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POHYB A AKUMULACIA ANORGANICKEHO DUSIKA
V HNEDOZEMI

J. Bizik, Z. Balogh

Vysokd Skola polnohospoddrska, Nitra

Medzi rozhodujice faktory, ktoré ovplyviiuji hladinu anorganického dusika v pdde,
patria pestovand plodina, teplota pdy a obsah vody v péde. Ich poradie v Easovej
postupnosti od marca do decembra zdvisi od vegeta¢ného obdobia pestovanej plo-
diny. Po zbere ozimnej pSenice sa v hnedozemi akumulovalo cez 100 kg N.ha™',
ktory pri intenzivnych zrdZzkach v novembri a v decembri bol vyplaveny pod vrs-
tvou 1 m. V oblastiach s vodnymi zdrojmi sa odpordca vyuZival akumulovany
dusik medziplodinami. Zmieny obsahu Nu, maji charakteristicky priebeh a vysled-
ky merani boli matematicky spracované do modelov.

Obsah anorganického dusika (Nan) v pode je vysledkom zloZitych vzfahov,
ktoré modeluji jeho koncentriciu v pddnom roztoku a na adsorp&nych povr-
choch. Vyznamne sa uplatiiuji pddne mikroorganizmy a faktory prostredia, ako
st teplota a vlhkost pddy, hnojenie, fyzikdlne a chemické vlastnosti pody, obra-
banie p6dy, pestované plodiny a dalSie.

V snahe zvy¥oval vyuZitie dusika a obmedzovaf straty zlienin dusika do
prostredia sa venuje $tidiu dynamiky dusika v péde vefkd pozornost pri posu-
dzovani nielen momentédlneho obsahu Nan v pdde, ale aj dusika potencidlne pris-
tupného, alebo uvolneného za urcitych podmienok (Stanford, Smith,
1972; Molina etal, 1980; @ien, Selmer, 1980 a dalsi).

MnoZstvo uvolneného dusika v poInych podmienkach tzko sivisi s prirodze-
nou drodnostou pdd. RiZek et al. (1988) odhaduji, Ze sa podfa priebehu
poveternosti v najhor3ich podmienkach uvolni 25 aZ 50 kg N.ha™!, v najlep3ich
90 a% 150 kg N.ha!. Neuberg (1988) uvddza hodnotu 40 aZ 110 kg N.ha™'.
MoZno o¢akévat, Ze p6dy s najvy$sim poolom Fahko rozloZiteInych organickych
latok obsahujicich dusik budi uvoliiovatl viac Nap.

Otdzkam pohybu dusika v p6de vo vzfahu k jeho prijmu porastom venujeme
pozornost viac rokov (B{zik, 1989). V prispevku chceme upozornif na nie-
ktoré problémy tychto vzfahov a moZnost ich matematickej formulécie.
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MATERIAL A METODA

Sledovanie sa robilo v polnom stacionidrnom pokuse, ktory zaloZila Katedra
pofnohospodérskych ststav VSP Nitra na hnedozemi v lokalite Malanta pri Nitre
na experimentilnej bize Agronomickej fakulty. Lokalita sa nachddza na rozhrani
spradovych sedimentov Zitavskej pahorkatiny a svahovych sedimentov pohoria
Tribe¢. Hnedozem v tejto lokalite ma vysoki zdsobu pristupného fosforu a dras-
lika, obsah humusu 2,16 % (1,25 % Cox), v podorniéi 0,79 %, pH v KCl 5,7,
celkovy obsah dusika 0,114 % vo vrstve 0 aZ 0,3 m a 0,079 % vo vrstve 0,3 aZ
0,6 m.

V pokuse sme testovali dve alternativy hospodéarenia: konvenéni alebo low-
-input a organicku (bez priemyselnych hnojiv). Podrobné sledovanie obsahu Njp,
NO3-N a NH%-N sme robili pod plodinami ozimn4 p3enica (predplodina lucerna)
v roku 1992 a pod cukrovou repou ako ndslednou plodinou v roku 1993.

P6dne vzorky boli odoberané v pravidelnych intervaloch po vrstvich 0,2 m
aZz do 1 m v predvegetatnom, vegetatnom i povegetatnom obdobi v roku 1992
od 2. 3. do 17. 12. a v roku 1993 od 9. 3. do 14. 12. V mokrych vzorkéich boli
stanovené formy anorganického dusika vo v§luhu 1% K2S04, NH3-N po oddes-
tilovani s MgO kolorimetricky s Nesslerovym ¢inidlom a NO3-N kolorimetricky
po vyfarbeni roztoku kyselinou 2,4-disulfonovou. Odber Zivin porastom bol ur-
¢eny na zéklade analyzy odobratych vzoriek rastlin.

K hodnoteniu a spracovaniu vysledkov boli pouZité biometrické metédy z ob-
lasti jednoduchej a mnohondsobnej linedrnej a nelinedrnej regresnej a korelacne;j
analyzy. Jednotlivé vzfahy boli vyjadrené modelovymi rovnicami:

y=a+bx+cx2

y=a+bx+cx2+dx3
TR .
- (1 + &%
Vypolty boli realizované na pocitaci typu PC/AT pomocou programového

systému STATGRAPHICS v. 7.0, prezentatna grafika bola vytvorend tabufko-
vym kalkuldtorom QUATTRO PRO.

VYSLEDKY

Priebeh zmien obsahu Na, v pdde v roku 1992 pri pestovani ozimnej pSenice
je znazorneny na obr. 1. Je charakterizovany jeho ubytkom do ukon&enia inten-
zivneho prijmu dusika porastom, s nasledujicou akumuliciou désledkom mine-
ralizadnych procesov. Za obdobie od konca jiina do polovice okt6ébra sa uvornilo
viac ako 100 kg N.ha™'. Prevldda dusi¢nanové forma, &o potvrdzuje, Ze proces
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nitrifikdcie v letnom a v jesennom obdobi prebicha velmi rychle. Najviac sa
akumuluje vo vrchnych vrstvach 0 aZ 0,2 m a 0,2 aZ 0,4 m. Ked boli pouZité len
organické hnojivd a v osevnom postupe bolo vysSie zastipenie vikovitych, tak-
tieZ sa akumulovalo zna¢né mnoZstvo dusika (obr. 2). Vytvorend zdsoba Ny, po
zbere pSenice, pritomného hlavne v dusi¢nanovej forme, sa stdva potencidlnym
zdrojom znecistenia podzemnych a povrchovych vod. Vyplavenie dusika pod
vrstvu 1 m sme zistili v polovici decembra, ked koncom novembra a zaciatkom
decembra naprSalo 87 mm. V sledovanej lokalite je hladina podzemnej vody
okolo 3 m, takZe vyplaveny dusik sa nepoklad4 za strateny.

Zmeny obsahu Na, v roku 1993 pri pestovani cukrovej repy na tej istej ploche
maju iny priebeh. KedZe intenzivny prijem dusika cukrovou repou zalina aZ
v jini, akumulécia dusika vplyvom zvy3ujicej sa teploty prebieha najmi v marci,
aprili a m4ji a menej sa uplatiiuje v jesennych mesiacoch (obr. 3).

Obsah Na, sme hodnotili vo vzfahu k odberu dusika pestovanou plodinou,
teplotou a vlhkostou pddy. Je zrejmé, 7e Na, formuji najméd plodina vysokym
odberom dusika, teplota p6dy, ktord urychluje, alebo spomaluje mineralizdciu
a zraZky, alebo obsah vody v pode. Postupnost dominantnych faktorov pdsobia-
cich na obsah Na, v pdde v ¢asovom slede pocas roka pri pestovani p3enice je:
porast, teplota, vihkost pody; pri pestovani cukrovej repy: teplota, porast, vlhkost
pody.

Je zname, Ze migricia dusika medzi vrstvami pody je znaénd, o asto sfaZuje
hodnotenie vysledkov a hladanie zdkonitosti. Z tychto dévodov sme zohladiiovali
vysledky z vrstvy 0 aZ 1 m, ¢im sme obmedzili pésobenie najma mensich zraZok,
pripadne rychlych teplotnych zmien v povrchovych vrstvach pddy.

Namerané hodnoty v roku 1992 a matematicky zhodnotené do modelov
(obr. 4 aZ 6) potvrdzuju charakteristicky priebeh obsahu Na, v p6de s dominant-
nymi faktormi. V legende grafov DA znamend dusi¢nanovy dusik v bloku
A (konven¢nd alebo low-input ststava hospodéarenia), NH4A amoniakélny dusik
v bloku A, NANA anorganicky dusik v bloku A. Obdobn4 legenda plati pre blok
B (alternativa s organickym hnojenim). Rozsah prispevku nedovoluje uviest viet-
ky grafy, matematické hodnotenia vysledkov z bloku B si uvedené v tab. L
Koeficienty determinécie aj koeficienty modelu st vysoko signifikantné pre du-
siCnanovy a pre anorganicky dusik a aj priebeh funkcie je priblizne rovnaky.

Zaradenim faktorov, ako sd prijem dusika, obsah vody v pdde (obr. 5, 8)
a teploty (obr. 6, 9), ziskavame moZnost komplexnejSieho zhodnotenia ich vza-
jomnych vztahov. Napr. obsah N, vyznamne klesa s rastom obsahu vody v pdde,
¢o sme mali moZnost pozorovat v obidvoch rokoch, ked v novembri a decembri
boli vydatné zrdZky (87 mm v roku 1992 a 131 mm v roku 1993).

Obidve plodiny, ozimnd p3enica i cukrové repa relativne vysokym odberom
dusika podstatne redukuji obsah Na, v pdde. Model pre formy dusika a jeho
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L. Vypotitané koeficienty modelov pre anorganické formy dusika, vlhkost pody a prijem dusika
v priebehu sledovaného obdobia pre low-input a organicki sistavu hospodarenia — Calculated
coefficients of models for inorganic forms of nitrogen, soil moisture and nitrogen uptake during
studied period for low-input and organic system of management

Féiiiiii Koeficient
Rok' N2 Koeficienty modelov analyzovanych vztahov’. detem}‘i-
) nécie

a b c d
DA 167,5197 | -4,1729 0,0371 -0,000085 | 0,6111++
NH4A | 55,7654 | -0,4460 0,0017 -0,000020 | 0,5625++
1992 | NANA| 2229817 | —4,5652 0,0382 -0,000085 | 0,5981++
DB 202,1255 | -4,7140 0,0425 -0,000100 | 0,6835++
Obsah N NH4B | 69,2400 | —0,4530 0,0003 0,000003 | 0,6496++
v pode’ NANB | 264,9210 | -5,1300 0,0425 -0,000095 | 0,7105++
DA 127,5464 3,4674 -0,0276 0,000055 | 0,7773++
NH4A | 26,5988 0,1028 -0,0012 0,000003 | 0,2453

1993 | NANA| 152,9376 3,6297 -0,0286 0,000055 | 0,7420++
DB 149,4485 1,9825 -0,0150 0,000020 | 0,8452++
NH4B | 34,9580 | -0,4225 0,0030 -0,000005 | 0,2936

NANB | 183,6555 1,7630 -0,0135 0,000020 | 0,8488++

a b c d
Vihkost | 1992 16,0462 | —0,0293 | —0,000350 |-0,00000200| 0,6581++
pody® 1993 17,0465 | -0,0360 | -0,000048 |-0,00000065| 0,5360++
a b c
Teplota | 1992 3,6405 | 0,1259 | 0,000433 0,9688++
pody’ 1993 0,3467 | 02511 | 0,000920 0,9441++
A z c
Prijem N | 1992 235 3,001 -0,0503 0,9767++
plodinou® 1993 315 7,396 -0,0534 0,9790++

lyear, 2N form, >coefficients of models of analyzed relationships, 4coefficient of determination,
5N content in soil, ®soil moisture, "soil temperature, N uptake by crop

~

pohyb pri pestovani cukrovej repy poskytuje vysoko signifikantné hodnoty
pre dusi¢nanovy a anorganicky dusik, nesignifikantné pre amoniakdlny dusik
(obr. 4, 7). Vplyv jednotlivych faktorov pocas roka je evidentny aj z grafického
znazornenia modelu (obr. 8, 9).
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1. Zmeny obsahu Na, v pédnom profile hnedozeme pod porastom ozimnej pSenice (blok A —
low-input sistava) — Changes in Nj, in Orthic Luvisol profile under the winter wheat stand
(block A — low-input system)

Obsah N [mg/kg]

2 VUANANANAN
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2. Zmeny obsahu N, v p6dnom profile hnedozeme pod porastom ozimnej p3enice (blok B —
organickd sdstava) — Changes in N;;, in Orthic Luvisol profile under the winter wheat stand
(block B — organic system)

ROSTLINNA VYROBA - 1994 881



Obsah N [mg/kg]
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3. Zmeny obsahu Na, v pddnom profile hnedozeme pod porastom cukrovej repy (blok A -

low-input sistava)
— low-input system)

— Changes in Njn in Orthic Luvisol profile under the sugar beet stand (block
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=
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\a —
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4. Zmeny obsahu N, v pédnom profile hnedozeme vo vrstve 0 aZ 1 m v roku 1992 (pod ozimnou

pSenicou, blok A) — Changes in N,
(under the winter wheat stand, block

in Orthic Luvisol profile in a layer of 0 to | m in 1992
A) -
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5. Zmeny obsahu Nan v pddnom profile hnedozeme vo vrstve 0 aZ 1 m, zmeny obsahu vody a
prijem dusika porastom ozimnej pSenice — Changes in Nin in Orthic Luvisol profile in a layer
of 0 to 1 m, changes in water content and nitrogen uptake by winter wheat stand

Y L T T T a'm v v T oL I, Ll T 17’“ T 1:“1 1zl1° T wu11 T
18/03 14/04 11/05 1008 07/07 0308 31/08 28/00 28/10 1712
Détum odberu

6. Zmeny obsahu N, v pédnom profile hnedozeme vo vrstve 0 aZ 1 m, zmeny teploty a prijem
dusfka porastom ozimnej pSenice — Changes in N, in Orthic Luvisol profile in a layer of 0 to
1 m, changes in temperature and nitrogen uptake by winter wheat stand
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7. Zmeny obsahu Nan v pddnom profile hnedozeme vo vrstve 0 aZ 1 m v roku 1993 (pod
cukrovou repou, blok A) — Changes in Nin in Orthic Luvisol profile in a layer of 0 to 1 m in

1993 (under sugar beet, block A)
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8. Zmeny obsahu N, v pédnom profile hnedozeme vo vrstve 0 aZ 1 m, zmeny obsahu vody
a prijem dusika porastom cukrovej repy — Changes in N;, in Orthic Luvisol profile in a layer
of 0 to 1 m, changes in water content and nitrogen uptake by sugar beet stand
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9. Zmeny obsahu Nan v pédnom profile hnedozeme vo vrstve 0 aZ 1 m, zmeny teploty a prijem
dusika porastom cukrovej repy — Changes in Nin in Orthic Luvisol profile in a layer of 0 to 1 m,
changes in temperature and nitrogen uptake by sugar beet stand

prijem - uptake voda — water
merané — measured teplota — temperature
model — model

Rovnice modelu vypocitané pre jednotlivé faktory, obsah Na, v pdde, prijem
dusika, obsah vody v pdde a teplotu pddy, ako aj zvoleny komplexnejsi pristup
k $tidiu vzfahov medzi tymito faktormi ddvaji moZnost ich dal¥ieho vyuZitia
k simulovaniu tychto procesov.

DISKUSIA

Poznanie obsahu dusika v pdde, jeho pohybu vo vzfahu k pestovanej plodine,
ako aj v mimovegetatnom obdobi mé vyznam pre lepSie zvlddnutie vyuZivania
zdrojov dusika. KedZe k vysokej akumulécii dusika dochiddza v pdde aj bez
priemyselnych hnojiv, Ziada sa za urcitych podmienok, najmd v blizkosti vod-
nych zdrojov, pri vy$Sie uloZenej hladine podzemnej vody, viazat nakumulovany
dusik do organickej formy pomocou zachytdvacich plodin. Scott, Burns
(1986) odporicaji ako vyhodni kryciu medziplodinu raZ s vikou alebo len raZ.
Gregorovad (1994) pre podmienky, v ktorych sa robilo meranie, odporica
tieZ viku s raZou alebo s tritikale a ako strniskovi medziplodinu horcicu bielu.
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Aj pestovanie ozimnej p3enice alebo zaorivanie organickej hmoty (slamy) je
rieSenim. Ako ukazujd vysledky, tento problém je aktudlny zv143f po zbere obil-
nin.

Vysoké rozdiely v obsahu amoniakalneho a dusi¢nanového dusika v pdde rov-
nako pri obidvoch sistavich hospodédrenia zd6raziiuji vyrazny vplyv hydroter-
mickych podmienok na mineraliza¢né a nitrifikacné procesy v hnedozemi v tejto
lokalite.

Nezistili sme vyznamnejsie rozdiely v drodich dosiahnutych v obidvoch sis-
tavich hospoddrenia, ktoré pri ozimnej p3enici boli na drovni 6,30, resp. 6,40 tha™
zrna a pri cukrovej repe 47,0 t.ha", resp. 49,2 t.ha™! buliev (Lacko-Bar-
toSova etal, 1994). Hnojenie priemyselnymi dusikatymi hnojivami v kon-
ven¢nej alebo low-input sdstave bolo pri ozimnej pSenici na drovni 55 kg.ha’l
a pri cukrovej repe len 45 kg.ha‘1 pri rovnakej ddvke mastalného hnoja. V orga-
nickej sustave sa uplatnil pravdepodobne dusik nakumulovany val$im zastipe-
nim vikovitych v osevnom postupe.

Vypocitané modely obecnejSie charakterizuji podmienky pohybu Na, v pdde
a dovofuji uréif faktory dominancie pre jednotlivé Casové tdseky pocas roka.
Hodnotenie podla vrstiev pre obmedzeny rozsah ¢lanku neuviadzame.
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BIZIK, J. - BALOGH, Z. (University of Agriculture, Nitra):
Movement and accumulation of inorganic nitrogen in the Orthic Luvisol.
Rostl. Vyr., 40, 1994 (10): 877-887.

In a field experiment established on Orthic Luvisol with two agricultural systems
(low-input and organic) the accumulation of inorganic nitrogen (N;,) in the soil profile
was evaluated. Soil samples were taken in time interval every two weeks from March
to December in layers from 0.2 to 1.0 m.

The course of change in N;, in the soil during 1992, when winter wheat was
cultivated, is characterized by a reduction of N;, due to the nitrogen uptake by plants
and by the accumulation of N;, after the harvest. In the period from the end of June
to the end of October in a layer of 0 to 1 m more than 100 kg N.ha™' was accumulated.
High rainfall in November and December caused the leaching of the largest part of
nitrates below 0 to 1 m of soil layer (Figs 1, 2). This nitrogen, unable to change into
organic forms, is the potential source of the pollution of underground water by
nitrates. Therefore, it is recommended that farmers cultivate catching intercrops to
reduce the content of the soluble forms of nitrogen in the soil profile.
~ The content of N;; in the soil was evaluated to consider the uptake of nitrogen by
winter wheat and sugar beet, soil temperature and content of water in the soil (Figs 5,
6, 8, 9). The dominant factors affecting N;, content are as follows: crop, soil tempe-
rature, soil humidity when winter wheat is cultivated; soil temperature, crop and soil
humidity, when sugar beet is cultivated.

A mathematical evaluations of results and the equations of the model for the
above-mentioned factors have been calculated, which make possible a more general
and objective evaluation of N;, movement in the soil.

In the movement and in the accumulation of N;, in soil were found out no signi-
ficant differences between low-input and organic agricultural systems.

Kontaktnd adresa:

Prof. ing. J4n Bizik, DrSc., Vysoki $kola pofnohospodarska, A. Hlinku 2,
949 76 Nitra, Slovenska republika, tel.: 087/267 32, fax: 087/41 14 51
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Upozornéni pro autory védeckych ¢asopisu

Z diivodu rychlejsiho a kvalitn&j§iho zpracovani grafickych piiloh (grafi,
schémat apod.) pfispévki zasilanych do redakce Vas Zdddme o jejich dodan{
kromé ti§t€né formy i na disketach.

Tyka se to samoziejmé t€ch grafickych piiloh, které byly vytvoieny
v néjakém programu PC (napf. CorelCHART, Quatro Pro, Lotus 1-2-3, MS
Excel). Vzhledem k tomu, Ze nejsme schopni upravit a pouZit pro tisk
viechny typy (forméty) grafickych souborti, Ziddme Vs, abyste ndm také
kromé origindlnich souborti (napf. z MS Excel typ *.XLS) zasflali grafické
pfedlohy vyexportované jako bodovou grafiku v jednom z té€chto formati:

Bitmap * BMP
Encapsulated Postscript * EPS
Graphic Interchange Format *.GIF
Mac paint * MAC
MS Paint * MSP
Adobe Photoshop *PSD
Scitex *SCT
Targa *TGA
Tag Image File Format *TIF

Redakce casopisu




S’I:ANOVENi LABILNICH A UVOLNITELNYCH FOREM
PUDNIHO FOSFORU

V. Machaéek

Vyzkumny ustav rostlinné vyroby, Praha-Ruzyné

Byla vypracovdna novd metoda po piimé stanoveni labilné piistupného fosforu
(Ps + Py) pomoci slab& kyselého katexu OSTION KM. Z rozdilu labiln& pfistupného
fosforu a vodorozpustného fosforu se vypocte tzv. labilné pohyblivy fosfor: (Ps +
Py) - Py = Ps. Uvolnitelnd forma fosforu (Pr) se vypoc¢te bud z rozdflu (Px + Py) -
(Ps + Py), nebo z rozdilu Px - Ps. Na piikladu tii vzorki HMg, které maji rizné
obsahy priistupného fosforu, je demonstrovédno statistické vyhodnoceni reproduko-
vatelnosti a pfesnosti vypracovaného stanoveni, které spliiuje poZadavky kladené
na metody pouZivané v pidn{ analyze. Zpisob zjednoduSuje jak stanoveni labilné
piistupného a pohyblivého fosforu, tak i vypocteni jedné uvolnitelné formy.

Nov€ vypracovand metoda navazuje na metody urené ke stanoveni zdsoby
pidniho fosforu pomoci siln&€ kyselého katexu (Machacek, 1982, 1983,
1984) a ke stanoveni rychlosti uvoliiovini fosforu z ptidniho komplexu (M a -
chacdek, 1986b).

Podstatou stanoveni zdsoby pudniho fosforu pomoci silné kyselého katexu
(Machéac&ek, 1986a) je sledovini uvoliiovani vodorozpustného fosforu Py
(extrakce vzorku vodou) a souctu Py a pohyblivého fosforu Pk (extrakce vzorku
katexem a vodou), &imZ se ziskd tzv. celkové pfistupny fosfor (Px + Py). Z rozdilu
(Px + Py) - Py se vypodte tzv. pohyblivy fosfor Pk jako forma plidniho fosforu,
kter4 je schopné uvolnit se z povrchu pevné pidni fize do roztoku. Tyto formy
jsou tzv. celkové formy pfistupného, pohyblivého a vodorozpustného fosforu.

Podstatou stanoveni rychlosti uvoliiovani fosforu z piidniho komplexu (M a -
cha&ek, 1986¢c) je sledovadni uvoliiovdni celkovych forem pidniho fosforu
v zdvislosti na fase. Rychlost uvoliiovani piisluiné sloZky fosforu (Rk, Ry,
Rk + Ry) se vypocte z linedrni zivislosti mnoZstvi uvolnéného fosforu (y) na
Vi y=0+ R, kde O je mnoZstvi piisluiné tzv. labilni formy (Ok + Oy, Oy,
Ox). Labilni formy lze ziskat i extrapolaci pfimek z4vislosti uvolnéného mnoZstvi
ptislusné formy fosforu na Vr do &asu ¢ = 0. MnoZstvi fosforu v &ase ¢ = 0 nazvali
Sharpley etal (1981) obsah labilniho fosforu a ddvaji mu stejnou dileZitost
jako obsahu piistupného fosforu v padé.
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Z rozdili celkovych a labilnich forem fosforu se vypoctou tzv. uvolnitelné
formy pidniho fosforu: pfistupnd slozka Dx + Dy = (Px + Py) - (Ox + Ov),
pohyblivé sloZka Dy = Pk - Ok, vodorozpustné sloZka Dy = Py - O.

Celkové formy pidniho fosforu stanovené pomoci silné kyselého katexu ne-
jsou ekvivalentni sumé& riizn& rozpustnych frakci stanovenych rizn€ frakcionac-
nimi metodami (napf. Chang, Jackson, 1957). Pojem celkové formy je
ekvivalentni pojmu pfistupny fosfor, ktery teoreticky obsahuje formy velmi rych-
le pfistupné rostlinim - labilni formy (Hedley et al., 1982) a formy, které
zlstanou v pudé a jsou jesté piistupné rostlinim — uvolnitelné formy M ach 4 -
¢ ek, 1986a). Z pohledu tffrozmé&mych modeli d&ji v pidé (Sparks, 1989)
lze zafadit tento zpiisob do vertikalni ¢4sti modeld a déleni piistupného fosforu
na sloZky pohyblivé a vodorozpustné do horizontéln{ ¢4sti modeli.

Zpusob ziskavan{ ddaji v labilnich forméach ze stanoveni rychlosti uvoliiovani
fosforu z pidniho komplexu (Sharpley et al., 1981; Machdcdek,
1986¢) je velmi pracny, byla proto snaha vypracovat zjednoduSeny postup. Pie-
dem byly vyloueny extrakéni metody vypracované pro stanoveni pfistupného
fosforu, jejichZ vysledek byl v poslednich 30 letech n€kdy nazyvéan jako P-po-
tencidl, intenzitni faktor, intenzita, kapacitni faktor, kapacita apod., a to vZdy
podle autora a nezévisle na sob&. Tyto metody se neshodovaly ve vychozich
parametrech: pomér pidda : roztok, doba tfepéni, iontova sila extrakéniho pros-
tfedi atd. Nejjednodussi zplsob je ziejmé pifimé stanoveni spolu se stanovenim
celkovych forem, aby bylo moZno vypocitat uvolnitelné formy ptidniho fosforu.
Lze k tomu pouZit opét kysely katex, a to slab& kysely (OSTION KM). ktery
obsahuje karboxylovou skupinu (-COOH) na alifatickém skeletu (kopolymér
divinylbenzénu a kyseliny metakrylové).

Uvolnéni fosforu (o-fosfore¢nanti) z piidniho komplexu je zaloZeno na iontové
vyménné reakci mezi kationty, na které je vdazin plidni fosfor, a slab& kyselym
katexem. Uvolnéné anionty fosforu (PO?;', H,POg, HPO%') pfechézeji do roztoku.
PouZitim slab& kyselého katexu oproti siln€ kyselému katexu, obsahujicimu tplné
disociovany anion RCOO™ a H, se potlatuje sekund4rnf efekt piisobeni uvolné-
ného H' iontu, ktery zpisobuje dal3i rozpoustEni $patn& rozpustnych sloucenin
pidniho fosforu (M ach 4 &ek, 1983), protoZe je potlatena disociace skupiny
-COOH.

Iontové vyménnd reakce siln€ kyselého katexu (OSTION KS):

2 Ca3(PO4)2 + 12 R'H* & 12 H* + 4 PO3™ + 6 Ca”*R3
Iontové vymeénna reakce slabé kyselého katexu (OSTION KM):
2 Ca3(PO4)2 + 12 RCOOH* & mH* + nPO3™ + 6 Ca”*R3
kde m <<< 12 a n < 4 podle disocia¢niho stupné kyseliny metakrylové.
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MATERIAL A METODA

Slabé kysely katex OSTION KM typ 0509: zrnitost 0,31-0,8 mm; min. %
objemova 90; hmotnostni kapacita 8,5-9,5 mval.g™!; objemova kapacita 3,5-
3,8 mval.ml"; obsah vody 42-52 %; sypni hmotnost 710-810 g.dm'3 :

Siln€ kysely katex OSTION KS typ 0809: zrnitost 0,315-0,8 mm; min. %
objemova 90; hmotnostni kapacita 4,9-5,1 mval.g"l; objemova kapacita 1,7-
1,9 mval.ml"; obsah vody 46-52 %; sypnd hmotnost 730-880 g.dm“3.

Postup: Do tii tfepacich ban€k (200 cm’) se pfidd 1 g pidy o zrnitosti 2 mm.
Do prvni baiiky se pfidd 1,7-1,8 g silné€ kyselého katexu (OSTION KS-0809),
do druhé baiiky 1,7-1,8 g slab& kyselého katexu (OSTION KM-0509) a do viech
bané&k se pfidd 100 cm’ vody. Po 2 h tfepéni se filtruje pfes husty filtr. V pfipadé
zakaleného filtratu se pfidd na $pi¢ku noZe NaCl a opét se filtruje pfes ten samy
filtr. Ve filtrdtu se uvolnény fosfor stanovi postupem (Watanabe, Ol-
s e n, 1965) upravenym pro autoanalyzétor firmy Carlo Erba (Flowcomp 1501).

Vypocet forem piidniho fosforu z jednodussiho stanoveni: pro celkové formy
je vypocet stejny jako pro stanoveni zdsoby plidniho fosforu Machddek,
1986a). Labiln€ pohyblivy a vodorozpustny fosfor je labiln€ pfistupny fosfor.
Labilné piistupny fosfor (Ps + Pv) je obsah fosforu uvoln&ny z piidniho komplexu
slab& kyselym katexem. Labiln& pohyblivy fosfor (Ps) se vypocte z rozdilu labilné
pfistupného fosforu a vodorozpustného fosforu (Py): (Ps + Py) - Py = Ps. Uvolnitelnd
forma fosforu Pr se vypocte z rozdilu (Px + Pv) - (Ps + Py) nebo Pk - Ps.

Stanoveni labilnich forem a z nich vypod&tenych uvolnitelngch forem je de-
monstrovdno na analyze tfi vzorki hnédozemé slab& oglejené (lokalita Kostelec
nad Orlici): pida hlinitd, 64 % prachovych ¢asti, klimaticky region MT2; prii-
mérny obsah drasliku a hoi¢iku ze tfi vzorki: Schatschabel — 113 mg K.kg",
57 Mg.kg"', sorpénf index 0,97, KVK (CEC) 168 mmolekv.kg'l. Vzorky mély thi
hladiny fosforu v plid€ a jeho obsah stanoveny riznymi metodami je uveden v tab. L

Piistupny fosfor byl stanoven metodou podle Egnera (E g n e r, 1938), Olsena
(Olsenetal, 1954), MehlichaIl Mehlich etal, 1978) - éiprava UKZUZ
Bmo, extrakce CaClz podle Aslynga (A s1y n g, 1954); hodnota pH / KCI pied-
stavuje vyménné pH.

VYSLEDKY

Na obr. 1 je zndzornéna zdvislost uvolnéného fosforu na ase. Jak pfi pouZiti
OSTION KS (1), resp. OSTION KM (3), tak i vodni extrakce (4) po tfepani
120 min maji kfivky témé&f vodorovny priibéh. MnoZstvi uvolnéného fosforu za
120 min z celkové doby tfepani 360 min podle piidniho typu a rizného mnoZstvi

_fosforu v piid& se pohybovalo v rozmezi 94-100 % u vzorki s OSTION KM
a 97-100 % u vzorkid s OSTION KS. Doba tfepani 120 min v mezich chyb vy-
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I. Pfehled vysledkd obsahli P ve vzorcich ziskanych riiznymi metodami — A survey of results
of P content in the samples obtained by different methods

Vzorek! P +P, P, P, Egner (m(:fgrll) Meinlllch (::S};) pH
159 42 117 111 71 133 702 59

112 32 80 68 51 97 426 59

3 93 26 67 58 44 82 400 55

Rozmér’: P + Py, Py, Py, Egner, Olsen, Mehlich II, 0,01M CaClz

lsample, Zdimension

hovuje k uvolnéni maximéilniho mnoZstvi fosforu stejné jako v piipad& tfepéni
s OSTION KS Machdacek, 1983).

V tab. IL je uveden piehled statistického hodnoceni vysledki tif vzorki o riz-
ném obsahu fosforu v ptdé (tab. I). Z jednotlivych ukazatell je zfejmé, Ze rep-
rodukovatelnost postupu spliiuje poZadavky kladené na metody pro analyzu ptdy.

V tab. III jsou uvedeny vztahy zdvislosti labilnich forem (Ps + Py, Ps) a uvol-
nitelné formy (P;) s riznymi metodami pro stanoveni fosforu v padé (tab. I),
z kterych vyplyva, Ze: a) ukazatelé labilnich forem reaguji obdobnym zplisobem

an.kg_l
100 e ———
s
89 ./ e —_—2
o '
So - /1
40} .7°
o — e ® oy ]
. —
20 it VT e S e o,
e l— .yt — §
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1. Zavislost uvolnéného P na Case tfepani — The dependence of released P on the shaking time

osa X — ¢as — X axis — time

osa y — obsah forem P - y axis — content of P forms

Kfivky — Curves:

1. celkové piistupny P (P, + P,) — totally available P (P, + P,)
2. celkové pohyblivy P (P,) — totally movable P (P,)

3. labilng pfistupny P (P, + P,) — labile available P (P, + P,)
4. vodorozpustny P (P,) — water-soluble P (P,)

5. labiln€ pohyblivy P (P,) — labile movable P (P,)
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I1. Statistické hodnoceni vzorki (n = 5 hodnot) — Statistical evaluation of samples (n =.5 values)

Vzorek' Ukazatel® Sy X R s,
P, +P, 3,44 118 10 2,90
P, 1,72 42,8 5 4,02
1 P, 2,32 73,8 6 3,06
P,(a) 3,44 40,4 10 8,51
P,(b) 2,32 41,2 6 5,62
P, +P, 2,42 73,6 7 3,28
P, 1,96 34,6 6 5,66
2 P, 1,41 39,0 4 3,63
P,(a) 2,42 38,4 7 6,29
P,(b) 1,41 38,0 4 3,72
P, + P, 2,73 52,4 7 521
P, 1,85 24,6 4 7,54
3 P, 17 27,8 4 6,19
P,(a) 2,73 40,6 7 6,71
P,(b) 173 39,2 5 4,39

Sx
X
R

Sr

- standardni odchylka — standard deviation
- primér — mean
- rozdil — difference

— variaéni koeficient — coefficient of variation

Ps + Py — labilné piistupny P - labile available P

Py

- vodorozpustny P — water soluble P

Ps — labilné pohyblivy P - labile movable P
P:(a) - uvolnitelny P vypocteny z rozdilu (Px + Py) - (Ps + Py) — releasable P calculated from

1

mg P.kg~
40
20

z20

the difference (Px + Py) - (Ps + Py)

sample, 2parameter

29

40 60 80

180 129
mg P.kg~

1

2. Zavislost obsahu uvolnitelného P (P,) na vy-
sledcich riznych metod — The dependence of
content of releasable P (P,) on the results of dif-
ferent methods ,

pieruSované &dry — rozpéti pfipustnych chyb —
discontinued lines — range of admissible errors
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III. Pfehled korelaénich koeficienti vztah@i mezi labilnimi formami, uvolnitelnou formou a
metodami pro sledovéni obsahu P v piidé — The survey of correlation coefficients of relation-
ships among labile forms, releasable form and methods for watching P content in soil

Metody' P,+P, P, P,
P + P, 0,999 0,999 0,625
P, . 0,998 0,989 0,540
P, ' 0,998 1,000 0,648
Egner 0,990 0,999 0,703
Olsen 0,998 1,000 0,649
Mebhlich II 0,999 0,998 0,620
CaCl, 0,970 0,988 0,771
P, 0,392 0,665
P 0,996

0,997 — prikazny vztah — significant relatioship

0,999 — vysoce prikazny vztah — highly significant relationship

Py + Py, Py, Pk — celkové piistupny, vodorozpustny, pohyblivy P — totally available, water-
-soluble, movable P

Ps + Py, Ps — labilné pfistupny, pohyblivy P — labile available, movable P
Pr — uvolnitelny P — releasable P
'methods

na zmény obsahu fosforu v pidé jako rizné metody, b) uvolnitelné mnoZstvi
fosforu v piidé nebude zaviset na vychozim obsahu fosforu v pidé (obr. 2).

DISKUSE

Pojmy labilni formy pidniho fosforu se v posledni dobé& stdle vice vyuZivaji
jako dopliiujici ukazatel k pfistupného fosforu. Tento ukazatel byva vétSinou
definovan podle svého vyuZiti a zptisobu ziskdni Jones etal, 1984; Shar-
pley etal, 1989; Waller, Pickering,1992; Clarholm, 1993;
Rubaek, Sibbesen,1993; Halloran, 1993; Polgliase etal,
1993; Baravalle etal., 1993 aj.)

Piistupny fosfor je velmi $iroky pojem, protoZe v sob& zahrnuje rizné nede-
finovatelné slouceniny pidniho fosforu, které jsou piimo obsaZeny v pliidnim
komplexu nebo vznikly pfi rozpousténi za pouZiti riznych extrakénich &inidel.
Jejich identifikaci v extrakénim roztoku nelze provést, protoZe jde o smés riz-
nych o-fosfore¢nani. Pfi modelovani dynamickych d&ji anorganickych sloucenin
fosforu v piidé€ k usnadnén{ definovéni naslednych stupiid se vychézi z jednodus-
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pkﬂ:v -— 1|’v = B (1)
0y +O0, - iv = 0 (2)
D 4D —_ D, - D, (3)

3. Podrobnéjsi prehled jednotlivych forem
pidniho P — More detailed survey of indivi-
dual forms of soil P

(1) celkové formy - total forms: Px + Py, Py —
stanoveni — determination; Px — vypocet —
calcualtion

(2) labilni formy — labile forms: Ok + Oy,
Oy — stanoven{ a vypocet z kinetického méfe-
ni — determination and calculation from kine-
tic measurement; Px — vypocet — calculation
(3) uvolnitelné formy — releasable forms: vy-
pocet z rozdilu celkovych a labilnich forem
(rovnice 1 — 2) — calculation from difference
of total and labile forms (equations 1 — 2)
index k: P uvolnény silné€ kyselym katexem
(pohyblivy P) — P released by strongly acid
cation exchanger resin (movable P)

index v: P uvolnény vodou — P released by
water

kl v k lu' ’ Ik
N r

4. Jednodussi piehled jednotlivych forem
pidniho P — Simplified survey of different
forms of soil P

(1) celkové formy - total forms: Pk + Py, Py —
stanoveni — determination; Px — vypocet —
calculation

(2) labiln{ formy — labile forms: Ps + Py —
stanoven{ — determination; Ps — vypocet —
calculation

(3) uvolnitelnd forma — releasable form: vy-
polet z rozdilu celkovych a labilnich forem
(rovnice 1 — 2) — calculation from difference
of total and labile forms (equations 1 — 2)
index k: P uvolné€ny siln€ kyselym katexem
(pohyblivy P) — P release by strongly acid
cation exchange resin (movable P)

index s: P uvolnény slab& kyselym katexem
(labiln& pohyblivy P) — P released by weakly
acid cation exchange resin (labile movable P)
index v: P uvolnény vodou — P released by
water

§ich definovatelnych pojmi a k postupnému diferencovaini mezi¢ldnki v sousta-
vé€ pidni komplex — pfistupny fosfor se vyuZiva vice rozdilni rozpustnost forem
a sloZek ptidniho fosforu.

Z teoretického hlediska labilni formy pidniho fosforu jsou takové formy, které
jsou okamZit& pfistupné rostlindm bez sloZitych fyzikdln&€ chemickych desorpé&-
nich d&ji. Uvolnitelné formy jsou takové formy pidniho fosforu, které jsou
reverzibilné adsorbovany a po od¢erpén{ labilnich forem rostlinami po absolvo-
vanf sloZitych fyzikdln€ chemickych desorpénich d&ji jsou jest& pfistupny rost-
lindm. Celkové formy jsou soudtem labilnich a uvolnitelnych forem piidniho
fosforu, z kterych by mé&la byt zajisfovdna vyZiva rostlin b&hem vegetaéniho
obdob{. Celkové formy by mély byt zdsobnikem k udrZeni konstantntho obsahu
labilnich forem.

Pfi rozdéleni jednotlivych forem na dal3i sloZky (pfistupnd, pohyblivd, vodo-
rozpustnd), jak je zndzornéno na obr. 3, jsou pro praktické vyuZiti duleZité viech-
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ny slozky z celkovych forem (Px + Py, Py, Px) a z labilnich forem pouze sloZka
piistupnd (Ok + Oy) a pohybliva (O).

Je problematické definovat labiln€ a uvolnitelné vodorozpustné sloZzky (Oy
a Dy). Teoretické rozdilnosti v pohledu na rizné formy ptidniho fosforu, které se
pfimym zpisobem nedaji stanovit, jsme se snaZili odstranit pfimym stanovenim
labilnich forem pomoci slab& kyselého katexu a k vypoctu dal3ich forem a sloZek
vyuZit pouze jedné sloZky vodorozpustného fosforu, jak je zndzorné€no na obr. 4.
Tak se vypoftem dvéma zpisoby ziské jedna uvolnitelnd forma P;.

Literatura

ASLYNG, H. C.: The lime and phosphorus potentials of soils. Yearb. Roy. Veter. Agric. Coll.
Coppenhagen, 1954.

BARAVALLE, R. A. - ROSELL, R. A. - GLAVE, A. E.: Phosphorus in the pampean semi-arid
region of Argentina. 1. Bray and anionic exchange resin extractable phosphorus. Commun. Soil
Sci. Pl. Anal., 24, 1993 (13-14): 1567-1576.

CLARHOLM, M.: Microbial biomass P, labile P, and acid phosphatase activity in the humus layer
of spruce forest, after repeated additions of fertilizers. Biol. Fertil. Soils, 1993 (16): 287-292.
EGNER, H. et al.: Die Laktatmethode zur Bestimmung leichtlaslicher Phosphorséure in Acker-
boden. K. Lantbr.-Hogsk. Ann., 6, 1938.

HALLORAN, I. P.: Effect of tillage and fertilization on inorganic and organic soil phosphorus.
Can. J. Soil Sci., 73, 1993 (4): 359-369.

HEDLEY, M. J. - STEWART, J. W. - CHAUHAN, B. S.: Changes in inorganic phosphorus
fractions induced by cultivation practices and by laboratory incubations.. Soil Sci. Soc. Amer.
J., 46, 1982: 970-976.

CHANG, S. C. - JACKSON, M. L.: Fractionation of soil phosphorus. Soil Sci., 84, 1957: 133-144.
JONES, C. A. - COLE, C. V. - SHARPLEY, A. N. - WILLIAMS, J. R.: A simplified soil and
plant phosphorus model: I-III. Soil Sci. Soc. Amer. J., 48, 1984: 800-813.

MACHACEK, V.: Ovéfeni nové metody pro stanoveni vodorozpustného fosforu a jeho piidni
kapacity katexem. Rostl. Vyr., 28, 1982 (6): 563-570. )

MACHACEK, V.: Determination of water-soluble phosphorus and soil resources of available
forms of phosphorus by cation-exchanger. Scientia. Agric. Bohemoslov., 15, 1983 (4): 247-250.
MACHACEK, V.: Vyuziti nové metody k charakterizaci dynamiky P. 8. Konf. Vytvéfenf opti-
mélnich hladin P a K v pidg, Praha, 1984.

MACHACEK, V.: Zpiisob stanovenf uvolnitelné zésoby fosforu z pidy. AO 247 986. Praha, 1986a.
MACHACEK, V.: Zpiisob stanoveni rychlosti uvoliiovani fosforu z piidniho komplexu. AQ 247
522. Praha, 1986b.

MACHACEK, V.: Ovéfeni nové metody ke stanoveni rychlosti uvolfiovani fosforu z pidy.
Rostl. Vyr., 32, 1986¢ (5): 473-480.

MEHLICH, A. et al.: New extract for soil test evaluation of phosphorus, potassium, magnesium,
calcium, sodium, manganese and zinc. Commun. Soil Sci. Pl. Anal., 9, 1978 (6): 477-492.
OLSEN, S.R.-COLE, C. C. - WATANABE, F. S.: Estimation of available phosphorus in soils
by extraction with sodium bicarbonate. USDA CIRO, 1954: 939.

POLGLIASE, P. J. et al.: Nitrogen and phosphorus cycling in relation to stand age of Eucalyptus
regnans F. Muell. III. Labile inorganic and organic P, phosphatase activity and P availibility.
Pl. and Soil, 7142, 1993: 177-185.

896 ROSTLINNA VYROBA - 1994



RUBAEK, G. H. - SIBBESEN, E.: Resin extraction of labile, soil organic phosphorus. J. Soil
Sci., 44, 1993: 467-478.

SHARPLEY, A. N. - SINGH, U. - UEHARA, G. — KIMBLE, J.: Modelling soil and plant
phosphorus dynamics in calcareous and highly weathered soils. Soil Sci. Soc. Amer. J., 53,
1989: 153-158.

SHARPLEY, A. N. - AHUJA, L. R. - YAMAMOTO, M. - MENZEL, R. G.: The kinetics of
phosphorus desorption from soil. Soil Sci. Soc. Amer. J., 45, 1981: 493-496.

SPARKS, D. L.: Kinetics of soil chemical processes. San Diego, Acad. Press Inc. 1989.
WATANABE, F. R. - OLSEN, S. R.: Test of ascorbic acid method for determining phosphorus
in water and NaHCO3 extracts from soil. Soil Sci. Soc. Amer. Proc., 29, 1965: 677-678.
WALLER, P. A. - PICKERING, W. F.: Determination of labile phosphate in lake sediments using
anion exchange resins — A critical evaluation. Chem. Spec. Bioavailabil., 4, 1992 (7): 59-68.
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MACHACEK, V. (Research Institute of Crop Production, Praha—Ruzyné):
Determination of labile and releasable forms of soil phosphorus.
Rostl. Vyr., 40, 1994 (10): 889-898.

The elaborated method continues the use of strongly acid cation exchanger for
determination of phosphorus soil reserve M ach4ac¢ek, 1982, 1983, 1984) and
a rate of phosphorus release from the soil complex (M achac¢ek, 1986b).

The determination of the phosphorus soil reserve by strongly acid cation exchanger
(Machacdek, 1986a) is based on the simultaneous determination of water-soluble
Py (extraction by water) and sum of water-soluble Py and movable P (extraction by
water and strongly acid cation exchanger) that can be called available phosphorus
(Pv + Py). The so-called movable phosphorus (Px) is calculated from the difference
(Py + Px) and P,. These are so-called total forms soil phosphorus.

The determination of a rate of phosphorus release from soil complex M ach 4 -
¢ ek, 1986¢) is based upon the determination of total forms of phosphorus in de-
pendence on the time. A rate of release of appropriate component of phosphorus (Ry +
Ry, Ry, Ry) is calculated from linear dependence of an amount of released phosphorus
(y) into vt y=0+R \t, where O is amount of particular labile from (Ox + Oy, Oy,
Ox). Sharpley et al. (1981) termed the content of labile phosphorus as an
amount of phosphorus in the time ¢ = 0.

From the difference in the total and labile forms of phosphorus releasable forms
of soil phosphorus are calculated: available component Dy + Dx = (Py + Px) - (Ov + Ox),
movable component Dy = Px - O, water-soluble component Dy = Py - O,.

. The way of obtaining labile forms from determination of a rate of phosphorus
release from soil complex (Sharpley etal, 1981; Machdadcek, 1986¢) is
very laborious and for this reason there was an effort to work up a simplified proce-
dure. The most suitable way was the direct determination, that is in close correlation
to the total forms in order to calculate releasable forms of phosphorus. The most
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logical way led again through the acid cation exchanger, that is slightly acid cation
exchanger OSTION KM. ‘

Characteristics of OSTION KM 0509 are as follows: granularity 0.31-0.80 mm or
50-20 mesh, weight capacity 8.5-9.5 mval.g™', bulk capacity 3.5-3.8 mval.m™, mo-
isture 42-52% and so on.

Procedure: Add 1.7-1.8 g of slightly acid cation exchanger, 100 cm? of water to
1 g of soil (granularity 2 mm) into 200 cm® shaking and shake for 120 minutes.
Simultaneously with it, shake the same sample with 100 cm® of water. Filter through
the thick filter and determine the phosphorus content in filtrate by the procedure after
Watanabe, Olsen (1965) on autoanalyser Carlo Erba (Flowcomp 1501).

Calculation of forms of soil phosphorus (Fig. 4): calculation of total forms is
identical with determination of soil phosphorus reserve. Labile available phosphorus
(Py + Py) is a content of phosphorus released from soil by slightly acid cation exchan-
ger. Labile movable phosphorus (Ps) is calculated from the difference of labile avai-
lable phosphorus and water-soluble phosphorus (Pv) : (Pv + Ps) - Py = Ps. Releasable
form P is calculated from the difference (Py + Px) - (Pv + Ps) or Pk - Ps.

Fig. 1 shows the dependence of released phosphorus on the time. It can be seen
from the curve that shaking for 120 minutes is suitable to lower an error in order to
release a maximum amount of phosphorus. It follows from statistical evaluation of
results of three samples of various phosphorus content (Tab. II) that reproducibility
of the procedure meets the requirements for the methods intended for analysis. The
parameters of labile forms responded in similar way to the changes in phosphorus
content in soil (Tab. III) as commonly used methods (Tab. I) and releasable amount
will not depend on initial content of phosphorus in soil (Fig. 2, Tab. II).

Labile forms are such forms of soil phosphorus which are available to plants in
a short time interval without complicated physicochemical desorptive processes. Re-
leasable forms are such forms of soil phosphorus which are reversibly adsorbed by
soil complex and following uptake of releasable forms by plants and after passing
complex physicochemical desorption processes they are still available to plants. Total
forms are a sum of labile and releasable forms of soil phosphorus from which plants
should have nutrition during the growing season. Total forms should be a reservoir
to keep the constant content of labile forms.

In division of particular forms into other components (available, movable, water-
-soluble), as presented in Fig. 3, for practical usage, all components of total forms
(Px+ Py, Py, Px) are important and of labile forms only available (Ox + Oy) and
movable components (Ox).

Kontaktni adresa:

RNDr. Viclav Machicek, CSc., Vyzkumny istav rostlinné vyroby,
Drnovsk4 507, 161 06 Praha 6-Ruzyné, Cesk4 republika, tel.: 02/36 08 51,
fax: 02/36 52 28
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ANALYZA VLIVU DRASELNE’:I-!O A HORECNATEHO HNOJENI{
NA VYBRANE UKAZATELE VYNOSU A KVALITY BRAMBOR

J. Cepl

Vyzkumny iistav brambordrsky, Havlickiv Brod

V letech 1991 aZ 1993 byl u brambor sledovén vliv stupfiovanych dévek drasliku
pfi dvou urovnich hofe¢natého hnojeni na vynosy a kvalitu velmi rané konzumn{
odridy Ostara a pozdn{ primyslové odridy Kamyk. Stupfiované draselné hnojeni
v uvedenych piipadech priikkazné zvySovalo vynosy hliz odridy Ostara a pfiznivé
v tomto sméru pisobilo i u odridy Kamyk. Kvalita hliz zastoupend zejména obsa-
hem $krobu byla vlivem stupfiovanych ddvek drasliku priikazné sniZovana. Ho-
feCnaté hnojeni se projevilo vy$§i mérou u odridy Ostara, pfiCemzZ byl pfi vyssi
hladin& Mg 80 (kg.ha™') pozorov4n nejvysif vynos hliz, aviak reakce na stupiiované
dévky drasliku byla nejvyssi u drovné Mg 40. U odridy Kamyk byly naproti tomu
nejvys$si vynosy docileny u drovné Mg 40. Obsah suSiny i $krobu zistal u obou
odrid v rdmci sledovanych drovni hof¢iku nezménén, u odridy Kamyk doslo do-
konce ke zvySeni obsahu Skrobu u stupfiovanych hladin hnojeni hoi¢ikem.

Vliv drasliku na vynosy a kvalitu brambor byl studovidn mnoha autory.
Munzert, Hege (1985) zjistili, Ze pfi zvySovdni divek drasliku aZ na
250 kg.ha’l doslo ke zvySovéni vynosu hliz a zachovéni stejného obsahu Skrobu,
naproti tomu Somorowska (1987), kterd zkouSela diavky drasliku od 166
do 500 kg.ha", zaznamenala negativni vliv obsahu suliny, celkového dusiku
i vitaminu C, ale naopak pozitivni vliv na sniZovéni tmavnuti duZniny za syrova
i po uvafeni.

Baier, Smetdnkov4 (1978) uvddé&ji zvySeni vynosu hliz pfi aplikaci
166 kg K.ha™' na tfech sledovanych stanovistich s tim, Ze nejvy3si pfiristek byl
pozorovén na degradované ¢ernozemi ve srovnani napi. s hnédou piscitohlinitou
ptdou. V literatufe se ¢asto poukazuje na antagonismus ve vztahu drasliku a hof-
Ciku M atula, 1984; Baier, 1988). Dosud vSak nebyl studovdn vzijemny
vztah drasliku a hoféiku u brambor. Na$im cilem bylo proto zjistit reakci velmi
rané a pozdni odriidy na stuptiované draselné hnojeni pfi riiznych drovnich ho-
fe¢natého hnojeni.

MATERIAL A METODA

Ptesné polni pokusy byly zaloZeny na pozemcich pracovi§té VUB ve Valetové
v letech 1991 aZ 1993. U odriid Ostara (velmi rand, konzumni) a Kamyk (pozdni,
primyslovd) byl sledovan vliv tf{ variant draselného hnojeni pfi dvou trovnich
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hofe¢natého hnojeni za standardnich ddvek dusiku a fosforu projektovanych
v rAmci jednotlivych let podle délky vegetaéni doby, uZitkového sméru p&stovani
a u fosforu i podle zésoby v piidé. Dévka organického hnojiva 35 t.ha™' byla

jednotna.
Varianty hnojeni (diavky drasliku a hof¢iku v kg.ha"):
Mg 0 | Mg 40 | Mg 80
1-K60 1-K 60 1-K 60
2-K 120 2-K 120 2-K 120
3 -K 360 3-K 360 3-K 360

Fosfore¢n4, draselnd a hofe¢nat4 hnojiva byla zapravena na podzim a dusikata
na jafe. Spon vysadby byl 75 x 29 cm, velikost pokusnych parcelek cinila
19,62 m>. Pokus byl zaloZen metodou tplnych blokil s ndhodnym rozmisténim
variant ve tfech opakovéanich.

Hodnoceni bylo provedeno analyzou rozptylu a hodnot diferenci r-testem.
Hodnocenymi ukazateli byly vynos hliz, obsah suSiny a obsah $krobu. Obsah
Zivin na pokusnych pozemcich a jeho charakteristika jsou uvedeny v tab. I.

I. Agrochemicka charakteristika piidnich vzorki odebranych pfed zaloZenim pokusu — Agroche-
mical characteristics of soil samples taken before trial establishment

b Obsah Zivin® (mgkg™)

1991 1992 1993
P 74 stfedni’® 97 dobry® 140 vysoky®
K 118 maly* 292 dobry 173 stéedni
Mg 32 maly 61 stfedni 99 stfedni
pH/KCI 5.4 6,5 5.7

lparamcter, 2nutrient content, 3medium, 4low, sgood, 6high

VYSLEDKY

Vysledky celého pokusu jsou uvedeny v tab. II. U odriidy Ostara byl pfi hla-
din& hnojeni Mg 0 zji3t€n pozitivni vliv stupfiovanych dévek drasliku na vynosy
hliz vyjadfeny priitkaznou diferenci na hladiné vyznamnosti 0,01. Sou¢asné doslo
k nepriikaznému zvySovani obsahu su$iny a k nejednoznanym vysledkiim u ob-
sahu $krobu, protoZe pii ddvce K 120 byla Skrobnatost nejvyssi (15,4 %). U od-
ridy Kamyk nebyla zji§t€na v drovni Mg 0 reakce na varianty draselného hnojeni
ani na obsah suSiny. Obsah $krobu byl variantami nevyznamné& sniZovén.
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II. Vliv variant hnojeni na vybrané ukazatele — The effect of fertilization treatment on some parameters

Vynos hliz? (t.ha 'l)

Obsah suiny’ (%)

Obsah $krobu® (%)

Vaciant Mg 0 Mg 40 Mg 80 Mg 0 Mg 40 Mg 80 Mg 0 Mg 40 Mg 80
arianta

g & g "Ei g | £ = gl g | & & & &
K60 |42,93|43,85|42,9344,27(46,32(44,42(20,5 (27,9 |21,2 |27,8 |20,8 |27,8 | 14,9 |20,0 154 |204 [153 |20,3
K 120 |44,82|44,34|44,97|46,10|45,35|44,74|20,8 28,0 |20,8 27,7 |20,8 [27,7 {154 |19,9 [15,1 |20,2 [15,1 |20,1
K 360 |46,18|43,35|46,46|45,19|47,16|44,52|21,1 [27,7 |20,7 27,2 |20,7 |27,2 |14,7 |19,8 [14,6 |19,9 [14,7 20,0
Pramér | 44,65 | 43,85 | 44,78 | 45,19 | 46,28 | 44,56 | 20,80 | 27,86 | 20,90 | 27,56 | 20,76 | 27,56 | 15,00| 19,90 15,03 | 20,16 | 15,03 20,13 |'
F-test |3,44*| 0,27 |4,23"| 1,53 0,82 (004 | 0,74 | 2,22 | 0,54 | 1,30 | 0,02 | 1,30 | 2,37 | 0,92 [7,90""| 3,64" | 4,18" | 1,31

Pritkazné diference®

P005 |332362(325(279(3,77|318|133]093]131|1,13|158]|1,13|085]|0,53]|0,53]|0,43]0,58]0,65
P00l |445|485|435|3,74|505]|426|1,79!1,25]|1,76|1,51|211|1,51]1,13]|071/0,70 0,57 |0,77 | 0,87

'treatment, tuber yield, 3dry matter content, *starch content, > average, 6signiﬁcant differences




Vy33i hladina hoi¢iku v primyslovych hnojivech Mg 40 spolu se stupiiova-
nymi ddvkami drasliku zabezpecily u odridy Ostara priikkazné zvy$ovéni vynosu
hliz aZ na hodnotu 46,46 t.ha™' u kombinace Mg 40 K 360, coZ viak bylo dopro-
vézeno nevyznamnym sniZovinim suSiny, ale vysoce priikaznym sniZovinim ob-
sahu $krobu z 15,4 % u kombinace Mg 40 K 60 aZ na 14,6 % u kombinace
Mg 40 K 360.

V piipadé odridy Kamyk se nepotvrdily vysledky ziskané u odridy Ostara
a varianty se stuptiovanymi ddvkami drasliku ztstaly u vynosu hliz bez odezvy.
Obsah suSiny byl nevyznamné sniZen, ale zji$téné diference mezi hodnotami
obsahu $krobu byly v§znamné s tim, Ze vy33i ddvky drasliku prikazn& sniZovaly
obsah $krobu.

Nejvy$3f droveii hofe¢natého hnojeni Mg 80 ve spojeni se stuptiovanymi dav-
kami drasliku neméla prikazny vliv na vynosy hliz ani na obsah suSiny u obou
zafazenych odrid. Nicméné& obsah sufiny vykazoval tendenci poklesu u vyssich
davek drasliku. Stejné tomu bylo u obou odriid i v pfipad€ obsahu $krobu, ktery
byl u odriidy Ostara dokonce sniZen s prikaznou diferenci. Co se tykd divek
hoi¢iku, pak v jednotlivych variantich draselného hnojeni nebyl jejich vliv po-
zorovan. Rozdil mezi pisobenim davek drasliku a hoféiku spocival v tom, Ze
stuptiovany hof¢ik nemél negativni vliv na sledované ukazatele, spi§ naopak.
Napf. obsah Skrobu byl u hladiny K 60 u obou odriid Ostara i Kamyk tenden&né&
zvysen.

Z obr. 1 aZ 4 je patrné, Ze u odridy Ostara byl nejvy338i vynos hliz zabezpecen
u urovné Mg 80, avSak reakce na stupfiované davky drasliku byla nejvyssi u drovné
Mg 40. U odridy Kamyk byly nejvy$si vynosy docileny rovnéZ u urovné Mg 40.
Obsah susiny i $krobu ztistal u obou odriid nezménén, u odriidy Kamyk dokonce
doslo ke zvySeni obsahu $krobu u stuptiovanych hladin hnojeni hoi¢ikem.

DISKUSE

Zjist€né vysledky jsou v souladu s tvrzenimi, kterd upozoriiuji na sniZeni uka-
zateld kvality vlivem vysokych ddvek drasliku (Vokal, 1989). Na druhou
stranu se vSak plné€ nepotvrdila domnénka (M i ¢ a, 1989), Ze draslik miZe sni-
Zovat obsah Skrobu v disledku zvy3ujictho se obsahu vody v hlizdch. Nebylo
zaznamenino prikazné sniZovéani suSiny hliz, které by signalizovalo zvy¥eny
obsah vody v hlizich, pokud byl obsah $krobu vlivem stupfiovanych ddvek dras-
liku prikazné& sniZovén.

Pozitivni vliv hotféiku byl pozorovin jen &4ste¢n&, a to zejména u odridy
Ostara pfi nejvy$8i hlading€ Mg 80, u niZ byly dosaZeny nejvy$8{ vynosy pfi
stabilizovaném obsahu sudiny a $krobu. Céistedn& tak byl potvrzen poznatek
o vzristajici d¢innosti plného minerdlnfho hnojeni pfi jeho doplné&ni hofeCnatymi
hnojivy Rubanov, Vojtova, 1970).
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CEPL, J. (Potato Research Institute, Havli¢kiv Brod):

Analysis of the effect of potassium and magnesium fertilization on some indicators of
the potato yield and quality.

Rostl. Vyr., 40, 1994 (10): 899-905.

The effect of potassium on potato yields and quality was studied by many authors.
Munzert, Hege (1985) found out that with increasing potassium doses up to
250 kg.ha™' the tuber yields were increasing and starch content remained unchanged.
On the contrary, Somorowska (1987), who tested the potassium doses from
166 kg.ha™' to 500 kg.ha™’, found out a negative impact of dry matter content, total
nitrogen and vitamin C, but even a positive effect on decreasing of flesh blackening
in a raw state and after cooking.

In 1991 to 1993, at the Potato Research Institute at Havli¢kiv Brod, a precise field
trial was established with graded potassium and magnesium doses under standard
doses of organic fertilizers and mineral NP nutrients. Potassium and magnesium doses
are presented in methodical section. Two varieties were included in the trial: Ostara
- very early, market potatoes and Kamyk — late, industrial potatoes. Tuber yield, dry
matter and starch content were observed.

The results of the whole trial are given in Tab. II. In the Ostara variety a positive
effect of graded potassium doses on tuber yields was examined at zero level of
magnesium fertilization, expressed by unambiguous difference on the level of signi-
ficance 0.01. At the same time, an insignificant increase in dry matter content was
recorded and ambiguous results in starch content, because at a dose of K 120 the
starchiness was the highest (15.4%). In the Kamyk variety at a dose of Mg 0 no
reaction was found neither in potassium fertilization treatments, nor in dry matter
content. Starch content was insignificantly decreasing by treatments.

Higher magnesium level in industrial fertilizers Mg 40 together with intensified
potassium doses ensured a significant tuber yield increase in the Ostara variety up to
46.46 t.ha™' in combination with Mg 40 K 360. This was accompanied by significant
dry matter decrease, but by highly significant decrease in starch content from 15.4%
in combination with Mg 40 K 60 up to 14.6% in combination with Mg 40 K 360. In
case of the Kamyk variety, the results obtained in the Ostara variety were not
confirmed and treatments with graded potassium doses remained without response in
the tuber yield. Dry matter content was insignificantly reduced, but the differences
found among values of starch content were important for the reason that higher
potassium doses significantly reduced the starch content.

The highest level of magnesium fertilization Mg 80 in connection with graded
potassium doses had no significant effect neither on the tuber yields, nor on dry matter
content in both varieties. Nevertheless, dry matter content exhibited the trend of
reduction in higher potassium doses. This was in both varieties and in starch content
that was even reduced with significant difference in the Ostara variety.
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It is apparent from Figs 1 to 4 that in the Ostara variety the highest tuber yield
was recorded in magnesium fertilization Mg 80, however, response to graded po-
tassium doses was the highest in magnesium at a dose Mg 40. In the Kamyk variety
the highest yields were recorded also in magnesium applied at a dose Mg 40. Dry
matter content remained unchanged in both varieties and the same applied to the
starch content, in the Kamyk variety the starch content even increased in graded doses
of magnesium fertilization.

Kontaktni adresa:

Ing. Jaroslav C e p1, Vyzkumny dstav brambor4isky, Dobrovského 2366,
580 03 Havlicktv Brod, Cesk4 republika, tel.: 0451/972 09, fax: 0451/215 78
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Z VEDECKEHO ZIVOTA

75 LET VZDELAVACI A BADATELSKE CINNOSTI VSZ BRNO

Po vice neZ stoletém dsili prikopnikti moravského zemédélstvi, patficiho odeddvna
k nejvyspélej§im v Evropé&, byla v Brné 24. ¢ervence 1919 zaloZena Vysok4 $kola zemé-
délska. K jejimu zfizen{ prispélo i soustfedovan{ nové vznikajicich Eeskych vysokych §kol
v Brné. K Ceské technice pfibyla Masarykova univerzita a Vysok4 $kola zvérolékafsk4.
Budouci VSZ Brno méla odborné zdzemi té% v dobfe fungujicim Zemském vyzkumném
dstavu zemé&délském.

Vzniku a rozvoji §koly vyznamné pfispéla Zemskad akademie hospodéiskd v Tédbore,
z niZ presli do Brna vynikajici profesofi a pfevdZnd ¢4st studentu. Pfednasky zahdjil slav-
nostnim projevem 18. listopadu 1919 prvni rektor prof. PhDr. FrantiSek B u b 4 k , pfedni
botanik a fytopatolog.

Vynikajicf pedagogicky sbor, velmi dobré uroveii absolventii a mnoZstvi zahrani¢nich
studentdi pfispély v mezivileéném obdobf k irokému v&hlasu VSZ Brno. Za okupace byla
budova $koly zabrana faSistickou policii, béhem druhé svétové vélky poloZilo za svobodu
republiky Zivot deset ¢lenli pedagogického sboru a 23 studentd a absolventi. Ke znovu-
otevieni Skoly doSlo jiZ 3. kvétna 1945. Pro posluchace, ktefi museli opustit §kolu po
17. listopadu 1939, byly pak v ¢ervnu téhoZ roku zahdjeny pifedndsky. Do roku 1989 se
né€kolikrdt zmeénila organizani struktura $koly, ménil se pocet fakult a obord.

Po listopadu 1989 prodélala $kola fadu zmén. Doslo k poklesu poétu posluchact, re-
strikci po¢tu zaméstnancili a renezanci jejtho vzdéldvaciho a badatelského poslani. Perso-
nédlni vyvoj Skoly je smérovdn na droveii ¢innosti univerzit vyspélych zemi a mél by
navazovat na védecké Skoly vynikajicich uéiteld, jako je napi. $kola pedologickd prof.
Noviéika, botanickd prof. Dostédla, zootechnickd prof. Taufera, technologickd
prof. Ho$ pese, fytocenologickd prof. Zlatnika a dalsi.

V soucasné dob&€ m4 Skola Ctyfi fakulty — agronomickou, lesnickou a dievaiskou,
provozné ekonomickou a zahradnickou; praktické vyuce pak slouZi tfi Skoln{ podniky
a arboretum s botanickou zahradou. Skola nabizi Sirokou ¥kélu studijnich oborli odpovi-
dajicich vyvoji ndrodniho hospodifstvi. Nedilnou soucdsti vyuky je ekologicky Setrné
vyuZivani a udrZovéini pfirodnich zdroji zemédélstvi a lesnictvi a respektovédni rozvoje
krajinotvornych prvki. Kromé inZenyrského a bakaldfského studia je §iroce rozvijeno stu-
dium doktorandské, pro které bylo $kole akreditovdno 18 obori. Za 75 let existence pfi-
pravila VS8Z Brno zem&d&lské a lesnické praxi, véd& a Skolstvi vice neZ 26 tisic inZenyra.

Oslavy tohoto vyznamného vyro¢i maji pracovni rdz. V prib&hu roku 1994 je organi-
zovéano fakultami a jednotlivymi dstavy mnoZstvi vé€deckych a odbornych akci. Tradice
VSZ Brno zavazuje védeckopedagogické pracovniky k dalsf usilovné cilevédomé vychov-
né a badatelské Cinnosti. Prispivd k tomu téZ rozsihld spoluprdce s odbornou vefejnosti
doma i v zahrani¢i.

Prof. MVDr. ing. Pavel Jelinek, DrSc.
rektor VSZ Brno
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POSSIBILITIES OF THE NITRATE CONTENT REDUCTION
IN RADISH THROUGH SACCHAROSE AND THIOUREA
APLICATION

P. Kovacik

University of Agriculture, Nitra

In a greenhouse with the soil substrate consisting of peat, gleyic fluvisol and agro-
perlite, the possibility of controlling content of nitrates in vegetables was investi-
gated. A reduction in their stock in the soil and an increase in their requirement by
the plant using a nitrification inhibitor and saccharose — a support for transforma-
tion of NO3 to NH3 — were used for evaluation. It has been shown that an applica-
tion of 5% saccharose solution to the leaves of radish about 12 days prior to
harvesting had a positive effect on reducing the nitrate content in heads. An influ-
ence of saccharose increased if it was applied under the conditions of shorter days.
The evidence of thiourea was not proved because of its negative physiological
effect.

An increased accumulation of nitrates in vegetables is a result of disproportion
between their absorption and requirement in a plant. The nitrate absorption was
affected by fertilizer choice and application rate, as well as by forming the
physical and chemical properties of cultivated substrate and growing site. Nitrate
nitrogen amount absorbed by plants is affected by increasing activity of the
nitrate reductase system, especially by improving light conditions. Richter
et al. (1990) and Richter (1992) reduced nitrate content by regulation of
photosynthesis process through application of sugar solution on plants a few days
before harvest.

Respecting the mentioned approaches to reduce the nitrate content in vegetab-
les, an experiment has been carried out. The aim was to investigate the possibi-
lities of controlling content of nitrates in the plant through a decrease in their
absorption using a nitrification inhibitor and through an increase in their requ-
irement in the plant using saccharose.

MATERIAL AND METHODS
The problems in question have been investigated in conditions of the microplot

trial in a greenhouse with mechanical ventilation and irrigation and without ad-
ditional lighting source and heating. A soil substrate consisted of peat, sand,
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I. Analysis of soil samples taken before foundation of the trial from the soil depth 0.0 to 0.2 m

i NH;-N | NO;N N,,,i,,_l P K SH/KC Humus
mg.kg %
1990 5.69 14.79 20.48 61.5 127 6.50 5.08
1991 12.75 48.63 61.38 111.3 197 6.32 5.20
1992 | . 725 19.25 26.50 74.0 236 6.54 5.14

fluvi-eutric gleysol and agroperlite. The substrate bulk density was 0.9 g.cm'3

and its agrochemical parameters are given in Tab. L

A method of random plot arrangement, repeated three times, was used to
establish the trial. A nitrophilous crop, i.e. radish, has been chosen as a model
plant. It was hand-sown in the number of 50 seeds per 1 m?, their size was more
than 2.5 mm.

The nutrient doses were calculated in accordance with recommendations after
Polédch (1985), taking into account the supplies of nitrogen, potassium and
phosphorus in the soil. Fertilizers were applied into the soil two days prior to
sowing the radish: nitrogen in ammonium nitrate (27.5% N), phosphorus in the
form of simple superphosphate (7.2% P) and potassium in 60% potassium chlo-
ride (49.1% K).

Thiourea as a nitrification inhibitor was applied in two different dates. A dose
used for the variant 3 represented 20% N of the total application rate of nitrogen
fertilizer. It was added to the soil as a powder together with NPK fertilizers.
A dose of the variant 4 was lower by half in comparison with the variant 3 and
was applied as a solution in the gaps between furrows 12 days before the radish

II. Timing of soil sampling, application treatments, sowing and harvest

Agricultural measures Tew

1990 1991 1992
Sowing 24. 9. 29. 3. 25. 4.
1* sampling ' 6. 10. 6. 4. 11. 5.
2™ sampling 13. 10. 13. 4. 18. 5.
3 sampling 22. 10. 22,4 26. 5.
Application of thiourea 24. 10. 24. 4. 29. 5.
Application of saccharose (5% solution) 24. 10. 24. 4. 29. 5.
4™ sampling 25. 11. 5.5. 8. 6.
Harvest 5. 11. 5. 5. . 6.
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III. Variants of experiments and applied doses of nutrients

Year | Variant H P — K I Thiourea Saccha_rlose
kg.ha (Lha™)
0 40 120 0 0
120 40 120 0 0
1990 3+ 50 10 - & .
4™ 120 40 120 33 0
B 120 40 120 0 500
0 10 120 0 0
2 80 10 120 0 0
1991 3+ 80 10 120 43.5 0
il 80 10 120 21.8 0
5 80 10 120 0 500
0 25 120 0 0
2 120 25 120 0 0
1992 3* ¥l o e =¥ ”
i 120 25 120 33.0 0
5" 120 25 120 0 500

* dose of thiourea represented 20% of applied dosage of nitrogen
** dose of thiourea represented 10% of applied dosage of nitrogen
* 5% solution of saccharose

was collected. Saccharose in the form of 5% solution was sprayed on the leaf
12 days before the harvest-time of radish (Tabs II and III).

The soil was sampled four times during vegetation, the samples were taken
from a depth of 0.0 to 0.1 m and 0.1 to 0.2 m. Inorganic nitrogen content (Nan =
NH%-N + NO3-N) was determined using the standard methods: NH4-N was eva-
luated colorimetrically by the Nessler agent and NO3-N colorimetrically by me-
ans of phenol 2,4-disulphone acid. During experiment, the soil moisture was kept
on a level of 60 to 70% of full water capacity. After finishing the trial we could
see the radish heads bigger than 0.015 m, which is a market requirement for the
radish under accelerated growing conditions (1990, 1991) and over 0.02 m,
which is a market requirement for radish supplied after May 15, 1992. A different
estimation of the crops in 1992 compared to the previous years is caused by later
sowing in 1992 (Tab. II). A ion-selective electrode CRYTUR has been used to
analyse a content of nitrates in the fresh radish heads Hubdcek, Ber-
natzik, 1979).
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RESULTS AND DISCUSSION

An amount of nitrates and ammoniacal nitrogen determined in both soil layers
during the radish vegetation (Tab. IV) was a result of mineral immobilization
processes, the course of which was significantly influenced by an application of
nitrogen fertilizers and thiourea. The lowest content of inorganic nitrogen has
been detected in the variant 1 owing to no use of nitrogen fertilizers. The content
of nitrate nitrogen was the highest in the variant 2. An addition of thiourea in the
variants 3 and 4 showed a more explicit reduction in the NO3-N content and an
increase in the amount of NH%-N in the soil only in the variant 3. It was more
evident in the depth of 0.0 to 0.1 m than in that of 0.1 to 0.2 m. Thiourea applied
to the variant 4 12 days before harvesting radish and in the amount by a half
lower than in the variant 3 had no demonstrable influence on the inorganic
nitrogen transformation in the soil. The results obtained, as well as technical
problems concerning its application to the soil during the crop vegetation, have
shown that there is no assumption to use thiourea in the vegetation time.

Based on the given results relating to the nitrate nitrogen content (the lowest
amount of NO3-N has been determined in the variant 1) and in view of a relation-
ship between NO3-N amount in the soil and in the plant as well, the lowest
reserve of nitrates was supposed to be detected in radish heads collected from

IV. Content of nitrate and ammoniacal nitrogen in the soil ascertained during vegetation period
of radish plants

Nitrogen Depth Vaca
fraction Xear (m) 1 2 l 3 4 | 5

mg.kg_l

1990 0.0-0.1 12.5 63.6 40.5 53.0 56.5

0.1-0.2 153 54.0 41.0 48.1 52.6

NO3-N 1991 0.0-0.1 14.7 81.9 55.8 70.0 56.5

0.1-0.2 18.0 68.8 58.5 51.7 453

1992 0.0-0.1 229 72.5 37.6 68.0 66.0

0.1-0.2 21.7 60.2 40.5 63.2 57.7

1990 0.0-0.1 19.5 394 435 423 37.7

0.1-0.2 19.3 34.0 35.6 37.3 36.8

NH}-N 1991 0.0-0.1 11.5 36.7 57.7 31.7 17.5

0.1-0.2 10.1 26.9 38.6 20.5 14.4

1992 0.0-0.1 9.9 21.1 47.8 23.9 22.6

0.1-0.2 85 17.4 28.2 19.9 18.0
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the variant 1 and the highest in those from the variant 2. However, the trial results
have not corresponded with the view (Tab. IV). In the first year (autumn 1990),
the nitrate content in radish heads was the lowest in variants in the sequence 5,
1, 4, 3 and 2. In the second year (spring 1991) and in the third one, this sequence
was 3, 1, 2,4, 5 and 3, 1, 5, 2, 4. The experiment has shown a positive or
indifferent effect, respectively, of saccharose on the nitrate content in radish
heads. Differences in the amount of NO3-N in heads could be demonstrated only
in 1990 and 1992 and those in the soil reserve of NO3 were evident each year
(Tabs V, VI). Based on statistics, an inexpressive relationship between the con-
tent of nitrates in the plant and in the soil (Tab. VII) as well as the data of Tabs
V and VI point up a fact that the factor of years (light conditions and not that of
trial variants) content of nitrates in the soil was a decisive factor determining
a level of nitrates in the radish heads. .

A negative effect of the light shortage in autumn (fogs, shorter days) and
positive one of getting days longer in spring have resulted in a significant diffe-

V. The content of NaNO3 in radish bulb, significance of differences among variants and evalu-
ation of influence of sources of variability on their content by the dispersion analysis (LSD-test)

e 1990 1991 : 1992
mg.kg™
1 3 580 2747 : 781
2 4 384 3192 1182
3 4110 2 360 719
4 3 946 3154 1 356
5 3 082 3 261 984
x 3 820.4 2 962.8 1 004.4
significance of differences
1 {2 (3|45 |1]|]2 (345|123 |4]S5
1 -+ --=-1=-1=-{-|=-1-]|-|-|++]|+|+ |+
2 - | ==+ -1=-1-1- = |+ | |
3 - | = |++ - =-1- — | ++ | ++
4 - | + - | - - | ++
5 - - -
Smfrc? _°f df F — value calculated
variability 1990 1991 1992
Variants 4 6.179* 1.604 494.669"*
Repeatings | 2 0.626 0.304 2.045
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rence in the nitrate content of the radish heads grown in different years. In 1991,
a content of nitrates (NaNO3) was lower by 858 mg.kg'l on average than in 1990
and in 1992 it was four times and three times lower compared to 1990 and 1991.
The relationship between the nitrate content in vegetables and length and inten-
sity of light presented in details Prugar (1992).

A positive influence of saccharose on a reduction of the nitrate nitrogen accu-
mulation was obtained in worse light conditions (autumn 1990) due to a limited
formation of saccharides in a photosynthesis process. The extreme value of the
nitrate content in the fresh radish heads under accelerated growing (3 000 mg.kg"
of NaNOs3 + 20% tolerance), as defined by a standard, was exceeded only in the
autumn of 1990, namely in the variants 2, 3 and 4. This points out a fact that the
nitrogen doses according to recommendation of Polé4dch (1985) do not gua-
rantee the radish production of the required quality. In 1990 and 1991, the best
crop parameters in a view of weight and number (the radish is sold in clusters)
were achieved in the variants 2 and 5 and in 1992 it was the variant 5. The lowest

VI. Influence of sources of variability on the dynamics of content changes of nitrate in soil
(dispersion analysis LSD-test)

Source F — value

o di
of variability 1990 1991 1992
Variant 4 39.38** 17.55* 101.15*
Sampling 3 39.13** 7.94** 32.99**
Depth 1 1.37 5.41% 7.32"

VII. Relationship between the content of nitrate in radish bulb and the content of NO3-N in the
soil expressed by correlation coefficient (7)

Year Depth (m) Sampling

L I 118 Iv.
1990 0.0-0.1 0.2055 0.0842 0.2019 0.5488
0.1-0.2 0.1037 0.0969 0.2410 0.3173
1991 0.0-0.1 0.5519 0.4012 0.6388 0.1609
0.1-0.2 0.3989 0.4499 0.5047 0.7052
1992 0.0-0.1 0.8228" 0.8079 0.8796" 0.7749
0.1-0.2 0.8032 0.8366" 0.9082* 0.6259

0.81%
0.92**
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- radish production was obtained in the variant 3 each year, which is accounted
for a negative effect of thiourea on the vitality of the radish (Tab. VIII). The
attack started in initial growing phase during transfer from seed nutrition to root
one. The twisting of leaves and change in their colour turning from green to
grey-silver were a symptom of this influence. Later the leaves became gradually
extinct. A possible physiological effect of thiourea has been pointed out by K o -
vacik (1991).

VIII. Yield of radish bulbs over 0.015 m (1990, 1991) and over 0.02 m (1992)

Year
Variant ‘ 1990 1991 1992

mass count mass count mass count

g.m'2 bulbs.m™ g.m’2 bulbs.m g.m'2 bulbs.m™
1 991.0 156.7 1 955.7 221.0 3 888.4 202.4
2 13157 210.0 27833 236.7 36244 174.9
3 781.0 141.0 14523 133.3 3024.8 108.9
4 924.3 176.7 2 300.0 226.7 3 981.8 191.4
5 11543 187.7 2 561.0 2543 4 026.0 193.6

A good production of radish heads and balanced nitrate content in the crop
grown in the variant 5 and an imbalanced and higher amount of nitrate in the
variant 2 point up a need to complete the methodology of fertilizing garden
vegetables from the aspect of their growing under different light conditions. The
use of 5% saccharose solution 12 days prior to radish harvest-time suppressed
a negative effect of the light shortage on the accumulation of nitrates. This fact
together with the technical and economical modesty of its application make a real
possibility of a wider utilization of saccharose as an agent that is capable to
reduce the nitrate content in vegetables. This agent is suitable not only for leaf
vegetables in which it is supposed to be more efficient but also for root crops
and head vegetables, respectively, as demonstrated by the results achieved.

CONCLUSION
An application of 5% saccharose solution to the radish leaves 12 days before
harvest-time had a positive effect on the reduction in the nitrate content in radish

heads. This influence increased with saccharose used in conditions of shorter
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days, i.e. light conditions were made worse. The use of thiourea before sowing
radish has not been proved due to its negative effect on young plants and conse-
quently on the crops. Its application before the end of vegetation was technically
demanding and inhibitory effect on microflora was minimum.
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KOVACIK, P. (Vysok4 skola polnohospodirska, Nitra):

Moinosti zniZenia obsahu dusi¢nanov v buPvich redkovky aplikiciou sacharézy
a tiomocoviny.
Rostl. Vyr., 40, 1994 (10): 907-915.

V skleniku s mechanickym vetranim a zavlaZovanim bez zdroja dodato¢ného
osvetlenia a ohrevu, na p6dnom substréte pripravenom z raSeliny, piesku, fluvizeme
glejovej a agroperlitu sa posudzovali moZnosti zniZenia obsahu dusi¢nanov v bulvich
redkovky prostrednictvom reguldcie ich obsahu v pdde pouZitim inhibitora nitrifika-
cie a neaplikovanim dusikatych hnojiv a cestou zlepSenia podmienok pre redukciu
dusi¢nanov v rastline aplikiciou sachar6zy.

Ako inhibitor nitrifikdcie sa pouZila tiomocovina. Poznajic jej ¢asovo ohranieny
inhibi¢ny dc¢inok, asi jeden mesiac, a reSpektujic dizku vegetacie redkovky, asi
40 dni, zisfovala sa aj vhodnosf jej pouZitia pred sejbou a polas vegeticie. Pri
predsejbovej aplikicii bola zapravend v praskovej forme spolu s NPK hnojivami.
Pocas vegeticie (12 dni pred zberom) bola aplikovand ako vodny roztok do medzi-
riadkov v dosledku pokrytia pody listami redkovky. Davky tiomoCoviny na uvede-
nych variantoch boli rozdielne. Vypocitali sa na principe reSpektovania obsahu dusika
v tiomocCovine a mnoZstva dusifka vneseného do pddy priemyselnymi hnojivami. Pri
aplikécii pred sejbou obsahovala zapravend tiomocovina 20 % dusika v porovnani
s dusikom obsiahnutym v hnojive. V druhom pripade obsahovala 10 % dusika
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z davky dusika v hnojive. So zmenou davok dusikatych hnojiv sa menili aj davky
tiomocoviny.

Sacharézu sme aplikovali na listy redkovky 12 dni pred zberom vo forme 5%
roztoku balkénovym rozpra$ovaom v mnozstve 500 1.ha™'. Varianty pokusu vyjadru-
je zapis PK, NPK, NPK + tiomocovina, NPK + 1/2 tiomocovina, NPK + sacharéza.

Hodnotenim obsahu dusi¢nanov v bufvich redkovky v zdvislosti od ich obsahu
v pdde sa najniZsi obsah dusi¢nanov predpokladal v redkovkich dopestovanych na
variante PK, kde bol najniZ3f obsah NO;3-N. Najvy33i obsah dusi¢nanov v redkovkéch
sa ocCakdval na variante NPK, kde ich obsah v pode bol najvyssi. Zistené vysledky
nepotvrdili uvedeny predpoklad. Statistickym hodnotenim predmetne;j z4vislosti po-
mocou korelacného koeficienta sa okrem niekolkych odberov v roku 1993 nezistila
zdvislost medzi dusi¢nanmi v pdde a v rastline.

Obsah dusi¢nanov v bufvich redkovky vyrazne ovplyvnil termin pestovania —
svetelné podmienky. V roku 1991 pri pestovani redkovky na jeseii bol priemerny
obsah NaNO, 3 820 mg.kg™". V roku 1992 pri pestovan{ skoro na jar bol obsah NaNO,
2 963 mg.kg™. V roku 1993 sa redkovka pestovala koncom jari a obsah NaNO,
dosiahol hodnotu 1 004 mgkg™.

Na zniZeni obsahu dusi¢nanov sa vyrazne podiefala aj sachar6za aplikovani na
listy redkovky, a to v obdobf asi 12 dni pred jej zberom. Uginok sacharézy bol
vyraznej$i, ak sa pouzila v podmienkach skracujicich sa dni.

NajlepSia kombin4cia parametrov trody (velkosti a kvality) sa dosiahla na va-
riante, v ktorom bola okrem metodikou urenych ddvok NPK hnojiv aplikovani
i sachar6za. PouZitie tiomoCoviny v obdobi pred sejbou redkovky sa neosvedé&ilo
v dosledku pozorovania jej negativneho fyziologického ifinku na mladé rastliny
a nasledne na drodu. Jej pouZitie ku koncu vegeticie bolo technicky niaro¢né a inhi-
bi¢ny tcinok na nitrifikacni mikrofléru bol minimélny.

Contact Address:

Ing. Peter Kovacik, CSc., Vysokd §kola pofnohospodérska, A. Hlinku 2,
949 76 Nitra, Slovenskd republika, tel.: 087/41 17 51, fax: 087/41 14 51
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Ustav zem&d&iskych a potravind¥skych informaci Praha
vydava

ZAHRADNICKY NAUCNY SLOVNIK

Po vice ne% 70 letech vychzi v Ceské republice zahradnicky slovnik
v modernim pojeti, zahrnujici nejen ovocnafstvi, zelindfstvi, kveéti-
nafstvi, sadovnictvi, Skolkafstvi, vinafstvi, 1éCivé rostliny, kultivo-
vané vyssi houby a zpracovani ovoce a zeleniny, ale i pro zahrad-
nictvi dileZité useky botaniky, fyziologie, genetiky a Slechténi,
nové zahradnické biotechnologie a ochranu zahradnich plodin.

Pfedpoklddany rozsah slovniku je 4 aZ 5 dili formatu A4 (kaZdy
rok po¢inaje rokem 1994 vyjde jeden dil). Prvni dil bude mit 512
stran textu v&etn& pérovek a Eemobilych fotografii a 32 barevnych
tabulich.

Pfedpoklddani cena prvniho dilu je 295 K& (bez postovného).

Zavazné objednivky zasilejte na adresu:

Ustav zemé&d&Iskych a potravinaiskych informaci
Encyklopedicka kancelaf

Slezska 7

120 56 Praha 2




STANOVENI KRITICKE HLOUBKY HLADINY PODZEMNI VODY
S OHLEDEM NA VLAHOVY REZIM PUD

Z. Wittlingerova!, E. Preiningerova?, L. Kriz>

1Vysokd skola zemédélskd, Praha
2Vyzkumny dstav rostlinné vyroby, Praha-Ruzyné
3Vodni zdroje, s. r. o., Chrudim

Dosavadni monitoring makrosloZek v fetézci vzduch - pida — voda v zdjmovém
tizemi primyslové aglomerace Hradec Krilové — Pardubice byl zpracovdn metoda-
mi geografickych informa¢nich systémi. Byl sestaven matematicky model, ktery
popisuje prostup sraZek z6nou aerace (infiltraci) a respektuje evapotranspiraci v za-
vislosti na charakteru rostlinného pokryvu tizemi. Déle je moZné popsat vliv uva-
Zované intenzifikace vodarenského odbéru na transport vody zdénou aerace. Po
upiesnéni zdkladnich bilan¢nich parametrii byla provedena hydrologick4 bilance pfi
riznych stavech hladin podzemnich vod. Na jejim zdklad€ byla ocenéna zdvislost
napdjeni podzemnich vod na stavech hladin podzemnich vod. Pro pidy prevaZujici
ve sledovaném tzemi byla stanovena kritickd hloubka hladiny podzemni vody a jeji
vliv na vldhovy reZim pid.

Schopnost prognézovat nisledky vlivii hospodifské innosti na geologické
podminky je zdvisla na kvalit€ vstupnich informaci. V dzemich, kde se soustie-
duje zna¢ny stfet zajmili, umoZiiuji informac¢ni technologie pfedvidat vliv nékte-
rych zdsahl na jednotlivé sloZky Zivotniho prostiedi.

MATERIAL A METODA

Z orografického hlediska néleZ{ pfevdZna ¢ast zdjmové oblasti do Pardubické
kotliny. Rini osou je Labe, které protéka oblasti od severu k jihu. Uzemi patii
podle ¢lenéni, které popsal Quitt (1973), do oblasti B2, charakterizované jaké
tepld, mirn€ vlhk4 s mirnou zimou.

Prim&ma4 ro¢ni teplota vzduchu je 7,8 “C. Sn€hovéd pokryvka se drZi okolo
40 dni, 85 dni v roce vétS§inou mrzne. Dlouhodob& nejchladnéj$im mésicem je
leden, nejteplej$im Eervenec. Dlouhodobé nejsud¥im mésicem je tnor, nejvlihéim
Cervenec (tab. I).

Priimé&rnd ro¢ni hodnota evapotranspirace se podle vypo¢tu empirickymi vzor-
ci odvozenymi pro klimatické podminky Né&mecka pohybuje okolo 460 mm
(Dyck etal., 1978).
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I. Primé&rné mési¢ni dhrny srdZek a teploty vzduchu v bilanénim povodi za obdobi 1964 aZ 1992
— Average monthly sums of precipitation and air temperature in the balance river basin for the
years 1964 to 1992

Mésic' 1 2 3 4 5 6 7 8 9 [ 10| 11 | 12 | Rok*
Sréiky2 (mm)|40 (32 (34 (43 |53 [65 |78 |70 [48 |47 |44 |43 |602

Teplota vzdu-
chv’ (°C)

-2,1|-1 2,7 7,4|12,8|15,6(17,4|16,8| 13,5 83| 3,1(-0,4| 7,8

'month, 2precipita\tion, Sair temperature, 4year

B (D

kde: E; — evapotranspirace (mm)
S - dlouhodoby primér sriZek (mm)
t — dlouhodoby priimér teplot (°C)
L =300 + 25t + 0,057

Relativni vlhkost vzduchu se pohybuje v rozmezi 72 aZ 85 % pii minimélnich
hodnotach v Eervenci a maximélnich v prosinci.

Pidni pokryv obsahuje kvalitni humusovitou vrstvu, niZe sprase, spraSové
hliny, jily nebo vété pisky, v jejichZ podloZi jsou 3té€rkopisky labskych teras.

Vodni reZim pid, v§znamné ovliviiujici pidotvorné procesy a produkéni
schopnost ptd, je nezbytnou podminkou pro usp&¥né péstovani rostlin v daném
tzemi. Ovliviiuje chemické a koloidné& chemické pochody, Zivot mikroorganismi
a mimo jiné té% pfem&ny nerostnych a dstrojnych latek Suskevié, Od-
loZzilik, 1990).

Transportni procesy jako infiltrace, vypar a redistribuce vody v pudni vrstvé
se navzdjem ovliviiuji (Kutilek, 1978, Damaikovia, 1979). Hydrolo-
gicky matematicky bilanéni model, aplikovany a kalibrovany v podminkéch z4j-
mové oblasti, umoZfiuje popsat na zdkladé rozkyvu hladiny podzemni vody
intenzitu napijeni BlaZek, 1992).

Intenzita napijeni podzemnich vod pfi riznych stavech hladiny byla stanovena
podle vysledki transportu vldhy v z6né aerace pro typologicky fez v podminkich
oteviené krajiny. Vstupni parametry pro modelovani jsou dokumentovany
v tab. II. Jako vstupni tidaje slouZily primérné dlouhodobé hodnoty sriZek a tep-
loty vzduchu (tab. I).

V prvni etapé byl model zkalibrovdn. Na tomto zdklad€ byly zpétné upfesnény
zadané parametry, podminky infiltrace vody do pidy a jejtho odtoku. Spoleh-
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II. Vstupni parametry pro modelovani — Starting parameters for modelling

Hloubka Koeficient Piepodtena vyska Pérovitost® Maximaln{

béze' filtrace® kapildrnfho molekulovi

(m) (m/s) vz.estupu3 (m) (%) vihkost® (%)
03 1.16.107 5 50 0,25
0,3 1.16.107 5 50 0,25
0.4 1.16.1077 3 45 0,22
0,5 1.16.10°° 2 42 0,20
0,5 1.16.107" 1 40 0,10
1,0 1.16.107* 0,5 38 0,05
2,0 1.16.107* 0,5 35 0,05
4,0 1.16.107* 0,5 35 0,05
6,0 1.16.107* 0,5 35 0,05
10,0 1.16.107 0,2 35 0,05

ldepth of base, “coefficient of filtration, calculated height of capillary increase, 4porosity,
Smaximal molecular moisture

III. Primé&mé ro¢ni bilan¢ni parametry — Average annual balance parameters

Srézky! Evapo- Povrchovy Podzemni Primérmy stav
transpirace2 odtok odtok® hladiny podzemni
(mm) (mm) (mm) (mm) vody’ (m)
602 469 54 79 1,64
602 468 53 91 2,07
602 456 35 111 2,76
602 433 35 134 7,06
602 469 68 65 1,32
602 469 85 48 1,00
602 469 113 20 0,62
602 469 154 =21 0,26
602 469 171 -38 0,18
602 469 267 -120 0,01
! precipitation, 2q:vapotranspiration. 3supcrﬁcial discharge, 4underground discharge, Saverage sta-

te of groundwater level

livost modelu byla ocenéna podle souladu modelovych hydrogrami celkového
odtoku a zmén hladin podzemnich vod s hydrogramem celkového odtoku ve
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stanici Labe — Némcice a pozorovanym hladinovym reZimem (prim&mé dlouho-
dobé trovné hladin ve vrtu V-3K). Porovnini hodnotovych parametri deklaruji
obr. 1a 2. &

Pri verifikaci byly ziskany primémmé ro¢ni bilanéni parametry (tab. III). Déle
byl s pouZitim tohoto modelu vypodten transport vlidhy pro ocenéni bilance pfi
jinych stavech hladin podzemnich vod. Vypocet byl proveden pro bilan¢ni rov-
nici ve tvaru (Dub et al., 1969):

Hp = Hs — HE - Ho 2)

kde: Hp - slozka podzemniho odtoku (mm)
Hs - srdZky (mm)
HEg - evapotranspirace (mm)
Ho - sloZka povrchového odtoku (mm)

1. Hydrogram fecistniho od-
toku v Hydrologické stanici
CHMU Labe - Némice za
7| obdobi 1963 aZ 1992 - Hyd-
rogramme of river basin dis-
charge at the Hydrological
Station of the Czech Hydro-
meteorological Institute at
Labe — Némcice for the years
1963 to 1992

s . y . ’ s ; ; : . —+— vypoéteny — calculated
1 2 3 4 5 6 7 8 9 10 1 12 - skutedny - actual

2. Hydrogram stavi hladiny
podzemni vody ve vrtu
V3-K za obdobi 1963 aZ
1992 - Hydrogramme of
groundwater levels in the
bore hole V-3K for the ye-
ars 1963 to 1992

2 , . — = : —+— vypo¢teny — calculated
0 2 4 6 8 10 122 -O- skuteny — actual
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VYSLEDKY A DISKUSE

Ziskan4 zdvislost pro modelovini geofiltrace (tab. III) byla aproximovéna
funkci (Kac, Paskovskij, 1988):

Wo.Zxk+Wk.2Z
W= mm 3
Zk+2Z (mm) 3)
kde: W — hodnota evapotranspirace (zdporné hodnoty), pfipadné infiltrace (kladné hod-
noty) (mm)

Wo - podzemni odtok (mm)

Zx - kritickd hloubka hladiny podzemni vody (m)

Wk - povrchovy odtok (mm)

Z - hloubka hladiny podzemni vody méfend smérem od povrchu terénu (m)

Na obr. 3 je zobrazeno porovnéni kiivky ziskané modelovinim transportu
vlahy (tab. IITI) s vypolty podle vztahu (3). Popisovany vypoctovy vztah byl
zapracovin do bilan&niho hydrologického modelu dzemi feSiciho proudé&ni pod-
zemnich vod sledované oblasti (Wittlingerova et al, 1994). Vlastni bi-
lan¢ni dloha byla feSena ve dvou extrapola¢nich Easovych fezech.

V prvnim piipad€ byl feSen prostup srdZek k hladin€ podzemni vody v pod-
minkdch maximdlniho vodarenského vyuZivini modelového uzemi. Jde o pro-
gnozni stav pfi celkovém odebiraném mnoZstvi 285 1s'z plochy cca 110 km?.
Vysledek feSeni rovnice (3) v uzlovych bodech sit€ modelu (modelované dzemi
bylo rozdéleno Ctvercovou siti s krokem 250 m) je zndzornén na obr. 4, ktery je
doplnén histogramem popisujicim &etnost vyskytu vyslednych hodnot v plo3e
modelovaného izemi. Kladné hodnoty se vztahuji k plochdm, na nichZ v prib&hu
hydrologického roku pievaZuje efekt infiltrace, kde tedy sraZkova voda vsakuje
nesaturovanou zénou a dotuje podzemni vody. Zdporné hodnoty pak reprezentuji

3. Porovniani empirické
a modelové zdvislosti inten-
zity evapotranspirace na sta-
vu hladiny podzemni vody
svrchniho kolektoru s volnou
hladinou — Comparison of
empiric and model depen-
dence of intensity of evapot-
ranspiration on the ground-
water level of the top collec-
tor with free table

150 b i 0 & 4 o A empirickd — empiric
ET, mm = modelovi - model
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16.1x 478
9.41x 279

3.64x 108
1.801x 38
8.641x 19
8.27x 8

.135x 4

.8337x 1

.161x 3

.8674x 2

.8337x 1

.8337x i

.B674% 2

4. Plosnd distribuce infiltrace v podminkéch intenzivniho vodirenského vyuZivdni — Surface
distribution of infiltration in conditions of intensive waterworks utilization

plochy, u nichZ pfevaZuje transpira¢ni reZim, tedy oblasti s hloubkou podzemni
vody men3f neZ popisovan4 kritick4 hloubka. V tomto Easovém fezu &inf podil
takovych ploch pouze 4,75 %.

V druhém piipad€ byla bilan¢nf tloha feSena pro nenaruSené pfirodni podmin-
ky bez vlivu vodarenskych odbérii. Vysledna distribuce velikosti infiltrace, resp.
evapotranspirace je uvedena na obr. 5. Souvisejici histogram opé&t uddvé cetnost
vyskytu vypoctenych hodnot v ploSe modelového dzemi. Podil ploch s pfevaZzu-
jicim evapotranspiraénim reZimem je 12,00 %.

Pii hloubce hladiny podzemni vody v intervalu od 0,0 do Zx (kritick4 hloubka)
pfevlada vypar z hladiny podzemni vody pln€ nasycenou kapildrni zénou. Pfi
hloubkich vét§ich neZ Zx dochédzi k dotacim zdsob podzemnich vod, v pidé
pfevldda infiltrace a hloubéji redistribuce vsdklé vody k hladiné podzemni vody.
V oblastech, v nichZ jsou intenzivné vyuZiviny zdroje podzemnich vod, m4 je-
jich vy33{ vyuZiti pozitivni vliv na bilanci zdsob podzemnich vod. V mistech, kde
hladina podzemni vody hluboko zaklesdvd pod popisovanou kritickou hloubku,
je naruden vldhovy reZim pid. Vzlinani vlhkosti z hladiny podzemni vody pfes-
tdv4 mit vliv na zdsobovani rostlin. Vynosy jsou pak zavislé na vyvoji pocasi,
pfipadné na zédvlahdch. Parametr kritické hloubky je z4visly na druhu pid. Pro
modelové tizemi obsahujici pfevdZné& pisc¢ité aZ hlinitopis¢ité pidy dosahuje kri-
tickd hloubka hodnot 0,4 aZ 0,5 m.Tento tdaj je z pohledu zemé&d€lského vyuZi-
vani z4jmového tzemi limitujici a bude se prikazné promitat do
ekologicko-ekonomickych vychodisek feSeni stfetti z4jml v daném vdzemi.
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5. Plo3na distribuce infiltrace v podminkéach bez vodarenského odbéru — Surface distribution of
infiltration in conditions without waterworks withdrawal

Uzity model je po kalibraci na zdklad€ konkrétnich vstupnich dat a parametri
opakovatelny i v jinych obdobnych podminkach.
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WITTLINGEROVA, Z. - PREININGEROVA, E. - KRIZ, L. (University of Agriculture,
Praha; Research Institute of Crop Production, Praha-Ruzyng&; Water Resources, limited-li-
ability company, Chrudim):

Determination of critical depth of groundwater level with respect to the moisture
regime of soils.

Rostl. Vyr., 40, 1994 (10): 917-924.

The macrocomponent monitoring conducted in the air — soil — water chain in the
studied region of the industrial conurbation of Hradec Krilové — Pardubice was
processed by methods of geographic information systems. The mathematical model
was made. It describes the penetrating of precipitation through the aeration zone
(infiltration), respecting evapotranspiration in dependence on the kind of vegetation
in the area. Furthermore, it is possible to describe the influence of considered intensi-
fication of waterworks pumping on the humidity transportation through the aeration
zone.

After making the basic balance parameters more accurate, the hydrological balance
for various groundwater levels was- carried out. Based on it we evaluated the de-
pendence of feeding of groundwater on groundwater levels. For soils prevailing in
the studied region the critical depth of groundwater and its influence on the moisture
regime of soils was determined.

The hydrological and mathematical balance model used and calibrated in the
conditions of studied region makes possible to describe the intensity of feeding on
the basis of the amplitude of changes of the groundwater level.

If the depth of the groundwater level ranges from 0.0 to Zg (the critical depth),
the evaporation from the groundwater level through the fully saturated capillary zone
prevails. If the depth is more than Zg, the reserves of groundwater level are fed. In
the soil the infiltration, and deeper the redistribution of soaked water towards the
groundwater level are prevailing. The higher exploitation of the groundwater sources
in the regions where these sources are intensively exploited show a positive influence
on the balance of the groundwater reserves. The moisture regime in soils is impaired
in the areas where the groundwater level is deep below the described critical depth.

Kontaktni adresa:

Ing. Zdena Wittlingerova, Vysokd §kola zeméd€lsk4, 165 21 Praha 6-
-Suchdol, Cesk4 republika, tel.: 02/338 28 51, fax: 02/39 37 03
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VPLYV VYBRANYCH PESTOVATELSKYCH FAKTOROV
NA URODU OZIMNE]J PSENICE

M. Karabinova, F. Adamovsky, M. Prochazkova

Vysokd skola pol'nohospoddrska, Nitra

V prici st analyzované vysledky sedemrocného vyskumu (1985 aZ 1990 a 1991
az 1993) vplyvu niektorych racionalizaénych prvkov pestovatefskej technolégie
ozimnej pSenice (dvoch drovni hnojenia, dvoch noriem vysevku a troch spdsobov
sejby) celkove pri 6smich odroddch ozimnej pSenice na Grodu zrna a Struktiru
urody. Ako optimdlna idroveii hnojenia z hfadiska agronomického, ekonomického
i ekologického bola stanovend uroveii hnojenia na zdklade dynamiky Zivin v pdde
(racionalizovand ddvka), ako optimélny bol stanoveny zvySeny vysevok (5,5 mil.
kli¢ivych zfn.ha™). Vplyv spdsobu sejby na iirodu zrna bol 3tatisticky nepreukazny,
vyraznejSie rozdiely boli vplyvom rézneho spdsobu sejby v Struktire trody, kde
ako najvhodnejsia bola zistend radli¢kovd sejba.

V zdujme zniZovania materidlnych vstupov, zlepSovania Zivotného prostredia
a vyroby nezdvadnych potravin smeruje rastlinnd vyroba k racionalizicii a opti-
maliz4cii pestovatelskych systémov. Uvedend skutodnost sa zv143t zddraziiuje pri
vyZive a hnojeni ako najvyznamnejSom a zdroveil najndkladnejSom prvku pesto-
vatefskej technolégie obilnin. Racionaliziciou a optimaliz4ciou vyZivy a hnojenia
ozimnej pSenice sa vo svojich pracach zaoberali viacerf autori Michalfik,
Lo%ek, 1985; Spaldon, 1985, Baier, 1986; Bizik, 1989; Ka-
rabinovai a kol, 1990 a dalsi), ktorych vysledky dokumentuji pozitivny
uc¢inok optimalizdcie ddvok dusika na formovanie trody a jej kvality. Vyznamné
miesto v procese racionalizdcie ma vysevok a kvalita sejby, ktord zabezpecuje
rovnomernost uloZenia osiva na ploche i v jednotnej hibke a ktor4 vyznamne
ovplyviiuje vyvoj organizicie a hustoty porastu. Optimélne rozmiestnenie rastlin
na jednotke plochy, a tym zabezpeenie primeranej vyZivnej plochy pre rastliny,
je moZné pri vzkoriadkovej alebo pisovej sejbe, na ktorej vyhody poukazuji
vysledky viacerych domdcich i zahraniénych autorov (Heege, 1982; Petr
akol, 1983; Kfen, 1990; Macdk, 1991; Marko akol., 1992).

Z uvedeného vyplyva i ciel predloZeného prispevku posiidif vplyv niektorych
racionalizanych prvkov pestovatelskej technolégie ozimnej pSenice (hnojenie,
vysevky a sposoby sejby) na formovanie trodotvornych prvkov a vysledni drodu
ozimnej p$enice.
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MATERIAL A METODA

Problematika bola rieSen4 v dvoch ¢asovych etapich v rokoch 1985 aZ 1990
a 1991 aZ 1993 na Katedre rastlinnej vyroby VSP v Nitre v rimci polyfaktori4l-
nych pokusov v kukuri¢nej vyrobnej oblasti, ktord patri do velmi teplej agrokli-
matickej oblasti a vemi suchej podoblasti (nadmorskd vyska 201 m, priemernd
ro¢n4 teplota 9,6 °C). Celkove hodnotené obdobie bolo zrdZkovo pod normdiom
(70,1 aZ 95,9 % normélu) a teplota vzduchu kolisala okolo normélu (od-1,3 do
+1 °C). Priemerné ro¢né teploty a ro¢né tihrny zrdZok si uvedené v tab. L.

Pokusn4 lokalita sa v rokoch 1985 aZ 1990 nachéddzala na nivnej slabo glejovej
aZ mierne glejovej ilovito-hlinitej hnedozemi so strednou zdsobou pristupného
fosforu a draslika a so slabo kyslou pddnou reakciou. Do pokusov boli zaradené
odrody Livia, Roxana a Zdar, dve normy vysevku (I - 3,5 mil. kli¢ivych zfn.ha",
IT - 5,5 mil. kli¢ivych zfn.ha™) a tri varianty hnojenia: a — nehnojené kontrola,
b — mnoZstvo dodanych Zivin NPK v kg.ha_l stanovené na zédklade normativu
urody 8 t nadzemnej biomasy (pIné hnojenie), ¢ — mnoZstvo dodanych Zivin
stanovené na ziklade dynamiky Zivin v péde (racionalizované hnojenie). Pred-
plodinou bol hrach na semeno.

V rokoch 1991 aZ 1993 boli pokusy zaloZené na inej lokalite, ktord sa nacha-
dzala na stredne taZkej hnedozemi so slabo kyslou pddnou reakciou, strednou
zasobou fosforu a dobrou zésobou draslika. Do pokusu boli zaradené odrody
Barbara, Blava, Livia, Torysa a Vlada, tri sp6soby sejby (radlickov4, péasové
a koti¢ov4). Sirka riadkov pri pouZitych vysevnych pitkdch bola 90 mm. V rdm-
ci kaZzdého spdsobu sejby sme sledovali tri drovne hnojenia: a — nehnojend kon-
trola, b — polovica Zivin NPK dodan4 v priemyselnych hnojivach, polovica Zivin

I. Prehfad priemernych tepldt a zraZok za sledované roky — Survey of average temperatures and
precipitation for the studied years

Rokyl °C mm

30roény priemer2 9,70 561,0
1985-1986 9,45 509,3
1986-1987 8,44 538,1
1987-1988 10,40 490,4
1988-1989 10,20 530,9
1989-1990 10,46 393,4
1991-1992 10,70 443,2
1992-1993 9,50 486,1

1years, 230—)'¢3ar average
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NPK v organickych hnojivich (mnoZstvo Zivin stanovené na zdklade normativu
urody 8 t nadzemnej biomasy), ¢ — mnoZstvo dodanych Zivin stanovené podla
publikovanej metodiky Michalik, LoZek, 1985). Vysledky boli vyhod-
notené matematicko-§tatisticky anal§jzou variancie a preukaznost rozdielov Tu-
key-testom (tab. VIII aZ IX).

VYSLEDKY A DISKUSIA

Ziskané vysledky drod zrna analyzovanych odréd ozimnej pSenice v pafroc-
nom priemere (1985 aZ 1990) poukézali na Statisticky vysoko preukazné rozdiely
v drodéch vplyvom urovni hnojenia (tab. II a VIII) v porovnani s nehnojenou

II. Vplyv hnojenia na iirodu zrna, naturdlna produkcia zrna a koeficient ekonomickej efektivnosti
ozimnej pSenice v priemere za roky 1985 aZ 1990 — The effect of fertilization on the grain yield,
natural grain production and coefficient of economic effectiveness of winter wheat on an ave-
rage for the years 1985 to 1990

Uroda zma? Skutoir?u::it:;ﬂna Koeficient ekonomickej
Odroda’ (t.ha'l) (kg zmg\ na 1kg NPK‘) efektivnosti®
a b c a b c a b c
Livia 694 | 744 | 7,38 - 24,15 | 45,88 - 0,54 1,06
Roxana 7,20 7,73 7,70 - 25,10 | 47,87 - 0,57 1,20
Zdar 7,12 | 7162 | 7,79 - 24,74 | 48,43 - 0,54 1,61
x 7,09 7,60 | 7,62 - 24,66 | 47,39 - 0,55 1,29

lvariety, 2grain yield, 3actual natural production, 4kg of grain per 1 kg of NPK, Scoefficient of
economic effectiveness

I11. Struktira drody ozimnej pSenice podra variantov hnojenia v priemere za roky 1991 a% 1993 -
The structure of winter wheat yield according to the treatments of fertilization on an average
for the years 1991 to 1993

4
Vit Podet Podet Podet zfn Hmotnost HTZ® Uroda’
hnojenial | ") | K%l | Kiase? [na 1 m® | st | @ | @hah
na 1 m*® |na 1 m?® | vklase” [nalm klase’ (g)
a 243 664 30,69 20 378 1,12 36,94 6,22
b 257 705 29,86 21 051 1,07 36,41 6,96
c 251 677 30,03 20 330 1,07 36,12 6,73

'treatment of fertilization, Znumber of plants per 1 m?, >number of spikes per 1 m?, *number of
grains, > grain weight per spike, 61000-kernel weight, 7yield, 3per spike, 9per 1 m?

ROSTLINNA VYROBA - 1994 927



kontrolou (variant b vykazal zvySenie o 10,7 %, variant c 0 6,2 %) a na nevy-
razné (3tatisticky nepreukazné) rozdiely medzi variantom hnojenia b a ¢ (1,1 %).
Sledované odrody vytvorili drody zma pri oboch variantoch hnojenia takmer na
rovnakej urovni, o znamend, Ze pri racionalizovanej ddvke sa dosiahla udspora
v pouZitych &istych Zivindch 146 kg NPK.ha™!, uspora ndkladov 865 Ké&s.ha™!
(pri cenovych relaciach hnojiv v analyzovanom obdobi) v porovnani s hnojenim
plnou divkou (variant b) a koeficient ekonomickej efektivnosti v K& prirastku

IV. Vplyv hnojenia na drodu zrna, naturdlna produkcia zrna a koeficient ekonomickej efektiv-
nosti ozimnej pSenice v priemere za roky 1991 aZ 1993 - The effect of fertilization on the grain
yield, natural grain production and coefficient of economic effectiveness of winter wheat on an
average for the years 1991 to 1993

ﬂroda zrna’ Skutofor?uilzit:gél o Koeficient ekonomickej

Odroda’ (tha™) (kg zml; na 1 kg NPK%) efektivnosti’
a b c a b c a b c

Barbara 6,29 7,32 | 698 - 57,63 | 85,42 - 0,91 2,00
Blava 6,00 | 6,79 6,61 - 53,46 | 80,83 - 0,89 2,13
Livia 6,58 7,35 6,55 - 57,42 | 80,16 - 0,78 1,68
Torysa 590 | 6,53 6,71 - 51,41 | 82,11 - 0,66 2,90
Vlada 6,30 | 6,81 6,78 - 53,20 | 83,00 - 0,53 1,75
x 6,22 | 6,96 | 6,73 - 54,37 | 82,36 - 0,75 2,11

For 1-5 see Tab. II

V. Vplyv velkosti vysevku na irodu zrna a na koeficient ekonomickej efektivnosti v priemere
za roky 1985 aZ 1990 — The effect of a sowing rate on the grain yield and on coefficient of
effectiveness on an average for the years 1985 to 1990

Priemern4 troda® (t.ha") . 4 Koeficient
1 Diferencia Rt
Odroda 3,5 l 55 (th al) ekonomicke
mil. Kif€ivch zfn® (ha™Y) sickiivnosts
Livia 6,31 6,84 0,530 2,70
Roxana 7,01 7,36 0,350 2,11
Zdar 7,36 7,70 0,340 2,05
X 6,89 7,30 0,410 2,28

lva.riety, 2avcrage yield, 3million of germinative grains, 4difference, >coefficient of economic

effectiveness
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produkcie na K&s ndkladov na hnojenie ¢&inil 1,29. Pre posidenie racionalizova-
ného systému hnojenia sliZi i ukazovatef (S p ald o n, 1985) skuto¥né naturél-
na produkcia zrna pripadajica na 1 kg pouZitého NPK, ktord v priemere za
pifroéné obdobie dosiahla hodnotu 47,33, &o vyrazne prevy3uje hodnotu pri
variante b. Uvedené vysledky poukazuji na moZnosf racionaliz4cie systému hno-
jenia a prispievaji k zniZeniu rizika kontaminicie p6dy a podzemnych véd du-
sitnanmi (Spaldon, 1985).

V pokusoch metodicky modifikovanych ronikov 1991 aZ 1993 v nadvéznosti
na zlep3enie drodnosti pody a ekol6giu krajiny sme pri plnom hnojeni (variant b)
polovicu Zivin v priemyselnych hnojivich nahradili organickymi hnojivami (mas3-
tafny hnoj) a pri variante ¢ bola pouZit racionalizovand ddvka na zdklade meto-

VI. Struktira drody ozimnej pSenice podFa sposobov sejby v priemere za roky 1991 aZ 1993 -
The structure of winter wheat yield according to the ways of sowing on an average for the years
1991 to 1993

Podet Podet Podet zfn* Hmotnosf| -
Spﬁsolb rastlin | klasov zrna ; HTZ® Uroda}7
sejb na na b ha v v klase (2) (tha™)
PV @ | gt | Kase® | 1m2® |igska | ) "
L 267 712 30,96 | 22043 2,14 1,13 36,86 6,63
IL 216 640 29,21 18 694 2,09 1,05 36,56 6,61
III. 268 695 30,45 21 162 2,09 1,08 36,11 6,66

lway of sowing, for 2-9 see Tab. III, 10per spikelet

VII. Vplyv sposobov sejby na tirodu zrna ozimnej pSenice v priemere za roky 1991 aZ 1993 -
The effect of ways of sowing on the winter wheat grain yield on an average for the years 1991
to 1993

Odroda Spdsob sejby2

L IL 1L
Barbara 6,91 6,92 6,73
Blava 6,26 6,49 6,47
Livia 7,03 6,57 6,88
Torysa 6,24 6,45 6,44
Vlada 6,68 6,61 6,60
* 6,63 6,61 6,66

lvariety, zway of sowing
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diky diagnostiké4cie. Hnojenie 3tatisticky vysoko preukazne ovplyvnila tiroda zrna
i v rokoch 1991 aZ 1993, maximdlna droda zrna v priemere za odrody bola
vytvorend pri variante b (zvySenie v porovnani s kontrolnym variantom o 11,9 %),
na tvorbe ktorej sa podiefali maximélne hodnoty poctu rastlin a klasov na 1 m?
a zfn na 1 m?, & vyplyva zo Struktiry drody podFa variantov hnojenia (tab. III).
Vplyv hnojenia na prvky trodnosti bol 3tatisticky preukazny (pocet klasov a HTZ)
a §tatisticky vysoko preukazny (pocet zfn v klase a hmotnost zrna v klase). Ana-
lyza tirod podla odréd vo vztahu k hnojeniu (tab. IV, IX, X) poukazuje na rozdielnu
reakciu odréd na sledované varianty hnojenia. Odrody Barbara, Blava, Livia a Vlada
vytvorili maximélne drody pri variante b (zvySeni v rozpiti od 8,1 do 16,4 %),
odroda Torysa vytvorila maximalnu drodu pri variante ¢ (zvy3enid o 13,7 %).

VIIIL. Analyza variancie \irod ozimnej pSenice za roky 1985 aZ 1990 — Analysis of variance of
winter wheat yields for the years 1985 to 1990 :

Pocet .
. R Priemer Pravdepo- | Preukaz-
Zdroj premenlivosti StllpﬁO\fz Stvorcov’ F-test dobnost? post
vofnosti
I-lnojenie9 2 41,9921 332,204 0,0000000 ++
Odroda'’ 5 28,52684 | 225,679 0,0000000 ++
Odroda x hnojenie 10 0,25354 2,0058 0,0482396 +
Roky"! 2 1 070,32251 | #x**x 0,0000000 +
Hnojenie x roky 4 1,54812 12,2473 0,0000004 ++
Opakovania'? 3 0,07681 0,6077 | 0,6164765 -
Vysevky'? 1 40,72485 | 322,178 | 0,0000000 £
Hnojenie x vysevok 2 0,14136 1,1183 0,3342894 -
QOdroda x vysevok 5 0,4694 3,7135 0,0054935 ++
Vysevok x roky 2 4,13771 32,7339 0,0000000
++ ¥tatisticky vysoko preukazné® DT odrody 0,05 = 0,22
+ Statisticky preukazné’ 0,01 = 0,31
- Statisticky nepreuka.zné8 DT hnojenie 0,05 = 0,30
0,01 = 0,47
DT roky 0,05 = 0,30
0,01 = 0,47
DT vysevky 0,05 = 0,30
0,01 = 0,47

'source of variability, Znumber of degrees of freedom, 3ave:mge of squares, 4probability, % sig-
nificance, °statistically hi¥hly significant, 7statistically significant, 8statistically insignificant,
9fertilization, lovarieties, lyears, Izx‘eplications, |3sowing rates
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Z hPadiska agronomicko-ekonomickej efektivnosti sa pri vSetkych odrodich
ako vhodnej¥ia ukéizala racionalizovand ddvka na zdklade diagnostikicie, pri
ktorej naturdlna predukcia zrna na 1 kg pouZitych Zivin bola v rozpiti od 80,16
(Livia) do 85,4 (Barbara), ¢o je o0 39,6 %, resp. 48,2 % viac ako pri hnojen{ pri
pouZit{ mastafného hnoja + priemyselnych hnojiv (variant b); koeficient ekono-
mickej efektivnosti bol v rozpiti od 1,68 (Livia) do 2,90 (Torysa) a zisk vplyvom
uvedenej drovne hnojenia od 743 do 2 069 Sk.ha™!. Podobné vysledky vo svojich
pricach uvadzaji Spaldon (1985), Bizik (1989).

Optimélny vyvoj hustoty porastu, a tym aj Struktiru drody vyznamne ovplyv-
fiuje norma vysevku. V tejto sivislosti mnohi domaéci i zahrani¢ni autori (H e -
ege, 1982; Kfen, 1990 a dal$f) odpori¢aji zniZovanie vysevkov, o md
vyznam biologicky, ekologicky i ekonomicky. Z vysledkov naSich pokusov v prie-
mere za pifrotné obdobie (1985 aZ 1990) z hfadiska dosiahnutej \irody zrna
(tab. V) jednoznaéne vyplyva vhodnej3i vy33f vysevok (5,5 mil. kli¢ivych zfn.ha™),

IX. Analyza variancie Grod ozimnej pSenice za roky 1991 aZ 1993 — Analysis of variance of
winter wheat yields for the years 1991 to 1993

1 Focet Priemer Pravdepo- | Preukaz-
Zdroj premenlivosti stupiim./2 o—— F-test dobnost® nost’
volnosti
Odroda’ 4 4,49641 19,197 0,0000 ++
Hnojenie'’ 2 17,56688 74,999 0,0000 ++
Spdsob scjby“ 2 0,21751 0,929 0,3961 -
Roky'? 1 458,48698 1000,000 0,0000 ++
Opakovania'® 3 2,23933 9,561 0,0000 ++
Qdroda x hnojenie 8 0,4435998 1,894 0,0602 -
Odroda x roky 4 3,0148456 12,871 0,0000 ++
Hnojenie x roky 2 1,0401319 4,441 0,0125 -
Spdsob sejby x roky 2 0,3600886 1,537 0,2165 +
++ Statisticky vysoko prt:ukazné6 DT odrody 0,05 =0,24
+ 3tatisticky preukazné’ 0,01 = 0,34
— Statisticky nepreukazné8 DT hnojenie ~ 0,05 =0,30
0,01 = 0,47
DT roky 0,05 = 0,39
0,01 = 0,68
DT sposob sejby 0,05 = 0,30
0,01 = 0,47

For 1-8 see Tab. VIII, 9vzm'ety, 10 ertilization, “way of sowing, 12years, '3replications
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¢o je v silade so vieobecne platnymi poznatkami o nutnosti zvy3enia vysevku
v aridnych podmienkach M acdk, 1991; Marko a kol, 1992). Zvy3ena
norma vysevku sa v podmienkach pokusu ukizala ekonomicky efektivna, o
vyjadruje koeficient ekonomickej efektivnosti, ktorého hodnota bola v rozpiti od
2,05 (Zdar) do 2,70 (Livia).

PouZité spdsoby sejby (radlitkova, pdsova a kotiCovd), ktoré sme sledovali
v rokoch 1991 aZ 1993, nevyrazne (Statisticky nepreukazne) ovplyvnili trodu,
ako vyplyva z vysledkov v priemere za odrody a pokusné obdobie. VyraznejSie
rozdiely vplyvom sp6sobu sejby sa prejavili v Struktire tirody, a to najmi v pocte
rastlin a klasov na 1 m* a v polte zfn na 1 m? (Statisticky preukazne), ked
najvy3Sie hodnoty uvedenych prvkov drodnosti boli pri radlickovom spdsobe
sejby (tab. VI). Z analyzy reakcie odrdd na sledované sposoby sejby (tab. VII)
je evidentné, Ze rozdiely v drodich zrna vplyvom rozdielnych spdsobov sejby si
nevyrazné. Odrody Livia a Vlada vytvorili maximélne trody pri radlickovom
spdsobe sejby (zvysenie v porovnani s minimdlnou urodou o 7,0, resp. 1,3 %),

X. Analyza variancie prvkov iurodnosti ozimnej pSenice za roky 1991 aZ 1993 — Analysis of
variance of yield components of winter wheat for the years 1991 to 1993

Preukaznosf rozdielov'

Pocet klasov Podet zin Hmotnosf zrna 5

na 1 m?® v klase® v klase* K2

Odroda’ ++ ++ + ++
Sejbam ++ ++ ++ -
Hnojenie'! + ++ + +
Roky12 ++ ++ ++
Odroda x sejba - + - -
Odroda x hnojenie - - - -
Sejba x hnojenie - - - -
Odroda x roky ++ ++ ++ ++
Sejba x roky ++ ++ + -
Hnojenie x roky - + + -

++ Statisticky vysoko px‘eukazné6
+ Statisticky preukazné7
— Statisticky m:preulcazné8

lsigniﬁcanc& of differences, “number of spikes, 3number of grains per spike, 4grain weight per

spike, 31000-kernel weight, ®statistically highly significant, statistically significant, ®statistical-
ly insignificant, 9variety, losowing, fertilization, "“years
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odrody Barbara a Torysa pri pdsovom spdsobe sejby (zvy$enie o 3,7, resp.
0 3,4 %). Vyrazné rozdiely v $truktire irody a menej vyrazne rozdiely vo vy-
slednej drode zrna vplyvom pouZitych spdsobov sejby sdvisia s prejavom cha-
rakteru odr6d na tvorbu a redukciu drodotvornych prvkov a s tym suvisiacimi
rozdielnymi autoreguladnymi a kompenzanymi vzfahmi v poraste (Spal-
don, 1987). Z vysledkov pokusov vyplyva, Ze v podmienkach s nedostatkom
vlahy v obdobi zakladania porastu ma va&si vplyv na formovanie a vy3ku drody
rovnomernost uloZenia osiva v jednotnej hibke neZ rovnomernost uloZenia osiva
na ploche, ¢o v podmienkach pokusu najmi pri pasovej sejbe nebolo dostato¢ne
zabezpecdené.
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Doslo 17. 3. 1994

KARABINOVA, M. - ADAMOVSKY, F. - PROCHAZKOVA, M. (University of Agri-
culture, Nitra):

The effect of some intensification factors on the winter wheat yield.
Rostl. Vyr., 40, 1994 (10): 925-934.

The polyfactorial field experiments were conducted at the Crop Production De-
partment, Research Base, University of Agriculture, Nitra, during the two time pe-
riods, in 1985 to 1990 with the varieties of winter wheat Livia, Roxana, Zdar and in
1991 to 1993 with the varieties Barbara, Blava, Livia, Torysa, Vlada. The aim of the
experiments was to discuss an influence of three fertilization combinations: a — zero
fertilization control, b — fertilization based on standard designated for the yield of 8 t

ROSTLINNA VYROBA - 1994 933



of above-ground biomass per hectare (in 1991 to 1993 50% of NPK nutrients applied
per hectare were in organic form), ¢ — rational fertilization determined according to
the soil nutrient dynamics [in 1991 to 1993 according to the methodology by
Michalik, LoZek (1985)] at two seed rates (3.5 mil. and 5.5 mil. grains per
hectare) and three ways of drilling (coulter drilling, strip drilling and disc drilling)
on soil structure and resulted grain yield.

The fertilization had statistically significant influence on the yield in both time
periods. Varieties Livia and Roxana achieved the maximum yields at the fertilization
level based on fixed standard (yield increase of 10.6 and 6.9%, resp.) and variety
Zdar at rational fertilization (yield increase of 9.4%). The differences between two
fertilization combinations were statistically insignificant (1.1%) and from economical
point of view after subtracting fertilizer costs the rational fertilizer dose was more
advantageous, what saved 146 kg NPK per hectare and coefficient of economic
effectiveness achieved 1.29.

In 1991 to 1993 in all tested varieties, except Torysa, the maximum yield at
fertilization 50% of NPK per hectare in commercial fertilizers was determined and
50% of NPK per hectare in organic manures, where the yield increase ranged from
8.1% (Vlada) to 16.4% (Barbara) compared to the control. From the economic point
of view, the rational fertilization according to the methodology (KEE 2.11) was found
to be more advantageous.

In 1985 to 1990 trials, the seed rate 5.5 mil. grains per hectare was demonstrated
as a definitely more advantageous (statistically significant) and the yield increment
ranged from 4.6% (Zdar) to 8.4% (Livia).

The influence of various types of drilling (coulter, strip, disc) on the yield was
found statistically insignificant, moreover, the way of drilling influenced the yield
structure (number of plants, number of spikes and number of grains per square meter)
where coulter drilling was the best.

Kontaktna adresa:

Doc. ing. Mdria Karabinovéa, CSc., Vysokd §kola pofnohospodarska,
A. Hlinku 2, 949 76 Nitra, Slovenska republika, tel.: 087/267 32, fax: 087/41 14 51
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Kl}MNé HODNOTA A PRODUKCE ZRNA
RUZNYCH ODRUD JECMENE

K. Vaculovil, J. Heger2, J. Spunar!, M. Spunarovi!

1Vyzkumny dstav obilnd¥sky, Kromériz
2Biofaktory, s. r. o., Praha

Uroveii krmné hodnoty a produkce zrna 14 povolenych odriid a novych Slechtitel-
skych materidlii jarnfho a dvoufadého ozimého jemene péstovanych v CR byla
studovdna z hlediska jednotlivych skupin nutriénich parametri i souhrnu vSech
ukazateli. Vysledky prokidzaly vyznamné diference mezi jednotlivymi jeCmeny
v hodnotich ukazateld produktivity, chemického sloZeni zrna i parametrd, ziska-
nych v krmnych bilanénich pokusech na laboratornich potkanech. Parametry cha-
rakterizujici bilkovinnou sloZku zrna (koeficient skutené stravitelnosti bilkovin
KSs, biologickd hodnota bilkovin BHB, netto-vyuZiti proteinu NPU a obsah vyuZi-
telného proteinu UP) vykazovaly aZ trojndsobné vy3${ proménlivost neZ ukazatele
energetické (koeficient stravitelnosti energie KSE a obsah stravitelné energie SE).
Byla stanovena vysoce prikaznd korelace mezi KSE a KSs (r = 0.74”), obsahem
N-ldtek a BHB (r = -0,85""") a NPU (r = -0,73"). Uroveii hodnot nutri¢nich
parametru Edstedné prekryval vynos zrna, zejména u vysoce produktivnich jement
(odriidy Novum a Akcent). Pfi souhrnném hodnoceni krmné kvality a produktivity
zrna se jako nejlepsi ukdzala odriida ozimého jemene Marinka, zatimco nové
materidly ozimého je€mene KM 770, KM 1490 a star${ odriidy sladovnického jar-
niho jeCmene Rubin a Perun prokdzaly nejniZ3{ droveil. DosaZené vysledky potvr-
dily nutnost a oprdvnénost posuzovini krmné hodnoty zrna také u bé&Zné
péstovanych jarnich a ozimych jemeni pro potieby diferencovaného komer&ntho
vyuZiti produkce zrna.

Sortiment odriid jarnfho a ozimého je¢mene povolenych v CR k p&stovén{ se
v poslednich letech rozSifuje. Je proto Z4douci, aby pé&stitelé mé&li k dispozici
nejen udaje o vlastnostech odriid z hlediska geografické rajonizace a vhodnosti
k p&stovéani pro dany zpiisob hospodafeni, ale i komplexni charakteristiku tech-
nologické kvality zrna, odpovidajici zim&rim komeréniho vyuZiti produkce.
SKZUZ zahajuje v letodnim roce zkouseni odriid pro Listinu doporu&enych odriid
(Patizek, 1993 - ustni sdéleni), jejiZ soucdsti bude vyhodnoceni sladovnic-
kych jakostnich kritérii. V CR se viak stile zhruba 70 % produkce zrna jarnfho
a téméf velkerd produkce ozimého jeCmene zkrmuje, pfitom aZ na ojedin&lé
tidaje neni zndma Zidna charakteristika krmné hodnoty zrna (Vaculovd et
al., 1989).
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Zamérem piedloZeného piispévku bylo prostudovéni celkové krmné hodnoty
zrna vybranych odrid a novych materidli jarniho a ozimého je¢mene a stanoveni
vztahu k produkci zrna.

MATERIAL A METODA

Vybrané odriidy a nové Slechtitelské materidly jarniho (rajonované a nové
odridy — Rubin, Orbit, Novum, Jarek, Akcent, Sladko, Ladik, KM 1039, nesla-
dovnické odriidy — KM 1773, KM 1628) a ozimého (dvoufadé odridy — Marinka,
KM 770 a KM 1490) je¢mene byly pé€stoviny v maloparcelnich pokusech (4 x
10 m?) na pozemcich VUO Krom&¥iZ v roéniku 1991/1992. Metodika péstovani
byla standardni, po optimélnich pfedplodinich pro oba druhy. Pokusy byly skli-
zeny maloparcelnim kombajnem Osevan v pIné zralosti. Po sklizni byl u kaZdého
opakovéani stanoven vynos (t.ha‘l), hmotnost zrna (HTS v g) a obsah nutri¢né
vyznamnych latek (bilkoviny — N x 6,25 v %, lyzin v su$in€ zrna v mg.g‘l, lyzin
v bilkovindch v g N.16 g'l, glukany v %) v laboratofi kvality zma VUO Kromé-
fiZ standardnimi analytickymi postupy.

Krmnd hodnota zrna jeCmene byla testovdna v bilan¢nich pokusech na labo-
ratornich potkanech kmene Wistar SPF v laboratofi firmy Biofaktory Praha,
s. r. 0. Bilan¢ni pokusy prob&hly podle metodiky, jak ji popsali Eggum
(1973) a Heger et al. (1983). V pokusnych dietich byl vyhradnim zdrojem
dusiku testovany je¢men, pfiCemZ denni konzum 12 g na den zarucoval piijem
150 mg dusiku denné. KaZdé dieta byla zkrmovéana skupinou 3esti laboratornich
potkanii o po&dtedni hmotnosti 80 g. Potkani byli umisténi v individudlnich me-
tabolickych klecich, umoZiiujicich kvantitativni odbér vykalii a moci. Bilan&ni
pokus pozistdval ze Ctyf dnt pfedbéZné periody a Sesti dnl hlavni periody.

V testovanych vzorcich byl stanoven obsah brutto-energie (BE v MJ.kg'l)
spalenim v adiabatickém kalorimetru. Byly sledovédny koeficienty bilanni stra-
vitelnosti energie (KSE v %), skute¢né stravitelnosti dusiku (KSs v %), dusikova
bilance na jednotku pfijatého dusiku (NB/NP v %), byla odvozena biologicka
hodnota bilkovin (BHB) a netto-vyuZiti proteinu (NPU) a byl vypocten obsah
stravitelné energie (SE v MJ .kg") a vyuZitelného proteinu (UP v %).

Diference jednotlivych je¢menti vii¢i kontrolni odridé v primé&mé hodnot&
studovanych znakt byly vyhodnoceny r-testem, vysledky bilan&nich pokusi byly
zpracovdny pomoci analyzy variance a priikaznost rozdild mezi jemeny byla
hodnocena Duncanovym testem. Vzdjemné vztahy mezi zkoumanymi znaky
a ukazateli byly stanoveny vypoctem korelaénich koeficientii. Tridéni odriid jsme
provedli po pfepoctu absolutnich hodnot znaki a parametri na relativn{ (procento
k maximalni hodnoté znaku dosaZeného v souboru) pomoci hierarchické shluko-
vé analyzy (Koschin etal., 1992).
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WSLEDKY A DISKUSE

Primarnim tikolem pii zkrmovini obilovin je poskytnout hospodafskym zvita-
tim dostatek dostupné energie pro riist a vyvoj (B hatty, 1986). Jak je patrno
z tab. I, obsah brutto-energie byl u testovanych je¢mend pomémé podobny, coZ
potvrzuje i velmi nizkd promé&nlivost (Vx = 0,84 %). Podle vysledk, které uvadi
Taverner (1988), se jeCmeny v tomto ukazateli podstatné neli¥f ani od os-
tatnich obilovin, napf. od pSenice nebo tritikale, coZ bylo potvrzeno i v pfed-
chozich studiich krmné hodnoty domécich obilovin (He ger et al., 1990;
Heger, Eggum, 1991). Zvifata mohou vyuZit jen ty sloZky potravy, které
strdvi, a proto je dileZitym kritériem bilan¢ni stravitelnost energie a celkovy
obsah stravitelné energie. V nafem pokusu byla priim&rn4 hodnota obsahu stra-
vitelné energie (SE) 14,33 MJ .kg‘1 a bilan¢ni stravitelnost energie (KSE) dosa-
hovala 86,16 %. I kdyZ v porovnani s ostatnimi obilovinami nejsou hodnoty SE
a KSE u je€menl vyznamné odli$né, v rdmci pokusu byly nalezeny i vysoce
prukazné rozdily. Nejvy$3i bilanni stravitelnost energie méla ozimd odrida Ma-
rinka (89,2 %), ktera se tak statisticky vyznamné odliovala od vSech ostatnich
materidlt (tab. IT). Obdobné zajimavé vysledky publikovali také Fuller etal.
(1989), ktefi zjistili, Ze v obsahu netto-energie byl ozimy jeCmen lepsi neZ jarni.
V naSem piipadé€ se ziejmé projevilo i to, Ze testované ozimé jeCmeny byly dvou-
fadé. Jak vyplyvd z dostupnych tdaji, vykazuji tyto materidly trend k lep$im
hodnotam SE i bilan¢ni stravitelnosti N-litek (Castell, Bowren, 1980).
Podle vypocétl, které uvddi Taverner (1988), vede 10% zvySeni obsahu
stravitelné energie u jemene k ndristu krmné hodnoty v porovnini s p3enici
0 16 %. Mezi ozimou odriidou Marinka a linif KM 770 dosahoval rozdil v ob-
sahu stravitelné energie irovné 6 %, coZ by ve smyslu vySe uvedenych tdaji
ptsobilo na zlepSeni krmné hodnoty v porovnini s pSenici o 9,6 %. Rozdily
obdobné vySe mohou byt povaZovany za statisticky vyznamné.

Obsah stravitelné energie v zrn¢ zdvisi nejen na zastoupeni energetickych
sloZek, jako je $krob, cukry a tuky, ale i na hladin€ hrubé vldkniny a antinutri¢-
nichlitek(Newman, Newman, 1991). Hrub4 vliknina je obsaZena hlav-
né v obalovych vrstvich zrna, a proto se jeji podil u je¢ment Slechténych pro
sladovnické dcely podstatné nelisi. Rozdily v mnoZstvi hrubé vldkniny by vSak
mohly vznikat v disledku odliné HTS, nebot drobné zrno mé vice hrubé vlak-
niny v relativnim vyjddreni na jednotku hmoty (Salomonson etal., 1980),
coZ se odrdZi, jak uvddéji Bell et al. (1983), mimo jiné nepfiznivé také na
stravitelnosti energie.

Na pomérné€ velkych rozdilech v hmotnosti zrna studovanych je¢ment
(tab. IIT) se podilel nejen pribéh povétrnosti a péstebni technologie v daném
roce, ale zejména d&di¢nd podminénost. Genotypové rozdily v hmotnosti zrna
patif ke znimym charakteristikim jarnich sladovnickych je¢menti (Spunaro -
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661 — VAOYAA YNNITLSOd 8€6 .

1. Bilanén{ ukazatele krmné hodnoty zrna jarnfho a ozimého je¢mene — Balance parameters of grain feeding value in spring and winter barley

10
2 <% |3 < g : M
oy ®R| B i & g UP SE
v = 2 = T =] m 2 )
B gB| 8§ |¥zg| Z 2z ZE | B
82| &% | 288 < m | §Z |85 T
8. S = s A 5 g z 20 ) > <
- 3 L =m S - 2 = g i) >z - =
3 S 5 g 8.2 ,g: g 2+ 8 b 'S T B 5 8 ! =]
E | 53 [8F5| BS |8ES| 2o | 28| 5% |Eiel 3| 2
S ae |2285| 38 |28z| B | &8 28 || & 8
KM 1773 | 16,6 87,2 14,50+ | 80,4 442+ | 754++ | 606++ | 542 |4526 |121,07
KM 1628 | 16,8++ | 87,0 14,57++| 82,3 50,0++ | 80,04+ | 659++ | 5.97++| 4603 112,33+
Orbit 16,7+ | 86,7 14,44+ | 82,6 442++ | 736+ | 60,8++ | 544 |4613 122,45
Rubin 16,6 85,5 14,15 | 80,7 442++ | 743+ | 60,0++ | 503+ |4029++ [ 11334+
Yami Novum 16,6 85,4 14,14 | 812 41,9 71,2 57.8 509 |503,9 139,99++
jeZmen'! | Akcent’ 16,5 85,8 14,15 | 81,9 38,1 66,3 54,3 539 |471,1 123,67
Sladko 16,6 86,9 1439 | 825 37,6 66,0 54,5 562 | 4805 123,03
Perun 16,7+ | 85,5 1425 | 819 41,5 70,9 58,1 534 | 407,9++ | 108,87+
Jarek 168++ | 85,5 1432 | 792+ | 44.9++ | 79.6++ | 63.0++ | 504 |4365 |124,01
Ladik 17,0++ | 86,1 14,614+ 79,0+ | 43,0+ | 768++ | 607++ | 4,89++| 4225+ |126,23
KM 1039 | 16,5 86,6 1426 | 814 36,5 65,4 53,2 5,59+ | 4489 114,51
e KM 1490 | 16,6 85.6 1423 | 81,0 40,5 69,7 56,5 537 | 390,9++ | 103,59++
je::nei‘z Marinka | 16,5 89,24+ | 14,74++| 86,8++ | 43,9++ | 69,2 60,04+ | 570 |4888 123,82
KM 770 | 166 83,3++ | 13,86+ | 79,6+ | 432+ | 739+ | 588+ 503+ | 391,3++ | 107,83++

o pritkkazné diference oproti kontrole — significant differences to the control (P < 0,05; P < 0,01)
kontrolni odriida — control cultivar

Icultivar, 2gross energy, 3digestible, energy coefficient, 4digestible energy, Scoefficient of true difestibility of protein, 6protein balance,
7protein biological value, ¥net protein utilization, 9protein usable content, °yield, ”spring barley, Ywinter barley
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6£6

II. Pritkaznost diferenci mezi nutriénimi parametry krmné hodnoty zrna je¢mene - Significance of differences between nutrition parameters
of the grain feeding value in barley

1 2 3 4 5 6 7 8 9 10 11 12 13

Odrida' [KM 1773|KM 1628 Orbit Rubfn | Novum | Akcent | Sladko Perun Jarek Ladik |KM 1039 |KM 1490 | Marinka
Pau'ametry2 abcd|labcdlabcdlabcdlabcd|labcdlabcdfabcdlabecdlabecdlabcecdlabcecdlabed

2 XX XX

3 XX XX

4 XX| XXXX X

5 XX  XxX| XX XX XX x| x

6 XXXX X| Xxxx XX XX XX XX XX

7 XX XX XX XX XX XX XXXX X| XX X

8 XX  Xxx| XX XX XX X XX X XX X X

9 XX XX X([x xx XX XX XX XX XX| X XXXX X| XXXX

10 X XXX [X X XX XXXX [X XX XX XX

11 xxxx XX XX XX XX XX XX XX XX XX XX XX XX XX XX

12 xx x xx| xxxx x| X X XX X X X XX XX XX X XX

13 XX XX XX|XX XX XX XX[XX XX XX[XX XX  XX|xx XX[XX XX XX[XX X XX XX[XX XX[XX XX  XX[XX XX  XX[XX X XX XX[xX XX
KM 770 xx| XX XX XX XX XX xx| xx x xx| XX X xx xx| XX X Xx xx| XXXXXX| XX XX[XXXX XX

a - koeficient skutedné stravitelnosti N-l4tek — coefficient of true digestibility of protein (KSs), b — biologick4 hodnota bilkovin — protein
biological value (BHB), ¢ — netto-vyuZit{ proteinu — net protein utilization (NPU), d - stravitelnost energie — digestible energy (SE)
X, Xx viz tab. I — see Tab. I

Lcultivar, 2paraxm':tcrs




0vé

’

’
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III. Obsah a produkce Zivin zrna jarniho a ozimého je¢mene (Kroméfiz, 1992) — Content and production of grain nutrients in spring and
winter barley (Kroméfiz, 1992)

Vynos zma’| HTS® N-latky* Lyzin Lyzin Glukany’ Vynos® (kg.ha™)
Odriida! v su¥in&’ v NL® .9 3
(tha™) ® (%) (mgg™) [(mgn6gN)| (%) lyzinu NL
KM 1773 8,35 472 8,94+ 4,07 4,55 4,84+ 33,98 746,5+
KM 1628 7,714+ 51,2++ 9,06+ 4,20 4,64 3,13 32,38+ 698,5++
Orbit 8,48 48,6+ 8,94+ 3,78 4,22 3,50 32,05+ 758,1+
Rubin 8,01 50,2++ 8,38++ 3,114+ 3,71 2,99 24,91++ 671,24+
Jarni Novum 9,90++ 45,0 8,81+ 3,49+ 3,96 3,74 34,55 872,2
jetmen'® | Axcent' 8,74 43,8 9,94 4,23 4,25 3,06 36,97 768,8
Sladko 8,55 44,1 10,31 4,27 4,14 4,45 36,51 881,5
Perun 7.64++ | 41,7 9,19 4,39 4,78 5,02+ 33,53 702,14+
Jarek 8,66 51.9++ 8,00++ 3,15++ 3,94 2,45 27.27++ 692,8++
Ladik 8,64 52,04+ 8,06++ 4,13 5,124+ 2,13 35,68 696,4++
KM 1039 8,03 47,5+ 10,50 3,87 3,69 1,14+ 31,08+ 843,1
g KM 1490 7,.28++ 49,3++ 9,50 3,66+ 3,85 3,39 26,64++ 691,6++
jetmen!! | Marinka 8,40 46,3 9,50 4,27 4,49 1,74+ 35,87 798,0
KM 770 7,78+ 48,4+ 8,56++ 4,73 5,53++ 0,59++ 36,80 666,0++

+, ++ prikazné diference oproti kontrole ~ significant differences to the control (P < 0,05; P < 0,01)
*

kontrolni odriida — control cultivar

lcultivar, 2grain yield, 31000-grain weight, 4crude protein, 5lysin in dry matter, 6lysin in crude protein, 7glucans, 8yield, 9lysin, 10spring
barley, Uyinter barley



vid, Patfizek, 1993) astejna zdkonitost bude platit, jak je zfejmé z prvnich
vysledkd SOP, i pro ozimé dvoutadé odriidy. Tendenci k pozitivnimu vztahu
mezi HTS a SE demonstruje také korela¢ni vztah, uvedeny v tab. IV.

DosaZené vysledky naznaluji, Ze v piipadé zkrmovéini odpadu a drobného
zma dochazi ke sniZeni nejen celkové, ale zejména stravitelné energie, a tedy
k vyraznému sniZeni ekonomické ucinnosti krmiva v disledku jeho $patné kon-
verze. Perspektivnim feSenim tohoto problému by mohlo byt v blizké dobé& i vy-
uZiti nahozrnnych je¢mend, u nichZ nenf v partiich s niZz§im tfidénfim pozorovéino
zvySeni obsahu hrubé vldkniny, ale naopak vyznacuji se vy$8imi hodnotami ko-
eficientd stravitelnosti (Sime&ek, Minatfik, 1982; Bhatt y , 1986).

Zvlastni pozornost je tfeba vénovat nékterym antinutri¢nim faktoriim, jejichZ
pfitomnost se v rozdilné mife projevuje pii vykrmu riiznych skupin monogastric-
kych zvitat. Jde zejména o beta-glukany, které tvoii nejvyssi podil z rozpustné
vldkniny zrna. V nasem pokusu (tab. III) byl obsah beta-glukani nejvice promén-
livym parametrem (Vg = 43,63 %). Nejvy38i obsah rozpustnych beta-glukani
méla odriida Perun a nejniZsi byl zjistén u ozimého je¢mene KM 770. Je znamo,
Ze obsah beta-glukani neni jen genotypovou zdleZitosti, ale obdobné& jako napf.
obsah bilkovin kolisd v zavislosti na agrotechnice a péstebni lokalit¢ (Vacu -
lovd, 1992). Smart etal. (1993) zjistili prikazné korelace mezi obsahem
beta-glukanti ve sladin€ a dal$imi analytickymi kritérii rozlu§téni. V nafem po-
kusu nebyly stanoveny Zidné pritkazné vztahy k vynosu, analytickym nebo nut-
ri¢nim parametrim, ale pozorovali jsme silnou tendenci k zdporné vazb& s HTS.
PiestoZe negativni i¢inky rozpustné vldkniny pfi vykrmu prasat nejsou jedno-

IV. Korelaéni koeficienty mezi hmotnosti, obsahem Zivin a bilanénimi parametry zrna je¢mene —
Correlation coefficients between grain weight, nutrient content and balance parameters in barley

NL UP KSs BHB NPU KSE SE
HTS -0,60+ | -0,23 -0,43 0,72++ 0,62+ -0,08 0,21
NL - 0,68++ 0,53+ —0,85++H —-0,73++ 0,37 0,02
UP - 0,70++ | 0,25 0,01 0,67 0,47
KSs - -0,43 -0,08 0,74++ 0,47
BHB - 0,93++H -0,15 0,22
NPU - 0,12 0,42
KSE - 0,88+++H
+ P<0,05
++ P <£0,01
+++ P < 0,001

Vysvétlivky viz tab. I a IH — For explanations see Tab. I and III
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zna¢né specifikoviny, Newman, Newman (1988) prokdzali u selat ne-
pfiznivé plisobeni vysoké viskozity vodnych roztokd beta-glukanid na stravitel-
nost fady Zivin. Experiment4lné byl potvrzen prikkazny negativni vliv pfi vykrmu
dribeZze (W ang et al, 1991), takZe se méfeni viskozity doporucuje napf. pro
predikci pfedpokladu pfirtstk u kufat (Rotter et al.,, 1989).

Zkrmovénim obilovin se kryje aZ 50 % potieby dusikatych litek (Sime -
¢ek, 1987 - pisemné sdéleni). Specidlné je€men je rovnéZ cennym zdrojem
esencidlnich aminokyselin. Na rozdil od energetické slozky vykazoval obsah
bilkovin v zrn& studovanych je¢mend a jejich kvalita témé&f trojndsobn& vyss{
proménlivost. Vysledky technologickych rozborl zrna a bilan¢nich testi na pot-
kanech (tab. I aZ III) ukazuji, Ze mezi hodnocenymi jemeny existuji priikkazné
diference, které se promitaji aZ do kone¢né urovné nutri¢ni kvality bilkovin,
vyjddifené hodnotou obsahu vyuZitelného proteinu (UP). Tento soucin obsahu
N-litek (NL) a netto-vyuZiti proteinu (NPU) je vyznamné zavisly na obsahu
bilkovin, coZ potvrzuje i zjist€ny koreladni vztah mezi uvedenymi parametry (r =
0,68"). Ve sttedoevropskych podminkédch je obsah bilkovin v zrné€ veliinou
dosti proménlivou, a proto lze ofekdvat urcitou variabilitu obsahu UP v jedno-
tlivych letech a typech hospodafeni.

Z naSich vysledki plyne (tab. IV), Ze obsah NL kladné& koreloval i s koefici-
entem bilan¢ni stravitelnosti N-latek KSs (r = 0,53*) a neprikazné kladné s KSE
a SE. Tyto tdaje jsou v souladu s poznatky zahrani¢nich autori (Newman,
Newman, 1988; Fuller et al, 1989), ktefi zjistili lep3{ stravitelnost du-
siku u obilovin s vy$§im obsahem proteinu. Pfi¢inou jsou ziejm& zmény v za-
stoupeni jednotlivych bilkovinnych frakci, nebof u vétSiny obilovin pfi zvySovani
obsahu bilkovin dochédzi k rychlej§imu naristu podilu lépe stravitelnych zdsob-
nich bilkovin (prolaminy) oproti nutriéné hodnotn&j$im ostatnim frakcim, jako
jsou albuminy a globuliny (Heger, Bauer, 1979). Obdobng jako N € -
mec (1991 - pisemné sd€lenf) i my jsme zjistili pom&rné& vysokou korelaci mezi
KSs a KSE (r=0,74"). V pfipad€, Ze by tato zdvislost méla obecnou platnost,
mohla by byt vyuZita jako jedno ze selek¢nich kritérif pfi vybé&ru je¢ment s vy33i
krmnou hodnotou zrna.

U mnohych specialisti z oblasti vyZivy hospodéiskych zvifat se setkdvame
s ndzorem, Ze pro vykrm prasat je obsah NL v zrné jeCmene dostalujici, ale Ze
nejsou plné kryty optimalni poZadavky na sloZeni a vyuZitelnost bilkovin (Fu I -
ler etal., 1989 aj.). Kvalita bilkovin, vyjiddiend hodnotami BHB a NPU (tab. I),
byla pomé&mé vysokd a diference mezi je¢meny priikkazné (tab. II). Ve viech
parametrech se jako nejlep$i ukdzala linie nesladovnického je¢mene KM 1628,
ale vysoké hodnoty byly stanoveny také pro sladovnické odriidy Jarek a Ladik.
Velmi nizké hodnoty NB/NP, BHB i NPU byly stanoveny pro sladovnické od-
ridy Akcent a Sladko a novou linii jarniho jemene KM 1039. Zjist€né zavéry
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jsou v souladu s hodnotami indexu PER, naméfenymi v naSich pfedchozich po-
kusech (§ punar etal, 1992; S punaro v 4 et al, 1993). Je zajimavé, e
jarni je¢men Jarek vykazoval vysoké hodnoty parametri kvality bilkovin, pfes-
toZe patfil mezi materidly s nejniZ$fm obsahem lyzinu v suing zrna i v bilko-
vinich. Naopak ozimy je¢men KM 770 s vice neZ 5 % lyzinu v bilkovinich
dosahoval jen prumémé nutri¢ni kvality bilkovin. ZjiSt€né skute¢nosti mohou
oviem souviset nejen s obsahem lyzinu, ale i s jeho vyuZitelnosti. Taverner
et al..(1981, 1988) uvadeji, Ze lyzin je nejméné vyuZitelnou esencidlni aminoky-
selinou, zatimco vyuZitelnost ostatnich (napf. methioninu, tryptofanu, treoninu
apod.) byviaocca 10 % vy8§i Heger, Bauer, 1979). D4 se tedy piedpo-
kladat, Ze podrobné&jii informace by poskytly daldi analytické rozbory sloZeni
zrna, napf. celého aminokyselinového spektra.

Biologick4 hodnota bilkovin je v zdporném vztahu k obsahu a stravitelnosti
bilkovin. Horaczynski (1979) stanovil mezi NL a BHB korela¢ni zavis-
lost s hodnotou r = —0,52". V nasem pokusu (tab. IV) byla negativni korelace
NL k BHB jesté siln&j3i (r = -0,85""") a navic jsme zjistili i zdporny vztah NL
k NPU (r = -0,73").

Vzhledem k existujicim ndkupnim cendm za krmné obiloviny je oviem stile
nejdileZitéj§im ukazatelem hospodaiské hodnoty odriid jejich potencidlni vynos
zmna. Tab. III ukazuje, Ze testované jeCmeny dosahovaly rozdilné drovné€ produk-
tivity, i kdyZ nékteré diference by mohly ve viceletém priméru dosdhnout poné-
kud odli¥ného pofadi. Z tohoto dlivodu jsme se pokusili o roztfidén{ testovanych
je€ment do n€kolika skupin, a to jak z pohledu dosaZené trovné hospodaiskych
znakl, nutri¢ni charakteristiky kvality bilkovin zrna a celkové krmné hodnoty
zrna, tak i souhrnné charakteristiky vynosu a krmné hodnoty.

Samotny vynos zrna nebyl v prikazném vztahu s Zidnym ze sledovanych
parametri, coZ by mohlo byt hodnoceno jako pozitivni zji§t€ni. Mezi jednotlivy-
mi odriidami a novymi $lechtitelskymi materidly jsou ziejmé rozdily v obsahu,
sloZeni a kvalit& bilkovin, relativné k maximdlni drovni parametrii v testovaném
souboru (obr. 1). Vzhledem k tomu, Ze vy33i obsah nutri¢n& hodnotnych bilkovin
md kladny vliv na zlepSeni pfirtstkti a kvality masa (Newman, New-
m an, 1991), mohou byt je¢meny s vy33i biologickou hodnotou bilkovin dopo-
ru¢eny pro specidlni vykrmné diety mladat, napt. selat. Jejich vyuZiti pfi vykrmu
driibeZe je oviem limitovdno pouZitim vhodnych enzymatickych preparatt, které
pomohou 3tépit mén& vyuZitelné sloZky zrna, jako je napf. vldknina nebo beta-
-glukany.

Roztfidéni odriid a novych materidlti je¢mene shlukovou analyzou podle roz-
dilnych primdrnich parametrd a jejich vdhy prezentuji obr. 2 aZ 4. V rdmci hod-
noceného souboru se v podstaté vyclenily tfi skupiny. JestliZe byl hlavnim
kritériem faktor produkce z jednotky plochy (zrna, SE, UP apod.), jednozna¢né
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1. Obsah a kvalita bilkovin zrna jarniho
a ozimého je¢mene (procento k maximalni
hodnot&) — Grain protein content and quali-
ty in spring and winter barley (percentage
to the highest value)

N-litky - crude protein

lyzin v susin€ - lysin in dry matter

lyzin v N-latkdch — lysin in crude protein
UP - vyufZitelny protein — usable protein
KSs — koeficient skutedné stravitelnosti bil-
kovin — coefficient of true digestibility of
protein

BHB - biologick4d hodnota bilkovin — pro-
tein biological value

NPU - netto-vyufZiti proteinu — net protein
utilization

2. Tfidéni odrid jarniho a ozimého jeEmene
shlukovou analyzou — Screening spring and
winter barley cultivars using a cluster ana-
lysis

osa y - stravitelnd energie (procento k ma-
ximéln{ hodnot€) - y axis — digestible ener-
gy (percentage to the highest value)

osa x — suma relativnich hodnot vybranych
znakid (vynos = koeficient 2) — x axis —
a sum of relative values of selected traits
(yield = coefficient 2)

se nejlépe umistila odrida Novum. Z obr. 4 je v3ak patrné, Ze k jejimu 3picko-
vému postaveni nepfispéla ani energetick4, ani bilkovinni sloZka, ale Ze hlavni
zasluhu mé vynos zma, dosaZeny v roce 1992. Také odriida Akcent byla vzhle-
dem k vy33imu vynosu zrna pon€¢kud nadhodnocena. Naopak linie ozimého jed-
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mene KM 770 a také odriida jarniho sladovnického je¢mene Rubin vykazovaly
ve viech pfipadech v ramci souboru sledovanych je¢meni nejniZ3f droveii hod-
nocenych parametrii. K t¥émto materidlim se primérnou krmnou hodnotou a niz-
kym vynosem zrna fadi i n§l. KM 1490 a odrtida Perun.
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Do urdité miry zaZity ndzor, Ze ozimé je¢meny jsou pro krmeni mén& vhodné
neZ jarni, pIn€ popird odriida ozimého dvouradého jemene Marinka, kterd patfila
ke $pi¢kovym vzorkiim z hlediska energetické i bilkovinné hodnoty zrna a navic
dosahovala vice neZ primérného vynosu zrna. Odrida Ladik bude pfispévkem
z pohledu kombinace vynosu a energetické hodnoty zrna, zatimco odridy Orbit,
Jarek a Sladko patfily k priméru testovaného souboru ve v&tSing€ sledovanych
parametrd.

Jak uvddi Kfen (1993), je pro soucasnou situaci v praxi, charakterizovanou
mimo jiné i diferenciaci zplsobli hospodafeni, ekonomicky dileZitym faktorem
sprdvni volba odriidy. Nase vysledky naznacduji, Ze i v rdmci povolenych odrid
a novych Slechtitelskych materidli jecmene mohou zemé&d€lci vybirat ty, které
zabezpeci dosaZeni vy3Sich piiristkd a lepsi kvality vyrobeného Zivocisného pro-
duktu. Je jen na péstiteli, zda si zvoli vy$3i droveii krmné hodnoty zrna nebo da
pfednost vynosu.

N4S piispévek si nekladl za cil provést jednoznacnou kategorizaci rozsifenych
odriid s ohledem na jejich krmnou hodnotu, pfesto experimentdlni vysledky do-
kazuji v konfrontaci se zahrani¢nimi udaji, Ze viechny péstované je¢meny nejsou
stejné a Ze se vyplati posuzovat jejich kvalitu nejen pro sladovnické, ale i krmné
ucely. Dal3f podrobné studium je¢ment v bilan¢nich pokusech na prasatech pfi-
spé&je k prohloubeni a upfesnéni ziskanych poznatki.
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Institute, Kroméfiz):

Feeding value and grain production of different barley cultivars.
Rostl. Vyr., 40, 1994 (10): 935-948.

Based on results of small-plot experiments and balance feeding tests with labora-
tory rats, a level of the feeding value and grain production in 14 released cultivars
and new breeding lines of spring and two-row winter barley grown in the Czech
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Republic were studied. The results showed significant differences for the values of
all parameters regardless of the growth habit (winter—spring) in individual entries.

The parameters which characterize the grain protein value (coefficient of true
protein digestibility KSs, protein biological value BHB, net protein utilization NPU,
and protein usable content UP) showed up to three-times higher variability as compa-
red to energic ones (coefficient of energy digestibility KSE and digestible energy
content SE — Tab. I). The best level of digestible energy was assessed in the two-row
winter barley cultivar Marinka (89.2%) which differed highly significantly from the
other entries evaluated. In feeding the grain of this cultivar the highest values of KSs
(86.8%) were also determined, while considering the parameters of protein quality
the best entry was the line of non-malting barley KM 1628 (BHV = 80.0 and NPU =
65.9). Among malting cultivars, Jarek and Ladik were much better than the control
cultivar Akcent in these parameters (Tab. II).

A number of significant relationships were found among the balance parameters
investigated (Tab. IV). UP values were dependent on protein content (r = 0.68)
which positively correlated with a level of KSs (r = 0.53™). A highly significant
correlation was also found between SE and KSs (r = 0.74™), protein content and BHV
(r= 0.85") and NPU (r = 0.73™).

The entries tested differed not only in the content and feeding value of grain
nutrients, but they also reached different levels of productivity (Tab. III). Considering
grain yield as one of agronomic value parameters actual levels of feeding value
parameters were partially confused (Figs 2 to 4) especially in high-yielding cultivars
(Novum and Akcent). However, the grain yield itself within the whole set of entries
evaluated did not significantly correlate with any of the parameters studied.

The results obtained enabled us to screen the set of barleys depending on different
purposes of their utilization. Fig. 1 illustrates the entries showing the best protein
content and nutritional value which are suitable for special feeding diets. Taking into
account both feeding value and grain productivity the best cultivar was winter barley
Marinka. Ladik cultivar, malting spring barley, is expected to contribute to the combi-
nation of yield and grain energetic value. Jarek, Orbit and Sladko cultivars were
intermediate in most parameters investigated. In contrast, cultivars of malting spring
barley, Rubin and Perun, and new breeding lines of winter barley, KM 770 and
KM 1490, showed the lowest level.

The results confirmed the necessity and rightfulness of evaluating grain feeding
value even in currently grown spring and winter barleys for effective differentiating
the commercial end use of grain production.

Kontaktni adresa:

Ing. Katefina Vaculova, Vyzkumny ustav obilnaisky, Havlickova 2787,
767 41 Kroméfiz, Cesk4 republika, tel.: 0634/42 61 12, fax: 0634/42 63 43
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VPLYV VYBRANYCH PESTOVATELSKYCH FAKTOROV
NA URODU HRACHU SIATEHO INTERMEDIARNEHO TYPU
V KUKURICNEJ VYROBNE]J OBLASTI

K. Kovaé

Vyskumny istav rastlinnej vyroby, Piestany

V rokoch 1991 az 1993 bol v pofnom staciondrnom pokuse v kukuri¢nej vyrobne;j
oblasti na ¢ernozemnych pddach sledovany vplyv vybranych pestovatefskych fak-
torov (obrdbanie p6dy, hnojenie) na drodu zrna hrachu siateho odrody Janus. Ob-
rdbanie pody trodu zrna §tatisticky vyznamne neovplyvnilo. Urodu zrna hrachu
najviac ovplyvnilo pocasie a hnojenie (oba faktory vysoko preukazne). Medzi tro-
dou zrna a zrdZkami za mesiac mdj a prvé dve dekddy jina bola silnd, kladn4,
vysokopreukaznd zdvislost (r = 0,999*").

ZniZovanie ddvok dusikatého hnojenia, rast cien dusikatych priemyselnych
hnojiv, ako aj ndstup ekologicky orientovanych systémov hospodérenia na pdde,
spOsobilo, Ze pestovanie strukovin na Slovensku znova preZiva renesanciu. V SR
boli v roku 1992 v porovnani s rokom 1990 (28 tis. ha) vy33ie plochy hrachu
siateho o viac ako 22 tis. ha (S1am & na, 1992). Pestovanie strukovin posky-
tuje zna¢né ekologické (Pow er, 1987), fytosanitirne (Spaldon a kol.,
1982), socidlno-ekonomické a agronomické efekty (Ko v 4 ¢, 1992).

Hrach v porovnani s obilninami je ndro¢nej$i na vlahu hlavne na zaciatku
tvorby generativnych orgdnov (Petr, 1974; Obrcianovai, 1982) a mi
malid autoreguladni schopnost, preto s v pestovatefkych technolégidch ddleZité
agrotechnické opatrenia, ktoré priaznivo ovplyviiuji pofnd vzchddzavost, Struk-
tiru vrody, ako aj irodu hrachu (Lahola akol., 1990). Dobré 16Zko pre osivo
sa zabezpeluje najmi predsejbovou pripravou strojmi s aktivne pohédfianymi or-
ganmi. V such$ich podmienkach stanovi¥fa m6Ze tirodu zrna negativne ovplyvnit
i zapravenie slamy k predplodine (K o v 4 &, 1992). Ekologizé4cia pofnohospo-
ddrstva, zniZovanie vstupov do vyroby, ako aj priaznivé pdsobenie strukovin
v osevnych postupoch nds in3pirovalo k rieeniu predloZenej vyskumnej proble-
matiky.

MATERIAL A METODA

Cielom rie3enej vyskumnej tlohy bolo kvantifikoval podiel hnojenia a pddo-
ochranného obrdbania pddy na Struktiru drody a drodu hrachu siateho interme-
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didrneho typu. Pokusy sme robili v kukuri¢nej vyrobnej oblasti (Borovce pri
Piesfanoch) na drodnych ¢ernozemnych pddach na spraii. Obsah humusu ¢&inil
1,8 aZ 2 %, p6da mala stredni zdsobu fosforu a vysoku zdsobu draslika, pédna:
reakcia bola neutrdlna aZ slabo kysl4. '

Pokusné stanoviSte (170 m n. m.) md priemernd ro¢ni teplotu 9,1 °C
a 625 mm zrdZok za rok. Priemernd teplota za vegetatné obdobie predstavuje
15,73 °C a suma zraZok 352 mm. Stru¢nd charakteristika poveternostnych pod-
mienok: zraZky za janudr aZ jun 1991 ¢&inili 69 %, 1992 - 113 %, 1993 - 67 %
(idaj predstavuje percento z normdlu za uvedené mesiace).

Hrach siaty odrody Janus sme pestovali v Sesthonovom osevnom postupe
(ozimn4 pSenica®™, jarny jadmeii, hrach, ozimn4 p3enica, kukurica na sild%*",
jarny ja¢meii) s vysevkom 120 kli¢ivych zfn na 1 m? pri $irke medziriadkov
125 mm. Hnojenie ma3talnym hnojom (**) bolo na prvom a piatom hone.

VARIANTY POKUSU

Hnojenie a vyZiva

B1 - 0 (bez hnojenia NPK);

B2 - NPK 15 : 20 : 48 (po ozimnej p3enici k predplodine bola do pddy zapra-
vend slama); '

B3 - NPK 15 : 40 : 96.

Obrabanie pody

C1 - konvenc¢né — podmietka (tanierovym ndradim), stredne hlbok4 orba pluhom
s odhrnovackou (0,18 aZ 0,20 m); na’jar smykovanie + stredne faZké klin-
cové brany; pred sejbou kombinétor;

C2 - ochranné - podmietka (tanierovym ndradim), obrdbanie p6dy na jeseii kyp-
ricom s pasivnymi pracovnymi orgdnmi (Lemken, Smaragd 80/300) do
hibky 0,14 a% 0,16 m; predsejbové priprava pody strojom s aktivne pohé-
flanymi pracovnymi organmi (virivy kypri¢ Amazone KG) v jednej opera-
cii so sejbou (sejacka Amazone).

Kombiniciou variantov hnojenia a obridbania p6dy vzniklo Sest zdkladnych
variantov (kombinAcif). Polyfaktoridlny stacionidrny pokus bol zaloZeny blokovou
metédou v Styroch opakovaniach.

V pokuse bol pouZity intermedidrny typ hrachu siateho odrody Janus. Rozme-
ry pokusnych parceliek boli 6 x 12, zberova plocha 18 m2. vV pokuse sme sle-
dovali pofni vzchddzavost, Grodu zrna a hmotnosf 1 000 zfn. Vysledky sme
zhodnotili korelacnou a regresnou analyzou a analyzou rozptylu.
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- VYSLEDKY

«.Z hladiska priebehu poveternostnych podmienok v rozhodujicom vegetatnom
obdobi a ich vhodnosti pre pestovanie hrachu siateho bol najlepi rok 1992.
Vegetatné obdobie v roku 1991 bolo zrdZkove pod normédlom a rok 1993 bol
vefmi suchy. Podfa rokov sme hrach siali 22. 3., 11. 3. a 30. 3. Vzchidzanie
hrachu sme zaznamenali po 17 aZ 20 a 21 diioch (podfa rokov). PoInd vzchadza-
vost hrachu podFfa rokov bola 73; 76 a 71 %. Rozdiely v po&toch rastlin na
sledovanych variantoch boli malé (nepreukazné) a neboli jednozna¢né pre ski-
Sany agrotechnicky zdsah. Priemernd droda zrna hrachu v roku 1991 bola
3,60 tha™ (tab. I).

Analyzou variancie sme zistili, Ze hnojenie ovpyvnilo drodu zrna vysoko pre-
ukazne (tab. II), pri€om troda zrna bola pri variantoch B1 a B3 prakticky rovnaki
(rozdiel 0,09 tha™) a pri variante B2 vysoko preukazne niZ$ia (o 0,62 tha™)
v porovnani s kontrolou (B1 — bez hnojenia NPK). Co sa tyka obrédbania pédy,
zaznamenali sme tendenciu zniZenia drody zrna pri ochrannom obribani pody
v porovnani s konvenénym (rozdiel 6 % je nepreukazny).

V druhom roku pokusu (1992) sme zaznamenali najvy38iu priemernd drodu
zma hrachu (4,47 t.ha™'). Obrabanie p6dy i hnojenie drodu zrma v tomto roku
Statisticky vyznamnejSie neovplyvnilo.

S ohfadom na priebeh poveternostnych podmienok bol posledny rok pokusu
(1993) velmi nepriaznivy. V priemere sme dosiahli irodu zrna hrachu iba
2,91 tha™'. Zo skidSanych variantov rodu zrna hrachu $tatisticky vyznamne ov-
plyvnilo hnojenie (tab. IT). Uroda zrna hrachu pri variante konven&ného hnojenia
(B3) bola 0o 8 % (nepreukazne) vysS§ia v porovnani s kontrolou (bez hnojenia).
Zaznamenali sme tendenciu vy33ej drody na variantoch ochranného obribania
pédy. V priemere za vietky roky a varianty pokusu sa dosiahla troda zrna
3,66 t.ha'. Pri variante ochranného obrébania p6dy v porovnan{ s konvenénym
mala troda zma hrachu slabi tendenciu znfZenia (o 1,3 %). Co sa tyka hnojenia,
bola tiroda na variante B2 preukazne niZ$ia (o 0,24 t.ha") v porovnan{ s kontro-
lou. SilnejSia tendencia vy3$8ej drody zrna hrachu v porovnani s kontrolou bola
pri variante plného hnojenia (zvy3enie o 6 %, resp. o 0,21 tha™); zvySenie trody
v3ak bolo nepreukazné.

Analyza variancie ukdzala, Ze variabilita tirody bola spdsobend rokmi a hno-
jenim (vysoko preukazne) a interakciou obrdbanie pédy x hnojenie x roky (pre-
ukazne), ako uvadza tab. III.

Najsilnejsi faktor, ktory ovplyvnil drodu zrma hrachu v pokuse, bolo pocasie.
Rozhodujiice boli zraZky v médji a v prvych dvoch dekddach jina. Medzi irodou

zrma a zriZkami v tomto obdobi sme zistili silni (kladnd) vysoko preukazni
zdvislost (r = 0,999*"), ako je uvedené v tab. IV.
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I. Uroda zra hrachu siateho (t.ha‘l) ~ Pea grain yield (t.ha")

Rok? % x ku® |Rozdiel'| % ku | Rozdiel
1991 | 1992 | 1993 ; C1 Bl | (tha™) | C2B1 | (tha™)
Cl1 Bl 394 | 420 | 29 | 3,70 | 1000
C1B2 | 323 | 435 | 288 | 348 942 | -0,22
C1 B3 396 | 485 | 2,83 | 3588 | 1048 | +0,18
C2 Bl 361 | 452 | 279 | 364 98,4 100,0
C2 B2 309 | 448 | 2,61 3,39 91,7 | 025" | 929 | -025"
C2 B3 378 | 452 | 338 | 389 | 1052 | +0,25" | 1019 | +0,25

Variant!

x 3,60 | 4497 | 29147 3,66

Cl1 371 | 446 | 2,89 3,69 | 100,0

c2 349 | 448 | 293 3,63 98,7 | -0,04

Bl 377 | 435 | 2,88 367 | 100,0

B2 3,16 | 438 | 274 3,43 937 | -0,23" | 100,0

B3 38 | 468 | 3,11 388 | 1060 | 021 | 1129 | 045"

H.d (B- hnojenies, C - obrabanie®, D - roky7)
0,05-0,23

Bi% 0,01-0,30

0,05-0,16

0,01-0,21

0,05-0,23

0,01-0,30

c<

D<

ltreatment, 2year, 3to, “difference, >fertilization, ®cultivation, 7years

II. Analyza variancie drody zrna hrachu v jednotlivych rokoch pokusu — Analysis of variance
of pea grain yields in different years of the trial

Faktor! I”-vypm‘fi’tané2 F-tabulkové’
1991 1992 1993 0,05 0,01
Hnojenie* (B) 12,93 1,36 11,67 3,68 6,36
Obrébanie pddy” (C) 3,15 0,00 0,34 4,54 8,68
BxC 0,21 1,14 17,06 3,68 6,36
Opakovanie® 3,26 2,16 0,92 3,29 542

lfactor, 2F—calculated, 3l"-tabular, 4fertilization, 3soil cultivation, 6replication
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I1I. Analyza variancie Grody zrna a hmotnosti 1 000 zfn hrachu za roky 1991 aZ 1993 — Analysis
of variance of grain yield and 1 000-kernel weight of pea for the years 1991 to 1993

Faktor! F-vypoi‘.ftané2 F-tabulkové®

troda zrma® 0,01 0,05 HTZ’
Hnojenie* (B) 10,60** 3,18 5,07 9,10"
Obrébanie pédy® (C) 0,46 4,03 7,18 1,94
BxC 0,20 3,18 5,07 3,59*
Roky® (A) 124,76 3,18 5,07 259,99**
BxA 1,95 2,56 3,73 4,8
CxA 1,03 3,18 5,07 212
BxCxA 2,56** 2,56 3,73 3,01°
Opakovanie’ 2,06 2,79 4,21 1,05

For 1-3 see Tab. II, *fertilization, *soil cultivation, 6yc:ars, 7replication, 8grain yield, °1 000-
-kernel weight

IV. Zavislost medzi drodou zrna hrachu siateho a poveternostnymi prvkami vo vybranom obdobi
vegetdcie — Dependence between pea grain yield and weather conditions in chosen period of
vegetation

Zévislost! r Rovr;i:i:nrligyr; sne)
Uroda® x zra?ky za m4j + prvii dek4du jina® 0,999++ y =596 + 19,88x
Uroda x teplota za méj’ -0,245 y=17,94-091x
Uroda x teplota za jl’m6 0,638 y = 15,54 + 0,69x
Uroda x teplota za m4j aZ jt’m" ‘ -0,05 y = 16,74 - 0,10x

ldt’,pendence, chuation of regression line, 3yield, 4precipitation for May + first decade of June,
stemperature for May, 6temperature for June, 7temperature for May to June

Hmotnost 1 000 zfn v jednotlivych rokoch a pri jednotliv§ch faktoroch hno-
jenia udéva tab. V. NajniZ$ia hmotnost bola zisten4 v roku 1991 (217 g) a naj-
vy$Sia v roku 1992 (271 g). Z analyzy variancie vyplyva, Ze hmotnost 1 000 zfn
bola 3tatisticky vyznamne ovplyvnena rokmi, hnojenim a interakciou roky x hno-
jenie (vysoko preukazne). Preukazny vplyv je i pri interakcidch hnojenie x obra-
banie pddy a hnojenie x obrdbanie pddy x roky, ako je zrejmé z tab. III.

Hmotnost 1 000 zfn bola o 4 g vysSia pri ochrannom obrédbani pddy v porov-
nani s konvenénym. Rozdiel v hmotnosti 1 000 zfn medzi variantami hnojenia
B2 a B3 bol preukazny (7 g).
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V. Hmotnost 1 000 zfn hrachu siateho (g) — 1 000-kernel weight of pea (g)

Rok? % x ku’ |Rozdiel*| % ku | Rozdiel

Variant' - _
At ™ oo1 | 1992 | 1993 < | C1B1 | (tha™) | C2B1 | (tha™)

Cl Bl 217 244 232 232 100,00
Cl1 B2 202 240 232 225 97,02 | -0,69
C1 B3 215 251 238 235 101,38 3,20
C2 Bl 216 262 230 236 101,81 4,20 | 100,00
C2 B2 217 253 229 233 100,60 1,40 98,81 | -2,80
C2 B3 218 259 236 238 102,76 6,40 | 100,93 2,20

x 214 2527 | 233" | 233

Cl1 211 245 234 230 100,00

C2 217 258 232 236 102,25 4,00"

x 214 252*7 | 233" | 233

Bl 216 253 231 234 100,00

B2 209 247 230 229 97,95 | —4,80 | 100,00

B3 217 255 237 236 101,15 2,70 | 103,27 7,00"

H.d (B - hnojenies, C- obrébanie6, D - roky7)
0,05-5,8

B 0,01-7,4

0,05-3,9

0,01-5,3

0,05-5,8

0,01-7,4

c<

D <

For 1-7 see Tab. I

DISKUSIA

Priaznivé podmienky pre kvalitni sejbu, vysokd pofnid vzchidzavost, dobry
rast a vyvoj hrachu vytvéara kvalitnd zdkladnd a predsejbovéd priprava p&dy.
Z hladiska tychto poZiadaviek sme nezistili vyraznejsie rozdiely ako v poctoch
vzidenych rastlin, tak ani v drode zrna.

V roku 1991 bola tendencia vy33ej rody na variantoch konvenéného obréba-
nia p6dy a v rokoch 1992, 1993 na variantoch ochranného obrdbania p&dy.

Hrach ma vysoké poZiadavky na pddu v starej sile. Tento poznatok sa potvrdil
v naSom pokuse pri variantoch B1 a B3, ktoré si v osevnom postupe hnojené
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mastalfnym hnojom dvakrét za roticiu. Preto rozdiely v tdrode zrna pri tychto
variantoch v priemere za tri roky boli nepreukazné. Potvrdil sa tym tieZ poznatok
(Lahola akol., 1990) na slab%iu reakciu hrachu na hnojenie fosforom a dras-
likom. Preukazné zniZenie tirody zrna pri variante B2 v porovnan{ s kontrolou je
pravdepodobne odrazom hnojenia slamou k predplodine jarného jaCmefia v in-
terakcii s nedostatkom zrdZok a z toho zhorSenych vlahovych podmienok k pred-
plodine hrachu.

Najvyraznej$i vplyv na sledované faktory najmi na drodu zrna malo pocasie.
Z vysledkov ziskanych v danych podmienkach kukuri¢nej vyrobnej oblasti vy-
plyva, Ze rozhodujice kritické obdobie hrachu na vlahu je v méji a v prvych
dvoch jinovych dekddach. Medzi drodou zrna a mnoZstvom zrédZok v tomto ob-
dobi sme zistili silnd kladnd, vysoko preukazni z4vislost (» = 0,999*"). V pod-
state sa potvrdili poznatky (Pe tr,1974; Spaldon akol, 1982; Lahola
a kol., 1990), Ze kritické obdobie na vlahu pri hrachu je asi 20 dni pred kvitnutim
a v obdobi za¢iatku tvorby generativnych orgdnov. Hmotnost 1 000 zfn bola
najviac ovplyvnend pofasim a menej ski¥anymi agrotechnickymi opatreniami.
Najvicsiu redukciu (4 %) sme zistili v roku 1992 na variante B2, pricom sme
zistili preukazny rozdiel medzi variantami obrdbania p6dy (4 g v prospech
ochranného obrabania pddy) a preukazny rozdiel medzi variantami hnojenia B2
a B3 (7 g) v prospech plného hnojenia NPK. Zaznamenali sme 3tatisticky vy-
znamny vplyv pocasia, hnojenia a interakcie hnojenie x pocasie, hnojenie x ob-
rdbanie pody a hnojenie x obrdbanie pddy x poclasie.
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KOVAC, K. (Research Institute of Plant Production, Piefany):

The effect of some intensification factors on the pea yield of intermediary type in
maize-growing region.
Rostl. Vyr., 40, 1994 (10): 949-956.

In the years 1991 to 1993 a field stationary trial was conducted on Chernozem
soils (in maize-growing region) to study the effect of some intensification factors (con-
ventional and protective soil cultivation, fertilization and nutrition) on the grain yield and
1 000-kernel weight of pea of intermediary type. Pea was cultivated in six-plot crop
rotation: winter wheat, spring barley, pea, winter wheat, silage maize, spring barley.

Treatments of fertilization and nutrition: B1 — 0 (without NPK); B2 — NPK 15 :
20 : 48; after winter wheat to forecrop spring barley wheat straw was incorporated
into the soil; B3 — NPK 15 : 40 : 96. '

Soil cultivation: C1 — conventional — stubble ploughing, tillage by plough with
mouldboard (0.18 to 0.20 m), in the spring smoothing + medium-heavy nail harrow,
preseeding soil cultivation by combine cultivator; C2 — protective — stubble plough-
ing, soil cultivation in the fall with cultivator having passive working elements (Lem-
ken-Smaragd 80/300) to a depth of 0.14 to 0.16 m, preseeding soil preparation by
machine with active-driven working elements (combined rotary) cultivator Amazone
in single operation with the sower Amazone.

Six basic treatments (combinations) occurred by combination of three treatments
of fertilization and two treatments of soil cultivation. The trial was established by
a block method in four replications. The Janus variety (intermediary type) was used
with a sowing rate of 120 germinative grains per 1 m?,

In view of suitability of weather for pea cultivation the best was the year 1992.
The vegetation period in 1991 was below normal regarding precipitation. The year
1993 was extremely arid (in the vegetation period of the pea).

The field emergence rate of pea according to the years was 73; 76; and 71% and
was most affected by weather. Average pea yield (according to the years) was 3.60;
4.49; and 2.91 t.ha™', on an average for three years of the trial it was 3.67 t.ha™’. The
yield was statistically significantly influenced by fertilization and weather (highly
significantly). The 1000-kernel weight was higher by 2.25% (significantly) in protec-
tive soil cultivation compared with the conventional system. There was a strong
(positive) highly significant dependence (r = 0.999***) between the pea yield and
precipitation for May and first two June decades. Fertilization with wheat straw to
forecrop (spring barley) and reduction of PK dose by 50% (compared with B3)
decreased the pea grain yield by 6% (significantly) compared with the control and by
12.9% (highly significantly) compared with full fertilization (treatment B3).

Kontaktna adresa:

Doc. ing. Karol Ko va¢, CSc., Vyskumny ustav rastlinnej vyroby,
Bratislavsk4 cesta 122, 921 68 Piesfany, Slovensk4 republika, tel.: 0838/223 11,
fax: 0838/263 06
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VLIV VELIKOSTI VYSEVANEHO OSIVA NA VYNOS
VOJTESKY SETE VE DRUHEM A TRETIM ROCE VEGETACE

H. Hruskova

Vyzkumny istav picnindrsky, Troubsko

V letech 1987 az 1990 byl ve druhém a tfetim roce vegetace sledovén vliv velikosti
(hmotnosti) osiva vojt€8ky seté na vynosy prvnich se¢f zelené hmoty. Byly studo-
vény tfi velikostni skupiny osiva a jejich smés u porosti zaloZenych do i bez kryci
plodiny a u letnich vysevi. Ve druhém a tfetim roce vegetace se v prvnich secich
vyuZivanych na pici projevily u vSech zplisobi zaloZeni porostu rozdily ve vynosu
zelené hmoty mezi porosty vysetymi rizné velkym osivem. NejvySSi vynosy byly
stanoveny u porosti zaloZenych osivem o nejvys§i hmotnosti. Doporu¢ujeme osivo
vojtésky pired vysevem kalibrovat pfi zabezpeCeni dalSich kvalitativnich ukazateld
osiva.

Vytvofeni zapojeného a produktivniho porostu jetelovin je vedle fady pésti-
telskych opatfeni podminéno také vysevem kvalitniho osiva vykonnych odrid.
Jednou z charakteristik kvality osiva je i jeho velikost. Na ptisobeni velikosti
semene jako ukazatele jakosti osiva poukdzala fada autori. Pozornost je v této
souvislosti v&novéna takovym aspektiim, jako je polni vzchazivost, vyvoj a rist
v ranych stadiich, vynos a rezistence vici stresu (Piorr, 1990; Nafziger,
1992). V organickém zemé&d€lstvi je kvalit€ a velikosti osiva polnich plodin vé&-
novana mimofddnd pozornost (Piorr, 1990).

Vztah velikosti a hmotnosti semen ke klieni a ristu semendcki jetelovin
a trav prokdzali Gaspdr etal (1981)a Sangakkarra et al. (1985).
Gruskova, Malek (1985)a HruSkova (1989) prokézali vliv veli-
kosti osiva vojtésky rizné velikosti na rozméry kli¢nich rostlin a na hmotnost
sufiny nadzemni biomasy jak v po¢ate¢nich fazich rustu, tak b&¢hem celého prv-
niho roku vegetace. V této praci sledujeme vliv velikosti osiva vojt&€3ky na vynos
zelené hmoty ve druhém a tfetim roce vegetace.

MATERIAL A METODA

Sledovani prob&hla formou polnich maloparcelovych pokusli zaloZenych ve
tfech ¢asovych opakovénich postupné v letech 1986 aZ 1988, které byly hodno-
ceny v letech 1987 aZz 1990. Pokusy byly zaloZeny &tyfmi zplisoby.
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A —bez kryci plodiny: v roce vysevu na semeno, v dalSich letech vegetace prvni
se na pici a druh4 se¢ na semeno;
B - bez krycf plodiny: v roce vysevu na pici, v dal3ich letech vegetace prvni sec
na pici a druhd se¢ na semeno;
C - vysev do kryci plodiny ovsa: v roce vysevu na pici, v dalSich letech vegetace
prvni se¢ na pici a druhd se na semeno;
D - letni vysev: v jednotlivych letech vegetace prvni se¢ na pici a druhd se¢ na
semeno.

V jednotlivych letech byly u viech zplsobii zaloZeni porostu od stejné partie
osiva vysévény tfi velikostni skupiny a pfirozend smés osiva vojt€3ky seté. Jed-
notlivé velikostni skupiny osiva byly ziskdny ze smési osiva tfidénim na sitech.

Velikostni skupiny osiva Rozpéti HTS (g)
1. kontrola (smés osiva) 1,80-2,07
2. osivo > 1,25 mm 2,26-2,54
3. osivo 1,25-1,00 mm 1,84-1,92
4. osivo < 1,00 mm 1,32-1,52

K maloparcelovym pokusiim ve ¢tyfech opakovénich byla uZita blokovd me-
toda s ndhodnym uspofdddnim. Bylo pouZito osivo vojtédky seté, odrida Palava.
Vysevek ¢inil 4,5 mil. kli¢ivych semen na 1 ha pfi fddkové rozte¢i 250 mm.
Porost byl oSetfovdn podle zdsad agrotechniky picnindfskych a semendiskych
porosti vojtésky. Statistické hodnoceni vynosu zelené hmoty bylo uskute¢néno
pomoci jednoduchého tfidén{ analyzy rozptylu s opakovanimi. Vyznamnosti roz-
dild mezi jednotlivymi variantani jsou uvedeny v tab. 1.

Vysledky z roku zaloZeni jiZ byly publikoviny (Hru$ko v 4, 1992). V této
préci je hodnocen pouze vynos zelené hmoty z prvni se¢e druhého a tfetiho roku
vegetace.

VYSLEDKY

A - Porost bez kryci plodiny (v roce zaloZeni vyuZivany na semeno)

Ve viech tfech Casovych opakovanich byl v prvnich sefich druhého roku
vegetace zaznamenédn vy33{ vynos zelené hmoty u porostl, které byly zaloZeny
osivem nejvétsi velikosti. NejniZ8i vynos poskytly ve druhém roce vegetace po-
rosty zaloZzené nejmens$im osivem, u nichZ se pokles vynosu zelené hmoty ve
vazb€ na Casové opakovini pohyboval od 4,3 do 12,3 %. V prvnim asovém
opakovani nebyly rozdily mezi vynosy v prvnich se¢ich druhého roku vegetace
u jednotlivych variant statisticky vyznamné. Ve druhém a tfetim ¢asovém opa-
kovéni byl stanoven riizny stupefi vyznamnosti rozdili mezi jednotlivymi varian-
tami (tab. I).
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Vynos zelené hmoty prvni sele tfetich rokii vegetace lze charakterizovat ob-
dobné jako ve druhém roce vegetace.

B - Porost bez kryci plodiny (v roce zaloZen{ vyuZivany na pici)

Ve druhém roce vegetace doSlo ve viech tfech Casovych opakovinich ke
zvySeni vynosu zelené hmoty v prvnich se¢ich u porostii, které byly zaloZeny
nejvétsim osivem. Pokles vynosu nastal u porostd, které byly vyvinuty z nejmen-
§iho osiva, oviem bez statistické vyznamnosti. Ve v3ech tfech ¢asovych opako-
vénich vSak byla stanovena vyznamnost rozdili mezi vynosy porostli vyvinutych
z nejmensiho a nejvétitho osiva.

Ve tietim roce vegetace byl ve viech ¢asovych opakovénich stanoven vys§i
stupeii vyznamnosti rozdilii ve vynosech zelené hmoty mezi porosty vyvinutymi
z jednotlivych velikostnich skupin osiva neZ ve druhém roce vegetace. Ve viech
¢asovych opakovanich existovaly vysoce vyznamné rozdily ve vynosech porosti
zaloZenych nejvétsim a nejmensim osivem (tab. I).

C - Vysev do kryci plodiny ovsa (v roce zaloZen{ vyuZivany na pici)

Ve druhém roce vegetace bylo v prvnim a tfetim ¢asovém opakovani (druhé
¢asové opakovani nebylo vzhledem k nekvalitnimu vysevu kryci plodiny do sle-
dovani zahrnuto) zaznamendno zvySeni vynost zelené hmoty na porostech zalo-
Zenych nejvétSsim osivem. NejniZ3i vynos zelené hmoty byl ve druhém roce
vegetace v obou ¢asovych opakovénich zazanamenan u porosti, které byly zalo-
Zeny nejmen$im osivem. U zelené hmoty byly rozdily ve vynosech porostii z nej-
vE&tstho 1 nejmensfho osiva charakterizovdny jako vyznamné, popiipad& vysoce
vyznamné (tab. I).

Ve tfetim roce vegetace byl ve vynosu zelené hmoty v prvnim i tfetim &aso-
vém opakovini stanoven u porostii zaloZenych nejvét§im osivem ndriist vynosu,
oviem bez statistické vyznamnosti. U porosti zaloZenych nejmensim osivem ne-
nastal v prvnim &asovém opakovani pokles a vynos byl na drovni kontroly. Ve
tietim ¢asovém opakovani doslo k poklesu vynosu bez statistické vyznamnosti.
V zelené hmoté existovaly vyznamné rozdily ve vynosech porostii zaloZenych
nejveétsim a nejmensim osivem.

D - Letni vysev

Vynosy zelené hmoty byly u letnich vysevt v prvnich se¢ich druhého a tfetiho
roku vegetace sledovdny pouze ve druhém a tfetim Easovém opakovéni. Prvni
¢asové opakovini bylo s ohledem na $patné piezimovéni na jafe ve druhém roce
vegetace zaordno. Obdobné jako u ostatnich zplsobili zaloZeni porostu byl ve
druhém roce vegetace nejvyssi vynos zelené hmoty ziskdn u porosti, které byly
zaloZeny nejvét§im osivem. Ve druhém Casovém opakovéni byly stanoveny vy-
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I. Vynos zelené hmoty z prvni sede a statistickd vyznamnost prvni seée pfi rizném zpisobu zaloZeni porostu — The green matter yield from

the first cut and statistical significance of the first cut at different way of stand establishment

Velikostn{ skupiny osiva’®

= :5 . e ~o 7

i g 'y 5 - :é,, 1 (kontrola’) 2 3 Vgmamngs
cs | S8 | 55| S22 |tha'| % |tha'!| % |tha'| % |tha'| %
1987 L A 2 | 4425 | 100 | 47,10 | 106,40 | 46,25 | 104,50 | 44,85 | 101,40
1988 L A 3 | 4000 | 100 | 4500 | 112,50 | 41,00 | 102,50 | 39,00 | 97,50 | + 1-2,2-3, 24
1988 IL A 2 | 41,00 | 100 | 44,00 | 107,32 | 4225 | 103,05 | 39,25 | 9573 | + 24
1989 II. A 3 | 3300 | 100 | 3633 | 110,09 | 32,00 | 9696 | 31,00 | 9393 | + 2-3,2-4
1989 | IIL A 2 | 3850 | 100 | 4225 | 109,74 | 39,50 | 102,59 | 3375 | 87.66 | + 1-2

++ 1-4,2-4,3-4
1990 | I A 3 | 2323 | 100 | 2633 | 11285 | 27,00 | 11573 | 23,58 | 9858 | + 1-2,1-3
1987 L B 2 | 4445 | 100 | 46,65 | 104,90 | 46,50 | 104,60 | 41,65 | 9370 | + 2-4
1988 L B 3 | 4375 | 100 | 4850 | 110,86 | 44,00 | 100,67 | 43,75 | 100,00 | ++ 1-2, 2-3, 34
1988 IL. B 2 | 3850 | 100 | 41,25 | 107,84 | 37,75 | 9867 | 3550 | 8701 | + 24
1989 IL B 3 | 31,33 | 100 | 3233 | 103,19 | 2933 | 93,61 | 2833 | 9042 | + 14,34

++ 24
1989 | IIL B 2 | 41,50 | 100 | 44,00 | 106,02 | 4125 | 9937 | 3850 | 9277 | + 2-4
1990 | 1L B 3 | 2550 | 100 | 36,50 | 143,13 | 27,66 | 10847 | 25,00 | 98,03 | ++ 1-2,2-3, 24
1987 L o 2 | 4360 | 100 | 47,10 | 108,00 | 45,66 | 104,60 | 40,35 | 92,50 | ++ 2-4,3-4
1988 L c 3 | 4425 | 100 | 4750 | 107,34 | 4525 | 102,26 | 43,75 | 98,87 2-4
1989 | IIL c 2 | 41,50 | 100 | 42,75 | 103,01 | 4025 | 9698 | 38,50 | 9277 | + 1-2,1-3

++ 1-4,2-3, 34
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Pokradovéni tab. I — Continuation of Tab. I

Velikostni skupiny osiva’

- Q
L, = e
§ 0 'g o & 8 1 (kontrola’) 2 3 Vyznamnost
> o o @ ) 6
o I & N S rozdild
s 3 2| 25| ¥ 1 1 -1 -1
c2 | S8 | 83| 2| tha!| % |tha'| % | tha % | tha %
1990 III C 24,50 100 25,50 | 104,08 | 23,50 95,91 | 23,00 93,87,
1988 II. D 37,50 100 39,00 | 104,00 | 36,50 97,33 | 35,50 94,67 + 2-3
++ 24
1990 II. D 3 37,00 100 41,33 | 111,70 | 35,60 96,39 | 30,33 81,98 + 1-2,14
++ 1-2, 24,34
1989 III. D 7,50 100 13,50 | 180,00 | 13,50 | 180,00 6,75 90,60 | ++ 1-2, 1-3, 24
1990 III. D 23,33 100 25,50 | 114,19 | 21,25 95,16 | 18,50 8284 | + 24

+ P < 0,05 ++ P < 0,01

lyear of observation, Zintervals of replications, 3‘way of establishment, 4yc:ar of vegetation,

7control

5

size groups of seed, 6signiﬁcancc: of differences,




soce vyznamné rozdily mezi vynosy zelené hmoty u porosti zaloZenych nejvét-
$im a nejmen$im osivem. Ve tfetim ¢asovém opakovéani byl ve druhém roce
vegetace zaznamendn vysoce vyznamné€ vy3$i vynos zelené hmoty u porostd,
které byly zaloZeny nejvétsim a stfedné velkym osivem. Porosty zaloZené osivem
nejmen3{ velikosti vykazovaly opét nejniZsi vynosy. Rozdily ve vynosech porosti
vyvinutych z nejvétstho, sttedntho a nejmenstho osiva byly vysoce priikazné
(tab. I).

Ve tfetim roce vegetace byly v obou asovych opakovinich stanoveny vy-
znamné a vysoce vyznamné rozdily ve vynosech zelené hmoty mezi porosty
kontrolnimi a porosty vyvinutymi z nejvét§iho a nejmensiho osiva (tab. I).

DISKUSE

V naSich pfedchozich pracich (Gruskova, Malek, 1982; Hrus§-
ko v 4, 1992) jsme pfi studiu kalibrace vojté3ky seté prokazali, Ze velikost osiva
ovliviiuje v po¢ate¢nich ristovych fazich velikost déloh a jednoduchého listu,
tloudtku hypokotylu a hlavniho kofene. V roce vysevu se téZ promitd do hmot-
nosti nadzemni biomasy.

Problematikou vztahu velikosti osiva na nisledny riist rostlin se vétSina autori
zabyva pfedev3im v poc¢ate¢nich fazich ristu. Pouze v nékterych star§ich pracich
z pocitku stoleti jsou k dispozici didaje o kladném vlivu vét$iho osiva na vynos.
V na3{ studii se u porostd, které byly v roce zaloZeni vyuZiviny riznym zpiiso-
bem, projevily v jednotlivych letech vegetace v prvnich secich ponechanych na
pici vyznamné, popiipadé vysoce vyznamné rozdily ve vynosu mezi porosty
zaloZenymi riizné velkym osivem. Vyznamnost rozdilii ve vynosu byla v jednot-
livych letech vegetace prokdzana u porosti, které byly zaloZeny do kryci plodiny
jako letni vysevy nebo které byly v roce zaloZeni vyuZiviny k picninifskym
ucelim. Také u porostii ponechanych jiZ v roce zaloZeni na semeno byl s vyjim-
kou jednoho sledovani prokdzin vyznamny rozdil ve vynosech zelené hmoty.
I u té&chto porostl byl viak zaznamenan trend zvySovani vynosti u porosti zalo-
Zenych nejveétim osivem.

Midlek et al. (1985) zjistili vy38i vynos zelené hmoty u porosti jetele
lu¢niho, které byly zaloZeny osivem vét§{ velikosti. Zminén{ autofi doporuduji
vyuZiti v&tsi frakce semen pro zaklddani porosti. Gorecki, Grzesiuk
(1983) pozorovali u semen hrachu, bobu a lupiny s v&t3i hmotnosti zvySeni vy-
nost o 30 aZ 40 % oproti vynosu z men$ich semen. Hampton (1986) sta-
novil u jilku mnohokvétého, Ze rostliny vyvinuté z osiva o vy$§i HTS byly
mohutnéjsi, Zivotaschopné;jsi a celkové vykonné&jsi.

V provoznich pokusech (Hru§kové, 1989) bylo zjist€no, Ze ve druhém
roce vegetace byl vynos zelené hmoty v prvnich se¢ich o 26,0 aZ 32,5 % vy3si
u porostii zaloZenych osivem o vy$§i HTS neZ u porostd vyvinutych z osiva
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o nizké HTS. Velikovski (1985) uvidi, Ze vytfidéni v&tSiho zrna u téZe
partie osiva mi vyznam pro dosaZeni vy$Sich vynosi, nebof zrna s vy$8im obsa-
hem z4sobnich latek jsou zpravidla vitdln&j§i. Baranyk (1991) potvrzuje
oprdvn&nost poZadavki kalibrovat osivo ozimé fepky, nebof toto opatfeni se
pfiznivé projevilo ve vynosu semen. Piorr (1990) doporutuje provadét kalib-
raci u obilovin s odiivodnénim, Ze vétsi zrna zarucuji vetsi rostliny pfi vzchédzeni,
veét§i odnoZovani a hustotu porostu, a upozoriiuje i na lep3i zdravotni stav t&chto
semen. Porosty zaloZené vét$imi semeny vojté3ky seté zaklddaji v roce vysevu
i vice pupeni na kofenovém kr¢ku a jsou lépe zapojeny (Hru3kov 4, ne-
publ).

Vysledky, které uvefejnil Babinec (1986), naopak s naSimi zcela neko-
responduji, pokud se tykd vynosu zelené a suché hmoty u populaci a kmeni
vojtésky. Také Evers (1982) uvadi, Ze v roce zaloZeni porostii se rozdily
v hmotnosti semendckid b&hem ristu sniZuji a neovliviiuji produkci pice. Gra -
ven, Carter (1990) zjistili, Ze vét$i semena se 1épe uplatni ve studené piidé,
ale nemaji vliv na vynos suché hmoty mladych rostlin. B e an (1980) naopak
stanovil, Ze HTS je v prikazné korelaci k vynosu zelené hmoty semenacki.

I kdyZ nazory na problematiku kalibrace osiva jetelovin se riizni, doporucuje-
me ji na zdklad€ naSich zku3enosti z pokusnych i provoznich ploch vojt&3ky seté
provadét. Zv1ast€ v souc¢asném obdobi sniZovani ploch viceletych picnin je tfeba
zaklddat porosty osivem vysoké biologické hodnoty a vyuZivat potencidlnich
schopnosti, které skytd veétsi osivo. Pfed tfidénim osiva je nutné provéfit kvalitu
smé&si osiva, aby nemohlo dojit k preferenci osiva s vy3§i HTS, av3ak mecha-
nicky ¢i jinak naruSeného.
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Doslo 17. 3. 1994

HRUSKOVA, H. (Research Institute of Fodder Crops, Troubsko):

The effect of sown grain size on the yield of lucerne sown in the second and third
years of vegetation.

Rostl. Vyr., 40, 1994 (10): 957-965.

In the years 1987 to 1990, the effect of lucerne seed size (weight) on green matter
was studied in the first cut of the second and third growing years in three replications.
Three groups of seeds with a different seed size were obtained from a natural mixture
of seeds by sieving and grading on screens. The study was realized in stands estab-
lished into a cover crop, without a cover crop, and in summer. The stands established
without a cover crop were grown for forage or seed in the year of establishment. In
all types of stand establishment, three groups of seeds with the different size and
a natural seed mixure were sown from the seed lot.

In stands with the different types of use in the year of establishment, significant
or highly significant differences among the yield of stands, which were established
using the seeds with a different weight, were found in the individual years of vege-
tation in the first cuts grown for forage. The significant differences among yields in
the individual growing years were proved in stands established into a cover crop, in
summer, or grown for forage in the establishing year.

 The highest yield was always observed in the stands established using the seed
with the highest 1 000-seed weight. In stands grown for seed in the year of estab-
lishment, significant differences in green and dry matter among individual treatments
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were only proved in some cases. In these stands, the trend of yield increasing in stands
established using the biggest seeds was also observed.

Although the opinions on the grading of seeds by their size are diverse, we can
recommend it on the basis of positive experience obtained on experimental localities
and plot. At the present time, when the area of perennial fodder plant is decreasing,
it is especially necessary to use the seed of high biological value for stand establishing
and to take advantage of the potential ability of bigger seed. Before separating the
seed, it is necessary to check the quality of a seed mixture in order not to prefer
higher 1 000-seed weight with mechanical or other damage.

Kontaktni adresa:

RNDr. Hana Hru$k o v 4, CSc., Vyzkumny ustav picninafsky,
664 41 Troubsko, Cesk4 republika, tel.: 05/43 21 01 45, fax: 05/43 21 01 49
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CHEMICAL DETERMINATION OF SAPONINS IN AERIAL
PARTS OF CZECH VARIETIES AND BREEDING MATERIALS
OF ALFALFA (MEDICAGO SATIVA L.)

P. Kala¢!, K. R. Price?, G. R. Fenwick?

LUniversity of South Bohemia, Faculty of Agriculture, Ceské Budéjovice
2Institute of Food Research, Norwich Research Park, Norwich, England

.

Intact saponins were determined in dried samples of two alfalfa varieties and
14 breeding materials. Saponins were extracted from defatted samples with metha-

g nol, Purificd using SPE, converted to their potassium salts, derivatized and deter-
mined using an HPLC method. Different concentrations of three saponins were
found in all 16 genotypes, a fourth saponin was present in 11 genotypes. One
saponin was identified as soyasaponin I, two others as the glycosides of medicage-
nic acid and the fourth saponin different to those already reported as being present
in alfalfa. Some recommendations are given for further research into saponins for
alfalfa breeding.

Saponins present in roots, stems, leaves, flowers and seeds of alfalfa are
triterpenoid glycosides consisting of an aglycone (sapogenin) coupled to sugar
chain units. Medicagenic acid, hederagenin, zahnic acid and soyasapogenols
A and B are the main aglycones found in the aerial parts of alfalfa, while bay-
ogenin and lucernic acid are less common (M assiot et al, 1988). One, two
or three sugar chains can be present. The glycosides are therefore termed as
mono-, bis- or tridesmosides (from Greek desmos = chain).

Differences in haemolytic, fungistatic, antimicrobial, allelopathic and antinut-
ritional effects are given by the different chemical structure of the individual
saponins as reviewed by Price etal. (1987)and Kalac¢, Mika (1988).
Saponins in alfalfa forage affect palatability, intake and availability of nutrients
in poultry and ruminants in a negative manner. The other antinutritional effects
are considered to be of lower importance (Cheeke, 1983).

Saponin contents in Czech and Slovak alfalfa varieties and breeding materials
were determined by Plhak (1983), Pillar (1982)and Mac¢uha (1982).
They used haemolytic tests and thin-layer chromatography. The intense develop-
ment of analytical methods during the last decade has enabled the determination
of the individual saponins and the study of the relations between their structure
and biological effects. It has been therefore reasonable to combine traditional

ROSTLINNA VYROBA - 1994 967



biological methods such as haemolytic assay or depression of Trichoderma viride

growth, and chemical determination of individual saponins (Olesze k, 1990).
The initial purpose of this work was to gain information on the content of the

individual saponins in Czech varieties and breeding materials of alfalfa.

MATERIAL AND METHODS

Alfalfa genotypes from the first cut in 1992, and (samples 6 and 7) the mix-
tures from the first to third cuts, were provided by the Breeding Station ZeleSice
of the Forage Research Institute at Troubsko. The forage cut at the stage of initial
flowering was dried at 40 °C and powdered. The samples were sto§ed at about
20 °C until May 1993. :

About 5 g, accurately weighed, of dry sample was used for analysis. Lipids
and most of the chlorophyll were extracted using chloroform (16 h)jby soghlet.
Saponins were extracted with methanol from the air-dried, defatted sample for
at least 30 h by soxhlet. The residues, after vacuum evaporation of methanol,
were dissolved in 5 ml water and 2 x 0.5 ml aliquots were cleaned on TechElut
SPE C18 columns (HPLC Technology, Macclesfield, UK) by sequential metha-
nolic extraction and the eluates were evaporated to dryness under vacuum. Two
1 ml aliquots of 0.05% KHCO3; were added to the solids and the solution was
sonicated to prepare reactive potassium salts of saponins. The sample was then
freeze- -dried.

The saponins were derivatized using 1 ml of reagent containing 3.5 g 4-bromo-
phenacyl bromide (2,4’-dibromo-acetophenone; Sigma, Poole, UK) and 0.68 g
18-crown-6 (Sigma) in 100 ml acetonitrile (HPLC grade). The solution was
heated at 100 °C for 90 min and purified on Silica gel Sep-Pak cartridge (Waters
Assoc., Milford, Mass., USA) by eluting with 10 ml dichloromethane followed
by 10 ml chloroform-methanol (1 : 1). The solvent was evaporated under vacuum
and the solids were dissolved in 2 ml methanol. The sample for chromatographic
analysis was prepared from 0.95 ml of the methanolic solution with the addition
of 0.05 ml phenanthrene (0.5 mg/ml in methanol) as the internal standard. These
samples were stored in a freezer.

All the chemicals used were of AnalaR grade (BDH of Poole, UK). Soyasa-
ponin I (2.5 mg) was used as the external standard derivatized as for alfalfa
samples.

HPLC analyses were performed on Dionex liquid chromatograph (Dionex
Inc., Sunnyville, California, USA) using a Spherisorb 50 DS 2 25 cm x 4.6 mm
column, injection 50 pl, flow rate 1 ml/min, wavelength 260 nm and potential
0.05 mV. Mixtures of water and acetonitrile were used: solvent A (90 : 10 v/v)
and solvent B (10 : 90 v/v). Solvents were continually degassed by helium
sparging. Non-linear gradients were used: from 60% A to 25% A during 15 min,
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Phe 1. Separation of derivatized saponins 1 to 4
and phenanthrene (Phe)

Detector response
(8]
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from 25% A to 0% A during 10 min, 100% B for 15 min and reequilibrium period
for 10 min. The further details are given by Oleszek et al. (1990).

RESULTS AND DISCUSSION

Saponins were determined in two alfalfa varieties (Palava and Zuzana) and in
14 breeding materials. A typical chromatogram is given in Fig. 1. Three to four
distinct peaks of saponins were observed in all the genotypes; and were numbered
1 to 4 (retention times 13.1; 14.5; 15.0 and 16.5 min, respectively). Retention
time of phenanthrene was 20.2 min. Relative standard deviations were 17 to 21%
and 9% for the saponins 1 to 3 and the saponin 4, respectively.

Only peak 3 was identified as soyasaponin 1. Other saponin standards were
not available. However, it may be deduced from the position in the chromato-
grams, that peak 1 was 3-O-Glc-28-O-Ara-Rha-Xyl-medicagenate and peak 2
3-0-Glc-28-0-Ara-Xyl-medicagenate. Peak 4 cannot be either of the two sapo-
nins derived from medicagenic acid, which have been reported in alfalfa leaves,
since these compounds elute before peak 1 (Nowacka, Oleszek, 1992).
It cannot be the zahnic acid tridesmoside, described by Oleszek et al.
(1992), which does not react with the derivatization agent used here, nor zahnic
acid monodesmoside or bisdesmoside, both of whose have shorter retention times
than peak 1. The zahnic acid tridesmoside may be determined after alkaline
hydrolysis Nowacka, Oleszek, 1992). Hence, peak 4 appears to be
a saponin different to those already reported.

The relative concentrations of the four saponins, corrected by phenanthrene
peak areas and expressed per 100 g dry matter, are given in Fig. 2. Saponins
designated 1 to 3 were present in all 16 genotypes, while saponin 4 was not found
in five of the genotypes of breeding materials. Considerable variations were
observed in the saponins contents in all genotypes.
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These results are reported as preliminary information on the variability in the
concentration of individual saponins. These need to be identified and their bio-
logical effects assessed. The results obtained correspond to the dataof P1hédk,
Chloupek (1988), who found variability of 26% in the saponin content in
aerial parts of nine alfalfa varieties, determined by haemolytic test, this variability
being affected mainly by changes in the saponin concentration in leaves. Herita-
bility of saponins, expressed as the proportion of the additive variance of the total
variance observed, was shown to be high (0.86) that indicates the possibility of
successful breeding of alfalfa for decreased levels of saponins (Chloupek,
Plhak, 1986).

The following steps are recommended for the preparation of samples for fur-
ther analyses of saponins. The forage should be frozen immediately after cutting
and freeze-dried as soon as possible, though enzymatic activity to break down
intact saponins must be assumed to have occurred at the temperature of 40 °C
which was used for drying in this study. Chemical analysis of leaves, where
saponin concentrations are several times higher:than those in stems, seems to be
more suitable for the selection of breeding materials than the analysis of alfalfa
aerial parts. Genotypes with a higher proportion of leaves were found to have
significantly higher content of haemolytic saponins (P1hdk, Chloupek,
1988). It would be advantageous to determine- simultaneously intact saponins
using HPLC and any enzymically released aglycones extracted in chloroform
during the first step of isolation, using gas chromatography alone or in combina-
tion with mass spectrometry.
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s ws

Chemické stanoveni saponinu v nadzemni ¢asti ¢eskych odrud a novoslechténi vojtés-
ky (Medicago sativa L.).

Rostl. Vyr., 40, 1994 (11): 967-972.

Saponiny byly stanoveny ve dvou odriidich a'14 novoslechténich vojt&sky. Byly
extrahovdny metanolem z usuSenych vzorkl po predchozi extrakci lipidii chloro-
formem. Po piecisténi extrakci na pevné fazi byly saponiny pfevedeny na draselné
soli, derivatizovdny a opét preCistény. Pro stanoveni vysokoucinnou kapalinovou
chromatografii (HPLC) byl pouZit fenanthren jako vnitini standard a sojasaponin
I jako standard vnéjsi.

Ve viech 16 genotypech byla zji§téna riznd mnoZstv{ tff saponind, v 11 genoty-
pech rovnéZ saponinu Etvrtého. Jeden ze saponint je sojasaponin I, dal$i dva jsou
saponiny odvozené od kyseliny medikagenové. Ctvrty saponin pravd&podobn& nebyl
ve vojté€Sce dosud nalezen. Z té€chto informaci vyplyvd, Ze pii daldim Slechténi
vojtésky je uicelné kombinovat biologické testy a chemickd stanoveni jednotlivych
saponini jako nositelt riznych biologickych vlastnosti.

Contact Address:

Doc. ing. Pavel K ala¢, CSc., Jihoeskd univerzita, Zemédélska fakulta,
Studentsk4 13, 370 05 Ceské Bud&jovice, Ceska republika, tel.: 038/731 15 56,
fax: 038/403 01
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ANALYSIS OF HOP LATENT VIROID (HLVd) IN COMMERCIAL
HOP CLONES IN CZECH REPUBLIC

J. MatousSek!, L. Trnénal, P. SvobodaZ2, P. Rizkova!l

Unstitute of Plant Molecular Biology, Czech Academy of Sciences,
Ceské Budéjovice
2Institute of Hop Research and Breeding, Zatec

Analysis of hop viroids in the most important commercial hop clones confirmed
a high incidence (approaching 100%) of hop latent viroid (HLVd). Hop stunt viroid
(HSVd) was not found in these Bohemian hops. The mean value of HLVd amount
in leaf tissues of hop garden-grown hop plants was 4.3 and 2.4 pg/mg fresh mass
for variety Osvald’s clones 31 and 72, respectively. Electrophoretic analysis of
HLVd showed homogeneity of isolated HLVd samples and did not reveal any
differences between HLVd isolated from different hop clones. Plants derived from
meristem cultures (mericlones) of variety Osvald’s clone 72, which were included
in the programme of virus eradication and subjected to thermotherapy, were found
to be virus and HLVd-free. On the other hand, HLVd concentration in ten newly
established mericlones grown in in vitro conditions was about eightfold higher than
in field-grown plants of the original variety Osvald’s clone 31 and reached
31.1 pg/mg fresh weight on average. While a gradient of viroid concentration was
observed in field-grown plants, and the highest viroid level was detected in the
lower leaves and roots, no such gradient was observed for in vitro mericlones. In
these plants a higher concentration was found in shoots than in roots.

Hop latent viroid (HLVd), which is regarded as the prototype of a new viroid
group has been shown to occur worldwide in hops (Puchta et al, 1988).
Despite of the absence of obvious disease symptoms in infected hop plants, this
viroid has recently shown to be a deleterious to production in certain hop culti-
varsinthe UK (Barbara etal, 1990b; Adams etal., 1991) and it appears
to be of significant economic importance. Although an indication that HLVd
occurred also in some material originated from Czech Republic has been pub-
lished Puchta et al, 1988), no detailed information is available about fre-
quency of occurrence of HLVd in Czech commercial hop clones. Here we report
our first results of analysis of HLVd in the most important Czech hop clones in
both, field and in vitro cultivated mericlones derived from them.
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MATERIAL AND METHODS

Source of plant material and in vifro cultures

Osvald’s clones 31 and 72 of Zatec semi-early red-bine hop, grown in com-
mercial and experimental hop gardens in the Zatec area were used as a source
material.

In vitro cultures (mericlones) were established from variety Osvald’s clones
31 and 72 maintained in experimental hop garden in the field area of the Institute
of Hop Research and Breeding, Zatec. The initial meristem cultures were estab-
lished as follows: The surfaces of the shoot tips were briefly (30 sec) sterilized
with 70% ethanol followed by 10 min treatment with 10% calcium hypochlorite
and washing three times in sterile distilled water. Pieces of meristems 0.1 to
0.2 mm in length were then transferred to MS medium (Murashige, Sko-
0g, 1962) supplemented with 100 mg/l inositol, 40 g/l glucose, 1 uM IBA/I,
10 uM BA/1, 1 uM GA3/1 and solidified with 0.6% agar (pH 5.7). The medium
enabled fast growth of in vitro cultures and stimulated multiple stems production
(Svoboda, 1991). The regenerated shoots were rooted or used for clonal
propagation by means of stem cuttings. The cultures were transferred monthly to
fresh half-strength MS medium supplemented with vitamins, 100 mg/l inositol,
20 g/l glucose, and 0.6% agar but lacking phytohormones. The cultivation was
carried out in a cultivation room at a temperature of 25 + 2 °C and light intensity
of 1 500 to 2 500 Ix.

Some samples were collected from thermotherapy-treated mericlones of
Osvald’s clone 72. Both, plants grown in vitro and those transferred back to field
condition were analyzed. Detection of hop viruses in thermo-therapy-treated
plants was performed using material grown in glasshouses for 3 to 6 month
following the treatment. The samples were collected from apical leaves of 20 to
30 cm long stems.

Detection tests for viruses

Plants were examined for apple mosaic virus (ApMYV), prunus necrotic ring-
spot virus (PNRYV), arabis mosaic virus (ArMV), hop mosaic virus (HMV) and
hop latent virus (HLV) using enzyme-linked immunosorbent assay (ELISA)
(Clark, Adams, 1977) modified according to recommendations described
in individual protocols supplied with the antisera. The antisera for detection of
ApMYV and PNRV were from Agdia (USA). Antiserum for HLV diagnosis was
from Sapporo Breweries Ltd. (Japan). Antiserum for HMV detection was kindly
provided by Dr. A. N. Adams (IHR East Malling, Kent, England).
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Partial purification and electrophoretic analyses of HLVd

HLVd was extracted using buffer containing 3.5M LiCl essentially by the
method described by Matou3ek, D&di& (1988) originally for extraction
of potato spindle tuber viroid. For partial purification of viroid RNA, the LiCl-
-soluble nucleic acids were further fractionated by 12 to 20% of polyethyleneg-
lycol 6000 (PEG) M atousSek, D&dic, 1988).

HLVd was analyzed by bidirectional gel electrophoresis, but using a 6% po-
lyacrylamide gel instead of the 5% gel described previously M atou3ek,
Schubert, 1988). The electrophoresis was used also for quantification of
HLVd in the partially purified sample. For this purpose PSTVd purified by HPLC
was used as a calibration electrophoresis marker. Purified PSTV sample was
kindly provided by Prof. D. Riesner (Institut fiir Physikalische Biologie,
Universitdt Diisseldorf, FRG). After staining of the nucleic acids in the gel with
silver nitrate (B 1um et al., 1987) the zones corresponding to viroid-specific
RNA were scanned using an ULTROSCAN (LKB) and quantified using the
Gelscan 2D-spots computer program version 2.1 (LKB).

HLVd was also analyzed by electrophoresis under non-denaturing conditions
as described by Zimmat et al. (1990). For this, a partially purified HLVd
sample was hybridized in solution with full-length monomeric minus transcripts
of HLVd labelled with [a-32P]JUTP (500Ci/mmol, Amersham). This monomeric
fragment was obtained by transcription from the vector pRH701 (Hecker,
1989) in which monomeric BamH1 insert was re-cloned from Bluescribe M13+
plasmid kindly provided by Prof. S dnger (Max-Planck Institut fiir Bioche-
mie, Martinsried bei Miinchen, FRG). Molecular hybridization was performed in
1 mM Na cacodylate buffer (pH 6.8) containing 100 mM NaCl and 1 mM EDTA
(sample buffer). The samples were heated to 95 °C in a water bath and cooled
in an insulated box to 40 “C over a period 2 h. Resulting RNA-RNA hybrids
were then electrophoresed in 6% acrylamide, 0.12% bisacrylamide gel containing
89 mM Tris, 89 mM boric acid, 0.24 mM EDTA (pH 8.3), (1 x TBE), 0.1%
TEMED, 8 M urea, 10% glycerol and 0.06% ammonium persulfate. Electropho-
reses were carried out at 150 V, and 20 °C for 14 h. Before autoradiography, the
gels were incubated in a mixture of 10% ethanol, 0.5% acetic acid for 10 min.

Viroid detection and quantification of HLVd using molecular hybridization technique

For routine hop viroid detection we used cDNA clones kindly provided by
Prof. Sdnger (Max-Planck Institut fiir Biochemie, Martinsried bei Miinchen,
FRG). One clone contained dimeric cDNA insert of HLVd, the other clone con-
tained a dimeric sequence of cucumber pale fruit viroid cDNA, which is closely
related to the cucumber isolate of HSVd. Both cDNAs were inserted in the
Bluescribe M13+ plasmid. Extraction and hybridization procedures described
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originally for PSTVd diagnosis were adopted for HLVd and HSVd detection.
Viroids were analyzed in the leaves using a modified dot-blot hybridization pro-
cedure as described by Macquaire etal. (1984). This procedure was des-
cribed earlier in detail by MatouSek, Rakousky (1993). It includes
extraction of viroid RNA in AMESS solution [0.5 M sodium acetate buffer (pH
6.0) containing 10 mM MgCly, 20% ethanol, 3% SDS, and 1 M NaCl] and heat
denaturation after addition to the samples one volume of mixture containing SSC
(0.15 M NaCl, 0.015 M sodium citrate, pH 7.0). and 37% formaldehyde (3 : 2,
v/v). According to the standardized procedure, aliquots corresponding to 8.3 mg
fresh mass of tissue were blotted to Biodyne A (Pall Bio-Support membrane,
Dreieich) membranes using a vacuum manifold apparatus. After baking at 80 °C
for 30 min the membranes were incubated in solution containing 50 mM Tris-HCI
(pH 8.0), 1 M NaCl, 1 mM Naz EDTA and 1% SDS at 55 °C for 2 h. Prehybri-
dization was performed at 55 °C for 2 h in solution containing 50% formamid,
0.05 M sodium phosphate buffer (pH 7.4), 5 mM Naz EDTA, 0.75 M NaCl, 0.1%
SDS, 0.03% polyvinylpyrrolidone, 0.3% BSA, 0.3% Ficoll and 200 pg/ml of
tRNA. Hybridization was performed at the same conditions for 14 h. The [o-32-P]
UTP (3000 Ci/mmol, Amersham) labelled transcripts from plasmids containing
dimeric inserts either HSVd or HLVd cDNAs were used as the hybridization
probes. After hybridization the membranes were (in the case of HLVd detection)
washed once in 2 x SSC, 0.1% SDS at 55 °C for 10 min and then twice in 0.1 x
SSC, 0.1% SDS at 75 °C for 30 min. In tests for HSVd the high stringency
washing conditions described by Puchta et al. (1988) were used. As the
positive standards of HSVd were not available, we used in vitro transcripts from
the original cDNA as the standard reference. The autoradiograms were scanned
and quantified using 2D-spots program as described above. The amounts of viroid
were estimated from a calibration curve obtained for the HLVd standard. Three
independent measurements were performed per sample. The mean value of the
amount of HLVd was always re-calculated per mg fresh mass of hop tissues.

RESULTS

In the first set of experiments the HLVd was extracted and purified from
a mixed leaf sample collected from field-grown plants of Osvald’s clone 72. After
additional fractionation of LiCl-soluble nucleic acids with PEG 6000 the sample
was analyzed M atoulek, Schubert, 1988) by bidirectional gel elec-
trophoresis utilizing a discontinuous pH system (Fig. 1). HLVd circular migrated
in the gel as a single sharp band. The sample was hybridized with a HLVd-spe-
cific probe but not with a HSVd-specific one (not shown). No additional bands
were observed in the gel, suggesting no contamination of the sample with viroids
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1. Bidirectional gel electrophoresis of
HLVd isolated from Bohemian com-
mercial hop. The second run (electrop-
horesis in denaturating gel) was per-
formed for three hours at constant vol-
tage 25 V/cm. Under these conditions
linear viroid forms migrated out of the
gel. Line 1 — position of circular form
of potato spindle tuber viroid; line 2 —
position of circular form of HLVd
from Osvald’s clone 72.

1 o

o ' @

[ g - PH 225 ——— T 2. Analysis of HLVd by non-denatu-
ring PAGE of circular RNA duplexes.
HLVd was hybridized with linear mo-
nomeric transcripts and electrophore-
sed as described. Autoradiography
was performed for 14 h. The analysis
of circular homoduplexes marker
PSTVd is shown in track 1. Track 2
represents analysis of HLVd from
Osvald’s clone 31; track 3-HLVd from
Osvald’s clone 72. Autoradiograms
were scanned by ULTROSCAN
(LKB). The pattterns were then com-
pared using the Gelscan 1D-compare
computer program version 2.1 (LKB).

or viroid-like RNAs having molecular masses close to HLVd or PSTVd. HLVd
migrated faster than PSTVd marker apparently due to lower molecular weight.

In further experiments HLVd was partially purified also from Osvald’s clone
31. Both samples (from clones 31 and 72) were analyzed for their homogeneity
using electrophoresis of RNA duplexes under non-denaturating conditions
(Zimmat et al, 1990). The scannogram in Fig. 2 demonstrates that only
a single slowly migrating RNA duplex species, formed between HLVd circular
form and complete minus transcripts of HLVd, were observed. The position in
the gel was identical for both samples, suggesting no differences between HLVd
isolated from clones 31 and 72 and that the HLVd samples were homogenous.
HLVd-specific duplexes migrated slightly faster than PSTVd homoduplexes for-
med between circular forms of PSTVd (lethal KF440-2) and corresponding minus
monomeric transcripts.
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HLVd samples collected from hop plants grown in experimental and commer-
cial hop gardens in the Zatec area were analyzed by the hybridation for the
presence of hop viroids. While no indication was obtained that Bohemian hops
examined were HSVd infected, high incidence of HLVd was observed. The
results obtained for samples collected in May/June 1992 from commercial gar-
dens situated in three different localities near to the town Zatec (northern Bohe-
mia) are summarized in Tab. I. In all of these gardens the semi-early red-bine
hop of Osvald’s clone 72 was grown. As it can be seen from these results, 100%
incidence of HLVd was observed for localities Bl§any and PSov, 91% of samples
collected in the locality KoleSov were also HLVd-positive. Overall, these results
show close to 100% incidence of HLVd in the commercial hops examined. We
also tested for HLVd the samples collected from experimental gardens situated
in the field area of the Institute of Hop Research and Breeding, Zatec. These tests
were performed in early spring (April 1992) using first leaves, which appeared
on the young shoots. 100% incidence of HLVd was found in both Osvald’s clones
31 and 72. Concentrations of HLVd in infected leaves was similar for all of the
samples collected from field-grown plants and ranged from 0.5 to 7 picograms
of HLVd per mg of fresh mass. For clones 31 and 72 4.3 and 2.4 pg/mg were
detected on an average (Tab. I).

1. Incidence and level of HLVd in leaf samples taken from commercial hop gardens near Zatec

Number of plants Amount of HLVd
< Percentage -
Locality . infected in infected leaves
tested positive nnecte (pg/mg fresh mass)
Blsany 24 24 100 5.0+ 1.86
Kolesov 24 22 91.7 3.9 £2.15
P3ov 24 24 100 5.2£3.63

The leaf samples were collected from adventive stems formed at height of 1 m

Further analysis was performed using mericlones derived from Osvald’s clone
72 four years ago with the aim of eradicating viruses from the plants. During this
programme of the Institute of Hop Research and Breeding, Zatec some mericlo-
nes were treated by thermotherapy. Cultivation was performed at 35 to 36 °C for
nine days. However, all the meristem cultures were subsequently exposed acci-
dentally to higher temperature (up to 37 °C) on several occassions and the tem-
perature regime cannot be described precisely. Previous analyses performed at
the Institute of Hop Research and Breeding, Zatec and results obtained during
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our experiments revealed that these plants were virus-free. It was found out in
our experiments that 95% of the analyzed mericlones were also HLVd-free. For
mericlones 1683 and 4633 HLVd was absent for all plants. It was true both for
plants maintained in in vitro conditions, but also for those transferred back to
greenhouse and grown in field conditions. These results are in sharp contrast with
the fact, that 100% incidence of HLVd was usually detected in commercial
Bohemian hop clones analyzed. Moreover, 100% incidence and high level of
HLVd was observed in newly established in vitro cultures derived from Osvald’s
clone 31. The HLVd level ranged in these materials from 20 to 40 pg/mg fresh
mass-(Fig. 3) and was approximately eight times higher than HLVd level in field
grown plants (Fig. 3). Analysis of HLVd content revealed a gradient of viroid
concentration in fully expanded field-grown plants (Tab. II). The highest concen-
tration was observed in roots, while very low concentration about 1.6 pg/mg of
fresh mass was observed in the apical leaves. On the contrary, a concentration
of HLVd was always higher in shoots than in roots in vitro cultivated hop me-
riclones (Tab. II).

Amount_of HL.Vd (pg/mg) 3. Levels of HLVd in the lea-
ves of Osvald’s clone 31
grown in the field conditions
and in vitro. After hybridizati-
on of the samples the autora-
diograms were scanned and
HLVd was quantified as des-
cribed. Two dimensional his-
togram represents data obtai-
ned for individual samples

4 2 3 . 5 6 & sorted in ascending order.
spot position

- e

field grown mericlones

II. Quantification of HLVd in different tissue of in vitro and field-grown plants

Tissue (sample) Amount of HLVd
P (pg/mg fresh mass)
upper leaves (height 4 m) 1.6
Field-grown plants lower leaves (height 1 m) 3.7
roots 5.7
. stem leaves ' 33.2
In vitro grown plants
roots 15.2
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DISCUSSION

Viroids isolated from Bohemian hop were characterized by two electrophoretic
methods. Using electrophoresis in a discontinuous pH system [the second direc-
tion of the bidirectional gel electrophoresis described by Matou3ek,
Schubert (1988)] very similar viroid and viroid-like molecules can be dis-
tinguished Rivera-Bustamante etal., 1986). Different forms of viroid
RNA can be recognized by electrophoresis of circular RNA duplexes (Zim -
mat etal, 1990). Hop latent viroid isolated from Bohemian hop clones was
identified and characterized by these electrophoretic methods as a homogeneous
HLVd isolate. No additional viroid-like RNAs having size in the range around
251 nucleotides (HLVd) to 365 nucleotides (PSTVd lethal KF440-2) were found
in the preparation. HSVd (Sano et al., 1986) was not detected using either
electrophoretic or hybridization techniques. These results confirm the conclusion
of other authors (Puchta etal., 1988, 1989; Barbara et al, 1990a) that
HSVd is not present in European hops. No sequence variants of HLVd other than
sequenced by Puchta et al (1988) were described up to now.

High incidence (approaching 100%) of HLVd in both Osvald’s clones analy-
zed is of great practical interest. It is not known, for instance, whether HLVd
could change composition and ratio between o-acids and B-acids, as has been
demonstrated for the UK cultivar Wye Challenger, where 11% lower a-acids but
8% higher B-acids and 38% more mycerine were detected in HLVd infected
plants than in uninfected ones. Clones from these plants were also 11% smaller
than those from healthy ones, although no obvious symptoms of disease were
observed on infected plants (A d am s et al., 1991). In our experiments we were
- unable to analyze possible effect of HLVd in plants grown in the commercial
gardens due to the fact that the hops tested were almost infected by hop viruses.
No pathogenesis was found for in vitro grown HLVd-infected mericlones of
Osvald’s clone 31. Although much higher HLVd concentration was found in in
vitro meristems than in tissues of field grown plants, in vitro plants showed normal
growth characteristics and the regeneration ability Rakousky, Matou-
§ e k , 1994). The most important finding is that no viroid was detected in selected
mericlones subjected to thermotherapy with the aim to make new healthy planting
material. An examination of these virus and viroid-free materials is in progress
at the Institute of Hop Research and Breeding, Zatec.

A concentration gradient of HLVd was observed in field grown plants. Similar
distribution was reported also by Morton et al. (1994). The molecular me-
chanism of tissue specific propagation HLVd in vive and in vitro is not known.
It is possible that such a gradient could be affected by the concentration of
different phytohormones distributed along fully expanded hop stems.
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Zatec):

Stanoveni latentniho viroidu chmele (HLVd) v odriidach chmele v CR.

Rostl. Vyr., 40, 1994 (10): 973-983.

Latentni viroid chmele (Hop latent viroid HLVd) je v chmelu celosvétové rozsiten
(Puchta et al., 1988). PrestoZe nevyvoldva viditelné piiznaky na infikovanych
chmelovych rostlinich, bylo zjisténo, Ze ovliviiuje produkci nékterych odriid chmele
ve Velké Briténii, ¢imZ byla prokdzana jeho vyznamna hospodéiské Skodlivost. Acko-
liv jiz byla publikovédna informace (Puchta et al., 1988), Ze HLVd se také vysky-
tuje ve vzorcich chmele z CR, nebyly dosud uvefejnény Z4dné dostupné detailni
informace o frekvenci jeho vyskytu v odriidich ¢eského chmele.

Uvadime vysledky analyzy HLVd v nejdilezitéjsich odridach ¢eského chmele
péstovaného ve chmelnicich a v kulturdch in vitro. Stanoveni latentniho viroidu
chmele HLVd v nejduleZitéj§ich odridich chmele potvrdilo jeho znaény vyskyt
(téméf 100%). Viroid zakrslosti chmele (Hop stunt viroid HSVd) v téchto odriddch
nebyl nalezen. Primérné mnoZstvi HLVd v listech z rostlin péstovanych ve chmelnici
bylo 4,3 pg/mg Cerstvé hmotnosti u odriidy Osvaldiv klon 31 a 2,4 pg/mg u odridy
Osvaldiiv klon 72. Elektroforetickd analyza HLVd prokdzala homogenitu HLVd ze
zkoumanych vzorkil. Neprojevil se Zddny rozdil mezi HLVd izolovaném z riiznych
chmelovych odrid.
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Rostliny chmele z meristémovych kultur odridy Osvaldiv klon 72, ziskané
v rdmci eliminace virovych chorob chmele, které soucasné prosly termoterapif,
neobsahovaly sledované viry (ApMV, PNRV, ArtMV, HLV a HMV) ani HLVd.
Koncentrace HLVd v novych kulturdch in vitro odridy Osvaldiv klon 31 byla asi
osmkrat vys$i neZ v rostlindch pé&stovanych ve chmelnici a dosahovala 31,1 pg/mg
Cerstvé hmotnosti. Gradient koncentrace viroidu byl zjistén u rostlin z chmelnice,
pficemzZ nejvyssi obsah viroidu byl v nejniZsich listovych patrech a kofenech. Tento
gradient nebyl zaznamendn u rostlin v podminkach in vitro. V téchto rostlinich byla

w2

vy$§i koncentrace viroidu HLVd nalezena jak ve vyhonech, tak v kofenech.

Contact Address:

RNDr. Jaroslav M atou § ek, CSc., Ustav molekul4rni biologie rostlin AV CR,
Braniovska 31, 370 05 Ceské Budg&jovice, Ceska republika, tel.: 038/437 48,
fax: 038/414 75
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