani ekologické hledisko na zastaveni pro-
cestt zhorSovéni padnich vlastnosti. MiZeme konsta-
tovat, Ze se nikladné pracovni postupy omezuji a prechazi
se k pidoochrannym minimaliza¢nim technologiim.

Prvni vysledky zakladani porostu minimalizaénimi
technologiemi byly zaznamendny v Anglii na konci
60. let, pozdé&ji v Némecku, Belgii, Francii a u nas pred
27 lety (Simon etal., 1989; SuSkevi&, 1990).

Ze studia Cetnych vysledka vyzkumu minimalniho
zpracovani pudy ve svété vyplyvaji jesté dalsi aspekty,
které jsou pro uplatnéni systému redukovaného zpracova-
ni pady dulezité. Na tyto aspekty upozornil jiz Frye
(1986) a stanovil poradi naléhavosti studia: problematika
zbytku plodin na povrchu pidy, osevni postupy, zaple-
veleni, zpusoby seti, ochrana rostlin, mikrobiologické
aspekty pudy, fyzikalni vlastnosti pudy a drodnost pi-
dy. Pudoochrannymi technologiemi pro kukufici se u nas
zabyvali zejména SuSkevic (1990, 1995)a Skoda,
Horak (1995), zménami fyzikdlnich vlastnosti pady
pak Lacko-BartoSova (1990), Prochédazko-
va, Hruby (1989), SuSkevic (1991, 1994) aj.
a obsahem vody v pudé pii jejim rdzném zpracovani
Sukevi¢ (1986) a Skoda etal. (1986).

Uplatnéni redukovanych systému zpracovani pady
pii zakladani porosti je zavislé pfedeviim na klima-
tickych a pidnich podminkach, na hloubce ornice a ob-
sahu humusu a rovnéz tak na zastoupeni vytrvalych ple-
veli (Skoda, 1995).

Cilem naSeho pokusu bylo sledovat vliv raznych
zplsobi piipravy pidy pfi dvou hladinich hnojeni N
na vynos zrna a vynos nadzemni hmoty a na fyzikalni
vlastnosti a mikrobidlni ¢innost pudy.

MATERIAL A METODA

Katedra obecné produkce rostlinné a agrometeorolo-
gie na CZU v Praze ve spoluprici s VURV v Praze-Ru-
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zyni a FAL (Bundesforschungsanstalt) Braunschweig
v SRN zaloZila v roce 1993 pokusy s odlisnymi zpiso-
by zakladani porostu kukufice na zrno a dalSich plodin.

Pokus byl umistén na Skolnim zemédélském podni-
ku CZU Praha v Cerveném Ujezdé, zapadné od Prahy.
Nachazi se v fepaiské oblasti v typu fepafsko-obilnaf-
ském v nadmoiské vysce 384 m n. m. Jde o okrajovou
oblast péstovani kukufice na zrno. Geologicky je uzemi
zahrnuto do Bélohorské ploginy s kvarternimi pokryvy.
Genetickym pudnim predstavitelem je hnédozem se
spraovitym opukovym pokryvem s prevladajicim ili-
merizacnim procesem. Ornice je prevazné hlinita, do-
sahujici 0,28 az 0,4 m hloubky, pH je neutrilni, obsah
humusu kolem 1 %, obsah P, K a Mg velmi dobry,
sorpéni komplex nasycen. Hnojeno bylo 20 kg P.ha™!
ve formé superfosfatu a 40 kg K.ha ' ve form& 60%
draselné soli.

Cerveny Ujezd spada do oblasti mirn& teplé, klima-
tického okrsku mirné suchého, prevazné s mirnou zi-
mou. Primérna rocni teplota vzduchu ¢ini 7,7 °C, rocni
Ghrn srdzek je 549 mm. Pramérna teplota za vegetaci
(duben az fijen) je 13,9 °C a Ghrn srazek 361 mm (me-
teorologické udaje udava obr. | a 2, tab. I a II).

Usporadani pokusu

Polni velkoplo3ny pokus mél tfi varianty (I, II, III):

I. podzimni orba — vifivy kypiic AMAZONE KG
25-S, seci stroj BECKER aeromat DT 4-R (od roku
1995 seci stroj JOHN DEERE 750)

II. bez orby — vifivy kypfi¢ AMAZONE KG 25-S,
seci stroj BECKER aeromat DT 4-R (od roku 1995 seci
stroj JOHN DEERE 750)

III. bez orby — seti do nezpracované pudy, seci stroj
BECKER aeromat DT 4-R (od roku 1995 seci stroj
JOHN DEERE 750). )

KaZda varianta méla dvé hladiny hnojeni N (60
a 120 kgAhzfl). Aplikovan byl vzdy ledek amonny s va-
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1. Pramérné teploty vzduchu — Average air temperatures

2. Mé&siéni uhrny sraZek — Monthly sums
of precipitation

Lol v | v | ove [ vie v | x| x| XL | xiL | Rok? Vzgg;‘:fl?"
Dlouhodoby primer' | 22 | 14 | 26| 74 | 124 [ 159 | 174 [ 168 | 137 | 82 | 25| -08| 7.7 13,9
1993 23| <50 24| 97 155|159 | 165 | 174 [ 131 | 77 | 03| 27| 82 14,7
1994 20 -13] 60| 79 | 127 [ 162|218 | 184 | 136 | 63| 28| -09| 88 15,1
1995 01| 56| 40[100 | 141 | 159 | 223 | 196 [ 139 | 119 | 21| =11 | 99 159
1996 53| 44| 03| 70| 119|163 | 158|172 97| 88| 40| -49| 63 12,9
Ilong-tcrm average, Zyear. ngwing season
II. Primérné dhrny sriZek — Average sums of precipitation
I wo oo ve | ove | ove | ovie [vin | x| x XL | XIL | Rok? V:EZ;";?‘
Dlouhodoby pramer' | 27,0 | 26,0 [ 20,0 | 43.0 | 60.0 | 68.0| 76,0 | 68.0 | 460 | 39.0 | 340 | 47.0 | 6124 | 449.5
1993 240 | 338 | 82| 100 | 502 | 81.3| 987 | 297 | 460 | 49.6 | 47.3 | 53.6 | 457.8 | 2859
1994 242 | 137 | 522|439 | 445 | 206 290 | 984 | 495 | 179 | 202 | 437 | 5325 | 3160
1995 327 | 265 | 314 | 466 | 806 | 1267 | 546 | 916 | 494 | 67 | 27.5 | 38.1 | 5490 | 3610
1996 108 | 98] 199 128 | 81.6 | 81.3] 96.2 | 80.6 | 40,1 | 327 | 234 | 27.1 | 5163 | 3926

For 1-3 see Tab. |

pencem koncem kvétna. Piedplodinou kukufice na zrno
byl v roce 1993 jarni je¢men, v letech 1994 a 1995
ozima pSenice a v roce 1996 opét jarni jeSmen.

Pfed zaloZenim pokusu na jafe a na podzim byly
z kazdé varianty odebirany pudni vzorky pro zjisténi
a porovnani zmén objemové hmotnosti a porovitosti pu-
dy jako rozhodujicich fyzikalnich vlastnosti pudy. Bé-
hem vegetace byly téZ ze viech tfi variant odebiriny
pudni vzorky pro posouzeni biologické aktivity pady
(mikrobidlni testy). Sklizefi kukufice na zrno probihala
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ruéné, z kazdé varianty 15 m? v 10 opakovanich. Pie-
hled technologie je uveden v tab. III.

VYSLEDKY A DISKUSE
Co se tyka charakteristiky prib&hu podasi ve vege-
taci v letech 1993 az 1996, teplotné byly roky 1993,

1994 a 1995 (duben aZ fijen) nad dlouhodobym priamé-
rem, a to v dubnu, kvétnu, Cervenci i v srpnu, coZ cha-
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111. Sled rozhodujicich operaci u kukufice na zrno véetné predplodiny a odrady —

forecrop and variety

Sequence of decisive operations in grain maize including

1993 1994 1995 1996
Picdplodina’ jarni je¢men® ozima pienice’ 0zimd penice jarni je¢men
Podmitka® 11. 8. 1992 15. 8. 1993 12. 8. 1994 23, 8. 1995
Odrida® Carabe Markus Markus Anjou
Orba® (0,22 m) 19. 4. 1993 20. 11. 1993 21. 11. 1994 29. 11. 1995
Aplikace herbicida pied setim (resp. R27' :' 134,
preemergentné) 7olu :Ju if{o;’:du,p g
< L 3 Lha™
Kypfeni predsefové® (0,10-0.12 m) +
i/ el ) 20. 4. 27. 4. 35 3.s.
Hnojeni N'" (LAV) 60 a 120 kg.ha™' 31.5. 30. 5. 22.5 29.5
27. 4. 29,.5: 19. 6. 15. 5.
Postemergentni aplikace herbicidu'! Zeazin Tell 40 g Faneron Zeazin
2 Lha™! Zeazin 2 Lha™! 2 Lha™! 2 Lh!
24. 6. 28. 6.
Postemergentni aplikace herbicidu Basagran 2 Lha™' Zeazin 2 Lha™
Zeazin 2 Lha™' Titus 40 g.ha™!
Sklizeii'? 14. 10, 17. 10. 10. 10. 1111,
Pocet vegetacnich dni'? 176 172 158 190
forct.rop spnng barley, wm(cr whca( *stubble ploug,hmg vnrlely nllage prc mwmg application of herbicides (or preemergently).

8 9,
pre-sowing loosening, “sowing, 1N fertilization,

rakterizuje teplejSi periodu vegetacni doby uvedenych
let. Srazkové viak vegetacni obdobi roku 1993 piedsta-
vuje 87 % a v roce 1994 jen 79 % dlouhodobého pri-
méru thrnu srazek. Naopak ve vegetainim obdobi roku
1995 bylo zaznamenano 125 % dlouhodobého priméru
Ghrnu srazek.

Rok 1996 je teplotné ve srovnani s dlouhodobym
pramérem celoroénim o 1 °C a ve vegetaci o 1,4 °C
chladn&jsi. Srovname-li rok 1996 s nejteplejsim rokem
sledovaného pokusu 1995, pak celorocni primérnd tep-
lota i primérna teplota za vegetaci byla o 3 °C niZi.
Tento rozdil lze povaZovat za extrém, ktery se projevil
na velmi pozdnim dozravani kukufice. Zatimco napf.
v letech 1993 a 1994 byl u kukufice pocet vegetacnich
dnti 176 a 172, v nejteplejsim roce 1995 jen 158 dnt,
v nejchladnéjsim roce 1996 190 dnii. Srazkove byl rok
1996 z celoro¢niho pohledu mirné pod dlouhodobym
normalem (-32,7 mm), tj. 94 % dlouhodobého primé-
ru, ve vegetaci mirn& nad dlouhodobym primérem
(+#31,6 mm), tj. 108 % dlouhodobého praméru. Pozdni
sklizen se projevila negativng, tj. vy$8im obsahem vody
v zrnu kukufice. Zatimco v letech 1993 az 1995 se
vlhkost pohybovala kolem 35 %, v roce 1996 v primé-
ru kolem 45 %.

Z4kladni vynosové ukazatele kukufice na zrno a pri-
mérny pocet rostlin na 1 ha jsou uvedeny v tab. IV. Po-
tadi vynost zrna koresponduje s hmotnosti celych rost-
lin kukufice pfi sklizni, vmea varianty II (po kypfici).
kde ddavky 60 a 120 kg N. ha™! jsou ve vzdjemné opac-
ném pofadi. Pramérny pocet rostlin pfi sklizni se pohy-
buje od 80 do 92 tis. jedincii na 1 ha a dokumentuje
pomérné vyrovnané porosty kukufice.

Nejvyssi vynosy zrna kukufice v letech 1993 a 1994
byly zaznamenany po orb& pfi nizsi davee 60 kg N. ha™'
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i postemergent application of herbicide, Pharvest,

3 :
Bhumber of vegetation days

V roce 1995 byl nejvy&§i vynos zaznamenan po kypfici
pii ddvee 120 kg Noha™'.

Druhy nejvyssi v?'nos v poradi v témZe roce byl pii
davee 60 kg N.ha™' opét po orb&. Hruby, Pro-
chazkova (1990) konstatuji, Ze vynosova reakce ku-
kufice na rozdilnou hloubku zpracovani pudy je nepri-
kazna. Suskevic¢ (1995) uvadi, Ze vynosy kukufice
na Cernozemi pfi stejné drovni hnojeni nebyly v pri-
méru 20 let vyznamné ovlivnény ridznymi zpisoby
zpracovani piidy. V nasem piipadé na hnédozemi byly
vynosy kukufice na zrno prokazatelné statisticky vy-
znamné.

Provzduinéni orni¢niho profilu urychluje uvoliiové-
ni Zivin, ovliviiuje pozitivné vyuZziti N, a tim i vynosy
kukufice, coz bylo jiz nékolikrat potvrzeno nejen u nis,
ale i v zahranici. Pi seti do nezpracované pidy se uka-
zuje, Ze je tieba zvySovat davku N. Mobilizace Zivin,
a tim i vynosy jsou ovliviiovény i ronikem, tj. prabé-
hem potasi, zejména Ghrnem a etnosti srazek a teplotou.

Hlavni fyzikdlni vlastnosti pady jsou uvedeny
v tab. V. Objemova hmotnost a porovitost, které jsou ob-
vykle stiedem zdjmu, pfi minimalizovanych zpiisobech
zpracovani pidy nevykézaly podstatné zmény. Pudy
v hloubce 0,1 az 0,2 m mély na jafe niZ§i objemovou
hmotnost a na podzim vyssi pérovitost, coz je v du-
sledku pusobeni mrazi pfirozené (jde o tzv. mrazové
garé). Pfiprava pidy k seti na jafe prob&hla vzdy za
vhodné vlhkosti pudy (kolem 16 % hmotnostnich).

Biologicka aktivita pudy (uhlik biomasy pudnich
mikroorganismil, vybrané enzymové aktivity, respiro-
metricky test, formy piadniho fosforu, amonifikace
a nitrifikace) se b&hem tFi sledovanych let na jednotli-
vych variantich s riznou technologii zpracovéni pudy
vyrazné&ji nelisila.
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1V. Zékladni vynosové ukazatele kukufice na zrno — Basic yield indicators of grain maize

Varianty'
Ukazatel? orba® kyprict bez zpracovini®
Rok® 60 N 120 N 60 N 120 N 60 N 120N
Vynos zrna’ (l.ha")
1993 9,70 9,00 6,90 7,69 7.06 8,78
1994 7.61 6.19 6,72 7.01 7.06 7,24
1995 8,81 7,19 7.88 9,12 6,57 7,02
1996 10,00 8.79 11,10 9.58 9,66 6,99
Pramér’ 19931996 9,03 7.79 8,15 8,35 7,65 7,51
Pofadi* 1 4 3 2 5 6
v % 100.00 100,00 90.25 107,19 84.83 96,40
Hmotnost &erstvych rostlin'” (t.ha™')
1993 32,98 28,62 24,25 21,96 23,96 26,89
1994 2747 23,33 24,67 24,85 17,65 19,11
1995 38,68 30,35 36,71 39,17 27,85 19,65
1996 36,10 39,10 47,90 43,00 47,90 37,20
Pramér 1993-1996 33,81 30,35 3338 32,24 29,34 25,71
Hmotnost 1000 zr'' (g)
1993 263,6 2522 2454 235.5 250,7 252,5
1994 262,5 256,1 2557 2548 246,6 246,4
1995 2587 2379 267,2 269,2 255.0 2442
1996 2216 220,8 219,6 2199 212,8 211,6
Priamér 1993-1996 251.6 241.8 247.0 2449 2413 238,7
Potet rostlin pfi sklizni'?
1993 93 777 94 220 80 987 97 332 87 999 93 777
1994 81333 90 667 68 889 89 333 84 444 85 333
1995 70 943 72295 66 009 74 342 64 693 71711
1996 97 000 97 000 103 000 107 000 96 000 105 000
Pramér 1993-1996 85 763 88 546 79 721 92 002 83 284 88 955

| P 2
variants,
I

3 4
or, “tillage,
Zhumber of plants at harvest

V. Hlavni fyzikilni vlastnosti pudy — Main physical properties of soil

. “no-till, ('ycar. 7avemge, *order, ‘)gmin yield, I"w«‘.ight of fresh plants, "11000-kernel weight,

o Varianta? [ 1993 [ 1994 [ 1995 j 1996 Pramér let* %
objemova hmotnost pidy v ornici’ 0,1-0,2 m (g.cm™)

orba* 139 1,38 134 1,36 1,37 100

v. kypfic® 1,42 1,45 137 1.39 141 103
bez zpracovini pidy® 1,47 1,54 1,39 1,43 1,46 107

orba 1.45 1,47 1,47 1,48 147 100

IX. kypfi¢ 1,47 1,53 142 1,55 1,49 102
bez zpracovani pady 1,47 1,57 1,49 1,60 1,53 104

porovitost pidy v omici® 0,1-0,2 m (%)

orba 43 42 43 44 43,0 100

v. kypfid 38 40 41 42 403 93
bez zpracovini pudy 36 35 36 38 36,3 84

orba 42 41 38 40 40,3 100

IX. kypfic 40 40 42 39 403 100
bez zpracovini pudy 41 36 37 36 37.5 93

. 3 . S - . . s . . . N "
"month, 2variant, “average for years, "ullagc. *loosener, “no-till, bulk density of soil in topsoil, *soil porosity in topsoil
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VI. Analyza rozptylu — Analysis of variance

Zdroj' Soucet &tverch® Sv Primérmy Ctverec? F B
Rok* 172,3254 3 574418 26,0493 0,0000
Zpracovani pidy® 31.0933 2 15,5466 7.0502 0,0011
N hnojeni® 9.1756 1 9.1756 4,1611 0,0426
Rok x zpracovini pudy 85.9790 6 14,3298 6.4984 0.0000
Rok x N hnojeni 47,0404 3 15,6801 7.1108 0.0001
Zpracovani piudy x N hnojeni 22,5332 2 11.2666 5.1093 0,0068
Reziduum’ 487,3317 221 2,2051

3 s . 6 s Pl
'source, Zsum of squares. “average square, "ycur. soil tillage, "N fertilization, ‘residue

Statisticky byl pokus vyhodnocen analyzou rozptylu
s pouzitim modelu s pevnymi efekty (tab. VI):

vynos = konstanta + rok + zpracovéni pidy + hno-
jeni N + rok x zpracovini pidy + rok x hnojeni N +
zpracovani pidy x hnojeni N.

Do modelu nebyla zahrnuta interakce tfetiho fadu,
protoZe jeji vliv nebyl statisticky prokdzan. Viechny
slozky pouzitého modelu piisobi vysoce signifikantng,
jak doklada tab. VI.

Statisticky vyznamné jsou kontrasty:

Faktor rok: 1993 az 1994 a dile kontrolni varianty
viech rocnika s rokem 1996

Faktor zpracovini puady: kontrast kypfeni — bez
zpracovani pudy a orba — bez zpracovani pudy

Faktor hnojeni N: kontrast hnojeni 60 az 120 N.ha™'

Interakce:

Faktor rok x zpracovani pidy: kontrast 1993 orba —
1994 kypfeni, 1993 orba — 1994 bez zpracovani pudy:
kontrast 1993 orba - 1995 bez zpracovani pudy, 1993
bez zpracovani pudy — 1996 kypieni; kontrast 1993
kypfeni — 1996 kypieni, 1994 bez zpracovani pidy —
1996 kypieni; kontrast 1994 kypfeni — 1996 kypfeni,
1994 bez zpracovani pudy — 1996 orba; kontrast 1994
kypreni — 1996 orba, 1996 bez zpracovani pidy — 1996
kypieni; kontrast 1995 bez zpracovani pudy — 1996
kypfeni, 1995 orba — 1996 kypieni; kontrast 1994 bez
zpracovani pudy — 1996 orba, 1995 bez zpracovani pi-
dy — 1996 orba

Faktor rok x hnojeni N: kontrast 1994 — 120 kg N,
1993 — 120 kg N, 1996 — 60 kg: kontrast 1993 — 60 kg
N, 1996 - 60 kg N, 1993 — 120 kg N; kontrast 1996 —
60 kg N, 1994 — 60 kg N, 1996 — 60 kg N; kontrast
1994 — 120 kg N, 1996 — 60 kg N, 1995 - 60 kg N;
kontrast 1996 — 120 kg N, 1994 — 120 kg N, 1996 - 60
kg N; kontrast 1995 — 120 kg N, 1996 — 120 kg N, 1996
-60 kg N

Faktor zpracovani piudy x hnojeni N: kontrast orba
- 60 kg N, bez zpracovini piudy — 60 kg N; kontrast
orba — 60 kg N, bez zpracovini piady — 120 kg N

Poradi faktort z hlediska vyznamnosti pisobeni:

1. rok (ro¢nik): F = 26,05
. tok x hnojeni N: FF=7,11
. zpracovani pady: F = 7,05
. rok x zpracovani pudy: F = 6,50

B
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5. zpracovéni pidy x hnojeni N: F = 5,11

6. hnojeni N: F=4,11

DosaZené vysledky a ziskané poznatky Ize shrnout
do téchto zdvéri:

Velmi rané hybridy kukufice maji kriatkou vegetacni
dobu dozravaji i v oblastech stiednich Cech.

Tvrzeni, Ze kukufice péstovand na zrno vyZaduje ze-
jména dostatek tepla a neni tak naro¢nd na vlihu,
v soucasné dob& zcela neobstoji. Je to pravé vliha
(ahrny srazek ve vegetaci, zejména v kritickych mési-
cich ¢ervnu a Cervenci), kterd se i v naSich podminkéch
pro vynosy zrna ukazuje jako rozhodujici.

Kukufice na zrno poskytuje i v okrajovych oblas-
tech stabilni vynosy 6 az 7 tha™' a prekondva odridy
ozimé pSenice péstované ke krmnym dcelim a ma také
vy3$i nutriéni hodnotu ve srovnani s krmnou pSenici.

Nelze pichlédnout ani tu okolnost, Ze kukufici lze
péstovat po sobé, takZe odpadaji problémy pfi zafazo-
vani do osevniho postupu.

Znatnou nevyhodou péstovani kukufice na zrno ze-
jména s ohledem na naklady je poskliziiové dosouseni
zrna. V nasem pokusu se vlihkost zrna pfi sklizni pohy-
bovala v praméru tfi let (1993 aZ 1995) kolem 35 %,
ale v roce 1996 kolem 45 %. Pro trvalé skladovani je
nutné upravit vlhkost na 15 %, coZ predstavuje v pro-
voznich podminkdch zna¢né a asto rozhodujici niklady.
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VPLYV ROZNEHO OBRABANIA PODY A HNOJENIA
NA URODU, KVALITU A ODBER ZIVIN PRI CUKROVE]
REPE

THE EFFECT OF DIFFERENT SOIL CULTIVATION
AND FERTILIZATION ON YIELD, QUALITY AND UPTAKE
OF NUTRIENTS IN SUGAR BEET

K. Kovac

Research Institute of Plant Production, Pie§tany, Slovak Republic

ABSTRACT: In the field stationary trial conducted in the years 1991, 1992 and 1996 on fertile, medium-heavy textured
chernozem soils in maize-growing region (in the external protective zone of underground waters II) the effect of soil
cultivation (C1 - conventional, C2 - protective), fertilization or nutrition of sugar beet, resp. (Bl — manure, B2 — wheat straw
+ reduced NPK from fertilizers, B3 — manure + NPK from fertilizers with medium intensity of fertilization) on its yield,
technological quality and uptake of nutrients was studied. Sugar beet, the Intera variety, was cultivated in six-plot crop rotation
(alfalfa, alfalfa, winter wheat, sugar beet, spring barley, silage maize with alfalfa underseeding) with a sowing distance to
125 mm. Under the given soil-ecological conditions yield formation and technological quality were most affected by weather.
There was a significant dependence between the root yield and precipitation (June to August r = 0.952, for the growing season
r = 0.996). In protective soil cultivation (variant C1) the tendency of higher root yield and production of polarizing sugar
per 1 ha compared with conventional soil cultivation have been shown. Incorporation of wheat straw + reduced NPK
fertilization from fertilizers (variant B2) compared only with manure (variant B1) manifested a trend of root yield decrease,
increase in sugar content and refined sugar yield per | ha. In this variant the level of sodium and alpha-amino nitrogen in
root decreased to the lowest level in the trial (insignificantly). Negative significant dependence (r = -0.323 or r = -0.649,
resp.) was found between sugar content and sodium content or between sugar content and alpha-amino nitrogen, resp. The
highest parameters of root production, polarizing sugar and refined sugar per 1 ha, sugar content and sugar beet yield were
recorded in the variant where manure + NPK from fertilizers with medium intensity of fertilization were applied (variant B3).
It was confirmed that with higher root yield the yield consumption per production unit is lower. In calculation of nutrients
from sugar beet tops at the yield 23.31 tha™" it was found that proportion of nutrients (according to the order NPK) supplied
into soil from manure (rate 40 tha™' and average availability of nutrients NPK 45. 45 and 75%) is 70, 30 and 60%.

sugar beet: soil cultivation; fertilization; yield; quality; uptake of nutrients

ABSTRAKT: Trojro¢né experimentdlne vysledky pokusu s réznym obrdbanim pddy a hnojenim k cukrovej repe na tirodnych
Cernozemnych pddach v kukuri¢nej vyrobnej oblasti ukdzali, Ze tvorbu trody a technologickd kvalitu najviac ovplyvnilo
pocasie. Medzi trodou korefia a zraZkami bola signifikantnd zavislost (jin aZ august r = 0,952, za vegetainé obdobie
r = 0,996). Pri ochrannom obrdbani pody sa ukdzala tendencia vy33ej trody korefia a produkcie polarizainého cukru z 1 ha
v porovnani s konvenénym. Zapravenie pSeni¢nej slamy + redukované hnojenie NPK v porovnani s mastalnym hnojom
ukizalo tendenciu zniZenia trody koreila, zvySenia cukornatosti a vytaZnosti rafinddy, ako aj zvySenia produkcic cukru
a rafinady z | ha. Najvy3Sie parametre produkcie korefia, polarizatného cukru a rafiniady z 1 ha, cukornatosti a vytaZnosti
cukrovej repy boli pri variante hnojenom mastalnym hnojom + NPK so strednou intenzitou hnojenia. Nédhrada mastalného
hnoja p3eni¢nou slamou v PHO podzemnych vdd sa ukazala ekologicky prospesna.

cukrova repa; obribanie pody; hnojenie; Groda; kvalita; odber Zivin

UvVOoD nimkou roka 1996) je v mnohych podnikoch nerenta-

bilné. Sposobuji to nielen vysoké ceny vstupov, opot-

Paugilne uplatiiovanie konvencnych technolégii pesto-  rebovand technika, ale i nedostato&na aplikécia novych
vania cukrovej repy je v podmienkach Slovenska z ener-  biologickych a technickych poznatkov.

getického a prevadzkového hladiska naro&né. Nizke Z viacerych alternativnych moZnosti podmienok

drody a cukornatost sposobuju, Ze jej pestovanie (s vy-  uspeSnosti a prosperity pestovania cukrovej repy je moZ-
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né vyuzit optimalizaciu davok Zivin z priemyselnych
hnojiv (Vrko¢, Suskevic, 1990; Strnad, Ja-
virek, 1991; Bajci, 1996), nahradu mastalného hno-
ja slamou obilnin (Alison, Hetschkun, 1990;
Hudcovi, 1990 ai.) a minimalizatné prvky v obra-
bani pody (Mistina, Kovac, 1993; Hala, 1995
a i.). Z ekologického a ekonomického hladiska je vy-
znamna bilancia vstupov a vystupov Zivin, hlavne du-
sika (Baier et al., 1992) a cielavedomé vyuZitie imo-
bilizaénych pddnych procesov, osobitne v pdsmach
hygienickej ochrany spodnych véd (Alison, Het-
schkun, 1990; Kovac etal., 1997).

Z tychto hladisk bola zamerand naSa pozornost na
vyskumné rie$enie uvedenych otdzok v SirSom kontex-
te, na produkciu a kvalitu cukrovej repy s ohladom i na
podmienky PHO vodnych zdrojov II. vonkajsiecho pasma
experimentalnej bazy VURV Piestany v Borovciach.

MATERIAL A METODA

Zaujmové uzemie pokusu bolo v Borovciach pri Pies-
tanoch v nadmorskej vySke 167 m. Priemernd rocna
teplota bola 9,2 °C, priemernd suma teplét 3 000 °C
(kukuri¢na vyrobna oblast), dlhodobé priemerné zrazky
625 mm, za vegetatné obdobie 352 mm. Dalie idaje
o vlahovych pomeroch v pokusnych rokoch si uvede-
né na obr. 1 a 2. Pody si Cernozeme na sprasi, stredne
tazké, so strednym obsahom humusu, strednou zasobou
fosforu, vysokou zdsobou draslika a s neutrdlnou az
slabo kyslou pédnou reakciou.

Cukrovi repu, odrodu Intera sme pestovali v Sestho-
novom osevnom postupe (lucerna siata, lucerna siata,
ozimna pienica, cukrova repa, jarny jacmei, kukurica
na silaz s podsevom lucerny) s vysevom na 125 mm.
Kombinaciou variantov hnojenia a obrabania p6dy vznik-
lo Sest zakladnych variantov (kombindcii). Polyfaktoridl-
ny pokus bol zaloZeny blokovou metédou, v Styroch
opakovaniach. Rozmery pokusnych parceliek boli
6 x 12 m”. Zberovi plocha cukrovej repy bola 10,80 m?
(dva riadky po celej dlzke parcely). Zber sme robili
ru¢ne. V pokuse sme sledovali drodu koretia a skroj-

(1) (2) (3)
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kov (i spolu). Z dvoch opakovani sme odobrali 25 ku-
sov riep na stanovenie technologickej kvality. Fyzikél-
no-chemickymi analyzami na automatickej linke VE-
NENA (Selekt Bu¢any) bola stanovena cukornatost
(Dg) v °S a obsahy draslika, sodika a alfaaminodusika
v mgekv/100 g repy. Na zdklade cukornatosti a obsahu
melasotvornych latok bola vypoéitana vytaZznost rafina-
dy (B) podla Reinefelda:

B=Dg - [(K + Na) . 0,343 + alfaaminodusik . 0,094
+0,291].

Dalej sme vypocitali produkciu polarizaéného cukru
a trodu rafinddy z | ha, stanovili obsah N, P, K v su-
Sine biomasy a podla metodiky, ktort uverejnili Bai-
er et al. (1992), prepocitali odber Zivin N, P, K v kg
na produkciu | t Koreia a na jednotku produkcie pola-
rizaéného cukru a rafinddy z | ha. Zo vietkych varian-
tov sme odobrali 100 korefiov rastlin (3tyri opakovania,
po 25 kusoch) a stanovili ich priemerni dlzku.

Ziskané vysledky sme zhodnotili analyzou rozptylu,
regresnou a korela¢nou analyzou a zndzornili graficky.

VARIANTY POKUSU
Obribanie pady

C, - konvencné: podmietka, zaordvka organickych
hnojiv stredne hlbokou orbou a o3etrenie oraciny val-
com, hlboka orba s hrubym urovnanim oraciny klinco-
vou branou; predsejbova priprava pody stredne tazkymi
nesenymi klincovymi branami;

C, — ochranné: podmietka radlickovym kypri¢om
s pasivnymi radlickami (Lemken-Smaragd 80/300) su-
Casne so zaoravkou organickych hnojiv; kyprenie oré-
iny na hibku 30 a7 32 c¢m; predsejbova priprava pody
strojmi s aktivne pohédinanymi pracovnymi organmi (ro-
taény kypri¢ Amazone KG) v spojeni s utla¢acim valcom.

Hnojenie

B, — mastalny hnoj (40 tha™);

|. Vlahové pomery v rokoch 1991, 1992
a 1996 — Moisture conditions in 1991, 1992
| and 1996

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

(1) zimné zrazky (november aZz marec) —
winter precipitation (November to March)

| O1991 (2) letné zrazky (jlin aZ august) — summer
| precipitation (June to August)
01992 (3) zrazky za vegetacné obdobie — precipi-
tation for the growing season
1996
| of
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B, — pSeni¢nd slama + 50 kg N + NPK (110: 19 : 48,
v druhom a trefom roku pokusu 80 : 19 : 48); diavky PK
boli redukované vzhladom na vysoku zésobu fosforu
a draslika v pade;

B; — organické hnojenie, mastalny hnoj 40 tha™' + NPK
(110: 38 : 96, v druhom a trefom roku pokusu 80 : 38 : 96).

NizSie davky dusika v druhom a trefom roku boli
pouZité na poZiadanie vodohospodarskeho organu
(ochranné pasmo PHO podzemnych vod).

VYSLEDKY

Priemerna droda korefia cukrovej repy v jednotli-
vych rokoch pokusu bola 39,53; 59,30 a 77,00 tha ™,
v priemere 58,61 tha™! (tab. 1), Analyzou variancie sme
zistili, Ze variabilita urod za celé pokusné obdobie bola
signifikantne ovplyvnend ro¢nikom. Vplyv obrdbania
pody a hnojenia bol Statisticky nepreukazny. Ukézala
sa tendencia vy§Sej Grody korefia pri variantoch ochran-
ného obrdbania pddy a niZSej urody korena pri varian-
toch hnojenych slamou + NPK (variant B1). V podstate
podobnd tendencia bola i pri skrojkoch, s rozdielom sig-
nifikantného vplyvu hnojenia. Priemerné droda skrojkov
bola 23,31 t.ha™ a v jednotlivych rokoch sa pohybova-
la od 13,96 tha™' (1991) az po 37,53 tha™' (1996).

2. Krytie potreby vlahovych pomerov cukrovej repy
v priemere za roky 1991, 1992 a 1996 (%) — Coverage
of need of moisture conditions of sugar beet on aver-
age for the years 1991, 1992 and 1996 (%)

Priemerné uroda korefia a skrojkov v pokuse bola
81,93 tha™'. Statisticky vyznamne bola ovplyvnena
rokmi (vysokopreukazne) a interakciou obrabanie pddy
x hnojenie (preukazne).

Priemerna cukornatost v pokuse za tri roky bola
17,70 °S a v jednotlivych rokoch sa pohybovala od
17,19 do 18,20 °S (tab. II). Cukornatost bola signifi-
kantne ovplyvnend ro¢nikom, hnojenim a interakciou
obrabanie pody x hnojenie. Tendencia vy33ej cukorna-
tosti bola pri variantoch hnojenych slamou + NPK (va-
riant B2).

Priemerna vytaZnost rafinady bola 15,35 % (tab. II).
V rokoch pokusu bola 15,03; 13,38 a 17,61 %. Vytaz-
nost rafinady bola pri variantoch obrabania pody prak-
ticky rovnaka (vplyv faktorov nepreukazny). Pri va-
riantoch hnojenia boli rozdiely malé, nepreukazné.

Obsah melasotvornych litok je uvedeny v tab. IIL
Z tdajov vyplyva, Ze v obsahu draslika sa ukazali tenden-
cie jeho zvySovania s ddvkami priemyselnych hnojiv. Roz-
diel medzi variantami B1 a B3 bol 5 %. Rozdiel medzi
variantami obrdbania pdy bol vysokopreukazny s niZSou
hodnotou v prospech ochranného obrdbania pody. Naj-
vysSie rozdiely v obsahu melasotvornych latok boli pri
sodiku na variantoch hnojenia. NajniZ§i obsah sodika
bol pri variante B2. Rozdiel v porovnani s variantom
B1 je vysokopreukazny. Podobna tendencia bola i pri

. Produkcia biomasy cukrovej repy (tha™') - Production of sugar beet biomass (tha™)

Variant! Koreii® Skrojky® Koreii + skrojky
(skupinové priemery®) [ 199 [ 1992 [ 1996 | 1991 | 1992 | 1996 | ¥ 1991 | 1992 | 1996 | *
C, 37.39 | 56,80 [ 77,78 | 57.30 13,49 17,18 | 38,53 | 23,06 | 50,88 | 74,00 | 116,31 | 80,39
C, 41,67 | 61,80 | 76,22 | 59,89 14,59 19,70 | 36,55 | 23,61 56,26 | 81,54 | 112,77 | 83,52
B, 42,07 | 60,78 | 74,35 | 59,09 14,03 18,19 | 36,11 22,78 | 56,10 | 78,97 | 11045 | 81,84
B, 35,86 | 58,55 | 76,03 | 56.81 13,68 17,02 | 35,85 | 22,18 | 49,54 | 75,57 | 111,88 | 78,99
By 40,65 | 58,65 | 80.62 | 59.97 14,41 20,12 | 40,67 | 25,07 | 5506 | 78,77 | 121,29 | 85.04
x 39,53 59,30 | 77,00 | 58,61 14,00 | 1845 | 37,54 | 2333 | 5353 | 77,70 | 114,54 | 8195
D pre* B 0.05 - 5.19 - - 2,55 - - 6.55
pre roky* 0,01 - - 6.58 = = = 3.23 - = e 8.29
D pre C 0,05 - - - - - - - - - - 11,37
pre roky 0,01 - - - - - - - - - - 13,68
'variant, 2gruup means, *for, *for years, *root, "sugar beet tops
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II. Vplyv rozneho obribania pddy a hnojenia na cukornatost, produkciu polarizaéného cukru, vytaZnos( a produkciu rafinddy — The effect
of various soil cultivation and fertilization on sugar content, production of polarizing sugar, yield and refined sugar production

Variant! Rok2 Cuk(:g;:;(osf-‘ Produkcia p-.::fl’:‘ilz_:llfného cukru? Vyt;:‘iyon)os(-‘ Produl;«:.i:a{.-:;'midyﬁ
1991 17,26 6,44 15,45 577
Cl 1992 18,10 10,28 13.62 7.73
1996 18.09 13,16 17,70 12,88
X 17.80 10,19 1550 8,79
1991 17.13 7,13 14,62 6,09
c2 1992 17,30 10,69 13,15 8,12
1996 18,32 13,96 17,53 13,36
X 17,60 10,53 15,59 8,79
1991 16,34 6.87 14,78 6.21
Bl 1992 17,50 10,60 12,33 7,49
1996 18,24 13,56 17,70 13,15
X 17,30 10,22 14,94 8.59
1991 18,48 6,62 15,08 5,40
B2 1992 17,70 10,36 14,95 8,75
1996 18,37 13,96 16,55 12,58
x 18,20 10,33 15,52 8,91
1991 16,74 6,80 15,24 6.19
B3 1992 17,90 10.49 12,88 7.55
1996 18,01 14,51 18,60 14,99
x 17,50 10,49 15.60 9,57
1991 17,19 6,79 15,03 5.94
Priemer’ 1992 12,70 10,49 13,38 7.93
1996 18,20 14,01 17,61 13,55
x 17,70 10,37 15,35 8,99

'variant, 2yenr. “sugar content, 4produclion of polarizing sugar, syield.

7

6 :
refined sugar production, "average

111. Obsah melasotvornych ldtok (mmol/100 g repy) — Content of molasses-forming components (mmol/100 g of beet)

Variant! Draslik® Sodik® Alfaaminodusik’
(skupinové priemery?) 1991 1992 1996 X 1991 1992 1996 x 1991 1992 1996 x
C, 3.85 6,29 6,23 5.46 0,84 0,99 1,08 0,97 8,02 8,85 6,65 7,84
C, 398 717 6,43 5.86 0,75 1,04 1,00 0,93 8,42 8,90 6,22 7.85
B, 3.89 6,80 6,03 557 1,00 1.30 1,08 1,13 79 9,87 6,26 8.01
B, 3.83 6,49 6,43 5.58 0,68 0.71 0,89 0,76 8.3 8.20 6,35 7.62
B; 4,00 6,91 6.53 5,83 0.68 1,03 LIS | 095 8.4 8.55 6,68 | 7.87
X 3,91 6,73 6,33 5,66 0,79 1,01 1,04 | 0,95 8,22 8,87 6,43 7,84
D pre* B 0,05 - - 0,275 - - - 0,295 - - - 0,542

pre roky* 0,01 - - 0,395 - - - 0,339 - - - 0,709
D pre C 0,05 - - 0,184 - - - 0,174 - - = 0.364

pre roky 0,01 = o 0,253 - - - 0.239 - - - 0,500

For 1-4 see Tab. I, *potassium, *sodium, "alph ino nitrogy

obsahu alfaaminodusika. Rozdiel medzi rokmi v3ak bol
preukazny. Medzi cukornatostou a obsahom sodika,
resp. medzi cukornatostou a obsahom alfaaminodusika
sa zistila negativna signifikantna zavislost (r=-0,323,
resp. r = —0,649).
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Vhodnost pédneho prostredia vytvoreného obriba-
nim pddy moZno posudit aj priemernou dlZkou korefia.
Priemerné dlka koreiia za tri roky pokusu bola 0,259 m
a jeho variabilita v rokoch pokusu bola vysokopreukazna.
Vplyv ostatnych faktorov bol nepreukazny. Vysledky
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3. Odber Zivin celkovou produkciou

ukdzali tendenciu dlh§ieho korefia cukrovej repy pri
konvencnom obrabani pédy a pri variante bez priemy-
selnych hnojiv.

Stanovenim odberu dusika celou urodou suiny ko-
refa a skrojkov sme zistili, Ze na 1 t produkcie korefia
v priemere za tri roky sa z pddy odobralo 3,2 kg N,
0,48 kg P a4,57 kg K, na | t polarizacného cukru 21 kg
N, 2,6 kg Pa 26 kg K ana | t produkcie rafiniddy 24 kg
N, 3 kg P a 30 kg K (obr. 3).

DISKUSIA

Vysledky pokusov ukézali, Ze na tvorbu produkcie
i na technologicki kvalitu cukrovej repy malo pocasie
vyraznej§i vplyv (signifikantny vplyv rokov) ako sku-
$ané agrotechnické opatrenia. Potvrdilo sa, Ze pre tvor-
bu biomasy je potrebné rovnomerné rozdelenie zrazok
pocas vegetatného obdobia a vydatnejsie zrazky v let-
nom obdobi (jun az august). Nade poznatky koreSpon-
duji s vysledkami, ktoré uverejnili Bajcéi, To-
méankova (1991) i dalsi autori, podla ktorych urodu
i kvalitu cukrovej repy najviac ovplyviiuje ro¢nik. Ten-
dencie vysSich prirastkov korefia boli pri ochrannom
obrabani pody (nepreukazné). V suchych podmienkach
ro¢nika 1991, pri nedostatku zimnej vlahy zapracova-
nie slamy do pddy k cukrovej repe sposobilo redukciu
drody biomasy. Na druhej strane, rozklad pozberovych
zvyskov a slamy (3ir§i pomer C : N) podmienil imobi-
lizaéné procesy dusika, ktoré sa pravdepodobne odrazili
vo vysSej cukornatosti korena cukrovej repy. Podobné
vysledky s hnojenim slamou ziskal i Longden
(1991). Slama a s fiou vyvolané imobilizainé procesy
zvySuju hospodarnost pody s dodanymi dusikatymi
hnojivami najmi tym, Ze zabraiiuji hromadeniu mine-
rdlneho dusika a sicasne zabraiiuji aj jeho translokécii
z korefiovej zény rastlin. Preto je zapracovanie slamy
k cukrovej repe ticelné najmia v PHO podzemnych vod-
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biomasy na | t produkcie korefia (1), po-
lariza¢ného cukru (2) a rafinady (3) - Up-
take of nutrients by total biomass pro-
duction per | t of root production (1),
polarizing sugar (2) and refined sugar (3)

3

nych zdrojov. Ziskané vysledky sa v silade s udajmi,
ktoré publikovali Alison, Hetschkun (1990),
Kovac etal (1997) a i. Aplikacia slamy obilnin pod
cukrovu repu i pri tendencii zniZenia trody (nepreu-
kazné) diverzifikuje moZnosti pestovania cukrovej repy
v systémoch hospoddrenia bez Zivocisnej vyroby.

Obsah draslika a dusika bol najviac ovplyvneny po-
¢asim. S vy§8imi zrdZkami sa zvySoval i obsah draslika
v koreni cukrovej repy.

Odber dusika celkovou biomasou cukrovej repy ko-
rena predstavoval 3,2 kg N.C!. Baier et al (1992)
uddvaji pri strednom odbere 4,0 kg N.C! produkcie
korefia. Rozdiel moZze by( sposobeny rozdielnym stano-
vi§tom, hnojenim a odrodou. Sicasne sa potvrdili poz-
natky, podla ktorych sa objem Zivin zo skrojkov nevy-
rovnd objemu Zzivin dodanych hnojenim mastalnym
hnojom (Baier et al, 1992).
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COMPETITION BETWEEN MAIZE AND BARNYARD
GRASS (ECHINOCHLOA CRUS-GALLI) AT DIFFERENT
MOISTURE REGIME

KONKURENCE MEZI KUKURICI A JEZATKOU KURI NOHOU
(ECHINOCHLOA CRUS-GALLI) PRI RUZNEM VLAHOVEM REZIMU

Z. Martinkova, A. Honék

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

ABSTRACT: Competition between a natural stand of barnyard grass Echinochloa crus-galli (L.) P. Beauv. and a maize crop
was studied during two years. The combined biomass of maize and barnyard grass increased with soil water availability.
Maize density varied little and its yield was determined by individual plant size. Maize shoot weight decreased with increase
in root biomass of barnyard grass (which is a product of plant number per area and individual root weight) and decreasing
soil water availability. Barnyard grass density was greatest when the water capacity of soils was low. Root weight and the
proportion of dry matter allocated to roots (root to shoot ratio) was correlated with individual size of barnyard grass plants.
Weight of barnyard grass plants decreased but root to shoot ratio increased with decreasing soil water availability. Root
competition was the major factor decreasing maize weight while above ground competition was of minor importance. With
similar above ground biomass, dense stands of barnyard grass consisting of small plants with numerous roots caused a greater
decrease in maize yield than sparse stands consisting of large plants with fewer roots.

maize; barnyard grass; below ground competition; water availability in soil; plant growth; root; shoot

ABSTRAKT: Ve dvouletych polnich pokusech byla studovana konkurence mezi porosty kukufice a pfirozenym zaplevelenim
jezatkou kufi nohou, Echinochloa crus-galli (L.) P. Beauv. Celkovd biomasa rostlin (suchd hmotnost kukufice a jezatky na
jednotku plochy) vzristala s dostupnosti vody v pidé. PonévadZ u kukufice byl pocet rostlin na jednotku plochy din hustotou
vysevu a jen mdlo kolisal, produkce biomasy zdvisela na velikosti rostlin. Hmotnost nadzemnich &dsti kukufice klesala
s ristem biomasy kofeni jeZatky (soucin poctu rostlin na jednotku plochy a primérné hmotnosti kofeni) a dostupnosti vody
v pudé (vyjidieno vodni kapacitou pidy). Hustota porosti jeZatky byla nejvy3i v mistech s nizkou vodni kapacitou pidy.
Hmotnost kofenti a podil hmoty pfidélované do kofent rostlin (root/shoot ratio) byl v korelaci s individudlni velikosti rostlin
jezatky. Primérnd hmotnost rostlin jeZatky klesala a pomér kofent k nadzemnim ¢astem vzristal s klesajici dostupnosti vody
v pudé. Konkurence v kofenové sféfe byla ziejmé hlavni pfi¢inou sniZujici se hmotnosti rostlin kukufice, zatimco nadzemni
konkurence méla mensi vyznam. Pfi stejné biomase nadzemnich &asti na jednotku plochy mé&ly husté porosty malych rostlin
jezatky kufi nohy intenzivnéjsi konkurencni vliv na kukufici neZ fidké porosty skladajici se z velkych rostlin. Rozdil v kon-
kurenci byl zptisoben relativné vétsi biomasou kofentt u malych nez u velkych rostlin,

kukufice; jeZatka kufi noha; podzemni konkurence; dostupnost vody v pudé; rust rostlin: kofeny; nadzemni Casti

INTRODUCTION

Barnyard grass, Echinochloa crus-galli (L..) P. Beauv.,
is an important weed of maize crops. In the Czech
Republic, it is the fourth species in order of dominance
[after goosefoot Chenopodium album L., couchgrass
Agropyron repens (L.) Beauv., and scentless mayweed
Tripleurospermum maritimum (L.) Sch. Bip.] in silage
maize (ca 80% of maize acreage), and the top one in
maize grown for grain (20% acreage).

The competition of barnyard grass with maize was
studied by Kropff et al. (1984) and Spitters et
al. (1989) who showed that the reciprocal of the aver-
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age weight per maize plant was proportional to density
(per area numbers) of barnyard grass plants. This was
demonstrated also for barnyard grass competition with
other crops (Keeley, Thullen, 1991; Norris,
1992; Saccol etal, 1993; Vail, Oliver, 1993).
It corresponds with a hyperbolic model of the relation-
ship between crop yield and weed density, typical for
crop/weed competition (Alticri, Liebmann,
1988). The studies also indicated the importance of root
competition (Perera et al.,, 1992). Since the intensity
of competition may be affected by soil water availabil-
ity, any variation in soil quality may influence the in-
tensity of competition.
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In this study, we investigated the effects of soil water
availability and barnyard grass competition in a maize
stand in Czech Republic. We studied the relationship
between soil water capacity, barnyard grass density and
yield of maize plants by selecting plots within the stand
having different soil moisture characteristics and barn-
yard grass densities.

MATERIAL AND METHODS

The experiments were performed in a production crop
of maize grown for two years at the same field at Odo-
lena Voda (50° 16 N, 14° 26" E, 15 km north of Pra-
gue). The experimental field (0.20 kn12) was a mosaic
of soils which differed in soil water capacity. Water
availability was estimated from soil water capacity, i.e.
percent water in saturated soil (Dahiya et al., 1988).
Soil water capacity is significantly correlated with the
upper limit of water availability for plants, i.e. the
water content at which drainage from a prewatered soil
ceases (Casell etal., 1983; Ratliff et al., 1983).
Three 50 g soil samples from each plot were submerged
into the water for 5 days. The saturated soil was then
weighted immediately after removal from water, and
after drying at 120 °C to constant weight.

Maize was sown in rows with 70 cm spacing, at
a density of 7 planls.m’z, on April 15, 1990 and April
22, 1991. A nearly pure stand of barnyard grass was
established within the crop from the resident seedbank.
Agricultural practices were according to those recom-
mended in the Czech Republic, except for the herbicide
treatment. In 1990, no herbicides were applied. Barnyard
grass occurred through the whole maize crop but varied
in density and shoot biomass. Fourty one experimental
plots of 1.4 m x 2.0 m (a 2 m section of two adjacent
rows) were harvested on August 1, at the beginning of
barnyard grass seed maturation. Plots were selected
within the crop to cover the range of variation in
biomass and density of barnyard grass, and maize yield.
On each plot we counted the maize plants and meas-
ured their dry shoot weight. On each plot, barnyard
grass plants were harvested from two 0.25 m* quadrats
taken between maize rows, and plant number and dry
shoot biomass per quadrat were established. One soil
sample was taken for each 2 to 5 plots which were close
(< 30 m) one to each other.

In 1991, barnyard grass was controlled on April 25,
except of 16 areas of 5 m x 10 m size randomly dis-
tributed over the field where experiments were done.
The herbicide treatment was made by ACENIT 50EC
(4 Lha™", active substance acetochlor 500 g.I”") + ZEAZIN
S40 (1.5 l.ha”', active substance atrazine 400 g,l"). The
unsprayed areas were populated with a natural stand of
barnyard grass with admixture of amaranth, Amaran-
thus retroflexus L. (always < 10% of the total above
ground weed biomass). On August 8, maize was har-
vested from one 1.4 m x 2 m plot within each weedy
area, and one plot from weed-free area near each weedy
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plot (controls). The distance between weedy and weed
free plots was 3 m. On weedy plots, barnyard grass
from two 0.25 m? quadrats was dug up with roots, and
the soil was washed off. The plants were counted, di-
vided into roots and shoots, dried and weighed. A soil
sample was taken from each pair of plots. The differ-
ence in the average weight of single maize plant be-
tween weed free and weedy plots was expressed as
percentage of that at weed free plots.

RESULTS

The combined shoot biomass of maize and barnyard
grass increased with soil water capacity in both 1990
(r=0.788, p < 0.01) (Fig. 1) and 1991 (»=0.613, p < 0.05,
for weedy plots). The proportion of maize in combined
plant biomass was not correlated with the combined plant
weight (r = -0.101 and -0.163, n.s., in 1990 and 1991,
respectively) as the maize yield was influenced also by
barnyard grass density. The total plant biomass was
thus determined by water availability, but the relative
success of each competing species was independent of
water availability.

The variation in maize density was small (6.1 = 0.7
and 7.6 = 1.6 planls.m'2 in 1990 and 1991, respec-
tively), caused by variation in planting density rather
than mortality from competition. Since maize density
did not vary, maize yield was correlated with average
individual plant weight (r = 0.93 and 0.97 in 1990 and
1991, respectively). There was no correlation between
barnyard grass and maize density (r = -0.019 and
0.292, in 1990 and 1991, respectively). The individual
weight of maize plants was therefore investigated as
determinant of maize yield.

The average dry weight of maize plants at different
plots varied between 5.3 to 60.5 g (mean 254+ 17.6 g)
in 1990, and 4.4 to 84.1 g (mean 23.8 +20.9 g) in 1991.
This weight increased with soil water capacity, and the
reciprocal of this weight was linearly related to the
density of barnyard grass (Fig. 2). In 1991, the net
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1. Soil water capacity and combined above ground biomass of maize
and barnyard grass in 1990
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effect of barnyard grass competition measured as the
difference between weight of maize plants on weedy
and weed-free plots increased with root biomass of barn-
yard grass, and decreased with increasing soil water ca-
pacity (Fig. 3). Water was apparently the critical re-
source for which the competition occurred.

The per area root biomass of barnyard grass is a prod-
uct of plant density and individual plant root weight. The
latter is determined by whole plant weight and propor-
tion of dry mass allocated to roots (root/shoot ratio).
These factors were correlated (Fig. 4). Individual plant
weight decreased and root to shoot ratio increased with
decreasing soil water capacity and increasing barnyard
grass density. The density of barnyard grass stand was
greater on soils with low water capacity. In 1991, cor-
relation between soil water capacity and barnyard grass
density was r = -0.702, p < 0.005.

The relationship between maize weight and above
ground barnyard grass biomass was ambiguous, nega-
tive in 1990 (r = =0.427, p < 0.01) but positive in 1991
(r=0.522, p <0.05). This was apparently due to domi-
nant role of root competition. Similar shoot biomass
may consist of a small number of large plants or a large
number of small plants. The competition for light or
CO, was probably less important. This was due to the
fact that barnyard grass did not overtop maize, and its
shoot height was only about 1/3 of maize height. Plant
height at the time of harvesting experimental plots was
measured in 1990, and was 30.0 £ 13.6 cm in barnyard
grass, and 92.6 + 32.5 cm in maize.

DISCUSSION

The competition with barnyard grass was an impor-
tant factor of individual weight and yield of maize. The
effects were apparently due to root competition for
water, and increased with barnyard grass root mass and
decreasing soil water availability. In our experiment
soil water capacity and root biomass of barnyard grass
were correlated. The barnyard grass root biomass in-
creased on low water capacity soils since water stress
increased the dry mass partitioning to roots and also
plant density was greater on soils with low water ca-
pacity (cf. Honék, Martinkova, 1991). The
greater barnyard grass density on low water capacity
soils may be due either to differences in seed supply in
the soil or increased germination rate. Since the seed
production is directly proportionate to shoot mass
(Martinkova, Honék, 1992, 1993) and this in-
creased with soil water capacity, the former explanation
is not probable. No data on variation of germination rate
in field conditions are available, but this soil environment

may favour greater emergence (Harper, 1977).
The earlier studies (Kropff et al.,, 1984; Spit-

ters et al, 1989) revealed a close relationship be-
tween barnyard grass density and maize yield. The va-
riance explained by the regression analysis of maize
yield on barnyard grass density was = 0.92. Our
regreselons explained xubslanuall); lower proportion of
variance, #* = 0.62 in 1990, and > = 0.41 in 1991. The
high coeftficient of determination found by Spitters
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r= 0449, p < 0.005; 1991: weight = 8.86 percent water - 191.5, r = 0.744, p < (. (N)l) below: barnyard grass density (1990: l/weight =
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3. The difference in individual maize shoot weight between weed
free and barnyard grass grown stand (in percent of weight of weed;
-free plants) in relation to dry root biomass of barnyard grass per | m”
(above, difference = 0.98 root biomass + 8.05, r = 0.491, p = 0.05) and
soil water capacity (below. difference = —10.3 percent water + 307.5.
r=0.674, p < 0.005) in 1991

et al. (1989) may be due to uniform environment con-
ditions where barnyard grass presence was the only
source of variation in maize yield. The experiments
were perhaps made on a soil with a uniform water hol-
ding capacity.

Knowing only the weed density, the prediction of
the effect of barnyard grass competition on maize is
difficult. An annual variation in barnyard grass effects
on maize yield which may consist in differences in
water availabiliy was demonstrated by Spitters et
al. (1989). We may therefore expect a poor prediction
in semi-arid areas with uneven precipitation, and in
grounds with a mosaic of soils with different water hol-
ding capacity.

The importance of below ground competition prob-
ably increases with sowing date. In the Czech Republic,
silage maize may be sown up to mid June while a rec-
ommended date is late April. Warm weather may fa-
vour barnyard grass over maize. Its relative growth rate
(weight increase per unit weight per day) at 21 °C is 0.29
(Shipley, Parent, 1991) while relative growth rate
of maize is only 0.19 (calculated from Pommel,
1990). Dry mass allocation to roots also increases with
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4. The effect of barnyard grass density and soil water capacity on
(above) whole plant (root + shoot) size of barnyard grass (RZ = (.648,
p < 0.005) and (below) its root to shoot ratio (R2 =0.345. p < 0.1)
in 1991

advancing season, and was greater in plants sown in
July than in May (Martinkova, Honé&k, unpub-
lished).

Root competition is an important factor when one of
the competing species is more plastic than the other in
changing the proportion of resources allocated to roots
in response to environmental stress (Aerts etal., 1991).
Barnyard grass is superior in this respect over maize
(Honék, Martinkova, 1991) although it lacks
physiological adaptations for increasing soil water ex-
traction under drought conditions (Conover, So-
vonick-Duntford, 1989). Therefore below ground
competition for water may become a crucial factor of
maize yield in semi-arid areas, and in late sown stands
on low water capacity soils.
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Z VEDECKEHO ZIVOTA

MEZINARODNI SYMPOZIUM EVROPSKE LUKARSKE

FEDERACE V POLSKU

Ve dnech 19. aZ 23. kvéna 1997 se konalo v Polsku
mezindrodni sympozium Zachovdni biodiverzity pri obhos-
podarovdni travnich porostii. Sympozia, které zorganizovala
Polska lukaiska spolecnost pod zdstitou Evropské lukaiské
federace (EGF), se zicastnilo pfes 80 icastnikii ze 17 evrop-
skych zemi. Sympozium bylo zahdjeno na Vysoké Skole ze-
médélské ve Varavé. Prvni blok pfednisek se zabyval vy-
uzivanim druhové pestrych porosti, druhy byl vénovén
extenzifikaci obhospodafovini a jejim vlivim na biodiverzi-
tu. Pak jednéni pokrafovalo ve 150 km vzddlené Lomze tie-
tim blokem, ktery byl zaméfen na vztah travnich porosti
a zivotniho prostiedi. Ve Ctvrtém bloku byly hodnoceny
vztahy mezi stanovi$tém a biodiverzitou a v zévéreném blo-
ku zaznély referity k ochrané pfirody. Soub&Zné bylo pfed-
vedeno 40 postert, které byly rozdéleny do tychZ tematic-
kych bloki jako ptednasky. V priib&éhu sympozia se sesly tfi
pracovni skupiny, v nichZ se jednalo o metoddch stanoveni
biodiverzity travnich porostd, o loze bylin v luénich poros-
tech a koneéné o moZnosti vyuZiti genetickych zdroji z trav-
nich porostl. Tradi¢ni exkurze vedla do Narodniho parku
Biebrza, ktery byl zfizen v roce 1993 k ochrané existujicich
ekosystému (celkem bylo na tizemi identifikovino 43 rostlin-
nych spolegenstev) a riiznych typi radelinist. Park se rozkla-
dé v udoli stejnojmenné feky a svou rozlohou 59 223 ha je
nejvet§im narodnim parkem v Polsku.

Trvalé travni porosty zaujimaji v Polsku vice neZ 4 mil.
ha, coZ piedstavuje 14 % tzemi. VyuZivaji se vétSinou ex-
tenzivng, krmivovou zdkladnu pokryvaji pouze z 50 %. Lou-
ky pfevaZuji nad pastvinami a tradi¢ni vyroba sena je stile
nejbéZnéjsi metodou konzervace pice. Diky specifickym ry-
stim (rGznorodé padni a klimatické podminky, vyrazny podil
radelini$t a mokiadl, vysokd biodiverzita) maji trvalé travni
porosty v Polsku unikitni charakter (Kozlowski, Stypinski).

Zmény v obhospodafovini travnich porostil v Evropé& ved-
ly v prib&hu uplynulych &tyf desetileti k tstupu mnoha dru-
hil. Biodiverzita sice pfispiva ke stabilité krajiny a k uchova-
ni genotypti druht, ale jeji zvySovdni ma Casto negativni vliv
na ekonomiku. Pfedpoklida to soubé&Znou existenci riznych
typl travnich porostli a riznych systémi obhospodafovani
(Nosberger, Kessler). Obnova druhové pestrych porosti se
miélokdy obejde bez pfiseti novych druhii (Hopkins, Feber).
Existence a stabilita ekosystému zdvisi do znacné miry na
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biodiverzité, na niZ je tfeba pohliZet i z hlediska Zivodiiné
vyroby, kde naopak neni velkd floristickd diverzita Zidouci
(Kostuch). Extenzifikace hospodaieni na travnich porostech
(absence hnojeni a omezeni poctu sklizni) nevede k rychlym
zméndm ve floristické diverzité a projevuje se predeviim
vyraznym poklesem vynosu a krmné hodnoty pice (Jeangros,
Bertola). MnoZstvi druhii lehce vzrostlo aZ po péti letech.

Extenzifikaci se nezlep3uje biodiverzita automaticky a jeji
Gginek (kladny i zdporny) zdvisi na vychozim pocétu druht
a na dosud médlo prozkoumanych interakcich mezi pidou,
rostlinami a zvifaty. Dal3i (nutné interdisciplinarni) vyzkum
musi studovat ekosystémy jako celek véetné mechanismu
zmén druhd (Fisher, Rahmann). Zvy3eni hladiny podzemni
vody nemélo vliv na rodovou diverzitu, nastup druhi byl
limitovan hustotou porostu a rozptylem semen. Velice u¢inné
bylo odstranéni drnu (do hloubky 10 cm), jehoZ nejduleZit&j-
§im dasledkem bylo otevieni povrchu pudy na nékolik let.
Podpofilo to kli¢eni semen z pidni zdsoby, rychleji stoupla
biodiverzita a objevily se dokonce druhy, které na daném
stanovisti rostly pted 50 lety (Oomes).

Vzijemné vztahy mezi travnimi porosty a prostfedim jsou
velice t&sné a proménlivé. Lze je hodnotit na tfech trovnich
komplexnosti: 1. jako obecné plisobeni prostiedi na travinny
biom, 2. jako vztah prostiedi a travnich ekosystémi a 3. jako
vliv n&kterych abiotickych faktori na populaéni strukturu
a rostlinné pochody. Pokud jde o zachovini kvalitniho Zivot-
niho prostfedi, je dloha travnich porostd nezastupitelna
(Rychnovskd, Parente).

Produktivita porostu je v t&sné vazbé s biodiverzitou. Je-li
vodni reZim nejdileZitéjdim faktorem, ktery pfimo & nepfi-
mo limituje produktivitu mnoha typt travnich porosti, pak
je urCujici i pro trvalé zachovini diverzity (Verkaar a kol.).
Pestiejsi sloZeni (nad 20 druhi na 100 m2) bylo zazname-
nano jen na padéch s nizkym obsahem vyménnych Zivin
v pidé (fosforu pod 5 mg P a drasliku pod 30 mg K na 100
g pudy). Nizky obsah fosforu navic ovliviiuje mineralizaci
organické hmoty, a tim i pfistupnost dusiku (Peeters a kol.).
Predpokladem pro druhovou pestrost je také pravidelna skli-
zefl. Prestanou-li se travni porosty obhospodafovat, podet
druht se sniZuje (Szoszkiewicz).

Shornik referdta je k dispozici u acastnika sympozia.

Ing. Josef Krdlovec, CSc., UKZUZ Brno
Ing. Magdalena Sevéikovd, Oseva PRO, s. r. 0., Zubit
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UCINOK ODRODY A MEDZIRIADKOVE] VZDIALENOSTI
NA URODU SEMENA LASKAVCA (AMARANTHUS SSP.)

THE EFFECT OF VARIETY AND ROW SPACING ON SEED YIELD
OF AMARANTH (AMARANTHUS SSP.)

P. Jamriska

Research Institute of Plant Production, Piestany, Slovak Republic

ABSTRACT: In field experiments on degraded chernozem, 167 m above sea level, with long-term annual temperature average
of 9.1 °C and annual precipitation 625 mm (48° 34" N. W. and 17° 45" E. L.), the effects of six varieties and two row spacing
(125 and 500 mm) on the seed yield, stand density and height, and 1000 seed weight (TSW) of amaranth have been studied.
Three varieties, 1008, K-369 and Plainsman, were of A. hypochondriacus species and another three, 17-GUA, 29-USA and
A-70, were of A. cruentus species. With the exception of TSW, weather conditions influenced evaluated characters the most.
The greatest seed yield (3.48 t.ha™") was reached in 1994 and the lowest (1.33 t.ha™") in 1995 (Tab. I). Unfavourable weather
conditions after emergence were the reason of this marked difference. While in 1994 amaranth reached the stand height of
300 mm in 32 days, in 1995 the period of 40 days was necessary to reach this height. Amaranth stand height of 300 mm
indicates overcoming of critical period (Collective, 1984). Plainsman variety had the best yield (2.69 tha™"), on the other
hand, the lowest yield of (2.27 tha™) appeared in the K-369 variety. The yield of more productive varieties varied more,
depending on weather conditions, than the yield of less productive varieties. The stands with narrower row spacing produced,
on the average, higher yields than the stands with wider row spacing. It was significant in two of three experimental years.
Weather conditions had the greatest effect on the stand density (Tab. II). Substantially thinner stand in 1996 caused unfavou-
rable conditions at emergence. Immediately after the sowing, vigorous rain and then soil crusting appeared, in most days the
temperature fell below 15 °C and up to 20th June it did not rain. 17-GUA and 29-USA had the stands with the highest density
and Plainsman and K-369 stands with the lowest density. In two of three years the smaller row spacing resulted in higher
density of the stand. In one (1995) of three years, there was no difference between varieties. In the year with the lowest stand
density (1996), A. cruentus varieties had clearly denser stands than A. hypochondriacus varieties, what could indicate a higher
tolerance to unfavourable conditions at the time of emergence. Amaranth reached the highest stand in the year with thinnest
stand, the lowest one in the year with lowest yield (Tab. III). The best yielding Plainsman was, on the average, also the
highest variety and, on the contrary, K-369 with lowest yield performance was the smallest one. Higher plants in the stands
_ with wider row spacing were an obvious tendency almost with all the varieties and years, what could be regarded as
manifestation of higher level of intraspecific competition in the rows. Tested varieties differed the most in stand height in
the year with the greatest yield (1994). In the year with lowest plants (1995), only the Plainsman variety had higher stand
than the rest, in the year with highest plants (1996), on the contrary, only K-369 variety had a lower stand as compared to
the others. Variability of TSW was affected more by varieties than by weather conditions (Tab. IV). Row spacing in that case
had no influence and, on the contrary, there was only one case of significant variety interaction with row spacing. With
narrower rows, there were different relations between varieties than with wider row spacing. TSW of varieties 1008 and
29-USA varied, depending on the year, much less than TSW of 17-GUA variety. In all analyzed characters, there were more
marked differences between A. hypochondriacus varieties than between A. cruentus varieties.

amaranth; species; varieties; row spacing; seed yield; stand density and height; 1000 seed weight

ABSTRAKT: V polnych pokusoch sa skimal u¢inok Siestich odrdd liskavca a dvoch medziriadkovych vzdialenosti (125
a 500 mm). Okrem tdrody semena sa hodnotili hustota a vy$ka porastu a hmotnost 1000 semien (HTS). Poveternostné
podmienky boli s vynimkou HTS najvicsim zdrojom variability analyzovanych znakov. Najvy3Siu trodu (2,69 tha™') a naj-
vy33i a najredsi porast mala odroda Plainsman. NajniZ§iu drodu (2,27 tha™)a najniz8i a skor redsi porast a semend s najniZ-
Sou HTS mala odroda K-369. Sirka medziriadkov pdsobila na vetky hodnotené ukazovatele okrem HTS. K preukaznej
interakcii odrod s medziriadkovou vzdialenostou doslo len pri HTS. V interakcii odrod s medziriadkami a rokmi pri vy$Sej
urovni drod reagovali odrody Plainsman i 29-USA na 125mm vzdialenost medzi riadkami zvySenim turody. V priemernom
hodnoteni v dvoch z troch pokusnych rokov spdsobili uZiie medziriadky prirastok Grody semena. Hustota porastu bola najviac
ovplyviiovana teplotnymi a vlhkostnymi podmienkami a §truktirou pddy pri vzchadzani laskavcea.

ldskavec; druhy; odrody; medziriadkova vzdialenost; iroda semena; hustota a vy§ka porastu; hmotnost 1000 semien
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UvVOoD

Pri pestovani laskavca na semeno mbZe mat okrem
druhu a odrody urcity vyznam aj medziriadkova vzdiale-
nos(. Vicsina odporicani z Ameriky (Kolektiv, 1984),
popripade zo zapadnej Eurépy (Wegerle, Zeller,
1995) uvadzaja 500 az 750 mm, poznatky zo strednej
Eurépy (Lazanyi et al., 1988) vSak nevyluCuji ani
uz8ie medziriadky. V nasich predchadzajicich pokusoch
(JamriSka, 1990) bola jednozna¢ne vyhodnejsia
vzdialenost 375 mm ako 750 mm. Z uvedenych aspek-
tov sme skimali tri odrody A. hypochondriacus a tri od-
rody A. cruentus v 125 a 500 mm Sirokych medziriad-
koch. Porast laskavca vysiaty so 125mm medziriadkovou
vzdialenostou by mohol s vynimkou burinovych dru-
hov laskavca vytvarat lepSie podmienky na konku-
renciu proti burinam.

MATERIAL A METODA

Polné pokusy sme zakladali v kukuri¢nej vyrobnej
oblasti na hlinitej ¢ernozemi 167 m n. m. v Borovciach
pri Pietanoch (48° 34" s. §., 17° 45" v. d.). Pokusné
stanoviste ma v priemere 9,1 °C teplotu a 625 mm zri-
70k za rok. Pokusné roky 1994, 1995 a 1996 boli tep-
lotne mierne nad normalom (9,8, 9,7 a 9,2 °C) a zrdz-
kami aZ na rok 1994 pod normdlnou hodnotou (662,
522 a 521 mm). V rozhodujicom vegetatnom obdobi
laskavca (5. az 9. mesiac) bol len rok 1995 zrazkami
mierne pod normélom.

Vysievali sme tri odrody A. hypochondriacus (1008,
K-369, Plainsman) a tri odrody A. cruentus (17-GUA,
29-USA, A-70). Osivo skiasanych odrod pochiadza
z Rodale Center (USA), z INCAP (Guatemala) a z Re-
search Centre for Agrobotany Tépioszele (Madarsko).

V3etky st odrodami zrnového typu so zlatoZltou farbou
semena, so Zlto sfarbenym kvetenstvom, okrem K-369
a Plainsman, ktorych sikvetia maji skér tmavodervent
farbu. Datumy sejby boli 11. 5., 24. 5. a 24. 5.; zber:
v roku 1994: 16. 8. — A-70, 19. 8. — 1008, 17-GUA,
29-USA, 22. 9. — K-369, 6. 10. — Plainsman; v roku
1995: 18. 9. — A-70, 25. 9. — 29-USA, 26. 9. — 1008,
17-GUA, 11. 10. - K-369, Plainsman; v roku 1996: 19. 9. —
17-GUA, 29-USA, A-70, 20. 9. - 1008, 2. 10. - K-369,
14. 10. - Plainsman. Vysievali sme 1,0 mil. klicivych
semien.ha™, pokus bol zalozeny znahodnenim varian-
tov v Styroch opakovaniach, zberovi parcelka mala roz-
mery 4 x 1,5 m = 6 m%. Po vzideni boli ruéne vypleté
buriny a varianty s 500 mm vzdialenymi riadkami boli
dvakrat okopavané. Pokus nebol hnojeny nijakymi hno-
Jjivami, po kompletnom vzideni boli porasty preriedené,
resp. jednotené (okrem roku 1996) na hustotu 42 rast-
lin.m™2. Prvé jednotenie sme robili po dplnom vzideni,
druhé pri vyske rastlin 100 aZ 150 mm. Pocas vegeticie
sme odstrafiovali burinové druhy. Zber sme robili ru¢ne
odstrihnutim kvetenstva, ktoré sa po vysuSeni mlatilo
na maloparcelkovej mlafacke. Hmotnos( semena bola
vyCislena po vycisteni, zvaZeni a prepocte na 10% ob-
sah vlhkosti. Pred zberom sme odoberali vzorky na bo-
tanické rozbory, zistovali vy$ku a polet zberanych
rastlin na parcelke.

Udaje o trodach, hustote, vyske porastu a HTS boli
spracované analyzou rozptylu a rozdiely vyhodnotené
Tukeyovym testom.

VYSLEDKY

Medzi priemernymi trodami semena z pokusnych
rokov boli vysokopreukazné rozdiely (tab. I). Najvyssia

1. Vplyv odrody a medziriadkovej vzdialenosti na Grodu semena laskavca (tha™") = The effect of variety and row spacing on seed yield of

amaranth (tha ')

gl Sirka medziriadkov? A. hypochondriacus A. cruentus Amaranthus
(mm) 1008 K-369 | Plainsman X 17-GUA | 29-USA | A-70 X X
125 3,28 3,63 4,93 3,95 371 3.98 3.05 3,58 377
1994 500 319 3,00 3.68 3.29 3.41 3.08 2.82 3,10 3.20
X 3,24 332 431 3,62 3,56 3,53 3,94 334 3,49
125 1.45 1.55 1.74 1.58 1.39 1.18 1.37 1.31 1.45
1995 500 1,17 1,29 137 1,28 1.30 0,95 1.21 115 1,22
X 1,31 142 1,56 1.43 1.35 1,07 1,29 1,23 1,33
125 2,62 2,13 2,12 2,29 3.06 2,77 3.02 295 2,62
1996 500 294 2,02 231 242 2.81 3.00 2,87 2.89 2,66
¥ 2,78 2,08 2,22 2,36 2,94 2.89 2,95 293 2,64
125 245 244 293 2,61 2,72 2,64 2,48 2,61 2,61
Priemer’ 500 2.43 2,10 245 233 2,51 234 2,30 238 236
¥ 2,44 227 2,70 247 2,62 2,50 2,39 2,50 249

Hd p*-0,05: roky' - 0.13; odrodyS ~ 0.22; medziriadky” - 0,09; roky x odrody ~ (1.47: roky x medziriadky — 0.22; roky x odrody x medziriadky — 0,74
I 4 y

: i ic 5 .
Iye;\r. ’row spacing, “average, “SD, “varicties
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uroda bola v roku 1994 a najniZia v roku 1995. Z od-
réd bola najirodnejsia Plainsman s 2,69 tha™, najniz-
Siu drodu 2,27 t.ha™! poskytla zas K-369. Najirodnejsej
odrode sa vyrovnali len 17-GUA a 29-USA, naopak od
najniz8ej drody sa $tatisticky neli$ila droda A-70. Po-
rasty s uzSou medziriadkovou vzdialenostou boli urod-
nejsie, interakcia odréd s medziriadkovou vzdialenos-
tfou bola nepreukazni. Vo vyznamnej interakcii medzi
v roku 1995, najvysSiu s vynimkou A-70, popripade
1008 v roku 1994. Obe uvedené odrody mali na rozdiel
od ostatnych Statisticky rovnocenné tirody v rokoch 1994
a 1996. NajvysSiu drodu v rokoch 1994 a 1995 poskytla
odroda Plainsman, najnizsiu urodu v roku 1994 mala A-70
a v roku 1995 29-USA. V roku 1996 mali K-369
a Plainsman niz8iu drodu ako v3etky ostatné odrody.

V preukaznej interakcii rokov s medziriadkovou
vzdialenostou bola v prvych dvoch rokoch pri 125mm
vzdialenosti vyssia uroda, v trefom roku (1966) nebolo
v tomto smere rozdielov. Z vyznamnej interakcie med-
zi ro¢nikmi, odrodami a Sirkou medziriadkov vyplyva,
ze v uzsich medziriadkoch bola vysSia droda len v roku
1994 a len pri odrodich Plainsman a 29-USA. V tomto
roku na porastoch s uzsimi medziriadkami boli medzi
odrodami vyraznejsie rozdiely, v roku 1995 nebolo tak
na drovni 125 ako 500 mm rozdielov medzi odrodami.
V roku 1996 boli zas na trovni 500 mm odligné relacie
medzi odrodami ako na drovni uzSich medziriadkov.

Hustota porastu bola v prvych dvoch rokoch vyraz-
ne vys§ia ako v roku 1996 (tab. II). Odrody 17-GUA
i 29-USA mali v priemere najhustejSie a odrody Plains-
man i K-369 najredSie porasty. Porasty s uZ§imi me-
dziriadkami boli hustejsie ako porasty so $ir§imi me-
dziriadkami. Pokusné roky posobili rovnako na hustotu
porastov odrod 1008, 29-USA a A-70, kde hodnoty hus-
toty sa v prvych dvoch rokoch neliSili a boli vyssie ako

v roku 1996. Poveternostné podmienky sposobili preu-
kazné rozdiely v hustote medzi rokmi pri odrodach K-369
a Plainsman s najvy3$Sou hodnotou v roku 1995 a naj-
nizSou v roku 1996. Vyznamné rozdiely medzi rokmi
boli aj pri odrode 17-GUA. V prvych dvoch rokoch
boli hustejsie porasty s uZ§imi medziriadkami, v tre-
fom roku tu nebolo rozdielov. Na urovni oboch vzdia-
lenosti boli v roku 1996 redsie porasty ako v predcha-
dzajucich rokoch.

V priemere naristol laskavec najvysSie v roku 1996,
naopak najniZ3i bol v roku 1995 (tab. III). Z odrdd bola
najvy$$ia Plainsman a najnizSia K-369. Porasty so Sir-
§imi medziriadkami boli vy$Sie ako z uZ8ich medzi-
riadkov. Vo vyznamnej interakcii medzi rokmi a odroda-
mi roénik vyraznejie ovplyvioval vysku odrod 1008,
17-GUA i A-70, ktoré narastli najvyssie v roku 1996
a najniZSie v roku 1995. Odrody K-369, Plainsman a 29-
-USA mali nizSie porasty v roku 1995 ako v roku 1994
alebo 1996. V roku 1994 naréstli najvysSie Plainsman
a 29-USA, najniZsia bola naopak K-369, odroda A-70
sa pritom vyznamne odliSovala od uvedenych hranic¢-
nych hodndt. V roku 1995 naréstla najvy$Sie odroda
Plainsman, preukazne viac ako vSetky ostatné. V roku
1996 odroda K-369 mala zas niZsi porast ako ostatné
odrody.

Pokusné roky ovplyviiovali aj hmotnost 1 000 se-
mien HTS (tab. IV), v roku 1996 mal laskavec zretelne
taz8ie semend ako v ostatnych dvoch rokoch. Vyrazny
rozptyl sposobili odrody. Najvy$siu HTS mala A-70,
najniz§iu K-369, Sirka medziriadkov pritom nemala
vplyv. Vo vyznamnej interakcii medzi odrodami a Sirkou
medziriadkov neboli na drovni jednotlivych odrod roz-
diely v zavislosti od medziriadkovej vzdialenosti. Rela-
cie medzi odrodami boli vSak pri 125 mm odli$né ako pri
vzdialenosti 500 mm. V preukaznej interakcii pokus-
nych rokov s odrodami reagovali na ro¢nik Statisticky

1. Vplyv odrody a medziriadkovej vzdialenosti na hustotu porastu (pocet rastlin.m™ zistovany pri zbere) — The effect of variety and row

spacing on stand density (number of planls,llfl counted at harvest)

Rok! Sirka medziriadkov? A. hypochondriacus A. cruentus Amaranthus
(mm) 1008 | K-369 |Plainsman| 17-GUA | 29-USA | A-70 X X
125 45.3 30.7 31,95 35.98 51,25 43.15 48.95 47,78 41,88
1994 500 3765 | 29.2 2035 29.07 | 4635 | 4425 | 387 43,10 36.09
x 41,48 29,95 26,15 32,53 48,80 43,70 43,83 45,44 38,99
125 45,18 43,63 45,18 44.66 39,93 519 43,00 44,94 44,80
1995 500 338 379 35,38 35.69 36,85 33,45 36,63 35.64 35,67
x 39.49 40,77 40,28 40,18 38,39 42,68 39,82 40,30 40,24
125 11,75 8,18 8,65 9,53 20,85 21.48 19,93 20,75 15,14
1996 500 10,75 8.38 8,55 9,23 19,20 19,75 19.38 19,44 14,34
x 11,25 8,28 8.60 9,38 20.03 20,62 19.66 20,10 14,74
125 34,08 27,50 28,59 30,06 37.34 38,84 37,29 37.82 33,94
Priemer? 500 27.40 25,16 21,43 24,66 | 34,13 3248 31,57 32,73 28,70
X 30,74 26,33 25,01 27.36 35,74 35.67 34,44 35,28 31.32
Hd ,;4-().05: rokyI - 2,46; odrody5 - 4.27; mcdziriadkyl - 1,67; roky x odrody - 9,06; roky x medziriadky - 4,24
For 1-5 see Tab. |
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I11. Vplyv odrody a medziriadkovej vzdialenosti na vy3ku porastu (m) — The effect of variety and row spacing on stand height (m)

- Sirka medziriadkov? A. hypochondriacus A. cruentus Amaranthus
Omim) 1008 | K-369 |Plai X |17-GUA | 29-USA | A-70 x X
125 1,23 1.06 1,30 1,20 1,22 1,29 118 1,23 1,22
1994 500 1,31 L1l 1:35 1,26 1,25 135 1.25 1.28 1,27
x 1,27 1,09 1,33 1,23 1,24 1,32 1,22 1,26 1,25
125 0,77 0.78 0.96 0.84 0.79 0,71 0,69 0,73 0,78
1995 500 0.84 0.82 1,02 0.89 0.86 0,76 0,83 0,82 0.86
X 081 0,80 0,99 0,87 0,83 0,74 0,76 0,78 0,82
125 1.41 098 1,37 1.25 1,45 1,37 1.40 141 133
1996 500 1.42 1,01 1,39 1,27 1.44 1.36 1,43 141 1,34
X 1.42 1.00 1,38 1,27 1,45 1,37 1,42 141 1.34
125 1,14 094 1,21 1,10 1,15 1,12 1,09 112 L1l
Priemer? 500 1,19 0.98 1,25 1.14 1,18 1,16 1,17 1,17 1,16
X 1,17 0,96 1,23 1,12 1,17 1,14 1,13 1.15 1,14

Hd p*-0,05: roky' - 0.03; odrody” - 0.05: medziriadky® - 0,02: roky x odrody — 0.10

For 1-5 see Tab. |

IV. Vplyv odrody a medziriadkovej vzdialenosti na hmotnost 1000 semien (g) — The effect of variety and row spacing on 1000 seed weight (g)

okl Sirka medziriadkov? A. hypochondriacus A. cruentus Amaranthus
(mm) 1008 K-369 | Plai x 17-GUA | 29-USA | A-70 X X

125 0.738 0.568 0.703 0.670 0,787 0.774 0,779 0.780 0,725
1994 500 0,689 | 0,547 0,694 0643 [ 0759 [ 0776 | 0760 | 0702 0,702
X 0,714 0,558 0,699 0,657 0,767 0,767 0,778 0,770 0,714
125 0,694 0,597 0.754 0.682 0,712 0,696 0.765 0,724 0.703
1995 500 0,677 0,595 0.817 0,696 0,699 0,731 0,762 0,731 0.714
X 0.686 0,596 0,786 0,689 0,706 0,714 0,764 0,728 0,709
125 0,761 0,629 0,756 0,715 0,820 0,778 0,846 0.815 0.765
1996 500 0.765 0,660 0.760 0.728 0,827 0,780 0.850 0.819 0,774
X 0,763 0,645 0,758 0,722 0,824 0,779 0,848 0,817 0,770
125 0,731 0,598 0,738 0,689 0.773 0,749 0,797 0,773 0,731
Priemer 500 0,710 0,601 0,757 0,689 0.757 0.757 0.796 0,770 0,730
X 0,721 0,600 0,748 0,689 0,766 0,753 0,797 0,772 0,731

Hd p‘-().()S: roky' - 0,01 odrndy‘ - 0,017; odrody x medziriadky® - 0,028; roky x odrody ~ 0,37; roky x medziriadky — 0,017

For 1-5 see Tab. |

rovnako len odrody 1008 a A-70, najvy$$ou hodnotou
v roku 1996, pricom medzi ostatnymi dvoma rokmi nebol
rozdiel. Odroda Plainsman mala vicSie semend v rokoch
1995 a 1996 ako v roku 1994, naopak 29-USA mala
vySSiu HTS v rokoch 1994 a 1996 ako v roku 1995.
Odrody K-369 i 17-GUA mali zas v kazdom z troch
rokov vyznamne odlini HTS, s tym, Ze obe mali naj-
vicSie semend v roku 1996, av§ak najmenSic mala prvé
v roku 1994, zatial ¢o druha v roku 1995. Napriek sku-
tocnosti, ze v dvoch (1994 a 1996) z troch pokusnych
rokov mala A-70 najvys$8iu a K-369 v kaZdom roku
najniz§iu HTS, relacie medzi odrodami sa v rokoch
menili. Pokusné roky ovplyviovali aj a¢inok medzi-
riadkovej vzdialenosti. V roku 1994 bola pri 125mm
vzdialenosti vys$Sia HTS ako pri 500 mm. V ostatnych

74

rokoch neboli v tomto smere rozdiely. Pri menSej
vzdialenosti boli medzi vietkymi rokmi preukazné roz-
diely, pri 500 mm Sirokych medziriadkoch bola v roku
1996 vyssia HTS oproti ostatnym rokom.

DISKUSIA

Poveternostné podmienky boli okrem HTS najvicsim
zdrojom variability analyzovanych znakov. Najarodnejsi
rok 1994 mal pocas vegetdcie laskavca najvy3Siu sumu
tepldt i najviac zrazok. V roku 1995 s najnizSou tro-
dou i najniz§im porastom boli nepriaznivé podmienky
po vzideni. Vysku 300 mm, ktord sa povaZuje za pre-
konanie kritického obdobia (Kolektiv, 1984), dosiahol
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laskavec v tomto roku za 38 aZ 40 dni, zatial ¢o v ro-
koch 1994 a 1996 mu na to staCilo 32 a 34 dni. Podob-
ne zadiatok kvitnutia bol v roku s najniZSou trodou
roztiahnuty do obdobia 10 dni, zatial ¢o v rokoch 1994
a 1996 to bolo sistredené do obdobia 6, popripade 3 dni.

Pozoruhodna je v priemere vysSia troda z porastov
so 125mm medziriadkovou vzdialenostou. V USA do-
sahuji najvy$8ic drody obycajne so §ir§imi medzriad-
kami (Kolektiv, 1984). Odportcania zo zapadnej Europy
(Schori, Fossati, 1990; Wegerle, Zeller,
1995) uvadzaji ako najvhodnejdie 500 az 700 mm vzdia-
lené riadky. Poznatky z Madarska (Lazanyi et al.,
1988) a najmii z Bulharska (Delcev, 1991) v3ak ne-
vylu€uji ani 125 mm. V naSom pripade bola v dvoch
z troch rokov vysSia droda so 125mm vzdialenostou
medzi riadkami. V tretom roku nebolo v tomto smere
rozdielov a navySe tu chybala akakolvek tendencia.
S prihliadnutim na vyrazne niZ8iu a prakticky rovnaku
droveil hustoty porastu pri oboch vzdialenostiach 15,1,
resp. 14,3 rastlin.m™2, moZno s velkou pravdepodob-
nostou predpokladat, Ze v tomto roku prave tato sku-
to¢nost prispela k bezvyznamnosti i¢inku vzdialenosti
medzi riadkami na drodu semena. Pri niZSich urovniach
hustoty porastu totiZz nema vzdialenost medzi riadkami
obycajne vplyv na drodu semena liaskavca (Hender-
son etal., 1993). Pov§imnutiahodné je aj to, Ze v prie-
mere dvojprvkovej interakcie nepreukazna reldcia me-
dzi odrodami a medziriadkovou vzdialenosfou sa stala
vyznamnou v trojprvkovej interakcii s rokmi. V roku
1994 mali odrody Plainsman a 29-USA vy&Siu trodu
pri 125mm ako pri 500mm vzdialenosti. Z agronomic-
kého hladiska je pozoruhodné, Ze ide o dve z troch naj-
urodnejsich odrdd, zo Statistického hladiska zas to, Ze
nejde o smerovi odli§nost, ale o zvy$enie intenzity po-
zitivneho uc¢inku uz8ich medziriadkov na urodu.

Na hustotu porastu posobili najvyraznejSie poveter-
nostné podmienky. Pri¢inou najredSicho porastu v roku
1996 boli zrejme podmienky vzchddzania. Bezprostredne
po sejbe prisiel prudky dazd, vytvoril sa silny prisusok,
najmenej v Styroch diioch klesla teplota pod 15 °C
a prakticky do 20. jina potom neprialo. Podmienky
vzchéddzania, vytvorené interakciou kvality pripravy pody
a vlhkostnymi a teplotnymi pomermi, si obyCajne pre
laskavec rozhodujice. V tomto roku sme na rozdiel od
rokov predchédzajicich pritom porasty vobec nejedno-
tili. U¢inok vzdialenosti medzi riadkami na hustotu po-
rastu moZno zrejme pripisal na vrub intrapecifickej
konkurencie (okrem iného to naznacuje aj rozdiel vo
vySke porastu), popripade je spdsobeny nedostatkom
pri jednoteni rastlin. Zaujimavym poznatkom je, Ze od-
rody A. cruentus v dvoch z troch rokov mali hustejsie
porasty ako odrody A. hypochondriacus. Tento pozna-
tok najmi z podmienok v roku 1996 méze byt naznakom
vy38ej odolnosti proti hor§im podmienkam pri vzchadza-
ni. Reldcie hustoty porastu s drodou semena svedCia
o tom, Ze laskavec je plastickou plodinou (Jamri§-
ka, 1996). Optimilna hustota na dosiahnutie najvyssej
urody, udavana v USA 32 aZ 36 rastlinami.m™ (Ha-
as, 1983), bude zrejme variroval v zavislosti od podmie-
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nok 1 Specifik odrod (Prokofjev, Borisova,
1989).

Na variabilite vy8ky porastu sa vyrazne podielali aj
skiimané odrody. V priemere najurodnejSia odroda ma-
la najvyssi a odroda s najniZSou trodou najniZ$i porast.
Prezentované hodnoty vysky porastu aZ na rok 1995
zodpovedaji ideotypu laskavca pestovaného na semeno
(Kauffman, 1992).

Premenlivost HTS, na rozdiel od ostatnych znakov,
najvyraznejSie ovplyviiovali odrody. To naznaluje, Ze
aj pri laskavei je HTS podmienend odrodou. Poveter-
nostné podmienky ovplyviiovali HTS pri odrode 17-GUA
o poznanie viac ako pri 29-USA, popripade pri 1008.
Skuto¢nost, Ze vzdialenost medzi riadkami nemala vplyv
na hmotnost semien, je vysledkom interakcie ro¢nikov
s medziriadkami, v prvom roku s vyznamne vy$3ou hod-
notou pri 125mm vzdialenosti a v ostatnych pokusoch
bez vyznamnych rozdielov, ale so zretelnou tendenciou
vy33ej hodnoty pri vicSej (500mm) vzdialenosti. Pri
HTS ako jedinom z analyzovanych ukazovatelov do%lo
k preukaznej interakcii medzi odrodami a medziriadko-
vou vzdialenostou. Medzi odrodami v rdamci 125mm
vzdialenosti mala odroda Plainsman horSie a 17-GUA
lepSie postavenie ako v ramci 500mm vzdialenosti.

Mozno povedat, Ze v analyzovanych znakoch boli me-
dzi odrodami A. hypochondriacus vyraznejSie rozdiely
ako medzi odrodami A. cruentus. Najurodnej$ia odroda
Plainsman mala najredsi a najvyssi porast s HTS nad
droviiou priemeru. Odroda s najniZSou priemernou ro-
dou semena mala najniZ§i, redSi porast s najniZSou
HTS. Urody vykonnej$ich odrdd boli viac zdvislé od po-
veternostnych podmienok ako odréd menej trodnych.
Najmii z aspektu drod sa ukazuju ako najvhodnejsie v da-
nych podmienkach odrody Plainsman, 17-GUA, 29-USA,
popripade 1008. Agronomicky vyuZitelny moZe byt aj
néznak vhodnosti na pestovanie v 125mm medziriadkoch
pri odroddch Plainsman a 17-GUA, popripade viicSia odol-
nost odréd A. cruentus vodi nepriaznivym podmienkam
pri vzchadzani.
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VALIDATION OF EPIC MODEL IN PREDICTION OF CROP
YIELDS AT NITRA LOCATION

OVERENIE MODELU EPIC PRE PREDIKCIU UROD
POLNOHOSPODARSKYCH PLODIN V LOKALITE NITRA

M. Lacko-Bartoovi, S. KoSovan

Slovak University of Agriculture, Nitra, Slovak Republic

ABSTRACT: As the first step to the EPIC model validation, the data collected on field experiment during the period 1991
to 1995, were compared with the simulated values obtained by the EPIC model. Simulations were conducted for five-year
rotations providing initial conditions on the first year without reinitializing soil variables in later years of rotation. Data
available allowed only a partial description of the system under study. Because of lack of data, calibration of crop parameters
was restricted to total heat units, in order to set the proper length of the biological cycle for each crop. The underestimated
simulated yields of sugar beet, winter wheat and spring barley were affected by water stress (low rainfall). The discrepancies
between predicted and measured data suggest that the default values of EPIC parameters are not fully adequate for conditions
under study. For better evaluation of model capability to simulate cropping systems in the conditions under study it is
necessary to measure and estimate more model input parameters.

EPIC; crop yield simulation; model validation

ABSTRAKT: Polny pokus bol realizovany na pokusnej bize AF SPU v Nitre, lokalita Dolnd Malanta. Pre porovnanie boli
pouZité vysledky pokusov za roky 1991 az 1995. Bol skiimany osemro¢ny osevny postup: lucerna — lucerna — ozimna pSenica
— cukrova repa — jarny jaémeii — hrach siaty — kukurica zrnova — jarny jalmei. KaZda ¢ast osevného postupu bola siata kazdy
rok v ndhodnych blokoch v Styroch opakovaniach. Do roku 1993 boli priemyselné hnojivi aplikované na baze diagnostickych
metdd. V rokoch 1994 az 1995 k nim bol priradeny aj nehnojeny variant. Proti burinim, chorobim a $kodcom sa aplikovala
chemickd ochrana. Meteorologické dita boli ziskané z meteorologickej stanice SPU Nitra. Dostupné ddta umoZiiuji iba
Ciasto¢né naplnenie vstupnych parametrov modelu. Podhodnotenie simulovanej drody cukrovej repy bolo spdsobené vodnym
stresom (nizke zraZzky). Podhodnotenie simulovanych trod ozimnej pSenice a jarného jacmefia bolo zapri¢inené vodnym
a tepelnym stresom, pricom pri jarnom ja¢meni spolupdsobil aj dusikaty stres (obr. 1). NeprijateIné vysledky boli dosiahnuté
pri simuldcii trod kukurice, ozimnej pSenice a jarného ja¢mena v roku 1995 pri nehnojenom variante, zapric¢inené dusikatym
stresom. Rozdiely medzi simulovanymi a aktudlnymi ddtami boli sposobené neprimeranymi hodnotami parametrov EPIC,
ktoré nie st adekvatne danym podmienkam. Pre lepdiu verifikdciu modelu EPIC na simuldciu pestovatelskych systémov treba
namerat a ziskat viac vstupnych hodnét pre Gpravu parametrov modelu.

EPIC; simuldcia trod plodin; verifikdcia modelu

INTRODUCTION

Agriculture is commonly considered as one of the
most important non-point source of ground water pol-
lution in Slovakia. These environmental impacts of ag-
ricultural systems and focusing attention to the sustain-
ability require tools to evaluate cropping systems
scenarios. Computer simulation models in agricultural
research are the only available tool to test the effect of
management strategies, which would otherwise require
considerable resources and time in the experiment.
They become an important and irreplaceable tool of sci-
ence, research and knowledge. A model substitutes a real
system, which reflects or reproduces the object of re-
search (original) on certain level of knowlege (Dub-
ni¢ka, 1995). In the computer simulation, mainly
mathematical models are used.
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One of frequently used models in agricultural stud-
ies is EPIC model (The Erosion-Productivity Impact
Calculator, Williams et al., 1984), which was de-
veloped to assess the effect of soil erosion on soil pro-
ductivity. Models must be evaluated in each specific
environment before using them in simulation studies.
Some EPIC evaluation was done (Cabelquenne,
Quinones, 1988), where results showed that model
EPIC can be improved in order to simulate agrophysi-
ological processes correctly and to simulate cropping
systems (Cabelquenne et al., 1990).

As a first approach to model validation, the data
collected on an on-going cropping system experiment
were compared with simulated values obtained by the
EPIC model.
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MATERIAL AND METHODS
The model

The EPIC model, version 3090, is a dynamic, multi-
-year, multi-crop and daily time step simulation model
which can be used to determine the effect of manage-
ment strategies on the agricultural production and soil
water resources. Major components in EPIC are weather
simulation, hydrology, erosion-sedimentation, nutrient
cycling, pesticide fate, plant growth, soil temperature,
tillage, economics, and plant environmental control
(Williams, 1994). The basic equations of each com-
ponent are given in the model documentation (Wil-
liams et al., 1994). The main input data include gen-
eral part, weather, soil and management-tillage data.
Details and more information about inputs and outputs are
given in the user’s manual (Williams et al., 1990).

Field experiment

The experiment was laid out at the research station
of Dolna Malanta (Nitra, Slovakia). The data used refer
to the years 1991 to 1995. The rotation studied is eight
years' rotation, alfalfa — alfalfa — winter wheat — sugar
beet — spring barley — common pea — maize — spring
barley. The experiment consists of eight blocks, with
four replicates. Each phase of the rotation was sown
every year (Tab. I). Crop varieties or hybrids were the

1. Survey of crop rotations

tion. The air humidity and windspeed data were avail-
able only in the form of monthly average values. Soil
input parameters were estimated by measurement on
site for each layer except the soil water content. For
initial input of soil water content, on Ist January, the
value of field capacity was used. The location of Dolna
Malanta is characterized, with respect to dryland agricul-
ture, by the amount of average yearly rainfall 533 mm
and by the value of average monthly windspeed 4.8 m/s.
In these conditions, the proper estimate of both potential
evapotranspiration and water use by the crops is ex-
tremely critical to simulate the water budget. Data avail-
able allowed only a partial description of the system
under study. Nonetheless, the data available were the
only ones to make a first approach to cropping system
simulation by EPIC, looking mostly at the model capa-
bility to estimate adequately year-to-year variability of
grain yields.

Model adaptation

The EPIC model, version 3090, was used to simulate
the cropping systems during the years 1991 to 1995,
without reinitializing soil variables. The model valida-
tion did not deal with simulation of isolated crop during
one season but with simulation of different crop rota-
tions during five years. Eight simulations of different
cropping systems (rotations) were run, first time with
fertilization and then with no fertilization treatment.

Year
Plot

1991 1992 1993 1994° 1995°
1 sugar beet spring barley winter wheat maize for corn maize for silage
2 winter wheat maize for corn spring barley common pea winter wheat
3 maize for corn spring barley alfalfa alfalfa alfalfa
4 spring barley alfalfa alfalfa winter wheat sugar beet
5 alfalfa alfalfa winter wheat sugar beet spring barley
6 alfalfa winter wheat sugar beet spring barley common pea
7 winter wheat sugar beet spring barley maize for corn winter wheat
8 spring barley winter wheat maize for corn winter wheat maize for corn

* years, where no fertilization was applied

same for the whole experiment. The actual yield of
crop and above ground biomass (maize) at standard
humidity was recalculated to the dry matter. Each
phase of the rotation was sown every year in a random-
ized block design with four replicates. Fertilizers were
applied in the amounts per | ha commonly used in the
area until 1993. No fertilization treatment was applied
in the years 1994 to 1995. Weeds and pests were con-
trolled by pesticides. Daily meteorological data of solar
radiation, rainfall, maximum and minimum tempera-
ture were collected at the local university weather sta-
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The simulation of rotations started on January Ist, 1991
or January 1Ist, 1990 when winter wheat was the first
crop of rotation and ended on December 31st, 1995.
Calibration of crop parameters, because of lack of data
(e.g., leaf area index, biomass, etc.), was restricted to
total heat units, in order to set the proper length of the
biological cycle for each crop. Weather, soil, manage-
ment and initialization parameters were input to model
as observed data in the experiment. Model simulation
was evaluated quantitatively using scatter plots of pre-
dicted yields versus measured yields. Because the origi-
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nal EPIC crop-data does not contain sugar beet data,
data created by M. Donatelli and E. Ceotto (Modena,
ISA, Italy) were used in this work.

RESULTS AND DISCUSSION

The relationships between measured crop yields from
experiment and the results of the multi-year simulations
are summarised in Fig. 1. For maize-crop the both, the
grain yield data and also the above ground biomass
were simulated. The results of the yield estimations of
maize were good without any water stress in the case
of maize for grain and also maize for silage. In the
literature, there are good experience with maize simu-
lation by EPIC. According to Spallaci etal. (1994)
the EPIC model simulated adequately both, maize crop
growth and soil water content variations. Also Ca-
belguenne, Quinones (1988) used maize for
EPIC validation. They focused ed their attention to
maize to study the model’s ability to simulate the ef-

fects of drought stress during particularly sensitive
growth phases on grain yield.

In the case of sugar beet, the simulated yields were
lower due to water stress (low rainfall).

Also the simulated yields of winter wheat and spring
barley were underestimated. Winter wheat yields were
affected by water and temperature stress. The underes-
timated yields of spring barley simulated by EPIC
model were affected by water and temperature stress
together with nitrogen stress.

The influence and interactions of forecrop were im-
portant in the simulation of two different forecrops. For
example, on the different plots in 1993 the two differ-
ent forecrops (Tab. I) affected the yield of spring barley
(Fig. 1). The well predicted yield of spring barley was
achieved after maize as a forecrop, no stress was re-
corded in maize. In the case of sugar beet as a forecrop
the simulated yield of spring barley was remarkably
lower. The reason for this was probably an overesti-
mated water stress in the spring barley. Effects of water
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stress-are difficult to separate from the effect of nitro-
gen stress (Cabelguenne, Quinones, 1988).
Differences between simulated and experimental va-
lues were found in maize, winter wheat and spring bar-
ley yields in the year 1995 for unfertilized plots due to
nitrogen stress. The discrepancies between predicted
and measured data suggest that the default values of
EPIC parameters are not fully adequate for the condi-
tions under study. Improvement of model input para-
meters is needed to reach better results of the simulated
and measured values. It must be pointed out that the
simulated values showed often an overestimation of water
stress, whereas some validation studies conducted in dif-
ferent areas of Europe showed that EPIC tends to unde-
restimate these values (Cabelguenne, 1988).

REFERENCES

CABELGUENNE, M.: Water management and irrigation
using a simulation model: improvements for soybean and
sunflower. EEC Workshop: Management of water resources
in crops and in alternative production systems. Brussel,
24/25th November, 1988.

CABELGUENNE, M. - QUINONES, H.: Contribution
a I'étude des rotations culturales: tentative d’utilization d'un
modele. Agronomie, 8, 1988 (6): 549-566.
CABELGUENNE, M. - QUINONES, H. et al.: Using the
EPIC model in the study of cropping systems. I. Comparation
of measured and simulated data of five crops managed at
different input levels. Agric. Met., 720, 1990: 138-147.
DUBNICKA, J.: Modely a modelovanie vo vedeckom po-
znani. In: Zbor. Ref. Ved. Semin. o produk&ne;j ekologii, Nit-
ra, V8P 1995: 8-13.

SPALLACI, P. - CEOTTO, E. - DONATELLI, M.: EPIC
and CropSyst evaluation in predicting corn growth, and soil
water and nitrate content at two levels of N fertilization. Proc.
3rd ESA Congr. Abano/Padova, 1994: 412-413.
WILLIAMS, J. R.: The EPIC model. U.S. Dept. Agric.
ARS/SWRL, 1994. 114 pp.

WILLIAMS, J. R. et al.: EPIC-erosion/productivity impact
calculator. 2. User manual, U.S. Dept. Agric. ARS/SWRL,
1990. 127 pp.

WILLIAMS, J. R. et al.: Transact. ASAE, 27, 1984, 1994
(1): 129-144.

Received on June 26, 1996

Contact Address:

Doc. Ing. Magdaléna Lacko-BartoSova, CSc., Slovenskd polnohospodarska univerzita, A. Hlinku 2, 949 76 Nitra,
Slovenska republika, tel.: 00421 87/601, fax: 00421 87/41 14 51

ROSTLINNA VYROBA, 44, 1998 (2): 77-80



SUGAR METABOLISM OF WINTER WHEAT CULTIVARS
STRESSED BY CEREAL APHIDS

METABOLISMUS CUKRU ODRUD OZIME PSENICE
INFESTOVANE OBILNIMI MSICEMI

H. Havlfékové', J. Moravcova’

!Research Institute of Crop Production, Praha-Ruzyné, Czech Republic
2Institute of Chemical Technology, Praha, Czech Republic

ABSTRACT: The sugar metabolism of five winter wheat cultivars (Hana, Regina, Sparta. Viginta and Zdar) infested by the
cereal aphids Metopolophium dirhodum (WIK.), Rhopalosiphum padi (L.) and Sitobion avenae (F.) was assessed during two
vegetative seasons. Plants growing under greenhouse conditions were separately infested by M. dirhodum and R. padi at the
end of the booting stage, while infestation of ears by S. avenae was carried out at the beginning of anthesis. In both leaves
and ears infested by aphids cultivar and aphid dependent changes in the metabolism of water soluble carbohydrates (WSC)
were determined. In infested plant tissues the WSC content positively correlated with the level of cultivar infestation by
M. dirhodum and negatively with R. padi densities on leaves and S. avenae numbers in ears. Feeding of M. dirhodum increased
the WSC content in the leaves of all cultivars. Cultivar infestation exceeding 265 individuals of R. padi on the leaves per
tiller and 100 individuals of S. avenae per ear led to a decrease in WSC content in analysed plant tissues as compared to
uninfested ones. Three main sugars, sucrose, glucose and fructose were detected in the leaves and ears of both uninfested
and infested plants. The proportion of sucrose in the WSC content of all cultivars was lower and that of glucose higher in
infested plant parts as compared to uninfested ones. The proportion of fructose varied. The changes in sugar metabolism of
aphid infested wheat plants are discussed in relation to the physiology and biochemistry of plants growing under biotic and
abiotic stress conditions.

winter wheat cultivars; cereal aphids; Metopolophium dirhodum; Rhopalosiphum padi; Sitobion avenae; water soluble carbo-
hydrates

ABSTRAKT: Na péti odriiddch ozimé pSenice (Hana, Regina, Sparta, Viginta a Zdar) byl po dvé vegeta¢ni obdobi sledovan
vliv msic Metopolophium dirhodum (WIKk.), Rhopalosiphum padi (L.) a Sitobion avenae (F.) na metabolismus cukrii v rost-
lindch. Rostliny péstované ve skleniku byly na konci faze sloupkovini oddélenég infestoviny miicemi M. dirhodum a R. padi
v poctu pét bezkfidlych samic na odnoZ. Infestace klasi m3ici S. avenae byla provedena na pocitku fize kveteni rostlin
v poméru pét samic na klas. Desetidenni infestace micemi zpusobila zmény v obsahu ve vodé rozpustnych cukri (WSC)
v analyzovanych Cdstech rostlin, liSici se v zdvislosti na odridé pSenice a druhu mdice. Zmény v obsahu WSC v pletivech
infestovanych rostlin vii¢i neinfestované kontrole byly ve vztahu pozitivni korelace s hmotnosti susiny M. dirhodum na listech
a negativni korelace s hmotnosti susiny R. padi na listech a S. avenae v klasech testovanych odrud. Napadeni msici M. dir-
hodum zplsobilo u viech odrid zvySeni obsahu WSC v listech. U odrid Hana a Sparta, s primérnym podtem R. padi na
listech jedné odnoZe vy38im neZ 265 jedinci, a u odriid Hana, Viginta a Zdar, s vy$3i Cetnosti S. avenae neZ 100 jedinci
v klase, byla hladina WSC v infestovanych &astech rostlin oproti kontrole sniZena. V listech a klasech infestovanych i nein-
festovanych rostlin vech odrid byly detekoviny tii hlavni cukry, sacharéza, glukéza a fruktéza. U viech odrid byl podil
sachar6zy v obsahu WSC niZi a glukézy vy3&i v infestovanych neZ v neinfestovanych &éstech rostlin. Podil fruktozy kolisal.
Zmény v metabolismu cukrii zpisobené obilnimi miicemi v rostlindch p3enice jsou diskutovany ve vztahu k fyziologickym
a biochemickym procesiim v rostlindch vystavenych biotickym a abiotickym strestim.

odridy ozimé pSenice; obilni mice; Metopolophium dirhodum; Rhopalosiphum padi; Sitobion avenae; ve vodé rozpustné
cukry
INTRODUCTION ny factors involving pest and disease incidence (Do -

odson et al, 1965; Ellen, Langerak, 1987).

The growth and yield of cereals depend on accumu-  Cereal aphids are important winter wheat pests influen-
lation and reallocation of N and water soluble carbo-  cing growth, physiology and biochemistry of their
hydrates (WSC). Content of WSC is influenced by ma-  hosts. Aphid feeding on plants and their excreta lead to
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an acceleration of senescence of plants tissues (Rab-
binge et al., 1983). Infestation of ears causes a dec-
rease in the yield and quality of the seeds (Lee et al,
1981) and enzymatic changes in developing seeds
(Havli¢ckova, Sykorova, 1994). As shown in
our previous studies (Havlic¢kova, 1995), infestati-
on of wheat plants by Metopolophium dirhodum (WIKk.)
resulted in significant changes, in the metabolism of
free amino acids of flag leaves.

Less information concerning the influence of cereal
aphids on the metabolism of simple sugars are availab-
le. These compounds play an important role in the syn-
thesis of reserve carbohydrates in the later phases of
wheat development (Kithbauch, Thome, 1989)
when plants are extremely sensitive to aphid feeding
(Holt et al, 1984). The aim of this work was the
evaluation of the effect of three cereal aphid species
differing in their démands and injurious effects on the
hosts (Vereijken, 1979; Krober, Carl, 1991)
on the sugar metabolism of five winter wheat cultivars
during anthesis and at the beginning of seed formation.

MATERIAL AND METHODS
Plant material and infestation by aphids

Five winter wheat cultivars (Triticum aestivum L.)
of Czechoslovak origin, Hana, Regina, Sparta, Viginta
and Zdar, were used in our experiments. Plants of all
cultivars were transferred from the field into Mitcher-
lich pots at the shooting stage (seven habitually similar
plants per pot) and cultivated in a greenhouse. In four
pots the plants of all cultivars were separately infested
by the aphids Metopolophium dirhodum (WIk.) (MD)
and Rhopalosiphum padi (L.) (RP), at the end of boo-
ting (49 GS), using five apteraé females per tiller. In-
festation by S. avenae (F.) (SA) was carried out at the
beginning of anthesis. 12 similar ears of each cultivar
were infested by five apterae females per ear. Uninfes-
ted plants (ears) showing similar habit as the infested
ones served as controls. Both infested and uninfested
plants (ears) were covered by nylon bags. Ten days
later, the aphids were removed and killed by chloro-
form vapour for evaluation of dry mass production and
counting. The leaves and ears of infested and uninfes-
ted plants were cut off, weighted and analysed for the
content of water soluble sugars (WSC). Adequate
amounts of fresh material from uninfested and infested
plants were dried for dry matter determination. The
experiment was repeated twice during two vegetative
seasons.

Analysis of water soluble sugars (WSC)

Samples for the analysis of WSC were prepared
from washed fresh leaves and ears of both infested and
uninfested plants (Havlickova, 1986). Water so-
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luble sugars, represented by sucrose, glucose and fruc-
tose, were determined by ligand-exchange chromatog-
raphy on a strong cation exchanger. The solid ethanolic
extract was diluted with water (0.5 ml) containing ri-
bose (4 mg/ml) as an internal standard. The mixture
was then passed through a cellulose microfilter (2 pl,
Sartorius, Germany) and the clear filtrate (0.5 pl) was
directly introduced on the column. A glass jacket co-
lumn (25 ¢m x 6 mm L. D.) packed with OSTION
LGKS 0802 strong cation exchanger (H* form, Spolek
pro chemickou a hutni vyrobu, Usti nad Labem, Czech
Republic) in the Na* form was thermostated at 53 °C.
The flow rate of deionized water was maintained at
6 ml/h by means of a Beckman 100 A pump, and ana-
lysis was monitored with an IR detector Optilab 5902
(Tecator, Sweden) interfaced to a TZ 4200 recorder
(Laboratorni piistroje, Praha, Czech Republic). Capaci-
ty factors of 0.33, 0.55, 0.69 and 1.00 were obtained
for sucrose, glucose, fructose and ribose, respectively.
The peak heights were taken into the computation. The
reproducibility of HPLC was expressed by the relative
standard deviation RSD for ten replicate analyses of an
ear sample according to the following formula:

Ex—% 2
Rsp =100 =5 ") 1n

“av n

where: xq - average saccharide concentration
x; - saccharide concentration
n=10

The respective RSD values for sucrose, glucose and
fructose were 1.94, 3.97 and 3.32%. The concentrations
of saccharides are given in mg per g of fresh weight
(FW).

RESULTS

The average aphid numbers per tiller/ear at the end
of infestation differed in individual cultivars but the re-
sults obtained in the single years were similar (Tab. I).
The highest MD density per tiller was shown by Zdar,
the lowest one by Regina. During infestation RP pro-
duced the highest number of individuals from all aphid
species tested the highest infestation being found on
Sparta. High numbers of SA were counted on ears of
Zdar, Hana and Viginta while infestation of Sparta and
Regina by this aphid species was low in both years
(Tab. I).

MD feeding decreased the water content in leaves of
Viginta, Sparta and Hana (about 6 to 8% compared to
the control). The water content of leaves infested by RP
decreased only in Viginta (about 4% compared to the
control). No changes in the water content of SA in-
fested ears were observed.

In all cultivars the total WSC content of the analysed
parts was higher in 1994 than in 1995 and higher in
ears than in leaves in both years (Tab. II). Individual
cultivars showed a different WSC concentration. The
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I. Average number of M. dirhodum (MD) and R. padi (RP) per tiller and of S. avenae (SA) per ear on winter wheat cultivars 10 days after

artificial infestation of the plants / ears by aphids; 21 tillers and 12 ears from every cultivar were evaluated each year

Year
Cultivar 1994 1995
MD RP SA MD RP SA

Hana 156.9 270.0 106.7 195.7 269.1 103.0
Regina 107.5 2448 81.8 128.4 2448 87.2
Sparta 139.8 280.5 79.1 138.7 277.6 82.7
Viginta 149.5 241.8 100.7 149.5 238.8 101.8
Zdar 172.0 265.7 115.7 210.7 262.1 1153

1I. Total WSC in leaves and ears of uninfested plants of winter wheat cultivars (mg/FW); average values from eight repetitions, four

petitions in each experi | year
Year
Cultivar 94 1995
leaves ears leaves ears
x SD x SD x SD x SD
Hana 57+£043 226+ 0.71 43 +0.40 + 1.75
Regina 4.7+ 0.44 21.1 £ 1.31 331028 105+ 1.26
Sparta 8.2+ 0.8l 13.7 £ 0.52 6.3 +045 10.0£0.28
Viginta 3.0+ 026 21.0£ 081 4.6+ 051 13.0£ 1.00
Zdar 3.9+0.21 216+ 1.22 3.8+ 042 10.4 £ 1.21

highest one was found in the leaves of Sparta, the low-
est one in the ears of this cultivar. In the ears the highest
level was shown by Hana which also exhibited a rela-
tively high WSC concentration in the leaves (Tab. II).
Since the absolute concentration of WSC differed in
both years, the relative values (uninfested plants =
100%) were used for the evaluation of aphid influence
on sugar metabolism. According to this criterion the
aphids brought about similar changes in the WSC con-
tent in both years. However, the effect of single species
showed considerable differences in this respect. MD
infestation resulted in an extreme increase in the WSC
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S.avenae

content of the leaves in all cultivars, while the effect of
RP and SA was smaller and rather cultivar dependent
(Fig. 1). Infestation by RP exceeding 265 individuals
on leaves per tiller reduced the WSC content in leaves
of Hana and Sparta, while lower infestation not exceed-
ing 245 individuals per tiller increased the WSC con-
tent in leaves of Regina and Viginta (Fig. 1). More than
100 individuals of SA per ear in Hana, Viginta and
Zdar resulted in WSC decrease in ears, while lower SA
densities (80 to 90 individuals per ear) led to an in-
crease in the WSC level in ears of Regina and partly in
Sparta (Tab. I, Fig. 1).

[MHana | 1. Relative WSC content in leaves of
i lRogInl| plants of winter wheat cultivars infested
OSparta | by M. dirhodum and R. pudi and in ears
‘ HViginta infested by S. avenae (uninfested plant
Bzdar parts = 100%); average values from

eight repetitions
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When comparing the relative changes in WSC con-
tent caused by aphid feeding with the average dry mass
production of aphids per tiller in individual cultivars
a significant positive correlation (P < 0.01) between
WSC content in the leaves and the level of infestation
by MD was found (Fig. 2). In the leaves of cultivars
attacked with RP the WSC content decreased with the
degree of cultivar infestation by aphids (P < 0.05, Fig. 2).
A significant negative correlation (P < 0.01) was deter-
mined between the amount of SA dry mass and the level
of WSC in infested ears of the cultivars tested (Fig. 2).

Three main sugars, sucrose, glucose and fructose
were present in all samples. Their proportion in the
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total WSC content of the analysed plant parts was simi-
lar in both experimental years but differed in the single
cultivars (Tab. III). Sucrose was the dominant sugar in
both leaves and ears of uninfested plants of all culti-
vars. It formed more than 70% of the WSC content in
the leaves and more than 50% in the ears. Infestation
by all three aphid species led to a decrease in the su-
crose content in all cultivars and, except the ears of
Regina, to an increase in glucose level. The proportions
of fructose mostly varied independently of the cultivar
and aphid species.

The largest changes in the proportions of the indi-
vidual sugars (IS) were observed in the leaves of plants

2. Correlations between relative WSC content in
leaves and ears of winter wheat cultivars and dry mass
production of M. dirhodum and R. padi on the leaves
per tiller and S. avenae per ear 10 days after artificial
infestation of plants / ears by aphids (WSC content in
uninfested plant parts = 100%); average values from
eight repetitions (H = Hana, R = Regina, S = Sparta,
V = Viginta, Z = Zdar)
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I1I. Proportions of individual sugars in total WSC in leaves and ears of uninfested winter wheat cultivars; average values from eight
repetitions, four repetitions in every experimental year (SUC - sucrose, GLU - glucose, FRU — fructose)

Leaves Ears

Cultivar

Suc GLU FRU SucC GLU FRU
Hana 79.0 7.6 134 554 21.7 229
Regina 68.7 10.5 20.8 56.3 21.6 221
Sparta 81.6 109 5 64.8 16.7 18.5
Viginta 83.0 8.1 89 54.6 22.1 223
Zdar 66.6 1.9 215 57.8 15.3 26.9

infested by MD. Feeding of this aphid species mostly
resulted in a decrease in the sucrose proportion of the
WSC content amounting to more than 10%. With the
exception of Hana and Zdar the absolute concentration
of sucrose also did not exceed that of uninfested leaves
in this case, in spite of the marked increase in total
WSC content exhibited by the aphid infested leaves.
RP infestation affected the IS proportion in the WSC
content in Regina, Viginta and Zdar, while in Hana and
Sparta they remained rather constant. The changes in
the IS proportions caused by SA feeding on ears did
not exceed 7% as compared to uninfested ears and were
low except in Hana and Zdar (Fig. 3).

DISCUSSION

Artificial infestation of five winter wheat cultivars
by three aphid species showed cultivar and aphid de-
pendent changes in sugar metabolism of the infested
plant parts. MD feeding resulted in a rise of the WSC
concentration in the leaves. Similar results were ob-
tained in wheat plants infested by Hessian fly (Refai
et al., 1955), in wheat seedlings after infestation by RP
(Havli¢kova, 1986) and in asparagus plants fol-
lowing short term infestation by the aphids Brachyco-
rynella asparagi (Mordvilko) and Myzus persicae
(Sulzer) (Leszczynski et al,, 1986). The increase
in the WSC content, as well as the rise of the free
amino acid levels in MD infested flag leaves as deter-
mined in previous experiments (Havli¢kova, 1995)
linked with water loss could be interpreted as a defence
against water stress by the production of osmotically
active substances (Kameli, Losel, 1996). How-
ever, accumulation of carbohydrates in leaves of plants
infested by MD can bring about a negative feed-back
effect on photosynthesis (Veen, 1985) resulting in
yield reduction (Holt et al., 1984).

On the other hand high aphid densities exceeding
265 RP individuals in the leaves of one tiller and 100
SA individuals per ear, respectily, led to a reduction of
the WSC content in the infested plant parts. A decrease
in WSC concentration is typical of plants growing un-
der stress conditions including diseases (Scholes et
al., 1994) and pests (Leszczynski et al., 1986;
Hopkins etal, 1995). A decrease in the WSC con-
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tent was also found in barley infested by large numbers
of greenbug, Schizaphis graminum (Rondani)
(Cabrera et al,, 1994) and in wheat plants haevily
infested by SA (Rossing, Wiel, 1990).

Regardless of the changes in WSC content the pro-
portion of sucrose in total WSC decreased and that of
glucose increased in all cultivars as a result of aphid
infestation. The reduction of sucrose in favour of glu-
cose and fructose is assumed to serve as protective
mechanism improving the diminished osmotic adjust-
ment of plants drought stresses due to infestation by
aphids (Riedel, 1989). On the other hand in vascular
plants sucrose is a precursor of a number of different
oligosaccharide series (Pollock, 1986), the sugar
translocated via the phloem to the sinks for cell growth,
metabolism, respiration and storage (Hawker et al,,
1991), and plays an important role in the regulation of
photosynthetic rates (Neuhaus et al., 1990). All
these processes could be disturbed by the reduction of
sucrose concentration in aphid infested plant tissues.
The rise of the glucose level might be connected like-
wise with increased synthesis of B-glucans due to the
formation of cell wall material (Kosegarten et al.,
1988) in aphid damaged plant tissues. A reaction of the
plants to aphid feeding consisting in the enhancement
of glucose, less attractive to aphids, at the expense of
more attractive sucrose (Weibull, 1990) could also
be involved.

It is assumed that the changes in sugar metabolism
following insect feeding are brought about by both the
physiological response of the plant to damage and se-
lective feeding by different species of insect pests
(Hopkins etal, 1995). It is probable that more fac-
tors were responsible for the character and extent of the
changes in sugar metabolism of infested plant parts
including not only aphid density but also assimilate
deprivation caused by the single aphid species, as well
as cultivar differences in tolerance towards cereal ap-
hids (Kral et al., 1993).
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INFORMACE - STUDIE - SDELENI

TREND VYBRANYCH KLIMATICKYCH
CHARAKTERISTIK NA VYCHODOSLOVENSKE] NIZINE

THE TREND OF SELECTED CLIMATIC CHARACTERISTICS
IN THE EAST SLOVAK LOWLAND

S. Téth

Regional Research Institute of Agroecology, Michalovce, Slovak Republic

ABSTRACT: One of the conditions of fruitfulness in reaching of the high level of yields and their time stability is to know
the development of phenomena of nature in concrete growing regions. The Station of Regional Research Institute of Agroe-
cology Michalovce — Vysokd nad Uhom was evaluated in the years 1971 to 1995 by analysis of the trend of selected
meteorological characteristics. The locality is situated in the central part of the East Slovak Lowland with continental character
of climate. The tendency of increase of average annual temperature, average temperature for the growing season (Fig. 1),
sum of temperature for the growing season (Fig. 2), was found. The increasing trend is also shown by the evaporation from
free water area (Fig. 7), sum of direct sunshine per year and sum of direct sunshine for the growing season (Fig. 6). The
number of days with intensity of precipitation 0.1 to 1 and 10 to 20 mm (Fig. 9) is growing. Decreasing tendency was found
in annual sum of precipitation and sum of precipitation for the growing season (Fig. 3). Descending trend is also shown by
the number of rainless days, number of days with intensity of precipitation I to 10, 20 to 30 and above 30 mm (Fig. 9). The
Selyanin hydrothermic coefficient is of falling tendency (Fig. 4). In May to August it is of descending trend, on the contrary
in September it has ascending tendency (Fig. 5). Increasing aridity of the region follows from analysis and restructuring in
the structure of intensity of daily sums of precipitation occurs.

average air lemperature; sum of temperatures; growing season; sum of precipitation; evaporation; intensity of precipitation;
hydrothermic coefficient; year

ABSTRAKT: Jednou z podmienok tspesnosti v dosahovani vysokej irovne tirod a ich ¢asovej stability je poznanie vyvoja
prirodnych javov v konkrétnych pestovatelskych oblastiach. Bola postidena stanica Vysokd nad Uhom v obdobi rokov 1971
az 1995 uskutoénenim analyzy trendu vybranych meteorologickych charakteristik. Bola zistend tendencia vzostupu priemernej
ro¢nej teploty, priemernej teploty za vegetacné obdobie a sumy teplot za vegetacné obdobie. Stipajici trend vykazuje tieZ
vypar z volnej vodnej plochy, suma priameho slne¢ného svitu za rok a suma priameho slneného svitu za vegetaéné obdobie.
Zvysuje sa pocet dni s intenzitou zrdZzok 0,1 az 1 a 10 aZ 20 mm. ZniZujicu tendenciu sme zistili pri roénom thrne zraZok
a uhrne zraZok za vegetatné obdobie. Zostupny trend vykazuje aj polet bezzraZkovych dni a podet dni s intenzitou zraZok
1 aZ 10, 20 aZ 30 a nad 30 mm. Seljaninov hydrotermicky koeficient mé klesajicu tendenciu. V mesiacoch mdj aZ august
vykazuje zostupny trend, naopak v mesiaci september trend vzostupny. Z rozborov vyplyva zvy3ujica sa aridita oblasti.

priemernd teplota vzduchu; suma tepldt; vegetacné obdobie; tihrn zraZok; vypar; intenzita zrazok; hydrotermicky koeficient;
rok

UvoD dni. Zrazkové thrny vykazuju naopak zostupnu tenden-

ciu. Klesaju hodnoty zrazkovych dhrnov a dochadza

Kolisanie klimy je jej typickou vlastnostou. Literar-
ne Udaje vSak naznaCuju, Ze v poslednych desatrociach sa
prejavuje skor jednostranna tendencia. Teploty a zraz-
ky vykazuji urcity trend, i ked nie vidy 3tatisticky
preukazny. Teploty poslednych rokov maju vzostupna
tendenciu, rasti hodnoty priemerov tepl6t vzduchu
a sumy teplot, zvy3uji sa poéty mimoriadne teplych
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k prestavbe v rozloZeni zraZok v roku. Z rozborov vyply-
va zvy3ujica sa aridita krajiny (RoZnovsky, 1995).
Za priciny klimatickych zmien st povaZované jednak
preukdzané cykly v aktivite slnka, po druhé ide o vplyv
antropogénnych Cinnosti sposobujicich vyrazné zmeny
energetického a vodného rezimu atmosférického pros-
tredia Spéanik, Tomlain, 1997).
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Klimatické zmeny sa dotykaju hlavne polnohospodar-
stva, jeho vysledky st v rozhodujiicej miere ovplyviiova-
né prave priebehom pocasia. Teploty a zrazky predsta-
vuju zikladné faktory jeho existencie (Rimovsky,
Roznovsky, 1995). Klimatické zmeny budi mat na
polnohospoddrstvo mnohostranné, raz kladné, ale
vii¢Sou mierou negativne dopady, ktoré treba stanovo-
vat, analyzovat a na zdklade tychto analyz hladat moZ-
nosti zniZovania ich negativnych vplyvov a zvySovania
pozitivnych i¢inkov (Lapin akol, 1994; Spanik,
Tomlain, 1997). Z agronomického hladiska je moz-
né negativne vplyvy predpokladanej zmeny klimy, kto-
ra moze v budicnosti nastat, do urcitej miery zmiernit.
Ide o dosledné uplatiiovanie celého komplexu opatreni,
ktoré budi zlepSovat podmienky pre dobry vyvoj poras-
tov a tvorbu trod (Mazur, 1993; Svachula, 1993;
Juzl, Midlek, 1995; Korsuifi, Filip, 1995;
Rimovsky, RoZnovsky, 1995).

Jednou z podmienok uspeSnosti v dosahovani vysokej
urovne urod a ich Casovej stability je poznanie vyvoja
prirodnych javov v konkrétnych pestovatelskych oblas-
tiach. V predloZenej prici hodnotime priebeh vybranych
meteorologickych prvkov v centrdlnej Casti Vychodoslo-
venskej niziny v Casovom rade rokov 1971 az 1995.

MATERIAL A METODA

Informécie o klimatickych pomeroch si ziskané
z meteorologickej pozorovacej stanice zriadenej na ex-
perimentélnej baze Oblastného vyskumného dstavu
agrockolégie Michalovce vo Vysokej nad Uhom,
v nadmorskej vySke 107 m n. m. Lokalita sa nachidza
20 km juzne od Michaloviec a reprezentuje centrdlnu
cast Vychodoslovenskej niZiny, oblast s kontinentdl-
nym razom podnebia. Téato meteorologicka stanica patri
k profesiondlnym staniciam v sieti SHMU a je zaruge-
na kvalita pozorovania. K vlastnej analyze boli zvolené
tieto charakteristiky:
— priemernd teplota vzduchu (°C): 1. ro¢nd, 2. za ve-

getatné obdobie
— suma tepldt za vegetatné obdobie (°C)
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1. Trend priemernej rocnej teploty a priemernej teploty za vegetainé
obdobie ~ Trend of average annual temperature and average tem-
perature for the growing season

---- priemerni rond teplota — average annual temperature

trend: 9.14 + 2.5385 - 3

— .- priemernd teplota za vegetainé obdobie — average temperature
for the growing season

trend: 13,661 + 0,0121692

— thrn zrazok (mm): 1. rocny, 2. za vegetacné obdobie

— suma vyparu z volnej vodnej plochy (mm)

— suma hodin priameho slne¢ného Ziarenia (h): 1. za
rok, 2. za vegetaéné obdobie

— pocet dni s intenzitou zrazok (zr) za den:
1. Zzr =0 mm, 2. Zzr = 0,1 aZ | mm, 3. Zzr = | aZ
10 mm, 4. Zzr = 10 aZ 20 mm, 5. Zzr = 20 az 30 mm,
6. Zzr > 30 mm

— hydrotermicky koeficient podla Seljaninova (Hk;
& > 10 °C): 1. priemer za vietky mesiace s ¢ 1 >
10 °C, 2. za mesiace mdj, jun, jil, august, september

VYSLEDKY A DISKUSIA

Priemernd ro¢na teplota, priemerna teplota za vege-
tatné obdobie (obr. 1), aj suma tepldt za vegetaéné

2. Trend sumy priemernych tepldt za vegetatné
obdobie — Trend of sum of average temperatures
for the growing season

— .. suma teplot za vegetatné obdobie — sum
of temperatures for the growing season
trend: 3 349.5 + 2,62423
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3. Trend zrdZzkového tihrnu za rok a vegetacné ob-
dobie — Trend of sum of precipitation per year and
for the growing season

tihrn zraZok za rok — sum of precipitation
per year

trend: 651,518 - 3,86231

uhrn zraZok za vegetatné obdobie — sum of
precipitation for the growing season

trend: 515,432 - 544615

4. Trend Seljaninovho hydrotermického koe-
ficientu — Trend of the Selyanin hydrother-
mic coefficient

—++ hydrotermicky koeficient — hydrothermic
coefficient
trend: 1,4528 - 0.0137323

.
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5. Trend vyvoja Seljaninovho hydrotermického koeficientu
v jednotlivych mesiacoch - Trend of development of Sely-
anin hydrothermic coefficient in different months

méj - May: 1,546 — 8,98462 - 3
jun — June: 2,0156 - 0,0459077

jal = July: 1,526 - 0,0312923
august — August: 1,1778 — 0,0118923
september — September: 1,1629 + 8,97692 - 3

obdobie (obr. 2) vykazuji vzostupny trend. Vysledky
testov presnosti trendu, podobne ako pri ostatnych cha-
rakteristikdch, uddvaji prakticky nulovi chybu, alebo
st na hranici Statistickej preukaznosti, ¢o je zrejme
spdsobené relativne kratkou dlZzkou uvazovaného aso-
vého radu. Dosiahnuté vysledky maji svoju vypoveda-
ciu hodnotu. Opa¢nd, zostupnu tendenciu sme zistili pri
ro¢nom thrne zrazok a thrne zrazok za vegetacné ob-
dobie (obr. 3). Ukazuje sa pritom vyraznejsi tbytok
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zrazok vo vegetatnom obdobi. Podotykame, Ze zraZky
si v nasich podmienkach jedinym zdrojom vody (S -
tor a kol., 1995).

ZvySovanie priemerov tepl6t a sifasne zniZovanie
uhrnov zrazok vysvetluji zostupny trend hydrotermické-
ho koeficientu, vypotitaného podla Seljaninova (obr. 4),
¢o svedCi o zvy3ujicej sa aridite oblasti. Suchost stipa
v mesiacoch madj, jun, jal, august, zatial ¢o v mesiaci
september je vyvoj opacny (obr. 5). Mesiace juin, jul,
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6. Trend ro¢nej sumy slnedného svitu a sumy za
vegetaéné obdobie — Trend of annual sum of
sunshine and sum for the growing season

slneény svit za rok — sunshine per year
trend: 1 540,32 + 9,94831

slnecny svit za vegetainé obdobie —
sunshine for the growing season

trend: 1 32391 + 11,5118

— w - (] ~ - i
EE &8 EEE B8R & & & 8
mm
620 7. Trend vyparu z volnej vodnej plochy za vege-
taéné obdobie — Trend of evaporation from free
570 'A water area for the growing season
A
1\ 7
520 "‘\ ] \V, \\ ——~ suma vyparu — sum of evaporation
A I~ . \ —— trend: 430,972 + 1,77969

8. Trend poctu bezzraZkovych dni za vege-

taéné obdobie — Trend of the number of
rainless days for the growing season

pocet bezzrazkovych dni — number
of rainless days
PiaN —— trend: 1654 - 0,28
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august sa vyznaCuju nedostatkom vlahy, ktory sa rokmi
eSte prehlbuje. V miji je sice dostatok vlahy, rokmi sa
viak zniZuje. September je mesiacom s dostatkom vla-
hy a jej dal§im zvySovanim. Podobné zvySovanie prie-
mernych tepldt, zniZovanie thrnov zrdZok a ich prestavba
v rozloZeni potas roka, aj zvySovanie aridity st uvidza-
né v koreSpondujicej literatire (RoZnovsky, 1995;
Rimovsky, RoZnovsky, 1995; Toman,
RoZnovsky, 1995; Spanik, Tomlain, 1997).
NajbliZ§ie roky overia predpoklad niektorych klimato-
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l6gov, Ze by malo prist zraiZkovo bohatSic obdobie
(RoZnovsky, 1995). Ak hodnotime dosiahnuté vy-
sledky z hladiska polnohospodarstva, vyznamni ilohu
v blizkej budicnosti zohraju opatrenia eliminujice ne-
priaznivy vplyv sucha. Ide o komplex opatreni dotyka-
jucich sa oblasti od Struktiry rastlinnej vyroby, vyva-
Zenej vyZivy porastov, prisunu organickych latok,
volby vhodnej odrody a agrotechniky aZ po zéivlahy.
O tychto a tieZ aj inych velmi podrobne hovori kores-
pondujica literatira (Mazir, 1993; Svachula,
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9. Trend poletnosti dni s vyskytom zraZok rdznej intenzity

za vegetaéné obdobie — Trend of frequency of days with
incidence of precipitation of different intensity for the grow-
ing season

0,1-1
trend: 15,22 + 0.453846

---- 1-10

—— trend: 50,62 - 0,127692
--= 10-20

—— trend: 8,98 + 0,0323077
—+- 20-30

—— trend: 3,5 - 0,0423077
--X-- > 30

w—  trend: 1.5 - 0,0292308

1993; Juzl, Milek, 1995; Korsun,
1995: Rimovsky, Roznovsky, 1995).

Sumu hodin priameho slne¢ného Ziarenia za rok
a vegetatné obdobie znazoriuje obr. 6, z ktorého je
zrejmy stipajuci trend. Citujeme ndzor z literatiry
(Korsuii, Filip, 1995), podla ktorého sa zachova-
nim sucasného trendu vo vyvoji klimatickych faktorov
predpokladd okrem iného prediZenie vegetaéného ob-
dobia od marca do okt6bra, Co by zvIast pri zivlahovom
hospodéreni umoziiovalo dva zbery v roku. Podobny
trend vo vyvoji sumy slnecného Ziarenia uvadza kores-
pondujica literatdra (Spanik, Tomlain, 1997).

Tendenciu zvy$ovania vyparu z volnej vodnej plo-
chy dokumentuje obr. 7. Podla literarnych tdajov (8 i -
tor a kol., 1995) sa na vypar v podmienkach Vycho-
doslovenskej niZiny spotrebuje az 70 az 80 %
z radia¢nej bilancie zemského povrchu a podobne 70
az 80 % spadnutych zraZzok sa spotrebuje na pokrytie
vyparu,

Z obr. 8 vyplyva mierne zniZovanie poctu bezzraz-
kovych dni vo vegetaénom obdobi. Obr. 9 podrobnejsie
konkretizuje vyvoj poctu dni s vybranymi zrazkovymi
charakteristikami. Pribuda dni s intenzitou zrazok 0,1
az 1 a 10 aZ 20 mm, naopak zniZuje sa pocet dni so

Filip,
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1995 1

zrazkami | az 10, 20 az 30 a nad 30 mm. Podla tychto
zisteni mdZeme konStatovat prestavbu v Struktire in-
tenzity dennych dhrnov zrazok.
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USTREDNI ZEMEDELSKA A LESNICKA KNIHOVNA,
PRAHA 2, SLEZSKA 7

Ustiedni zemédélska a lesnicka knihovna v Praze (dile jen UZLK), kterd je jednou z nejvéSich zem&délskych
knihoven na svété, byla zaloZena v roce 1926. Jiz od pocatku $lo o knihovnu vefejnou. Knihovna v sougasné dobé
obsahuje vice neZ jeden milion svazkd knih, cestovnich zprév, dizertaci, literatury FAO, svdzanych ro¢nik Casopist
z oblasti zemé&d&lstvi, lesnictvi, veterindrni mediciny, ekologie a dal3ich oborli. Knihovna odebird 750 tituli domdcich
a zahrani¢nich Casopisti. Informaéni prameny ziskané do fondu jsou v UZLK zpracovaviny do systému katalogi — je
budovin jmenny katalog a pfedmétovy katalog jako zakladni katalogy knihovny a déle rizné specidlni katalogy a kar-
totéky. Potdtkem roku 1994 pristoupila UZLK k automatizovanému zpracovéni knihovniho fondu v systému CDS/ISIS.

Pro informaci uZivatelii o novych informa&nich pramenech ve fondech UZLK zpracoviva a vydava knihovna nasle-
dujici publikace: Pfehled novinek ve fondu UZLK, Seznam &asopisii objednanych UZLK, Ptehled re$ersi a tematickych
bibliografii z oboru zemé&délstvi, lesnictvi a potravinaistvi, AGROFIRM - zpravodaj o pfirGstcich firemni literatury (je
distribuovén na disketdch), AGROVIDEO - katalog videokazet UZLK.

V oblasti mezindrodni vymény publikaci knihovna spolupracuje s 800 partnery ze 45 zemi svéta. Knihovna je ¢lenem
IAALD - mezindrodni asociace zemé&délskych knihovnika. Od zéfi 1991 je ¢lenem mezindrodni sité zem&délskych
knihoven AGLINET a od 1. 1. 1994 je depozitni knihovnou materidli FAO pro Ceskou republiku.

Knihovna poskytuje svym uZivatelim nasledujici sluZby:

Vypujéni sluzby

Vypujéni sluzby jsou poskytovany viem uZivatelim po zaplaceni ro¢niho registralniho poplatku. MimopraZiti
uZivatelé mohou vyuZit moZnosti meziknihovni vypajéni sluzby. Vzéicné publikace a ¢asopisy se viak puajéuji pouze
prezen¢né.

Reprografické sluzby

Knihovna zabezpeduje pro své uZivatele zhotovovani kopii obsaht ¢asopist a ndsledné kopie vybranych &ldnkd. Na
pockdni jsou zhotovoviny kopie na pfani uZivateli. Pro praZzské a mimopraZské uZivatele jsou zabezpeovany tzv.
individudlni reprosluzby.

Sluzby z izovaného systému firemni literatury

Jsou poskytoviny z databaze firemni literatury, kterd obsahuje téméf 13 000 zaznamu 1 700 firem.

Referenéni sluzby

Knihovna poskytuje referenéni sluzby vlastnich databazi kniZnich novinek, odebiranych &asopisi, refersi a tematic-
kych bibliografii, védeckotechnickych akci, firemni literatury, videotéky, dile z databézi pfevzatych — Celostétni evi-
dence zahrani¢nich Casopist, bibliografickych databazi CAB a Current Contents. Cilem je podat informace nejen
o informacnich pramenech ve fondech UZLK, ale i jiné informace zajimajici zem&d&lskou vetejnost.

Pijéovini videokazet

V AGROVIDEU UZLK jsou k dispozici videokazety s tematikou zemé&d@lstvi, ochrany Zivotniho prostedi a pfi-
buznych oborii. Videokazety zasili AGROVIDEO mimopraZskym zdjemcim postou.

UzZivatelim knihovny slouZi dv& studovny — vieobecnd studovna a studovna &asopisti. Ob& studovny jsou vybaveny
prirutkovou literaturou. Ctendfi zde maji volny pfistup k novinkam ptirastkii knihovniho fondu UZLK.

Adresa knihovny:

Ustiedni zem&délskd a lesnickd knihovna
Slezska 7
120 56 Praha 2

Vypujéni doba:

pondéli, ttery. &tvrtek: 9.00-16.30
stieda 9.00-18.00
patek 9.00-13.00
Telefonické informace:
vedouci: 24 25 50 74, e-mail: IHOCH @uzpi.agrec.cz
referenéni sluzby: 24 25 79 39/linka 520
Casopisy: 242566 10
vypujéni sluzby: 24 25 79 39/linka 415
meziknihovni vypujéni sluzby: 24 25 79 39/linka 304
Fax: 24 25 39 38

E-mail: UZLK @uzpi.agrec.cz
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INSTRUCTIONS FOR AUTHORS

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

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

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

The paper extent shall not exceed 15 typescript pages, in-
cluding tables, figures and graphs.

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

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

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

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

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

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

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

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

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

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

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

POKYNY PRO AUTORY

Casopis uvefejiiuje plivodni védecké prace, kratka sdéleni
a vybérové i pfehledné referaty, tzn. prace, jejichz podkladem
je studium literatury a které shrnuji nejnovéjsi poznatky v da-
né oblasti. Prace jsou uvefejiiovany v Cesting, slovenstiné nebo
angli¢tin€. Rukopisy musi byt doplnény kratkym a rozsifenym
souhrnem (véetné klicovych slov).

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

O uverejnéni prace rozhoduje redakéni rada Casopisu, a to
se zfetelem k lektorskym posudkim, védeckému vyznamu
a prinosu a kvalité price.

Rozsah védeckych praci nemad pfesahnout 15 stran psanych
na stroji v&etn¢ tabulck, obrazkd a grafd. V prici je nutné po-
uzivat jednotky odpovidajici soustavé mérovych jednotek SI
(CSN 01 1300).

Vlastni tiprava rukopisu ma odpovidat statni normé CSN
88 0220 (format A4, 30 fadek na stranku, 60 thozd na fadku,
mezi fadky dvojité mezery), k rukopisu je vhodné pfiloZit dis-
ketu s praci pofizenou na PC v nékterém textovém editoru,
nejlépe v T602, a s grafickou dokumentaci. Tabulky, grafy
a fotografie se dodavaji zvIast, nepodlepuji se. Na viechny
piilohy musi byt odkazy v textu.

Pokud autor pouziva v praci zkratek jakéhokoliv druhu, je
nutné, aby byly alespon jednou vysvétleny (vypsiny), aby se
piedeslo omylim. V ndzvu priace a v souhrnu je vhodné zkra-
tek nepouZivat.

Nizev prace (titul) nema presahnout 85 ihozu. Jsou vylou-
Ceny podtitulky ¢lanki.

Kratky souhrn (Abstrakt) je informa¢nim vybérem obsa-
hu a zdvéru ¢lanku, nikoliv viak jeho pouhym popisem. Musi
vyjadrit vechno podstatné, co je obsaZeno ve védecké prici,
a ma obsahovat zdkladni ¢iselné udaje vcetné statistickych
hodnot. Musi obsahovat klicovi slova. Nemad pfekrocit rozsah
170 slov. Je tfeba, aby byl napsdn celymi vétami, nikoliv hes-
lovité. Je uvefejiiovan a mél by byt dodéan ve stejném jazyce
jako védecka prace.

Rozsifeny souhrn (Abstract) je uvefejiiovan v angli¢ting,
mély by v ném byt v rozsahu cca 1-2 strojopisnych stran ko-
mentoviny vysledky price a uvedeny odkazy na tabulky a ob-
rizky, popf. na nejdulezitéjsi literarni citace. Je vhodné jej
(vCetné nizvu price a klicovych slov) dodat v angli¢ting, popf.
v Cedtiné ¢&i slovensting jako podklad pro pfeklad do angli¢tiny.

Uvod mi obsahovat hlavni divody, proc byla price realizovina
a velmi stru¢nou formou ma byt popsan stav studované otazky.

Literarni prehled ma byt kratky, je tfeba uvadét pouze
citace majici uzky vztah k problému.

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

Vysledky - pfi jejich popisu se k vyjadfeni kvantitativnich
hodnot dava pfednost grafim pted tabulkami. V tabulkich je
tieba shrnout statistické hodnoceni naméfenych hodnot. Tato
Cast by neméla obsahovat teoretické zavéry ani dedukce, ale
pouze faktické ndlezy.

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

Literatura musi odpovidat stitni normé CSN 01 0197. Ci-
tace se fadi abecedné podle jména prvnich autor. Odkazy na
literaturu v textu uvadéji jméno autora a rok vydani, Do se-
znamu se zafadi jen price citované v textu. Na price v sezna-
mu literatury musi byt odkaz v textu.

Na zvlastnim listé uvadi autor plné jméno (i spoluautori),
akademické, védecké a pedagogické tituly a podrobnou adresu
pracovidté s PSC, ¢islo telefonu a faxu, popf. e-mail.
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