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Hruby, J. — Vejrazka, K. — Badalikova, B. — Prochazkova, B. — Janecek, M.: Obsah N-latek a vynos zrna sladovnického jeémene v mo-
nokulturnich systémech péstovani. Kvasny Prum. 55, €. 6, s. 143-149.

V predlozeném prispévku jsou hodnoceny vynosy zrna a obsah bilkovin v zrné jarniho je€émene v monokulturnich systémech jeho pésto-
vani. Pokus probihal v letech 2001-2006 v feparské vyrobni oblasti na stanovisti lvanovice na Hané. Péstovany byly odriidy Akcent a Forum
(2001-2003), poté odrudy Jersey a Prestige (2004—2006). Pokusné varianty byly — podmitka strnisté, podmitka s meziplodinou, zapraveni
slamy do plidy, meziplodina se zapravenim slamy, paleni slamy a organické hnojeni hnojem. Byl zjistén statisticky priukazny vliv ro€niku, va-
rianty oSetfeni a pfedplodiny na Uroven vynosu a obsahu bilkovin v zrnu. Nizké vynosy a obsah bilkovin byly dosahovany na variantach se
zapravenou slamou do pudy.

Hruby, J. — Vejrazka, K. — Badalikova, B. — Prochazkova, B. — Janecek, M.: Protein Content and Grain Yield of Malting Barley In Con-
tinuous Cropping Systems. Kvasny Prum. 55, No. 6, p. 143—-149.

In the present study grain yields and grain protein content of spring barley grown in continuous cropping were evaluated. The trial was car-
ried out in the years 2001-2006 in a sugar beet growing region on a site at Ivanovice na Hané. The varieties Akcent and Forum were grown
in the years 2001-2003; Jersey and Prestige were grown afterwards (2004-2006). The treatments were as follows: stubble breaking, stubble
breaking with a catch crop, straw incorporation into the soil, a catch crop with straw incorporation, straw burning, and organic fertilizer ap-
plication. A statistically significant effect of year, treatment and previous crop on grain yields and grain protein content has been found. Low
yields and low protein content were in treatments with straw incorporated into the soil.

Hruby, J. — Vejrazka, K. — Badalikovd, B. — Prochazkova, B. — Janecek, M.: Gehalt der N-Stoffen und Gerstenkornertrag im Mono-
kulturensystemsanbau. Kvasny Prum. 55, Nr. 6, S. 143-149.

In dem vorliegenden Artikel werden Gerstenkornertrdge und Eiwei3gehalt im Korn der Sommergersten im Monokulturensystemsanbau-
gebiet ausgewertet. Der Versuch fand im Zeitraum 2001-2006 in einem Zuckerriibeanbaugebiet im Ort lvanovice na Hané statt. Es wurden
die Gerstensorten Akcent und Forum (in den Jahren 2001-2003), danach Gerstensorten Jersey a Prestige (in den Jahren 2004—2006) ge-
zlichtet. Die Versuchsvarianten wurden: Stoppelsturz, Stoppelumbruch mit Zwischenpflanzenanbau, Stroheinpfligen, Zwischenpflanzenan-
bau mit Stroheinpfliigen, Strohbrandverfahren und Stalldungdiingung. Es wurde ein statistisch bedeutender Einfluss des Jahrgangs, der Be-
handlungvarianten, Vorpflanze auf den Ertrag und Eiwei3gehalt im Korn ermittelt. Niedrige Ertrage und Eiwei3gehalt wurden mit den Varianten

eines Stroheinpfliigens erreicht.
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1 UvoD

Je€men jarni je vétSinou tolerantnéjSi na vy$si podil obilovin v osev-
nim postupu i monokulturni péstovani nez psenice 0zima, a to zvlasté
v oblastech se silnéjSim vyskytem chorob pat stébel [1]. Rada vice-
letych pokusu potvrzuje, Ze jednostranné zamérené osevni postupy
na opakované péstovani obilovin vétSinou dfive nebo pozdéji vedou
k poklesu vynosu zrna a vynosové stability [2, 3]. Jednou z podmi-
nek monokulturniho péstovani je€mene jarniho je nutné uplatfiovani
takovych intenzifikacnich a fytosanitarnich opatfeni, kde kromé or-
ganického hnojeni se zdUrazfiuje nutnost zarazovani vymrzajicich
meziplodin.

Vysledky dlouhodobého pokusu v Ivanovicich na Hané prokazuiji
vy$S8i vynosovou Uroven je€mene jarniho péstovaného v obilni mo-
nokultufe, tj. pfi kazdoro¢nim stfidani je€mene jarniho s pSenici ozi-
mou oproti monokultufe je€mene jarniho [4].

Dlouhodobé plisobeni (1971-2004) rGznych forem agrotechnic-
kych zasahl véetné organického hnojeni i aplikovanych fytosanitar-
nich zasah ovliviiuje vynosy zrna i vynosové trendy jeémene jarniho
péstovaného v monokultufe na stanovisti v lvanovicich na Hané. Vy-
sledky ukazuji na vyrazné pfiznivy vliv paleni slamy a zeleného hno-
jeni na vynosy zrna a naopak na nepfiznivy vliv kazdoro¢niho za-
pravovani slamy do pddy. Zapravovani slamy do pddy pfi opakovaném
péstovani jeémene jarniho mélo v danych podminkach (sussi a tep-
lej8i podminky Fepafské oblasti) na vynosy zrna negativni vliv. PFiz-

Keywords: spring barley, continuous cropping, agronomy measures,
yield, protein in grain

1 INTRODUCTION

Spring barley is usually more tolerant to a higher proportion of ce-
reals in a crop rotation and to continuous cropping than winter wheat,
especially in regions with a frequent occurrence of take—all [1]. A num-
ber of long-term trials confirmed that one-sided crop rotations aimed
at cereal continuous cropping, sooner or later, resulted in grain yield
reductions and decreased yield stability [2, 3]. One of the conditions
of successful spring barley continuous cropping is the necessity of
taking intensification and phytosanitary measures where besides or-
ganic fertilizer the incorporation of winterkilled catch crops is emp-
hasized.

The results of a long-term trial at lvanovice na Hané showed hig-
her yields of spring barley grown in cereal monoculture (annual ro-
tation of spring barley and winter wheat) than in spring barley conti-
nuous cropping [4].

Long-term action (1971-2004) of agronomy measures, including
organic fertilizer application and phytosanitary effects, had an effect
on grain yields and yield trends of spring barley grown in continuous
cropping on a site at lvanovice na Hané. The results revealed an ex-
tremely favourable effect of straw burning and green manure on grain
yields and an unfavourable effect of annual straw incorporation into
the soil. Straw incorporation into the soil in spring barley continuous
cropping under these conditions (drier and warmer conditions of a su-
gar beet growing region) had a negative effect on grain yields. A fa-
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nivy vliv paleni slamy a zeleného hnojeni na vynosy je€mene jarniho
péstovaného v monokultufe Ize dat do souvislosti s fytosanitarnimi
ucinky téchto zasahu, souvisejicich s redukci inhibi¢nich vliv slamy
a posklizriovych zbytka [5].

Nepfiznivé ucinky vyssi koncentrace obilnin Ize do urcité miry kom-
penzovat [1, 6]. Jako opatfeni pro zmirnéni negativnich G¢inkd se do-
porucuje zvysSeny pfisun zivin do pUdy, péstovani meziplodin na ze-
lené hnojeni, podpora rozkladu posklizhovych zbytkl a slamy, vybér
vhodnych odriid a chemicka ochrana rostlin. PFiznivy vliv na vynosy
zrna a jejich stabilitu ma rovnéz spalovani slamy, pfedevsim pro jeho
fytosanitarni u€inky. Pouzitelnost tohoto opatfeni je vSak znaéné ome-
zena s ohledem na technické a bezpecnostni problémy i dopady na
Zivotni prostredi. Hruby et al. [7,8] zjistili vyrazné nadpriimérné hod-
noty obsahu N-latek v zrné u variant s organickym hnojenim u vSech
hodnocenych odrld, obsah N-latek v zrné byl pfedevsim vyznamné
ovlivnén roénikem.

Obsah N-latek je zakladnim kvalitativnim parametrem zrna slado-
vnického je€mene. Prokes$ [9] uvadi, Zze obsah bilkovin v zrné jec-
mene jarniho mizZe kolisat od 8 do 12 %, ale i do 16 %. Optimalni
hranice obsahu bilkovin jsou v rozmezi 10,2—11,0 % [10]. Obilky s niz-
§imi hodnotami obsahu bilkovin vykazuji niz8i enzymatickou aktivitu
[9], naopak vysoka urover negativné (-0,78%) ovliviiuje obsah ex-
traktu [11]. Cést bilkovin, hordeiny, spolutvofi bilkovinnou matrici, ve
které jsou umisténa Skrobova zrna. Tato kostra pak tvofi mechanic-
kou bariéru pro pfistup amylolytickych enzymu [12].

| kdyZ je problematika Ucinku jednotlivych frakci hordeind inten-
zivné sledovana, stale jsou nejasnosti v ucincich jednotlivych bilko-
vinnych podjednotek na sladovnickou kvalitu [13]. Simi¢ et al. [14] zji-
stil silny negativni vztah (r od —0,82* do —0,97*) mezi obsahem Skrobu,
resp. extraktu a celkovym obsahem hordeind, resp. B- a D- hordeind.
Obsah C- hordein(i neovlivnil obsah Skrobu, resp. extraktu, avSak vy-
razné ovlivnil dalSi kvalitativni ukazatele — viskozitu sladiny (0,60) a fri-
abilitu (-0,58).

Obsah N-latek v zrné a vynos zrna jsou kli¢ové pro uspéch celého
fetézce zemédélec — vykup — sladovna. Z tohoto dtvodu byly tyto pa-
rametry vybrany pro posouzeni vhodnosti testovanych agrotechnic-
kych zasah( v monokulturnich systémech.

2 MATERIAL A METODY

Charakteristika pokusného stanovisté lvanovice na Hané
Pldni podminky — plda je typickd ¢ernozem vznikla na pleisto-
cénni sprasi, mocnost ornice je 0,30 m, pudni druh ornice i podorni¢i
je hlinity. Pidni reakce je neutralni, humdzni ornice s obsahem 2,8 %
humusu a mirné huméznim podorni¢im 1,6 %. Obsah fosforu a dras-
liku v ornici je stfedni. Nadmorska vyska stanovisté je 225 m, pra-
mérna ro¢ni teplota 9,13 °C, primérny srazkovy thrn 539,9 mm.

Metodika pokusu

Dlouhodoby pokus s monokulturnim péstovanim je¢mene jarniho
po psenici ozimé s rliznymi agrotechnickymi a fytosanitarnimi zasahy
byl zaloZen v podminkach feparské vyrobni oblasti v roce 1971 na po-
kusné stanici v Ivanovicich na Hané (dfive Vyzkumny Ustav zakladni
agrotechniky HruSovany u Brna, nyni Vyzkumny ustav rostlinné vy-
roby v.v.i. Praha-Ruzyné). Pokus nadale pokracuje.

Monokultury:
a) jemen jarni po je€meni jarnim
b) je€men jarni po pS$enici ozimé.

Varianty agrotechnickych zasaht

A. podmitka strnisté

B. podmitka + meziplodina (svazenka vraticolista)

C. zapraveni slamy do pldy

D. zapraveni slamy + meziplodina (svazenka vrati¢olista)
E. paleni slamy

F. organické hnojeni — chlévsky hndj.

Mineralni hnojeni

- P,05 — 90 kg.ha', K;O — 120 kg.ha™,

— davky minerainiho dusiku — od roku 1981 ¢ini jednotnd davka 50
kg.ha' &. z., mineralni hnojeni je aplikovano pfed setim

— Ca — saturaéni kaly v davce 3,0 t.ha™ (aplikace 1x za ¢étyfi roky).

Zakladni charakteristika jednotlivych agrotechnickych zasahu
a) zaoravka rozdrcené slamy ihned po sklizni pfedplodiny do hloubky
0,20 m tfiradliénym pluhem,

vourable effect of straw burning and green manure on yields of sp-
ring barley grown in continuous cropping can be associated with phy-
tosanitary effects of these measures including reduction in the inhi-
bitory effects of straw and postharvest crop residues [5].

Unfavourable effects of a high proportion of cereals may, to some
extent, be compensated for [1, 6]. To mitigate the negative effects an
increased supply of nutrients in the soil, growing catch crops for green
manure, promotion of postharvest crop residue and straw degrada-
tion, selection of suitable varieties and chemical plant protection are
recommended. A positive effect on grain yields and their stability is
also exerted by straw burning mainly due to its phytosanitary effects.
This practice, however, is not so widely used because of potential tech-
nical and safety problems and environmental hazards. Hruby et al. [7,
8] found considerably above average grain protein content in the tre-
atments with organic fertilizer in all the varieties under study. Grain
protein content was considerably influenced predominantly by year.

Protein content is a basic qualitative parameter of grain of malting
barley. Prokes [9] pointed out that protein content in spring barley
grain might fluctuate from 8 to 12 %, but sometimes even to 16 %.
The optimal levels of protein content are in the range 10.2-11.0 %
[10]. Caryopses with lower protein content show a lower enzymatic
activity [9]. On the contrary, a high level (-0.78%) has a negative ef-
fect on extract content [11]. Some proteins, hordeins, are a dominant
component of the protein matrix, in which starch granules are loca-
ted. This skeleton forms the mechanical barrier to amylolytic enzyme
entering [12].

Even though the effects of particular hordein fractions have been
intensively studied, there are still ambiguities in the effects of indivi-
dual protein subunits on malting quality [13]. Simi¢ et al. [14] found
a strong negative relationship (r from —0.82* to —0.97*) between the
content of starch or extract and the total content of hordeins, i.e. B-
and D- hordeins. The content of C- hordeins did not affect the con-
tent of starch or extract but it had a marked effect on the other qua-
litative indices — brewer’s wort viscosity (0.60) and friability (—0.58).

Grain protein content and grain yields are the key to success in the
cycle from farmer to grain purchaser to malt house. For this reason,
these parameters were chosen to assess the suitability of particular
agronomy practices in continuous cropping.

2 MATERIAL AND METHODS

Characteristics of an experimental site at Ivanovice na Hané

Soil conditions — soil is typical black soil developed on Pleistocene
loess, topsoil thickness is 0.30 m, topsoil and plough pan are loamy.
The soil reaction is neutral, topsoil contains 2.8% of humus and
plough pan contains 1.6 % of humus. Phosphorus and potassium
contents in the topsoil are medium. The altitude of the site is 225 m,
the average annual temperature is 9.13 °C, and the average precipi-
tation sum is 539.9 mm.

Trial methodology

A long-term trial with monoculture of spring barley after winter
wheat with different agronomy and phytosanitary measures was es-
tablished in a sugar beet growing region in the year 1971 in an ex-
perimental station in Ivanovice na Hané (the former Research Insti-
tute of Basic Agronomy at HruSovany u Brna, now the Research
Institute of Plant Production, Praha-Ruzyné). The trial is still in pro-
gress.

Monocultures
a) spring barley after spring barley
b) spring barley after winter wheat

Agronomy practices

A. stubble breaking

B. stubble breaking + catch crop (Phacelia tanacetifolia)
C. straw incorporation into the soil

D. straw incorporation + catch crop (Phacelia tanacetifolia)
E. straw burning

F. organic fertilizer — farmyard manure

Mineral fertilizer application

— P,Os5 — 90 kg.ha', K,O — 120 kg.ha™,

— Mineral N rates — from the 1981 the single rate is 50 kg.ha™ a.i.,
mineral fertilizer is applied before sowing

— Ca — saturated sludge at a rate of 3.0 t.ha™' is applied every four
years
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Tab. 1 Analyza variance N-latek a vynosu zrna v obdobi 2001-2003 a 2004—2006 / Analysis of variance for N-content and grain yield in

2001-2003 and 2004-2006 period

. Lo . . NL / N-substances Vynos / Yield
Al [ D N GO CA T d.f. | 2001-2003 | 2004—2006 | 2001-2003 | 2004—2006
MS MS MS MS
odrlida / variety 1 0,001 1,307 0,144 6,83**
varianta / treatment 5 9,13** 1,34** 0,47** 1,18**
rok / year 2 32,18** 10,75** 31,66** 236,50**
predplodina / fore-crop 1 0,389 0,092 1,85** 1,46**
odrida*varianta / variety*treatment 5 0,260 1,01** 0,040 0,056
odrida*rok / variety*year 2 0,069 0,020 0,74** 0,59**
varianta*rok / treatment*year 10 0,465 1,09** 0,16™ 2,57
odrida*predplodina / variety*fore-crop 1 0,140 0,231 0,095 0,002
varianta*predplodina / treatment*fore-crop 5 0,363 0,389 0,25* 0,064
rok*predplodina / year*fore-crop 2 0,765 1,36** 0,74* 0,232
Reziduum / Residual 37 0,444 0,365 0,069 0,097

Pozn. / Notes: ** znadi statisticky priikazny vliv faktoru na hladiné vyznamnosti = 0,05 / ** indicate statistical a significant influence at level = 0.05

b) seti meziplodiny seci kombinaci do provedené podmitky,

¢) podmitka do hloubky 0,15 m tfiradliénym pluhem,

d) rozprostfena slama po povrchu pozemku je spalena, po zasahu
provedena podmitka do 0,15 m.

V letech 2001-2003 byly pro potfeby pokusu péstovany odriidy Ak-
cent a Forum, v letech 2004—2006 pak odridy Jersey a Prestige.

Maloparcelovy pokus byl zalozen v 5 opakovanich metodou déle-
nych dilcti o velikosti 2,5 x 10,7 m, sklizriova plocha &inila 15 m2. Che-
micka ochrana porostl jeémene jarniho proti chorobam a $kddcim
byla provadéna dle metodik Ustfedniho kontrolniho a zkugebniho
Ustavu zemédeélského a Statni rostlinolékarské spravy. U hodnoce-
nych odrdd byl vzdy stanoven obsah N-latek (N.6,25) metodou dle
Kjeldahla.

Vysledky byly rozdéleny do dvou obdobi podle pouzitych odrid, tj.
na 2001-2003 a 2004-2006. Vysledky byly statisticky zhodnoceny
vicefaktorovou analyzou variance s naslednym testovanim Tukey tes-
tem na hladiné vyznamnosti o. = 0,05 v prostfedi programu Statistica
7.0.

3 VYSLEDKY A DISKUSE

Je€men jarni prokazuje v podminkach fepafské vyrobni oblasti na
¢ernozemi pomérné dobrou snasenlivost pfi péstovani v monokul-
tufe. Obdobnou problematikou se zabyvala Prochazkova et al. [15]
u pSenice ozimé péstované rovnéz v dlouhodobé monokultufe na
stejném pokusném stanovisti.

Napf. Psota a Ehrenbergerova [16] uvadéji, ze jeCmen jarni citlivé
reaguje na vykyvy pocasi v dobé vegetace, na agrotechnické vlivy
a zasahy (pfedplodinu, termin seti, velikost vysevku, hnojeni dusikem
apod.) i na v8echny nedostatky a nevyrovnanosti pudy. V této sou-
vislosti Ize uvést, ze vyznamnymi faktory ovliviujicimi kvalitu polnich
plodin jsou pfedevsim ro¢nik a odrlida, déle je to hnojeni (mineralni,
organické vcetné zapravovani poskliziiovych zbytkd do pudy). Jako
méné vyrazny faktor ovliviujici kvalitu je zpracovani pldy [17].

Dusikaté latky

Analyzou variance nebyl zjistén statisticky prikazny vliv odridy na
obsah dusikatych latek v zrné (tab. 7). Tato skute¢nost odpovida sou-
¢asnému stavu v odridové skladbé, kdy diky sladovnickému zamé-
feni odridy témér optimalné akumuluji dusikaté latky v zrné.

V obou sledovanych tfiletych obdobich byl zjistén statisticky pra-
kazny vliv varianty oSetfeni a roku péstovani na obsah dusikatych la-
tek. V obdobi 2004-—2006 pak byl zjistén i prakazny vliv interakci ro¢-
nik x varianta oSetfeni a rok x pfedplodina (fab. 7). Naslednym
testovanim byly varianty oSetfeni rozdéleny do tfi skupin.V prvni sku-
piné s nejniz§imi hodnotami dusikatych latek byla zastoupena vari-
anta podmitka strnisté (2001-2003), resp. varianta meziplodiny se
zapravenim slamy (2004—-2006), (fab. 2). Zde lze v této souvislosti
napt. konstatovat [18], Ze se snizujici se intenzitou zpracovani pldy,
tj. zejména snizovanim hloubky zpracovani pldy, ¢asto klesa obsah
N-latek v zrné je€mene jarniho. Hruby [19] tento poznatek potvrdil
s tim, Ze pfi pouZiti minimaliza¢nich technologii zpracovani pudy se
snizil obsah N-latek v zrné je¢émene v priméru o 0,3-0,4 %.

Basic characteristics of agronomy practices

a) Turning under of crushed straw immediately after previous crop
harvest to a depth of 0.20 m with a three furrow plough

b) Sowing the catch crop with a combined drill into stubble

c¢) Stubble breaking to a depth of 0.15 m with a three furrow plough

d) Straw dispersed over the plot is burnt, stubble breaking to a depth
of 0.15 m afterwards

Inthe years 2001-2003 the varieties Akcent and Forum were grown
and in the years 2004—-2006 Jersey and Prestige were involved.

A small plot trial was established with five replications and a split
plot design. The size of each plot was 2.5 x 10.7 m and the harvest
area was 15 m2. Chemical pest and disease control in spring barley
stands was based on the methodology of the Central Crop Inspec-
tion and Testing Institute and the State Plant Medicine Administra-
tion. Protein content in varieties (N.6.25) was determined by the Kjel-
dahl method.

The results were divided into two periods (by varieties), a period
of 2001-2003 and a period of 2004—2006. The results were statisti-
cally processed by a multi-factor analysis of variance followed by the
Tukey test at the significance level a = 0.05 using the program Sta-
tistica 7.0.

3 RESULTS AND DISCUSSION

Spring barley in a sugar beet growing region on Chernozem shows
relatively good tolerance when grown in continuous cropping. The
same aspects were studied by Prochazkova et al. [15] in winter wheat
grown in long-term monoculture on the same experimental site.

For example, Psota and Ehrenbergerova [16] showed that spring
barley responded very sensitively to weather fluctuations during ve-

Tab. 2 Nésledné testovani priimérQ variant o$etfeni pro N-latky [%]
a vynos zrna [t.ha™'] / Multiple range analysis of treatment for N-sub-
stances [%] and grain yield [t.ha’]

NL / N-substances Vynos / Yield

2001-2003 2004—-2006 2001-2003 2004—-2006

A 9,74 | a |[D 9,91 a|C| 618 | a |F| 534 | a
D 9,77 |ab|A| 10,20 |ab|B| 6,37 |ab|C| 577 | b
C| 10,083 [ab|C| 10,21 |ab|D| 6,38 |[ab|D| 5,82 b
B| 10,12 |ab|E| 10,33 |ab|A| 6,41 |ab|A| 5,96 | bc
E| 10,57 B| 10,35 |ab|E| 6,68 b |B| 6,02 |bc
F| 12,05 | ¢ [F| 10,92 | b |F| 6,69 b |E| 6,28 c

Pozn. / Notes: A — podmitka strnisté / stubble breaking, B — podmitka +
meziplodina / stubble breaking + catch crop, C — zapraveni slamy do pady
/ straw incorporation into the soil, D — zapraveni slamy + meziplodina /
straw incorporation + catch crop, E — paleni slamy / straw burning, F —
organické hnojeni — chlévsky hndj / organic fertilizer — farmyard manure
QOdlisna mala pismena oznaduji statisticky prikazné odlisné skupiny / Ave-
rage values indicated by various small letters are statistically different
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Tab. 3 Néasledné testovani primérl rokl péstovani pro N-latky [%] a
vynos zrna [t.ha™'] / Multiple range analysis of years for N-substan-
ces and grain yield [t.ha’']

NL / N-substances
2001-2003 2004-2006
2003 | 9,09 a [2004| 9,87 | a
2002 (10,73 | b [ 2005(10,01 | a |2002 (6,62| b | 2004 (7,59| b
2001 (11,32 | ¢ [ 2006(11,09| b |2001 (7,51 | ¢ | 2005|7,76| b

Odlisna pismena oznaduiji statisticky prikazné odlisné skupiny / Average
values indicated by various letters are statistically different

Vynos / Yield
2001-2003 2004—-2006
2003 |5,23| a | 2006|2,24| a

Vysoky obsah dusikatych latek byl dosahovan u varianty organické
hnojeni, ostatni varianty dosahovaly primérnych az nizkych hodnot.

PFi sou¢asném vysokém zastoupeni obilovin v osevnich postupech
se stale Castéji uplatfiuje slama jako organické hnojivo, z toho po-
hledu byla do pokusu rovnéz zafazena varianta se zaoranim slamy
do pudy. V fadé polnich pokusll se ukazalo, ze pravé zaoravka slamy
do pudy muze negativné ovlivnit riist i vyvoj nasledné péstovaného
jeémene jarniho. Aby se urychlil rozklad slamy zapravené po sklizni
do puldy, aplikuje se na slamu dusikaté hnojivo [20].

V prechodné skupiné jsou varianty oSetfeni se zapravovanou or-
ganickou hmotou do plidy — podmitka + meziplodina fungujici jako
zelené hnojeni (napf. péstovana svazenka vraticolista), resp. varianta
se zapravenou slamou do pudy, ktera je svym chemickym slozenim
charakteristicka pfedevsim nizkym N a P [17].

Ponékud stranou v této skupiné je varianta paleni slamy fungujici
predevsim jako fytosanitarni zasah.

Podle obsahu dusikatych latek v zrné byl zjistén statisticky pru-
kazny rozdil ve v8ech sledovanych letech, kromé rokd 2004 a 2005.
V letech 2003 a 2004 se primér dusikatych latek pohyboval dokonce
pod 10 % (tab. 3). Vyznamny vliv ro€niku péstovani na obsah dusi-
katych latek v zrnu s velkou pravdépodobnosti ovlivnil i vy$e zmiro-
vané prlikaznosti interakci ro¢nik x varianta o$etfeni a rok x pred-
plodina (data nejsou ukazana). Vysvétleni interakce rok x pfedplodina
vychdzi z tab. 1, kde neni zjiStén statisticky prikazny vliv pfedplodiny
na obsah N-latek. | pfes pokroky Slechtitell v oblasti distribuce dusi-
katych latek tak stale zlstava ro¢nik jako vyznamny faktor.

Vynosy zrna

Vysoka koncentrace obilnin v osevnich postupech, zejména u pod-
nikl bez Zivocisné vyroby, vyzaduje ¢astéjsi sled obilnin po sobé. Z to-
hoto hlediska je vénovana rovnéz pozornost jejich péstovani v mo-
nokulture, kterd je nejvyssi formou koncentrace obilnin v osevnim
postupu [21].

Pro zlepSeni pfehlednosti jsou prezentované vysledky tykajici se
vynosu zrna komentovany dle tfiletych obdobi sledovani.

Obdobi 2001-2003

Analyzou variance byl zji§tén statisticky prikazny vliv varianty oSet-
feni, roéniku péstovani, predplodiny a interakci odriida x rok, varianta
oSetfeni x rok, varianta oSetfeni x pfedplodina a rok x pfedplodina
byl dosazen u varianty zapraveni slamy do pudy. Vyrazné odli$nou
skupinu tvofily varianty paleni slamy a organické hnojeni, u kterych
byl dosazen nejvyssi vynos zrna (6,68 a 6,69 t.ha'). Na Ucinek za-
sahu paleni slamy jiz upozornil Kos [1], ktery zduraznil, ze feSeni pro-
blému hospodareni se slamou jejim spalenim na pozemku i pfes po-
zitivni vynosové reakce je tfeba z dlouhodobého hlediska povazovat
za nezadouci s ohledem na hospodareni s humusem a ochranu zi-
votniho prostfedi. Na zmirfiovani negativniho vlivu monokulturniho
péstovani jemene jarniho se pfiznivé projevilo organické hnojeni
chlévskym hnojem, kdyz vynosy zrna se pohybovaly na urovni vy-
nos( u varianty se spalenim slamy. Na pozitivni vliv organického hno-
jeni na vynosy zrna u monokultury je€mene jarniho jiz napf. upozor-
nil Kopecky [22].

Tab. 4 Nasledné testovani pramér(i vynost zrna [t.ha'] po predplo-
diné / Multiple range analysis of fore-crop for grain yield [t.ha’']

Vynos / Yield

2001-2003 2004-2006
je€men / barley 6,29 | a | jeCmen / barley 572 | a
pSenice / wheat 6,61 | b | pSenice / wheat 6,01 | b

Odlisna pismena oznaduji statisticky prikazné odlisné skupiny / Average
values indicated by various letters are statistically different

getation, agronomy measures (previous crop, sowing date, sowing
rate, N application, etc.) and also to all soil deficiencies and imba-
lances. In this context, it is necessary to state that important factors
affecting the quality of field crops are predominantly year and vari-
ety, and also fertilizers (mineral, organic, including the incorporation
of postharvest crop residues into the soil). A less significant factor in-
fluencing quality is soil tillage [17].

Nitrogen substances

Analysis of variance did not reveal any statistically significant ef-
fect of variety on the content of nitrogen substances in the grain ( Table
1). This conclusion is supported by the present situation in the col-
lection of varieties. As there are an increasing number of varieties
grown for malt, varieties accumulate nitrogen substances in grain in
almost optimum amounts.

In both three-year study periods a statistically significant effect of
treatment and year of growing on protein content was found. In the
years 2004—2006 significant effects of year x treatment and year x
previous crop interactions were also revealed (Table 1). By succes-
sive testing the treatments were divided into three groups. The first
group with the lowest values of N substances included stubble bre-
aking (2001-2003) and a catch crop with straw incorporation
(2004—-2006) (Table 2). As suggested by the results, it can be conc-
luded [18] that with reduction in soil tillage, especially with reducing
soil tillage depth, protein content in spring barley grain mostly de-
creases. Hruby [19] confirmed this conclusion stating that with mini-
mum tillage practices there was an average reduction of 0.3-0.4 %
in grain protein content in spring barley.

A high content of N substances was produced with organic fertili-
zer application. The other treatments gave average to low values.

With present-day high proportions of cereals in crop rotations straw
is more often used as an organic fertilizer. For this reason, straw in-
corporation into the soil was used as one of experimental treatments.
In a number of field trials it became evident that it is the straw incor-
poration into the soil that might have a negative effect on growth and
development of the following spring barley. To enhance the decom-
position of straw incorporated into the soil, nitrogen fertilizer was app-
lied to straw [20].

The transition group includes the treatment with organic matter in-
corporated into the soil — stubble breaking + a catch crop used as
green manure (e.g. Phacelia tanacetifolia) and the treatment with the
straw incorporated into the soil which is characterized predominantly
by low N and P [17].

Only marginal in this group is straw burning acting as a phytosa-
nitary measure.

The content of N substances in the grain showed a statistically sig-
nificant difference in all the years under study except for the years
2004 and 2005. In the years 2003 and 2004 the average content of
N substances was even lower than 10 % (Table 3). A significant ef-
fect of year on the content of N substances in the grain most pro-
bably affected also the above mentioned significance of year x tre-
atment and year x previous crop interactions (data are not shown).
The explanation of the year x previous crop interaction lies in Table
1, where there was no statistically significant effect of the previous
crop on N substances found. Despite plant breeders’ progress in N
substance distribution, the year still remains a very important factor.

Grain yields

A high proportion of cereals in crop rotations mainly in farm com-
panies without animal production demands more frequent succes-
sion of cereals one after another. For this reason, attention is also gi-
ven to their cultivation in monoculture, which is characterized by the
highest proportion of cereals in the crop rotation [21].

To give a better view, the results concerning grain yields are pre-
sented by three-year study periods.

A period of 2001-2003

Analysis of variance showed a statistically significant effect of tre-
atment, year, previous crop and variety x year, treatment x year, tre-
atment x previous crop and year x previous crop interactions on grain
yields (Table 7). The lowest average yield (6.18 t.ha™') was produced
in the treatment with straw incorporation. Completely different were
treatments with straw burning and organic fertilizer where the highest
grain yield was obtained (6.68 and 6.69 t.ha™). The effect of straw
burning was already pointed out by Kos [1], who emphasized that
straw burning on the plot despite its positive effect on yield has to be
considered undesirable in the long run with respect to humus mana-
gement and environment protection. The negative effect of spring bar-
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Ostatni varianty oSetfeni pak tvofi prechodnou skupinu (fab. 2). Nej-
vy$Si primérny vynos zrna byl dosazen v roce 2001 (narlst 43 %
oproti roku 2003 viz tab. 3). Z pohledu volby pfedplodiny byly statis-
ticky prikazné vyssi vynosy zrna jeémene po psenici (tab. 4). Nej-
vy$$i vliv na priikaznost interakce odrlida x rok mél rok péstovani.
Kromé roku 2002 totiZ sledované odrlidy tvofily v rdmci roku homo-
genni skupinu (tab. 5). Reakce odriid na jednotlivé varianty oSetfeni
byla témér identickd, pouze odrlida Akcent sniZila statisticky pra-
kazné sv(jj vynos pfi zapraveni slamy (fab. 6). Obdobné i u interakci
varianta o$etfeni x rok a rok x pfedplodina je zfejmy trend rozdéleni
souboru primarné dle roéniku péstovani (tab. 6).

Obdobi 2004--2006

Analyzou variance byl zjistén statisticky prtkazny vliv odrady, va-
rianty oSetieni, rocniku péstovani, pfedplodiny, interakci odriida x rok
a varianta o$etfeni x rok na Uroven vynosu zrna (tab. 7). Odrida Pres-
tige vykazala statisticky vy$si vynos (+0,51 t.ha') oproti odriidé
Jersey. Tyto vysledky odpovidaji vysledkim pokusl realizovanych
UKZUZ [23]. Podobné jako v obdobi 2001-2003 byly varianty oSet-
feni rozdéleny do tfi skupin, které se ¢astecné prekryvaji. Nejvyssi
vynos byl dosazen na varianté paleni slamy (tab. 2). Ve skupiné s niz-
kou vynosovou hladinou se, stejné jako v obdobi 2001-2003, vysky-
tovala varianta zapraveni slamy do pldy. Tyto vysledky koresponduiji
se zavéry Kose [1], ktery spatfuje pfi¢inu ve zpomalovani rozkladu
slamy za horsich vlidhovych podminek a tim zesileni fytotoxického
Ucinku. Z dosazenych vysledkd monokulturné péstovaného jeémene
jarniho (1974 az 2000) na stanovisti v Zabgicich (kukufiéna vyrobni
oblast) poukézali Prochazkova et al. [24] na vliv hloubky zapravované
slamy do pldy na vynosy. V této souvislosti zaznamenali statisticky
prikazny pokles vynosu zrna po mélkém a naopak nardst vynosli po
hlubsim zapravovani slamy.

Vyrazné odliSné se chovala varianta organického hnojeni, ktera
v obdobi 2001-2003 poskytla priimérné nejvyssi vynos, zatimco
v tomto obdobi byla nejhorsi. Jeji primérnou hodnotu v$ak vyrazné
ovlivnil rok 2006, kdy diky extrémnimu pribéhu pocasi v letnich mé-
sicich nemohly byt tyto varianty oSetfeni hodnoceny, v ostatnich le-
tech (2004—-2005) patfila tato varianta k vynosnéjSim.

Jako statisticky lepsi predplodina byla opét zjisténa pSenice ozima
(tab. 4). K obdobnym zavéram dospél i Hruby et al. [4]. V jeho poku-
sech dosahl vysSi vynosovou uroven je€men jarni péstovany v obilni
monokultufe (je€men jarni po pSenici ozimé) oproti monokultufe je¢-
mene.

Roénik 2006 byl statisticky vyznamné horsi oproti zbyvajicim ro¢-
nikim (29 % vynosu oproti priméru let 2004 a 2005, tab. 3). Pra-

Tab. 5 Nasledné testovani primérd vynost zrna [t.ha'] pro interakci
odrlida x rok / Multiple range analysis of interaction variety x year for
grain yield [t.ha’']

Vynos / Yield

2001-2003 2004-2006

Forum 2003 5,20 | a | Jersey 2006 1,76 | a
Akcent 2003 5,26 | a | Prestige 2006 2,73 | b
Akcent 2002 6,37 | b | Jersey 2004 741 | ¢
Forum 2002 6,86 | c | Jersey 2005 751 | ¢
Forum 2001 7,43 | d | Prestige 2004 7,78 |cd
Akcent 2001 7,59 | d | Prestige 2005 8,01 | d

Odlisna pismena oznaduji statisticky prakazné odlisné skupiny / Average
values indicated by various letters are statistically different

ley continuous cropping was mitigated by farmyard manure applica-
tion — grain yields were similar to those produced with straw burning.
The positive effect of organic fertilizer on grain yields in spring bar-
ley continuous cropping was already mentioned by Kopecky [22].

The other treatments constitute a transition group (Table 2).The
highest average grain yield was produced in the year 2001 (an inc-
rease of 43 % compared with the year 2003, see Table 3). As for the
effect of the previous crop, statistically significantly higher grain yi-
elds were in barley after wheat (Table 4). The highest effect on the
significance of the variety x year interaction was exerted by the year
of growing. Besides the year 2002, all the varieties studied formed
a homogeneous group (Table 5). Variety response to particular tre-
atments was almost identical, only Akcent produced a statistically
significantly lower yield after straw incorporation (Table 6). Similarly,
in treatment x year and year x previous crop interactions there is a ten-
dency to divide the collection primarily by year (Table 6).

A period of 2004--2006

Analysis of variance showed a statistically significant effect of va-
riety, treatment, year, previous crop and variety x year and treatment
x year interactions on the grain yield (Table 7). Prestige had a statis-
tically higher yield (+0.51 t.ha™") than Jersey. These results corres-
pond with results from the trials carried out by the CISTA [23]. Like
in the years 2001-2003, the treatments were divided up into three
groups which partly overlap. The highest yield was obtained with straw
burning (Table 2). Like in the years 2001-2003, the low yield was ob-

Tab. 6 Nasledné testovani primérd vynosl zrna pro interakci varianta oSetfeni x rok, odriida x varianta o$etfeni, rok x pfedplodina [t.ha™] /
Multiple range analysis of interaction variety x year, variety x treatment, year x fore-crop for grain yield [t.ha™']

Varianta x rok / Treatment*year Odrtida x Varianta / Variety*treatment Rok x predplodina / Year*fore-crop
varianta / rok / vynos / odrtda / varianta / | vynos / rok / predplodina / vynos /
treatment | year yield variety treatment yield year fore-crop yield

B 2003 4,80 a Akcent C 6,07 a 2003 pSenice / wheat 5,19 a

C 2003 5,06 ab Forum C 6,29 ab 2003 je€men / barley 5,27 a

A 2003 5,30 ab Akcent B 6,30 ab 2002 je€men / barley 6,36 b

D 2003 5,30 ab Akcent A 6,30 ab 2002 pSenice / wheat 6,88 c

E 2003 5,42 ab Akcent D 6,37 ab 2001 je€men / barley 7,25 d

F 2003 5,51 b Forum D 6,38 ab 2001 pSenice / wheat 7,77 e

C 2002 6,27 c Forum B 6,44 ab

A 2002 6,38 cd Forum A 6,51 ab

D 2002 6,43 cd Forum F 6,67 b

B 2002 6,68 cde Forum E 6,68 b

E 2002 6,89 cdef Akcent E 6,69 b

F 2002 7,06 defg Akcent F 6,71 b

C 2001 7,22 efg

D 2001 7,40 fg

F 2001 7,51 fg

A 2001 7,54 fg

B 2001 7,64 g

E 2001 7,74 g

Pozn./ Notes: A — podmitka strnisté / stubble breaking, B — podmitka + meziplodina / stubble breaking + catch crop, C — zapraveni slamy do pldy /
straw incorporation into the soil, D — zapraveni slamy + meziplodina / straw incorporation + catch crop, E — paleni slamy / straw burning, F — orga-

nické hnojeni — chlévsky hn(j / organic fertilizer — farmyard manure

Odlisna mala pismena oznacuji statisticky prikazné odlisné skupiny / Average values indicated by various small letters are statistically different
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Tab. 7 Nésledné testovani primeérd vynosl zrna [t.ha'] pro interakci
varianta oSetfeni x rok / Multiple range analysis of interaction treat-
ment x year for grain yield [t.ha™']

Varianta oSetreni x rok / Treatment*year
varianta rok vynos
F 2006 0,000000 a
B 2006 2,509039 b
E 2006 2,587289 b
A 2006 2,604913 b
D 2006 2,786484 b
C 2006 2,965518 b
C 2005 6,969754 ©
D 2005 7,281015 cd
C 2004 7,376876 cd
D 2004 7,393392 cde
A 2004 7,465469 cde
B 2004 7,699600 cdef
F 2004 7,806910 def
E 2004 7,818195 def
A 2005 7,822592 def
B 2005 7,857256 def
F 2005 8,213104 ef
E 2005 8,424567 f

Pozn. / Notes: A — podmitka strnisté / stubble breaking, B — podmitka +
meziplodina / stubble breaking + catch crop, C — zapraveni slamy do pudy
/ straw incorporation into the soil, D — zapraveni slamy + meziplodina /
straw incorporation + catch crop, E — paleni slamy / straw burning, F —
organické hnojeni — chlévsky hndj / organic fertilizer — farmyard manure
Odlisn& mala pismena oznaduiji statisticky prikazné odlisné skupiny / Ave-
rage values indicated by various small letters are statistically different

kaznost interakce odrida x rok ovlivnil vyrazné rok péstovani
a z mensi ¢asti i odrida (tab. 5). Ve vSech ro¢nicich péstovani dosa-
hla odrtida Prestige vy$Si vynos oproti odridé Jersey. Naslednym tes-
tovanim interakce varianta x rok pro obdobi 2004—2006 se soubor
rozdeélil do dvou skupin (tab. 7). Prvni skupinu tvofi vS§echny varianty
v roce 2006. Ve druhé skupiné se navzajem prolinaji varianty oSet-
feni pfes roky péstovani.V roce 2006 jsou vynosove nejlepsi varianty
zapraveni slamy a meziplodina + zapraveni slamy, i kdyz statisticky
prakazné odli§né jen od varianty s organickym hnojenim (tab. 7). Ve
zbyvajicich letech jsou naopak tyto varianty oSetfeni vynosové nej-
slabsi. Moznym vysvétlenim je masivni polehnuti porostl je¢mene
v roce 2006, kdy porosty s vy$§im vynosovym potencidlem byly vy-
raznéji poskozeny oproti fidSim porostim s niz&i vynosovou hladinou.
V optimalnich ro¢nicich (2004, 2005) pak tyto varianty oSetfeni pro-
padaji a dosahuiji statisticky prlikazné niz$i vynos (tab. 7).

4 ZAVER

Vysledky pokusu s dlouhodobym monokulturnim péstovanim jec¢-

mene jarniho po je€meni jarnim i po pSenici ozimé prokazaly, ze:

— pSenice ozima je vhodnéjsi pfedplodinou nez jeémen jarni,

— zapraveni slamy do pGdy mize plsobit nepfiznivé na vynos zrna
i obsah N-latek v zrné,

— nejvysSi vynosy zrna byly dosahovany u variant s palenim slamy,
resp. s organickym hnojenim,

— ro¢nik vyrazné ovlivnil vynos zrna i obsah N-latek v zrné.

Vyhodnocené vysledky vlivd rizného organického hnojeni i apli-
kovanych fytosanitarnich zasah( na vynosy a obsah N-latek v zrné
péstovaného jemene jarniho v podminkach feparské ¢ernozemni
oblasti sice poukazuji na moznosti jeho monokulturniho péstovani,
pfitom tento systém péstovani je nutné pokladat i v danych agroe-
kologickych podminkach za extrémni formu specializace. Monokul-
tury jednoho druhu jsou z hlediska vynosu méné vhodné nez obilni
monokultury — napf. je€men jarni po pSenici ozimé.

Podékovani

Prezentované vysledky jsou soucasti feSeni vyzkumnych zamérd
financovanych MSMT pod identifikadnimi kédy MSM2629608001
a MSM6215648905 a vyzkumného zaméru MZe0002700601.

tained in the treatment with straw incorporation into the soil. These
results correspond with the conclusions reached by Kos [1]. He found
the cause in slowing down straw degradation under adverse mois-
ture conditions and thus in a stronger phytotoxic effect. The results
of spring barley continuous cropping (1974-2000) on a site at Zab-
¢ice (maize growing region) obtained by Prochazkova et al. [24] re-
vealed the effect of the depth of straw incorporation into the soil on
yields. They found statistically significant reductions in grain yields af-
ter shallow straw incorporation into the soil and yield increases after
deeper straw incorporation.

Strikingly different was the treatment with organic fertilizer, which
in the years 2001-2003 gave the highest average yield whereas in
this period it was the worst. Its average value was, however, consi-
derably influenced by the year 2006 when these treatments could not
be assessed because of extreme weather conditions in summer
months. In the other years (2004—-2005) this treatment gave the hig-
hest yields.

A statistically better previous crop was winter wheat (Table 4). Si-
milar results were also obtained by Hruby et al. [4]. In his trials hig-
her yields were produced by spring barley grown in a cereal mono-
culture (spring barley after winter wheat) than in barley continuous
cropping.

The year 2006 was statistically significantly worse than the other
years (29 % of the yield compared with the average from the years
2004 and 2005, Table 3). The significance of variety x year interac-
tion was considerably influenced by the year of growing and to a les-
ser extent by the variety (Table 5). In all three years Prestige produ-
ced higher yields than Jersey. After the testing of treatment x year
interaction for the period 2004—2006 the collection was divided into
two groups (Table 7). The first group involved all treatments of the
year 2006. In the second group treatments are combined with years
of growing. In the year 2006 the best treatments as for yield were
straw incorporation and catch crop + straw incorporation, even though
they are statistically significantly different only from the treatment with
organic fertilizer (Table 7). In the other years these treatments gave
the lowest yields. The probable explanation is massive lodging of bar-
ley stands in the year 2006 when the stands with a higher yield po-
tential were more badly damaged than thinner stands with lower yi-
elds. In the optimum years (2004, 2005) these treatments failed and
gave significantly lower yields (Table 7).

4 CONCLUSION

The results of the experiment with long-term spring barley conti-
nuous cropping after spring barley and winter wheat showed that:
— Winter wheat is a more suitable previous crop than spring barley.
— Straw incorporation into the soil may have a negative effect on grain

yield and grain protein content.

— The highest grain yields were produced after straw burning (orga-
nic fertilizer).

— Year had a considerable effect on grain yield and grain protein con-
tent.

The analysis of the results of the effects of different organic fertili-
zers and phytosanitary measures on grain yields and grain protein
content in spring barley in the conditions of a sugar beet growing re-
gion on Chernozem shows the possibility of spring barley continuous
cropping but this system of growing has to be considered an extreme
form of specialization even in these agroecological conditions. As for
yield, monocultures of one species are less suitable than cereal mo-
nocultures — e.g. spring barley after winter wheat.
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