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VYVOJ FOSFORECNEHO REZIMU V HNEDOZEMI
OVLIVNENY ZMENOU DLOUHODOBEHO ZPUSOBU HNOJENI

K. Voplakal

Vyzkumny ustav melioraci a ochrany piidy, Praha

V dlouhodobém stacionarnim polnim pokuse na hnédozemi byl zkouman vyvoj pudni-
ho fosfore€ného reZimu jak v podminkach dlouhodob& nehnojené pokusné parcely, tak
i v podminkach systematické aplikace mineralnich a organickych hnojiv. Od roku 1986
byl systém hnojeni zménén; jednotlivé pokusné parcely byly rozdé&leny na tfi &asti;
jedna &ast kaZdé parcelky zistala trvale nehnojena, kaZda druh4 tfetina byla minerdlné
&i organicky hnojena jako dosud a kaZda tfeti Cast jednotlivych parcelek byla hnojena
opané& neZ pfedtim (od roku 1967 do 1985 organicky hnojena &ast parcelky je nyni
hnojena anorganickym - primyslovym hnojivem a naopak). U¥elem této vzijemné z4-
mény bylo zjistit nasledky nahlé zamény dlouhodobého systematického hnojeni prii-
myslovym hnojivem za hnojivo organické (kompost) a naopak na pudni fosforeény
reZim, ddle jaky i¢inek miiZe mit zahdjeni systematického hnojeni na chovéni piidniho
fosforu v piidé dlouhodob& nehnojené a koneéné, jak bude ovlivnén pudni fosforeény
reZim této pudy v pfipadé, Ze jak minerdlni, tak i organické systematické hnojeni bude
na mnoho let uipIng& pterudeno.

V.pfedchoz praci (Voplakal, 1990) byly vyhodnoceny dlouhodobé vyvo-
jové trendy obsahu fosforu dostupného rostlindm, resp. jeho reZzimovych ukazatelt
v podminkdch monoténniho hnojeni hn&€dozemni piidy vysokymi ddvkami pri-
myslovych i organickych hnojiv a v podminkdch dlouhodob& nehnojené kontrolni
pokusné parcely. Bylo konstatovano, Ze nehnojend, sorpéné nasycena pida miiZe
pHi intenzivni agrotechnice i po fadu let udrzovat vysokou troveii jednotlivych re-
Zimovych ukazateli, resp. hladinu rostlindm dostupného fosforu mobilizaci vlastnich
fosfore¢nych rezerv. PH systematickém hnojeni vysokymi ddvkami primyslového
hnojiva (NPK) pfechdzelo cca 13 % hnojivem (SP) vneseného hnojiva do forem
dostupnych rostlindm. KaZdoro¢ni aplikace organického hnojiva (kompostu) vedla
k vyznamné mobilizaci ptidni zdsoby fosforu, takZe bylo dosazeno prakticky opti-
malnich reZzimovych charakteristik ptidniho fosforu.

Od roku 1986 byl zdsadn& zm&n&n dosavadni zplsob hnojeni jednotlivych po-
kusnych parcel. Ugelem zm&ny pokusného schématu bylo ziskat poznatky o tom,
jak budou ovlivnény nékteré pudni vlastnosti, mimo jiné pidni fosfore¢ny rezim,
v disledku nahlé trvalé zdmény dosavadniho systematického hnojeni vysokymi
ddvkami priimyslového hnojiva hnojenim vyhradn& organickym, resp. jaké nasledky
pro rezim puidniho fosforu dosud organicky hnojené ptidy ma pfechod na hnojeni
vyluéné priimyslovymi hnojivy, jak rozdilné disledky md na pidé dlouhodob&
nehnojené aplikace vysokych ddvek organickych hnojiv ¢i systematické hnojeni mi-
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neralni, pfipadn& jak se na chovani ptidniho fosforu projevi trvalé dlouhodobé pfe-
ruSeni systematického hnojeni minerdlniho &i organického.

MATERIAL A METODA

Pldni podminky pfedstavuje hnédozem typicka na hlinité spraSi (lokalita Tupadly
u Mélnika). Pidni charakteristiky podrobn& uvedli Dama§ka, Fiirst (1979)
a pozdéji Sirovy a kol. (1984); pfehled o ¢asovém vyvoji frakéniho sloZeni
fosforu v podminkach staciondrniho pokusu na hné¢dozemi v Tupadlech podali
Voplakal akol (1980).

Jednotlivé parcely staciondrniho pokusu byly rozdéleny na tfetiny s rozdilnym
zpisobem hnojeni: na piivodné nehnojené kontrolni parcele zlistdvd jedna tfetina
nehnojend, zatimco druhd je hnojena minerdlng a tfeti organicky; na prvni tfetiné
dosud minerdIln& hnojené parcely neni naddle viibec hnojeno, na druhé tfeting zista-
vé zpusob i intenzita hnojeni nezménény a zbytek je hnojen vylu¢né organicky; ana-
logicky na prvni tfetiné dosud organicky hnojené parcely se hnojit prestalo, druhd
¢ast se hnoji minerdln& a na zbytku se pokraCuje ve hnojeni organickém.

Pokusné schéma:

Plvodni zptisob hnojeni Pokusné kombinace od roku 1986
0 (nehnojend kontrola) 0 -0 0 -NPK 0 -ORG
NPK  (minerdlné hnojend) NPK - 0 NPK - NPK  NPK - ORG

ORG  (organicky hnojend) ORG -0 ORG -NPK ORG - ORG

Ro¢ni ddvky jednotlivych hnojiv zistaly na dosavadni urovni: pfi minerdlnim
hnojeni ¢ini ddvka éistych zivin (v pfepoCtu na hektar za rok): 207 kg N, 281 kg
K, 132 kg Ca, 149 F P; pfi organickém hnojeni 21 t organické suSiny odpovida
ro¢ni ddvce v kg.ha™: 85 kg N, 471 kg K, 1414 kg Ca a 15 kg P. Vzhledem
k mocnosti orni¢ni vrstvy (20 cm) a podorméx (15 cm), resp. iluvidlniho horizontu
(30 cm) byly piidni vzorky odebirdny z hloubek 5 - 15 cm, 20 - 30 cm, 45 - 60 cm.
Podobné jako v pfedeslé publikaci (Voplakal, 1990)) viak uvddime pouze
vysledky z omi¢niho a podorni¢niho horizontu, protoZe ovlivnéni spodnich vrstev
ptidniho profilu bylo malo vyznamné z divodu malé profilové pohyblivosti piidniho
fosforu. Zmé&ny v ptdnim fosforetném rezimu byly testovany pomoci vybranych
rezimovych ukazatelt:

- faktoru intenzity FI (A slyn g, 1954);

- faktoru kapacity FQ (Amer et al, 1955);

- sorpéniho indexu SI Bache-Williams, 1971).

Pro pfehlednost a rovnéz z diivodu snadnéj$iho porovnani u€inku zmény zpiso-
bu hnojeni s piivodnim zpiisobem hnojeni bylo i v této prici pouZito rovnic vyvo-
jovych linedrnich trendd ve tvaru: y = a + b.1.

VYSLEDKY A DISKUSE

Vypodtené trendové rovnice v jednotlivych pokusnych kombinacich uvedené
v tab. I umoziiuji vzdjemné srovnani u¢inku zimény jednotlivych zptisobti hnojeni
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na ¢asovy vyvoj urovné ukazatelii fosfore¢ného rezimu v osévanych pokusnych
parceldch. Pro srovndni jsou v tab. I uvedeny i tendenéni rovnice ¢asového vyvoje
rezimovych ukazateli na ptivodnich pokusnych parceldch (kombinace 0 -; NPK -;
ORG -) za obdobi 1967 az 1985, publikované v predchozi praci (Voplakal,
1990). Z tabelovanych vysledki je mozno odvodit nékteré diléi zavéry; je pravdé-
podobné, Ze nékteré z nich maji §iri platnost a mohou byt zevseobecnény pro dalsi
pidy podobnych vlastnosti (tj. ptidy neutrdlni, sorpéné nasycené, s dobrou zdsobou
pfijatelnych Zivin, intenzivné obhospodafované).

Na kontrolni parcele nehnojené po celé pokusné obdobi (pokusnd kombinace
0 - 0) dochdzi postupné k zdkonitému sniZovani zdsoby pohyblivého i potencidlng
mobilniho fosforu aZ k téméf uplnému jejimu vyCerpani p&stovanymi rostlinami.
Tuto skute¢nost indikuje nejdfive intenzitni ukazatel FI; je to patrné nejcitlivéjsi indi-
kdtor zmé&ny ve stavu fosfore¢ného rezimu, vystihujici zmény koncentrace fosforu
v pidnim roztoku. Oba zbyvajici reZimové faktory (kapacitni FQ a sorp¢ni index
SI) vykazuji v podstaté stagnujici hodnoty v omi¢nim horizontu, zatimco v podorni-
¢i jsou negativng ovlivnény viechny reZimové charakteristiky (stoupajici trend
urovné& sorp&niho indexu indukuje postupny nartist nenasycenosti pidni sorp¢ni ka-
pacity pro fosfor); z tab. I je patmé, Ze celkovy stav pudniho fosfore¢ného rezimu
v kontrolni parcele nehnojené za celé pokusné obdobi pfed i po roce 1986 (kombi-
nace 0 - 0) se ve srovndni s obdobim od roku 1985 (kombinace 0 -) zhor8il vyrazngji
v podorni¢i nez v orni¢nim horizontu.

V pokusnych kombinacich, na kterych bylo ve druhé etap& (po roce 1986) trvale
pferuSeno jakékoliv hnojeni (pokusnd kombinace NPK - 0, ORG - 0), nebylo
v orni¢nim horizontu zaznamenano snizovani urovné& kapacitniho ukazatele. Pouze
intenzitni ukazatel zaznamenal ur€itou klesajici tendenci na parcele pivodné hnojené
primyslovym hnojivem (NPK - 0), zatimco na parcele pfedb&zné hnojené
kompostem (ORG - 0) byl pokles hodnot FI nepritkkazny. B&hem obdobi, ve kterém
byly tyto parcely intenzivn& hnojeny, se nahromadil mobilizovatelny fosfor (kombi-
nace NPK - 0), resp. vytvofily se tak optimdlni podminky pro mobilizaci fosfo-
reénych rezerv (kombinace ORG - 0), Ze nemohlo dojit ke snizovani urovné kapa-
citniho ukazatele ani k ndristu sorp&ni nenasycenosti v tomto pokusném obdobi.
V podorni¢i viak roven kapacitniho ukazatele na parcele (ptivodné minerdlné hno-
jené od roku 1986) zfeteln& klesa (kombinace NPK - 0) patné proto, Ze klasicky
zpusob vyhnojovéani orni¢niho horizontu nevytvofil v podorni¢i dostate¢nou zdsobu
fosforu v rostlinim dostupné form& vzhledem k nedostate¢né pohyblivosti fosforu
v piidnim profilu.

T&ziSt¥m pokusu jsou kombinace, u které byly poCinaje rokem 1986 vzdjemné
zaménény oba zptisoby hnojeni: orgamcke za mineralni a naopak. Pokud byla parce-
la v prvnim obdobi hnojena vyhradng minerdlné a ve druhém pouze organicky
(kombinace NPK - ORG), vykazuji hodnoty intenzitniho i kapacitniho ukazatele na-
ristovy trend, zatimco ¢asovy prib&h hodnot sorpéniho indexu je inverzniho cha-
rakteru. Je zfejmé, Ze v pfiznivych pidnich podminkéch se fosfor aplikovany v prvni
etapé v minerdlnim hnojivu vazal z velké ¢asti v potencidln€ dostupnych formach,
zatimco organickd hmota (kompost) aplikovand systematicky ve druhé etap& po-
kusného obdobi pisobila mobilizatn& na &ast jeho pidni zdsoby (Sirovy etal,
1984; Voplakal,Sirovy, 1986).
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1. Trendové rovnice (y = a + b.t) ¢asového vyvoje ukazatelii fosfore¢ného reZzimu v pivodnim uspo-
tdd4ni staciondmiho pokusu i po zméné& jeho systému hnojeni - The trend equations (y = a + b.f)
of the development of the soil phosphate regime characteristics in the original stationary experiment
arrangement and after the change of its fertilization system

Pédni Zpusob hnojem" Vyvoj fosi‘oreén)"ch reiimovz"ch ukazateli® .
horizont! do® 1985 | od’ 1986 faktor intenzity | faktor kapacity” | sorpéni index
FI FQ SI
0 . 0,089 + 0,002.¢ 61 +0,14.t 2,60 - 0,021.
0 0 0,098 - 0,011.¢ 58+0,16.¢ | 2,65+ 0,006.t
0 NPK | 0,155 + 0,016.1 68 +4,61.1 2,51 - 0,026.1
0 ORG | 0,145 + 0,005.¢ 66 +2,75.t 2,62 - 0,013.t
NPK g 0,305 + 0,023.1 | 104 +4,30.1 2,48 - 0,043.1
Omice? NPK 0 0,458 - 0,010.f | 145+0,26.t 2,25 - 0,015.
NPK NPK | 0,588 + 0,015 | 161+326.t 2,07 - 0,030.1
NPK ORG | 0,640 + 0,038 | 160+6,01. 2,14 - 0,047.1
ORG - 0,200 + 0,016.1 99 A4 3,41.1 2,50 - 0,036.1
ORG 0 0,488 - 0,003. | 125+1,33.t 2,26 - 0,010.¢
ORG NPK | 0,420 +0,045. | 140 +5,05.¢ 2,15 - 0,048.¢
ORG ORG | 0,498 +0,017.¢ || 134 +3,66.¢ 2,10 - 0,034.1
0 . 0,068 + 0,001.¢ |  54- 0,07.t 2,63 - 0,012.
0 0,075 - 0}()1‘6.: 53- 1,83 | 2,54 + 0,022t
NPK | 0,165 +0,012.t 65 +0,71.1 2,46 - 0,021
0 ORG 0,/185/4- 0,003.1 61 +1,90.1 2,33 - 0,036.1
NPK . 0,279 + 0,025.1 79 +1,82.t 2,57 - 0,033.
Podomiti’ |  NpPK 0 0,396 - 0,005. | 107- 2,50.t 2,28 - 0,014.1
NPK NPK | 0,493 +0,017. | 127 +1,70.t 2,18 - 0,028.1
NPK ORG | 0,510 +0,026.f | 131 +2,59.t 223-0,035.0
ORG = 0,192 + 0,018.¢ 84 +4,26.1 2,54 - 0,052.t
ORG 0 0,308 + 0,003.f | 135+0,67.t 2,17 - 0,008.
ORG NPK | 0,353 +0,025.1 | 148 +4,31. 2,22 - 0,041.
ORG ORG | 0,413 +0,013. | 140+ 3,83.t 2,13 - 0,044.1

!s0il horizon, 2top soil, 3subsoil, *fertilization system, sdevelopment of the phosphate regime char-

acteristics, ®until, "since, 8intensity factor, 9c:apacity factor, '°
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V opa¢ném pfipadé, pokud systematické hnojeni kompostem bylo od roku 1986
nahrazeno vylu¢né primyslovymi hnojivy (kombinace ORG - NPK), dochdzi
k velmi pfiznivému vyvoji ptdniho fosfore¢ného reZimu (tab. I). Jednozna¢ny &a-
sovy ndriist reZimovych ukazatel{i je moZné vysvétlit tim, Ze organickd hmota vytvafi
v pid& podminky pro transformaci ptidniho fosforu do forem rostlindm
dostupngjsich pfedevsim do frakci typu Ca, Mg-fosfaty, zatimco neZddouci tvorba
Fe-fosfati se sniZuje. Podle star§ich zkuSenosti je moZné odekdvat pliznivy vliv
organické hmoty na frak¢ni sloZeni fosfati i v mén& pfiznivych piidnich pomé&rech
(Voplakal etal, 1980).

Je zajimavé, Ze pfi zdm&né zplsobu hnojeni (NPK - ORG, ORG - NPK) byly
nérﬁstoﬂ/é trendy ukazateli fosfore¢ného reZimu strmé&jsi neZ u kombinaci, jejichz
zpiisob hnojeni zistal po celé obdobi pokust (i po roce 1986) nezm&nén. V piipadé
nezménéného vyhradné minerdIniho hnojeni je moZno vysvétlit urlity pokles nariistu
jednotlivych ukazateli postupnym okyselovanim plidniho prostfedi uinkem velké
kumulace priimyslového hnojiva a z toho vyplyvajicim ndristem podilu frakce Fe,
Al-fosfat pfi absenci organického hnojeni.

Zleji;ﬁem' pudniho fosfore¢ného reZimu v podorni¢i je vyznamnéj§i v pfipadé
organického hnojeni. V kombinaci pfedbéZné hnojené kompostem a ndsledné pouze
prumyslovymi hnojivy (kombinace ORG - NPK) dochdzi vlivem akumulované orga-
nické'hmoty k uréitému profilovému pohybu fosforu z ornice do podorni¢i, podobn&
i v opatném pfipad€ (NPK - ORG). V omici nahromad&né dostupné fosfity mohou
byt ve druhé etap& u¢inkem organické hmoty postupn& mobilizoviny (Bumaya,
Naylor, 1988) a mohou &istetné migrovat do podornici.
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VOPLAKAL, K. (Research Institute for Soil Melioration and Protection, Praha):

The development of the phosphate regime in the brown soil as influenced by the change
of its long-continued fertilization system.

Rostl. Vyr., 39, 1993 (4): 289-295.

In the long-term stationary field experiment on the brown soil the development of
the phosphate soil regime level in the conditions of both for many years unfertilized plot
and under systematic application of inorganic fertilizers or of organic matter fertilized
plots was investigated. Since 1986 the system of fertilization has suddenly been changed:
each individual experimental plot was divided into three parts; one part was left perma-
nently unfertilized, the second one was fertilized or manured in the same way as pre-
viously, and the third plot has been fertilized just opposite (formerly - since 1967 to
1985 - a part of plot manured is now fertilized with inorganic fertilizer and vice versa).
The aim of that mutual interchange was to find out the consequence of the sudden re-
placing the long-continued systematic fertilization with the inorganic fertilizers by or-
ganic one, and in turn, the effect on the soil phosphate regime, and the influence of the
sudden beginning of the systematic fertilization on the behaviour of soil phosphate in
soils unfertilized during many years, and how will be affected the phosphate regime of
that soil in case when both inorganic and organic fertilizations will be ceased for many
years.

From the time changes in the values of different phosphate regime characteristics-both
in the first time period (1967 - 1985) and the second one-since 1986 (after the change
of fertilization system) the equations of the linear time trends were calculated (Tab. I)
for the individual experimental combinations.

Certain conclusions can be made from the results given in the Tab. I; part of them
can be generalized for soils of the similar properties:

- in the experimental plots, unfertilized for many years, the reserves of the mobile,
or potentially mobile phosphorus were fully withdrawn, so the level of the individual
phosphate regime characteristics, began to decrease (see experimental combinations
0 - 0). In the topsoil the intensity factor begins to decrease, at first; while in the subsoil
all regime characteristics are affected in unfavourable way;

- in the experimental combinations, where the previous long-continued systematic fer-
tilization (inorganic, but also the organic one) was suddenly completely cancelled (ex-
perimental combinations NPK - 0, ORG - 0), the remarkable decrease of the different
phosphate regime parameters need not be immediately observed; in the contrary, due to
previously accumulated sufficient soil phosphate supply and due to its mobilization
(mainly in the combination previously manured with the organic manure - combination
ORG - 0) an almost balanced level of the phosphate regime characteristics during last
five years was found out;

- after the mutual replacement of previous systematic fertilization with the only in-
organic fertilizers by the organic one (the combination NPK - ORG) the increase in the
intensity and the capacity factors (while the phosphorus sorption index has the inverse
course) takes place-probably due to the good effect of the organic on the previously
accumulated phosphorus, applied in the mineral fertilizers in the first time period (up to
1985);
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- in the opposite case, when the previous systematic application of organic matter
applied in advance was replaced by the only mineral fertilizers (combination ORG -
NPK), then very good development of the soil phosphate regime (Tab. I) can probably
be explained by the fact, that the preliminarily applied organic matter formed the suitable
conditions for the transformation of the phosphorus applied in the form of inorganic
fertilizers into plant-available forms (mainly into the fractions of Ca, Mg-phosphates),
while the undesirable formation of Fe-phosphates fraction is lowered (according to pre-
vious experience, the favourable effect of the organic matter on the fractional composi-
tion of the soil phosphate can be stated even in the less favourable soil conditions);

- from the results given in the Tab. I (b-coefficients of the trend equations) it is evi-
dent, that in the experimental combinations where the fertilization system remained the
same (unchanged in 1986), so significant increase in the phosphate regime characteristics
did not occur as in the combinations, where the system of fertilization has been changed
since 1986;

- the improving of the soil phosphate regime in the subsoil is significant practically
only in the case, where the organic matter has been applied; in the combination at the
beginning organically manured and fertilized with the mineral fertilizers since 1986, the
organic matter causes certain profile movement of the soil phosphate from the topsoil
layer to the subsoil (combination ORG - NPK); similarly, in the plough layer accumu-
lated potentially available phosphates during the first period can be gradually mobilized
during the second period due to application of the organic matter and partially migrate
to a subsoil (combination NPK - ORG).

84

Kontaktni adresa:

Ing. Karel Voplakal, CSc., Vyzkumny ustav melioraci a ochrany pudy, 165 21 Praha 6-
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RECENZE

NATURALLY OCCURRING PEST BIOREGULATORS
P. A. Hedin

ACS Symposium Series 449, American Chemical Society, Washington, DC 1991, 456 s.

Sbornik obsahuje autorizované pfednadky tfi tematicky odli¥nych sympozii pofadanych
ACS. Je rozdélen do péti &asti, které se dale ¢leni do jednotlivych kapitol. V tivodu kniZni
publikace je poukazano na problém zvy3ujici se rezistence hmyzu, pleveli a jinych $kodlivych
¢initell k syntetickym pesticidim, coZ vynucuje vyvoj novych ochrannych prostfedki. Jde
konkrétné€ o vyuZiti pfirodnich latek nezanechavajicich rezidua a nemajicich kodlivy vliv na
Zivé systémy.

V prvé &asti Bioregulace chovani a vyvoje hmyzu jsou prace o regulaci biosyntézy fero-
mont a o riiznych feromonech v&el a mravenci. Druha ¢dst nazvana Mechanismus rezistence
rostlin vii€i hmyzu se zabyva ochrannym vlivem trichomil rajéat a brambor a iilohou fytoa-
lexinil. V tfeti ¢asti Allochemické sloueniny podmiiiujici rezistenci vu¢i hmyzu a jinym Zi-
vodichum se diskutuje o rezistentnich faktorech druhii rodu Petunia, Pelargonium, déle
kukufice a slune€nice. Zajimava je prace o vyuZiti monoterpenoidi jako toxinil viiéi né€kterym
rybam. V pifedposledni &asti Fytoalexiny a fytotoxiny p¥i ochrané rostlin jsou uvedeny
piehledné price o vazbéch elicitori na DNA a podrobné studie fytoalexini u baviniki a
podzemnice olejné. Zavéreéna &ast Allelochemické liatky v boji proti chorobam rostlin uvadi
préce o inhibici rustu Phytophtora parasitica ptitomné v kofincich tabdku fenoly a o pfi-
tomnosti antifungicidnich a antibakteridlnich latek izolovanych z peruanskych rostlin. Struéné
jsou zhodnoceny biochemické a fyziologické aspekty fytopatogennich pochodii u fady dal3ich
polnich a uZitkovych rostlin.

Doc. RNDr. ing. Josef Zahradnidéek, CSc.
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VPLYV DRASELNYCH IONOV NA FIXACIU BORU

K. Hrntiarové, A. Cumakov

Ustav anorganickej chémie SAV, Bratislava

V inkuba¢nych pokusoch vykonanych v laboratérnych podmienkach sa sledoval vplyv
draslika na fixaciu béru bentonitom a prirodzenymi pddami. Zaroveii sa sledovala aj
miera spolupdsobenia pH a ¢asu ich vzajomného pdsobenia. Potvrdilo sa, Ze neracio-
nélne vysoké davky draselnych hnojiv méZu viest k vyskytu indukovaného nedostatku
rastlinami prijatelnej formy boru. Této skuto&nost sa zistila v oblastiach pestovania
cukrovej repy na Zitnom Ostrove. Fixacia béru vznika v dbsledku $truktirnej zmeny
montmorillonitu; po nasyteni draslikom dochadza ku vzniku zmie$anovrstevnej
Struktiry a naslednej fixacie boru.

V poslednych rokoch sa oraz &astejSie objavuje u rastlin nedostatok boru. Pri-
¢inou nedostatku boru mdZe byt jeho prirodzeny nedostatok v pdde, alebo tzv. indu-
kovany nedostatok, ktory je spdsobeny predovietkym antropogénnou ¢innostou.

Uz v 40. rokoch Midgley,Duklee (1940) zstili, Ze v pddach, ktoré
boli vapnené, sa zniZzuje pohyblivost boru. Po nich Reeve, Shive (1944),
Oertli (1961) dokdzali, Ze na zniZenie pohyblivosti boru v pdde okrem vapnika
mozZe posobif aj draslik. Toto potvrdiliaj Hadas, Ha gin (1972), ktori
v polnych podmienkach zaznamenali zniZzenie mnoZstva vodorozpustného béru po
hnojeni draselnymi hnojivami.

Touto problematikou sa teoreticky zaoberal rad pracovnikov (Fleet, 1965;
Couch, Grim,1968; Keren, Gast,1981), ktori uvadzaji, Ze na sorpciu,
resp. fixdciu boru pdsobi rad faktorov a medzi nimi najmi mineralogické zloZenie
pody, pritomnost roznych kationov, pddna reakcia atd. Rozhodujicim faktorom je
vSak pritomnosf minerdlu illitu. Miklo§, Ci&el (1993) v laboratérnych
podmienkach overili, Ze pri syteni montmorillonitu draslikom a améniom dochddza
ku vzniku zmieSanovrstevne;j Struktury, ktord obsahuje tri typy vrstiev: vrstvu hydra-
tovanu, Ciastoéne hydratovanu a iplne dehydratovani. Uplne dehydratované vrstvy
st ekvivalentné $trukture illitu, ¢o vysvetluje zvySenu sorpciu béru v podach s vy-
sokym obsahom draslika, pripadne amoénia.

MozZeme potvrdit, Ze existuje nepriamy vztah medzi obsahom rastlinami prija-
tefného draslika v pdde a mnoZstvom vodorozpustného béru. Miera pdsobenia
draslika na zniZenie obsahu boru v pdde je zdvisld aj od podneho typu.

Ciefom nalej price bolo $tidium podsobenia draselnych iénov na fixdciu boru
bentonitom a dokaz fixdcie boru prirodzenymi pddami.

MATERIAL A METODA

V laboratérnych podmienkach sme sledovali vplyv draslika, pH, vplyv poradia
priddvania béru a draslika k bentonitu a dobu ich vzdjomného pdosobenia. PouzZili
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sme prirodny bentonit z lokality JelSovy Potok, ktory obsahuje asi 60 % montmo-
rillonitu. Pred zagatim pokusov sme z bentonitu 30min varom s destilovanou vodou
odstranili vodorozpustny bor.

Sledované parametre:

- doba vzdjomného pdsobenia roztokov boru a draslika s bentoniton - 1 a 24 h;
- poradie priddvania sledovanych prvkov - najprv bor potom draslik alebo naopak;
- déavky -bor -0a 1 pg B na 1 g bentonitu,
- draslik - 0 a 6 mg K na 1 g bentonitu;

- varianty pH - bez upravy (5,3 pH),

- roztok KCI upraveny na pH 9,3,

- oba roztoky (KCl a H3BO3) upravené na pH 9,3,
pH sa upravovalo s NaOH.

Postup: k navazke 5 g bentonitu sa pridalo 10 ml roztoku (H0, KClI, alebo
H3BO3) a suspenzia sa na horizontilnej trepacke trepala 1 h. Vo variantoch, v kto-
rych sa vyzadovalo 24h pdsobenie roztokov na bentonit, sa suspenzia trepala 1 h
anechala sa stif 23 h. Potom sa dokladne pretrepala a odcentrifugovala. Vo vsetkych
variantoch sa v ¢irom supernatante stanovil bor spektrofotometricky s kurkuminom.

Variant, v ktorom sme zistili najva¢8iu fixdciu boru, sme pouzili v pokuse
s podnymi vzorkami (55 vzoriek), ktoré sa odobrali z ornice v okrese Nové Zamky.
Vzorky obsahovali rozne mnozstvo vymenného draslika a roznu pddnu reakciu (ana-
lyzy vykonal AGROCHEM Nové Zamky). V tychto pokusoch sa pouzilo rovnaké
mnoZstvo draslika ako v laboratornych pokusoch, ale mnoZstvo boéru sa zvysilo
dvojndsobne na 2 pg na 1 g zeminy.

Vépnik sa stanovil chelatometricky a draslik pomocou atdmovej emisnej spektro-
fotometrie.

Pred Statistickym vyhodnotenim analyz pddnych vzoriek sme tieto rozdelili podla
hodnoty vymenného pH do troch skupin:

a) vzorky s pH pod 0,5,

b) vzorky s pH od 0,5 do 6,0,

¢) vzorky s pH nad 7,0.

VYSLEDKY A DISKUSIA

Vysledky laboratornych pokusov ukdzali, Ze miera fixdcie boru bentonitom
(tab. I) je v prvom rade zdvisla od poradia prvkov, ktoré sa pridavaju k suspenzii
s bentonitom. Vo variantoch, v ktorych sa ako prvy prvok priddval bér a aZ potom
draslik, bola fixdcia boru bentonitom v priemere asi 0 2 % vyS§ia nez vo variantoch,
v ktorych sa ako prvy prvok priddval draslik a potom bor. Zvy3enie fixdcie boru je
v stlade s literatirou M idgley, Duklee 1940; Fleet, 1965, Couch,
Grim, 1968), ktord hovori, Ze bor sa sorbuje nielen na povrchu mineralu, ale vstu-
puje aj do kryStdlovej mrieZky. Po pridani draslika nastdva uzavretie medzivrstvo-
vého priestoru, v dosledku Eoho sa zamedzuje spitnd extrakcia boru - bor sa fixuje.
Opakovanym vysuSovanim a zvlhovanim sa tento proces zintenziviiuje
Midgley, Duklee 1940; Hadas,Hagin, 1972).

Potvrdili sme aj vplyv pH na fixdciu boru. Pri kyslej reakcii suspenzie (pH = 5,3)
bol vplyv poradia priddvanych prvkov va¢si nez v alkalickom prostredi (pH = 9,3),
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¢o svedCi o tom, Ze pri kyslej reakcii prebiehaji Struktirne zmeny u minerdlov
pravdepodobne pomalSie, preto sa fixuje menSie mnoZstvo béru.

Zistili sme, Ze mnoZstvo boru fixované po 1 h pdsobenia je vyssie ako po 24 h
posobenia roztoku boru s bentonitom. Vysvetlujeme to tym, Ze po poliatoénej
sorpcii sa ustanovuje dynamickd rovnovdha medzi mnoZstvom boéru v roztoku (a
fyzikdlnochemickymi charakteristikami roztoku) a sorbovanym boérom. T4to rovno-
védha sa v prirode naruuje od¢erpdvanim béru rastlinami a chemickymi zmenami
zloZenia pddneho roztoku.

Vysledky, ktoré sme zistili v laboratdrnych pokusoch, sme overili na pddnych
vzorkdch odobratych z omice v okrese Nové Zamky. Podne vzorky sme vyberali
tak, aby mali €o najSir§i obsah vymenného draslika a vdpnika (stanovené vo vyluhu
Mehlich - 2) a hodnoty vymenného pH.

Zistili sme, Ze mnozstvo vodorozpustného boru u skupin pdd rozdelenych podrla
vymenného pH sa zna¢ne li8i. Najvys§ie priemerné mnoZstvo béru sme zistili u sku-
piny pdd s pH v rozmedzi od 5,0 do 6,0. V tomto rozmedzi este nedochdadza k vy-

I. Fixdcia béru montmorillonitom vplyvom draslika (%) - Boron fixation by montmorillonite as
affected by potassium (%)

Poradie Draslik? i
pridévaln)"ch @ kg'l) pH Varianty pokusu
prvkov i
Bi-K; | Bi-Ky [ Byy-K; | Byy-Kyq
0 10,1 7,1 8,3 7.5
6,5
. 6 10,8 8,5 10,4 9,1
BK , ~
0 9,3 (upraveny roztok 10,1 7.4 8,9 7,0
6 KCl) 10,6 9,4 10,5 9,1
0 9,3 (upraveny roztok 10,2 9,3 9,1 8,2
6 KCl a H;BOy) 10,6 9,6 9,2 9,8
K;-B; | Ki-By | Ky~ By [Ky- By,
0 8,0 6,9 4.8 39
6,5
6 9,2 8,3 6,7 6,7
& 0 9,3 (upraveny roztok 7,2 6,6 58 5,5
6 KC) 8,1 7,8 6,4 6,6
0 9,3 (upraveny roztok 9,8 9,3 51 5,7
6 KCl a H;BO;) 10,4 9,8 6,2 7,6

K - draslik® B - bér®

1 a 24 - doba pésobenia (h) roztoku s obsahom draslika alebo béru na montmorillonit®

sequence of elements added, zpotassium, oron, *variants of trial, 5adjusted solution, btime of
acting the solution containing potassium or boron on montmorillonite
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raznejSiemu vyplavovaniu boru, ani ku tvorbe tazSie rozpustnych zlucenin. U sku-
piny pdd s vymennym pH nad 7,0 sme zistili najmenSie priemerné mnozstvo vodo-
rozpustného béru, ¢o je moZzné vysvetlif tvorbou mélo rozpustnych zlu¢enin béru
s vapnikom a horéikom, ako aj zvy$enou fixdciou na pddne minerdly, predovietkym
na illit (tab. II).

Pddne vzorky obsahovali rozne mnoZstvd vymenného draslika a vdpnika.
MnoZstvo tychto prvkov bolo u prvych dvoch skupin pdd priblizne rovnaké, a preto
vyrazny rozdiel v obsahu vodorozpustného boru je mozné pripocitaf k prirodzenym
rozdielnym podmienkam genézy tychto pod. Mnozstvo vodorozpustného boru
u skupiny pdd s alkalickou reakciou bolo najniZsie, ale mnoZzstvo vymenného drasli-
ka a najmi vapnika bolo ovela vysSie ako u predchddzajucich dvoch skupin pdd,
¢o predpokladdme, bolo rozhodujucim faktorom, ktory znizil mnozstvo vodo-
rozpustného boru. Zistili sme, Ze priemerné mnoZstvo rastlinami prijatelného boru
stanoveného podla Bergera a Truoga bolo u tejto skupiny pdd najvysSie, €o
potvrdzuje nasu domnienku o tom, Ze na nizkom obsahu vodorozpustného boéru sa
podiefali predovsetkych draslik a vapnik.

Cielom na3ej price nebolo sledovaf aj sorpciu boru na organické zluéeniny pri-
tomné v pode. Z literatiry je v8ak zname (Reeve, Shive, 1944), Ze organické
zli¢eniny v pdde mdZu v rdznej miere sorbovat bor. V kyslom prostredi (pH pod
5) prakticky nedochddza ku tvorbe organickych zli¢enin s bérom. So zvySujicim
sa pH v8ak moze k takej tvorbe dochddzaf a v tom pripade sa zvy$uje podiel orga-
nickych latok na zniZeni mnoZstva rastlinami prijatefného boru v pdde.

IL Vplyv K*; ca®*a pH na fixiciu béru prirodzenymi pddami - The effect of K™; Ca®* and pH on
boron fixation through natural soils

Mehlich - 2 (mg.kg') | Rozdelenie péd podra Rézne frakcie a formy béru’
K Ca vymenného pH' 1| 2|3 4|5 |6 |78
245 1,785 pH do 5,0 0,96 0,66 | 0,83 | 41,5 | 1,10 [ 41,4[0,27 | 10,2
220 2,418 pH 5,0 - 6,0 1,02 1,50 | 1,45 (72,5 2,28 | 65,1 [ 0,83 [ 23,7
336 6,817 pH nad 7,0 1,46 | 0,50 0,77 38,5 | 1,39 | 55,6 | 0,62 | 24,8

!classification of soils according to exchangeable pH, Zdifferent fractions and forms of boron

1 - mnoZstvo béru stanoveného podla Bergera a Truoga - boron amount determined after Berger
and Truog

2 - mnoZstvo vodorozpustného béru - amount of water-soluble boron

3 - mnoZstvo fixovaného béru po pridani 2 g B - amount of fixed boron after adding 2 pg of B
4 - fixovany bér (%) - fixed boron (%)

5 - celkové mnoZstvo fixovaného boru (suma prirodzeného a pridaného mnoZstva) - total amount
of fixed boron (sum of natural and added amount)

6 - 5 vyjadrené v percentich z celkového mnoZstva - expressed in percentage out of total
amount

7 - mnoZstvo fixovaného boru vypoditané z mnoZstva pridaného boru (6 - 3) - amount of fixed
boron calculated from the amount of added boron (6 - 3)

8 - v percentich z mnoZstva pridaného béru - in percentage from the amount of added boron
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NaSe vysledky potvrdili, Ze aj v naSich pddnoklimatickych podmienkach
dochddza ku zniZeniu mnoZstva rastlinami prijatefného béru, najméa v pddach
s neutrdlnou aZ alkalickou reakciou a s vy$8im obsahom vymenného draslika
a vdpnika. Tieto pddy by mali byt periodicky hnojené bérom, najmi k plodindm,
ktoré su citlivé na jeho nedostatok, ako si cukrova repa, vikovité plodiny a niektoré
zeleniny (prevazne hluboviny).

ZAVER

V laboratérnych inkubanych pokusoch sme zistili, Ze bentonit fixuje bér. Na
fixécii sa v roznej miere podiefa pH, doba vzdjomného styku roztoku béru s bento-
nitom a predov3etkym draslik. Podiel fixovaného béru je zdvisly aj od poradia pri-
ddvanych prvkov (boru a draslika) k bentonitu. Ak sa ako prvy pridal bor a aZ po
uritom ¢ase (1 aZ 24 h) draslik, bola fixdcia v relativnom vyjadreni asi 0 2 % vy3Sia
v porovnani s variantami, kde bolo poradie opa¢né.

Tieto vysledky sa potvrdili aj u pokusov s prirodzenymi pddami. V zdvislosti od
pOdnej reakcie a pritomnosti iénov draslika a vdpnika sa menila hodnota fixdcie
béru. V praxi je viak potrebné pocitaf s tym, Ze 10 aZ 25 % z mnoZstva vneseného
boru do pddy sa pddou fixuje a nebude pristupné pre rastliny.
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Doslo 27. 4. 1992

HRNCIAROVA, K. - CUMAKOV, A. (Institute of Inorganic Chemistry of the Slovak Acad-
emy of Sciences, Bratislava):

The effect of potassium ions on boron fixation.
Rostl. Vyr., 39, 1993 (4): 297-302.

As a result of intensive fertilization with K-fertilizers in last 15 - 20 years an amount
of potassium in soil considerably increased. At the same time structure changes of
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ploughed layer were observed - a fine-lumped and a lumped structure started to disin-
tegrate and to change into powdered one. Owing to this the topsoil of our most fertile
chernozem became a castive and it had a negative influence upon the plant growth.

The disintegration of topsoil structure was mostly ascribed to the negative effect of
heavy mechanisms, especially wheeled, replacing work of animals and light wheel trac-
tors in a large-scale production. Mik1lo¥,Ci&el (1992) contrived that this effect
is secondary. Owing to the potassium ion fixation and also in a lesser degree to the am-
monium ion fixation, mineralogical changes in soil proceeds - montmorillonite is gradu-
ally changed into illite. In this way physical properties of the topsoil changed and the
effect of heavy mechanisms just accelerates the lumped structure disintegration.

It was demonstrated by laboratory experiments and practical observations that the
boron amount available to plants is reduced paralelly with the montmorillonite structure
change - arising illite is boron fixing.

We found out that the highest abundance of heart rot was observed in regions with
high and very high contents of potassium available to plants. There is the negative cor-
relation between the amount of water-soluble boron (by Berger and Troug) and the
amount of available potassium (by Schachtschabel).

In laboratory conditions we followed up the potassium influence upon the boron fixa-
tion by bentonite (with the content of more than 60 % of montmorillonite) and by the
natural soils collected in the Nové Zamky district.

We found out that the fixation is highly dependent upon the sequence of components
added to the system (bentonite - water, soil - water).

We confirmed the data presented in literature that boron is adsorbed not only on the
mineral surface, but it is also entering the crystal lattice. After addition of potassium
(ammonium) the interlayer space contraction appeared. Owing to this the extraction of
boron was prevented - boron is fixed and becomes unavailable for the plants. This process
was intensified by repeated drying and wetting of montmorillonite (soil). Our experi-
ments confirmed the negative influence of pH increase upon the extractibility of added
boron.

In practice it is necessary to expect that 10 - 25 % of boron amount taken into soil
can be fixed and will not be available for the plants according to the actual soil and
climatic conditions.

Kontaktnd adresa:

RNDr. Kldra Hrné&iarov a, Ustav anorganickej chémie SAV, 842 36 Bratislava
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ANALYZA VLIVU PRIRODNICH PODMINEK NA UROVEN
VYNOSU HLAVNICH PLODIN V POVODI HORNi LUZNICE

M. Doktorova, D. Sedlakova

Jihoceskd univerzita, zemédeélskd fakulta, Ceské Budéjovice

Byl analyzovan vliv konzervativnich prvki krajinného prostoru (piidotvorného substra-
tu a nadmoftské vy3ky) na uroveii vynosi hlavnich plodin v povodi horni LuZnice me-
todou izokarp. Nejvy33i hodnoty vynosovych maxim byly dosaZeny v souvislych
pasmech hodnotné&jich piidotvornych substratii z hlediska jejich agronomické kvality.
Vliv nadmoftské vySky se projevil vyraznéji u ozimé p3enice a viceletych picnin na
orné pudg€. U p3enice limituje vynosy nadmotska vyska 550 m, u viceletych picnin na
omné pudé se vynosova maxima vyskytuji aZ do nadmoftské vysky 700 m n.m. V nékte-
rych zemé&dé€lskych podnicich, hospodaficich na kvalitngjich piidotvomych substra-
tech, nebyla dosaZena odpovidajici uiroveii vynosu hlavnich plodin, zvla§t€ u brambor.
Vliv kvality piidotvorného substratu (Gps) zde byl piekryt jinymi faktory, pro jejichZ
konkretizaci je tfeba provést analyzu vnitini struktury t€chto podnikil

Vynosy polnich plodin jsou vysledkem ptsobeni mnoha faktori v danych agroe-
kologickych podminkdch. Rozhodujici je pfitom priib&h povétmosti (vliv ro¢niku),
zvla§te pak rozdéleni sraZek a teplot v kritickych ristovych a vyvojovych fazich
plodin.

Kudrna (1985) uvadi existenci tésného vztahu mezi vynosem suché hmoty
plodin a tzv. konzervativnimi prvky vyrobniho izemi - geologickopetrografickym
substrdtem a nadmofskou vySkou. Vliv pidotvorného substratu na urovenl vynosi
plodin zjistime analyzou maximalnich vynosi, tj. vynost, které vznikly pfi optimu
klimatickych a ostatnich faktort, a to co do mnozstvi, tak i etnosti jejich rozdéleni.
V téchto podminkdch se na tvorb&é maximalniho vynosu mohou prosadit prvky ne-
ménné, konzervativni.

Na zikladé tohoto pfedpokladu miZzeme pomoci izoar maximalnich vynosi vy-
mezit optimaln{ oblasti pro jednotlivé plodiny v ur€itém zdjmovém uzemi.

Analyza tvorby vynosii hlavnich plodin v povodi horni Luznice je sou¢dsti feSeni
vyzkumného ukolu, jehoZ cilem je ndvrh ekologicky a ekonomicky optimdlnich
struktur hospodafeni v chranénych dil¢ich povodich vodnich tokii (CHKO Tre-
bortisko).

MATERIAL A METODA

Vstupnimi udaji byly vynosy plodin (t.ha") v Casovém obdobi 1980 az 1989.
Plosné rozdéleni vynosovych hladin hlavnich plodin bylo zji§t¥no metodou izokarp
(Kudrna, 1985), tj. linedrni interpolaci, pfi¢emz hodnoty vynost byly vztaZeny
na geometrické stfedy zemédélskych podnikti. Pro vykresleni izokarp bylo pouZito
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1. Povodi horni LuZnice - mapa geologicko-petrografickych substratii - The upper basin of the nver
LuZnice - the map of geological and petrographic substrates
okres - district statni hranice - state boundaries
méfitko - measure hranice okresi - boundary of districts

Biotitické a silimaniticko-biotitické pararuly -

Biotitic and silimanitico-biotitic paragneisses

Biotitické aZ muskoviticko-biotitické ortoruly -

Biotitic to muscovite-biotitic orthogneisses

Cordiertické ruly -

Cordienitic gneisses

Dvojslidny granit (Mrakotinsky typ) -

Two-mica granite (Mrdkotin type)

Jily a pisky (tfetihory) -

Clays and sands (Tertiary period)

Piskovce a jilovce Klikovského souvrstvi (druhohory) -

Sandstones and Claystones of Klikovice series of strata (Second area)

Rageliny -

Peats

Granity aZ granodiority (Cim&tsky typ) -

Granites to granodiorites (Ciméfice type)

Dvojslidny granit aZ adamelit (Landstejnsky typ) -

Two-mica granite to adamelite (Lundstejn type)

Granulity aZ granulitové ruly -

Granulites to granulite gneisses

Amfibolity - Amphibolites
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2. Povodi horni LuZnice - vy$kopis (m n. m.) - The upper basin of the river LuZnice - altimetric
characteristics (m above sea level)

administrativni mapy CSFR 1:200 000. Izokarpy byly porovnany priisvitkovou me-
todou s geologickou (obr. 1) a zdkladni (obr. 2) mapou.

Hodnoceni pidotvornych substrati v zdjmovém zemi vychazi z praci, které uve-
fejni Chdbera (1980). Komplexni hodnoceni hlavnich agronomickych
vlastnosti jiho¢eskych ptidotvornych hornin a jejich zvétralin vychdzi z deseti dil¢ich
analyz (zdkladni chemismus zvé&tralin mate¢nich hornin, vapnitost mate¢nich hornin,
stupeti nasyceni pidotvorného substratu bazemi, zvétratelnost ptidotvornych hornin,
hloubka zvétralin, zrnitost zvétralin, skeletovitost zvé&tralin, propustnost pu-
dotvornych hornin pro vodu).

Celkova kvalita pidotvornych substrati vyskytujicich se v povodi horni Luznice
stoupd v pofadi: 1. tfetihorni sedimenty (pisky a jily), druhohorni piskovce a jilovce
Klikovského souvrstvi; 2. granulity a granulitové ruly; 3. vyvieliny moldanubického
plutonu-granity aZ granodiority, adamelity; 4. ortoruly; 5. pararuly; 6. ruly.
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Struéna charakteristika okresu Jindfichuv Hradec

Klimaticky zasahuje izemi oblast mirng tepld a chladnd; 83 % zemé&dé&lské pidy
je zafazeno do bramborafské vyrobni oblasti (subtyp bramborafsko-Zitny a brambo-
raisko-ovesny), 17 % do vyrobni oblasti horské.

Na geologické stavbé izemi se podileji horniny rizného stafi. Rozhodujicimi Gps
jsou cordieritické ruly, biotitické pararuly a vyvieliny moldanubického plutonu.
Déle se zde vyskytuji mensi pasma ortorul, druhohornich a tfetihornich sediment.
Celkové plati, Ze chemismus Gps neni ze zemé&dé€lského hlediska pfiznivy.

Prim&md nadmoftskd vySka okresu je 560 m n.m., pozemky se vyskytuji
v nadmofiské vySce od 420 do 700 m n.m. Hydrologické poméry odpovidaji geo-
logické stavbé tizemi, reliéfu terénu a klimatickym pomérim. Celkové zasakovani
pfevysuje vypar, vysledkem &ehoZ je promyvny rezim piid. Hydrograficka sit je
velmi hustd s ¢etnymi rybniky. Osu tvofi na zdpadé Luznice, ddle Nezirka a na
vychod& Moravskd Dyje.

Pro ptidni poméry tzemi je charakteristické vysoké zastoupeni hnédych pad
(59,2 %), glejovych (14,3 %) a oglejenych (10,6 %). Z pidnich druhl pfevazuji
lehké pady (57,6 %). Zbytek tvofi prakticky stfedni pidy (38,5 %).

VYSLEDKY

Izokarpy maximdlnich vynosi hlavnich plodin jsou vykresleny na obr. 3 az 7.
Z jejich prib&hu je zfejmé, Ze se na uzemi okresu Jindfichiiv Hradec, které zhruba
pokryva plochu povodi horni LuZnice a NeZirky, vydé&luji dvé vyrazné oblasti
nejvysSich Ypax - na severozapadé vrchovina Kamenicka a Mrakotinska (1) a na
vychodg okresu ¢4st Jihlavsko-Dacické vrchoviny a Jemnické pahorkatiny (2) a dvé
oblasti nejniZ8ich Y. - na Treborisku tival Blat (3) a ve stfedni ¢asti okresu vrcho-
vina Bystfickych hor (4).

Nad rozsahlou oblasti nizkych vynosovych maxim obilnin a brambor je mensi
oblast vysokych Ypax Ovsa a viceletych picnin na orné pudé v Pocdtecké vrchoving
(5). Charakteristika konzervativnich prvkt oblasti nejvysSich a nejniZ8ich vynoso-
vych maxim hlavnich plodin je uvedena v pfehledu:

Oblasti nejvysSich a nejniz8ich Y.« hlavnich plodin na vyrobnim tizemi okresu
Jindfichiiv Hradec:

oblast 1 oblast 2 oblast 3 oblast 4 oblast 5

Gps: Gps: Gps: Gps: Gps:
cordieritické ruly cordieritické ruly piskovce a vyvieliny MP cordieritické ruly
dvojslidné granity pararuly jilovce KS granity aZ dvojslidné granity
ortoruly, pararuly pisky a jily granodiority granity az
sedimenty raseliny adamelity granodiority

Nh: Nh: Nh: Nh: Nh:

pfevaZna st 450 - 550 m 450 - 500 m 550 - 650 m 550 m

425 - 500 m viceleté picniny
Kamenickd na omé pudé
vrchovina 550 - 700 m

500 - 600 m
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3. Povodi homi LuZnice - izokarpy Y max (1980 - 1989) viceletych picnin na omé piidé - The upper
basin of the river LuZnice - isocarps Ymax (1980 - 1989) of perennial fodder crops on arable land

Uvedené oblasti zahrnuji tyto zem&d&lské podniky:

Oblast 1 - De¥tnd, N. Véelnice, H. Radouti, Pl. Zd4r, V. Ratmirov, K. Regice, J.
Hradec, StrdZ n. NezZ., Plavsko, Novosedly, St. Hlina, Bfilice

Oblast 2 - HfiSice, Budiskovice, Cizkrajov, St. Hobzi, Pise¢nd, De§tnd

Oblast 3 - StrdZ n. Nez., St. Hlina, Brannd, Rap8ach, Suchdol n. Luz.

Oblast 4 - Kunzak, Cim&f, N. Bystfice, C. Rudolec, Slavonice, St. M&sto

Oblast 5 - Hosptiz, Strmilov, Studend.

Jak vyplyvd z uvedeného prehledu, vyskytuji se nejvyssi hodnoty vynosovych
maxim v souvislych pasmech nejkvalitngj§ich Gps na tizemi okresu, tj. na cordie-
ritickych ruldch, biotitickych pararulich a ortorulach. Z méné kvalitnich substrati
jsou v oblasti 1 na menSich plochdch zastoupeny téZ dvojslidné granity a okrajova
¢4st druhohornich a tfetihornich sedimenti. Nadmotskd vySka na prevdzné Casti
ploch je 425 az 500 m n.m., pouze na severozdpadé Kamenické vrchoviny 500 az
600 m n.m.; na Studenecku dosahuje hodnoty aZ 700 m (¥pax viceletych picnin na
orné pude.).
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4. Povodi horni LuZnice - izokarpy ¥Ymax (1980 - 1989) ozimé psenice - The upper basin of the river
LuZnice - isocarps Ymax (1980 - 1989) of winter wheat

Oblasti nejnizsich vynosovych maxim se vyskytuji v souvislych pdsmech substra-
ti s velmi nizkou agronomickou hodnotou, coZ jsou druhohorni a tfetihorni sedi-
menty (3) a ddle substraty s nizkou agronomickou hodnotou (4) - granity aZ grano-
diority a adamelity moldanubického plutonu (MP). V 1valu Blat (Tfeboiisko) se
nadmofskd vy¥ka pohybuje v rozmezi 450 az 500 m n.m., v oblasti vrchoviny
Bystfickych hor 550 aZ 650 m n.m. Zde se méné kvalitni Gps vyskytuji
v podminkdch vy3§ich nadmofskych vysek, coZ sniZuje uroveii maximdlnich vynosi
1 v ro¢nicich s pfiznivym priitbéhem povétrnosti. Analyza ukazala, Ze tvorbu vynosti
ozimé p¥enice limituje nadmoiskd vyska 550 m n.m.

Maximdlni vynosové gradienty hodnocenych plodin, tj. vyraznd zmé&na hodnot
Ymax Na malém useku, pfedstavuji ty tseky na mapach, ve kterych jsou izo&ary
zhudtény. Pfi porovndni prib&hu izokarp s geologickou mapou zjistime, Ze jen
n&které vynosové gradienty jsou doprovdzeny zmé&nou Gps z hlediska jejich agro-
nomické kvality. Rovnéz pfi sledovani urovné dosazeného Ypax jednotlivych plodin
leZicich v souvislych padsmech nejkvalitn&j§ich Gps je zfejmé, Ze dosaZend vroveri
Ymax t&chto plodin je v jednotlivych podnicich riznd. Zv14t vyrazné je to u brambor,
kdy se v souvislém pdsmu pararul ve vrchoving Jihlavsko-Dacické a v Jemnické pa-
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5. Povodi horni LuZnice - izokarpy Ymax (1980 - 1989) ovsa - The upper basin of the river LuZnice
- isocarps Ymax (1980 - 1989) of oats

horkatin& vyskytuji Ypax brambor v celé Sifce intervalu. To znamend a vysledky
naSich dfivéjich praci to pIn& potvrzuji, Ze vliv Gps je zde prekryt dal§imi faktory
(zejména se prosazuje vliv struktury zemédélské soustavy). Kone¢né zavéry miZzeme
vyslovit aZ po provedeni analyzy vnitini struktury zemé&délskych soustav v zdjmo-
vém uzemi.

DISKUSE

Kudrna (1985) se domnivd, Ze zdvislost mezi kvalitou Gps a urovni Ypax je
t&snd pfedeviim u spotfebitelti uhliku - okopanin (brambory, cukrovka), zatimco
u obilnin a picnin neni tato chrakteristika tak vyraznd a na Groven vynost maji vétsi
vliv progresivni prvky (prib&h povétrnosti, vklad energie). Stejnych vysledku do-
sahli dal3i autofi u cukrovky (Kraslova, 1982; Li§ka, 1985, 1986;
Doktorova, 1987)aubrambor (Mauerova, 1985 Soukup, 1991).

Vyznamnou roli pfitom md vedle kvality i homogenita Gps. Z tohoto hlediska
pfedstavuje povodi horni LuZnice tizemi s pom&mé pestrym geologickym sloZenim
(obr. 1). Navic kvalita zastoupenych Gps z hlediska jejich agronomickych vlastnosti
je obecn& velmi nizkd (Stejskal, 1967, Chabera, 1980). '
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6. Povodi horni LuZnice - izokarpy Ymax (1980 - 1989) Zita - The upper basin of the river LuZnice
- isocarps Ymax (1980 - 1989) of rye

Vysledky analyzy vlivu konzervativnich prvki krajinného prostoru na troveii vy-
nosi hlavnich plodin v hornim povodi LuZnice plné koresponduji s na§imi dfivé;si-
mi zavéry z hodnoceni zemé&délskych soustav JihoCeského kraje (Doktorovd
akol, 1984; Doktorova, 1986,1989; Sedldkova,1986;Sindeld-
fova, 1989).

ZAVER

Analyza vlivu pfirodnich podminek (pidotvorného substratu a nadmotské vysky)
na uroveri maximdlnich vynost hlavnich plodin v povodi horni LuZnice provedena
metodou izokarp potvrdila dosaZeni vy33i urovn€ vynost Ypax v souvislych pdsmech
hodnotng&jsich Gps z hlediska jejich agronomické kvality. Vliv nadmofské vysky se
projevil vyraznéji u ozimé pSenice a viceletych picnin na orné pidé&. U pSenice li-
mituje vynosy nadmofska vyska 550 m, u viceletych picnin na orné pid& se vyno-
sovd maxima vyskytuji aZ do nadmofské vysky 700 m n.m.

V nékterych zemédélskych podnicich hospodaficich na kvalitngjsich ptidotvor-
nych substratech nebyla dosaZena odpovidajici Groveti vynosi hlavnich plodin,
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7. Povodi homi LuZnice - izokarpy Ymax (1980 - 1989) brambor - The upper basin of the rver
LuzZnice - isocarps Ymax (1980 - 1989) of potatoes

zv143t€ u brambor. Vliv kvality Gps zde byl pfekryt jinymi faktory, pro jejichz
konkretizaci je tfeba provést analyzu vnitini struktury t&chto podnik.

PouZité symboly

Ymax - maximalni vynos dosaZeny v desetileté Casové fadé (1980 - 1989)
Gps - geologickopetrograficky substrat (pidotvorny substrat)
Nh - nadmofska vyska (m)
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DOKTOROVA, M. - SEDLAKOVA, D. (South Bohemian University, Faculty of Agriculture,
Ceské Budgjovice):

The analysis of the effect of natural conditions on the level of major crops in the upper
basin of the river LuZnice.

Rostl. Vyr., 39, 1993 (4): 303-313.

An analysis of yield formation of major crops in the upper basin of the river LuZnice
is a part of the solution of research task aimed at the draft of ecologically and economi-
cally optimum structures of management in protected partial basins of water flows (Pro-
tected Landscape Region Tfeboiisko).

Spatial distribution of yields of major crops was found out through the method of
isocarps (Kudrna, 1985), i.e. linear interpolation, whereas the values of maximum
yields (the highest over the years 1980-1989) were referred to geometrical means of
agricultural enterprises. Isocarps were compared through the method of transparent
sheets (Fig. 1) and the basic map (Fig. 2).

The evaluation of soil-forming substrates in the region of concern is based on studies
published by Chabera (1980). The complex evaluation of main agronomic proper-
ties of South-Bohemian soil-forming rocks and their weathering products - basic
chemism of weathering products of parent rocks, calcerous character of parent rocks,
degrees of saturation of soil-forming substrate through bases, weathering capacity of soil-
forming rocks, depths and granularity of weathering products, skeletal character of
weathering products and permeability of soil-forming rocks for water.

The total quality of soil-forming substrates occurring in the upper bassin of the river
LuZnice is growing in the following sequence: 1. tertiary sediments (sands and clays),
sandstones and claystones of Secondary Era; 2. granulites and granulite gneisses;
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3. weathering products of Moldanubic pluton - granites to granodiorites, adamelites; 4.
orthogneisses; 5. paragneisses; 6. gneisses.

It is evident from the course of isocarps of maximum yields of major crops (Figs 3
to 7) that within the territory of the Jindfichiv Hradec district, covering roughly the upper
basic of the highest yield maxima - the Kamenickéd and Mrakotinskd Highlands in north-
west, and the part of Jihlavsko-Dacicka Highlands in the east of the district, and of Jem-
nicka Hills, and two parts of the lowest yield maxima - in Treboiisko the Blat vale and
the highland of Bystfické Mountains in the central part of the district. There is a less
region of high-yielding maxima of oats and perennial fodder crops on the arable land
of Polatecka Highland is above the wide region of low-yielding maxima of cereals and
potatoes.

The highest values of yield maxima are in coherent zones of the highest quality soil-
forming substrates within the territory of the district, i.e. on cordierite gneisses, biotite
paragneisses and orthogneisses. Granites and marginal part of sediments of Secondary
and Tertiary Eras are represented out of lower-quality substrates. The altitude on pre-
vailing part of areas is 425 to 500 above sea level, solely in north-west of Kamenicka
Highland this is 500 to 600 m; in the Studenecko region - about 700 m (yield maximum
of perennial fodder crops on arable land.

The regions with the lowest yield maxima appear to be in more continuous zones of
substrates with a very low agronomic value, i.e. Secodary and Tertiary Era sediments,
followed by substrates with low agronomic value - granites to granodiorites and ada-
melites. The altitude in the Blat vale (Tfeborisko) is ranging within 450 to 500 m. Lower-
quality soil-forming substartes appear here in higher altitudes, this is decreasing the level
of yield maxima even in the years with good pattern of weather conditions.

The analysis showed that yield formation in winter wheat is limited by the altitude
of 550 m above sea level.

During studying the level of yield maxima achieved for different crops situated in
continuous zones of the highest quality geological and petrographic substrates, it was
found out that the level of Ymax obtained in these crops is different on different farms.
This is especially notable with potatoes when in continuous zone of paragneisses in the
Jihlavsko-Dacicka Highlands and in the Jemnicka Hills yield maxima are achieved in
the whole width of interval. This means, and the results of our previous studies confirm
it, that the effect of soil-forming substrate is coinciding with another factors (in particular,
the effect of the structure of agricultural system). Final conclusions can be expressed
not earlier than after analysis performed with the internal structure of agricultural systems
within the territory of concern.
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A PROPOSAL FOR A DECIMAL SCALE
OF THE INFLORESCENCE DEVELOPMENT OF WHEAT

Z. Natrova, M. Jokes

Research Institute of Crop Production, Praha - Ruzyné

The development of the inflorescence of wheat is outlined and according to the morpho-
logical changes on the shoot apex a scale with decimal code (DC) has been proposed
in analogy with the decimal code usedby Zado ks etal. (1974) to classify growth
stages of cereals. Micrographs from the scanning electron microscope are presented
to illustrate the individual developmental stages until the formation of the terminal
spikelet. The proposed scale distinguishes 10 basic developmental stages as follows:
germination (0), vegetative development of the shoot apex (1), spikelet formation and
differentiation (2), floret formation and differentiation (3), growth of florets (4), inflo-
rescence emergence (5), anthesis (6), milk development (7), dough development (8),
ripening (9). To achieve a more detailed description each stage is further divided into
10 substages. Hence, the whole plant development comprises DC 00 to DC 99. The
apex development during the period when the first leaf comes out of the coleoptile
until the end of the ear development within the sheath of the uppermost leaf corresponds
to stages DC 1 to DC 4. The stages DC 0 and DC 5 through DC 9 of the scale are as
defined by Zadoks et al (1974). The codes used for the description of the apex
development are not identical with the same code for the exterior morphology of the
Zadoks scale. In other words, the apical developmental code of a plant need not be
identical with the code of the extemnal growth stage of Zadoks and vice versa. The
proposed decimal code scale enables an accurate and detailed description as well as
an evaluation of changes occurring on the developing inflorescence. Furthermore,
systematic description as well as computer processing of data on apical development
are made possible.

All the shoot organs of a cereal plant are initiated on the shoot apex of main or
lateral culms. Physiological and morphological changes of the apex become apparent
as changes in the external shape of plant organs. For this reason, development may
be characterised at two levels, i.e. either by a description of the external plant mor-
phology or by characteristics of the shoot apex. Several reports have attempted to
deduce the stage of apical differentiation from the morphological stage of the plant.
However, the correlation between growth phase and apical development stage is very
poor (Kirby, Appleyard, 1984).

The application of pesticides or of any other management treatment has to be at
a precise development stage or it can modify subsequent apical development. The
timing of such treatments can be evaluated on the basis of apical stage. Pe tr (1974,
1983) emphasised the importance of the apical evaluation for timing both agrotech-
nical and agrochemical treatments as well as for the determination of periods critical
in the formation of the individual yield elements. A scale describing shoot apical

\
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development represents an important means for the management of crops and for
studies on grain yield formation.

For the evaluation of external morphological shoot phases the Feekes scale
(Feekes, 1941) has been widely used although it has been replaced recently by
the decimal scale proposedby Z a d o k s etal. (1974). Of the scales which evaluate
apical development that by Kuperman (1963) has been the most frequently
used in Eastern Europe whilst that by Kirby, Appleyard (1981) is the
best known in Western Europe. Kuperman’ scale, which characterizes the shoot
apex development from the emergence till maturity, is divided into 12 stages that
are identical to the Feekes scale for development from heading onwards.

In Czechoslovakia the Kuperman’ scale is used mostly in a form modified by
Petr (1974) who defined more precisely the description of several apical charac-
teristics and introduced a more detailed division of the main stages. However, this
modified Kuperman’ scale failed to identify some developmentally and agronomi-
cally important changes of the apex indicated in the scale described by Kirby,
Appleyard (1981). This omission affects its application in research on yield
formation and makes comparison of the descriptions of different authors difficult.

Landes, Porter (1989) provided a survey of a further 13 scales. In com-
paring all of them, it is possible to deduce the important principles of a scale with
wide applicability. The basic prerequisite of such a generally applicable scale con-
sists of a detailed description of morphological changes of the shoot apex with their
precise identification enabling their computerized evaluation. This latter principle has
been already included in the Zadoks scale using a decimal code similar to that describing
the oat apex development proposed by Landes, Porter (1990).

The aim of this work is to illustrate, in detail, the morphological development
of the shoot apex of wheat by microphotographs from the scanning electron micro-
scope (SEM) and to propose a scale, using a decimal code, for the development of
the wheat ear.

MATERIAL AND METHODS

Winter wheat cultivars Regina and Zdar were grown under field conditions. From
the beginning of spring until anthesis samples of main stems were taken and the
morphological changes of the shoot apex described. Photographs of the apex de-
velopment were taken with a scanning electron microscope Tesla BS-301. The api-
ces selected for electron microscopy were fixed in a FAA solution and dehydrated
through a standard ethanol series. All samples were at critical point dried with CO,,
mounted on stubs and coated with gold in a SEM coating system (Polaron). The
microphotographs illustrate the development of the shoot apex until the formation
of the terminal spikelet. Morphological characteristics of the developmental stages
were used to devise a new decimal code scale for the evaluation of wheat ear de-
velopment (Tab. I).

RESULTS AND DISCUSSION

Inflorescence development from seedling emergence until anthesis was divided
into four basic stages according to morphological changes of the apex.

316 ROSTLINNA VYROBA - 1993



1st stage - vegetative development of the shoot apex

This stage comprises the period from the seedling emergence until the initiation
of the first spikelet on the apex. In the kernel, there are three initiated leaf primordia
present in the embryo (Rovenskad, 1968). After germination, these leaves de-
velop and the apical meristem initiates new leaf primordia. Figs 1 and 2 show the
early vegetative phase when the apex is short and of hemispherical shape and the
primordia of one to two leaves are seen. In the course of vegetative development
the apex gradually elongates. At the beginning of this elongation, thesapex remains
smooth and the number of leaf primordia increases at its base (Fig. 3). During further
elongation, .the previously conical apex shape changes into a cylindrical one and
the first morphological features become apparent in a series of single ridges corre-
sponding to leaf primordia (Fig. 4). In Fig. 5, single ridges may be seen as they
surround the apex completely. In this way, a higher number of leaf primordia is
initiated and the whole apex forms the basis of the ear rachis. This developmental
stage of the apex indicates its proximal transition to the reproductive stage. The tran-
sition from the vegetative into the reproductive stage is correlated with increased
shoot activity. Opatrnd etal. (1964) indicated that, during this period, a large
increase in the rate of cell division takes place in the central zone of the apex. At
the same time, the rate of cell division increases in the peripheral zone which causes
an increase in the apical volume, especially its elongation. This higher rate of cell
division in the peripheral zone brings about a higher rate of leaf initiation along the
whole apex. Bonnett (1966) characterized this stage as a period when stem
internodes remain short while leaf primordia are formed on the apex and, in their
axils, second-order tillers are being initiated and developed.

2nd stage - initiation and differentiation of spikelets

During the transition of the apex to the reproductive state, second ridges form
above the initiated leaf primordia. In this way, double ridges are formed (DR). The
upper ridges of each pair are axillary buds and become the spikelets. It has been
shown that an increased rate of cell division in the leaf axillary precedes their in-
itiation. This division rate is similar to that in the central zone of the apex but higher
than that in its peripheral part. In this way, the ratio between the leaf and bud pri-
mordia growth rate changes in favour of the axillary buds (Seidlova, 1983).
During development, there is a subsequent change in the relative size of the leaf
and spikelet primordia. These changes may be divided into three phases(Nerson
et al., 1980). In the DR 1 phase, the size of leaf primordia is bigger than that of the
spikelets. In Fig. 6, the DR 2 phase is shown when both the spikelet and floret pri-
mordia are of similar size. Fig. 7 illustrates the DR 3 phase, when spikelet primordia
increase their size and the development of leaf primordia has been suppressed. By
the end of this period, only spikelet primordia are apparent on the apex (Figs 8 and 9).
Then, the initiated spikelets elongate and others are initiated. On the lower third of
the spike, the spikelets show the largest elongation and the shortest elongation is
found on the upper part of the inflorescence.

Differentiation of the individual spikelets proceeds from the base of the spike
acropetally. In Fig. 10, glume primordia are shown which differentiate as transverse
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1 to 5. Electronmicrographs illustrating the development of the winter wheat shoot apex during the
vegetative stage, DC 1 (the description using the decimal code - DC)

1. Shoot apex (SA) in the early vegetative stage with one leaf primordium (L), x 300, DC 11

2. Shoot apex in the early vegetative period with two leaf primordia (L), x 300, DC 12

3. The beginning of shoot apex elongation with several leaf primordia (L) at its base, x 300, DC 13
4. The beginning of single ridges (SR), i.e. leaf primordia, formation on the elongating shoot apex
(SA), x 300, DC 16

5. Single ridges (SR), i.e. leaf primordia, have been initiated along the whole shoot apex, x 300, DC 19
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6 to 10. Electronmicrographs illustrating the initiation and differentiation of spikelets during the
reproductive stage, DC 2

6. The formation of double ridges - DR 2 (DR); the spikelet and floret primordia are of similar
sizes, X 360, DC 22

7. The formation of double ridges - DR 3 (DR); spikelet primordia (S) increase in size, and the
growth of leaf primordia (L) has been inhibited, x 360, DC 24

8. Side view of a spike showing the elongated spikelet primordia (S), x 360, DC 26

9. Elongated spikelet primordia (S) on the spike, x 360, DC 26

10. Spikelets with initiated glume primordia (G), transverse ridges on the spikelet base and differentiating
lemma primordia (LE, ridges initiated in parallel above the initiated glumes), x 660, DC 27 and 29
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ridges on the spikelet primordia. In parallel, and above the glume primordia, sec-
ondary ridges appear subsequently and form lemma primordia. The period of spikelet
primordia formation and subsequent differentiation occurs during the phase of the
beginning of shoot elongation when stem internodes begin to elongate.

3rd stage - the initiation and differentiation of florets

In Figs 11 and 12, the first floret primordia are visible in the form of hemispherical
ridges above the initiated glumes and lemmas. The third and subsequent florets are
initiated above the differentiated lemma acropetally (Figs 13 and 14). In the
spikelets, some five to ten florets are initiated depending on the cultivar, environ-
mental conditions and location of the spikelet on the spike. The floret differentiation
begins with initiation of stamens that appear as three papillae (Fig. 15). These pa-
pillae first differentiate anthers and later, beneath them, a filament is formed. Be-
tween the initiated stamens the basis of pistil is formed as further meristematic ridge
(Fig. 15). The oldest, basal, florets in a spikelet differentiate first followed by florets
that were initiated later. In this way, at any given time, the florets in a spikelet are
at different degrees of differentiation (Fig. 16). Anthers elongate successively and
four locules are formed in each anther. Furrows are apparent between the four lo-
cules. The initiated pistils increase in size successively with no apparent differen-
tiation to begin with (Fig. 17). ‘ ‘

Ear formation ends with initiation of the terminal spikelet at the top of the ear
(Figs 18, 19). At the beginning of its development the terminal spikelet is rotated
by 90°on its axis to the plane of the other spikelets in the spike (Bonne tt, 1966).
The formation of the terminal spikelet represents an important stage in wheat de-
velopment because it signals the termination of spikelet initiation on the spike. This
stage has hardly been used in this country as a growth stage, although its importance
has been described by Andersen (1954), Nerson etal. (1980),Kirby,
Appleyard (1981)and Ge or g e (1982). The terminal spikelet has been sub-
divided Landes, Porter, 1989) into three stages: 1. The beginning of ter-
minal spikelet formation delimited by the initiation of glumes and lemmas. 2. The
formation of the terminal spikelet characterized by the beginning of anther differ-
entiation in the third initiated floret. 3. The end of terminal spikelet formation is
determined by initiation of anthers in three florets. During the initiation of the ter-
minal spikelet, awns are also initiated which become apparent by the elongation of
the tip of the lemmas (Figs 18, 19). Furthermore, two styles differentiate on the pistil.
At this point, it is possible to determine the maximum number of initiated spikelets
and florets and thus characterize the potential productivity of the ear.

When terminal spikelet formation is finished the floret integuments enlarge. The
lemmas of the basal florets begin to cover the anthers and the awns elongate
(Fig. 20). At the same time, stigmatic branches differentiate on the elongated styles.

At the end of ear formation, variable levels of anther development are apparent
in individual florets in both the terminal spikelet and in others. The size of the anthers
and their degree of differentiation decreases from the base of a spikelet upward
(Fig. 20). Apical florets may also bear only rudimentary lemmas. On the top of the
rachilla the undifferentiated remainder of the spikelet meristem remains. The final
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11 to 15. Electronmicrographs illustrating the initiation and differentiation of florets during the repro-
ductive stage, DC 3

11. Spikelets with the first initiated florets (F) above the initiated glume (G) and lemma (LE) pri-
mordia, x 450, DC 30

12. Enlargement of a spikelet with a fully differentiated floret (F), glume (G) and lemma (LE), x 880,
DC 30

13. Side view of spikelets with three initiated floret primordia (F), glumes and lemmas, x 450, DC 31
14. Side view of the whole spike; the most advanced spikelets, i.e. those with three initiated florets,
are located in the middle of the lowest third of the developing spike, x 180, DC 31

15. The beginning of floret differentiation in spikelets; three initiated anther primordia (A) with
a small meristematic ridge of a pistil between them (P), x 480, DC 32 and 33
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16 to 20. Electronmicrographs illustrating the initiation and differentiation of florets during the repro-
ductive stage, DC 3

16. Florets (F) in the spikelets at various degrees of development; four locules of the anthers (A)
are seen separated from each other by furrows in the oldest, i.e. basal, florets, x 300, DC 35

17. Side view of the spikelet with differentiated florets; an enlarged pistil primordium (P) is apparent
in the third floret, x 500, DC 36

18. The initiation of the terminal spikelet, already initiated glume (G), lemma (LE) and three florets
(F); anthers have started to differentiate on the third floret, x 270, DC 37

19. The spike at the stage of terminal spikelet initiation (TS), x 64, DC 37

20. A side view of a spike at the beginning of growth of the floret integuments; anthers have reached
various lengths and degree of differentiation in the individual florets of the spikelet; anthers are only
pattially differentiated or are not initiated at all in florets initiated later than this stage, x 187, DC 39
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I. Decimal code scale for the evaluation of the inflorescence development of wheat; for comparison,
the stages of the Kuperman’s scale are also indicated

Vegetative stage * Kuperman’s scale
0 GERMINATION '

00 Dry seed
01 Start of imbibition (water absorption)
02 - )
03 Imbibition complete
04 -
05 Radicle emerged from caryopsis
06 - , “
07 Coleoptile emerged from caryopsis
08 - ,
09 Leafjust at coleoptile tip
1 VEGETATIVE DEVELOPMENT OF THE SHOOT APEX
10 First leaf through coleoptile

Early vegetative development of the shoot apex; apex is short, of hemispherical shape
with one or two initiated leaves (Fig. 1, 2)

12 -

The beginning of the shoot apex elongation; at its base, the number of leaf primordia

increases (Fig. 3)

14 -

15 -

The beginning of single ridges, i.e. leaf primordia, initiation on the elongating shoot

apex (Fig. 4)

17 -

18 -

19 _Single ridges, i.e. leaf primordia, initiated along the whole shoot apex (Fig. 5) 111
Reproductive stage ¢

2 SPIKELET INITIATION AND DIFFERENTIATION
20 The formation of double ridges - DH 1
21 - :
22 The formation of double ridges - DH 2 (Fig. 6)
23 -
‘24 The formation of double ridges - DH 3 (Fig. 7)
25 -
Spikelet primordia are elongating; on the shoot apex only spikelet primordia are
apparent (Fig. 8, 9)
27 Glume initiation (Fig. 10)
28 -
29 Lemma initiation (Fig. 10)

11

13 IL

16

26
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3 FLORET INITIATION AND DIFERENTIATION

31
32
33

35

37

38

39

The initiation of first florets in spikelets; hemi-spherical meristematic ridges above
initiated glumes and lemmas on both sides of spikelet (Fig. 11, 12)

The initiation of the other florets on the spikelets (Fig. 13, 14)

The initiation of stamens; three stamen papillae apparent on the floret meristem (Fig.
15)

Pistil initiation; meristematic ridges among the initiated stamens (Fig. 15)
Differentiation of anthers; they gradually elongate and divide into four locules
apparent in the basal florets of a spikelet, furrows develop among the four locules
(Fig. 16)

The initiated pistils increase successively in size without differentiation (Fig. 17)

The initiation of the terminal spikelet; three florets already initiated, in the third floret,
anthers begin to differentiate; the initiation of glumes become apparent by the
elongation of the lemma tip (Fig. 18, 19); two styles differentiate from the pistil as
small ridges

The beginning of floret integument growth; lemmas of the basal florets begin to cover
the anthers, awns elongate (Fig. 20); the stigmatic branches differentiate on the
clongating styles

VL

4 FLORET GROWTH

40
41
42
43
4
45
46
47
48

49

Stigmas elongating; anthers become larger and filaments elongate

The white anthers start to become green; the beginning of meiosis

The stigma and filaments of stamens continue elongating, stamens increase in size
Stigmatic branches elongated to form a tangled mass

Stigmatic branches erect with their hairs differentiated; anther size and filament length
continue to increase

VIIL

5 INFLORESCENCE EMERGENCE

VIIL

50
51
52
53
54
55
56
57
58

59 __Emergence of inflorescence completed

First spikelets of inflorescence just visible

1/4 of inflorescence emerged

172 of inflorescence emerged

3/4 of inflorescence emerged
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6 ANTHESIS

61
62
63

65
67

68
69

Beginning of anthesis

Anthesis half-way

Anthesis complete

7 MILK DEVELOPMENT

70
71
72
73
74
75
76
77
78
79

Caryopsis water ripe

Early milk
Medium milk

Late milk

8 DOUGH DEVELOPMENT

XI.

80
81
82
83
84
85
86
87
88
89

Early dough
Soft dough

Hard dough

9 RIPENING

91
92
93
94
95

97
98
99

Caryopsis hard (difficult to divide by thumb-nail)
Caryopsis hard (can no longer be dented by thumb nail)
Caryopsis loosening in daytime

Over-ripe, straw dead and collapsing

Seed dormant

Viable seed giving 50 % germination

Seed not dormant

Secondary dormance induced

Secondary dormance lost

XIL
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stage of anther development in the individual florets may be characterized by the

anther size and their degree of differentiation, as follows :

- anthers initiated and present in the form of hemi-spherical ridges,

- increased size of the anther bases and the beginning of furrow dlfferennanon
between developing anther locules,

- large, fully differentiated anthers.

In our previous experiments Ndtrov4d, 1982) we found that from the total
number of initiated florets at the time of terminal spikelet formation, the number of
those having fully differentiated anthers was most closely correlated with the number
of fertile florets at anthesis and also with fertile florets with developed kernels at
maturity.

4th stage - floret growth

During this stage, the intensive growth of stamens and pistils continues. Anthers
become larger, their filaments elongate and they turn from white to green - a change
considered to mark the beginning of meiosis (T o tt m a n, 1987). During this pe-
riod, plants are relatively sensitive to irradiance, high temperature and water short-
age. Under unfavourable conditions, the pollen are either not formed or are
insufficiently developed and remain sterile. Some morphological changes may con-
tinue on the pistil. Simultaneously with the elongation of stigmatic branches stig-
matic hairs differentiate. During this stage, floret integuments grow intensively and
rachis internodes elongate.

During the subsequent period, i.e. at heading, the anther size, filaments and stig-
matic branches lengthen. Shortly before anthesis, anthers change from green to yel-
low and styles and stigmatic branches spread out.

The proposal of a decimal code scale for the evaluation
of the inflorescence development of wheat (Tab. I)

Our starting point for deriving the decimal code scale (DC) was the DC for growth
stages of cereals as described by Za d o ks et al. (1974). The proposed scale is
composed of 10 basic stages, each of which is further divided into 10 secondary
stages. In this way, the scale starts at DC 00 and ends with DC 99. In some cases,
when no distinctive morphological changes were apparent, the DC remains blank.
According to the description presented in this paper, the development of the shoot
apex has been described from DC 10, when the first leaf grows from the coleoptile,
until DC 49, when ear development ends in the peduncle sheath. The phases DC 0
and DC 5 to 9 correspond to those of the scale describedby Z a d o k s etal. (1974).
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NATROVA, Z. - JOKES, M. (Vyzkumny istav rostlinné vyroby, Praha - Ruzyng):
Navrh stupnice s desetinnym kédem pro hodnoceni vyvoje klasu pSenice.
Rostl. Vyr., 39, 1993 (4): 315-328.

Je popsan vyvoj klasu pSenice a podle uvedenych charakteristik morfologickych
zmén na vzrostném vrcholu navrZena stupnice s pouZitim desetinného kédu (DK), ktery
je analogicky stupnici Zadokse etal (1974) pro hodnoceni ristovych fazi. Popis
jednotlivych etap vyvoje je aZ do obdobi vytvofeni terminalniho klasku ilustrovan mikro-
fotografiemi z elektronového mikroskopu. Stupnice ma 10 zdkladnich etap: (0) kliCeni,
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(1) vegetativni vyvoj vzrostného vrcholu, (2) zaloZeni a diferenciace klaskd, (3) zaloZeni
a diferenciace kvitki, (4) rist kvitkd, (5) metani, (6) kveteni, (7) mlé¢na zralost, (8)
voskova zralost a (9) zrani. K docileni podrobnéj$iho popisu se kaZda etapa déli na
10 podetap a vyvoj je tak popsdan od DK 00 do DK 99.

Vyvoj Vzrostného vrcholu probihajici od obdobi, kdy prvni list vyrista z koleoptile,
do ukonceni vyvoje klasu v pochvé posledniho listu, byl rozdélen do hlavnich etap DK
1 aZz DK 4.

Etapa DK 1 zahmnuje ranou vegetativni etapu DK 11, kdy vzrostny vrchol je kratky,
polokulovity a pfi jeho bazi jsou patrny zaklady jednoho aZ dvou listi (obr. 1, 2). Dile
je zaznamenan zafatek prodluZovani vzrostného vrcholu (DK 13) se zvétSenym poctem
zaloZenych listi (obr. 3), po kterém nasleduje vytvofeni prvych jednoduchych hrbolki
na prodluZujicim se vzrostném vrcholu (DK 16, obr. 4) a etapa je ukonena vytvofenim
jednoduchych hrbolkii podél celého prodlouZeného vzrostného vrcholu (DK 19, obr. 5).

Etapa DK 2 je podle morfologickych zmén na vzrostném vrcholu rozdélena na vytvo-
feni dvojitych hrbolkid: DH 1 (DK 20), DH 2 (DK 22, obr. 6), DH 3 (DK 24, obr. 7),
prodluZovéni zakladd klaskd (DK 26, obr. 8, 9), zaloZeni plevy (DK 27, obr. 10) a za-
loZeni pluchy (DK 29, obr. 10).

Etapa DK 3 popisuje a systematicky zaznamendva zaloZeni prvych kvitki (DK 30,
obr. 11, 12) a nasledné dalSich kvitkd v klasku (DK 31, obr. 13, 14), diferenciaci kvitkd
na ty¢inky (DK 32, obr. 15) a pestik (DK 33, obr. 15). Nasleduje diferenciace pras$niki
(DK 35) projevujici se jejich prodluZovanim a délenim na &tyfi asti navzdjem oddélené
ryhou (obr. 16) a zvétSovani pestiki (DK 36, obr. 17). Ke konci této etapy dochézi
k vytvoteni termindlniho klasku (TK), zaloZeni osin projevujici se prodluZovanim pluchy
(obr. 18, 19) a na pestiku se diferencuje ¢nélka (DK 37). Pfed pfechodem do DK 4 za¢ina
intenzivni riist obalovych organi kvitki, osiny se prodluZuji (obr. 20) a na ¢nélkach se
diferencuji blizny (DK 39).

V etapé DK 4 probihd intenzivni rist tyCinek a pestikii (DK 40, 43, 49). Dochazi
k pfeméné bilych prasnikid na zelené (DK 41). Na konci etapy se na prodluZujicich se
bliznach diferencuji vlasky (DK 49). Soucasné intenzivné rostou také kvétni obaly
a prodluzuji se ¢lanky klasového vietene.

Etapy DK 0 a DK 5 aZ DK 9 jsou charakterizovany shodné se stupnici Zadokse
et al. (1974). Kody pouZité pro vyvoj vzrostného vrcholu nejsou totoZné se stejnymi
kody stupnice Z ad o ks e et al. (1974) v tom smyslu, Ze urlité ristové faze této
stupnice mohou odpovidat rtizné etapé vyvoje zde navrZené stupnice a naopak.

NavrZena stupnice s desetinnym kodem umoZiiuje pfesny a podrobny popis i hodno-
ceni morfologickych zmén na vzrostném vrcholu, jejich systematické znaceni, a tim i po-
¢itaCové zpracovani ziskanych udaj.

Contact Address:

RNDr. Zdetika Natro v a,CSc., Vyzkumny tstav rostlinné vyroby, 161 06 Praha 6-Ruzyné&
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ZASOBA DRASLIKU V PUDE A JEHO PRIJEM JECMENEM

J. Matula

Vyzkumny tistav rostlinné vyroby, Praha - Ruzyné

Na souboru 18 piid z riiznych lokalit CR byly studoviny vztahy mezi draslikem pevné
faze pudy, puidniho roztoku a jeho obsahem v rostling. Zakladem prace byly laboratorni
a kriatkodobé vegeta¢ni pokusy v klimaboxu. Nejtésn&jsi vztah mezi koncentraci drasli-
ku v piidnim roztoku a jeho zdsobou v pevné fazi plidy byl zjidtén po transformaci
zasoby vyménného drasliku v piid€ na jeho ekvivalentni podil z hodnoty kationtové
vyménné sorp¢ni kapacity. Dominantni charakteristikou, ktera ovliviiovala obsah
drasliku v rostlin€, byl obsah vyménného drasliku v pudé. Jakékoliv dal$i charak-
teristiky reZimu drasliku v pudg (tj. koncentrace drasliku v pidnim roztoku, mobilni
draselna rezerva, fixace drasliku piidou) a rovnéZ jejich pouZiti ke korekci hodnot vy-
ménného drasliku v pid€ byly nevyznamné ve vztahu k obsahu drasliku v rostliné.
Nejtésnéjsi zavislosti obsahu drasliku v rostliné na jeho zasob& v pudé byly, kdyZ se
stav zasoby vyménného drasliku v pudé¢ vyjadfil ve form& odchylek od predpoklada-
nych optim. Ke stanoveni optim byly pouZity dva pfistupy: a) fyzikalné-chemicky,
ktery vychazi z hodnoty sorpéni kapacity pidy a stupné jejiho nasyceni draslikem; b)
biologicko-chemicky, ktery vyuZiva konceptu u¢innosti Ziviny. Biologicko-chemicky
pfistup podchytil 1 vyrazné anomalie v desorpci drasliku u jednotlivych pud.

Cilevédoma tvorba ndlezitého vyzivného stavu pid je otdzkou nejen ekonomiky,
ale i ekologie hnojeni. Piida je vychozim ¢lankem potravniho fetézce a kvality vod.
Zasobenost pudy Zivinami ovliviiuje kvalitu rostlinné produkce s dopadem aZ na
zdravotni stav konzumentt. BohuZel v posuzovéani zdsobenosti piid Zivinami stile
pfetrvavd vynosovy pristup, ktery plné nerespektuje efektivnost vyuziti Zivin
k tvorb& kvalitni produkce. Spojeni tohoto pfistupu s predchozim direktivnim zpii-
sobem distribuce primyslovych hnojiv v CR se zvI4§t& neptiznivé odrazilo v z4so-
benosti nadich pid draslikem a s jeho disproporci k hof¢iku.

Praktické zvladnuti kontroly a tvorby vhodné zdsobenosti piid Zivinami
pfedpokldada existenci expeditivnich diagnostickych metod. Draslik je Zivina, jejiZ
aktivita v piidé vyrazng ovliviluje pfijem i dalsich Zivin - kationtii. Rada zemé-
dé&lskych plodin m4 vét8i naroky na draslik nez na dusik. UdrZzovani nélezZité zasoby
drasliku v pudé hnojenim je proto pfedpokladem efektivni rostlinné vyroby.

MATERIAL A METODA

Zékladem pokusi byl soubor 18 piid z riznych stanovist CR. V ptidich byly sta-
noveny charakteristiky pfijatelného drasliku a dalSich hlavnich kationti (Ca a Mg).
K stanoveni vyménnych kationti (v€etné vodorozpustnych) bylo pouZito bézné
extrakce molarnim octanem amonnym a dale postupy zkouSeni ptd, jak je uvefejnili
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Mehlich (1978)a Matula,Pirkl (1988). Ke stanoveni schopnosti pid
desorbovat ziviny do kapalné fiaze pidy bylo pouzito jednoduché metody simulo-
vaného pidniho roztoku, kterou popsal M a tula (1985). K postizeni charak-
teristiky mobilni rezervy a mokré fixace pudy bylo pouzito modifikace, kterou
vypracoval Vopé&nka (1983).

S kolekci pud byly zaklddany kratkodobé vegetacni pokusy v klimaboxu s testo-
vaci plodinou jarnim je¢mene, odriidou Zenit. Rozméry vegetacni nadoby byly
100x100x90 mm, jeji ndpli 600 g zeminy, vysev 16 predkliCenych zm. Zavlaha
nadobek se zeminou byla diferencovana podle vodni kapacity zeminy a dopliiovana
dovlaZzovanim pfi poklesu pod 75% nasyceni. Svételny a teplotni reZim b?'l: den -
16 h, 20 °C; noc - 8 h, 15 °C, pfi fotosyntetickém ¢inném zafeni 500 uEm'2 . B&hem
kultivace rostlin byla aplikovana jednotnd davka 150 mg dusiku na nddobu ve formé
NH4NO3, v délenych ddvkdch po 25 mg N v objemu 10 ml roztoku. Kultivace byla

I. Zakladni charakteristiky pouZitych zemin - Basic characteristics of earths applied

Cisl<_> . KVK pH/KCI Vymipny | Vychozi Mokrj Mobilni X

zeminy K koncentrace fixace rezerva
pﬁdm’h%

[mmo_\ +) p roztoku A i i

kg ] [mgkg | |[[mgK.dm']|[mgKkg ]| [mgkg ]
1 134 6,2 205 15,0 182 885
2 54 6,0 137 16,3 92 975
3 205 6,4 740 48,7 55 1060
4 214 5,0 333 8,8 173 992
5 166 7.3 593 42,5 45 635
6 83 6,1 183 15,0 77 280
7 189 7.3 425 20,0 95 1355
8 98 5.8 155 12,5 145 1157
9 110 6,2 325 30,0 15 415
10 88 5.2 200 213 58 397
11 129 5.8 182 7.5 100 2967
12 62 48 202 30,0 52 280
13 407 7,1 1970 51,3 180 2125
14 56 5,1 218 58,8 72 335
15 77 6,5 395 36,3 5 365
16 245 53 340 10,0 172 1580
17 28 | 7,4 678 17,5 70 1740
18 192 7,1 403 18,8 140 1135

learth No., K* exchangeable, 3initial concentration of soil solution, *wet fixation, *mobile K reserve
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ukoncena po 28 dnech sklizni nadzemni hmoty, kterd byla ihned susena pfi 65 °C
do konstantni hmotnosti a analyzovdna na obsah Zivin b&Znymi postupy (J a -
vorsky etal, 1987). Zeminy byly testovany stejnymi postupy jako pfed zalo-
Zenim vegetac¢nich pokusi (tab. I).

VYSLEDKY A DISKUSE

JelikoZ mezi viemi extrak&nimi postupy stanoveni vyménného drasliku byla sta-
novena tésnd korelace (» > 0,99), budou z uspornych diivodi ddle uvddény vysledky
jen podle postupu, ktery uvefejnili Matula, Pirk] (1988), neboftento postup
navic i umoZiuje stanoveni sorpéni charakteristiky ptdy.

Schopnost pidy desorbovat Ziviny do pudniho roztoku je vyznamnou charak-
teristikou ptidni urodnosti. Jeho koncentrace spolu s vlahovym rezimem pudy fidi
transport drasliku do rhizosféry. PHi koncentracich vysSich nez 0,5 mmol vzristd
moznost luxusniho pfijmu drasliku rostlinou a zbyte¢nych ztrat jeho vyplavenim
v promyvnych piddch. Odhad ustalovani koncentrace drasliku v piidnim roztoku
na zaklad& b&zného testovani piid mad proto znaény prakticky vyznam. Na obr. 1 je
uveden zjiStény vztah mezi vymé&nnym draslikem a jeho koncentraci v ptdnim
roztoku. T&snost vztahu neni zcela vyhovujici. Upravime-li v8ak obsah vyménného

drasliku v piid& na pomgr aktivity (K / VCa + Mg), jak uvddi Beckett (1964),
tésnost vztahu se vyraznd zlepsi (obr. 2). Rada autord, napt. Wild (1983), do-
poruduje zjednoduSeny pomér aktivity K /VCa. V naSem piipadé jsme obdrZeli
obdobné zdvislosti o velmi dobré korelaci, i kdyZ o n&co nizsi.

a o
3 :
. .
f 50+ x 50} .
o [
ELo £
30F o o .‘ 30
E Y = 17,357 + 0,0186xX E Y = log 3,04xX0:95
'] . .
g ‘e ¢ r = 0.5136* 2 r 0, 7506%x
- °* n = 18 = 10p n - 18
:
i \
1 1 1 1 1
i 400 300 2000 1 2 3

PEVNA FAZE PUDY (mg K*x kg-11 PEVNA FAZE PODY, K /Y Ca + Ng

1. Vztah mezi vymé&nnym draslikem
v pudé& a jeho koncentraci v pudnim
roztoku - The relationship between
exchangeable potassium in soil and its
concentration in soil solution

osa x - pevna fize plidy - x axis - solid
stage of soil

osa y - piidni roztok - y axis - soil solu-
tion

2. Vztah mezi pomérem aktivity
(K /VCa + Mg) pevné fize ptdy a kon-
centraci drasliku v piidnim roztoku - The
relationship between activity ration
(K /NCa+Mg) of solid stage of soil
and potassium concentration in soil so-
lution

osa x - pevna fize pudy - x axis - solid
stage of soil

osa y - pidni roztok - y axis - soil solu-
tion
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Lze pfedpokladat, Ze dominantni postaveni v ustalovani rovnovahy mezi drasli-
kem pevné faze pidy a pidnim roztokem bude mit sdim o sob& sorbent plidy. Du-
lezitou charakteristikou sorbentu je jeho sorpéni kapacita. Pfepo¢tem obsahu drasli-
ku na jeho ekvivalentni zastoupeni v sorp&ni kapacité pidy jsme ziskali nejt&sné&;Si
funk¢&ni vztah ke koncentraci drasliku v pidnim roztoku (obr. 3).

Dal$i nami stanovené charakteristiky pevné fiaze pidy (hodnota mokré fixace
drasliku a mobilni draselné rezervy) byly bez vyznamného pfimého vztahu ke
koncentraci drasliku v pidnim roztoku. Ur¢ité tendence vzristu korelace az do
vyznamné zavislosti byly zaznamenany pfi korekci vyménného drasliku hodnotou
mokré fixace.

Piidni roztok lze povaZovat za vlastni Zivné prostfedi rostliny. Casto je uvadén
vyznamny vztah mezi koncentraci drasliku v ptidnim roztoku a jeho pfijmem rostli-
nouMengel, 1963; Wild etal, 1969; Diest, 1978, Grime, N é-
meth, 1978, Mengel, Kirkby, 1982). V naSich pokusech jsme nezazna-
menali vyznamnou zdvislost mezi koncentraci drasliku v pidnim roztoku a jeho
obsahem v jeCmenu (obr. 4). Extrémni vychylky z korelatniho pole ve sméru vy33i-
ho obsahu drasliku v rostling byly registrovany u pid 4 a 17. Pfi¢inou by u t&chto
ptd mohla byt snadna desorpce drasliku a vysoka zdsobenost vym&nnym draslikem.
Opaény extrém zaznamenany u ptd 12 a 14 byl spojen s nizkou zdsobou vym&énného
drasliku (v€etn& mobilni draselné rezervy) ve spojeni s nizkou sorpéni kapacitou.
Zde doslo béhem kultivace rostlin k rychlému vy&erpani zasoby pfijatelného drasli-
ku, o CemZ sv&dCi nizké hodnot?' vyménného drasliku v pidé po ukonceni vegetacni-

ho pokusu (58 a 59 mg K.kg™ v pofadi pid 12 a 14). VylouCime-li v3ak tyto Ctyfi
% ¢ : r = 00,4799 ®
. 50 »ﬁ [ n = 18
H st % 1w :
: 30- E ll L]
E Y - log 0,54axs.3s : A * . ’
g e 2o . "
.ﬁ r e 1 1 1 ° 1 .. l- “2 | ¢ 1
35 75 ns 20 40 [Y]

PROCENTO EXVIVALENTU K a KVK

3. Vztah mezi stupném nasyceni
sorpéniho komplexu draslikem a jeho
koncentraci v piidnim roztoku - The re-
lationship between the stage of satura-
tion of sorption complex with potassium
and its concentration in soil solution
osa x - procento ekvivalenti K z KVK -
x axis - percentage of K equivalents
from KVK

osa y - pudni roztok - y axis - soil solu-
tion
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PUDMI ROZTOK (mg K = da-3)

4. Vztah mezi koncentraci drasliku
v pidnim roztoku a obsahem drasliku
v rostlin€ - The relationship between po-
tassium concentration in the soil solution
and potassium content in plant

osa x - pudni roztok - x axis - soil solu-
tion

osa y - obsah K v rostliné - y axis - K
content in plant



extrémy, t&€snost vztahu potom i zde bude vysokd (korelace, r = 0,9199). Tato
vysvétleni jsou v souladu s vysledky, které publikovali Jungk, Claassen
(1986), ve kterych je doloZena vysoka schopnost rostlin zabezpeovat si potfebny
draslik pro zddmy rist i pfi jeho velmi nizkych koncentracich v ptidnim roztoku za
predpokladu, Ze je plynule dopliiovin z pevné fize pudy.

%

Y = - log 1,064=X9.396

r = 0,8380%~
n =18

a L 4 1 I

400 1200 2000
PUDA, vinEssy K* ([mg K = kg-1]

OBSAH K V SUSINRE ROSTLINY
r 3

5. Zavislost obsahu drasliku v rostliné na
obsahu vyménného drasliku v piidé - The
dependence of potassium content in plant
on the contents of exchangeable potassium
in soil

osa x - piida, vym&nny K - x axis - soil, K
exchangeable

osa y - obsah K v sudiné rostliny - y axis
- K content in plant dry matter

X 1
w
T
o
"

4
&
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°

Y = 2,816 + 0,0082=X

r = 0,8743%%
® n = 18
A A A
170 370
ODCHYLKA ZASOBY K V PUDE [ X 3
od horni hranice optLisa

OBSAH K V SUSINE ROSTLINY

Y = 2,56 + 0,0049=X

r = 0,8771%x
n =18

1 A 1

®o 790

ODCHYLKA ZASOBY K V PUDE [ X )
od oplima podle indexu OSinnceti K

6. Zavislost obsahu drasliku v rostlin& na
odchylce zdsobenosti drasliku od
ptedpokladaného optima (a - stanoveného
na zdkladé vy$e KVK a stupné jejiho na-
syceni; b - stanoveného na zikladé indexu
uéinnosti drasliku) - The dependence of
potassium content in plant on the deviation
of potassium reserve from the predicted
optimum (a - determined on the based of
CEC level and the degree of its saturation;
b - determined on the basis of potassium
efficiency index)

osa x - odchylka zdsoby K v piidé od opti-
ma podle indexu ucinnosti K - x axis - de-
viation of K supply in soil from the opti-
mum according to K efficiency index

osa y - obsah K v susin& rostliny - y axis
- K content in plant dry matter
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Nas$e pokusy rovnéZ podporuji b&Zny nazor, Ze dominantni postaveni ve vyzivé
rostliny mé zdsoba vyl"j&n_ns‘,__o_glmshku v pudg (obr. 5). Pfevod zdsobenosti pldy
na pom@r aktivity (K / VCa + Mg nebo K / VCa) nezlepSoval tésnost vztahu. Rovnéz
vztah procentudlniho zastoupeni ekvivalenti drasliku v sorp¢ni kapacité pudy
k obsahu drasliku v rostling byl milo tsny (r = 0,5597%). Toto zji¥téni nepfekva-
puje, pokud m4 tato forma vyjadfeni izky vztah ke koncentraci drasliku v pidnim
roztoku. Poznatek je v souladu s dominantnim vyznamem aktivniho pfijmu drasliku
rostlinou, kde do jeho ur¢ité hodnoty neni rozhodujici koncentrace drasliku v roztoku
(Epstein, 1972; Hiatt,Legget, 1974; Mengel, Kirkby, 1982;
Matula, 1989), ale podstatnd je schopnost piidy dopliiovat draslik do piidniho
roztoku v potfebném mnoZstvi.

Smysl na3i price je zaméfen na problematiku definovani vhodné zdsobenosti pud
draslikem s respektem jeho vlivu na kvalitu vegetativni biomasy - picnin. Na zdkladé
drivéjsich vysledkti pouzivame dva pfistupy. Prvni vychdz z hodnoty sorpéni ka-
pacity pidy a k ni daného stupn& nasyceni draslikem (M atula, 1989). PouZije-
me-li tohoto konceptu i v t&chto pokusech, tj. vyjddiime-li zdsobenost pid draslikem
odchylkami od pfedpoklddanych optim, zaznamendme velmi t&sny vztah k obsahu
drasliku v rostling (» = 0,8682 a » = 0,8743, v pofadi pro dolni a hori hranici optima).

Dalsi zpiisob definovani vhodné zdsoby drasliku v ptidé vychazi z konceptu inde-
xu uéinnosti Ziviny M atula, 1977). Zde rovnéZ tésnost vztahu mezi odchylkou
vyménného drasliku v pid€ a jeho obsahem v rostling byla vysokd (r = 0,87712).
Vysledky t&chto pokust podporuji oprdvnénost obou pfistupti definovani vhodné
hladiny drasliku v pid€ (obr. 6). Hodnotu korela¢niho koeficientu u pfistupu podle vyse
sorp&ni kapacity a stupné jejiho nasyceni snizuje hlavng ptida 4. Tato piida velmi snadno

100-‘1

®
o

60

~ Y = 128 - 0,119=X + 0,00004=X3

F )
(=]

Y = 1238, 4 - 0.2311=X « 0, 00014=)X3 (r=0, 9315%%)

INDEX UCINNOSTI DRASLIKU

»
(-]
T

Y = 127,8 - 0,3845=X 0, 0009=X3 (r=0, 9970%x)

= —— = = - —— —
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A solo ' ' 1 1 ‘oloo A A A A ‘sloo e 1 1 1 20100
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7. Vyuziti konceptu ucinnosti Ziviny k definovani vhodné zasobenosti pud draslikem - The use of

the concept of nutrient efficiency to define the suitable soil supply with potassium

osa x - zasobenost piidy draslikem - x axis - soil supply with potassium
osa y - index u¢innosti drasliku - y axis - potassium efficiency index
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uvoliiuje draslik, a tudiZ hodnota vhodného optima by méla byt spravng niz3i.
V pfistupu podle konceptu indexu ucinnosti je tato anomalie pidy podchycena
Na obr. 7 je zndzornén zplisob definovani vhodné zdsobenosti pudy pomoci inde-
xu udinnosti drasliku. Udaje napovidaji, Ze neni mozné definovat jednotnd zisobe-
nost pid draslikem pro vSechny pidy souboru. Nabizi se rozdé&leni ptid do dvou az
tfi skupin. Pro dvé& skupiny piid je vcelku dost podkladi k definovéani funk&nich za-
vislosti, budeme-li pfedpoklddat rovnéZz obdobny priibéh funkce i pro pady 13 a 18.
Odhad vhodnych hlaiim z4sobenosti vychdzi potom takto: pro vé&tSinu piid souboru
kolem 130 mg K.kg"', pro pidy 8, 11, 6 a 4 kolem 50 mg Kkg’ la pravdépodobné
pro pudy 18 a 13 kolem 250 mg K.kg” T Podstata rozdilnosti by mohla souviset s mi-
neralogickou odliSnosti sorbentl Jednothvych skupin pid (Sharpley, 1989).
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MATULA, J. (Research Institute of Crop Production, Praha-Ruzyn&):
Potassium reserve in soil and its uptake by barley.
Rostl. Vyr., 39, 1993 (4): 329-336.

"The research was conducted with a set of 18 soils of different sites of the Czech Re-
public. The soils were analayzed for characteristics of their potassium reserves (i.e. ex-
changeable potassium, including water-soluble potassium), potassium reserve and soil
capacity for wet fixation of potassium, furthermore, for the value of exchangeable soil
acidity and cation exchangeable soil capacity (Tab. I). Four-weeks persisting vegetation
trials were established with the set of soils under controlled conditions of cultivation in
climabox. Spring barley was a testing crop. The studies were concentrated on the finding
the dependence between solid stage of soil; soil solution and the plant for the needs of
specification of suitable reserves of different soils with potassium.

The relationships found between the solid stage of soil and soil solution are shown
in Figs 1, 2 and 3. The closest relationship, suitable to predict the concentration of po-
tassium in the soil solution from current data of soil testing, was found after transfor-
mation of the values of exchangeable potassium into its equivalent representation in the
value of cation exchangeable soil capacity. The lower closeness of dependence of soil
solution concentration was recorded with using the ratio of potassium activity
(K /VCa + Mg). This dependence was, however, much closer than in the case of the
value itself of exchangeable potassium. The dependence found in the potassium content
in plant on its concentration in soil solution was low (Fig. 4). The closest dependence
in potassium content in the plant was found in the simple content of exchangeable po-
tassium in soil. Any other adjustments of exchangeable potassium through other char-
acteristics of soil supply with potassium (i.e. K concentration in soil solution, mobile
reserve of potassium, potassium fixation through soil) did not improve the closeness of
relationships.

Functioning of two ways of defining the suitable soil reserve with potassium was
tested as follows: a) physico-chemical approach based on the above-mentioned sorptive
soil capacity and on the degree of its saturation with potassium; b) biological and chemi-
cal, according to the concept of nutrient efficiency index. A high degree of dependence
of potassium content in plant in both approaches, expressed in percentage of deviation
from predicted optima of soil supply with potassium (Fig. 6). The results of trials docu-
ment a good functioning of both approaches of defining the suitable soil supply with
potassium. Biologico-chemical approach brought up under control a marked anomaly in
desorption capacity of potassium in soil 4. This indicated the necessity to classify the
soils in the categories for the needs of correct definition of different levels of reserve
optima of different soils with potassium. The use of concept of potassium efficiency
index to define the suitable soil supply with potassium is in Fig. 7.

Kontaktni adresa:

Doc. ing. Jiti M atula, CSc.,, Vyzkumny tstav rostlinné vyroby, 161 06 Praha 6-Ruzyné
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ANALYZA PESTOVANI CESKOSLOVENSKYCH ODRUD
JARNIHO JECMENE ODOLNYCH K PADLi TRAVNIMU

A. Dreiseitl

Vyzkumny tistav obnilndrsky, Kromériz

Na zakladé€ pfedchoziho studia genetického zaloZeni odolnosti odriid jamiho jeémene
pé&stovanych v CSFR a tdajii Federalniho statistického vifadu o velikosti skliziiovych
ploch odrud v jednotlivych letech bylo analyzovano péstitelské vyuZiti pfislusnych
genu odolnosti k padli travnimu. Je zachyceno obdobi 1968 aZ 1990, ve kterém byly
v CSFR péstovany (s vyjimkou némeckych odriid Elgina a Trumpf) pouze Ceskoslo-
venské odriidy. Od roku 1980 nebyla v CSFR péstovana #adnd odriida bez zdm&mé
zabudované odolnosti k padli. Nejrozsifengjsi byla odolnost podminéna alelou Ml-al 3
(souhmné vyuZiti genu Ml-g nebylo sledovdno). Po ni nasledovala alela Ml1-a6. Malo
byly vyuZity alely Ml-al2 a také Ml-a3, jejiZ 1iCinek je stdle vyznamny.

Jarni jeCmen citlivé reaguje na zhorSené podminky prostfedi zapfi¢inéné bioticky-
mi ¢i abiotickymi faktory. Z biotickych faktorii vystupuji do popfedi zvlasté choroby
jeCmene. Nejzavaznéjsi z nich je padli travni, které v dobé odnoZovani snizuje pocet
produktivnich odnoZi, po metani snizuje hmotnost obilek. V ro¢nicich se silnym na-
padenim zpisobuje padli ztraty vynosu zma 15 az 20 % i vice. Skodlivost padli
travniho na je¢meni je ddna pfedevsim jeho pravidelnym vyskytem. Vyznam padli
vedl k zim&mému $lechténi odriid na odolnost k této chorobg. Cilem price je ana-
lyzovat péstitelské vyuziti odolnosti jeémene v Ceskoslovensku. To pFispgje
k objasnéni zmén v populaci padli u nds i v sousednich stdtech a k efektivnéjSimu
vyuziti odriid se specifickymi odolnostmi k této chorobé.

MATERIAL A METODA

Priace navazuje na vysledky studia genetického zaloZeni odolnosti ¢eskoslo-
venskych odrid jarniho je€mene povolenych od roku 1950 do roku 1992 (Drei -
seitl, 1989; Dreiseitl, 1993a) a na analyzu rezistentniho $lechténi jarniho
jemene (Dreiseitl, 1993b). Dédle byly vyuZity iidaje Federalniho statistického
ufadu (FSU) o roz8ifeni odrid jarniho je¢mene (skliziiové plochy). Vyuziti jednotli-
vych genii odolnosti v p&stovanych odriidich je zpracovano od roku 1968, nebot
az od tohoto ro¢niku je FSU zachyceno péstovani prvni odriidy s genem odolnosti.
Rozsifeni jednotlivych odriid bylo FSU sledovano do roku 1990. Udaje o vyméfe
péstovanych odrid jemene podle genti odolnosti jsou uvedeny v tab. I a zndzorng-
ny grafem na obr. 1. Rok povoleni prvni odridy s pfislu§nou odolnosti je oznacen
v tab. I pismenem P. Souhrnné plo$né vyuziti genii odolnosti za celé sledované
obdobi je zndzorn&€no grafem na obr. 2.

VYSLEDKY A DISKUSE

Prdce na rezistentnim $lechténi jarniho je¢mene vili padli travnimu byly
v Ceskoslovensku zahdjeny brzy po véilce v Seméicich rozpracovénim $lechti-
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I. Relativni zastoupeni genti odolnosti vii¢i padli travnimu obsaZenych v odriidich jammiho je¢mene péstovanych v CSFR do roku 1990 - Relative
proportion of resistance genes against powdery mildew comprised in spring barley varieties grown in Czechoslovakia since 1990

Rok' |Bez genu’| Ostatni° | Ml-g | Ml-a6 | Ml-a7 | Ml-a9 | Ml-al3 | Mi-La | Ml-al2 | Mi-al | Ml-a3 |MI-1192| Mi-at |MI-7672
1964 | 923 73 P

1968 | 848 | 152

1969 | 793 87 | 120

1970 | 80,2 16 | 182

1971 | 79,1 24 | 185

1972 | 759 20 | 212 P

1973 | 66,6 3,7 | 192 | 105 P -

1974 | 359 | 126 | 96 | 419

1975 | 155 32 | 165 | 551 9,7

1976 | 94 | 1,7 | 262 | 496 | 3,1

1977 53 | 322 | 296 | 305 | 28 P

1978 | 20 | 155 | 290 | 40,7 | 107 P

1979 | 05 | 439 | 190 | 245 | 125

1980 90 | 127 | 94 | 114 | 31,9 | 251 P

1981 200 | 87 | 54 | 72 | 31,6 | 270 P _
1982 109 | 64 | 143 1,8 | 260 | 386 | 126 1,8 P -
1983 132 | 23 | 104 | 29 | 154 | 575 | 100 | 22 P

1984 14,4 79 | 34 | 41 | 599 | 19 | 25 | 15 P

1985 21,5 43 | 42 1,2 | 56,1 43 | 35 | 92

1986 12,5 4,1 2,7 635 | 3,1 92 | 39 | 53 P
1987 9,0 143 | 26 564 | 98 92 | 28 | 62 | 45
1988 7,2 19,7 | 03 556 | 11,0 9,8 70 | 87
1989 8,4 21,5 | 0.2 556 | 10,0 9,1 52 | 11,5 P
1990 5,0 22,4 61,0 | 80 78 39 | 144

\,
\

P - povoleni prvni od131‘fldy s pfdisluinou odolnosti*
year, 2without gene, ~others, ~certification of the first variety with the particular resistance



telskych materidlti s genem Ml-g. Ten byl G¢inny vi¢i dvéma (A a D) ze &tyf ra-
sovych skupin padli. Nejdfive se uplatnil v odridé Merkur (Fadrhons, 1962),
povolené v roce 1964, pozdgji v dalich odriidach samostatn& nebo v kombinaci s ji-
nymi geny (Dreiseitl, 1993b). Pfi péstovani odrid s genem Ml-g se projevil
ucinek této odolnosti jako mélo vyznamny. Vzhledem k velké pozornosti, ktera byla
vénovéna rozpracovani této prvni odolnosti, i vzhledem k charakteru dédi¢nosti je
gen Ml-g obsazen i v fad€ pozd&j§ich odrid. Na obr. 1 je zfejmé dvouvrcholové
rozsifeni genu Ml-g. Prvni vrchol souvisi s p&stovdnim prvnich péti odriid nesoucich
tento gen, zvIla§te pak odriid Dendr a Jantar. Druhé, je$té vyraznéjsi rozsifeni souvisi
s p&stovanim odriidy Favorit. Vysledkem rozsifeni genu Ml-g je skute¢nost, Ze a¢
byl ptivodné u¢inny pfiblizn& viici poloviné jedincl v populaci padli, je dnes vyskyt
patotypti nepfekondvajicich tento gen fidky a jeho uCinnost je tudiz mald. I kdyz
bylo timto genem umozné&no pieziti jen ¢dsti ptivodni populace, nijak to neovlivnilo
vyskyt padli (specializované formy jeémenné), a tedy ani uroveti napadeni ostatnich
je¢meni. Vzhledem k uzkému spektru ucinnosti je pfitomnost genu Ml-g za sou-
Casné pfitomnosti nékterych dalSich genii obtizné zjistitelna.

v Ml-a lokusu (Briickner, 1964). Prvni z nich - alela Ml-a6 byla obsazena
v odridé Ametyst. Tato alela byla zpoCatku i€innd a omezovala napadeni padlim.
Odriida Ametyst se v8ak zacala rychle roz§ifovat (obr. 1). Zaznamenala nejrychlejsi
narust ploch i nejvétsi absolutni i relativni zastoupeni ze viech odrid tzv. diamanto-
vé fady. Jiz tfi roky po jejim povoleni (v roce 1975) bylo touto odriidou oseto pfi-
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2 Ml-a3+Ml-
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1. Relativni zastoupeni genti odolnosti vii&i padli travnimu obsaZenych v odriidich jarniho je€mene
péstovanych v CSFR do roku 1990 - Relative proportion of resistance genes against powdery mildew
comprised in spring barley grown in the CSFR to 1990

A - odridy bez genii odolnosti - varieties without resistance genes

R - ostatni odriidy - other varieties

osa x roky - x.asix - years

osa y skliziiové plochy jarniho je¢émene (%) - y axis - harvested areas of spring barley (%)
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blizn& 500 tis. ha, coz ¢inilo v uvedeném roce asi 55 % z celkové plochy jarniho
je¢mene. Odolnost byla brzy pfekondna a napadeni odriidy Ametyst bylo podobné
jako u nachylnych odrid.

Obdobi hlavniho rozsifeni alely Ml-a6 je totozné s druhym vrcholem rozSifeni
genu Ml-g. Proto byla v letech 1975 az 1978 pfevazna vétSina ploch jarniho je¢mene
oseta odridami obsahujicimi jednu z obou odolnosti, pfipadné odridou Rapid, ktera
v sob& kombinovala ob& odolnosti souc¢asné.

Odridy s alelou Ml-a6 jsou pé&stovany aZz do soucasné doby bez pferuSeni. Po
odriddch Ametyst a Rapid ndsledovala odriida Opal. Ta obsahovala jeSté gen Ml-La.
Podobnou odolnost maji v sou€asné dobé odridy Jaspis a Profit. Odriida Orbit
kombinuje alelu Ml-a6 s genem Ml-at. Zastoupeni péstovanych odriid s alelou Ml-a6
se v poslednich letech udrzuje kolem 20 % ploch jarniho je¢mene (tab. I).

V roce 1976 byla povolena odriida Atlas a o rok pozdéji odriida Diabas s alelou
Ml-a7. Pied tim se v8ak u nds zaCaly péstovat vychodonémecké odridy Elgina
a Trumpf se stejnou alelou odolnosti (Schwarzbach, Fischbeck, 1981;
Brown, Jergensen,1991). Byly to jediné zahrani¢ni odrtidy jarniho je¢me-
ne nejméné za poslednich 30 let, jejichZ péstovdni bylo u nds povoleno. Pfedev§im
s pomoci téchto odriid pfesahlo zastoupeni alely Ml-a7 v letech 1978 az 1980 hranici
10 %. V niz8§im zastoupeni se uplatiiuje alela Ml-a7 i naddle. I kdyZ v roce 1990
neni samostatng registrovano péstovani zddné odridy s touto alelou, nevymizela
zcela ze zeméd€lské praxe diky odridé Horal. Plochy oseté touto odriidou jsou sice
v soucasné dobé& nepatmé, ale je pfedpoklad, Ze zastoupeni alely Ml-a7 se v pfistich
letech zvysi, nebot je obsaZena (spole¢né s genem Ml-La) v nové povolenych odri-
dach Sladko a Akcent a v nékterych dal§ich novoslechténich.

Az od roku 1980, tj. od roku jejiho nejvétsiho rozsifeni (32 % ploch), je statistikou
zachyceno péstovani odriidy Spartan, povolené v roce 1977. Vzhledem k této odri-

[tis.ha)
30004 [ ]
2400 -
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2. Souhmné vyuZiti geni odolnosti vii¢i padli travnimu obsaZenych v odriidich jarniho jemene
péstovanych v CSFR do roku 1990 - Summary utilization of resistance genes against powdery
mildew comprised in spring barley vareties grown in the CSFR to 1990
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d& a odradé Kordl, které dosdhly vyznamného rozsifeni, ale nebyly FSU evidovany
samostatné, dosdhlo zastoupeni ostatnich odriid v roce 1979 téméf 44 % (tab. I).
Odrtida Spartan obsahovala novou, vysoce uinnou alelu Ml-a9. Diky rychlému
rozSifeni se ocitly piivodné vzicné patotypy pfekondvajici gen Ml-a9 v selekéni vy-
hodé&. Na nové odridé se nesetkaly s konkurenci ostatni &dsti populace padli a velmi
rychle se rozmnoZily. Epidemie padli v roce 1981 pak postihla nejvice pravé tuto
odriidu. Epidemie mé&la dopad nejen na vynosy péstovanych je¢ment, zv1a§té odridy
Spartan, ale byla pfi¢inau ustupu od p&stovani této odridy. Ovlivnila i rozhodnuti
o nepovoleni do té doby perspektivnich kroméfiZskych novoslechtgni S 119 a S 170
zkoulenych v SOZ v letech 1979 aZ 1981 a obsahujicich stejnou rezistenci k padli
jako odriida Spartan. Proto rozSifeni alely Ml-a9 zndzoméné grafem na obr. 1 sou-
¢asn& demonstruje i rozsifeni odriidy Spartan. Druhou odridou s alelou Ml-a9 je
odriida Terno, povolend v roce 1991. Jeji GCinek je podpofen genem Ml-La.

Jak je z obr. 1 zfejmé, dominantni postaveni v péstovanych odridich zaujima
alela Ml-a13. Tato odolnost, pochdzejici z balkdnského Sestifadého je¢mene Imunne
25, byla v Kroméfizi velmi dobfe rozpracovéna, proto byla rychle vyuZita v mnoha
domadcich i zahrani¢nich odridich je€mene. Nejdfive byly s touto odolnosti povo-
leny v roce 1978 odridy Koral a Safir, pozd&;ji Karat, Krystal, Bonus, Zenit, Perun,
Novum, Galan, Svit a Heran. V roce 1983 pfesahlo zastoupeni nékterych z nich
nadpolovi¢ni podil ploch jariho jeCmene. Piesto k vyraznéj$imu pfekonani této
odolnosti vlivem rozsifeni virulentnich patotypt do$lo aZ v roce 1985. Do té doby
bylo odridami s alelou Ml-al3 oseto celkem pfiblizng 1,5 mil. ha, které nemusely
byt oSetfeny fungicidy vii¢i padli travnimu. To je dosud nejisp&snéjsi v Ceskoslo-
vensku rozpracovana odolnost, a to jak co do po¢tu povolenych odriid (a neni tfeba
pocitat na jejim zdklad€ vySlechténé zahrani¢ni odridy), tak co do ploch genetickou
cestou ochranénych porosti. Pfili¥né rozifeni odrid s alelou Ml-al3 urychlilo pfe-
kondni této odolnosti. Po pfedchozich ojedinélych zpravach doSlo v roce 1985
k v8eobecnému vyskytu padli na odriiddch s touto odolnosti. V roce 1988 ¢inil podil
patotypii pfekondvajicich tuto alelu 40 % (Dreiseitl, 1991). To znamend, Ze
i kdyz byly pfislusné odridy napadeny padlim, obsahovala odpovidajici virulenci
jen &ast populace patogena. Tento zbytkovy u€inek alely Ml-al3 v¥ak nemohl byt
vyuzit pfi monokulturnim péstovani jemene.

V roce 1990 byly odridy s alelou Mi-a13 roz§ifeny na 61 % ploch jarniho je¢me-
ne. V dusledku toho se dale zvy3uje podil virulentnich patotypti v populaci padli.
Proto miizeme hodnotit nadmémé zastoupeni odrid s alelou Ml-al3 jako existujici
problém Ceskoslovenského jeCmendfstvi. Alela Ml-al3 je pfitomna i v dalSich no-
vo§lechténich. Lze pfedpoklddat povoleni a p&stovani n&€kterych z nich. Ty
v nejlep§im pfipadé zpomali ustup od nadmémého zastoupeni této odolnosti.

Odrida Zefir obsahovala jako jedind alelu Ml-a12. Zaznamenala jen malé roz3ifeni
a proto byla i alela Ml-a12 dosud vyuZita jen nepatmg. V roce 1991 byla povolena odrii-
da Jubilant a v roce 1992 odrida Ladik, které obsahuji tuto alelu (Dreiseitl,
1993a). Tato odolnost viak po pfipadném rozsifeni uvedenych odrid nebude zfejme
pFili§ u¢innd, nebof frekvence virulence V-al2 jeunds (Dreiseitl, 1991) stejné
jako ve v&tsing mist v Evropé (Limpert,Fischbeck, 1987) vysokd.

Odrtida Mars obsahuje alelu Ml-a3 (Dreiseitl, 1993a). Ta byla p&stovana
na podobnych plochach jako odriida Zefir. Byla jedinou odriidou nesouci tuto alelu
odolnosti. Existence dalSich novoslechténi s touto odolnosti je jen ojedinéla.
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Odriida Rubin byla pivodn tvofena dvéma liniemi. Jedna obsahovala alelu Ml-
a7 a druhd, s v&t8im zastoupenim alelu Ml-al. ProtoZe tato odriida je v soucasnosti
tvofena pouze linii s genemMl-al (Dreiseitl, 1993a), kterd pfevlddala i v dobg
povoleni, je v tab. I a na obr. 1 a 2 uvedena jen s odolnosti Ml-al. Odolnost podmi-
néna touto alelou je spolu s alelou Ml-a3 nejucinngjsi jiz vyuZitou odolnosti u nds
(Dreiseitl, 1991), a to pfesto, Ze odriida Rubin je p&stovana jiZ od roku 1982.
Jeji relativni zastoupeni v8ak v Zddném roce nepfekrocilo 10 %.

Odrtida Kredit povolend v roce 1984 a o tfi roky pozdé&ji povolend odrida Jarek
obsahuji odolnost pochdzejici z kromé&fizské linie KM 1192 (Dreiseitl,
1993a). Jeji spektrum uc¢innosti je podobné jako u alely Ml-al3 a déle zesiluje
problémy, které jsou s touto alelou spojeny.

Ukinnost odolnosti, viii kterym jsou nalezeny virulentni patotypy, miize byt po-
silena jejich kombinaci s jinymi geny. Tak byla v roce 1980 povolena odrida Opal
s genem stfedni odolnosti Ml-La ve spojeni s alelou Ml-a6. Tato kombinace je
v soucasné dob& obsazena i v odriddch Jaspis a Profit. Gen Ml-La je pfitomen
i v odnidé Terno, tentokrat spole¢né s alelou Ml-a9 a v odridach Sladko a Akcent
spole¢né s alelou Ml-a7. Gen Ml-at podporuje u¢inek alely Ml-a6 v odridé Orbit
a alely Ml-al3 v odradg Svit.

Dosud poslednim v &eskoslovenskych odriidich vyuZitym genem odolnosti je
gen prozatimn& oznaCen podle Cisla C.I. ptivodniho donora M1-(7672). Je obsazen
v odridé Malvaz (Briickner, 1990) povolené vroce 1989 a ma podobny projev
jako gen Ml1-(1192).

Jak je zfejmé z tab. I, byly dosud u nds p&stovany odniidy jarniho je¢mene celkem
s 12 geny odolnosti vuél padli travnimu. V roce 1987 byly sou€asné péstovany odri-
dy s osmi zndmymi geny odolnosti (bez genu Ml-g) V poslednim hodnoceném
ro¢niku (1990) bylo vyuZito pfi p&stovani Sest genti odolnosti, z toho dva podobné
(Ml-al3 a MI-1192). Ty byly spoleéné obsaZeny v odrtiidach, které zaujimaly
celkem 65 % ploch. Na 5 % byly péstovany tzv. ostatni odridy, tj. odridy, které
nejsou samostatné sledovany, na 8 % odrida Rubin a na zbyvajicich 22 % ploch
byly rozsifeny odriidy s kombinaci genti Ml-a6 + Ml-La a Ml-a6 + Ml-at.

Pfi¢inou poklesu ¢i ztrity u€inku specifickych odolnosti je selekéni vyhoda pro
ty patotypy v populaci padli travniho, které byly schopny pfekondvat nové odolnosti
obsazené v odridach. Na téchto odriidach se pfislusné patotypy reprodukovaly bez
konkurence ostatnich, az jejich podil dosahl vyznamného ¢i dokonce rozhodujiciho
zastoupeni v populaci padli, a tak zpisobily zhrouceni odolnosti. ProtozZe k tomuto
zhrouceni doslo zpravidla v dob& znaéného rozsifeni plivodné rezistentnich odrud,
tedy dfiv, nez mohly byt nahrazeny odriidami novymi s jinym zaloZenim odolnosti,
nebylo mozné zabranit epidemickému rozifeni padli a ndslednym ztratam.

Pfes dobrou uroveri ¢eskoslovenského rezistentniho Slechténi (kterd je dina nejen
poc¢tem rozpracovanych odolnosti, ale i kvalitou jejich pfevedeni z nekulturnich di-
vokych jeCmenti do vykonnych a vysoce kvalitnich odrid), jehoZ vysledky se fadime
k n€kolika nejvyspé&lej$im stitim a které znamenaly zna¢né ekonomické a ekolo-
gické pfinosy, nemdme v soucasné dob& v povoleném sortimentu odriidu jarniho
jeCmene, kterd by byla pIné€ nezdvisla na fungicidni ochrané z hlediska padli travniho.

Pro zlep3eni u¢innosti genetické ochrany vii¢i padli travnimu je proto Zidouci
zvysit rozmanitost odolnosti pé€stovanych odrid. Ve stitnich odridovych zkouskéach

342 ROSTLINNA VYROBA - 1993



byly v roce 1991 zkouSeny odridy se viemi 12 dosud vyuZitymi geny odolnosti
a s jednim vysoce i¢innym genem novym. Déle je Zddouci podstatn& sniZit zastou-
peni odriid s alelou Ml-al3 a pfibuznymi odolnostmi a zlepsit vyvdZenost v zastou-
peni ostatnich odolnosti. Je Zddouci rozmistovat odriidy tak, aby bylo co nejvice
naruSeno pouZiti stejnych odolnosti na v&tich plochéch.
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DREISEITL, A. (Cereal Research Institute, KroméftiZ):
Analysis of Czechoslovak spring barley varieties resistant to powdery mildew.
Rostl. Vyr., 39, 1993 (4): 337-344. .

Based on the previous study of genetic background of resistance in Czechoslovak
spring barley varieties (Dreiseitl, 1989; Dreiseitl, 1992a) and on the data
relating the growing area in 1968-1990 (Federal Statistical Office), the growing use of
corresponding resistance genes to powdery mildew (Erysiphe graminis hordei) is ana-
lyzed. The first gene of resistance in Czechoslovak spring barley varieties was the Ml-g
gene in the Merkur variety, certified in 1964. Tab. I and Fig. 1 show the presence of
this gene only for varieties in which it was the sole gene present. The first and widest
distribution of fhis resistance was associated, in particular, with the Denar and Jantar
varieties. The second, and more notable, distribution was related to the Favorit variety.
The rapid spread of the first allele of the Ml-a locus (Ml-a6) was due to the popularity
of the Ametyst variety, approved in 1972. It caused the fastest increase in both growing
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area and absolute and relative proportions among all of the varieties derived from the
Diamant variety. Three years after its release in 1975, Ametyst occupied approximately
0.5 mil. ha (i.e. 55 % of spring barley area).

The period of main Ml-a6 allele spread was identical with the second peak of Ml-g
gene distribution. In 1975-1978, therefore, most area was sown with the varieties pos-
sessing one of the two resistances or with the Rapid variety which combined both of
these resistances. In 1976, the Atlas variety and a year later the Diabas having Ml-a7
alleles were certified. Prior to these, however, German varieties Elgina and Trumpf with
the same resistance allele had been grown. Those were the only foreign spring barley
varieties over the past 30 years at least approved in Czechoslovakia. Due to the Trumpf
variety the proportion of Ml-a7 surpassed 10 % in 1978-1980. Until 1980, i.e. since the
year when it was spread in the greatest quantities, the Spartan variety cultivation is sta-
tistically presented. It was released in 1977 and was the only one which contained the
M1-a9 allele in the period studied. Fig. 1 shows a dominant position of the Ml-al3 allele.
In the beginning, Koral and Safir varieties possessed this allele. Later on, nine other
Czechoslovak varieties carrying Ml-al 3 alleles were released (up to 1992). The growing
area proportion of these varieties was above 50 % in 1983 and this persisted until the
end of the period under study. The abundant distribution of this allele is considered as
one of the present problems in Czechoslovak barley growing.

The first and the only cultivated variety with the Ml-al2 allele was the Zefir variety
released in 1981. Its growing was, however, limited. That is why the Ml-al2 allele has
been used in Czechoslovakia at a negligible level as a contrast to West-European coun-
tries. The Ml-a3 allele contained in the Mars variety only, released in 1983, was of the
same negligible importance. The excellent malting variety Rubin (approved in 1982) is
the only variety up to now to carry the Ml-al allele. Maybe, thanks to its model distri-
bution (Tab. I), the resistance has been significantly effective even 10 years from its
release (Dreiseitl, 1991). The Kredit variety, released in 1984, and the Jarek va-
riety, released three years later, possessed resistance derived from an original Kromé&fiz
line, KM 1192. The spectrum of this resistance efficiency is similar to thaf of the Ml-al3
allele. The last resistance gene till now is in the Malvaz variety released in 1989. Its
temporary designation is derived from the C.I. number of the initial donor - MI1-(7672)
(Briickner, 1990).

Two other genes occurring with some of Ml-a locus alleles have been used in
Czechoslovak varieties. The first gene was MI-La, contained in the Opdl variety, released
in 1980. However, the latter was not derived from original Hordeum laevigatum barley
but from Palestine 10. The Ml-at gene was used in the Orbit variety, released in 1986,
for the first time. Both these genes were combined with the Ml-a6 allele first. The use
of the above resistance genes in growing follows from Tab. I and Figs 1, 2. The use of
different resistances in varieties is referred by Dreiseitl (1992b). Since 1980 all
spring barley varieties growm in Czechoslovakia possess some of the resistances to pow-
dery mildew.
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PHOSPHORUS AND POTASSIUM DEFICIENCY IN SOYBEANS
ON GLEYSOL OF CROATIA

V. Kovacevié

Faculty of Agriculture, University J. J. Strossmayer, Osijek, Croatia

Growth retardation and chlorosis of soybeans were observed on some gleysols of the
Sava Valley (Slavonia province, Croatia). High clay contents, low K (in some place
also low P) and excess of Mg contents were found by soil test. Soil status
correspondingly influenced K, P and Mg uptake by plants. Based on our previous
investigations, the field trial with four rates either P (to rate of 1045 kg of P/ha) or
K (rate of 2000 kg K/ha) was conducted in the spring of 1990. Grain yields of soybeans
were increased to level of 40 % and 34 % as affected by K and P fertilizations (610 kg
K/ha and 195 kg P/ha, respectively). Nutritional status of the uppermost fully developed
three-leaf before anthesis (on dry matter basis) was as follows (comparison of the
control, the highest rate of K fertilization and the highest rate of P fertilization, respecti-
vely): 0.32 %, 0.33 % and 0.49 % P; 1.17 %, 2.37 % and 1.80 % K; 1.04 %, 0.74 %
and 0.91 % Mg; 1.80 %, 1.85 % and 1.92 % Ca, respectively. Additional K and P
fertilization (for example, 200 kg/ha of NPK 10 : 20 : 30 as band fertilization together
with the sowing) and ordinary fertilization we recommend as practically acceptable
solution for overcoming this type of soil disorders.

Nutritional status of some gleysols in Sava valley (Slavonia province, Croatia)
is characterized by inadequate potassium and by excess of magnesium. In some
places, potassium deficiency was combined with phosphorus deficiency. In this re-
gard, maize and soybeans are usually more susceptible to this type of stress compared
to wheat. For this reason, the field trial with increased K and P rates fertilization
was conducted in the spring of 1990. In this study, response of soybeans was shown
while response of maize was shown by the previous study (K ovacéevic¢, Ber-
tic, 1992). Our earlier experience with response of soybeans to K deficiency and
excess of Mg was recorded in the previous studies (Katu§ic¢ et al., 1988;
Kovacdevié etal,1990,1991;Kovacevié, Vukadinovié, 1992).

MATERIAL AND METHOD

Previous investigation of experimental area

Experimental area (local name Runice) is situated nearly village Davor on left
side of Sava valley at commune Nova Gradi3ka. It is property of Agricultural Plant
(AP) Nova Gradiska, Economical Unit at Vrbje.

Usual soil fertility control was performed in summer of 1987. Soil samples were
taken after wheat harvest. Mean soil sample contained 25 samples. They were taken
by the auger to 30 cm of depth. Each mean soil sample represented about 5 ha of
area. Plant available P and K status was determined by AL-method (Egner et
al,, 1960). Intensity of P and K fixation was determined by the wet-fixation procedure.
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Ear-leaf of maize was taken from 30 plants for one mean sample at the silking
stage of growing season of 1988. Abnormal maize plants were 15 to 20 % smaller
and slightly chlorotic compared to normal plant. Both normal and abnormal maizes
existed on the same parcel. In total, 6 mean samples were taken (3 samples of normal
and 3 samples of abnormal maize). During growing season 1988/1989, wheat was
grown on experimental areas. Wheat plants were sporadically of abnormal status
(growth retardation and edge necrose of leaves). Flag-leaf at the heading stage was
taken for chemical analysis (about 100 leaves were taken for one mean sample).
Also, in total 6 mean samples of wheat were taken.

Field experiment

The field trial was conducted in the spring of 1990 based on our experience origi-
nating from preliminary investigations. Four rates of P (0, 135, 265, 525 and 1045 kg
P/ha) and K (0, 250, 500, 1000 and 2000 kg K/ha), as well as a combination of
525 kg P and 1000 kg K/ha were broadcast applied on March 22, 1990. Field trial
was conducted with a randomized block design in four replications and in duplicate
for maize-soybeans rotation. Each experimental plot was about 306 m? (17.5 x
17.5 m). Ameliorative rates of P and K were applied in the form of superphosphate
(13 % P) and potash (50 % K in form of KCl), respectively. The previously men-
tioned fertilizer treatments were additionally fertilized in amount of ordinary fertili-
zation (for soybean: 90 kg N + 60 kg P + 110 kg K/ha) as follows: 500 kg NPK
8 : 26 : 26 in autumn 1989 and 150 kg of KAN (calcium ammonium nitrate con-
taining 27 % N) during growing season of soybeans (June 22). For this reason, total
amounts of P and K fertilization of soybeans for the growing season of 1990 (N fer-
tilization was in equal amount = 90 kg N/ha) was as follows (kg/ha): 60, 195, 325,
585 and 1105 P; 110, 360, 610, 1110 and 2110 K; 585 P + 1110 K; respectively.

Soybeans (variety Vuka - selection of Agricultural Institute Osijek, maturity
group II) was sown on April 25, 1990. The preemergence herbicides (dual + sencor,
3 1+ 0.7 kg/ha) and postemergence herbicide (basagran 3 I/ha) were applied. Soy-
beans were harvested at the beginning of October.

The uppermost full-developed three-foliate leaf prior to flowering stage was taken
from 50 plants (July 19, 1990). Leaf samples were wet ashed with selen contained
in sulphuric acid (H o 1 z, 1971). Phosphorus was determined by molibdatvanadate
method, potassium flame-photometrically while Ca and Mg were determined by the
AAS Vukadinovi¢,Bertic, 1989).

Statistical analyses were made by the analysis of variance. These investigations
continued in 1991. However, this area was affected by the war in Croatia. For this
reason, only observations at the anthesis were made. Soybean trial was not completed.

RESULTS

Previous investigations of the experimental area

Slight alkaline reaction (pH in H,0 from 7.30 to 7.98 and pH in IN KCI from
6.68 to 7.17), P deficiency (from 2.8 to 4.9 mg P/100 g of soil) and moderately
adequate K contents (from 11.5 to 17.3 mg K/100 g of soil) - determination by the
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AL method - were found by the soil fertility control of experimental area (L ik -
oder, 1992 - unpublished data). Also, the findings of P and K fixation intensity
were as follows: by the addition of 100 mg either P or K to 100 g of soil. 71 % of
added P and even 88 % of added K were fixed by the wet fixation method. By the
preliminary testing of texture, there were found the following values: 19.5 %, 22.2 %
and 58.3 % for sand, silt and ton fraction, respectively.

Growth retardation of maize in the early growth stage as well as maize chlorosis
were found, especially under the moist and cold weather conditions. However, the
normal plants existed on the same plot. In general, low K concentrations (in mean
0.74 % K) and the excess of Mg (in mean 1.57 % Mg) were found in the ear-leaf
of chlorotic maize at the beginning of the silking stage. Regarding this, more fa-
vourable K and Mg status was found in the normal maize plants (in mean: 0.95 %
K and 1.23 % Mg, respectively). However, the P contents in maize plants were in-
dependent of plant status though lower plant available P contents were found in the
soil where the abnormal plant were growing. Also, the K deficiency and Mg excess
were found in the flag-leaf of wheat at the heading stage. Abnormal wheat plants
contained in mean 1.01 % K and 0.76 % Mg, while these contents were more fa-
vourable (1.60 % K and 0.51 % Mg, respectively). Previous research of maize and
wheat (growing seasons of 1988 and 1989, respectively) were in detail elaborated
by our earlier study (Kovacdevié, Bertic, 1992).

On the basis of our previous investigations, we had presentiment that both in-
adequate P and K supplies can be responsible factors in promotion of the stress in
plants. The problem of heavy soils (gleysol) of the Posavina area in Croatia elabo-
rated Likoder etal. (1989). They pointed out that there are high oscillations of
yields depending on the year. Also, slightly dry years are more favourable compared
to wet year for spring crops.

The Runice area occupied about 300 ha. Earlier it was natural meadow and it
was transformed in an arable land in 1980. Also, in was in meantime drained. This
area is unfavourable for maize and soybeans growing, while wheat plant is more
tolerant to this type of soil stress. For example, mean grain yields of maize and soy-
beans at the AP Nova Gradi8ka are about by 30 % and about 20 % higher, respec-
tively compared to those in the Runice area. However, grain yields of wheat are
slightly higher in Runice than at the AP Nova GradiSka (Tab. I). It is estimated that
about 50 % of arable lands at the Nova Gradika district are similar to Runice with
regard to either chemical or physical properties (Lik o d e r, 1992 - personal com-
munication).

Response of soybeans to ameliorative fertilization

Soybeans are generally responsive to fertilization on soils with inadequate nutri-
ent supplies. In out investigation, grain yields of soybeans were increased by 40 %
and 34 % as affected by the K and P fertilization, respectively (Tab. II). Also, grain
yield was increased by 22 % when both of these elements were added in ameliorative
amounts. Grain moisture at harvesting was indenpendent on fertilizer treatments.

The uppermost full-developed threefoliate leaf composition at the onset of an-
thesis is a criterion for nutritional status of soybeans. Accordingto Jones (1967
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I. Comparison of grain yields in the Runice area and those at the AP Nova Gradiska at the period
from 1983 to 1990 (Lik od e r, 1992 - unpublished data)

— Crop Runice area AP Nova Gradigka "
area (ha) yield (t/ha) area (ha) yield (t/ha) index
1983 wheat 164 5.34 2622 4.36 82
1985 wheat 79 5.09 3107 4.84 95
1987 wheat 164 5.41 3389 4.13 76
1989 wheat 164 4.60 3474 5.38 117
mean 5.11 mean 4.68 92
1985 maize 85 5.82 2950 5.27 91
1988 maize 164 4.13 2880 5.85 142
1990 maize 56 3.81 2722 6.70 157
mean 4.59 mean 5.94 129
1984 soybean 79 2.30 822 1.87 81
1986 soybean 56 1.56 1025 2.89 185
1990 soybean 54 2.05 1293 227 111
mean 1.97 mean 2.34 119

g grain yields in the Runice area = 100

II. Response of soybean (cultivar Vuka) to ameliorative fertilization in the first year of testing (gro-
wing season of 1990 - experimental field Runice)

Fertilization (kg/ha) ‘j{;‘g Orain e ?.,ﬂj‘!ffj,';"’,itij‘;‘)f e
N P K (tha) (%) P K Ca Mg
9 60 110 | 213 18.1 0.32 1.17 1.80 1.04
90 60 360 | 2.69 17.4 0.32 1.49 1.82 0.92
90 60 610 | 2.98 16.9 0.32 1.65 1.77 0.83
90 60 | 1110 | 281 17.2 0.33 2.01 1.66 0.79
% 60 | 2110 | 2.82 17.2 0.33 2.37 1.85 0.74
90 195 110 | 2386 17.9 0.33 1.24 1.86 1.05
% 325 110 | 271 18.2 0.35 1.39 1.89 1.04
90 585 110 | 257 17.9 0.38 1.52 1.94 0.98
9 1105 110 | 252 18.2 0.49 1.80 1.92 0.91
9% 585 | 1110 | 2.60 17.6 0.41 2.01 1.80 0.81
LSD 5% 0.49 0.84 0.01 0.13 0.19 0.08

1% 0.66 1.13 0.02 0.17 0.26 0.11
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-cit. Bergmann, Neubert, 1976), the adequate nutrient status is as fol-
lows: from 0.26 to 0.50 % P, from 1.71 to 2.50 % K, from 0.36 to 2.00 % Ca and
from 0.26 to 1.00 % Mg. The acute deficiency of P and K are in the case of their
contents less than 0.16 % P and less than 1.26 % K, respectively. Also, the excess
of Ca and Mg is found when their contents are higher than 3.00 % Ca and 1.50 %
Mg, respectively.

The adequate P, a high Ca and Mg status as well as low K status was found in
the soybean leaves when ordinary fertilization was applied (Tab. II). However, nu-
tritional status of soybeans was considerably improved when affected by the ame-
liorative fertilization: potassium content was increased (in relative amount compared
to ordinary fertilization) by 102 %, while phosphorus content increased by 53 %.
Calcium uptake by the soybean leaves was high and it was practically independent
on the fertilization. Also, the K fertilization influenced the Mg status in soybean
leaves: it was decreased in relative amount by about 30 % compared to the ordinary
fertilization. More favourable relationship between K and Mg was associated with
K fertilization (1.13 and 3.20 for ordinary fertilization and the highest rate of K ap-
plication, respectively).

Testing of soybeans response to ameliorative fertilization was continued in 1991
(the second year of testing - only ordinary fertilization). The escalation of war in
Croatia is why trial was controlled only to the end of July 1991 (anthesis). Soybeans
status (visual observations) were as follows: plant heights on the high ameliorative
K and P treatments were approximately by 25 % and 15 % higher, respectively.

Weather conditions

The 1990 growing season was less favourable for spring crops growth in the east-
ern Croatia. Drought and high temperatures during the critical period of growth were
main cause for this estimation. For example, rainfall quantity and the mean air tem-
perature of Staro Petrovo Selo (about 10 km from the experimental, field northward)
in the period from beginning of April to the end of October were as follows: 400 mm
and 16.2 °C. However, rainfall distribution was unequal: excess of rainfall in June
(102 mm) and September (111 mm) and drought in May (17 mm) and August
(21 mm) were the main characteristics of weather conditions in 1990.

Differences among mean grain yields were a criterion for estimation of fa-
vourability of season (factor year). With this regard, the mean grain yields of soy-
beans in the 5-year period (1985 - 1989) on arable lands of AP Nova Gradi$ka ranged
from 1.75 to 2.78 t/ha (in mean on 1091 ha of area); in 1990 the yield of 2.27 t/ha
on area of 1293 ha was achieved (Likoder, 1990, 1991).

DISCUSSION

As mentioned previously, the field trial was conducted in replication for maize
and soybeans. Grain yields of maize were increased by 87 % and 42 % as affected
by K and P fertilization, respectively. When both of these elements were added in
the ameliorative amounts, the grain yield of maize increased by 55 % compared to
the ordinary fertilization. Also, the ear-leaf P and K status was improved as affected
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by the fertilization. The response of maize was in detail elaborated in our earlier
study (Kovacevié, Bertic, 1992).

Potassium induced disorders in soybeans are widespread on the gleysols of the
Eastern Croatia. In our earlier investigations, grain yield of soybeans was increased
approximatelly by 21 % following the 825 kg K/ha application (Katu§i¢ etal.,
1988), while the grain yield of maize was increased about three lines
(Kovadevié etal, 1990). This trial was conducted on plot of the AP Zupanja.
The second trial (plot is property AP Vinkovci) was fertilized with increased rates
of K applying 2220 kg K/ha: grain yields of maize and soybeans (three-year means)
were increased about two times and three times, respectively (Kovacdevic,
Vukadinovidé, 1992). Also, less favourable relations between K and Mg in
plants were found in our earlier research compared to investigations in the Runice
area. The response of soybeans to the K fertilization on the experimental fields near
Zupanja and Vinkovci were summarized by Kova&evié etal (1990).

Low soil fertility of the Runice area and other soils of similar chemical charac-
teristics is possible to overcome by increased K and P fertilization. We estimate
that practically acceptable suggestion is the additional band fertilization with for ex-
ample 200 kg/ha NPK 10 : 20 : 30 applied at the sowing.

Inadequate either K or P supply is widespread in the world. K deficiency was
found in soybeans grown in the East Java (Indonesia). It is associated with low
K concentration in the leaves. Low soil moisture content in the dry season and the
imbalance of Ca, Mg, Na and K aggravates the disorders. Potassium fertilizer ap-
plication is suggested as an economic effective way to cure the disorders (I's -
munadji, Manshuri, 1989). Four rates either of P and K were applied in
field trial in Venezuela. Leaf composition at growth stage Rs were ranged as follows:
from 0.20 % P (control) to 0.33 % P (treatment 120 kg P,Os/ha without K appli-
cation); from 1.92 % K (treatment 30 kg P,Os/ha without K application) to 3.05 %
K (treatment 120 P,Os/ha + 90 kg K,O/ha). Grain yield increased with increasing
Pand Krates(Casanova, Gome z, 1990). The application of high rates of
P can induce Zn deficiency under certain conditions. M a et al. (1989) found that
combined application of P and Zn increased grain yield of soybean significantly
compared with the control or with P or Zn application alone. Application of P alone
induced Zn deficiency. When the Zn content in soybean leaves was 20 ppm or when
P/Zn ratio in leaves was higher than 122.5 Zn deficiency occurred.

CONCLUSION

Inadequate K and P supplies and high clay contents are main characteristics of
some gleysols in Croatia. In most cases, the excess of Mg is accompanied with the
K deficiency. Under these conditions, growth retardation of soybean was found. By
the application of ameliorative amount of K in level of 610 kg K/ha, grain yield of
soybeans was increased by 0.85 t/ha or 40 % compared to the ordinary fertilization,
while the fertilization with 195 kg P/ha resulted in a yield increase by 0.73 t/ha or
34 %. The leaf-K contents were from 1.17 % K to 2.37 % K (influence of K fer-
tilization with 2110 kg K/ha), while the leaf-P contents were increased from 0.32 %
P to 0.49 % P (influence of P fertilization with 1105 kg P/ha). A low soil fertility
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of these soils is possible to overcome by increased K and P fertilization. Practical
acceptable suggestion is additional band fertilization with, for example, 200 kg/ha
of NPK 10 : 20 : 30 fertilizer at the sowing.
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KOVACEVIC, V. (Univerzita J. J. Strossmayer, Osijek):
Nedostatek fosforu a drasliku u séje na glejové pudé Chorvatska.
Rostl. Vyr., 39, 1993 (4): 345-352.

Zpomaleny nist a chlor6za sdje byly sledovany na glejovych piidach v Savském udoli
(slovinska oblast, Chorvatsko). Vysoky obsah jilu, nizky obsah K (na nékterych mistech
nizky obsah P) a nadbytek obsahu Mg byly zjiStény ptidnim testem. Stav pldy byl
ovlivnény pfijmem K, P a Mg rostlinami. Na zaklad¢€ nasich pfedchazejicich pozorovéni
se na jafe roku 1990 konal polni pokus se &tyfmi ddvkami bud P (do davky 1045 kg.ha™
P), nebo K (do davky 2000 kg.ha' K). Vynosy zma séje se zvysily na hladinu 40 %
a 34 % podle vlivu hnojeni K a p (610 kg.ha” K, 195 kg.ha' P). Obsah Zivin horniho
plné rozvinutého tfetiho listu pfed fazi kveteni (na zakladé susiny) byl v porovnani
s kontrolou (nejvy38i davky K a P hnojeni): 0,32 %; 0,33 % a 0,49 % P; 1,17 %; 2,37 %
a 1,80 % K; 1,04 %; 0,74 % a 0,91 % Mg; 1,85 a 1,92 % Ca. Dopliikové pfihnojovani
K a P (napf. 200 kg NPK .ha' v poméru 10 : 20 : 30 pti pasovém hnojeni sou¢asné
s vysevem) a normdlni hnojeni doporu¢ujeme jako prakticky pfijatelné feSeni pro nedo-
statky tohoto typu ptidy.

Contact Address:

Prof. dr. Vlado Kovad&evic¢, Faculty of Agriculture, University J. J. Strossmayer,
540 00 Osijek, Croatia
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VYSEV TRAV A DATELINY DO MACINY ROZNYMI SEJACIMI
STROJMI

E. Tisliar

Vyskumny ustav luk a pasienkov, Banskd Bystrica

V rokoch 1985 aZ 1989 sme sledovali reakciu trvalého travneho porastu na prisev troch
datelinotravnych miefaniek dvoma bezorebnymi sejatkami s diskovou radli¢kou
(MF-130) a frézovacim mechanizmom (Powr-Till Seeder 1550). Efekt prisevu sme sle-
dovali v podmienkach bez aplikicie priemyselnych hnojiv (kontrola) a pri strednej
davke dusika (150 kg N/ha + PK). Relativne porovnanie prirastkov tirod potvrdilo vy$8i
efekt prisevu miesaniek v pripade Powr-Till Seeder 1550, ked v priemere pouZitych
miesaniek sa bez aplikicie priemyselnych hnojiv tirody zvysili v priemere o 40 % a pri
ddvke 150 kg N/ha o 26 %. Pri pouZiti MF-130 sa tirody v kontrolnom variante a uve-
denej davke NPK v priemere troch mieaniek zvy$ili o 17 a 19 %. Vzdjomné porovna-
nie oboch sejacich strojov jednozna¢ne poukazuje na pouZitie Powr-Till Seeder 1550,
pretoZze MF-130 dosahuje iba 43 a 73 % (varianty vyZivy) efektu prisevu so Powr-Till
Seeder 1550. Nepotvrdili sa podstatnejSie rozdiely pri pouZiti jednotlivych typov da-
telinotrdvnych mieSaniek.

Na lu¢nych porastoch, z ktorych produkéné druhy trdv aj datelinovin ustipili,
alebo zniZili svoje plo¥né zastipenie pre udrZanie trody, je treba zvySovat tirover
dusikatého hnojenia o viac ako 100 kg N/ha, alebo prisiat produkéné druhy trév a da-
teliny priamo do maciny bezorebnymi sejacimi strojmi. RieSeniu tejto problematiky
je venovand doma i v zahrani¢i velkd pozornost (Baker, 1982; Culleton,
Murphy,1986; Frame etal, 1981; Hrazdira,1989;KrajCovi¢,
1990, 1991) so zameranim na dosahovanie rody trdvnych porastov pri zniZovani
davok dusikatych hnojiv, zvySeni kimnej hodnoty a odstraneni negativnych vplyvov
na Zivotné prostredie.

Problematika prisevu trdv a dateliny do maciny je zloZitd, a to z hfadiska bezo-
rebného zapravenia semena, mechanického poSkodenia maciny, vyZzivy a vyuZitia
(Hrazdira,1989;Krajéovié,]991; Ryan,1987;Sheppard etal,
1985). Pre vlastny vysev semena do pddy boli vyvinuté sejacky s diskovou radli¢ko-
vou pitkou a s frézovacou radli¢kovou patkou (Culleton,Murphy, 1986;
Hrazdira, 1989). Uspesnost prisevu je zavisl4 tiez od druhu prisievanych trdv,
dateliny a ich vytrvalosti konkuren¢nych schopnosti (Ka$per, 1987; Kraj -
¢ovic€ 1990; Hrazdira, 1990).

V predloZenej prici sme sa zamerali na porovnanie sejacich strojov s diskovou
radlickou a frézovacim koti¢om pri bezorebnom priseve s vyhodnotenim urody
a kvality krmu na trdvnom poraste.
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MATERIAL A METODA

Sledovania sme uskuto¢nili v polnom pokuse na trvalom travnom poraste
v horskej oblasti na stanovi§ti Nemeckd (650 m n.m.) v rokoch 1985 az 1989.
Reakcia pddy je kysla (pH 4,3) zdsoba fosforu v pode stredna (22,8 mg/kg) draslika
velmi mald (40 mg/kg). Poda je hlinitd so slabou primesou Strku. Ro¢ny priemer
zrazok za sledované obdobie ¢ini 684,2 mm a vo vegetacii 435 mm; ro¢nd priemernd
teplota 7 °C a vo vegetacii 13,9 °C.

V pokuse sme sledovali sejacie stroje:

1. MF-130 (Massey Ferguson, England) s diskovou radlickovou pétkou;
2. Powr-Till Seeder 1550 (John Deer, USA) s frézovacim koti¢om a radlickovou
patkou. _

Na sejacich strojoch pri vyseve do maliny sme zistovali vzdialenosti riadkov,
Sirku a hlbku spracovanej drazky, uloZenie semena v pdde a vykonnost strojov.

Travny porast sme pokosili v juli 1985 a trdvnu hmotu z porastu odviezli. V po-
vodnom floristickom zloZeni porastu vykazovala agrobotanicka skupina trav 47 %,
dvojkli¢nolisté a nehodnotné druhy 45 % a prazdne miesta 5 % plo3nych.

Na kazdom variante sejacieho stroja sme vysiali tri rozdielne druhy dateli-
notradvnych mieSaniek, ktorych zloZenie uvadza tab. I. U kazdého druhu dateli-
notradvnej mieSanky sme pouzili varianty hnojenia: bez hnojenia (NoPoKy)
a Njs5oP30Ke0.

Minerdlne hnojiva (P, K) sme doddvali v jamom obdobi v Case zazelenania sa
porastu. Dusik sme aplikovali v troch rovnako delenych ddvkach k jednotlivym
kosbam pri trojkosnom vyuZiti. Vo vzorkdch travnej hmoty v jednotlivych kosbach
sme analyzovali koncentraciu dusikatych latok, fosforu, draslika, vapnika. Produkciu
travnej hmoty sme stanovili v terminoch kosieb.

VYSLEDKY A DISKUSIA

Namerané hodnoty technicko-exploataénych ukazovatelov sejacich strojov
uvadza tab. II. Diskové radli¢kové pitky (sejaci stroj MF-130) svojimi hladkymi
valivymi diskami otvarajii v madine ryhu o $irke 5 aZ 15 mm s nastaviteInou hibkou
(pri priaznivych pomeroch vlhkosti pddy 30 %), do ktorej st umiestiiované semena
za sebou (rovnomemny vysevok podla CSN 46 5451). Prikrytie vysiateho semena
v ryhe stroj nerieSi. Neuzavretd ryha vysycha, zhor$ujui sa podmienky pre klienie
aj vzchadzanie, a tym sa zvySuje neuspesnost prisevu. Je treba prisiatu plochu za-
valcovat pre lepsi kontakt semena s podou, a tym zabezpetit tepelny, vodny a
vzdusny rezim semena. Na suchych stanovistiach (vlhkost pody cca 18 %) cez husté
zvysky rastlin, resp. husti macinu prenikaju diskové radli¢kove pitky plytko (5 az
10 mm) a vysievané semend nie si umiestnené v rovnakej hibke, ba skor na
povrchu, ¢o vedie k nedspenosti prisevu.

Sejaci stroj s frézovacim koti¢om a vysevnou patkou vytvara v pdde ryhu o Sirke
20 a% 40 mm s nastavitefnou hibkou. Semeno je v ryhe rozmiestnené plogne a prikry-
té frézovacou zeminou. So strojom mdZeme pracovat na pddach vietkych druhov
a typov. Na pddach s vyskytom kameria sa poSkodzuje frézovaci kotic.
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CCE €661 - VHOUAA VYNNITLSOY

I. Ro¢né urody susiny (t.ha'l) - Annual yields of dry matter (t.ha‘l)

Varianty2 Roénd tiroda® Priemer za roky9 1986 - 1989 .

Poradie! . al . i s i kosbym I’{O(‘.ng
sejaci stroj” | mie$anka vyziva® (kg.ha") 1986 1987 1988 1989 1 . - tiroda

1 ; N 0 PO KO| 347 2,27 422 425 1,71 1,27 | 057 3,55
2 N150 P30 K60 | 5,75 5,18 9,80 973 | 472 2,00 0,88 7,60
3 5 N 0 PO KO| 37 2,38 3,66 3,45 1,69 1,12 0,50 3,31
4 (’:l';k:i: N150 P30 K60 | 4,8 5,99 9,52 9,10 | 448 2,07 0,85 7,40
5 radlicka®) 5 N 0 PO KOo| 321 2,52 4,30 4,20 1,95 1,10 0,52 3,57
6 N150 P30 K60 | 6,17 7,05 10,94 970 | 5729 2,26 0,92 8,47
7 " N 0 PO KOo| 32 2,14 3,22 3,13 1,51 0,98 0,46 2,95
8 N150 P30 K60 | 5,15 5,09 8,07 795 | 4,18 1,65 0,74 6,57
9 ’ N 0 PO KOo| 412 2,77 4,60 458 | 2,05 1,42 0,55 4,02
10 Powr-Till N150 P30 K60 | 560 6,86 10,85 9,53 | 5,15 2,13 0,93 8,21
11 Seeder 1550 N 0 PO KOo| 372 2,95 4,53 518 | 2,13 1,41 0,56 4,10
12 (f;éf‘,’;’?ci 2 N150 P30 K60 | 5,39 6,91 10,70 | 10,42 5,23 2,20 0,93 8,36
13 oHie’) 5 N 0 PO KO| 422 3,32 5,28 505 | 2,22 1,61 0,62 4,47
14 N150 P30 K60 | 598 6,57 10,85 9,73 5,13 237 0,88 8,28

Pouzité mie§anky“:
1 - datelina li¢na'? Kvarta 7 kg.ha'l, reznacka laloénata'> Niva 17 kg.ha'1
2- d‘ate%ina li¢na Kvarta 7 kg.ha!, kostrava li&na'® Levoesks 9 kg.ha™!, kostrava trstovnikovits'® Lekora 6 kg.ha'1, timotejka li¢na'® Motterwitzer
3 kg.ha’
3 - datelina li¢na Kvarta 7 kg.ha'l, reznacka lalo¢natd Niva § kg.ha'l, kostrava li¢na Levoéskd 7 kg.ha'l, mitonoh trvéci'” Naki 5 kg.]m'1
K - bez prl’sevu18 ‘
Varianty hnojeniaw: 1 - bez hnojenia20 - (NoPoKo)
2 - 150 kg N.ha™, 30 kg P.ha™', 6Q kg K.ha™' (N150P30Ks0)
'order, 2variants, 3sowin§ machine, *mixed crop, “nutrition, Sdisc colter, 7milling disc, %annual yield, 9avemgle for years, Wcuts, "'mixed crops used,
mammoth red clover, “cock’s foot, M meadow fescue, Btall fescue, 1 timothy grass, ”perennial ryegrass, 8 without additional sowing, 1 different
treatments, Dyithout fertilization
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€661 - VAOYAA YNNI'LLSOY

II. Technicko-e)q)loaméng parametre sejacich strojov - Technical and exploitative parameters of sowing machines

Typ stroja’ Druh Pracovpy | Polet riad- | Sirka riadku | Hibka riadku | Sirka medzi | Sfrézovana plocha pri Vykonnost’
radliékoyej zaber kov stroja spracovangu | spracovangu riadkami | jednom zdbere stroja
\ patky pr jedn%m radli¢kou radli¢kou
zabere o
(mm) (ks) (mm) (mm) (mm) Wil % (Wo7ha.h )
MF-130 diskovzi3 3000 23 5-15 10 - 40 130 230 11,5 ,2-1,5
Fover-Til frézovacia® 2400 12 20 - 40 10 - 40 200 360 17,5 0,7-09
Seeder 1550

1type of machine, “kind of drill colter, disc, *milling, 5workin% band, *row number of machine after single engagement, "row width with furrow-opener,
8 row depth with treated furrow-opener, “width among rows, %drilled area at single machine engagement, 1performance



Rozbor prirastkov suSiny (tab. I) na prisievanom stanovisti diskovym sejacim
strojom nebol u¢inny na variantoch bez hnojenia (porovndvacie ¢leny 1, 3, 5)
a rovnal sa hodnote 0,52 t/ha. Vys3i efekt sme zistili s prisevom a hnojenim (po-
rovnavacie Cleny 2, 4, 6), kde sa hodnota produkcie suSiny zvySuje na 1,25 t/ha
v porovnani s hnojenou kontrolou bez prisevu (porovnavaci ¢len 8).

Vyraznej§im prinosom bol bezorebny prisev sejacim strojom s frézovacim
mechanizmom. U&innost prisevu sme vyhodnotili na nehnojenom poraste (porovna-
vacie ¢leny 9, 11, 13) 1,24 t/ha a na hnojenom poraste (porovndvacie ¢leny 10, 12,
14) 1,72 t/ha. Ro¢né urody susiny podfa porovnavanych ¢lenov 1 az 14 tab. I sme
vyhodnotili analyzou rozptylu. Vypo¢itand F-hodnota je 0,56078 a tabulkova F-
hodnota pre 0,05 -2,0 a pre 0,01 -2,6. Znamena to, Ze medzi porovndvanymi ¢lenmi
(variantmi) v urode su$iny si preukazné rozdiely.

Reznackové mieSanky s datelinou li¢nou povaZované viacerymi autormi
(Bauer, 1981; Rais, Krdlovec, 1973; Ka§p er, 1987) za najpro-
duktivnejsie pri viacrofnom vyuziti poskytli v naSich pokusoch po bezorebnom pri-
seve na parceldch bez hnojenia tirody 4,4 t/ha a pri aplikdcii minerdlnych hnojiv
8,2 t/ha. Dosiahnuté Grody suSiny v silade s pracami, ktoré uverejnili Hraz di -
ra (1989), Sheppard etal (1985),Krajéovié (1990), potvrdzuju
moznosti ziskania stabilnych trod obnovenymi trdvnymi porastami.

Dobrym ukazovatelom priebehu tvorby produkcie je prepocet priemerného
denného prirastku susiny za obdobie jednotlivych kosieb a rokov (tab. III). Najvyssie
denné prirastky susiny sme zistili v prvych kosbach do 36 kg/ha na hnojenych parce-
lach s prisevom a pri hnojeni do 86 kg/ha. Na prisievanych parceldch sejacim stro-
jom s frézovacim mechanizmom sme denny prirastok suSiny vyhodnotili na nehno-
jenych porastoch 25,3 kg/ha a na hnojenych porastoch 48,4 kg/ha, ¢o su vyssie
hodnoty v porovnani so sejacim strojom s diskovou radli¢kou o 22,8 a 7,8 %.

Pri bezorebnom priseve lepsie spliia pratotechnické poziadavky, ktoré vedu
k rychlej§iemu kli¢eniu semena, zapojeniu porastu a dosahovaniu vys8ich 1rod, se-
jaci stroj s frézovaccim koti€om Powr-Till Seeder 1550. Koncentricia dusikatych
latok v trdvnej hmote pdvodného porastu bez minerdlneho hnojenia bola v priemere
130 g/kg, pri minerdlnom hnojeni 160 g/kg a zvySuje sa na prisievanych porastoch
bez hnojenia na 142 g/kg a pri minerdlnej vyZzive na 170 g/kg (tab. IV). Urody du-
sikatych latok v trdvnej hmote prisievanych porastov vysSie o 300 kg/ha svedCia
o moznostiach ziskania hodnotnych bielkovinnych krmiv prisevom dateli-
notravnych mie3aniek.

Koncentracia doleZitych minerdlnych latok bola v jednotlivych rokoch variabilnd
(tab. V). Pri¢iny treba hladat vo floristickom zloZeni travneho porastu vplyvom pri-
sevy, v zdsobe Zivin v pdde a v biochemickych zmendch spdsobenych intenzitou
hnojenia. V koncentracii fosforu a draslika sme zistili zvySovanie v rokoch s mini-
malnym hnojenim. Celkove mdZeme konstatovat, Ze koncentracie fosforu 3,0 aZ
4.4 g/kg a draslika 18,0 aZ 27,0 g/kg sa pohybuju v hodnotdch vyZivnej hodnoty
krmiv (CSN 46 7093). ‘

Koncentracia vapnika v suSine trdvnych porastov je pozitivne zdvisla na pH pody
a podiele datelinovin a bylin v poraste, ¢o je v sulade s vysledkami viacerych au-
torov(Lichner,1987; KrajCovic, 1985,1990; Ka§per, 1987).
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III. Priemerny denny prirastok susiny (t.ha") - Average daily increment of dry matter (t.ha'l)

Varianty” Roky® Priemer za roky’ 1986 - 1989 |
Poradie! ) gl . % & 4 ko sbylo Pm?m?{
sejaci stroj- | miesanka vyZiva® (kg.ha™) 1986 | 1987 1988 | 1989 1 » ; kosieb
1 1 N 0 PO KO]| 205 | 1343 | 2453 | 2530 | 2803 | 2591 | 982 | 2125
2 N150 P30 K60 | 3402 | 30,65 | 5698 | 5792 | 7737 | 3278 | 1517 | 41,77
3 ) N 0 PO KO/ 21,8 | 1408 | 2128 | 2054 | 2770 | 2285 | 862 | 1972
4 — N150 P30 K60 | 2893 | 3544 | 5535°| 5417 | 73,44 | 4224 | 1465 | 4344
5 " N 0 PO KO/ 189 | 1491 | 2500 | 2500 | 31,96 | 2244 | 896 | 21,12
6 N150 P30 K60 | 3651 | 41,71 | 6360 | 57,74 | 8672 | 46,12 | 1586 | 49,56
7 « N 0 PO KO/ 1947 | 1266 | 1872 | 18,63 | 2475 | 2000 | 7,93 | 17,56
8 N150 P30 K60 | 3047 | 30,12 | 4692 | 47,32 | 6852 | 3367 | 1275 | 3831
9 1 N 0 PO KO/ 2438 | 1639 | 2674 | 2726 | 3360 | 2897 | 948 | 24,01
10 N150 P30 K60 | 3314 | 4059 | 63,08 | 5673 | 8442 | 4346 | 1603 | 47,97
11 | PowrTil N 0 PO KO/ 2201 | 1745 | 2633 | 3083 | 3491 | 2877 | 9,65 | 2444
jp |Seeder1sso| 2 N150 P30 K60 | 31,89 | 4080 | 62,21 | 62,08 | 8573 | 4489 | 1603 | 4888
13 X N 0 PO KO/ 2492 | 1964 | 3069 | 30,06 | 3639 | 3285 | 1068 | 27,51
14 N150 P30 K60 | 3538 | 3887 | 6296 | 57,92 | 8400 | 4632 | 1517 | 4852

For1-5,9, 10 see Tab. I, syears, "average for cuts



6SE €661 - VAOUAA YNNI'LLSOY

IV. Koncentricia (g.kg’l) a produkcia (kg.ha'l) dusikatych latok - Concentration (g.kg'l) and production (kg.ha'l) of crude protein

: Varianty2 Koncentrécia NL® (g.kg'l) Uroda NL’ (kg.ha'l)

s sejaci stroj3 mieanka’ V)"’/_‘iva5 (kg.ha']) ‘ rokyw = iy =

1986 | 1987 | 1988 | 1989 | X | 1986 | 1987 | 1988 | 1989 | ¥

1 N 0 PO KO /| 126 | 138 | 161 | 155 | 143 | 418 | 313 | 679 | 659 | 517

2 N150 P30 K60 | 130 | 164 | 180 | 155 | 157 | 748 | 850 | 1759 | 1504 | 1216

150 867

3 MF-130 N 0 PO KO | 124 | 147 | 152 | 172 | 149 | 458 | 352 | 557 | 592 | 49

4 | (diskova 2 N150 P30 K60 | 145 | 167 | 175 | 168 | 164 | 709 | 999 | 1662 | 1531 | 1225
radlicka’)

157 858

; N 0 PO KO /| 113 | 147 | 154 | 156 | 143 | 363 | 369 | 661 | 738 | 533

6 N150 P30 K60 | 141 | 178 | 173 | 164 | 164 | 870 | 1253 | 1887 | 1586 | 1399

153 966

7 N 0 PO KO /| 102 | 137 | 135 | 147 | 130 | 338 | 293 | 466 | 400 | 374

8 K N150 P30 K60 | 132 | 166 | 177 | 166 | 160 | 736 | 844 | 1432 | 1384 | 1099

146 736

9 1 N 0 PO KO/ 109 | 137 | 148 | 155 | 138 | 445 | 381 | 683 | 659 | 542

10 N150 P30 K60 | 150 | 164 | 184 | 155 | 164 | 841 | 1125 | 1996 | 1505 | 1367

Powr-Till , 151 955

1 Seeder 2 N 0 PO KO /| 113 | 140 | 150 | 152 | 139 | 442 | 412 | 682 | 592 | 527

12 1550 N150 P30 K60 | 102 | 178 | 180 | 168 | 158 | 547 | 1231 | 1929 | 1531 | 1309
(frézovaci

kotie”) 149 918

13 3 N 0 PO KO /| 120 | 136 | 155 | 145 | 140 | 503 | 451 | 817 | 737 | 741

14 N150 P30 K60 | 151 | 191 | 172 | 164 | 170 | 902 | 1253 | 1864 | 1586 | 1401

155 1071

For 1 - 7 see Tab. I, 3concentration of crude protein, Scrude protein yield, 10years
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V. Koncentrdcia minerdlnych latok (g.kg") v travnej hmote - Concentration of mineral substances (g.kg") in grass matter

Varianty2 Fosfor9 Draslilc1 0 Vzipnikl L.
- | 12
Poradie y ro
sejaci stroj3 mieanka’ V}"iiva5 (kg.ha l) ky
1986 | 1987 | 1988 | 1989 | 1986 | 1987 | 1988 | 1989 | 1986 | 1987 | 1988 | 1989
1 1 N 0 PO KO| 34|38 34| 34]/[195|188 /156 | 11,6 53 | 75 | 65 | 9,2
2 - N150 P30 K60| 3,7 | 38 | 44 | 44 | 172|248 | 24,1 (20,5 | 41 | 59 | 45 | 4,7
-130
3 (diskovg 2 N 0 PO KO| 27|37 | 389361172235 |184|136| 45 | 66 | 60 | 3,3
4 radli¢ka’) N150 P30 K60| 3,4 | 3,7 | 40 | 41 | 193 (240 | 21,1 | 17,5| 47 | 57 | 48 | 3,9
5 ’ N 0 PO KO|26|38]35]|34][17,9|254|170|140| 39 | 75 | 89 | 3,3
6 N150 P30 K60| 3,7 | 34 | 37 | 37 | 198 ]21,5| 186 | 13,1 | 3,7 | 45 | 42 | 52
7 - N 0 PO Ko| 33|39 ]|38]39 188|147 |166| 148 | 45 | 67 | 52 | 7,5
8 N150 P30 K60| 39 | 45 | 44 | 41 | 210|274 (31,6 | 179 | 42 | 49 | 3,7 | 3,2
9 N 0 PO Ko|33)| 401 35|36 |176]|147|244|136| 44 | 6,6 | 85 | 88
Powr-Till 1
10 Sseder N150 P30 K60| 3,7 | 44 | 39 | 43 | 18,1 (272|270 | 168 | 45 | 49 | 39 | 3,6
11 1550 N 0 PO KO|261|43]|35]|39]|196]|171 208|161 | 42 | 64 | 65 | 9,8
(frézovaci 2
12 Kot s N150 P30 K60| 3,9 | 44 | 35 | 39 | 223|234 (256 |13,5| 45 | 53 | 41 | 27
13 radlitkou®) 4 N 0 PO Ko|301| 44|35 | 40 |203]|197 195|128 ]| 50 | 6,3 | 82 |10,5
14 N150 P30 K60| 40 | 41 | 42 | 38 | 206 | 248 [ 20,5 | 16,7 | 40 | 48 | 41 | 3,4

For 1 - 7 see Tab. I, ®with coulter, 9phosphoms, lopotassium, " alcium, 12years




V trdvnej hmote nehnojeného porastu bez prisevu bola koncentricia vapnika
v jednotlivych rokoch 4,5 g/kg aZ 6,7 g/kg a na hnojenom poraste 3,7 az 4,9 g/kg.
Na prisievanych parceldch najmai pri pouZiti sejacieho stroja s frézovacim kotu¢om
sa v poraste roz3irili prisievané dateliny, ¢o sa prejavilo vo vysSich hodnotich
koncentricie vipnika.

Analyza produkcie suliny a dennych prirastkov v kosbach potvrdila vysSiu
efektivnost pri pouZiti sejacieho stroja s frézovacim mechanizmom. Koncentricia
dusika a zdkladnych minerdlnych Zivin (fosfor, draslik a vdpnik) bola viac
ovplyvnena minerdlnou vyZivou ako prisevom datelinotrdvnej mieSanky a sejacim
strojom. To poukazuje na to, Ze uvedeny technologicky postup bude vhodny len
pre menej produk&né typy porastov.
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TISLIAR, E. (Grassland Research Institute, Banskd Bystrica):
Sowing of grasses and clover into sod by different sowing machines.
Rost. Vyr., 39, 1993 (4): 353-362.

In 1985 - 1989, a reaction of permanent grasslands to direct drilling of three grass/clo-
ver mixtures was studied. Two machines were used for direct drilling - one with rolling
discs (MF-130) and one with rotating blades (Power Till Seeder 1550). Effects of direct
drilling were studied without mineral fertilizer application (control) and with application
of medium nitrogen rate (150 kg N/ha plus P and K).

Rolling discs (MF-130) apto a band 5 - 15 mm wide in a sward and seeds are placced
in it successively. The open band dries up and the conditions for seed germination and
emergence are worse. The drilled area must be rolled to improve contact of the seed
with the soil.

The seeder with rotating blades tills a band in soil 20 - 40 mm wide. The seed is
broadcast and covered with the tilled soil.

Dry matter yields were 0,52 t/ha without fertilizer and 1.25 t/ha with fertilizer appli-
cation on the site drilled by the rolling disc seeder. The yields were markedly higher
when the seeder with the rotating blades was used. Efficacy of direct drilling was
1.24 t/ha in the unfertilized sward and 1.72 t/ha in the fertilized one. The highest yields
were achieved in trials with grass/clover mixture composed of Dactylis glomerata, Fes-
tuca pratensis, Lolium perenne and Trifolium pratense, namely 4.4 t/ha without fertilizer
and 8.2 t/ha with fertilizer applied.

Crude protein concentration in herbage of the original sward was 130 g/kg without
fertilizer and 160 g/kg with fertilizer application. In the direct drilled swards, it was in-
creased to 142 g/kg without fertilizer and 170 g/kg with applied fertilizer.

In direct drilled plats, proportion of clovers, esp. of Trifolium pratense, increased.
This resulted in higher concentration of calcium content in herbage (4.5 - 6.7 g/kg).

The seeder with rotating blades is better for agronomical requirements, such as faster
seed germination, better sward canopy and higher yields, in direct drilling of the
grass/clover mixtures into swards.

Kontaktna adresa:

Ing. Elemir Ti¥1iar, CSc., Vyskumny ustav lik a pasienkov, 974 21 Banska Bystrica
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ZMENY pH A ZASOBENOSTI PUD ZIVINAMI V ZAVISLOSTI
NA SYSTEMU HNOJENi POD DOCASNYM POROSTEM
SRHY LALOCNATE

J. Tima, J. Matula

Vyzkumny ustav rostlinné vyroby, Praha - Ruzyné

Meliora¢ni a udrZovaci vépnéni vyvolalo vyrazné zvy$eni hodnot vyménné a aktivni
pudni reakce, obsahu vapniku v pudé i v pudnim roztoku. Narust hodnot pH byl viak
niZ8i v porovnani s nariistem hodnot obsahu vapniku podchycenym metodami Mehlich
2 a KVK-UF. Rust hodnot pH byl provazen vyznamnym poklesem hodnot KVK
a obsahu manganu v ptidé. Naopak nadmémé vapnéni se projevilo ve zvy$eném obsa-
hu pfijatelného drasliku a sodiku v pudg. Pfi absenci draselného hnojeni a vlivem
intenzivniho odbé&ru drasliku dolo k vyraznému sniZeni zasoby drasliku v pudé i akti-
vity drasliku v pudnim roztoku. Hof¢ik aplikovany v dolomitickém vépenci byl
podchycen piidnimi testy jiZ v nasledném roce po aplikaci. Za této situace hnojeni do-
lomitickym vapencem pfispélo k dosaZeni poZadovaného poméru Mg/K v pudé. Sy-
stém hnojeni podle kationtové vyménné kapacity pudy pfesn&ji definoval potfebu
hnojeni vapnikem a hof¢ikem. Metody Mehlich 2 a KVK-UF poskytly porovnatelné
vysledky rozbori pidy. Vyhodou metody KVK-UF je, Ze se v jednom pracovnim
postupu muZe stanovit i hodnota KVK.

V posledni dob& dochdzi k vyznamnému roz§ifeni komplexnich metod v agroche-
mickém zkouSeni piid. Tyto metody zpravidla v jednom vyluhu podchycuji hlavni
Ziviny (P, K, Mg, Ca). Jejich zavedenim se vyrazné zjednodusila price v laboratofi
a sniZily se ndklady na analyzu jednoho vzorku piidy v porovnani s klasickymi me-
todami (Trdvnik, Stafa, 1989). SouCasné smyslem téchto metod by méla
byt i dokonalej§i informace o stavu zdsoby Zivin v pudé pro potfebu objektivné;jsi
agronomické interpretace. To znamena, Ze na vysledky analyz piid by mél navazovat
systém hnojeni jednotlivymi Zivinami, ktery pruzné reaguje na riznorodost nasich
pudnich podminek.

V CSFR je od roku 1990 vyuZivina metoda Mehlich 2 Mehlich, 1978),
systém hnojeni podle této metody je rozpracovan v komplexni metodice vyzivy
rostlin, ddle jen KMVR (Neuberg akol., 1990). Odliny pohled poskytuje sy-
stém hnojeni, ktery vychazi z metody na principu kationtové vyménné kapacity -
KVK, kterou modifikoval Matula (1985), a pfepracované metody KVK-UF
(Matula, Pirkl, 1988). Viechny uvedené metody ndam definuji tzv. pfijatelné
Ziviny (vymé&nné a vodorozpustné).

Pro potfeby lepsi agronomické interpretace je tfeba definovat dalsi charakteristiky
s uzkym vztahem k pidni Grodnosti. U systému podle KMVR je to piidni druh a u
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systému podle metod KVK a KVK-UF tuto tlohu hraje hodnota kationtové sorp&ni
kapacity pudy a dal3i charakteristiky (hloubka omice, hmotnost ornice a procento
skeletu). Vyuzitim t&chto idaji se nabizi prostfedek pro pfesnéjsi definovani hno-
jatskych opatfeni pro konkrétni pozemek (Matula et al.,1989).

Cilem préce bylo posoudit jaké zm&ny agrochemickych hodnot pod do¢asnym
travnim porostem vyvolaji dva odli$né systémy hnojeni zaloZené na vyuziti analyz
pud na tzv. pfistupné Ziviny. Pro posouzeni vhodnosti nasyceni pidy uritym ka-
tiontem byla stanovena jejich koncentrace v pidnim roztoku. V naSem pfipadé byla
pouzita metoda simulace ptidniho roztoku M atula, 1985).

MATERIAL A METODA

Zmény agrochemickych vlastnosti pidy byly sledovany v mikroparcelkovém po-
kusu. Pokus byl zaloZen v katastru obce Chlum (okres Kutnd Hora) v nadmofské
vysce 470 m, s dlouhodobym ro¢nim primérem srdZzek 615 mm a primémou denni
teplotou 7,4 °C; pidni druh - hlinitd piida; ptidni typ - illimerizovand piida; hloubka
ornice 0,18 m a hmotnost ornice 1,55 t.m™. Pidni substrét tvofily svahoviny - t&zké
hliny s drobné&j§im skeletem.

Vyzivéiskd opatfeni byla realizovdna na zdklad€ rozboru primémého vzorku
odebraného z pokusného pozemku v roce 1985 pied zaloZenim pokusu. Vysledky
rozboru jsou uvedeny v tab. I. Podle vysledkl rozborti a pouzitych metod byl cely
pokus rozdé&len na dva bloky, které se li§ily miznou ddvkou a druhem véapenatych
hnojiv. Davky jednotlivych Zivin jsou uvedeny v tab. II.

Prvni blok byl hnojen na zdklad€ rozborii pouzivanych v ramci agrochemického
zkouSeni pud (AZP) a podle principt KMVR (Neuberg akol, 1985). Davka
meliora¢niho a udrzovaciho vdpnéni byla stanovena podle normativii pro ornou
pudu, protoZe $lo o oratelné stanovisté, do€asny travni porost s periodickou obno-
vou. Apllkovan byl mlety vapenec (32,9 % Ca, 0,49 % Mg) ve dvou davkach
(8,00 tha'a 571 tha ). Prvni ddvka odpovidala maximalni jednordzové davce va-
penatych hnojiv pro hlinité¢ pidy. Druhd ddvka aplikovand po roce na travni porost
pfedstavovala dopocet do celkové potfeby hnojeni na &tyfi roky. Vzhledem k vysoké
pocatecni zdsob& drasliku v ptid¢ se draslikem nehnojilo po celou dobu trvani

1. Vysledky rozboru primémého vzorku pilidy odebraného pfed zalitkem pokusu v roce 1985 -
Results of analysis of average soil sample taken prior to the trial in 1985

Rozbory pouZivané v ramei AZpP' Rozbory metodou KVK? (Matula, 1985)
(Javorsky akol., 1987)

pH/KCL 5,2 KVK 161,5 mmol chem. ekv. kg'l

P Egner 30,0 mg.kg’ Ca 1845,6 mg kg’

K Schachtschabel 310,0 mg.kg” K 379,4 mg.kg’

Mg Schachtschabel 80,0 mg.kg" Mg 100,2 mg.kg'l

lanalysis used within AZP, 2aualysis through the KVK method
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pokusu. Hof¢ikem se jednotlivé nehnojilo, zapo¢itdn byl jeho obsah v mletém va-
penci.

Druhy blok byl vdpnén podle systému KVK (M atula, 1984). Byl zde Jedno-
rdzov® aplikovan dolomiticky vadpenec (21,4 % Ca, 11,4 % Mg) v ddvce 3,04 tha™.
Dolomiticky vdpenec byl vybrdn vzhledem k vysoké potfeb& hnojeni hotikem.
Dévka dolomitického vdpence byla stanovena podle potfeby hnojeni hoféikem -
mezi dolni a homni hranici na drovni 11,5 % KVK. Rovn&Z ddvka vipniku zde byla
mezi dolni a horni hranici na rovni 64 % KVK pfi vypoétu podle Matuly
(1984). Draslikem se zde rovné&Z nehnojilo a fosforem bylo u obou bloki hnojeno
shodné podle KMVR pfedzisobné na dva roky.

Zmény agrochemickych hodnot v ptidé byly testovany metodami Mehlich 2
(Mehlich, 1978), KVK-UF Matula, Pirkl, 1988), pH/KCl, pH/H;0
(Javorsky akol., 1987). Koncentrace Zivin v piidnim roztoku byla stanovena
podle Matuly (1985). Vzorky pidy byly odebrany v roce 1985 (jeden prii-
mérny vzorek), v roce 1987 (32 vzorkill) po zaloZeni porostu a prvnich vyzZi-
vafskych opatfenich provedenych v roce 1986 a po skonceni pokusu v roce 1989
(32 vzorku).

Pokusnou plodinou byla srha lalo¢natd (Dactylis glomerata L.), odrida
RoZnovska v Cisté kultufe se CtyfseCnym vyuzitim. U obou bloku byly uplatnény
Ctyfi hladiny hnojeni dusikem - 0, 100, 200, 300 kg N. ha™' v ledku amonném s vi-
pencem (27,5 % N). Davka dusiku byla rovnomémé rozdélena ke kazdé seci.
Vzorky pice byly odebrany z kazdé sece, byl stanoven vynos susiny, obsah hlavnich
prvki a vypocten primé&my odbér Zivin sklizni. Celkem bylo tedy do pokusu zafa-
zeno osm variant se ¢tyfmi opakovanimi (32 parcelek). Rozmér jedné pokusné
parcelky byl 2 x 2 m.

Pfi statistickém hodnoceni vysledki pokusu bylo zji§téno, Ze velikost davky du-
siku neméla vyznamny vliv na zmé&ny agrochemickych hodnot v pidé. Pouze
u drashku se nepatrné projevil vys$i odbér na parcelkdch hnojenych diavkou 300 kg
N.ha', coz se nepatrn& promitlo ve v&t§im rozptylu hodnot v roce 1989. Pfesto do-
mmantni postaveni zde m&l systém hnojeni ostatnimi prvky. Analyzou rozptylu po-
moci Sheffeho metody proto byly testovdny celé bloky (n = 16) pfi hlading
vyznamnosti 95 % .

IL. Davky Cistych Zivin v jednotlivych letech (kg.ha™ ) Rates of pure nutrients in different years
(kgha™)

Rok! 1986 1987 1988 1989

Ca Mg/ K| P |[Ca | Mg|K|P |Ca|lMg|K|P |[Ca|Mg|K|P
:(;;l:;}k: 2190| 32| 0 |79 |1530{23 | 0[O0 | O | O|O([79|0 )0 )| O] O
12('\?:2* 622|331 0 | 79 o) oJjojojoOo|[O0O]|]O0O]|79|0([0O0]O
lyear, Zblock
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VYSLEDKY A DISKUSE

Mehoraém a udrzovaci vapnéni podle KMVR u prvniho bloku v celkové davce
13,71 t.ha™ mletého vapence vyvolalo vyznamnou zménu vyménné a aktivni ptidni
reakce (obr. 1). Nepodafilo se viak v priib&éhu pokusu dosdhnout pod porostem srhy
lalo¢naté optimalni hodnotu pH 6,5 podle KMVR (Neuberg akol, 1985) pro
ormou pidu. Odpovida to i zdvérim, které uvefejnili Krdlovec et al. (1989).
Projevila se zde zfejme i skute¢nost, Ze se piida nezpracovavala, druhd ddvka byla
aplikovdna na povrch travniho porostu a pusobeni vdpenatych hnojiv zde bylo
odli¥né nez u kazdoro¢né obdélavané pudy.

Nérust zmé&n obsahu vépniku podchyceny v testech podle Mehlicha 2 i KVK-UF
korespondoval se zm&nami pH aZ do urcité hladiny nasyceni. Dal3i pfiristek obsahu
vapniku jiZ nebyl provazen tak vyraznou zmé&nou pH (obr. 2). V disledku
nadmérnych ddvek vapence vzristala i mobilita vdpniku (koncentrace v piidnim

[mg.kg™)
1663 )
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1. Zmé&ny v hodnotdch pH a kationtové vyménné 2. Zmény obsahu vapniku v piidé - Changes in
kapacity pudy (KVK) - Changes in pH values  calcium content in soil
and cation exchangeable soil capacity (KVK)
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roztoku) a vytvofila se tim potencidlni mozZnost vyplaveni vapniku v promyvném
obdobi. Z vysledki je patrné, Ze davka vapence stanovend podle KMVR pro ornou
pudu byla pfili§ vysoka. I u do€asnych travnich porostii s periodickou obnovou je
vyhodnéjsi se Fidit v obdobi zaloZeni a trvani travniho porostu kritérii potfeby
vapnéni pro trvalé travni porosty.

Rovnéz aplikace dolomitického vdpence v ddvce 3.04 tha™! u druhého bloku
(6x mensi ddvka vapniku nez u prvniho bloku), vdpnéného podle systému KVK, se
projevila v poCate¢nim ristu hodnot pidni reakce. V roce 1989 zde viak dolo k ne-
patmému sniZeni primémé hodnoty pH/KCI pod vychozi stav v roce 1985. Naproti
tomu obsah vapniku podchycen testy podle Mehlicha 2 a KVK-UF se v roce 1989
nepatrné zvysil proti vychozimu roku i roku 1987 Pro udrzeni hodnoty pH/KCI by
bylo tfeba zvysit ddvku vdpniku na 1065 kg ha™! (70% nasyceni sorpéniho komplexu
vapniku). Tato intenzita odpovidd rozmez, které doporuCuje Matula (1984), ale
odpovida i ddvce udrzovaciho vapnéni podle KMVR (Neuberg a kol., 1985).
Pfi respektovdni zdsad systému KVK (M a t ula, 1984) pfi stanoveni ddvky vipné-
ni nedo$lo ke vzniku extrémnich hodnot obsahu vipniku v piidé ani v ptidnim rozto-
ku. Vyuzitim hodnoty KVK bylo stanoveni ddvky vdpnéni pfesné&;si.

Mezi prvni ddvkou mletého vapence (prvni blok) a divkou dolomitického va-
pence (druhy blok), které byly zapraveny do orni¢niho profilu, nebyl zaznamendn
vyrazny rozdil v neutralizatnim efektu.

Zména hodnoty pH ovlivnila i zmény hodnot sorp¢ni kapacity ptdy (obr. 1).
U pfevapnéné pudy u prvniho bloku byl zji$tén vyznamny pokles hodnoty KVK.
Tento pokles by se dal vysvétlit tim, Ze v této piidé je pomémé velky obsah organické
hmoty (3,45 % humusu), kterd md na svém vnitfnim a vnéj§im povrchu zna¢né
mnozstvi karboxylovych, alkoholickych a fenolickych skupin, které pfi pH vét§im
nez 6 mohou vytvofit cheldtové vazby s vdpnikem, a tim dojde k poklesu kationtové
sorp¢ni schopnosti pidy. V oblasti nizké kyselosti piidy dochdzi naproti tomu ke
vzniku cheldtovych vazeb s hlinikem, proto maximum sorpce humusovych slozek
pidy se uvadi v rozmezi 5,5 az 6,0 pH M atula, 1987).

Aplikace dolomitického vdpence u druhého bloku vyvolala vyraznou zménu
obsahu vyménného hoi¢iku v pidé& (obr. 3), coZ je v souladu s vysledky, které uve-
fejnili M e s sick et al. (1984). Hoi¢ik byl podchycen pidnimi testy podle
Mehlicha 2 i KVK-UF jiz v ndsledném roce po aplikaci. Stanovend davka hot¢iku
podle systtmu KVK (M atula, 1984) se ukdzala jako dostate¢nd i vzhledem
k obsahu hof¢iku v pici (T @ m a, 1992). Doslo i ke zlepSeni pom&ru Mg/K v pidg.

III. Prim&mé hodnoty odb&ru Zivin skliznémi za roky 1987 az 1989 (kg.ha'l) - Average values of
nutrient withdrawal through harvests over the years to 1978 to 1989

Celkovy vynos

e Me & Ha ¥ su§my (t.ha” )
1. blok® KMVR 204,3 75,4 1518,1 59 160,4 40,23
2. blok KVK 204,3 88,8 1448,7 9,3 162,8 41,58

"total dry matter yield, %block
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V prib&hu &tyf let trvani pokusu byl zaznamenan zna¢ny odbér drasliku (tab. III).
Tento vysoky odbér korespondoval s poklesem zisoby drasliku v pdé, zejména
v testech podle Mehlicha 2, a to u obou bloki (obr. 4). Pokles aktivity drasliku se
projevil i v pidnim roztoku.

Pfevdpnéni u prvniho bloku vyvolalo zvySeni obsahu vyménného drasliku v ptidé,
coZ se statisticky vyznamn& projevilo v pudnich testech v roce 1989. ZvySena byla
i koncentrace drasliku v ptidnim roztoku. To odpovid4 i vysledktiim, které publiko-
vala Hudcova (1991). Vznist aktivity K u prvniho bloku mél vliv i na pfijem
drasliku a dalSich Zivin(Mengel, 1984; Tima, 1990). Tento jev 1ze vysvétlit
tim, Ze vépnik inaktivoval hlinik na povrchu sorbentu, a tim se zfejme uvolnila cesta
pro draslik poutany v mezivrstvich jilovych minerala.

Optimdlni nasyceni ptidy jednotlivymi kationty ma vyznam pro jejich harmonické
zastoupeni v pidnim roztoku, vytvafi pfedpoklad i pro pfiznivé minerdlni sloZeni
pice(Matula etal, 1990). V naSem pfipadé jde zejména o pom&r Mg/K v ptidg.
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3. Zmény obsahu hof&iku v pudé - Changes in 4. Zmény obsahu drasliku v piidé - Changes in
magnesium content in soil potassium change in soil
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Po dosyceni ptidy hoféikem v dolomitickém védpenci, byla u druhého bloku zazna-
mendna vyrazni zména tohoto pomé&ru, jak je doloZeno v tab. IV. DosaZeni pomé&ru
ekvivalence Mg/K 2,59 v piid& odpovida nejen zdvériim, ke kterym dosp&li M a -
tula (1984)a Vané&k (1984), ale projevilo se i v pfizniv&j§im minerdlnim slo-
Zeni pice (Tima, 1992). Na nizké procentudlni zastoupeni drasliku u druhého
bloku méla vliv i vyrazn& vyssi hodnota KVK.

Vysokd ddvka védpnéni u prvniho bloku vyzname zvygila i obsah sodiku v ptdé
(obr. 5), obdobn& jako v pfipad& drasliku. Odb&r sodiku byl velmi nizky, takze se
sodik stadil dopliiovat z pevné faze pidy a na rozdil od drasliku se jeho obsah v ptidé
v roce 1989 zvysil.

Riist hodnoty pH byl provdzen vyznamnym poklesem obsahu manganu v ptidé
(obr. 6). Na zmé&ny pH reagovala nejvice aktivita manganu v piidnim roztoku
a nejméné pak test podle Mehlicha 2, coZ je v souladu s vysledky, které publikoval
Matula (1991). Nizkd hodnota pH extrak¢niho ¢inidla podle Mehlicha 2 zkresluje
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5. Zmény obsahu sodiku v piidé - Changes in 6. Zm&ny obsahu manganu v piidé€ - Changes in
sodium content in soil manganese content in soil
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pfijatelnost Mn?* pro rostliny, nadhodnocuje ji redukci troj- az ¢tyfmocnych oxidi
manganu.

Rlzna intenzita vapnéni naopak neméla statisticky vyznamny vliv na obsah la-
bilniho fosforu (obr. 7). Z tab. III vyplyva, Ze primémy odbér fosforu byl zhruba
na trovni 160 kg.ha" za celé sledované obdobi, emuz odpovidala i vyZiva fosforem
(celkem 158 kg P.ha"). V rozborech metodou Mehlich 2 v8ak do$lo k vyraznéj§imu
poklesu zdsoby fosforu v piidé€ neZ nazna¢il odbér. Rozbory metodou KVK-UF tento
stav definovaly pfesnéji. Potvrzuji toi Matula etal. (1990).

Vysledky ziskané metodami Mehlich 2 a KVK-UF se dale ¢aste¢né lisily zejména
v pfipadé vy3§i intenzity hnojeni (u vdpniku prvni blok a u hof¢iku druhy blok).
V pfipad€ nizSich ddvek uvedenych Zivin byla shoda obou metod t&sn&j¥i. Rovnéz
i zde se zfejmé& projevil rozdilny charakter extrak&niho ¢inidla u obou metod.
Extrak¢ni ¢inidlo pouzivané u metody Mehlich 2 (smés roztokli kyseliny octové,
fluoridu a chloridu amonného a kyseliny chlorovodikové) se vyznaCuje daleko ra-
zantn&j§im ucinkem, ktery se projevil zejména u vapniku, kde byl podchycen
1 vapnik v uhli¢itanové formé, ktery nestacil je§té reagovat s ptidou. Pfesto mezi
metodou Mehlich 2 a metodou KVK-UF byl zaznamenan vysoce vyznamny vztah,
a to u viech hlavnich Zivin: Ca (r=0,8977" "), Mg (r = 0,8282" "), K (r=0,7592",
P (r = 0,9418""). Uvedené zavéry odpovidaji i vysledkiam, které uvetejnili
Matula etal (1990). Obé metody tedy v naSem pfipadé poskytly porovnatelné
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IV. Pomémé zastoupeni Mg a K v sorpénim komplexu - Average representation of Mg and K in
sorption complex

(mmollf::::nt Ekf/ igly| . MM %K MgK
ll)g;gdni S 171,4 3,89 4,84 0,81
il—(r»';i/ll)tl()ll;z89 156, 4,04 4,19 0,98
f(vl;i T;t; 1721 6,67 2,54 2,59

Vinitial state, Zblock

vysledky rozborti piidy. Metodu KVK-UF navic zvyhodiiuje, Ze v jednom pra-
covnim postupu se miZe stanovit i hodnota KVK.
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Doslo 19. 3. 1992

TUMA, J. - MATULA, J. (Research Institute of Crop Production, Praha - Ruzyng):

Changes in pH value and nutrient soil reserve in dependence on the fertilizing system
under cock’s foot ley.

Rostl. Vyr., 39, 1993 (4): 363-373.

The effect of two fertilizing systems, based on the use of results of soil analyses for
so-called available nutrients, for changes in agrochemical soil properties under Dactylis
glomerata L. ley, was studied in a four-year micro-plot trial. Both the systems were dis-
tributed in two blocks differing by a rate and kind of lime fertilizers. The calculation of
fertilizer rates was based on an analysis of average soil sample taken from the experi-
mental plot. Data are shown in Tabs I and II. The block I was limed pursuant to the
principles of complex methodology of plant nutrition - KMVR (Neuberg et al,
1985) and criteria for arable land treated with ground limestone (chemical composition
- 32.9 % of Ca, 0.49 % of Mg). Block II was limed after the principles of cation ex-
changeable capacity - KVK (M a t u 1l a, 1984) with dolomitic limestone (chemical com-
position - 21.4 % of Ca, 11.4 % of Mg) because of high need for magnesium fertilizing.
Changes in agrochemical values in soil were tested through the methods Mehlich 2
(Mehlich,1978), KVK-UF (Matula, Pirkl, 1988) pH/KCl, pH/H.0 (J a -
vorsky etal, 1987). Nutrient concentration in soil solution was determined after
Matula (1985). Soil samples were collected in 1985 (one average sample), 1987 (32
samples) and 1989 (32 samples). The trial has been established in the cadastre of the
village Chlum (the Kutna Hora district) at the altitude 470 m with long time annual sum
of precipitation 615 mm and average daily temperature 7.4 °C, texture is loam soil, great
soil group - Cambisol with a topsoil deep 0.18 m and bulk weight 1.55 t.m™. Four cut-system
was applied in the experimental crop Dactylis glomerata L. (the RoZnovska variety).

Liming with the total rate 13.71 t.ha™ of ground limestone induced a notable change
in exchangeable and active soil response (Fig. 1) in the block 1. The rise of changes in
the calcium content recorded in the tests after Mehlich 2 and KVK-UF as well corre-
sponded with pH changes to certain level of saturation. Further increment in the calcium
content was not yet accompanied by such a marked change in pH value (Fig. 2). The
was also calcium mobility increase (the concentration in soil solution). No extreme values
of calcium content were observed neither in soil, nor in soil solution in the block 2 when
dolomitic limestone was applied at the rate 3.04 tha”. An optimum rate corresponded
to 70 % of saturation of sorptive complex. The dependence of mentioned cation ex-
changeable soil capacity on pH values was confirmed.
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The same applies to magnesium comprised in dolomitic limestone which evoked the
change in exchangeable magnesium in soil (Fig. 3). Magnesium was recorded in soil
tests yet in the year following the application. After additional saturation of soil with
magnesium and with reduced activity of potassium, a marked change in ratio of mag-
nesium in soil was recorded, as one can see in Tab. IV.

A high uptake of potassium (Tab. III) in absence of potassium fertilizing corresponded
well with reduced potassium content in soil and its activity in soil solution (Fig. 4). High
rate of liming changed significantly also a state of sorbent, this manifested in availability
of other nutrients. The content of available potassium and sodium increased. A potassium
activity in soil solution rose notably in the 1st block.

Sodium content in soil, however, despite of potassium in 1989, increased (Fig. 5).
With respect to low withdrawal, it was sufficient to supply it from the solid phase of
soil. '

Increase of pH values was accompanied by a marked fall in manganese content in
soil (Fig. 6). Manganese activity responded the most to the changes in pH value in soil
solution and the least the test after Mehlich 2.

Analyses performed through the method KVK-UF in phosphorus defined more ac-
curately the soil stock with phosphorus, considering the intensity of fertilizing with phos-
phorus and withdrawal of phosphorus. Different intensity of liming did not affect the
content of labile soil phosphorus (Fig. 7).

The results obtained through the method after Mehlich 2 and the method KVK-UF
were a little different in the case of higher intensity of fertilizing (with Ca - 1st block,
in Mg - 2nd block). In case of lower application rates of mentioned nutrients, the rela-
tionship between both the methods was closer. Evidently there was manifested a different
character of exctraction agent in both methods. Despite this fact, a highly significant
relationship was recorded between the method Mehlich 2 and the method KVK-UF, that
is in all main nutrients. Both the methods in our case provided comparable results of
soil analyses. The advantage of KVK-UF consists in the fact that it is possible to deter-
mine the value of cation exchangeable capacity in single procedure. The system of fer-
tilizing after KVK (M a t u l a , 1984) specified more accurately the need for liming and
fertilizing with magnesium.

Kontakini adresa:

Ing. Jifi Tama, CSc., Vyzkumny fistav rostlinné vyroby, 161 06 Praha 6-Ruzyné
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RECENZE

MICROBES AND MICROBIAL PRODUCTS AS HERBICIDES
R. E. Hoagland

American Chemical Society, Washington, 1990, 341 s.

Jde o sbornik pfednasek a referati z mezindrodniho sympozia ACS obsahujicich nejno-
v&j8i poznatky o ucincich herbicidii na rostlinu, piidu a okoli a na cely potravinovy fetézec.
V tivodni &ésti je zhodnocen Skodlivy vliv hmyzu, pleveli a jinych negativnich &initeli, zpi-
sobujicich ztraty produkce polnich plodin, které ve své&té &ini 30 %. PouZivanim syntetickych
herbicidu se tyto ztraty vyrazné sniZuji. Sou¢asné s tim je v8ak diskutované riziko moZnych
karcinogennich a mutagennich vlivil tchto ochrannych latek. Aktudlnim ekologicky &istym
zpusobem boje proti plevelum jsou tzv. bioherbicidy, které obsahuji hyperparazity (rostlinné
patogeny nebo fytotoxiny). Uvodni &ast je ukon&ena historickym pfehledem o vyrob& a pou-
Zivani Siroké palety syntetickych i pfirodnich herbicidu.

Dal$i obsahlé ¢asti sborniku se zabyvaji biochemickou interakci mezi mikroby a rostlinou,
problematikou indukce fytoalexini pomoci elicitorii a dile pojedndvaji o novém fytotoxinu
znaCky Maculosin, ktery byl izolovan z Alternaria alternata. Pro pracovniky genetickych
oboril jsou cenné prace o genetické variabilité patogenil a o biotechnologickych pfistupech
pouZivani patogenil pfi hubeni plevele. Jde zejména o indukci mutaci u patogent, které pak
maji omezeny rozsah hostitelii. Rozsdhla &¢ast publikace pojednava o vyuZiti ptidnich mikrobu
jako bioherbicidii a o vlivu piidnich mikrobii na aplikaci n&kterych syntetickych herbicidi,
napft. glyfosfatu. Zajimavé jsou staté o vyuZiti bioherbicidii k hubeni vodnich plevel a o inte-
rakci patogenti s povrchem listll. Zavéreéna Cast publikace se zabyva praktickymi aspekty boje
proti plevelim: typy formulaci pouZivanych pfi aplikaci mikrobidlnich bioherbicidil, kultivaci
patogenu pfi produkci bioherbicidii a zpusoby jejich aplikaci. Sbomik je p¥inosem pro pra-
covniky v zemé&délstvi, zejména pro fytopatology i pro zpracovatelské podniky.

Doc. RNDr. ing. Josef Zahradniéek, CSc.
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METODY URCOVANIA ZAVLAHOVEHO REZIMU CHMELU

A. Sasin

Vyskumny a $lachtitelsky vstav chmeliarsky, Hornd Streda

V polnych pokusoch v Ostrove pri Pie$tanoch sme v rokoch 1987 aZ 1990 porovnavali
tri metddy riadenia zdvlahy chmelu (terminy a davky zivlah) vyuZivajice meteorolo-
gické podklady a fyziologické ukazovatele (osmoticky potencial), ako vplyvali na
vy$ku turody a kvalitu chmefu. Vysoko preukazne najvy$$iu virodu 1,923 tha sme
ziskali pri riadeni zavlahy metodou osmotického potencidlu. O percente zvySenia irody
rozhodol termin zavlahy, prijem vody rastlinou a fenofiza, v ktorej sa chmel
nachddzal. NajniZ8ia turoda bola 1,725 tha’! pri zavlahe grafickou metédou. VEasne
aplikovanou zdvlahou sa zlep3il rovny rast, rozkonarovanie paziich chmefu. Chmef skér
dorastol do vySky konstrukcie. Zavlaha pred kvetom a v obdobi hlavkovania zlep$ila
vyrovnanost chmefovych hlavok. Na rozdiely v obsahu alfa-horkych latok mali vagsi
vplyv roky neZ terminy zavlahy. Zna¢ny pokles osmotického potencidlu sme zistili
hlavne vtedy, ked hned po zavlahe nasledovali atmosferické zrazky. Pokles ¢inil od
-0,05 MPa do -0,78 MPa. NiZ8i pokles osmotického potencidlu sme zistili po onesko-
renej zavlahe, resp. naopak maly vzostup +0,10 MPa, ked po zavlahe nasledovalo
suché, teplé pocasie, alebo ked tropické teploty predchadzali zavlahu. V sledovanych
rokoch sa nepodarilo udrZiavat zavlahovii hodnotu osmotického potencialu v hraniénej
hodnote. Tédto hodnota bola ovplyviiovana meteorologickymi &initefmi. Pri pravi-
. delnych tyZdennych zraZkach bez tropickych tepl6t je moZné hodnoty osmotického po-
tencidlu udriavat v hrani¢nej hodnote.

V stgasnosti pri riadeni zdvlahovych reZimov sa pouZivaji metody zaloZené na
meteorologickych podkladoch (grafickd metdda, graficko-analytickd), hydropedo-
logické (gravimetria, tenziometry) a fenofazy.

Niektoré metddy vyuZivaju pri riadeni zdvlah meteorologické podklady, hydro-
pedologické vlastnosti pddy a biologické krivky vlahovej potreby. Meteorologické
podklady za viacrotné obdobie (suma tepldt a zraZzok) a dosahovanie najvysSich
urod su sucastou graficko-analytickej metody (Kudrna, 1969). Zvlastny doraz
kladie Slavik (1978) na zdavlahové davky v kritickom obdobi v jini aZ v prvej
polovici jula, t.j. obdobie najintenzivnejSiecho rastu chmelu, obdobie kvetu a po-
¢iatku hldvkovania. Sachl,Kopecky (1983) uvddzaji, ze zdvlahou je
moZné vyrazne ovplyvnovaf rast a vyvoj chmelovych rastlin a hlavok. Zavlaha po
odkvete podporuje vzrast chmelovych hldvok, a tym vySku urody. Fenofazy na sta-
novenie terminu zavlahy uddvaju Sldnsky (1971), pricom za hlavné obdobie
zdvlah povazuju termin pred zacCiatkom kvetu (7. aZ 16. jul) a pri tvorbe hldvok
(26. jul aZ 18. august) s dvoma zdvlahovymi ddvkami po 30 mm. Za zdokonalenie
zavlahového rezimu povazuji Sachl,Kopecky (1983) nadenie zdvlahové-
ho rezimu podra fyziologickych ukazovatelov. Najvhodnejsie fyziologické ukazo-
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vatele volby terminu potreby zdvlahy si vodny potencidl, koncentrcia bune¢nej
$tavy, osmoticky potencial, otvorenost prieduchov a rad dalich. Svihra (1986)
uvadza, Ze nadbytok vody sa prejavi na zniZeni osmotického potencidlu. Urenim
optimalnych hodndt osmotického tlaku jednotlivych druhov plodin mozno posudit
v rastline fyziologicky vyhovujicu zdsobu vody, a tak sa rozhodnif pre zavlaZova-
nie. Bizik, Ivani¢ (1979) zistili, Ze pri abnormalnych vysokych davkach
hnojiv (800 az 2000 kg ¢.z.) sa prudko zvy3uje osmoticky tlak (az 0,1 MPa),
dochddza k uirodovej depresii a rastliny zastavujurast. Huzuldk (1989)uvddza,
ze vplyv meteorologickych &initefov na charakteristiku vodného rezimu pri rastli-
ndch s dobre vyvinutym korefiovym systémom sa prejavuje pri velmi vlhkej pode.
Svihra (1986) sa domnieva, Ze nedostatok vody v rastline je Casto limitujicim
faktorom tvorby biomasy. Najsilnejsi vplyv na tirodu m4 vodny stres v poslednych
etapach organogenézy. Pri extrémnych podmienkach prostredia sa hromadia osmo-
tické aktivne latky a bunka sa prispdsobi na zvySeny obsah, resp. hromadenie soli,
sacharidov a pod., ako aj na nedostatok vody v pdde. Naproti tomu Ke$ner
(1986) uvadza, Ze i pri dostatonej zdsobe vody v pdde mdzu rastliny trpiet suchom,
a to vtedy, ked mnoZstvo vody, ktoré je rastlina schopna naviac Cerpaf z pddy, je
men$ie neZ mnozstvo vody vyparujucej sa v zdvislosti na klimatickych
podmienkach. Hav1ic¢ek (1986) zistil, Ze intenzita evapotranspirdcie je dand
vnitornymi a vonkaj§imi faktormi (atmosferické podmienky v priebehu eva-
potranspirdcie).

MATERIAL A METODA

V pokuse sme pozorovali dve metddy, ktoré vyuzivaji meteorologickych podkla-
dov pri riadeni zdvlahy, a overovali fyziologicki metddu, pri ktorej sme sledovali
vplyv zdvlahy na vy$ku trody a obsah alfa-horkych latok. Pokus sme zaloZili v ro-
koch 1987 aZ 1990 na PD Pokrok v Ostrove pri Pie$tanoch. Chmelnica bola vysa-
dend v roku 1978 v spone 280 x 100 cm klonom 31 na luznej pdde. Zdvlahovi davku
sme stanovili za ziklade hydrolimitu pri 70 % VVK a hibke navlaZenia 600 mm.
Vypocitand zdvlahovd ddvka pri vietkych variantach ¢inila 33 mm.

Variant 1

Metoda grafickd (G) bola zavedena podla sytosného doplnku a biologickych kri-
viek vlahovej potreby (&) stanovenych pre teplotné stupne 200 °C. So sledovanim
sme zapocali vo 24. tyzdni, t. j. zaCiatkom jina, a ukon¢ili v 33. tyZdni, t. j. niekolko
dni ped zberom. Termin zdvlahy sme ur€ili podla hodnoty Zppy,i,, ak dosiahla 33 mm.
Potreba zdvlahy sa riadila podfla stupria naliehavosti (1 - nutnd, 2 - naliehava, 3 -
vhodna).

Variant 2

Metdda graficko-analytickd (GA), ktora vypracoval Kudrna (1969), si vy-
Ziadala vypracovaf charakteristicka krivku zmien vnitornej energie pre Ymax, Vypo-
¢itanu z rokov 1972, 1973, 1975, pre urody vysSie nez 1,2 tha™!. Termin zavlahy
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sme urCili vtedy, ked charakteristickd krivka zmien vnuitornej energie daného roku
prefala charakteristicku krivku pre Ypax.

Variant 3

Fyziologickd metdda bola vypracovand na zdklade osmotického potencialu (OP)
stanoveného chloroformovou metddou, je jednoduchd a vyhovuje pre prax. Kazdy
pondelok medzi 9 aZ 10 h SEC sme odoberali listy v dvoch opakovaniach z kaZdej
kategorie listov (paflalo¢né, trojlaloéné a srdcové) z vysky cca 2 az 2,5 m, ktoré
sme ukladali do zabrusovanych prachovnic, kde sa na dno vopred vlozZila gdza, na
ktorej bolo 1 aZ 2 ml chloroformu. Uzatvorené prachovnice sme vloZili na 18 az
24 h do chladniCky. Po 24 h sme obsah listov vytla¢ili a merali hodnotu kryosko-
picky na osmometri znatky KNAUER. Merané hodnoty sme vyjadrili ich prieme-
rom. Rastlinny materidl sme zacali odoberaf za¢iatkom jina az do zadiatku zberu
(od 24. tyzdia do 33. tyzdiia). Hrani¢né hodnoty boli stanovené po prvom roku odbe-
ru pre kategorie listov na -1,25 az -1,30 MPa pre celé zavlahové obdobie vzhladom
na vek listov.

Pokusné stanoviSte sa nachddza v nadmorskej vyske 193 m a je charakterizované
dlhodobym priemerom zrdZok 595 mm (resp. poCas vegetatného obdobia 321 mm).
Priemernd ro¢nd teplota &ini 9,2 °C (resp. poCas vegetatného obdobia 15,7 °C). Zo
sledovanych rokov 1987 az 1990 boli v juni zrdZkovo normdlne roky 1987
(102,2 %), 1989 (92,0 %) a 1988 (75,3 %), suchy bol rok 1990 (51,9 %), resp. v juli
normalny rok 1989 (99,3 %), suchy 1987 (68,2 %) a 1990 (55,7 %) a velmi suchy
1988 (28,3 %).

Pdda m4d neutrdlnu reakciu a vysoku zdsobu fosforu, aj hor¢ika, aviak dobru zi-
sobu draslika. Obsah humusu je 2,5 %. MnoZstvo atmosferickych zrdZok za jun bolo
normdlne len v roku 1987 a 1989 a podnormdlne v roku 1988 a 1990, resp. za jul
normélne len v roku 1989 a podnormalne v ostatnych troch rokoch. .

Ich rozdelenie pocas troch dekdd bolo nevhodné v roku 1987 a od tretej dekady
jina po druhi dekddu jula (spolu len 6,8 mm), dalej v roku 1988 za tretu dekddu
jula (len 20,4 mm) a v roku 1990 od druhej dekddy jila po prvii dekddu augusta
(len 8,6 mm). Pritom zraZky za jin, jul a prvii dekddu augusta spolu boli najvyssie
v roku 1989 a 1987 (150,6 az 139,3 mm), blizke k normdlu, av8ak najniZSie
a podnormalne v roku 1988 a 1990 (88,6 aZ 84 mm). Tomu zodpovedalo vy3Sie
zavlahové mnoZstvo v roku 1988 (110 az 120 mm) a v roku 1990 (52 az 114 mm)
oproti dal§im dvom rokom a hlavne pri metéde OP (tab. I).

Aj trvanie maximalnych tepldt (30 °C) bolo v suchom obdobi leta 1988 a 1990
dlhsie (13 aZ 11 dni), ako v ostatnych dvoch rokoch (9 az 7 dni), o zvySovalo eva-
potranspirdciu a zniZovalo prijem vody rastlinou (tab. II).

Zavlahovu davku sme vypocitali s grafu u GA, resp. u G z hydrolimitov, u OP
sme zacali zavlazovat pri zvySeni hodnoty OP na -1,30 MPa. Zdvlahu sme vyko-
navali padsovym zavlaZova¢om so Specidlnou koncovkou pre zdvlahu chmelu.
Velkost zdvlahovej ddvky sme merali zrdZkomermi umiestnenymi na pokusnej
parcele.

Zvoleny termin zdvlah v roku 1987 u G bol skorsi, t. j. v prvej dekdde jula,
a ostatné terminy pri vietkych metédach boli rovnaké. V roku 1988 pri metddach
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I. Atmosferické zrdZky v zdvlahovom obdobi v rokoch 1987 aZ 1990 - Atmospheric precipitation during the irrigation period in the years 1987 to

1990
Rok' Jin® il August’ Celkom® | % z dlohodobého
Dekida® 1 2 3 spolu® 1 2 3 spolu 1 spolu | (mm) normélu’
1987 585 | 140 L1 | 736 12 45 | 434 | 491 | 164 | 164 | 1391 64,1
1988 36,2 22 | 158 | 542 2,0 9,0 94 | 204 | 140 | 140 88,6 40,8
1989 53,0 4,0 99 | 669 | 300 | 185 | 230 | 71,5 | 122 | 122 | 1506 69,4
1990 23,0 5,5 89 | 374 | 380 2,1 ’ 40,1 6,5 6,5 84,0 38,7

lyear, zdecade, 3June, 4July, 5August, Stotal, 7pencentage of long-time normal, 8otal




II. Maximilne teploty v zavlaZovacom obdobi na 30 °C - Maximum temperatures in the irrigation

period over 30 °C

Rok' 1987 1988 1989 1990
30.6.- 2.7 57.- 6.7. 3.7.-9.7. 20. 6.
i R ) 22.7.-24.7. 28. 6. - 30. 6.
o 16.7.-18.7. | 26.7.-27.7. 29.7.- 1.8.
9%, 7,247 | 29:% 4.8.- 6.8.
1.8.- 2.8
8. 8. - 10. 8.
Poet dni’ 9 13 7 11

'year, 2date, 3pumber of days

GA a OP sme uskuto¢nili zavlahu v prvej dekdde jula a dal$iu zavlahu pri vietkych
metodach v tretej dekade jula. Len pri G sme eSte v druhej dekade jula zavlaZovali.
V roku 1989 podla GA a OP sme zavlaZovali v tretej dekade mesiaca jina, podla
G v prvej dekdde mesiaca jula a podla GA i v prvej dekdde mesiaca augusta. V roku
1990 podla OP sme zavlazili dvoma ddvkami v tretej dekdde mesiaca juna, podla
GA a OP v druhej dekdde mesiaca jila a GA eSte v prvej dekdde augusta (tab. III,
obr. 1 az 3).

VYSLEDKY

Velké preukazné rozdiely v uroddch zavlaZovaného chmelu boli medz jednotli-
vymi rokmi od najniz8ej urody v suchSich rokoch (pre chmel 1990 a 1988 90,4 az
97,46 % k priemeru) aZ po najvys§iu trodu v normdlnom az vlh§om roku 1987
(109,75 % k priemeru). Vysoko preukazne najvysSie urody (105,95 % k priemeru)
boli zo zdvlah podla metody OP oproti najnizSej urode zo zdvlah podla metody G
(95,04 % k priemeru) a preukazne vysSie oproti zavlazovanému chmelu podla me-
tody GA (98,95 % k priemeru).

V obsahu alfa-horkych latok boli vysoko preukazné rozdiely medzi rokmi, pri¢om
najvy$si obsah bol v suchom roku 1988 (4,1 %, resp. 128,12 % k priemeru)
anajnizsi (2,2 %, resp. 68,75 %) v normalnom az vlh§om roku 1989. V rokoch 1990
a 1987 bol obsah alfa-horkych ldtok blizko priemeru. Vplyv roznych metdd zdvlah
bol nepreukazny, nizky oproti vplyvu rokov, ktory sa zivlahou neznizil (tab. IV,
V). Vas aplikovand zdvlaha v druhej polovici jina sposobila, Ze chmelové rastliny
dorastli do vysky konstrukcie a zamedzilo sa tvoreniu kuzelovitého habitusu. Zlep§i-
lo sa vetvenie pazuchov. Zavlaha aplikovand pred kvitnutim a v obdobi kvitnutia
zlepsila nasadenie kvetu a v obdobi pred hlavkovanim zabezpecila vyrovnanost
chmelovych hldvok (tab. III).

V pokuse sme zistili vysoky pokles osmotického potencidlu hlavne vtedy, ked
po zavlahe nasledovali atmosferické zrdzky: pokles -0,23 az -0,78 MPa (1987);
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1. Graficka metdéda riadenia
zavlah - Graphic method of irmi-
gation system

Md - vypoditana zavlaha (stupeii
naliehavosti) - calculated irriga-
tion (degree of urgency)

Md 37 - actual irrigation - sku-
to¢na zdvlaha

Zp mom - momentalna potreba
zavlahy v mm - momentary need
of irrigation in mm

0s X - X axis:

A - tyZdeii - week

B - fenofiza - phenological stage
C - datum - date

os y: zrazky v mm Zp mom -
y axis: precipitation in mm Zp
mom

2. Graficko-analytickd metdda -
Graphico-analytical method

0S X - x axis:

A - dekdda - decade

B - mesiac - month

C— .

------- priebeh daného roku
- course of the given year
--------------- priebeh po zivlahe -
course after irrigation



3. Metéda osmotického potencis- (MPg 106
lu - Method of osmotic potential ["m
plné stlpce - zrézky - full co- 170
lumns - precipitation 1,60
¢iarkované stipce - zdvlaha - bro- 1,50
ken-line columns - irrigation 1.40
os y - tyZdedl - y axis - week . (-
H1,20
1,10
-1 .m

1.0

1,70
-1.60
F1.50
140
T30
120
1.0
1.00

60 1

49
30 4-------
20

—p————

3

]
2..25.26.27.28.29.30. 31.32. 33. | 24.25.26.27.28.29.30.31. 32.33.

pokles -0,17 az -0,25 MPa (1988) a pokles o -0,05 MPa (1990). Niz8i pokles osmo-
tického potencidlu sme zistili pri oneskorenej zdvlahe. Naopak osmoticky potencial
stipol, ked po zdvlahe nasledovalo suché a teplé pocasie (+0,10 MPa 1990), alebo
ked tropické teploty predchddzali zivlahu (+0,13 MPa 1990). V pokusoch sa ne-
podarilo udrziavaf hodnoty osmotického potencidlu v hrani¢nych hodnotdch
(obr. 3).

DISKUSIA

Z vysledkov naSej prace vyplynulo, Ze va¢8iu vySku tirody chmelu sme dosiahli
zo zdvlah podla metodiky merania osmotického potencidlu. Uvedené udaje sa sto-
toziuju s udajmi z literatiry (Sachl, Kopecky, 1983), Zze najvhodnejsie je
vyuzivat pri riadeni zdvlahy fyziologickych ukazovatefov. U metdd vyuZivajticich
meteorologické podklady (K udrna, 1969) vznikaji rozdiely v termine zdvlah.
Na vysku urody v rokoch vplyva termin zdvlahy, resp. zaciatok zdvlahového obdo-
bia. Z dvoch metdd v pokusoch sa ndm javila metdda, ktord uvddza Kudrna
(1969), ako presnejsia pre stanovenie terminu zavlahového obdobia. VyuZivanie me-
tédy podra fenofdzy (S1dnky etal, 1971) ma svoje opodstatnenie pre dana kli-
maticku oblast. V naSich podmienkach su tieto terminy fenofizy ovplyviiované
ro¢nikom.

Nadbytok vody v rastline v pokusoch sa prejavil v znizeni osmotického potencia-
lu a voda bola limitujiicim faktorom tvorby biomasy, & potvrdzuje aj Svihra
(1986). Chmer dorastol do vySky konStrukcie, zlepSila sa tvorba a rozkondrovanie
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III. PouZité doplnkové zavlahy v mm a terminoch stanovenych troma metodami v pokusnych rokoch - The additional irrigations in mm used and the
dates determined by three methods in the experimental years

Rok! 1987 1988 1989 1990
Mesiac? dekéda® metc’»dy8 metody metody metody
G GA (0) 4 G GA OP G GA oP G GA OP
., 4
Jin ] 30.6. | 27.6. 21., 29. 6.
51 mm | 63 mm 52, 4 mm
1 8. 7. 8. 7. 8. 7. 4. 7.
37 mm 52mm | 52 mm | 36 mm
Jar® 2 15. 7 15.7. | 13. 7. 17. 7. 20. 7.
46 mm | 46 mm | 60 mm 50 mm 48 mm
3 22. 21. 7. 217, 277 28. 7. 227 30. 7.
47 mm | 46 mm | 46 mm | 60 mm [ S8 mm | 61 mm 52 mm
6 : 7. 8. 7. 8.
Augnst . 62 mm 62 mm
7
(S:;'l‘)' 84 92 92 120 110 113 36 113 63 52 112 | 144

Vysvetlivky k tab. III a IV - Explanations for Tabs III and IV:

G - grafickd metdda - graphical method

GA - graficko-analyticka metdda - graphico-analytical method

OP - metdda osmotického potencidlu - method of osmotic potential
1year, 2month, 3decade, 4June, sJuly, 6August, 7total, 8 methods



IV. Urody hlivok chmefu v t.ha™ pri riadenej zdvlahe - Hop head yield in tha”! under irrigation

3.2
Roky' Metéda Priemer’ Relativ::e
G GA OP 1987 - 1990 k priemeru” (%)
1987 1,952 1,941 2,087 1,992 109,75
1988 1,684 1,768 1,854 1,769 97,46
1989 1,706 1,891 1,989 1,862 102,58
1990 1,561 1,584 1,769 1,638 90,24
x 1,725 1,796 1,923 1,815 100,00
Relativne
K priemetu‘ (%) 95,04 98,95 105,95
Preukazny rozdiel® pre varianty roky
P =0,05 0,116 x 0,148 x
P = 0,01 0,149 x 0,185 x

]years, Zmethod, * average, ‘relatively to the average, 5signiﬁcant difference

V. Obsah alfa-horkych litok v suline pri riadenej zdvlahe - The content of alpha-bitter substances
in dry matter under irrigation

Roky' Metéda’ Priemer Relativ::e
° G GA op 1987 - 1990 | k priemeru’ (%)
1987 3,6 3,4 3,5 3,5 109,37
1988 4,4 4,2 3,9 4,1 128,12
1989 2,1 2,1 2,4 2,2 68,75
1990 3,1 3,4 3,1 3,2 100,00
x 3,3 3,3 3,2 3,2 100,00
Relativne
k prieneni® (8) 103,12 103,12 100,00
Preukazny rozdiel® pre varianty roky metédy x roky
P =0,05 0,26 x 0,34 x 0,44
P =0,01 0,34 x 0,42 x 0,52

For 1 - 5 see Tab. IV

pazuchov, zlepsilo sa nasadenie kvetu a tieZ vyrovnanost hldvok chmelu, ¢o potvrdi-
lo dostatok vody.

V pokusoch sme pozorovali, Ze i pri dostato¢nej zdsobe vody v pdde trpeli rastli-
ny suchom. Vplyv meteorologickych Cinitefov sa prejavil i na dostato¢ne zavlaZenej
pode, k Comu dosiel aj Huzuldk (1989). Toho ist¢ho ndzoru je KeSner
(1986). V nasich podmienkach zdvlaha vykonana v extrémnych podmienkach (tro-
pické teploty) hodnotu osmotického potencidlu nezniZovala. Bolo zistené prispdso-
benie bunky na zvySeny obsah osmoticky aktivnych latok.
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SASIN, A. (Hop Research and Breeding Institute, Horna Streda):
Methods determining the hop irrigation regime.
Rostl. Vyr., 39, 1993 (4): 375-384.

In field trials carried out at Ostrov near Pie¥fany in 1987 - 1990 we were comparing
three methods of hop irrigation management (irrigation dates and rates), using the me-
teorological data and physiological parameters - osmotic potential, how they influenced
hop yield and quality. The highly significantly greatest yield 1,923 t.ha™ was obtained
at the management of the irrigation by the method of osmotic potential. Irrigation date,
water absorption by plant and phenophase determined the percentage of yield increase.
The lowest yield 1,725 t.ha™ was achieved when irrigation by graphical method was used.
Early applied irrigation improved elongated growth and branching of hop axis. Hop
grown earlier to the training height. Irrigation prior to anthesis and in the period of hops
formation improved the uniformity of hops.

Years exhibited greater influence upon the differences in the content of alpha-bitter
substances than irrigation dates. Great decline in osmotic potential was found especially
when atmospheric precipitation followed immediately after the irrigation. Decline was
ranging from -0.05 MPa up to -0.78 MPa. Lower decline in osmotic potential was found
out after delayed irrigation, or on the other hand, slight increase +0.10 MPa appeared
when an arid warm weather followed the irrigation or when tropical temperatures pre-
ceded irrigation. In the years observed we have failed to keep the irrigation value of
osmotic potential in a limit value. This value was affected by meteorological factors. In
regular weekly precipitation without tropical temperatures it is possible to keep osmotic
potential values in a limit value.

Kontaktnd adresa:

Ing. Anton S asin,CSc., Vyskumny a $fachtitefsky tstav chmeliarsky, 916 24 Horn4 Streda
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