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POROVNANI EXTRAKCNICH POSTUPU PODLE
MEHLICHA II A MEHLICHA III PRO STANOVENI
PRISTUPNEHO FOSFORU, DRASLIKU, HORCIKU
A VAPNIKU V PUDACH CR

COMPARISON OF MEHLICH II AND MEHLICH III EXTRACTION
FOR DETERMINATION OF AVAILABLE PHOSPHORUS, POTASSIUM,
MAGNESIUM AND CALCIUM IN SOILS OF THE CZECH REPUBLIC

J. Zbiral, P. Némec
Central Institute for Supervising and Testing in Agriculture, Brno, Czech Republic

ABSTRACT: Mehlich I (MII) extractant was introduced in 1978 and it has been used for soil testing in the Czech Republic
for more than ten years. Mehlich III (MIII) extractant as a modification of MII extractant was introduced in 1981. The
modification enabled determination of copper and minimized corrosive properties of the former MII extractant. M1I1 became
very popular and widely used and replaced MII very quickly. The objective of this study was to compare MII and MITI
extractants to determine available phosphorus, potassium, magnesium and calcium in Czech agricultural soils. 2799 agricul-
tural soils were collected for the study (311 light soils, 1889 medium soils, 599 heavy soils. 369 soils with carbonate content
higher than 5%). The soil samples represented all major soil types, climatic regions and proportion of agronomic cultures in
the Czech Republic. Samples were air dried and a fraction under 2 mm in diameter was used for analysis. The quantity of
phosphorus extracted by MIII exceeded that extracted by MII 20 to 25%. Extractions of both magnesium and calcium by
MIIT were 7 to 9% higher than those by MII and extractions of potassium were 10% higher. Regression analysis was performed
after rejection of outliers. Highly significant correlations were found between the methods for all the elements and soil types.
Regression coefficients ranged between 0.97 and 0.99. The values measured by MIII were compared by pair-test to the values
calculated from the values measured by MII using the conversion equations. For all the elements and soil types the pair test
showed that the measured and the calculated values were highly significantly equal and that the conversion equations are
reliable and suitable for recalculating of the values of nutrient contents categories. Conversion equations can be used instead
of a new expensive and time-consuming field calibrating study.

Keywords: soil extraction; Mehlich 11; Mehlich 11

ABSTRAKT: Soubor 2799 piidnich vzorki, ktery reprezentoval zemédélské piidy CR, byl analyzovin metodami Mchlich 11
(MII) a Mehlich I1T (MIII) na obsah piistupného fosforu, drasliku, hoitiku a vapniku. Po vylouceni odlehlych hodnot byla
provedena regresni analyza a zji$tén vztah mezi obéma metodami. Hodnoty ziskané metodou MIII byly pro viechny stano-
vované prvky vysSi. Pro fosfor pedstavovalo toto zvyseni asi 20 az 25 %. pro draslik asi 10 %, pro hoi¢ik a vipnik piiblizné
7 aZz 9 %. Pro draslik. hoi¢ik a vapnik byla provedena regresni analyza i pro podsoubory podle pidnich druhii. Zjisténa
zavislost mezi obéma extrak¢nimi postupy byla ve viech pfipadech linearni, regresni koeficienty se pohybovaly od 0,97 do
0.99. Pirovy test potvrdil spolehlivost regresnich rovnic pro viechny prvky pro cely soubor vzork i pro viechny podsoubory
podle padnich druhi. Ziskané rovnice bude mozné vyuZit pii piechodu agrochemického zkouseni pid na metodu MIII

k prepoctu stavajicich kritérii bez nutnosti nikladné a ¢asoveé naroéné nové kalibrace metody na zikladé polnich a nadobovych
pokusti.

Klicova slova: extrakce pud; Mehlich II; Mehlich 11

UvVoD extrak¢nich ¢inidel. Davodem je jednak pozadavek po-
rovnatelnosti vysledki a ddle i otdzky ekonomické a eko-

Poslednich deset let je moZné v agrochemickém zkou-  logické. S rozvojem instrumentalnich analytickych metod
Seni pud charakterizovat jako obdobi sjednocovani ana-  se v tomto desetileti stala b&Zn¢ dostupnou metoda
lytickych postupt, omezovani poctu pouzivanych ex- ICP-OES a piipadné dal3i analytické techniky, umoz-
trakénich Cinidel a stle Sirdi vyuZivani univerzalnich  fujici analyzu vice prvk nebo parametrt soucasné
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(ICP-MS, SFA, FIA, CZE). Tyto techniky vyznamnym
dilem pfispély ke zvySeni zdjmu o univerzalni extrakéni
postupy. Podrobny prehled univerzalnich extrak¢nich
roztokl uvadi Raij (1994). Presny popis nejvyznamnéj-
Sich univerzdlnich extrakénich postupti véetné rozsahu
jejich pouzitelnosti podal Jones (1990).

V ramci agrochemického zkouSeni pid CR je jiz
vice nez deset let vyuzivan univerzalni extrakéni po-
stup podle Mehlicha II (Mehlich, 1978). Autor svij
extrakéni postup o nékolik let pozdéji mirné moditiko-
val na metodu nazvanou Mehlich III (Mehlich, 1984),
s cilem roz$ifit jeho pouzitelnost i pro stanoveni medi
a minimalizovat korozivni u¢inky extrakc¢niho roztoku
na laboratorni piistroje. Modifikovana verze extrak¢ni-
ho postupu Mehlich III (MIII) je v soucasné dobé stdle
vice vyuZivdna, zatimco pivodni metoda Mehlich II
(MII) je jiz vyuzivéna jen v ojedinélych piipadech. Pro
piipadny piechod agrochemického zkouSeni pid na
metodu MIII bylo tfeba ur¢it vztah mezi obéma meto-
dami a touto problematikou se zabyva tato prace.

V tab. I je uvedeno sloZeni extrakénich roztokl pod-
le MII a podle MIIL. Extrakéni ¢inidlo MIII ma poné-
kud lepsi schopnost pufrovat pH pii extrakci tak, aby

L. Slozeni extrakénich roztoki podle MII a MITI (mol.I™") - Extrac-
ting solutions MII and MITI (mol.I")

nedochézelo ke zvyseni pH na hodnotu, kdy jiz nema
piidavek fluoridu vliv na uvolnovani fosforu. Pridavek
EDTA umoznil rozsifeni pouZitelnosti metody i na sta-
noveni médi. Mehlich (1984) uvadi vysoce prikaznou
korelaci mezi metodou MII a MIII s tim, Ze vysledky
zjisténé metodou MIII jsou pro fosfor v 0 20 %,
pro hoitik a draslik pak asi 0 3 aZ 4 %. Obsah médi se
zvysil 0 170 %, manganu 0 50 % a zinku o 25 %. Tyto
vysledky potvrzuji téz Matgjovic, Durackova (1994),
ktefi na pomérné malém souboru vzorka zjistili vysoce
prikaznou korelaci mezi obéma metodami, i kdyz je-
jich regresni rovnice jsou odlisné od pavodni Mehli-
chovy price. Tran et al. (1990) uvadgji pro fosfor dvé
regresni rovnice, jednu pro karbonitové a druhou pro
nekarbonatové pidy. Udavaji Sir§i rozsah pouzitelnosti
metody MIII i na karbonatovych padach. Nejvyssi ob-
sah karbondtl ve zkoumaném souboru byl 3.6 %. Po-
rovnani metody MII s metodou MIII se jiz v novéjsich
pracich nevyskytuje, protoze metoda MII se piestala
pouzivat. Nadile je vSak vénovana velka pozornost me-
todé MIIL Byl sledovan vliv poméru pidy a extrakéni-
ho ¢inidla a doby extrakce pro ruzné pudy (Rezanian
et al., 1992). Z této prace vyplyva, ze puvodni Mehli-
chem navrZené parametry dobie vyhovuji. Sims (1989)
porovnaval metodu MI s metodou MIIL. Na souboru
400 vzorka z béznych odbéra i polnich pokust zjistil
vysoce prukaznou korelaci pro viechny prvky. Citova-

CH:COOH | NH,F HCl | NH,CI ny autor uvadi moZznost piepoctu kritérii pro vyhodno-
Ml '(HS e 0.1 BB ceni, ziskanych dlouhodobou kalibraci metody MI na
- metodu MIII, bez nutnosti nové nakladné kalibrace me-
Ml CH;CO0H | NELE | HNO; | NHNO,[ EDIA tody na zdkladé polnich a nidobovych pokusi.
0,20 0,015 0,013 0,25 0,001
I1. Popisnd statistika souboru viech analyzovanych vzorki (mg.kg'l) — Descriptive statistics for all analyzed samples (mg.kg_l)
il Primér? Mediin? Maximum?* Minimum® LQ uQ
MII I MITI MII MIlI MII MIII MIl MITI MII MIIl Ml MIIl
pH A 6.7 0,9 7.9 39 6.0 7.5
P A 66 87 55 74 771 - | 4 35 48 86 113
A 233 258 195 215 2028 2020 45 39 146 157 276 315
K L 193 209 165 180 684 717 52 47 129 137 221 236
M 229 250 193 206 2028 2 020 45 39 142 150 260 296
H 268 310 230 265 978 1 060 90 91 171 199 323 374
A 235 251 207 223 * A Il 36 122 126 347 339
Mg L 131 136 116 17 490 549 45 36 89 87 150 159
M 213 227 183 195 ¥ ¥ I 40 117 121 282 303
H 359 389 327 356 * i 102 92 261 284 437 -'-183
A 3931 4282 2763 3004 | 75920 | 45780 470 215 1 740 1 834 5610 6303
Ca L 2299 2 450 1 818 1 872 9 500 | 10 420 638 786 1 462 1 526 2 435 2526
M 3 380 3042 2370 2532 | 23160 | 31230 470 215 1 659 1734 4 731 5276
H 6516 7 256 6 020 6784 | 75920 | 45780 | 1230 1302 4 180 4433 7 480 8 355
Vysvétlivky k tab. Il az V - Explanations to Tabs Il to V:
A - viechny vzorky — all samples H - vzorky tézké pidy - heavy soil samples

L - vzorky lehké pudy - light soil samples
M - vzorky stiedni pudy — medium soil samples
* hodnota nad rozsah méfeni — overrange reading

2 3 .
! parameter, “average, median

LQ - dolni kvartil - lower quartile
UQ - horni kvartil — upper quartile
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Wendt (1995) porovnaval metodu MIII s metodami
extrakee octanem amonnym, Bray | a DTPA pro pady
Malawi. Ve své prici uvadi doporucené hranicni hod-
noty pro metodu MIII a jednozna¢né doporucuje pie-
chod z dosud pouzivanych tii extrak¢nich postupt na
univerzélni metodu MIIL. Obdobnou studii zaméfenou
na pudy Etiopie a Némecka publikovali Mamo et al.
(1996), ktefi porovnavali metodu MIII, MI a CAL se
standardnimi metodami (octan amonny, Olsen). Nejlep-
§i vysledky byly dosaZeny s extrakénim Cinidlem MIIL
Eckert, Watson (1996) porovnavali metodu MIII s do-
sud pouzivanou metodou extrakce octanem amonnym
a Bray Pl s velmi dobrym vysledkem. Poukazuji na
rozdilné zavéry publikovanych praci, a tim i na nutnost
ovéreni metody MIII pro konkrétni pidy zkoumaného
regionu. Kraske et al. (1989) zkoumali celou radu ex-
trakénich postupt véetné metody MIII z hlediska po-
uzitelnosti pri analyze lesnich puad.

Siroké moZnosti vyuZiti metody MIII dokladaji pra-
ce, které porovnavaji tuto metodu s jinymi metodami
pro stanoveni mikroelementta (Sims. 1985) vcetné boru
(Shuman et al., 1992), pro stanoveni kovl na kontami-
novanych plochach (Sistani et al., 1995) a pro stanove-
ni siry (Rao, Sharma, 1997).

MATERIAL A METODA

Vzorky pady byly upraveny, extrahovany a analyzo-
viny podle Jednotnych pracovnich postupti UKZUZ
(Zbiral, 1995). Obsah fosforu byl stanoven spektrofo-
tometricky jako fosfomolybdenova modf, draslik pla-
menovou emisi, vapnik a hoicik plamenovou atomovou
absorpcni spektrofotometrii v plameni acetylen—vzduch
po ziedéni a odstranéni rufeni pridavkem lanthanu. Déle
byla naméiena vyménnd pudni reakce pH/KCI sklené-
nou elektrodou v pudni suspenzi v roztoku chloridu
draselného. Obsah uhli¢itan byl stanoven na zdkladé
méieni objemu oxidu uhli¢itého uvolnéného z presné
navazky pudy pasobenim kyseliny chlorovodikové.

Vysledky byly statisticky zpracovdny programem
STATGRAPHICS, verze 6.1 (Manugistic, Inc. Rock-
ville, Maryland) a programem EXCEL 97 (Microsoft
Corp. Redmont, Washington).

Pristroje a zafizeni

Pro upravu vzorkd byla pouZita pudni prosévacka,
zaruCujici nedrceni skeletu pady. Pro méfeni pH a ob-
sahu karbonata byly vyuzity jednoucelové poloautoma-
tické pristroje (Vyvojové dilny UKZUZ, Zatec, Brno).
Extrakce probihala na rotaini stomistné tiepacce. Pro
fedéni a davkovani chemikalii byl vyuZzivan dilutor
A-310 (Gilson, Francie). Spektrofotometrické méfeni
bylo provadéno na piistroji U-1100 (Hitachi, Japonsko)
s pratokovou kyvetou o optické délce 10 mm. Pro stano-
veni drasliku, vapniku a hoiciku byl vyuZit atomovy
absorpéni spektrofotometr SpectrAA 200 (Varian, Mul-
grave, Austrélie) s prislusnymi dutokatodovymi vyboj-
kami.
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Chemikilie a roztoky

Vsechny pouzivané chemikdlie byly Cistoty p. a. Pro
piipravu roztokd byla pouZzivana demineralizovand voda
s kontrolovanym .obsahem stanovovanych slozek. Ka-
libra¢ni standardni roztoky byly pfipraveny fedénim
certifikovanych zakladnich standardnich roztokd (Ana-
lytika, Praha). Extrakéni roztoky byly pfipravoviny
vzdy Cerstvé. Pristroj pro méfeni pH byl kalibrovin za
pouziti certifikovanych pufri (Hanna Instruments, Iti-
lie) a pristroj pro stanoveni uhli¢itant byl kalibrovin
piesnou navizkou uhli¢itanu vapenatého.

Vzorky

Vybér vzorka byl realizovdn tak, aby bylo moZné
vytvorit reprezentativni soubor pid CR a reprezentativ-
ni podsoubory raznych piadnich druhl. Pro ovéreni by-
ly pouzity vzorky ziskané v ramci agrochemického
zkouSeni pud z vybranych lokalit. Celkovy pocet vzor-
ki byl 2799, z toho 369 pud s obsahem karbon:tl nad
S %. Z celkového poctu pad bylo 311 pad lehkych,

ML Pocet vzorki po vylouceni odlehlych hodnot — Number of sam-
ples without outliers

i Podet vzorki pro regresi’
Vzorky/parametr
R K Mg Ca
A 2648 2 627 2 644 2731
L 308 310 31
M 1 775 1 821 1 870
H 547 513 550

i 2 ; . '
samples/parameter, “number of samples for regression

IV. Vysledky regresni analyzy (linedarni model Y = a + hX) - Results
of regression analysis (simple regression ¥ = a + bX)
Y = MIll, X = MII

fl(;)llllil;:)ill-(/:l' a b r V)"y.lmmm)s(2
B A 6.97059( 1.19305 | 0,.96764 ++
A =8.4473 | 1.14967 | 0.982727 ++
K L -12.0025 | 1.14334 [ 0,984583 ++
M =11,0276 | 1.14541 | 0.982958 ++
H 12.374 111278 | 0.985302 ++
A -1,40203( 1.07192 | 0,988498 et
Mg L -5.68923| 1.07825 | 0,979725 ++
M -1.96893| 1,07503 | 0.988052 ++
H 16.8429 | 1.0211 0,974978 ++
A -10.3189 | 1.09333 | 0.984896 +4
Ca L =57.3161 | 1.0906 [ 0989253 4
M 8,08183] 1,08503 | 0.9829 ++
H 97.5753 | 1.08534 | 0.972037 +4+

r = regresni Koeficient — regression coefficient

I Y b SRR
set/statistics, Slglll‘lCllllCC
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1. Vztah mezi metodami MIT a MIII pro fosfor — Relationship be-
tween MII and MIIT methods for phosphorus
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3. Vztah mezi metodami MII a MIII pro hoi¢ik — Relationship be-
tween MIT and MIII methods for magnesium

0 100 200 300 400 500 &
Mhlich Il (mg kg™

2. Vztah mezi metodami MII a MIII pro draslik - Relationship be-
tween MII and MIII methods for potassium

Mehlich I ngkg ")

4. Vztah mezi metodami MII a MIII pro vipnik - Relationship be-
tween MII and MIII methods for calcium

V. Vysledky parového testu pro méfené a vypoctené hodnoty — Results of pair-test for the measured and the computed values

pir'! Vzorky?
P (meas) — P (comp) A
K (meas) — K (comp) A
K (meas) - K (comp) L
K (meas) = K (comp) M
K (meas) - K (comp) H
Mg (meas) — Mg (comp) A
Mg (meas) — Mg (comp) L
Mg (meas) = Mg (comp) M
Mg (meas) — Mg (comp) H
Ca (meas) — Ca (comp) A
Ca (meas) — Ca (comp) E
Ca (meas) = Ca (comp) M
Ca (meas) — Ca (comp) H

r-statistika® Urovei signifikance?
-0,000417 0,9997
-0,000264 0,9998
-0,000819 0,9993
-0,000747 0,9994
-0.,000317 0,9997
0,001845 0,9985
0,000529 0.9996
-0.000205 0.99984
0,033343 0,9734
-0,000431 0,9997
-0.000425 0.9997
0,001556 0.9988
-0,000080 0,9999

comp — hodnoty ziskané prepoctem — calculated values
meas — hodnoty méfené — measured values

i 99 3 S
lrmlr. “samples, “t-computed, ngmﬁcunce level

1889 pud stiednich a 599 pid téZzkych. Popisna statis-
tika souboru vzorku je uvedena v tab. II. Zkoumany
soubor pud velmi dobie charakterizoval zastoupeni jed-
notlivych puadnich druhti a dalich agrochemickych
vlastnosti ptd CR.

VYSLEDKY A DISKUSE
Z popisné statistiky vyplyva, Ze ob& porovndvané

metody jsou velmi podobné a uvoliuji z pady Ziviny
obdobnym zplsobem. Rozdily hodnot zjiiténych obé-
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5. Vztah mezi metodami MII a MIII pro draslik podle ptdnich druhti —
Relationship between MII and MIII methods for potassium accord-
ing to the soil types

Vysvétlivky k obr. 5 az 7 — Explanations to Figs 5 to 7:
A - lehké pudy - light soils

B — stfedni pudy - medium soils

C — tézké pudy — heavy soils

ma metodami jsou pro vSechny prvky s vyjimkou fos-
foru pomérné malé. Hodnoty fosforu stanovené meto-
dou MIII jsou ponékud vysSi nez hodnoty stanovené
metodou MIIL. V literatuie uvadény vliv obsahu karbo-
natd na stanoveni fosforu obéma studovanymi metoda-
mi se na naSem souboru vzorki neprojevil a bylo jej
mozné hodnotit pouze jako trend. Podrobnéji se v po-
sledni dobé zabyval problematikou stanoveni piistupného
fosforu v karbonatovych pudach napf. Zorn (1998).
Z jeho zaveért vyplyva, ze problém stanoveni pfistup-
ného fosforu v karbonatovych pudach bude vyZzadovat
jesté dalsi podrobné provéfeni, predevsim zjisténi vlivu
zmény pH extrakcniho Cinidla v prabéhu extrakce, kte-
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Mehlich I (mgkg')

6. Vztah mezi metodami MII a MIII pro hoi¢ik podle pudnich druhi -
Relationship between MII and MIII methods for magnesium accord-
ing to the soil types

ré ma pro G¢innost extrakce fosforu zasadni vyznam.
Podrobneéjsi diskuse tohoto problému vsak presahuje
rozsah této prace, zaméfené na porovnani dvou extrak-
¢nich postupt.

Ze souboru vzorki byly v prvni ¢asti vylouéeny od-
lehlé hodnoty vyhodnocenim Mahalanobisovy vzdale-
nosti (Meloun, Militky, 1994). Po vylouéeni odlehlych
hodnot byl soubor vyhodnocen regresni analyzou me-
todou nejmengich ¢tvercii. Pocet vzorkd po vyloudeni
odlehlych hodnot je uveden v tab. III.

Soubor vzorkl po vylouéeni odlehlych hodnot byl
pro regresni analyzu rozdélen podle pudnich druhd (pro
draslik, hot¢ik a vipnik). Pro tyto jednotlivé podsoubo-
ry i pro cely soubor po vylouceni odlehlych hodnot
byly vypocitany parametry regresnich pfimek. Vysled-
ky jsou shrnuty v tab. IV a na obr. 1 az 7. Z prab&hu
zdvislosti je zfejmé, Ze piedpoklad linedrniho vztahu
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7. Vztah mezi metodami MII a MIII pro vipnik podle pidnich druhi -
Relationship between MII and MIIT methods for calcium according
to the soil types

mezi metodami, ktery vychdzel z literarnich uddaja
a byl oekavan na zakladé velmi blizkého slozeni obou
extrakénich roztoku, byl opravnény a Ze vztah mezi
obéma metodami je velmi tésny.

Pro fosfor jsou vysledky stanovené metodou MIII
vyssi 0 20 aZ 25 % neZ metodou MII. U drasliku jsou
smérnice regresni primky i dseky pro jednotlivé padni
druhy téméi shodné a zvySeni mérenych hodnot pro
metodu MIIT je asi 10 %. U tézkych pid dochazi ke
zvySeni hodnoty dseku a soucasné k mirnému sniZeni
smérnice. Regresni piimky pro hoic¢ik vykazuji posun
useku k vySSim hodnotam pro pudy stiedni a t€zké v po-
rovnani s pidami lehkymi. Smérnice pro lehké a stiedni
pudy je shodnad, pro tézké pidy dochdzi k jejimu mir-
nému snizeni. Prabéh regresnich primek pro vapnik je
obdobny jako pro hoi¢ik s tim rozdilem, Ze smérnice
jsou shodné pro vSechny padni druhy. Pro vapnik

a hoicik je zvySeni méfenych hodnot pro metodu MIII
asi 7az 9 %.

Spravnost regresnich rovnic byla testovana parovym
testem vysledkt ziskanych metodou MIII a vysledka
méfenych metodou MII po piepoctu podle regresnich
rovnic uvedenych v tab. IV na hodnoty metody MIII.
Mezi obéma soubory nebyl zjistén statisticky vyznam-
ny rozdil. Vysledky parového testu uvadi tab. V.
V prvnim sloupci je uveden porovnavany par, ve dru-
hém rozsah porovnavaného souboru, ve tfetim vypoc-
tend hodnota 1, kterd se porovnava s tabeldrni hodno-
tou, ve ¢tvrtém sloupci je uvedena uroven signifikance
(vynasobenim této hodnoty 100 je moZné ziskat pravde-
podobnost tvrzeni, Ze oba porovnavané soubory jsou
shodné). Z vysledki je ziejmé, Ze ve viech piipadech jsou
pii pouZité testovaci hladiné vyznamnosti p = 0,01 sou-
bory méfené a vypoctené velmi vysoce prukazné shodné.

Z vysledku této prace vyplyva, ze zavedeni metody
MIII do systému agrochemického zkouSeni pid CR je
mozné, aniz by doSlo k ovlivnéni zastoupeni pud v jed-
notlivych kategoriich zasobenosti. Obé metody jsou
z hlediska provedeni i sloZeni extrak&niho roztoku pfi-
buzné, vztah mezi nimi je velmi té€sny a regresni rov-
nice pro prepocet kritérii jsou vysoce spolehlivé.

Pouzité zkratky

ICP-OES - optickd emisni spektrometrie s indukéné
vazanym plazmatem

ICP-MS - hmotnostni spektrometrie s indukéné viza-
nym plazmatem

SFA — pritokova analyza se segmentovanym to-
kem

FIA — prutokova injekéni analyza

CZE — kapilarni zondlni elektroforéza

EDTA - kyselina etylendiaminotetraoctova

MIII — extrakéni postup Mehlich IIT

MII — extrakéni postup Mehlich II

MI — extrakcni postup Mehlich 1

CAL — extrakce pud roztokem mléénanu vapena-
tého, octanu vipenatého a kyseliny octové
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AGROCHEMICKE ZKOUSENI ZEMEDELSKYCH PUD

V CR OD ROKU 1999

Agrochemické zkouSeni zemeédélskych pad se
provadi systematicky v pravidelnych odbérovych
cyklech od roku 1961. Dnem 1. zafi 1998 nabyl
uc¢innosti zakon ¢&. 156/1998 Sb., o hnojivech, ktery
nahradil zakon ¢. 61/1964 Sb., o rozvoji zemédélské
vyroby. Novy zdkon v § 10 a navazujici vyhlasce
stanovuje pravidla agrochemického zkouseni zeme-
délskych ptud od 1. ledna 1999.

Zkouseni pid bude i nadale probihat v Sestiletych
cyklech beze zmén ve zpisobu odbéru puidnich vzor-
ki, pii koordinaci a vyhodnocovani vysledka Ustied-
nim Kkontrolnim a zkuSebnim dstavem zemédélskym.
Odbérem vzorkt a chemickymi rozbory bude tstav
na zakladeé Zadosti povéfovat osoby, které proka-
Zou zpisobilost k této ¢innosti. Vlastnik zemédélské
pudy (podnikatel v zemédélstvi) je povinen strpét
ukony souvisejici s provadénim zkou$eni. Vyhod-
nocené vysledky, tykajici se jim obhospodarované
pudy, mu budou na poZadani istavem poskytnuty.
Predéni vysledkt podléha spravnimu poplatku.

Ve vSech puadnich vzorcich se stanovuje padni
reakce, obsah uhli¢itani a obsah pfistupného fos-
foru, drasliku, hoi¢iku a vapniku. Dile se vypodi-
tava aktualni kationtova vyménna kapacita, potieba
vapnéni vychdazejici z pH, druhu pidy a kultury
a pomér K : Mg. V pudnich vzorcich z pozemku
specidlnich kultur (vinice, intenzivni sady, chmelni-
ce, zelinafské plochy) budou v odivodnénych pfipa-
dech stanoveny vybrané stopové prvky. V pudnich
vzorcich s rizikem vstupu nezadoucich latek do po-
travniho fetézce bude tstav podle pokyni Minis-
terstva zemé&délstvi CR sledovat nékteré rizikové
prvky a rizikové latky.

Pro stanoveni obsahu piistupnych Zivin v pidé
bude od roku 1999 zavedena do agrochemického
zkouSeni metoda Mehlich III, kterd se postupné stala
jednou z velmi pouZivanych univerzélnich extrak-
&nich metod. Je to Gspé§né modifikovand metoda
Mehlich II, lisici se sloZenim extrakéniho roztoku.
Kyselina chlorovodikové je nahrazena kyselinou

dusic¢nou a chlorid amonny dusi¢nanem amonnym.
Pridavek EDTA umoZiiuje rozsifeni pouZitelnosti
metody 1 na stanoveni médi. Extrak¢ni ¢inidlo Meh-
lich IIT ma toto sloZeni (mol.l"): kyselina octova
0,20, NH,F 0,015, HNO5 0,013, NH,;NO;5 0,25,
EDTA 0,001.

UKZUZ ovéfil tuto metodu na souboru 2799 pud-
nich vzorka, ktery velmi dobie charakterizuje zastou-
peni pidnich druht a dalSich agrochemickych
vlastnosti pad v CR (Zbiral J., Némec P.: Rostl.
Vyr., 45, 1999: 1-7). Z vysledki vyplynulo, Ze obé
porovnavané metody (Mehlich II a III) jsou velmi
podobné, uvoliiuji z pidy Ziviny obdobnym zpuso-
bem. Rozdily ve zjistovanych hodnotach vSech prvki
jsou pomérné malé, pouze fosfor stanoveny meto-
dou Mehlich III je vyznamné vys$§i. Hlavnim pfino-
sem metody je roz§ifeni moznosti stanoveni o méd,
zinek, pfipadné bor. Rozpracovano je rovnéz sta-
noveni siry.

V ndvaznosti na zménu analytické metody byla
novelizovana i kritéria hodnoceni vysledku. Pro ty-
to zmény bylo rovnéZ vyuZzito poznatki z dlouho-
dobych polnich pokust se stupiiovanymi davkami
fosforu a drasliku. Nova kritéria maji pouze pét
kategorii obsahu Ziviny — nizky, vyhovujici, dobry,
vysoky a velmi vysoky. U fosforu byla zachovana
pouze jedna limitni hranice, rozdéleni podle pud-
nich druht bylo zruSeno. Pfechodem na metodu
Mehlich III nedochdzi ke statisticky vyznamnym
zm&nam v zastoupeni obsahu pfistupnych Zivin
v jednotlivych kategoriich. Provedené zmeény zajis-
fuji dobrou navaznost na dlouhodobé sledovani vy-
voje pudnich tdrodnosti.

Soucasnéd podoba agrochemického zkouseni ze-
médélskych pid, stanovena ziakonem o hnojivech,
piedstavuje moderni systém sledovani parametri
pudni drodnosti, blizky systémum uplatiovanym
v fad& evropskych stétu, napi. v SRN, Rakousku,
Nizozemsku. Cilem je zabezpeceni trvalé produkc-
ni schopnosti zemédélsky vyuZivanych pud.




INFLUENCE OF SOME SOIL PROPERTIES
ON THE CONTENT OF SELECTED Al FORMS
IN THE SOIL OF THE DUMPSITE LITOV

VLIV NEKTERYCH PUDNICH VLASTNOSTI NA OBSAH
VYBRANYCH FOREM Al V PUDE VYSYPKY LITOV

L. Boruvka, J. Kozak, O. Drabek

Czech University of Agriculture, Praha, Czech Republic

ABSTRACT: In 110 soil samples taken from the surface layer of the dumpsite Litov, content of labile Al in 1 M KCI extract
and of Al extractable with 0.05 M Na,P,0; was determined in order to assess the influence of basic soil properties and
management measures on Al forms. All determined properties showed very high variability. Mean labile Al content was
70.1 mg.kg"" mean content of Al in pyrophosphate extract was 1487 mg.kg". On sites where no improving measures took
effect, there was higher acidity and carbon and labile Al content than on areas covered with natural topsoil or planted with
high-grown trees. On the latter areas, on the contrary, there was a higher amount of Al in pyrophosphate extract, probably
due to higher content of complexing organic compounds. The relationships were complicated by carbon derived trom brown
coal remains. However, as a result of management measures, the processes developed towards processes common in natural
soils. soil pH and organic matter being the most important factors affecting Al speciation.

Keywords: mobile forms of Al; dumpsite; anthropogenic soils; soil reclamation; organic matter

ABSTRAKT: V posledni dobé& je znaénd pozornost vénovina studiu mobilnich forem Al v pudich, nejcastéji lesnich. Tato
price se zabyva sledovanim obsahu vybranych forem Al v antropogenni pudé na rekultivované dalni vysypcee Litov. Bylo
odebrano 110 vzorkl ze svrchni vrstvy 0 az 20 cm v pravidelné siti 100 x 100 m. Ve vzorcich byly stanoveny zakladni padni
charakteristiky (pHgcp, Vi Coxr Quzq @ obsah organického uhliku extrahovatelného difosfore¢nanem tetrasodnym — EOC)
a ddle obsah labilniho Al ve vyluhu I M KCI (Aly,,) a Al ve vyluhu 0,05 M Na,P,0; (Al
vykazovaly znacnou variabilitu, danou jednak jiZ heterogenitou uklddaného materidlu, jednak zpisobem rekultiva¢nich
a zdrodiovacich opatfeni. Pidni reakce byla v rozsahu od extrémné kyselé (minimum pHy¢, 1.6) po neutrdlni. Obsah humusu
bylo moZné oznacit vétinou za stiedni aZ vysoky (pramérny obsah C,, byl 2,41 %) a jeho kvalitu za hor$i (primérnd hodnota
Qyye byla 5,96), situaci viak komplikuje skutecnost, Ze znaénd Cist zjisténého C,, pochizi ze zbytki uhli, takZe nejde pouze
o uhlik pidni organické hmoty. Dikazem toho je i vyssi obsah C,, na mistech. kde nebyla pouZita Zadnd zirodiovaci opatieni
nebo kde se tato opatieni dosud neprojevila, nez na plochach prekrytych ornici nebo pod vzrostlym porostem borovice a ol3e.
Na této druhé skupiné stanovist byl naopak zjistén vy§si obsah Alnrg, ziejmé v disledku vétSiho zastoupeni komplexotvornych
organickych litek. Na nerekultivovanych plochéch nelze vyloucit vyssi podil anorganickych forem Al ve vyluhu NayP,0;.
V praméru se hodnoty obsahti obou méfenych forem Al (primérny obsah Al = 70.1 mg.kg™!, Al = 14874 mgkg™)
pohybuji v rozsahu béZném pro piirozené pidy (Makovnikovd, Kanianska, 1996; Ponette et al., 1996; Kozik. Boriivka. 1998).
Korela¢ni analyza ukdzala pomérné tésny vztah obsahu Aly, s pHgep (= =0.635). vyménnou aciditou (r = 0,661) a obsahem
EOC (r = 0,557). Vztah Al,,, k ostatnim charakteristikim byl slabsi. Ve vicendsobné regresni analyze obsahu obou forem
Al byly zahrnuty pouze pHyc a C,, regresni model pro Aly,, popisoval viak lépe zmény hodnot (R* = 43,75 %) nez model
pro Al (R* = 16,30 %). Ve faktorové analyze byly vybrdny dva spolecné faktory popisujici piiblizné 70 % celkové
proménlivosti. RozloZeni jednotlivych proménnych v projekci faktorovych zitézi bylo velmi podobné tomu, jaké bylo zjisténo
u piirozenych pid z oblasti Sumavy (Kozdk, Borlivka, 1998). Prvni faktor byl oznacen jako faktor pudni reakce. Fidici
piedeviim obsah Alp,. OznaCeni druhého faktoru, ktery ma zivaZnou zdté€Z pro Al jako faktoru organické hmoty je
komplikovino tim, Ze zjiStény C,, nepfedstavuje pouze organicky uhlik. Obecné plati, Ze piekryti ornici i zalesnéni ma
prevazné piiznivy vliv na zmény v rekultivované pidé a vede k postupnému pfibliZovéni k pfirozenym piidnim podminkdm.

). Viechny sledované vlastnosti

Klicova slova: mobilni formy Al; vysypka; antropické piidy; rekultivace; organickd hmota
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INTRODUCTION

A lot of attention has been paid to the determination
of the content of labile Al forms in the soil recently. It
represents a serious problem in naturally acid soils and
in soils acidified as the consequence of human activi-
ties. The fact that soil pH is generally the most impor-
tant factor controlling Al solubility and mobility in the
soil was confirmed by many authors. In acidic mineral
soil horizons, the Al solubility is suggested to be con-
trolled by the complexation reactions with soil organic
matter (Mulder, Stein, 1994; Berggren, Mulder, 1995;
Porebska, Mulder, 1996). Gurung et al. (1996) found
a reduction of Al toxicity also due to complexation
with organic matter in an oxidised mine waste. How-
ever, more works dealing with anthropogenic soils
formed on reclaimed dumpsites following former min-
ing activities are still quite rare; till now, most studies
on soil Al have been carried out on natural soils, espe-
cially on forest sites.

In Northern Bohemia, large scale strip mining (or
open cast mining) of brown coal has been performed
for a long time. Permanent dumpsites of deposited ster-
ile rock account for a large area (cca 8000 ha). In
agreement with the Czech legislation, an effort is con-
centrated on landscape reclamation and revitalisation.
In order to make an agricultural or forest usage possi-
ble, it is necessary to improve the sterile rock either by
a natural topsoil cover, which is however limited, ar by
addition of organic matter and other increments.

The aim of this study was to evaluate the interrela-
tions among selected soil properties and their influence
on labile and organically bound Al content in the top-
soil of the reclaimed dumpsite Litov. The effects of the
minesoil reclamation, particularly the covering with
natural topsoil and potential vegetable cover, were
studied. The results are compared to those found in
natural soils under forest and grassland.

a
tbone

MATERIAL AND METHODS
Studied area and sampling scheme

The dumpsite under reclamation Litov is situated in
North-west Bohemia near Sokolov (Fig. 1). It was de-
posited during the last ten years. It originated mainly
from the materials covering brown coal layers. Main
constituents of it were cypris clays, with admixture of
minerals of pyritic nature and brown coal particles. As
it can be seen from the map (Fig. 2), a part of the area
was planted with trees (pine and alder), a small area
was marshy. on a part the top layer was mixed with
natural topsoil, and a small area was covered with top-
soil without mixing. The rest of the surface was left
without changes in the time of sampling; it was only
sparsely covered with some spontancous grasses.

The total sampled area was 1.1 km?. Soil samples
were collected in a regular grid 100 x 100 m, from the
depth 0 to 20 cm. In total, 110 samples were collected.
Samples were air dried and sieved through 2-mm mesh.

Analytical methods

For details of the determination of labile Al in the | M
KCI extract and Al extractable with 0.05 M Na,P,04
see Kozdk, Bortivka (1998). Basic soil properties were
determined using commonly used methods: pHy ) and
exchangeable acidity (E,) were measured in | M KCl
extract. Organic carbon was determined oxidimetrically
and the quality of organic matter was described by
A4/A6 ratio (ratio of absorbance in soil 0.05 M
Na,P,0; extract at wavelengths 400 nm and 600 nm).
Extractable organic carbon (EOC) was determined oxi-
dimetrically in 0.05 M Na,P,04 extract. Details see in
Valla et al. (1980).
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2. The relief of the sampled area (the bordered square on the left
side) as described by contour lines of altitudes, and the distribution
of vegetable cover and reclamation measures (1 — raw surface, 2 -
marshy area, 3 — area planted with young pine trees. 4 — high-grown
pine trees, 5 — high-grown alders, 6 — surface layer mixed with
natural topsoil, 7 = surface covered with natural topsoil without
mixing)

Statistics

Statistical treatment was proceeded with software
Statgraphics Plus for Windows version 3.1 (Manugis-
tics, 1997). Interrelations between Al content and soil
characteristics were assessed by factor analysis and
multiple regression.

RESULTS AND DISCUSSION

Values of soil properties indicated very strong hete-
rogeneity of the dumpsite soil (Tab. I). Soil pHy e ran-
ged from extremely acidic (minimum was as low as
1.6) to neutral; neutral values were found mainly on the
area covered with natural topsoil and then on sites close
to the northern edge of the dumpsite. Determined carbon

content was relatively high, however. it does not repre-
sent only soil organic carbon, but also carbon derived
from remains of brown coal in the deposited material.
For this reason we prefer to use the term oxidizable
carbon (C,,) rather than organic carbon in these condi-
tions. The content of the carbon extractable with sodium
pyrophosphate (EOC) accounted in average for a half
of the total oxidizable carbon content (48.96%) and it was
in close relationship with this characteristic (# = 0.791).
More precisely, the content of extractable organic car-
bon could be expressed as a function of the total oxi-
dizable carbon content and pHgy, as it was shown by
means of step-wise regression analysis (%EOC = 0.687
+0.561 %C,y — 0.192 pHgps R2 = 76.1%, P < 0.0001).
The negative value of coetficient for pH in the regres-
sion equation would indicate in natural soils formation
of less developed humic substances with weaker bonds
to the mineral particles. In these conditions, however,
the relationship between the content of carbon in brown
coal remains and acidity of the deposited material can-
not be excluded, either. The relatively higher values of
A4/AG6 ratio indicated preponderance of organic sub-
stances less developed with lower molecular weight.

Both determined forms of Al showed wide range of
values and very high variability. Mean labile Al content
in soil was comparable to data given by Ponette et al.
(1996), and Porebska, Mulder (1996). The values were
close to those given by Makovnikova, Kanianska
(1996) for Cambisols and Fluvisols. They were similar
also to labile Al content found in natural grassland soils
of Sumava mountains (Kozdk. Bortivka, 1998). Al con-
tent extractable with pyrophosphate was lower than that
found in Sumava soils, what can be explained by lower
organic matter content and different nature of oxidiz-
able carbon.

Analysis of variance showed the influence of vege-
table cover and topsoil management on soil properties
(Tab. II). Labile Al in KCI extract was the only value

I. Summary statistics of determined soil characteristics: pHycy, exchangeable acidity (E,). oxidizable carbon content (C ). pyrophosphate
extractable carbon content (EOC). A4/A6 ratio. content of labile exchangeable Al (Aly,,) and Al extractable with NayP,05 (Al )

Variable/parameter pHkey [mmol(;;ll()() ¢l (%“) l;:‘(/?f A4/AG ““:l‘l;;e',u )
Mean 4.07 3.38 241 1.26 5.96 70.1
Median 3.60 2.45 2.59 1.33 593 42.1 1 038.0
Geometric mean 375 115 2.16 0.87 593 11212
Minimum 1.60 0.07 0.32 0.03 4.73 0.0 282.0
Maximum 7.00 10.67 3.83 3.04 9.59 295.5 14 476.0
Standard deviation 1.63 3.39 0.88 0.78 0.63 78.0 1 780.4
Skewness 0.38 0.42 -0.70 0.00 1.91 0.9 4.8
Coefficient of variation (%) 40.2 100.4 36.6 62.4 10.6 112.0 119.7
Transformed
Mean (log,,,) 0.773 3.05
Median (log,,) 0.773 3.02
Standard deviation (log,,) 0.043 0.28
Skewness (log,,) 1.06 1.20
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that did not differ significantly between the groups.
Area covered with natural topsoil differed from the ot-
her areas, especially in soil pH, as it was expected
according to the different origin of the topsoil material.
There was no significant difference between raw surfa-
ce, i.e. the area sparsely covered with grasses where no
reclamation measures were applied, marshy area, i.e.
the raw material constantly wet, the area planted with
young pine trees, and the area where surface layer was
mixed with natural topsoil. It can be explained by the
fact that young pine trees could not change yet in an
important manner the soil properties, and that the rate
of natural topsoil used for mixing was too low, respec-
tively. On areas planted with high-grown trees, both
pine-trees and alders, there was a higher amount of Al
extractable with sodium pyrophosphate. As this form
of Al is supposed to be mainly organically bound, it
indicates here the formation of complexing organic
substances as a result of plant growth, especially of
root exudation. Lower percentage of oxidizable carbon,
both total and extractable, under alder trees can be ex-
plained by higher rate of mineralization probably due
to increased microbial activity. Lower extractable car-
bon content together with higher organically bound Al
in soils under alder trees seemed to approve the presup-
position that the carbon extracted on raw areas origina-
ted partly from brown coal remains and did not result

from organic matter development in soil. This assump-
tion is furthermore supported by the fact that at a half
of all samples the ratio Al/C in NayP,0; extract was
lower than 300 cmol/kg C, majority of which were
samples from areas where no improving measures took
effect, indicating so a larger amount of non-complex-
ing carbon compounds.

The sites were then divided into two groups accor-
ding to the effect of improving management measures
(Tab. III). In the first group (21 sites) the areas affected
by improving measures (area covered with natural top-
soil and areas with high-grown trees) were included.
Into the areas non-affected significantly by improving
measures, remaining areas were grouped (89 sites). In
the affected area there was significantly lower exchan-
geable acidity, and total oxidizable and extractable car-
bon content and significantly higher amount of Al ex-
tractable with sodium pyrophosphate. Labile Al content
was insignificantly lower.

The ratio Al to C in pyrophosphate extract exceeded
only in 19 samples the value 1000 cmol Al/kg C given
by Berggren, Mulder (1995) as the maximum of metal
binding by soil organic matter. It could indicate that
portion of inorganic Al extracted with pyrophosphate
was relatively low. However, very weak correlation
between Al content determined in NayP,0; extract
with extractable carbon content and even negative cor-

II. Results of one-way analyses of variation in division according to the way of soil reclamation measures and vegetable cover (1 — raw

surface, 2 — marshy area, 3 — area planted with young pine trees, 4 —

high-grown pine trees, 5 — high-grown alders, 6 - surface layer mixed

with natural topsoil, 7 - surface covered with natural topsoil without mixing); a, b, ¢ — denote homogeneous groups at o = 0.05, a — stands

for lower means of groups

Al

Covery. | Nmber | Pk | pnoiGSn00 g | @ | dogw | ke (,g;iﬁ»)l)
F-ratio 1.88 247 7.29 4.03 3.33 0.65 7.88
P-value 0.092 0.028 < 0.001 0.001 0.005 0.687 < 0.001

1 67 a b, ¢ b c a a a

2 3 a ¢ b c a, b a a, b

3 10 a,b a, b b b, ¢ a a a

4 4 a,b a, b b a,bc a a b, ¢

5 13 a a a a b a e

6 a a, b, c b ¢ a a a, b

7 b a b a, b a a a

I11. Comparison of variable means between the area affected by improving measures (area covered with natural topsoil and areas with

high-grown trees) and the area non-affected (remaining areas)

Variable Affected area Non-affected area I-test P-value
PHkq 4.55 3.96 1.515 0.066
E, [mmol(+)/100 g] 1.40 3.85 3.089 0.0013
Cox (%) 1.54 2.61 4.491 < 0.001
EOC (%) 0.64 1.40 4.291 < 0.001
A4/A6 6.37 5.87 2.303 0.015
Al (mgkg™) 449 76.3 1.654 0.051
Al (mg.kg™") 3 169.1 1 090.5 2.708 0.007
12 ROSTLINNA VYROBA, 45, 1999 (1): 9-15



1V. Correlation matrix of determined soil properties (significance level: 005, 0.0, “0.001)

. . Al
Vasinble PHic [mnml(E:)lll()() ) @ ) 3:::.{; <.n§l|'£§‘» H togy),
(mg.kg™)
pHy e 1.000
E, -0.877"" 1.000
Cos ~0.400™" 0.539"" 1.000
EOC -0.653"" 0.685"" 0.791°" 1.000
A4/AG (log)) -0.027 -0.053 -0374™" -0.281" 1.000
Al -0.635""" 0.661"" 0.408"" 05577 ~0.073 1.000
Al (log;y) -0.243 0.088 -0.199" 0.044 0.031 0.022 1.000
350 with total oxidizable carbon was weaker, but also sig-
300 . . y= 4158555 n'ificant Fr = 9.408). The values of correlation coetti-
& T ol s cients \.Nllh soil pH a.nd C,x were comparable to those
e ’ found in Sumava soils (Kozak, Borfivka, 1998), they
s 200 were, however, lower than data given by Makovnikova,
g 150 Kanianska (1996). Relationship of labile Al on pHy
Eg e is shov'vn in liig. 3. Step-wise mu!tiplc Iinear_ regression
_ 2 . analysis confirmed that the most important factors con-
50 «° ** «° tolling Al content determined in both used extracts
0 - 2 . were pHyy and carbon content (Tab. V). In the mo-
1 2 3 4 5 6 5 dels, total oxidizable carbon content that gave better

pHkal

3. Regression of dependence of labile Al content in KCI extract
(Aly) on soil pH

relation coefficient (=0.199) of the relationship with
total oxidizable carbon (Tab. IV) suggested again that
an important part of this carbon originated from coal
remains and that inorganic Al in pyrophosphate extract
cannot be omitted. Based on an assumption that inor-
ganic Al forms should be more pH-dependent than or-
ganically bound Al, a larger amount of inorganic Al in
the extract was supported by the relationship between
Al extracted with Nay,P,0, and soil reaction charac-
teristics; that relationship was more pronounced when
areas planted with high-grown trees and area covered
with natural topsoil, i.e. the areas with higher possibility
of organic complexing compounds content and/or produc-
tion, were excluded from calculation (r = —0.458"" for
pH and 0.414™" for exchangeable acidity).

Correlation analysis showed also that labile Al con-
tent was in relatively close relation with soil pHy
(r = -0.635), exchangeable acidity (r = 0.661), and ex-
tractable organic carbon content (r = 0.557); correlation

results was included. It could be, however, replaced by
EOC, because EOC represents largely a combination of
Cox and pHgc, as it was shown above. The model for
Aly,, was better fitted (R* = 43.75%), Aly was influ-
enced also by some other factors (R2 = 16.30%).

In factor analysis two common factors accounting
for about 70% of total variability were selected and the
model was rotated using Varimax rotation (Tab. VI and
VII). Projection of factor weights (Fig. 4) was very
similar to that found for natural soil of Sumava region
(Kozék, Bortivka, 1998). Very clear was close relation-
ship between labile Al and exchangeable acidity. in
a relatively close position to these characteristics was
also extractable carbon and total oxidizable carbon con-
tent. Soil pHygy was in the opposite position close to
the axis of the first factor, indicating so negative rela-
tionship with labile Al content. The first factor can be
interpreted as the factor of soil reaction. The second
factor had significant weights for A4/A6 ratio and Al
extractable with sodium pyrophosphate, significant ne-
gative weight was for oxidizable carbon content. In
Sumava natural soils this factor was interpreted as the
factor of organic matter. However, in these conditions
of the dumpsite soil it is more complicated. as it was
discussed above. Projection of scores for individual
sites (Fig. 5) showed an apparent difference given by the

V. Multiple linear regression of dependence of the content of determined Al fractions in soil on soil properties: regression coefficients for

pHgcy and C,, F-ratio of the model and R-squared
Al fraction Constant pHyey % Coy F-ratio R? (%)
Al (mg.kg™) 140.36 -27.20 17.86 40.06™"" 43.75
Al (log;,) (mg.kg™") 3.591 -0.0662 -0.113 10.42"* 16.30
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VI. Factor analysis of the content of Al fractions and soil characteristics: eigenvalues of common factors and their share on total variation

of the variables

Factor Eigenvalue % of variation Cumulative %
1 3.547 50.7 50.7
2 1.363 19.5 70.1
3 0.958 13.7 83.8
4 0.522 15 91.3
5 0.358 5.1 96.4
6 0.162 23 98.7
T 0.091 1.3 100.0

VII. Factor analysis of the content of Al fractions and soil characteristics: weights of first two common factors before and after Varimax

rotation and communalities of the variables

Variable Factor 1 Factor 2 Rotated factor | Rotated factor 2 Communality
PHyq 0.852 -0.395 -0913 -0.220 0.882
E, -0.899 0.215 0.924 0.034 0.855
Cox -0.753 -0.499 0.640 -0.638 0.816
EOC -0.890 -0.177 0.838 -0.349 0.824
A4/A6 (log,,) 0.240 0.673 -0.102 0.707 0.510
Al -0.769 0.154 0.784 -0.001 0.614
Al (logyy) -0.072 0.635 0.196 0.609 0.409
Eigenvalue 3.547 1.363 3.462 1.448 4910
% of variation 50.7 19.5 49.5 20.7 70.1
Factor weights Factor scores
1 6
A4/A6, ° o,
.Alo 4| 4 T
4 .
o 05 e " ; )
’5 =2 .
2 E, g ~ 8oy
® @ : a7 2 | e
T A R - ()
T hab S % TR
s * pHkai . g .
= J 1
&, EOC 2 2 o S " .
-0.5 T
*
Cox -4
-1 -6
-1 -0.5 0 0.5 1 6 -4 2 0 5) 4 6
Rotated factor 1 Rotated factor 1

4. Factor analysis of Al forms content and soil characteristics: pro-
jection of weights of the first and second common factors after
Varimax rotation (for labels see Tab. I)

way of soil management and plant growth. On sites
covered with natural topsoil and under high-grown
trees, there is generally a lower acidity and higher
amount of Al bound probably really in organic comple-
xes than on sites non-affected by improving measures.

14

5. Factor analysis of Al forms content and soil characteristics: pro-
jection of factor scores of the first and second common factors after
Varimax rotation (black points — sites where improving measures did
not take effect, white points — sites with natural topsoil covering or
high-grown trees)

The values of communalities showed that the factor
analysis model explained well soil reaction and carbon
content characteristics (h2 > 0.8), relatively well ex-
plained was also labile Al content (h* = 0.614). Explana-
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tion of A4/A6 ratios and especially of pyrophosphate
extractable Al was rather poor (h2 = (0.510 and 0.409,
respectively).

CONCLUSIONS

The surface layer of the soil on the dumpsite Litov
showed very strong variability of soil properties. Besi-
des the original heterogeneity of deposited material, the
main source of this variability was probably the soil
management, particularly covering with natural topsoil
layer and aforestation procedure. These measures led to
a development towards processes and relationships si-
milar to those in natural soils. However, on the areas
where no reclamation measures were used, the situation
was complicated by a larger amount of carbon origina-
ted in brown coal remains, lack of complexing agents,
and consequently larger portion of inorganic, pH-de-
pendent Al even in the sodium pyrophosphate extract.
The content of labile Al was comparable to that found
in natural soils and Al distribution among its fractions
was controlled by the same factors as in natural soils,
soil reaction and organic carbon content being the most
important.
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EFFECT OF WINTER AND SPRING PRECIPITATION
ON WHEAT YIELD

VLIV ZIMNICH A JARNICH SRAZEK NA VYNOS PSENICE

N. Mladenov, N. Przulj

Institute of Field and Vegetable Crops, Novi Sad, Yugoslavia

ABSTRACT: This study has shown that it is winter precipitation that has a greater effect on winter wheat grain yields and
their stability. The effect of spring precipitation, for its part, depends more on the distribution than on the amount of precipitation.
Significant differences were observed between the variety. years. and variety x year interactions in the study. During the
twelve years of the trial, the highest-yielding winter wheat varieties were Somborka, Rodna, Milica, Novosadska rana 5 and
Studena, while Milica and Ibarka turned out to have the greatest stability in addition to high yields. Somborka. Rodna and
Novosadska rana 5 gave the highest yields in years with more spring precipitation (April to June period), while years with
more precipitation in the winter turned out to be the most suitable for Danica and Studena.

Keywords: winter wheat; yield stability; distribution of precipitation; components of variance; cluster analysis

ABSTRAKT: Hodnota genotypu spocivda v jeho genetickém potencidlu pro vynos zrna a v jeho schopnosti udrZet tento
potencidl na vysoké urovni za raznych ekologickych podminek. Cilem price bylo stanoveni vySky a ekologické stability
vynostt zrna u 22 odrid ozimé penice. Za timto Gcelem jsme v letech 1984 az 1995 uskute¢nili fadu pokusti na experimen-
talnim pozemku Ustavu pro polni plodiny a zeleninu v Rimski Sancevi. Vysledky jsme zpracovali pomoci analyzy rozptylu
dvoufaktorového pokusu, variaénich koeficientl, parametr stability a klastrové analyzy. Mezi jednotlivymi genotypy. roc-
niky a interakcemi odriida x ro¢nik jsme zaznamenali vyznamné rozdily. Nejvyssich vynosu za 12 pokusnych let dosihly
odriidy Somborka, Rodna, Milica, Novosadska rana 5 a Studena, pri¢emZ odridy Milica a Ibarka vykazovaly kromé vysokych
vynost i nejvys§i stabilitu. U odrid Somborka, Rodna a Novosadska rana 5 jsme zaznamenali nejvy$si vynosy v letech
s vét§im mnozstvim sraZzek na jafe (v obdobi duben aZ Cerven), zatimco rocniky s vét§im mnoZstvim srizek v zimé byly
vhodné pro péstovini odrid Danica a Studena. Vysoké a stabilni vynosy didle mély odridy Proteinka, Di¢na, Danica, Jugo-
slavia, Stepa, Staparka, Tanjugovka a Kosovka.

Klicova slova: ozima pSenice; vynosova stabilita; rozlozeni srazek; slozky rozptylu; klastrova analyza

15% of the acreage affected by stress (Christiansen,

INTRODUCTION

Environmental factors act upon living organisms in
a complex way, oftentimes making it practically im-

possible to determine exactly the individual effect of

a particular factor. Whether agricultural plants achieve
their full genetic potential or not, it will depend on
various agroecological conditions. Any environmental
factor capable of keeping plant growth or yields below
their genetic maximum is defined as a biological stress
(Salisbury, Marineous, 1985). Temperatures, erratic
precipitation (Drezgi¢, 1972), and varying soil water
balance (Vucié, 1991) are known to be the three main
reasons for the instability of wheat yields.

Only 10% of the total world surface under agricul-
tural crops is characterized by stress-free conditions for
plant growth and development, the main limiting factor
in crop production being water deficiency. Drought is
the main problem on 26% and low temperatures on
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1982). Monti (1987) estimates that drought is the lim-
iting factor on as much as one third of the agricultural
acreage in the world.

In Yugoslavia, due to the global climatic changes
(Ludlow, Muchow, 1993; Waggoner, 1993), droughts
occur frequently, in particular since 1980 (Jovanovic et
al., 1996). Based on the annual drought index values,
the number of drought years in the Vojvodina province,
for instance, ranges from 50% in Sremska Mitrovica to
78% in Pali¢ (Dragovi¢, 1995).

A soil water shortage usually occurs when soil mois-
ture drops below 42 to 46% of the maximum water
capacity (Djokic, 1990). Although in Yugoslavia wheat
is not an irrigated crop, it will still react positively to
irrigation; i.e. water additions can increase wheat yields
by 5 to 61% (Dragovi¢, Maksimovié¢, 1990). The in-
crease in grain yields is greater (35 to 53%) when soil
moisture is raised from 50 to 65% of the maximum soil
water capacity than when moisture increased from 65
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to 80%, in which case yield increases range between 4
and 32% (Dimitrijevi¢, 1975).

Environmental conditions are the greatest limiting
factor as regards yields. One way to tackle the problem
of drought, therefore, is to improve the physical and
chemical properties of the environment. Another ap-
proach is to develop resistant cultivars by incorporating
genes for drought resistance into genotypes with high
potential productivity.

How valuable and widespread a genotype will de-
pend not only on its absolute productivity or the pos-
session of some other desirable trait but also on its
ability to maintain these at a high level under different
environmental conditions (Dotla¢il, Toman, 1991;
Mladenov, 1996). Developing genotypes capable of
this is an important objective in wheat breeding.

The objective of this study was to determine how
variations in the distribution of precipitation affect the
height and environmental stability of winter wheat
grain yields.

MATERIAL AND METHODS

The 12-year trial with 22 winter wheat varieties was
conducted between 1984 and 1995 at the Experimental
Field of the Institute of Field and Vegetable Crops at
Rimski Sandevi. A randomized block design with five
replications was used. The experiment was carried out
on the flat soil calcareous chernozem type. According
to soil properties, it was supposed that soil absorb all
precipitation quantity.

Data were processed using variance analysis of
a two-factorial trial according to HadZivukovi¢ (1991),
which was then used to calculate the contribution of
particular components of variance (Borojevié, 1992).
The yield variation of the varieties in the selected years
with more winter, as well as year with more spring
precipitation is represented by the coefficient of vari-
ation (CV; and CV,, resp.). CV value represents vari-
ation of the varieties in all years of investigation.

The parameters of grain yield stability were calcu-
lated according to Eberhart, Russell (1966). These pa-
rameters are defined with the following model:

Y= W+ Bl + §;

where Y is the variety mean of the i* variely at the
T envnronment W; is the mean of the i variety over
all environments, B; is the regression coefficient that
measures the response of the i variety to varying en-
vironments, 8 is the deviation from regression of the

ith variety at thej fh environment, and 1 is the environ-
men[al index obtained as the mean of all varieties at
the j'h environment minus the grand mean. The first
stability parameter is a regression coefficient estimated
in the usual manner:

bi=ZY;I/EP
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The second stability parameter was estimated by
using the next formula:

8% = [Z8%/(n - 2)] - SUr

where Sf/r is the estimate of the pooled error (or the
variance of a variety mean at the jlh environment).

In order to assort varieties according to their grain
yields (t/ha), regression coefﬁcnems (b)), and mean
standard deviation from regression (s? d)), agglomerate
hierarchical cluster analysis using the Euclidean dis-
tance was employed. The clusters have been marked
with different capital letters, underscoring the relations
between them. Genotypes that could be classified due
to deviations have been marked with an asterisk.

Data processing was done using MSTAT-C (Crop &
Soil Sciences Dept. Michigan St. Univ. USA) and SPSS
(User’s guide for SPSS for Win. ver. 6.0. SPSS Inc.
USA).

During the experiment the sum of precipitation
ranged from 286 mm/m? in 1992 to 516 mm/m? in
1987 (Tab. I). Half the years (1984, 1987, 1989, 1990,
1992, 1995) had more spring (April to June) than win-
ter (November to March) precipitation, the amounts
ranging from 158 mm/m? in 1992 to 326 mm/m? in
1987. The amount of winter precipitation in years with
more wmter than spring prcc1p1tat|on ranged between
196 mm/m? (1995) and 287 mm/m> (1988).

I. Sum of precipitation (mm/m?) in different parts of the winter
wheat growing season

Year November—June | November-March | April-June
1984 349 147 202
1985 364 196 168
1986 383 225 158
1987 516 190 326
1988 434 287 147
1989 336 95 241
1990 367 145 222
1991 386 196 191
1992 286 ! 128 158
1993 335 202 133
1994 491 264 227
1995 465 225 240

RESULTS AND DISCUSSION

The highest-yielding varieties in the trial as a whole
were Somborka, Rodna, Milica and Novosadska (NS)
rana 5. Danica, Studena and Milica produced the high-
est yields in years with more winter precipitation, while
in years with more spring precipitation the highest
yields were those of Somborka, Rodna, and NS rana 5
(Tab. II).
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II. Average grain yields and variation coefficients in the years with more winter precipitation (CV)), in the years with more spring

precipitation (CV,) and in the all investigated years (CV)

Variety More winter precipitation More spring precipitation Mean" b s,
t/ha CV\% t/ha CVy% t/ha CV%

Partizanka 7.84 20.7 7.21 253 7.53 223 1.075 0.758
NS rana 2 8.25 11.2 7.32 29.0 7.78 20.6 0.966 0.963
Jugoslavija 8.41 15.0 7.81 225 811 18.4 0.899 0.790
Balkan 7.99 12.3 7.19 22.1 7.59 17.4 0.905 0.247
Posavka 2 8.04 14.2 7.16 25.6 7.60 20.1 0.967 0.657
Macvanka 2 8.04 85 7.03 228 7.54 17.1 0.862 0.298
Somborka 8.68 59 8.51 22,0 8.59 15.3 0.762 0.677
Jednota 8.66 15.4 7.66 287 8.16 22.1 1.259 0.413
Kosovka 8.57 13.2 7.83 25.5 8.20 19.5 1.126 0.242
Stepa 8.83 8.0 7.68 26.8 8.26 19.2 1.071 0.452
Studena 898 10.2 7.76 27.1 8.37 20.0 1.187 0.247
Staparka 8.84 8.4 7.65 25.1 8.24 18.4 1.083 0.160
Tanjugovka 8.61 1.7 7.70 244 8.16 18.6 1.098 0.081
Rana niska 8.50 18.2 7.60 294 8.05 23:5 0.966 2.035
Tami§ 8.64 17:2 7.89 26.6 8.26 214 1.209 0.515
Rodna 8.51 12.8 339 21.1 8.45 16.6 0910 0.469
Ibarka 8.59 10.5 8.06 23.0 8.32 17.0 1.000 0.178
NS rana 5 8.70 13.0 8.22 234 8.38 20.6 0.879 1.696
Danica 9.02 11.0 7.46 209 8.24 18.1 0.859 0.924
Dicna 8.51 6.78 777 27.0 8.14 18.6 0.952 0.675
Milica 8.97 Il:3 7.80 213 8.38 17.3 0.991 0.316
Proteinka 8.60 “10.6 7.92 25.6 8.26 18.6 0.980 0.642
Mean 8.54 12.0 7.71 233 8.12 18.8 1.000

" LSDy s = 0.237; LSD,, = 0.323

For all the varieties taken together, the average grain
yield during the twelve years of the trial was 8.12 t/ha.
All of the varieties had higher yields and lower coeffi-
cients of variation in years with more winter precipita-
tion (8.54 t/ha) than in those with more spring precipi-
tation (7.71 t/ha).

Variety x year interactions accounted for 28.2% and
the year for 57.6% of the total variability (Tab. III).
Genetic variability, however, contributed only 1.3%,
which is expected, given that the varieties were quite
uniform as regards their genetic potential. The great
variability between the years was due to variety x year
interactions, that is, yields of certain varieties depended

I1I. Analysis and components of variance of winter wheat grain yields

on the genotype’s response to the varying environ-
mental conditions.

The correlation between yields and winter precipita-
tion was positive and statistically significant (Tab. IV).
In the case of total and spring precipitation, however,
no statistical significance was established.

Soil conditions and cultural practices were approxi-
mately the same throughout our trial, allowing us to
calculate yield stability parameters and to determine
how the varieties responded to ditfering weather con-
ditions in different years of the experiment.

The varieties Ibarka, Milica and Proteinka had high
and stable grain yields (Tab. II, Fig. I).

Source of variation Degree of freedom Mean squares G° o
Replications 4 2416

Variety (V) 21 58337 0.040 13
Years (Y) 1 195.728" 1.748 57.6
Variety/Year (V/Y) 231 3.423" 0.856 282
Error 1 052 0.391 0.391 129
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1V. Coefficients of correlation between grain yields and precipitation

Grain yield

Total growing-season precipitation 0.242"™
Total winter precipitation 0.670"
Total spring precipitation 0.340™

" not significant at the 0.05 probability level

significant at the 0.01 probability level

Determination of genotypes similarity on the basis
of grain yield, regression coefficient, and mean standard
deviation from regression is more visible after genotypes
aggregation according to values of the above-mentioned
parameters. Cluster analysis was used to assort the va-
rieties and three groups have been obtained.

Group A includes Somborka, Rodna, Danica, Jugo-
slavija, Di¢na and Proteinka, all of which produced
yields that were above the average for all the varieties
taken together and had regression coefficients below 1
and a relatively similar standard deviation from regres-
sion (0.469 to 0.924).

Most varieties belong in group B (Milica, Ibarka,
Stepa, Staparka, Kosovka, Tanjugovka, Studena, Tami$
and Jednota). All of these had above-average yields,
regression coefficients close to (0.991) or higher than
I, and standard deviation from regression at 0.081 to
0.515.

Genotypes comprising group C (NS rana 2, Balkan,
Posavka 2, Partizanka and Macvanka 2) all gave lower-
-than-average grain yields and had different regression

coefficients (0.862 to 1.075) and different values of

standard deviation [rom regression (0.247 to 0.963).
NS rana 5 and Rana niska were special in that they
could not be classified into any of the groups because
of their high values of standard deviation from regres-
sion (1.696 and 2.035, resp.).
It is today hard to imagine successful selection wit-
hout a detailed breeding program which takes into ac-

SM A-cluster

count most of the major factors that have an effect on
yields, which 1s why an ever-increasing number of breed-
ers develop their own models of varieties (Borojevié,
1992). In developing high-yielding varieties with very
good or excellent other agronomic traits, breeders in
Yugoslavia must [irst consider the specific climatic and
pedological conditions and then try to create genotypes
with high biological plasticity (Migi¢, Miki¢, 1975).
The Vojvodina province is a climatic region charac-
terized by changeable, unstable, and unpredictable weath-
er conditions, especially with respect to the amount and
distribution of precipitation. The success of crop pro-
duction in a particular year is judged solely on the basis
of climatic conditions, losing sight of the fact the main
characteristic of the province’s climate is a permanent
deficit of precipitation for intensive production and that
there are few years (maybe as little as 5%) with enough
rainfall at the right time (Vuci¢, 1991). For this reason,
soil water reserves are of utmost importance in terms
of yields. These reserves come mostly from precipita-
tion occurring between the end of harvesting and the
start of next year’s growing season (Dobrenov et al.,
1991). In this way both the moisture from soil reserves
(winter precipitation and underground water) and that
from atmospheric precipitation (spring moisture) are
present in the rhizosphere during intensive plant
growth. To what extent a drought will affect yields de-
pends on the genotype as well as on the type of drought
and the moment it occurred relative to the stage of plant
growth and development (Ludlow, Muchow, 1993). In
years with lower amounts ol winter precipitation in
relation to long-term period the distribution of spring
precipitation will have considerably more effect on the
yields level. Given that in the Vojvodina province
spring precipitation is unevenly distributed (Dragovic,
Maksimovié¢, 1990), yields will vary more in relation
to it, that is why all the varieties from our study had
higher coefficients of variation for the spring period.
Higher deficits of spring precipitation will not decrease
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840|  NSma g e T i
; Nt Kosovka  Tami§
= 8.20 _'® it v; Ul - Jednota
5 Jugoslavija @Tanjugovka O
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I B
O 7.80 -cluster //'"—6‘ T Legend
/ : NSrana2 Mean value
7.60 & : -x; ‘ O'_,;‘ LSD 0.05
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grain yields of winter wheat so hard as there has been
enough winter precipitation. In Vojvodina conditions
the minimum winter precipitation (November to
March) required for winter wheat production is
200 mm.

The significant percentage contribution of the geno-
type x year interaction to the total variability only goes
to show that grain yield is a complex character depen-
dent on a number of traits (Blum, 1996). The individual
contribution of each of these traits may vary depending
on the genotype as well as environmental conditions.
In order for the breeding for a particular trait to be
successful, therefore, one must also establish under
what type of agroecological conditions the trait will be
expressed. Dry land farming in a continental climate
requires the main focus to be on those yield compo-
nents that are formed early in the course of ontogenesis
(Mac Key, 1966), such as shooting, spikelet number
(fourth stage), number of flowers per spikelet (fifth
stage of organogenesis), etc.

When the distribution of precipitation during the
winter wheat growing season is unfavorable, the poten-
tial yield is formed during the winter and early spring
(Boyd, 1996), and the longer the fourth, fifth, sixth, and
seventh stages of organogenesis are, the higher the
yields will be (Acock, Acock, 1993). Whether the po-
tential yield will indeed be realized, however, depends
on the temperature regime at heading and grain fill (He
Zhong-hu, Rajaram, 1994). This is why a variety must
include both high potential for grain yield and good
tolerance to high temperatures in order to be suitable
for less favorable climatic and edaphic conditions (Mi-
§i¢, 1989).

According to Carvalho et al. (1983), wheat genoty-
pes with high mean values for grain yield are less va-
riable. In our study, however, none of the genotypes
behaved in this way, which is in agreement with results
obtained by Mihaljev, Kraljevi¢-Balali¢ (1987) and
Mladenov (1996).

CONCLUSION

Breeding should aim at developing high-yielding va-
rieties with good adaptability to different environmen-
tal conditions. They should be able to produce as high
and as stable grain yields as possible under particular
conditions (light, heat, water, nutrients).

Our study has shown that it is winter precipitation
that has a greater effect on grain yields and their stabi-
lity. The effect of spring precipitation, for its part, de-
pends more on the distribution than on the amount of
precipitation.

All of the genotypes had lower coefficients of vari-
ation when their grain yields were higher than when
they were lower. During the twelve years of the trial,
the highest-yielding variety was Somborka. In years

ROSTLINNA VYROBA, 45, 1999 (1): 17-22

with more winter precipitation, furthermore, it was Da-
nica that produced the highest yields.
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FLORISTICKO-PRODUKCNE ZMENY TRAVNYCH
PORASTOV PO ABSENCII MINERALNEHO HNOJENIA

BOTANICAL AND PRODUCTION CHANGES OF PERMANENT
GRASSLAND AFTER CESSATION OF MINERAL FERTILIZATION

J. Janéovi¢', R. Holabek', J. Santricek’

'Slovak University of Agriculture, Nitra, Slovak Republic
2Czech University of Agriculture, Praha, Czech Republic

ABSTRACT: Influence of mineral fertilization and its cessation on botanical and productional changes were investigated on
permanent grassland of Lolio-Cynosuretum cristati R. Tx. 1937 association during the years 1986 to 1996. Originally motley
grassland (73% monocotyledonous and 27% dicotyledonous species) has changed to grassland (variants 4 and 5) with 73 to
84% portion of grasses (Tab. IV) by increasing rates of N (series A) during eight years of fertilization. PK fertilization (variant
2) supported the development of dicolytedonous species (legumes and other meadow herbs) and reduced grass portion at the
same time. After this period botanical composition in variant 3 (60 kg N.ha™") was similar to the situation in the first year
of fertilization. Alternating application of N (series B) increased the dominance of legumes in the variants 6 and 7, but on
contrary the higher rate of N applied in the variants 8. 9 and 10 rose the portion of grass species. After three years cessation
of mineral fertilization (Tab. V), unfertilized grasslands were characterized by nearly 50% portion of dicotyledonous species,
more competitive grass species (Festuca pratensis, Festuca rubra) reduction and mosses widening in the stand (20%). Portion
of legumes decreased expressively (by 24%) in the variant which was fertilized with PK fertilizers before cessation (variant
2), while the dominance of other meadow herbs and grasses increased. Occurrence of grasses was reduced by 12% in variants
3 and 4 and presence of legumes and other meadow herbs decreased in the same variants. Cessation of fertilizing minimally
influenced variant treated with 240 kg N.ha ' (variant 5) although the cover was thinned out by grass and other herbs
dominance reduction (by 8 and 3.5%. resp.). The similar changes of botanical composition than in the variants of series
A were also registered in the variants of series B which were treated by periodically alternating N fertilization (variants 6 to
10). The higher the rates of N had been applied before cessation of fertilization, the deeper the changes became after cessation.
The portion of grasses, legumes but also other meadow herbs decreased and this caused thinning of the covers. Absence of
fertilization also influenced dry matter production especially in the second and third year after cessation (Tab. VI). Specific
results of dry matter production were achieved in the first year of fertilizing cessation when the yields were higher in
comparison with the year 1993. However, fierce dry matter yields reduction ranging from 40 to 72% comparing to the year
1995, was registered in 1996. It is obvious from the up to now achieved results that cessation of mineral fertilizing evokes
a lot of changes in the permanent grassland. After three years absence of their application the floristical composition has
changed expressively, influencing also both the production and the distribution of dry matter in the cover.

Keywords: permanent grassland; botanical composition; dry matter production; cessation of mineral fertilization

ABSTRAKT: V polnych pokusoch sa skimal vplyv hnojenia a jeho prerudenia na floristické zloZenie a produkciu suiny
trvalych travnych porastov. Pestré travne spolodenstvo (73 % jednokli¢nolistovych a 27 % dvojkli¢nolistovych rastlin) sa
pocas dsmich rokov hnojenia stupfiovanim davky N (séria A) zmenilo na travny porast (varianty 4 a 5) so 73 az 84% podielom
triv. PK hnojenie (variant 2) podporilo rozvoj dvojkli¢nolistovych druhov a klesol podiel trav. Striedavd aplikacia N (séria
B) zvysila podiel legumindz na variantoch 6 a 7, ale opacne na variantoch 8, 9 a 10, na ktorych sa pouZila vy§§ia divka N.
stipal podiel travnych druhov. Po trojroénom preru$eni hnojenia bol nehnojeny porast charakteristicky takmer 50% podielom
dvojkli¢nolistovych druhov. ustipili travne druhy (Festuca pratensis, Festuca rubra) a v poraste sa roziril mach (20 %).
V poraste hnojenom pred preru$enim PK hnojivami (variant 2) vyrazne klesol podiel leguminoz (o 24 %), zvySila sa pokryv-
nost ostatnych li¢nych bylin a trav. Na variantoch 3 a 4 kleslo zasttpenie triav (o 12 %) a zvy§ila sa prezencia leguminoz
a ostatnych bylin. Preru$enie hnojenia minimélne ovplyvnilo porast s 240 kg N.ha™" (variant 5), i ked zniZenim pokryvnosti trav
(0 8 %) a ostatnych bylin (0 3.5 %) sa porast preriedil. Na variantoch série B s periodickym striedanim N (varianty 6 az 10) sa
zistili podobné zmeny vo floristickom zloZeni ako v sérii A. Cim vySSia divka N sa aplikovala pred prerudenim hnojenia, tym
prudsie zmeny nastali po jeho preruseni. ZniZil sa podiel trav, ale i leguminoz a ostatnych laénych bylin, ¢o zapri¢inilo vyrazné
prerednutie porastov. Absencia hnojenia ovplyvnila aj produkciu susiny, ¢o sa prejavilo zvlast v druhom a tretom roku preruienia.
Specifickym v produkcii suginy sa ukdzal prvy rok prerusenia hnojenia, so zvy$enymi tGrodami suginy. v porovnani s rokom 1993.
Prudké zniZenie trod suSiny sa vSak zaznamenalo v roku 1996 v rozpiti od 40 do 72 % v porovnani s rokom 1995.

Klacové slovi: trvaly travny porast: floristické zloZenie: produkcia suiny: prerudenie minerdlneho hnojenia
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UvVoD

S intenzifikdciou vyuZivania travnych porastov, za-
hfiajic aj ich minerdlnu vyZivu, sice jednoznatne
vzrasta produktivita, avSak na druhej strane sa zniZuje
biodiverzita tohto ckosystému. Jednym z predpokladov
obnovenia biodiverzity je preruSenie mineralneho hno-
jenia (OIff. Bakker. 1991: Gabor¢ik, 1997; Mrkvicka et
al., 1997) s minimalizovanim aj ostatnych antropogén-
nych vplyvov, ale s takou moZznostou obhospodarova-
nia trivnych porastov, ktord ich biodiverzitu zachova
(Jancovic, 1996). V nasich podmienkach sa problemati-
ke preru§enia minerdlneho hnojenia a jeho ucinku na
floristické zloZenie a produktivitu venovala pozornost
koncom 60. rokov (Lichner et al., 1966) pri vzostupe
pouZivania mineralnych hnojiv a v poslednom obdobi,
kedy vyrazne poklesla ich aplikicia (Jancovic, 1996;
Gaborc¢ik, 1997).

MATERIAL A METODA

Experimentdlne sledovania s hnojenim travnych po-
rastov a po jeho preruseni sa realizovali v rokoch 1986
az 1996 na trvalych travnych porastoch v oblasti Stra-
zovskych vrchov (geologicka jednotka Mald Magura,
lokalita Chvojnica). Zaujmové uzemie pokusného sta-
novista lezi v nadmorskej vyske 600 m, so zemepisnou
girkou 48° 53" a zemepisnou dizkou 18° 34", Svahovi-
tost terénu sa pohybuje v rozpiti 17 az 20°.

L. Varianty a davkovanie N — Variants of fertilization and N doses

Stanoviste patri klimaticky do oblasti mierne teplej,
do podoblasti mierne suchej s prevazne chladnou zi-
mou. Podla dlhoro¢nych merani priemerna rocna tep-
lota vzduchu tu dosahuje 6,5 °C, za vegetacné obdobie
11,1 °C. Dlhodoby priemer celoroé¢ného dhrnu zrizok
je 848 mm, za vegetacné obdobie 431 mm. Padotvor-
nym substratom stanovista je zvetralina jurskych brid-
lic s vlozkami sliefiovcov, na ktorych sa vytvorila hne-
da kysla poda (kambizem). Trvaly travny porast bol
z fytocenologického hladiska identifikovany ako aso-
ciacia Lolio-Cynosuretum cristati R. Tx. 1937.

Povodné varianty hnojenia a davkovania N uvadza-
me v tab. I. Hnojenie P a K bolo kon§tantné a stanove-
né na 35 kg P.ha! a 70 kg K.ha ! roéne. Pokus mal
dve série variantov: v sérii A (varianty | az 5) so stup-
novanym N hnojenim a v sérii B (varianty 6 az 10)
s jeho preruSovanim v dvojro¢nych periédach s PK
hnojenim.

Pokus bol zaloZeny v Styroch opakovaniach, plocha
zberovej parcelky bola 10 m2. V rokoch 1986 a7 1989
sa vietky varianty vyuzivali $tyrmi kosbami a v rokoch
1990 az 1993 rozdielne podla variantov hnojenia (sé-
ria A: dve az tri kosby: séria B: pri PK hnojeni dve
kosby a pri N + PK hnojeni tri kosby). V rokoch 1994
az 1996 sa hnojenie v oboch séridch prerusilo s reali-
zovanim iba jednej kosby v termine maximalnej tvorby
biomasy (koniec juna). Pred kazdym vyuzitim sa vyko-
nal botanicky rozbor metdédou projektivnej dominancie
za ucelom zistenia zmien vo floristickom zloZeni po-
rastu na jednotlivych variantoch. Agrochemické vlast-
nosti pokusného stanovista uvadzame v tab. Il

! Divky N v roku?
I 2 3. B
| = = o
2 PK PK PK PK
Séria’ A 3 PK + 60 N PK + 60 N PK + 60 N PK + 60 N
4 PK + 120 N PK + 120 N PK + 120 N PK + 120 N
5 PK + 240 N PK + 240 N PK + 240 N PK + 240 N
6 PK PK + 60 N PK + 60 N PK
7 PK PK + 60 N PK + 120 N PK
Séria B 8 PK PK + 120 N PK + 120 N PK
9 PK PK + I20 N PK + 240 N PK
10 PK PK + 240 N PK + 60 N PK
"variant. >N doses in year, Yseries
II. Agrochemické vlastnosti pokusného stanovista — Agrochemical properties of the experimental locality
Hibka c N P I K I Mg | Ca Sl{nm.\')?lnenlr?ychﬂ Sm'pc_ " S()_x'pém'\d
odberu vzorky | pH/KCI () by bazickych kationov~ kapacita® | nasytenost’
pody' (mm) (eke™) | (g-ke™) mg.kg™! (mmol.kg™") (mmol.kg™") (%)
0-100 4.6 36.0 4.0 15.7 66,0 113.7 850 48.1 138.0 34,1
101-200 4.6 24,0 2.8 43 120.0 91,9 750 448 133.0 337

o & 3 3 3 . o il s
Idepth of soil sampling, “sum of exchangeable bases, “sorption capacity, “base saturation
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VYSLEDKY A DISKUSIA

Travne porasty z hladiska fytocenologického su iba
urCité fragmenty asocidcii, kde sa vyrazne uplatiuje
antropogénny faktor (Holkovd, 1977; Holibek, 1991),
&oho dékazom st aj naSe pozorovania (Jancovi¢, Holu-
bek, 1993; Jancovic, 1996).

Sledované travne spolocenstvo pred hnojenim bolo
floristicky pestré, s prevahou travnych druhov (73 %),
kde ostatné lucne byliny tvorili 25% podiel a legumi-
nézy boli prezentované 2 %. UZ po prvom roku hnoje-
nia a vyuZivania sa zmenila pokryvnost jednotlivych
floristickych skupin, ale vyraznejsie na variantoch s pe-
riodickou aplikdciou N (tab. III). PK hnojenie, ktoré
bolo aplikované v inicidlnom roku pokusu bez N, zvy-
raznilo bylinny charakter porastu a akcelerovalo rozsire-
nie dvojkli¢nolistovych bylin (Leontodon autumnalis,
Taraxacum officinale, Alchemilla vulgaris, Plantago
lanceolata, Achillea millefolium, Trifolium pratense,
Trifolium repens, Lotus corniculatus a Vicia cracca).

V roku 1993, po 6smich rokoch minerdlnej vyzivy
(tab. IV), sa na variantoch prvej série, okrem variantov
1 a 2, zvysil podiel trav, ¢o je zndme z prac mnohych
autorov (napr. Krajcovi¢ a kol., 1968: Lichner, 1972;
Folkman, 1985; Holibek, 1991). Iba na variante so
60 kg N.ha™! sa udrzala aj po tomto obdobi floristicka
skladba ako po prvom roku hnojenia, ale s mierne vys-
§im zastipenim leguminéz (o 2,5 %) a poklesom ostat-
nych bylin (0 4 %).

Striedavym N hnojenim sa zvysil podiel leguminéz
na variantoch 6 a 7 a klesla pokryvnost ostatnych bylin.
Na variantoch 8, 9 a 10 sa opaéne pokryvnost legumin6z
a ostatnych bylin zniZila a zvysil sa podiel travnych
druhov, podobne ako na variantoch 3 a 4 v prvej sérii
hnojenia.

Po trojro¢nom preruseni hnojenia sa zmenila po-
kryvnost floristickych skupin na v8etkych sledovanych
variantoch (tab. V). Nehnojeny porast bol po absencii
charakteristicky takmer 50% zastipenim dvojkli¢nolis-
tovych druhov s prevahou Leontodon autumnalis
(25 %), Alchemilla vulgaris (7 %) a Achillea millefo-
lium (2,25 %). Z travnych druhov bol evidentny ustup
Festuca rubra (z 26 na 9 %) a zvIast Festuca pratensis
(zo 17 na 2.5 %). Zvysil sa podiel Anthoxanthum odo-
ratum (7 %) a Nardus stricta (9 %). Vyse 30% pokles
travnych druhov sa odrazil na pomerne vysokom po-
diele prazdnych miest (20 %) s rozSirovanim machu
(Polytrichum commune), ktory meni vlhkostny rezim
a svojou agresivitou potlaca najmé travy a obmedzuje
vnikanie novych druhov do porastu (Vanéurové, Kiihn,
1966). Na variante s PK vyZzivou vyrazne klesol podiel
leguminéz (o 24 %), predtym ovplyvneny minerdlnou
vyzivou, ale aj cyklickostou ich vyskytu (Rabotnov,
1974). Takto antropogénne zvySeny podiel legumindz
na povodne oligotrofnych stanovidtiach nemd trvaly
charakter, pretoZe vysSia prezencia leguminoz po pre-
ruSeni hnojenia je zavisla od postupného Cerpania apli-
kovanych Zivin (PK) a konkurenénych vztahov o tieto
ziviny so Sirokolistovymi bylinami a agresivnymi tra-
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111, Pokryvnost a skladba porastu po prvom roku hnojenia (1986) — Do-
minance and grassland composition after one year of fertilization (1986)

Dominancia® (%)
Vaiant' &3 .. 4| ostatné | prizdne d,’:)hés:ﬂ
trivy” | legumindzy byliny® | miests®
| 70 0,8 28,5 0,7 38
2 68 4.0 28,0 - 36
3 70 ) 28.5 0.5 31
4 62 2,6 34.5 0.8 28
5 71.5 1.0 269 0.6 25
6 60 7,0 33,0 - 33
7 65 50 30,0 - 35
8 64 8.0 28,0 - 35
9 64 7.0 27.0 2.0 35
10 62 4.0 33.0 1.0 36

Vypei 24 3 4 5 6

variant, “dominance, “grasses, “legumes, “other herbs, “empty
7 ;

places, ‘number of species

IV. Pokryvnost a skladba porastu po osemrocnom hnojeni (1993) — Do-
minance and grassland composition after eight-year fertilization (1993)

Dominancia® (%) %
Variant' ) » statné | prazdne |P(}1CCI,7

| 63 2 33 2 36
2 52 30 18 - 24
3 71 4 24 1 24
4 73 1 24 2 22
5 94 - 13 3 16
6 62 11 27 - 20
7 64 10 25 | 25
8 70 6 22 2 22
9 2 3 23 2 24
10 75 3 20 2 19

For -7 see Tab. 11

V. Pokryvnost a skladba porastu po trojroénom preruseni hnojenia
(1996) — Dominance and grassland composition after three-year ces-
sation of fertilization (1996)

Dominancia® (%)
Variant' ] . seatiis: | srazdiie ?066‘7
trivy® | legumindzy* g;:?:;é [I:?:Sm,, druhov

| LS 2.0 46.5 20.0 33

2 54.0 6.0 36.5 3.5 306

3 59,0 3.0 34,0 4.0 38

4 61.0 3.0 31,0 5.0 34

5 76,0 - 10.5 13.5 23

6 55.0 4.0 35,0 5.5 37

50.0 3.5 37.5 9.0 39

8 52,5 1,0 30.5 16.0 38

9 61,0 IS 31,5 6.0 40

10 44,0 1.5 27.0 275 31

For 1-7 see Tab. 111
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VI. Priemerné rody susiny po dlhodobom hnojeni a po jeho preruseni — Average dry matter production after long-term fertilization and its

cessation
Rok' Poradie koshy? Vusiont”
| 2 3 4 5 6 7 8 9 10

1986 prva kosba* 0.86 1.26 1.80 1,92 2,03 1.14 1.33 1,41 1.42 1.21
1993 prvi kosba 0.05 0.24 0,52 0,71 0.81 0.33 0,38 1,39 0,50 0.32
1994 jedna kosba® 0,48 0,95 1.10 1,62 1.76 1,49 1.60 1.68 1.34 111
1995 jedna kosba 0,85 1,33 1,21 1,26 1,30 1.39 1.30 1,13 1.21 1,07
1996 jedna kosba 0,25 0.56 0,64 0,76 071 0,73 0.65 0,57 0,69 0,30

2 3 . do 5
Iyt:‘.ll'. cut sequence, “variant. “first cut. “one cut

vami v poraste. Dokazom postupnosti Cerpania P a K
je ich nizke vyuzitie nadzemnou biomasou na tomto
variante pocas 6smich rokov hnojenia, ktoré sa pohybo-
valo v priemere 6smich rokov na drovni 5 % u P a 244 %
u K (Jancovi¢, Holibek, 1993).

Na variantoch predtym hnojenych stupiiovanou dav-
kou N (varianty 3 a 4) klesol pocas troch rokov preru-
Senia podiel travnych druhov o 12 % a zvysilo sa za-
stipenie legumindéz a ostatnych licnych bylin.
PreruSenie hnojenia najmenej ovplyvnilo floristicka
skladbu na variante s 240 kg N.ha™!, i ked i tu klesol
0 8 % podiel traiv a o 2,5 % podiel ostatnych bylin
a celkove sa porast preriedil (13,5 % prazdnych miest).
V trivnej fytocenéze nadobudli prioritné postavenic
nizke travne druhy, menej narocné na N (Festuca rub-
ra, Agrostis tenuis, Anthoxanthum odoratum, Poa pra-
tensis). Podiel ostatnych la¢nych bylin bol nizky a vy-
skytol sa podla jednotlivych druhov od 0,25 do 2,5 %.

Podobny trend zmien vo floristickom zloZeni poras-
tov ako v sérit A mozno pozoroval aj v sérii B s pe-
riodickym striedanim N a PK hnojenia (varianty 6 aZ
10). Cim vy&Sia davka N bola aplikovand pred preruge-
nim hnojenia v dvojro¢nej peridde, tym prudsie zmeny
nastali po jeho prerueni (varianty 8 a 10). Na varian-
toch 6, 7 a 9 sa zvysila pokryvnost bylin podobne ako
v sérii A, prudSie viak klesol podiel trav, a ¢o je zauji-
mavé aj leguminoz. Negativom sa javi zvySené rednutie
porastov, zvIaSt na variantoch 8 a 10 s rychlym rozsi-
rovanim machu. Prerednutie porastov (varianty 6, 7 a 9)
prebehlo pocas prerusenia rychlejSie ako v sérii A so
stupnovanym N hnojenim.

Eliminacia minerdlneho hnojenia trdvneho porastu
sa po predchadzajicej osemrocnej aplikdcii priemysel-
nych hnojiv odrazila aj v produkeii suSiny (tab. VI).
Speciticky v produkcii susiny bol priave posledny rok
pokusu (1993) s dlhotrvajicim suchom, ktoré ovplyv-
nilo vyvoj drod v obdobi po prerudeni hnojenia (zrazky
za vegeticiu dosahovali iba 308 mm, t. j. 36 % z dlho-
rocného priemeru). V prvom roku absencie hnojenia
(1994) sme zaznamenali zvySenie trod suSiny na vSet-
kych variantoch série A, po¢ntic nehnojenou kontrolou
(0 960 %), PK hnojenim (o 75 %) a tiez variantami so
stupfiovanym N hnojenim (v priemere o 54 %). Na va-
riantoch série B sa tiez produkcia suSiny zvysila v prie-
mere za vietky varianty o 73 % v porovnani s rokom
1993. Predpokladame. ze zvySenie urod bolo ovplyvne-
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VIL Vplyv sledovanych faktorov na drodu suSiny (dvojfaktorovi
analyza rozptylu) — The effect of investigated factors on dry matter
yield (two-factor analysis of variance)

jenych variantoch sa zn

Faktor' df F r
Rok? ) 4 36.94 ++
Variant? 9 6.06 4+
Reziduum? 16

df = stupen volnosti — degree of freedom
F = vypocitand FF-hodnota — calculated F-value
P = preukaznos( — significance

Vg 2 3 Yy 4 &
factor, “year, “variant. “residual

né rezidualnym posobenim N a vihkym jarnym obdo-
bim roku 1994. V druhom roku prerusenia (1995) uz
evidujeme zniZenie drod suSiny na vietkych variantoch,
okrem variantov 1, 2 a 3 prvej série, kde sa produkcia
suSiny zvySila na variante 1 o 44 %, na variante 2
029 % a na variante 3 0 10 %. V roku 1996 sme viak
zaznamenali uZ prudké zniZenie produkcie susiny na
vietkych variantoch, ale zvlast na nehnojenej kontrole
(pokles v porovnani s rokom 1995 o 71 %) a na va-
riante 10 (pokles 0 72 %). Na ostatnych predtym hno-
izila produkcia suSiny v sérii
A od 40 do 58 % a v sérii B od 43 do 50 % v porov-
nani s rokom 1995.

Zakladné Statistické hodnotenie vplyvu sledovanych
faktorov na produkciu susiny je uvedené v tab. VIL
Potvrdilo sa, Ze sledované faktory v pokuse (rok, hno-

jenie) Statisticky vysoko preukazne vplyvali na drodu

sudiny travnej biomasy, i ked vidno zmiernovanie acin-
kov rezidudlneho N po absencii hnojenia.

Z doteraz ziskanych vysledkov je zrejmé. ze preru-
Senie aplikdcie minerdlnych Zivin vyvoldva rad zmien
v trvalom trdvnom poraste. Po trojro¢nej absencii ich ap-
likdcie sa uz vyrazne zmenila floristickd skladba, ¢im bola
ovplyvnena aj produkcia a distribucia susiny v poraste.
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RECENZE

TEMPERATE FORAGE LEGUMES

J. Frame, J. F. L. Charlton, A. S. Laidlaw (eds)

UK, USA, CAB Int. 1998. 327 s.

Z pera trojice vyznamnych odbornikov vzisla zauji-
mava publikacia, venovana kimnym druhom datelino-
vin mierneho pdasma. Napriek tomu, Ze uZ u starych
Grékov i Rimanov nachadzame zmienky o vyuZivani
bobovitych (Viciaceae) na zelené hnojenie, az v polo-
vici 19. storocia sa zistilo, Ze tieto druhy st schopné
fixovat vzdusny dusik (N,). Ro¢ne piitaji 45 az 673 kg
N/ha v zavislosti od druhu, pddno-klimatickych
a inych faktorov. V znacnej miere tym prispievaji do
bilancie dusika, najmd v pripade travnych porastov.
Okrem tohto faktora je potrebné poukdzat na ich vyso-
kd nutri¢nd hodnotu a dobry prijem hospodarskymi
zvieratami.

V publikécii je zahrnutych celkove 11 druhov date-
linovin, pricom podstatna Cast je zamerana na trojicu:
datelina plaziva (J. Frame), datelina ld¢na a lucerna
siata. V dalSej Casti najdeme charakteristiky takych
druhov ako dateliny podzemnej, ladencov (rozkaty
a bahenny), vticej nohy (siata a stlatend), sekernice
i druhov Hedysarum coronarium a Chamaecytisus pal-
mensis.

V podstatnej Casti publikacie je rozobrana morfolo-
gia a fyzioldgia jednotlivych druhov, ako aj aspekty ich
Slachtenia. V dalSej Casti sa poukazuje na pratotechni-
ku toho-ktorého druhu, produkéni schopnost a moz-
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nosti konzervovania a spasania. Organickou sucastou
kapitol venovanych uvadzanym druhom si aj kvalita-
tivne, resp. antikvalitativne faktory, ako aj prijem
a Gzitkovost zvierat konzumujicich dany druh. V jed-
notlivych kapitolach je zahrnuta aj problematika vys-
kytu burin, chordb a $kodcov.

Vlastny text publikicie je vyvazene doplneny tabul-
kami a obrazkami. Nakolko od vypuknutia energetickej
krizy doslo k renesancii pestovania datelinovin, ako aj
vyskumu zameraného na tito skupinu rastlin, mnoZstvo
informacii v poslednych 15 az 20 rokoch sa zvySovalo
geometrickym radom. Postavilo to autorov pred ndroc-
nu ulohu selekcie relevantnych zdrojov, pricom je po-
chopitelné, Ze vybrali tie najpodstatnejsie. Zial, jazykova
bariéra neumoznila vyuzit udaje ziskané napr. vo vychod-
nej Eurdpe a z krajin nepouzivajicich angli¢tinu.

Tito publikdciu uvitaji nielen $tudenti, ale aj dok-
torandi v odbore krmovinarstva. Svojim obsahom upu-
ta aj vyskumnych pracovnikov z oblasti pratotechniky,
ekologie datelinovin alebo travnych porastov. Kniha
ma predpoklady, aby sa stala priruckou pracovnikov
v poradenstve. Bohaté zoznamy citovanych literarnych
zdrojov st uvedené pri jednotlivych druhoch a zacina-

jicim vyskumnym pracovnikom pomé6zu v zikladnej

orientacii pri $tidiu uvedenych druhov datelinovin.

Doc. Ing. Norbert Gdborcik, CSe.
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PLEVELE V POROSTECH LNICKY SETE

WEEDS IN THE STANDS OF FALSE FLAX

Z. Strasil, R. Honzik, J. Malifova

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

ABSTRACT: In field trials conducted in the years 1995 to 1997 in three different sites weed spectrum and effect of weeds
as affected yields and some yield-forming elements of false flax were studied. Interspecies competition was verified in two
different sowing rates of the crop and two rates of N-fertilization in fertilizers, that is without N-fertilization and at the total
rate of 80 kg.ha". Generally, the number of weeds per area was growing (unlike the number of weed species) from the site
with the best soil-climatic conditions at Praha-Ruzyné in despite of worse conditions at Nové Spofice to the coolest and
dampest site at Lukavec u Pacova. N-fertilization increased the total number of weeds on the average of years and sites by
98.5% and their phytomass dry matter created in area by 23% compared with untreated variants. Numbers of weeds and
production of their dry matter in untreated variants was significantly higher, particularly in the years 1995 and 1997 when
during winter was more precipitation than in 1996. In thinner stands of false flax higher numbers on the average by 17% and
greater production of phytomass dry matter by 24% were compared against thicker stands. Out of yield elements an unfa-
vourable effect of the number and dry matter of phytomass of weeds was found on the average only on the grain yields and
total phytomass of spring form of false flax. Under the given conditions and given weed spectra the limit in representation
of weeds was about 30% of the total phytomass of false flax and weeds when generally occurred the competition at which
statistically significant decrease of grain yields of false flax was found.

Keywords: weeds; false flax; N-fertilization; sowing rate; interspecies competition

ABSTRAKT: V polnich pokusech na tfech odli$nych stanovistich bylo v letech 1995 az 1997 sledovéno plevelné spektrum
a vliv plevelll na vynosy a nékteré vynosotvorné prvky Ini¢ky seté. Mezidruhova konkurence byla ovéfovana pii dvou riznych
vysevcich plodiny a dvou stupnich hnojeni N v primyslovych hnojivech, a to bez hnojeni a pfi celkové ddvce 80 kg N.ha™".
Obecné pocet plevel na plochu vzristal (na rozdil od poétu plevelnych druhi) od stanovisté s nejlep§imi ptidné-klimatickymi
podminkami v Praze-Ruzyni pies hor$i podminky v Novych Spoficich k nejchladnéjSimu a nejvlh¢imu stanovisti v Lukavci
u Pacova. Hnojeni N zvySilo v priméru let a stanovist celkovy polet plevell o 98,5 % a jejich susinu fytomasy vytvorenou
na ploSe o 23 % oproti nehnojenym variantdm. Pocty pleveli i tvorba jejich sudiny byly u hnojenych variant vyrazné vyssi
zv1asté v letech 1995 a 1997, kdy spadlo béhem zimniho obdobi daleko vice srazek, nez tomu bylo v roce 1996. V fidsich
porostech Ini¢ky byly v priméru zjistény vyssi polty plevell o 17 % a vétsi tvorba susiny fytomasy o 24 % oproti hust&jsim
porostiim. Z vynosovych prvki byl v priméru zji§tén nepfiznivy vliv poétu i suliny fytomasy plevelll pouze na vynosy zrna
a celkové fytomasy jarni formy Ini¢ky. Za danych podminek a pfi danych plevelnych spektrech byla hraniéni mez v zastoupeni
plevell kolem 30 % celkové fytomasy Ini¢ky a plevell, kdy jiz obecné dochizelo ke konkurenci, pfi niZ bylo zji§téno
statisticky priikazné sniZovani vynost zrna Inicky.

Klicova slova: plevele; Inicka; hnojeni N; vysevek; mezidruhova konkurence

Mezidruhova konkurence mezi pleveli a plodinou je

UVOD

Plevele jsou rostliny, které pii vét§im vyskytu ne-
pfiznivé zasahuji do vynosi péstovanych zemédél-
skych plodin. SoutéZi s plodinou o zdroje jako svétlo,
vodu, Ziviny, ¢imZ redukuji kone¢ny vynos (Kohout
a kol., 1996). Dile kontaminuji produkci plodiny
(ovliviiuji kvalitu) a zpusobuji potiZe pfi skliziiovych
operacich, napt. zvy$uji jejich naklady. Vyskyt pleveli
je proto tfeba mit pod kontrolou, aby se zamezilo jejich
pfimému nepfiznivému vlivu na péstovanou plodinu i
na budouci plodiny.
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ovlivnéna riznymi vlivy prostiedi a péstitelskymi opa-
tienimi a jejich vzdjemnou interakei.

Do soucasné doby bylo na toto téma vypracovano
mnoho studii, které dokumentuji hladinu ztrat vynost
zemé&délskych plodin, vzniklych pfi razném vyskytu
pleveli. Napf. Zimdahl (1980) cituje vice neZ pét set
¢lankd, v nichZ jsou popisovany vlivy raznych spole-
&enstvi plevell a plodin. Byly vypracovany také obec-
né modely i modely pro jednotlivé plodiny, které berou
v tivahu méné nebo vice faktort, ovliviiujicich konku-
renci mezi pleveli a plodinou (Radosevich, 1987; Rej-
mének et al., 1989; Doyle, 1991; Berti et al., 1996 aj.).
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V nékterych pracich se autofi zaméfili na sledovani
vlivu jednoho nebo nékolika faktori na vztahy mezi
pleveli a plodinou, jako je napf. razné zpracovani pudy
(Gill, Arshad, 1995), osevni postupy (Légere et al., 1997;
Vrkog, 1972), hustota porostu (Majerikova, Simon, 1983;
Vrko&, 1972), hnojeni (Majerikova, Simon, 1983), z4-
vlaha (Liebman, 1989), pudné-klimatické podminky (Ma-
jerikova, Simon, 1983), svételny reZim (Buhler, 1997)
apod.

Nase prace se zabyva ovéfovanim vlivu pudné-kli-
matickych podminek, mnoZstvi vysevku a riizného hno-
jeni N v prumyslovych hnojivech u alternativni plodiny
Ini¢ky seté na vyskyt pleveli. Déle jsme sledovali, jak
se konkurence mezi danou plodinou a pleveli promita
do nékterych prvku struktury vynost a kone¢ného vy-
nosu semen Ini¢ky seté.

Lnicka je jednoletd bylina z Celedi brukvovité
(Brassicaceae). Vyskytuji se ozimé i jarni formy. Po
vzejiti vytvaii Inicka pfizemni razici listd (u ozimych
forem je obvykle listovd riZice mohutngjsi), kterd se
rozprostird na pudé az do obdobi zacatku faze prodlu-
Zovani. Pfi raném seti do uzkych (obilnich) radka (12,5
az 15 cm) a pravidelném nemezerovitém vzchazeni je
Ini¢ka schopna Caste¢né konkurence vici plevelim.
Vétveni lodyhy je zavislé na hustoté porostu (Strasil,
1994). Maji-li rostliny k dispozici dostatek prostoru,
zaCinaji se vétvit na spodu lodyhy, pii hustém sponu se
vétvi ve vySce dvou tietin lodyhy.

MATERIAL A METODA

Pokusy probihaly v letech 1995 aZ 1997 na tiech
odlinych stanovistich: Nové Spofice, Praha-Ruzyné,
Lukavec u Pacova (jiZ od roku 1994). Stanovistni pod-
minky jsou uvedeny v tab. I. Prubéh pocasi v daném
obdobi na jednotlivych stavovistich znazornuje obr. 1.

I. Stanovistni podminky — Site conditions

Agrotechnika plodiny

Plevele byly sledovéany v porostech ozimé a jarni for-
my Ini¢ky seté. Pfedplodinou pro Inicku byla ve vétsiné
pripadi na vSech stanovistich a ve vSech sledovanych
letech obilnina (tab. II a III). Pouze v roce 1997 byl
pieplodinou na stanovisti ve Spoficich koriandr a v Lu-
kavci brambory. Piedplodiny byly péstovany béznou
agrotechnikou a byl u nich proveden postfik proti ple-
velim. PouZité herbicidy k pfedplodinam a jejich dav-
ky jsou uvedeny v tab. II a III. Na v8ech stanovistich
probéhly bézné agrotechnické operace. Za podzimni
podmitkou néasledovala na vSech stanovistich stfedni
orba. Predsetova pfiprava na jafe byla realizovana
v Ruzyni kompaktorem, ve Spoficich rotavitorem s ni-
slednym uvalenim zaseté plodiny, v Lukavci byly vzdy
pouZity vibraéni brény + péch.

Na podzim bylo na vSech stanovistich kazdoroc¢né
hnojeno P a K jednotné pro vSechny varianty, pricemz
davky cinily 60 kg P205.ha" v superfosfatu a 60 kg
KZO.ha_l v draselné soli. Varianty hnojeni dusikem:
NO - bez hnojeni dusikem, N1 — hnojeni ve dvou dav-
kdch (prvni davka 40 kg.ha‘l v siranu amonném pied
setim a druha davka 40 kg.ha'l v ledku amonném s vi-
pencem v dobé zacatku prodluzovaci faze Inicky).

Lni¢ka byla vysévana ve dvou rozdilnych vysev-
cich: VI — 300 kli€ivych semen na 1 m% V2 — 450
klicivych semen na 1 m?. Osivo bylo v jednotlivych
letech pouzito vlastni, z pfesevi vypéstovanych na jed-
notlivych stanovistich z pfedchoziho roku, aby se za-
bréanilo pripadnému Sifeni semen pleveld osivem z ji-
nych stanovidt. Pouze v roce 1996 bylo pro nedostatek
osiva na stanovisti ve Spoficich pouZito osivo pivodem
z Ruzyné. Prehled zakladnich ddaji o agrotechnice
a vegeta¢nim pozorovéni Ini¢ky za dané obdobi na jed-
notlivych stanovistich je uveden v tab. II a IIL

Pokusné misto?

Udaje'

Nové Spofice

Praha-Ruzyné

Lukavec u Pacova

Vyrobni subtyp®

Zemépisna §itka? 50° 26’
Zemépisna délka* 13° 23’
Nadmoiskd vyska® (m) 363

piscito-hlinita!?

50° 04
14° 26’
350

jilovito-hlinita'*

49° 37"
15° 03’
620
piscito-hlinita

Padni druh’
Primé&rna roéni teplota® (°C) 7,6
Pramérny rocni Ghrn srizek? (mm) 525

Agrochemické vlastnosti orniéni vrstvy'?

Obsah humusu'! (%) 2.6
pH (KCl) 5.6
P (Egner, mg.100 g~ pudy'?) 5,2
K (Schachtschabel, mg.100 g™' pidy) 11,9

hnéda pida'®, mélka

16 7

hnédozem' hnéda puda
7 6.8
517 686
26 1,5
6.5 5.1
8,6 5.3
125 10.8

'data, zexpernmntal locality, %latitude, “longitude, “altitude, ('productlon subtype, "soil texture, "average annual temperature, "uvemgc annual
sum of precipitation, '"agrochemlcal properties of topsoil layer, Mhumus content, 'of soil, I"sandy loam, Nclay loam, "*cambisol, "“shallow,

luvisol
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Nové Spofice

1. Vyskyt srazek a teplot v letech 1995 az
5 1997 na sledovanych stanovistich - Inci-
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s the years 1995 to 1997 in the studied sites
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Analyza zapleveleni

Plevele i plodina byly soucasné odebirany ze vSech
stanovi§t polyfaktoridlnich polnich pokust (velikost
parcely Cinila 12,5 m?). Byly vybrany ctyfi varianty
parcel, u nichZ byly pouZity rozdilné davky hnojeni N
(NO, N1) arozdilné vysevky (V1, V2). Z kazdé varian-
ty (parcely urCené pro odbér) byly nahodné odebriny

v obdobi po¢atku nebo plného kveteni Ini¢ky spoledné

plevele i samotna plodina soucasné ze Ctyi odbérovych
ploch o velikosti 0,25 m?. Nisledné byly urCeny jed-
notlivé plevelné druhy a stanoven jejich pocet, Cerstva
hmotnost a su§ina (po¢etné hmotnostni metodou). Do
susiny plevell byla zapoctena i polozka ostatni (vydrol
pSenice ozimé a u ozimé formy Ini¢ky na stanovisti
Sporice také koriandr).

U kategorie jednoletych a dvouletych aZ vytrvalych
plevela (tab. IV a V) byly stanoveny pocty jedinct na
plose. Vzhledem k relativni ¢asnosti termini odbéru
pleveli bylo mozné jako jedince identifikovat i obtizné
uréitelné jednoleté plevele, jako jsou oves hluchy,
chundelka metlice nebo jeZatka kufi noha. U vytrva-
lych vybézkatych plevela, u nichz se tézko urcuje jedi-

ROSTLINNA VYROBA, 45, 1999 (1): 29-39

nec, byly pro zjednoduSeni za jedince pokladany jed-
notlivé lodyhy, stébla apod. U psinecku vybézkatého
byl za jedince povazovan trs a u mochny husi a prys-
kyfniku plazivého pocet v8ech riZic (primarnich i se-
kundarnich). Pocet rostlin, Cerstva hmotnost a suSina
byly obdobné stanoveny i u Inicky.

V terminech odbéru vzorki byl sledovan stav poros-
tu Ini¢ky ve vztahu k zapleveleni (vyrovnanost porostu,
jeho zapojeni, rovnomérnost zapleveleni apod.).
U Inic¢ky byly déle na odbérovych parcelach stanoveny
dal§i ukazatele jako HTS (hmotnost tisice semen), vy-
nos semen, hmotnost celkové nadzemni fytomasy a po-
Cet rostlin na ploSe. Byl ovéfovan vliv zapleveleni na
dané ukazatele. Vysledky byly statisticky zhodnoceny
linearnimi korelacemi.

VYSLEDKY A DISKUSE

Plevele v jarni formé Inicky seté
Zastoupeni jednotlivych druht plevelq, jejich pocty

a hmotnost celkové suSiny pleveld na danych stanovis-
tich za sledované obdobi uvadi tab. IV. V jarni formé
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11. Prehled zikladnich ddajii o agrotechnice, vegetaénim pozorovani Inicky seté, ddvkich a pouzitych herbicidech do predplodin (jarni forma
za dané obdobi na jednotlivych stanovitich) — Survey of basic data on cultural practices, vegetation investigation of false flax, rates and
herbicides used into forecrops (spring form for the given period in different sites)

Termin? Seti — .
Ukazatel! odbé; Piedplodina’ Pouzity herbicid k predploding® Diivie
e @ |vzchazentt| O9BEF o | e v R na’ I ha
A s pleveld | (dny)
1995 22. 4. 26. 4 13. 6. 58 ozima pienice'? - -
Nové 6.6 s 1 Seni
Spofice 1996 22. 4. 29. 4. . 6. 4 ozimd p3enice - -
1997 i3 25. 3. 26. 5. 80 | koriandr'? Afalon 50 WP 1,51
1995 4. 4. 24. 4, 19. 6. 106 ozimd pSenice | Glean 75 DF 15¢g
Praha-
_l{iz‘;né 1996 | 17.4. | 25.4. | 126 56 | ozima pSenice | U 46 M Fluid 21
1997 12.:3. 1.4, 10. 6. 90 ozimd p3enice | U 46 KV Fluid + 46 M Fluid 21+11
1994 20. 4. 30. 4. 7L, 78 ozimy je¢men!! | Syntop 80 WP 1 kg
Lukavec | 1995 21. 4. 30. 4. 26. 6. 66 | jarni je¢men'? | Agritox 50 SL + Starane 250 EC| 1.51+051
uPacova|  jg9¢ 22. 4, 30.4. | 24.6. 63 | ozima psenice | Glea 75 DF + Dicuran 80 WP | 15 g + 1,0 kg
1997 3. 4. 9.5. 12. 6. 70 brambory ' - -

lindicator, *term, 3seeding. "emergcncc, Sweed sampling, 6sceding - sampling (days), 7forccrop, *herbicide used to forecrop, “rate per,

10,

winter wheat, winter barley, lzspring barley, Beoriander, potatoes

I11. Pfehled zdkladnich daji o agrotechnice, vegetaénim pozorovini Inicky seté, davkach a pouZitych herbicidech do predplodin (ozima
forma za dané obdobi na jednotlivych stanovistich) — Survey of basic data on cultural practices, vegetation investigation of false flax, rates
and herbicides used into forecrops (winter form for the given period in different sites)

Termin® Seti — .
Ukazatel! odbér | Predplodina’ | Pouzity herbicid k predploding® Devkl
seti® | vachazenit| OdbEr 6 ® d e na’ I ha
s | (dny)
plevelu
g""’fi_ 1995 3.9.94 - 30.5.95| 265 ozima penice!” - =
porice
1995 1.9.94(12.9.94 |11.5.95| 253 | ozima pSenice | Glean 75 DF 15¢
Praha-
-Ruzgne | 1996 |18.9.95| 2.10.95|30.4.96| 224 | ozimd pienice | U 46 M Fluid 201
1997 | 17.9.96| 1.10.96 [22.5.97| 247 | ozimi pSenice | U 46 KV Fluid + 46 M Fluid 201+ 1,01
1994 |27.8.93| 3.9.93 [19.5.94| 265 ozimy je¢men!! | Syntop 80 WP 1,0 kg
Lukavec 1995 |29.8.94| 7.9.94 |24.5 95 268 jarni je¢men'? | Agritox 50 SL + Starane 250 EC| 1,51+ 0,51
uPacova| 1996 | 6.9.95[21.9.95 | 3.6.96| 270 | ozimi pienice | Glea 75 DF + Dicuran 80 WP | 15 g + 1,0 kg
1997 = = = = = = =

For 1-12 see Tab. IT

Inicky jsme za celé obdobi zjistili celkem 42 druhu
plevell, z toho 32 jednoletych (jarni 16,7 %, pozdni
jarni 11,9 %, ozimé 47,6 %) a tfi dvouleté az vytrvalé
(7,1 %) a sedm vytrvalych rozmnoZujicich se genera-
tivné a vegetativné vyb&zky, oddenky apod. (16,7 %). Ve
Spoficich se vyskytlo béhem poskusu celkem 27 druha
(jarni 14,8 %, pozdni jarni 11,1 %, ozimé 51,9 %, dvou-
leté aZ vytrvalé 7,4 %, vytrvalé rozmnoZujici se gene-
rativné a vegetativné 14,8 %), v Ruzyni 23 druhu (jar-
ni 17,4 %, pozdni jarni 17,4 %, ozimé 52,2 %,
dvouleté az vytrvalé 4,3 %, vytrvalé rozmnoZujici se
generativné a vegetativné 8,7 %) a v Lukavci 27 druhi
(jarni 14,8 %, pozdni jarni 14,8 %, ozimé 51,9 %,
dvouleté az vytrvalé 3,7 %, vytrvalé rozmnoZujici se
generativné a vegetativné 14,8 %) plevelu.

VétSina druhi plevell se vyskytovala na vSech sta-
novistich. Ve Spoficich byly v priméru zjistény vyso-
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ké pocty hefmankovce primorského (39,7 ks.m™2), pyru
plazivého (22,1 stébel.m"z) a rozrazilu perského
(11,2 ks.m™%). V roce 1995 byl zgiﬁtén abnormalni vys-
kyt jeZatky kufi noha (450 ks.m™). V Ruzyni pfevladal
svizel pfitula (v priméru 58,2 ks.m™2) a hluchavka na-
chova (23,4 ks.m'z). V Lukavci byly zjistény vysoké
pocty u daleko vét§iho poétu druht pleveli. Vysoky
pocet byl zjistén u pohanky svladcovité (v pruméru
95,7 ks.m™2), ptaince Zabince (51,4 ks.m~2), violky
rolni (40,2 ks.m'z), hefméankovce primotského
(35,1 ks.m'z), rdesna ptaciho (33,2 ks‘m_z). konopice
ro¢ni (32,9 kslm”z) a lipnice rocni (23,8 ks.m"Z). Cel-
kovy pocet pleveli na plochu vzristal (na rozdil od
poctu druhi) od stanovi§té s nejlepSimi pidné-klima-
tickymi podminkami v Ruzyni (v priméru 62,4 ks.m'z)
pies horsi podminky ve Sporicich (311,4 ks.m™2) k nej-
chladnéj§imu a nejvlhéimu stanovidti v Lukavci
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(330,8 ks.m™2). Na vys§i vyskyt plevela v horSich pud-
né-klimatickych podminkach poukazuji také napt. Vrkoc,
Kfiistan (1974). Dany jev je piipisovan hlavné vlhéim
podminkdm a vy$8i zasobé semen pleveli v pidé na
stanovisti v Lukavei.

Nékteré plevele jako jezatka kuii noha (Spofice),
konopice pyfita (Lukavec), blin ¢erny (Ruzyné) apod.
se vyskytovaly pouze na jediném stanovisti, coZ souvisi
s biologii danych druht a jejich reakci na pudné-klima-
tické podminky. Jiné plevele byly nalezeny na stano-
vi§ti pouze v jediném roce. coZz pfipisujeme hlavné od-
liSnym povétrnostnim podminkdm a riznym terminim
seti sledované plodiny.

Hnojeni N zvySovalo v praméru let a stanovist cel-
kovy pocet pleveli (o 98,5 %) i hmotu jejich tfytomasy
vytvofenou na plose (o 23 %) oproti nehnojenym va-
riantam. K obdobnym zavérim dosli pii sledovani ple-
veli v obilnindch napi. Vrkod¢, KiiStan (1974) nebo
Majerikova, Simon (1983). Pocty pleveli i tvorba jejich
susiny byly u hnojenych variant vyrazné vyssi v letech
1995 a 1997, kdy spadlo béhem zimniho obdobi daleko
vice srazek (obr. 1) neZ v roce 1996. V roce 1996 jsme
v priaméru na vSech stanovistich zjistili malé rozdily
v poctu plevell jak na hnojenych, tak nehnojenych va-
riantich. V fidSich porostech jarni formy Inicky byly
v praméru zjistény vyssi pocty plevelt (o 17 %) a vetsi
tvorba suSiny tytomasy (o 24 %) oproti hustéj§im po-
rostam.

Plevele v ozimé formé Inicky seté

Zastoupeni jednotlivych druhi pleveld, jejich pri-
mérné pocty a hmotnost celkové suSiny na danych sta-
novistich za sledované obdobi uvadi tab. V. V ozimé
formé Inicky jsme v letech 1995 aZ 1996 zjistili celkem
34 druht plevela, z toho 25 jednoletych (jarni 20,6 %,
pozdni jarni 8,8 %, ozimé 44,1 %), Ctyii dvouleté az
vytrvalé (11,8 %), pét vytrvalych rozmnoZujicich se ge-
nerativné a vegetativné vybézky, oddenky apod.
(14,7 %). Ve Sporicich se vyskytlo v roce 1995 kromeé
vydrolu pSenice a koriandru celkem 16 druhu (jarni
18.7 %, pozdni jarni 6,3 %, ozimé 43,7 %, dvouleté az
vytrvalé 12,5 %, vytrvalé rozmnoZujici se generativné
a vegetativné 18,8 %), v Ruzyni 19 druht (jarni 15,8 %,
pozdni jarni 10,5 %, ozimé 52,7 %, dvouleté az vy-
trvalé 10,5 %, vytrvalé rozmnoZujici se generativné a ve-
getativné 10,5 %) a v Lukavci 20 druht (jarni 10,0 %,
pozdni jarni 5,0 %, ozimé 55,0 %, dvouleté az vytrvalé
0 %. vytrvalé rozmnoZujici se generativné a vegetativ-
ne 30,0 %) plevela.

Vétsina druht plevelt se vyskytovala obdobné jako
u jarni formy Inicky na viech stanovistich, i kdyZ dru-
hové spektrum s vysokymi pocty pleveli bylo ponékud
odli$né (tab. IV a V). Ve Spoficich byly zji§tény vyso-
ké pocty pyru plazivého (24,7 stébel.m™2), rdesna pta-
&iho (22,0 ks.m™2), merliku bilého (16,7 ks.m™2) a mlé-
ge zelinného (16,7 ks.m™2). V Ruzyni pocetné prevladal
rozrazil polni (v praméru 30,8 ks.m™2), ptacinec Zabi-
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nec (25,6 ks.m'2) a hluchavka objimava (19,5 ks.m"?').
V Lukavei byl zjistén vysoky pocet pleveli na plochu
u violky rolni (49,2 ks.m™7), rozrazilu perského
(30,1 ks.m'2) a lipnice roéni (14,1 ks.n1‘2). Pocet ple-
velt prepoctenych na plochu byl v praméru nejniZsi (na
rozdil od poctu druhi), podobné jako u jarni formy
Ini¢ky na stanovi§ti v Ruzyni (v priméru 110.7 ks.m™2),
vy§§i v Lukavei (205,9 ks.m™2) a nejvyssi ve Sporicich
(330.3 ks.m"z). Za celé obdobi (1996 az 1997) bylo
v praméru zji§téno u ozimé formy Ini¢ky vyssi zastou-
peni druhti dvouletych a vytrvalych pleveli (o 13 %)
a niz8i zastoupeni druhl pozdné jarnich pleveli (o 8 %)
v porovndni s jarni formou Ini¢ky. Ostatni skupiny ple-
veli mély obdobné relace, i kdyZz se druhové spektrum
Caste¢né lisilo (tab. IV a V).

Pokud jde o vliv hnojeni N a rtizné hustoty porostu
na pocet a hmotnost plevela, dosh jsme u ozimé formy
Ini¢ky k podobnym zavérim jako u jarni formy. Hno-
jeni N a niZ8i hustota porosti ozimé formy Inicky se
v pruméru jeSté vyraznéji promitaly do rastu celkového
poctu i zvySené tvorby suSiny plevelt v porovnani
s jarni formou.

Z dosazenych vysledku lze stanovit obecné poradi
miry vlivu jednotlivych faktord na sloZeni druhového
spektra, pocCet a tvorbu suSiny plevelt. Sledované fak-
tory lze sefadit v sestupném poradi od nejsilnejsiho vli-
vu k nejslabSimu: ro¢nik — stanovisté — hnojeni N —
vysevek.

Dile jsme zjistovali, jak se pocet a hmotnost plevelu
(jejich konkurence) projevily na kone¢ném vynosu se-
men a na nékterych vynosotvornych prveich Inic¢ky se-
té. Korelace mezi jednotlivymi sledovanymi ukazateli
je uvedena v tab. VI az IX. Z vysledkl je patrné, Ze
zjisténé pocty plevela mély (hlavné u jarni formy Inic-
ky) jiz prukazné negativni vliv na vynosy zrna i celko-
vé fytomasy Ini¢ky. Nezjistili jsme prikazny vliv mezi
poctem plevelt a jednotlivymi ukazateli (tab. VI). Me-
zi suSinou fytomasy plevell a sledovanymi ukazateli
byl nalezen prikazné zaporny vliv pouze na vynosy zrna
a vynosy suSiny fytomasy jarni formy Inicky (tab. VII).

U ozimé formy Inicky byl zjistén prikazny negativni
vliv mezi suSinou plevell a poétem rostlin Inicky
(tab. IX). Neni ziejmé, jestli byl tento jev zpusoben
nedostate¢nymi pocty vzeslych rostlin Inicky, nebo zda
diive vzeslé plevele zapfiicinily sniZeni poétu vzchéze-
jici plodiny, pripadné nepasobil-li zde jiny vliv.

Primérné pocty rostlin ozimé formy Inicky po vze-
jiti byly podobné hodnotam pfi odbéru v dobh& kvétu
Ini¢ky a kolisaly za sledované obdobi az na jedinou
vyjimku na jednotlivych stanovitich v rozmezi: na va-
riantach V1 od 244 ks.m™2 do 426 ks.m™> (v praméru
257 ks, pocet plevell pii odbéru ¢inil v praméru 206 ks)
a na variantich V2 od 252 do 518 ks.m™ (v praméru
429 ks, pocet plevelt 160 ks). Susina fytomasy plevela
¢inila v dob& odbéru v praméru na VI 12,2 g.m"z
(28 % susiny Inicky), na V2 69,4 g.m"2 (18,3 %). Dané
pocty a suSina se prikazné neprojevily v kone¢nych
vynosech zrna. U jarni Ini¢ky tomu bylo ponékud ji-

w
w
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IV. Primémné podty (ks.m™), susina fytomasy (g.m'z) a zastoupeni plevelnych druhti na jednotlivych stanovistich za sledované obdobi u Ini¢ky seté (jarni forma) — Average numbers (pcs,m'z), phytomass dry
matter (g.m*) and representation of weed species in different sites for the period under study in false flax (spring form)
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Stanovi3tg? Spofice | Spofice | Spofice | Ruzyné | Ruzyné | Ruzyné |Lukavec|Lukavec|Lukavec|Lukavec
Plevele' rok sledovani’ 1995 | 1996 | 1997 | 1995 | 1996 | 1997 | 1994 | 1995 | 1996 | 1997

védecky nazev* esky nazevd

Avena fatua L. oves hluchy 2,7 4,0 1,3

Fagopyrum convolvulus L. pohanka svlaccovita 2,7 4,0 8,5 1.5 0,5 9,5 24 40,6 45,0

Galeopsis pubescens BESS. konopice pyrita 0,7 1,8 0,2 21,0
Jednoleté jarni® Polygonum aviculare L. rdesno ptaci 74 10,0 1,5 0,3 0,3 41,5

Raphanus raphanistrum L. fedkev ohnice

Sinapis arvensis L. hoi¢ice rolni 2,0 0,5 03

Spergula arvensis L. kolenec zelinny 1,2

Echinochloa crus-galli (L.) PAL.-BEAUV. jezatka kufi noha 450,0

Euphorbia helioscopia L. prydec kolovratec 0,8 0,3 7,6 6,3
Jednoleté pozdni jarni’ Chenopodium album L. merlik bily 24 40 | 240 | 140 | 1 0.5 80 | 147 | 12 18,5

Polygonum persicaria L. rdesno &ervivec 0,7 0,5 2,0

Sonchus oleraceus L. mléé zelinny 0,7 1,0 75,0

Capsela bursa-pastoris (L.) MEDIK. kokoska pastusi tobolka 49 2,0 0,3 0,9 2,0 12,5 27,0

Erodium cicutarium (L.) HERIT pumpava rozpukova

Fumaria officinalis L. zem&dym lékaisky 0,5 0,2

Galium aparine L. svizel pfitula 2 4,0 55 4,5 66,0 21 1.4 95 2,5

Hyoscyamus niger L. blin ¢erny 0,5

Lamium amplexicaule L. hluchavka objimava 8,2 14,5 0,5 0,4 0,3 10,8 14,5

Lamium purpureum L. hluchavka nachova 4,0 1,5 21,6 2,0 2.5
Jednoleté ozimé® Matricaria maritima L. hefmanek piimorsky 51,3 | 64,0 16,0 0,5 6,2 33 4,0 89,0

Mentha arvensis L: mata rolni 8,0

Myosotis arvensis L. pomnénka rolni 0,7 2 0,1 42 0,9 9.5

Poa annua L. lipnice roéni 1,3 9.8 47,7 12,2 11,5

Senecio vulgaris L. star¢ek obecny

Spergularia rubra (L.) J. et C. PRESL kufinka Cervena 2

Stellaria media (L.) VILL. ptafinec Zabinec 1,4 8.0 4,0 0,5 2,0 4,0 0,7 97,3 2 17,0

Thlaspi arvense L. penizek rolni 0,7 8,0 2 1,0 0,8 0.5 1.5 11 23,5

Trifolium repens L. jetel plazivy 2,0

Veronica arvensis L. rozrazil polni 1,3 2,5 7.5
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Pokracovini tab. IV — Continuation of Tab. IV

Stanoviste? Sporice | Spofice | Spofice | Ruzyné | Ruzyné | Ruzyné | Lukavec|Lukavec|Lukavec|Lukavec
Plevele! rok sledovéni® 1995 | 1996 | 1997 | 1995 | 1996 | 1997 | 1994 | 1995 | 1996 | 1997
védecky nazev* esky nizev®
Veronica persica POIR. rozrazil persky A 56,0 1,5 43 4.2 55 30,0
Jednoleté ozimé Vicia hirsuta (L.) S. F. GRAY vikev chlupatd 15
Viola arvensis J. A. MURR. violka rolni 11,4 4,0 6 1,0 0.5 2.8 13 24.8 63,8 32,0
Melandrium album (P. PILL.) GARCKE knotovka bild 0,7
Dvouleté aZ vytrvalé’ Plantago lanceolata L. jitrocel kopinaty 1,4 0,5 0,8 0,2 1
Taraxacum officinale S. WEBER pampeliska lékarska 0,5
a) druhy s plazivymi kofefujicimi lodyhami'?
Potentilla anserina L. mochna husi 2,7‘“
Ranunculus repens L. pryskyinik plazivy 03"
}I:fil::g;i' b) druhy s pevnymi tuhymi vyb&zky'* ) )
Vytrzla.l‘é._roz- Agropyrum repens (L.) PAL.-BEAUV. pyr plazivy 21,4 60" 4" 02" 14,6 93" | 165
it b Agrostis stolonifera L. psinecek vybézkaty 2™
generativné
i vegetativng'! ¢) druhy s mékkymi, kichkymi vyb&zky'®
Stachys palustris L. Cistec bahenni 1,77 6,5
a) druhy bylinné vytvitejici oddenky'®
hloubgji Tussilago farfara L. podbél obecny 1
kofenici'? b) druhy bylinné vytvaiejici kofenové vybszky'?
Cirsium arvense (L.) SCOP. pchaé oset 4" 03" 0,5 03
Ostatni'® Triticum aestivum L. vydrol pienice ozimé®” 1,0 0,5
sugina plevelii véetn& ostatnich'? (.m) 58 20 30 59,6 | 91,3 78 50,2 | 41,6 | 41 70,6

. pocet stébel, lodyh, vyhoni — number of stalks, stems and offshoots
pocet trsi — number of clusters

ver
pocet viech riZic — number of all rosettes

1 2:v 3 & E 2 5 i S : ; ; ; g 1 ;
\;veeds, site, “year of study, 4scientific name, SCzech name, “annual spring, Tannual late spring, S annual winter, “biennial and perennial, I"perennml. propagating generatively and vegetatively, ' shallower rooting,
'”deeper rgnlmg. "specnes with creeping rooting stems, lJspecn:s with tough offshoots, '5spec1es with soft, brittle offshoots, '*herbaceous species — forming rhizomes, ' ‘herbaceous species — forming root offshoots,
1 1 ; % 7 A

others, "“dry matter of weeds including others, 2\yinter wheat shedding
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V. Primérné pocty (ks.m™), susina fytomasy (g.m'z) a zastoupeni plevelnych druht na jednotlivych stanovistich za sledované obdobi u Ini¢ky seté (ozimd forma) — Average numbers (pcs,m'z), phytomass dry
matter (g.m ) and representation of weed species in different sites for the period under study in false flax (winter form)

Stanoviste? Spofice Ruzyné Ruzyné Ruzyné Lukavec Lukavec Lukavec
Plevele! rok sledovini? 1995 1995 1996 1997 1994 1995 1996
védecky nizev* Zesky nazev’
Avena fatua L. oves hluchy 11,9
Cardaria draba (L.) DESV. feficha vesnovka 0,7
Fagopyrum convolvulus (L.) H. GROSS. pohanka svlaécovitd 43 0.2
Jednoleté jarnf® Galeopsis pubescens BESS. konopice pyfita 34
Polygonum aviculare L. rdesno ptaci 22,0 0,5
Raphanus raphanistrum L. fedkev ohnice 0,7
Sinapis arvensis L. hoi¢ice rolni
Euphorbia helioscopia L. prysec kolovratec 0.5 2,7
Jednoleté pozdni jnmi7 Chenopodium album L. merlik bily 16,7 29.0
Sonchus aleraceus L. mléc zelinny 0.4 0,2
Apera spicia-venti (L.) chundelka metlice 34,5
Capsella bursa-pastoris (L.) MEDIK. kokoska pastusi tobolka 15,3 0,7 33 0,7 9 12,0 6.2
Fumaria officinalis (L.) zemédym lékaisky 2.0
Galium aparine L. svizel pritula 0.7 2,0 6,7 16,7 44.0 0.7 1.0
Lamium amplexicamle L. hluchavka objimava 58.5
Lalium purpureum L. hluchavka nachovi 255 147 0.2 37
Jednoleté ozimies Matricaria maritima L. hefmének piimorsky 199.9 54 33 27 20.8 4,0 9,0
Myosotis arvensis L. pomnénka rolni 1.5 2.0 3.8
Poa annua L. lipnice ro¢ni 28,3 1,3 12,8
Spergularia rubra (L.) J. et C. PRESL kufinka ¢ervend 15,4
Stellaria media L. ptacinec Zabinec 0,7 15.7 36,7 243 5.7 12,7 27
Thlaspi arvense L. penizek rolni 1.4 0.4 6,7 1,0 34 10.0 22
Veronica agrestis L. rozrazil polni 21.5 493 21.7
Veronica persika L. rozrazil persky 31,0 52, 74
Viola arvensis J. A. MURR. violka rolni 8,7 0.7 4.7 37 60.0 87.5
Artemisia vulgaris L. pelynék Cernobyl 1.3
Dvouleté az vytrvalé? Epilobium collinum C. C. GMELIN vrbovka chlumni 0,7
Melandrium album (P. PILL) GARCKE knotovka bila 33 1.0
smetanka Iékai'ska 0,4

Taraxacum officinale S. WEBER
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Pokracovini tab. V - Continuation of Tab. V

Stanovite’ Sporice Ruzyné Ruzyné Ruzyné Lukavec Lukavec Lukavec
Plevele' rok sledovani® 1995 1995 1996 1997 1994 1995 1996
védecky nizev* esky nazev®
b) druhy s pevnymy tuhymi vyb&zky'*
mélceji X . . .
Kofenici!! Agropyrum repens (L.) PAL.-BEAUV. pyr plazivy 247 47 65,8
Vytrvalé, roz- Tanacetum vulgare L. vrati¢ vytrvaly 13" 0,3
;:::g:{:s:];el a) druhy bylinné vytvifejici oddenky'6 )
vegetativng'? hloubii Equisetum palustre L. preslicka bahenni 0,2 A
kofenici!? Tussilago farfara L. podbél obecny 0.3
b) druhy bylinné vytvatejici kofenové vybezky'’
Cirsium arvense L. pchéaé oset 0,7‘ 7,3‘ 08"
Gitaito® Triticum aestivum L. vydrol z p3enice ozimé’ 16,7 13,8
Coriandrum sativum L. koriandr sety 0,7
suina pleveli véetng ostatnich'® (.m=2) 132 154 18,8 18 77,1 184,2 145

i R pocet stébel, lodyh, vyhonii — number of stalks, stems and offshoots
pocet viech riiZic — number of all rosettes

For 1-20 see Tab. IV




VI. Korelace mezi poctem plevelt a jednotlivymi sledovanymi ukazateli u Inicky seté (jarni forma) — Correlation between number of weeds

and different studied indicators in false flax (spring form)

Ukazatel' Vi V2 % NO NI N
Podet rostlin? 0,14 0,49 0,29 0,25 0,30 0,29
Sugina z plochy? -0,39 -0,40 -0,40 -0,43 -0,43 -0,40
HTS* = - -0,14 0,82" = 0,21
Vynos zrna® -0,51° -0,67"" -0,59"" -0,56" -0,65" -0,59"
Délka rostlin® = = 0,25 = > 057"
Pocet Sesuli’ - - -0,28 - = -0,10
Vynos zra + slimy® -0,31 -0,55 -0,43" -0,37 -0,50" -0.43"

Vysvétlivky k tab. VI az IX — Explanations to Tabs VI to IX:

V1 = vysevek 300 kli¢ivych semen na | m? - sowing rate of 300 germinating seeds per | m’
V2 = vysevek 450 kli¢ivych semen na | m’ - sowing rate of 450 germinating seeds per | m?

V = primér V1 a V2 - average for VI and V2

NO = bez hnojeni N v primyslovych hnojivech — without N-fertilization in fertilizers

N1 = divka 80 kg N.ha™' - rate of 80 kg N.ha™'
N = pramér NO a N1 — average NO and N1

" P <005

" P<00l

lindicator, *number of plants, 3dry matter per area, ‘TGwW, 5gmin yield, ﬁlength of plants, "number of pods, xyield of grain + straw

VII. Korelace mezi sudinou fytomasy pleveli a jednotlivymi sledovanymi ukazateli u Ini¢ky seté (jarni forma) — Correlation between
phytomass dry matter of weeds and different studied indicators in false flax (spring form)

Ukazatel! Vi V2 \% NO NI N
Pocet rostlin® 0,14 -0,33 -0,16 0,09 -0,16 -0,07
Suina z plochy? 0,26 -0,17 -0,02 0,06 -0,09 0,01
HTS* - - -0,10 0,25 - -0,28
Vynos zrna® -0,17 0,06 -0,01 -0,09 -0,50" -0,59""
Délka rostlin® Z = 0,18 % = 0,48""
Pocet Sesuli’ - - 0,31 - - 0,22
Vynos zrna + slémy“ 0,07 0,00 0,03 -0,08 -0,27 0,11

For 1-8 see Tab. VI

VIII. Korelace mezi poétem pleveli a jednotlivymi sledovanymi ukazateli u Inicky seté (ozimd forma) — Correlation between number of

weeds and different studied indicators in false flax (winter form)

Ukazatel! Vi V2 \' NO N1 N
Poget rostlin® -0,51 0,13 -0,23 -0,74" -0,11 -0,23
Sugina z plochy? -0,62 -0,55 -0,61"" -0,78" -0,65 -0,61""
HTS* = = 024 s o 0,09
Vynos zrna® —0.66. -0,31 -0,22 -0,48 - -0,22
Délka rostlin® - - 0,30 0,14 = 0,10
Pocet Sesuli’ - - 0,37 0,08 - -0,03
Vynos zrna + slamy® - -0,28 0,59"" -0,43 s 059"

For 1-8 see Tab. VI

nak. Primérné pocCty plevell jak na variantich V1 (214
ks.m'z, 95 % poctu rostlin Ini¢ky), tak na variantach
V2 (204 ks.m™=, 61 %) jiZ negativné pusobily na ko-
nec¢ny vynos zrna Inicky.

Obdobné tomu bylo pfi stanoveni vlivu su$iny fyto-
masy plevell na vynosy. Na variantach V1 bylo v pri-

38

méru zjisténo 58,3 g.m_?‘ (31 % hmotnosti susiny Ini¢-
ky), na variantich V2 82,0 g.m™2 (35 % hmotnosti su-
Siny Inicky). Tyto hodnoty jiz negativné pusobily na
vynosy zrna Ini¢ky. Ziskané diléi zavéry bude nutné
ovéfit podrobnéji na rozsahlejSich pokusech, nebot vza-
jemné vztahy mezi pleveli a plodinou jsou ovliviiovany

ROSTLINNA VYROBA, 45, 1999 (1): 29-39



IX. Korelace mezi suSinou fytomasy pleveli a jednotlivymi sledovanymi ukazateli u Inicky seté (ozimd forma) - Correlation between
phytomass dry matter of weeds and different studied indicators in false flax (winter form)

Ukazatel! \4 V2 v NO NI N

Pocet rostlin? -0,76" -0.42 -0.56" -0.88"" -0,68" -0.56"
Susina z plochy? -0,14 -0,47 -0,33 -0.40 -0.61" -0.33
HTS* - - 0.13 - = -0.52
Vynos zrna® -0,56 -0,40 -0,27 -0.65 - -0.27
Délka rostlin® - - 0.29 0.01 - 0,02
Pocet Sesuli’ - - 045 -0,11 - 0.34
Vynos zrna + slamy® - 0,50 0,32 -0,54 - 0,32

For 1-8 see Tab. VI

celym souborem dalSich faktord. Zalezi napt. na termi-
nu odbéru, zastoupeni jednotlivych plevelnych druhu,
pudné-klimatickych podminkédch apod.

Z analyzy jednotlivych dat i jejich primérnych hod-
not miazeme konstatovat, ze za danych podminek a pii
daném plevelném spektru jiZ mnoZstvi suSiny tytomasy
plevel kolem 30 % z celkové suSiny fytomasy Inicky
a plevelt zpusobilo prikazné sniZeni vynost zrna Inicky,
které bylo zna¢né v porovnani s porosty Ini¢ky oSetie-
nymi herbicidy. Napf. v Ruzyni jsme v priméru zjistili
snizeni vynost zrna vlivem plevelt 0 19,3 % (z 1,411
na 1,138 tha™') a v Lukavei 0 49,6 % (z 1,253 na
0,845 tha™'). Z vysledki je patrné, Ze aplikace vhod-
nych herbicidi byla za danych podminek vZdy ekono-
micky vyhodnd, nebot konkuren¢ni schopnost Inicky
vuci plevelim se jiz pIné neprojevovala.

Vyzkum dané problematiky byl ¢aste¢né hrazen z fi-
nanénich prostfedkdt GA CR grantem &. 503/94/0751.
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RECENZE

A GUIDE TO THE POLYAMINES

S. S. Cohen

New York, Oxford Univ. Press 1998, 595 s.

Nova obsdhla monografie je celoZivotnim dilem
profesora newyorské statni univerzity. Ve zdarile se-
psaném kniZnim svazku se Prof. Cohen zabyva vsemi
aspekty dlouho znamych, ale stile je$té ne zcela pro-
studovanych polyaminovych slou¢enin, mezi néz se ob-
vykle fadi pét nizkomolekularnich neproteinovych du-
sikatych bazi: propan-1,3-diamin, butan-1,4-diamin
(putrescin), pentan-1,5-diamin (kadaverin), 4-azaoktan-
-1,8-diamin (spermidin) a 4,9-diazadekan-1,12-diamin
(spermin).

Kniha je roz¢lenéna do 23 kapitol a je napsana ca-
sopiseckym zpuasobem. VSechny kapitoly jsou doplnény
obrazky a tabulkami a obsahuji soupis plivodni litera-
tury, ktery podle autorova vyjadieni v predmluvé od-
povida zhruba 10 tis. pavodnich praci, které jsou do
monografie zahrnuty. DileZitost dila podtrhuje i sku-
tecnost, Ze rocné piibyva v oblasti polyaminl asi pét
set praci. Monografie je opatfena bohatym jmennym
a vécnym rejstiikem.

Piehled jednotlivych stati (kapitol):

1. Historicky tvod — velmi obsahly a dikladny, vcet-
né letopoctl a jmen objevitell.

2: Struktury a syntézy polyamina.

3. Vlastnosti a stanoveni polyamint — napf. vSechny
metody stanoveni polyamint, jejich srovnani atd.

4. Makrocyklické polyaminy — koordinac¢ni slouceni-
ny polyaminu s kovy.

5. Volné polyaminy a jejich roz§iteni.

6. Polyaminoxidazy a dehydrogenazy — enzymy pro
odbourdvéni polyamint.

7. Bakterialni metabolismus a polyaminy.

40

8. Biosyntéza a metabolismus diamind u bakterii.

9. Bakterialni tvorba spermidinu a dalSich polyamint.

10. Mikrobidlni eukaryotni systémy: Houby a hlenky.

1. Polyaminy v Zivoci§né buiice.

12. Metabolismus polyamint u Zivocichu.

13. Biosyntetické enzymy v ZivoéiSnych tkdnich
a buiikach. Cast 1. Vlastnosti a regulace ornitinde-
karboxyldzy.

14. Savéi biosyntetické enzymy. Cast I1.

15. Uvahy o rakoving: Iniciace karcinogeneze.

16. Metabolismus polyamint a podpora ristu nadora.

17. Prezivajici tumor: Kontrola nemoci.

18. Prvoci: Neéktefi paraziti tietiho svéta — trypanozo-
ma, tetrahymena, améby.

19. Viry.

20. Metabolismus rostlin.

21. Molekularni reakce na povrchu bunék.

22. Molekularni efekt na intraceluldrni polymery —
napf. proteiny (enzymy), funkce polyaminu v bu-
nééném jéadie, role Mg™ a polyaminu.

23. Molekularni efekt na intracelularni polymery. Pre-
nos RNA a DNA.

Vysla monografie je unikatnim dilem $irokého zabé-
listu v daném védnim oboru. Je piehlednd, tematicky
vyvazena, didakticky i koncepcné velmi dobre pojata.
Stane se jisté vyhleddvanou pomutckou pro vechny
pracovniky v oblastech biologického, chemického
a piedevsim biochemického vyzkumu.

Doc. RNDr. Ing. Josef Zahradnicek, CSc.
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POUZITI METODY NIR PRO HODNOCENI KVALITY
HRACHU (PISUM SATIVUM L.)

THE USE OF NIR METHOD FOR EVALUATION OF THE PEA (PISUM
SATIVUM L.) QUALITY

J. Urban, M. Hybl

Agritec, Ltd., Sumperk, Czech Republic

ABSTRACT: The device Inframatic 8100 (Perten Instruments, Sweden) was calibrated for determination of proteins and
starches in pea flours. For determination of proteins calibration curve was created in range 18.3 to 26.4% proteins in flour
with correlation 0.984 and with standard error of estimate 0.37 (indicates the standard error or standard deviation between
the Inframatic and the reference results). Due to different structure and content of starch in round and wrinkled peas two
calibration curves were measured. For round peas created calibration curve ranged from 42.5 to 50.8% starch in flour with
correlation 0.830 and with standard error of estimate 1.10. For wrinkled peas calibration curve was created in range 24.8 to
31.6% starch in flour with correlation 0.956 and with standard error of estimate 0.60.

Keywords: pea; quality of seeds; NIR spectroscopy; starch; protein

ABSTRAKT: Pristroj Inframatic 8100 (Perten Instruments, Svédsko) byl kalibrovin pro méfeni obsahu N-litek a $krobu
v hrachové mouce. Pro méfeni N-latek byla sestrojena jedna kalibraéni rovnice v rozsahu 18,3 az 26,4 % bilkovin v mouce
s korelaci 0.984 a se smérodatnou odchylkou 0,37 mezi referen¢nimi hodnotami a hodnotami zafizeni Inframatic 8100.
Vzhledem k odlidné struktuie a obsahu $krobu u polnich a diefiovych hrachl byly sestrojeny dvé kalibracni kiivky pro kazdy
typ hrachu. Pro hrach polni byla ziskdna kalibra¢ni rovnice v rozsahu 42,5 az 50,8 % Skrobu v mouce s korelaci 0,830
a smérodatnou odchylkou 1,10. Pro dfefiové hrachy byla vytvofena kalibracni kfivka v rozsahu 24.8 az 31,6 % S$krobu

v mouce s korelaci 0,956 a smérodatnou odchylkou 0,60.

Kli¢ova slova: hrich: kvalita semen: NIR spektroskopie; §krob: N-ldtky

UvoD

Zlepseni chemického slozeni semene hrachu je jednim
z hlavnich Slechtitelskych cili. Pii Slechténi na kvalitu
hrachového semene byly cenény genotypy s vy3sim ob-
sahem N-latek. V souCasné dobé se jako perspektivni
ukazuje vyuZiti hrachu (hrachového $krobu) v nepotra-
vindrské oblasti, a to jako mozného aditiva pfi vyrobé
v prirodé lépe odbouratelnych plasta (Colonna et al.,
1995). RozliSujeme dva typy hrachl — polni a dienové,
které se li§i mimo jiné obsahem Skrobu i jeho struktu-
rou. Hrach polni obsahuje 45 az 55 % Skrobu v susiné
s podilem 20 a7 30 % amylézy. Hrach diefiovy obsa-
huje 22 az 33 % Skrobu s 60 az 90 % amylozy. Pravé
diefiové hrachy by mohly v budoucnu slouzit jako
vhodny zdroj Skrobu pro nepotravindiské vyuziti. Pro
selekci vhodnych genotypt na Slechténi je tieba provést
rozbory rozsahlé kolekce vzorkl na obsah Skrobu, po-
pripadé N-litek. Rozbory semen jsou viak jak Casové,
tak finan¢né naro¢né. Technika spektroskopie v blizké
infracervené oblasti (NIRS), tj. v oblasti vinovych dé-
lek 1100 nm az 2500 nm, skyta moznost rychlého a si-
multanniho stanoveni obou uvedenych parametri pro
potieby screeningu. Price se zabyva predikci obsahu
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Skrobu a N-litek jako duleZitych §lechtitelskych para-
metrii NIR technikou na pfistroji Inframatic 8100 (Per-
ten Instruments, Svédsko).

MATERIAL A METODA

Jednotlivé genotypy hracht byly ziskany z Ceské
narodni kolekce genetickych zdrojii rodu Pisum, vede-
né na pracovisti Agritec, Sumperk a deta§ovaném pra-
covisti VURYV, Praha-Ruzyné v Olomouci. Byly pro-
méfeny na pfistroji Inframatic 8100 v nasypnych celach
s pouZitim programového vybaveni Perten Instruments
NIR Software V 4.84B a filtrd o vInovych délkach
2336, 2310, 2230, 2180, 2100, 1940 a 1680 nm. Vzorky
byly pred analyzou pomlety na mlynku Tecator 1093
(Cyclotec, Svédsko) s pouZitim Imm sita. Protoze NIR
technika je metodou sekundérni, je nutné okalibrovat
systém vhodnou empirickou metodou. Pro stanoveni
N-latek byla pouZzita klasicka Kjeldahlova metoda.
Skrob byl stanoven po enzymovém rozkladu na gluké-
zu spektrofotometricky (Jones, 1994). Pro vytvoreni
kalibrace je tfeba pro tento pfistroj pouZit vZdy pfibliz-
né 30 vzorki. Pfi predikci obsahu N-latek u hrachl
NIR technikou vystacime s jedinou kalibraéni kiivkou
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pro oba typy hracht. pii predikci obsahu Skrobu je
vzhledem k strukturnim a obsahovym rozdilim mezi
polnimi a dfenovymi hrachy lepsi sestrojit pro kazdy
typ vlastni kalibrac¢ni kifivku. Pfi vlastnim méfeni obsa-
hu N-latek byly pouzity vyrobcem doporucované filtry
2310, 2180, 2100 a 1940 nm. Podobné na predikci ob-
sahu Skrobu byly pouzity filtry 2336, 2310, 2100
a 1940 nm. Vlhkost vSech vzorkd se pohybovala v in-
tervalu 9,53 + 0,55 % vlhkosti v mouce. Na zakladé
vlhkosti Ize namérena data prepocitat na susinu vzorku.

VYSLEDKY A DISKUSE

Predikce obsahu N-latek i Skrobu NIR technikou
v rozsahu piirozené variability Slechtitelského materia-
lu je pro screeningové vyhodnocovini dostate¢né pres-
nd. Presnost NIR metod je piimo zdvisld na pouZité
primarni metodé, pfi¢emZ chyba NIR metody nemuze

byt nikdy nizsi neZ chyba klasické laboratorni metody

pouzité pro kalibraci a méla by se co mozna nejvic
blizit chybé primarni kalibracni metody. Pfiprava vzor-
ki spociva v dokonalé homogenizaci a stabilizaci na
ur€ité, priblizné stejné vlhkosti. Vlastni méfeni je velmi
rychlé, provadi se duplicitnim proméfenim reflektance
v blizké infracervené oblasti. Pii §patném nasypani vzor-
ku 1ze méreni opakovat. Z kalibracnich gralt (obr. 1 az
3), resp. z hodnot korelacnich koeficientl (pro bilkovi-
ny r= 0,984, pro §krob r = 0,830 a 0,956) a z paramet-
ra kalibraci (tab. I) je zfejmé. Ze NIR techniku lze s vy-
hodou pouzit pro promérovani rozsahlych screeningovych
souborti na zdakladni obsahové latky (Skrob, N-litky)
u hrachu. Mozné sledované parametry lze rozsifit
o dalsi, jako je vlhkost, obsah tuku a jiné (Mika, 1996).
Univerzalnosti NIR techniky lze vyuzit pro predikei
stejnych parametrti u dalSich zemédélskych plodin. Pro
semena nékterych plodin (fepka. len) lze analyzovat
vzorky také nedestruktivné (Cowe et al., 1988; Koester,
1988).
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28.0 3. Korelace NIR a LAB hodnot obsahi
556 N-litek u hrachu — Correlation of NIR
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1. Pfehled parametra ziskanych Kalibraci — Survey of parameters obtained by calibration
Parametr’ N x S.E.E. ’ S. D. lab.
N-latky? 26 22,58 0,37 0,984 0.28
Skrob? (hrich pclni") 33 45,83 1,10 0.830 0,92
Skrob (hrich diefiovy®) 27 28,9 0,60 0,956 0,51

= prumérny obsah sledované litky v souboru vzorkii — average content of investigated substance in the set of samples

N = pocet vzorkil pro kalibraci — number of samples for calibration

x

S. E. E. = chyba kalibrace (smérodatna odchylka) — calibration error (standard deviation)

R = korelacni koeficient — correlation coefficient

S. D. lab. = smérodatnd odchylka laboratorni metody — standard deviation of the laboratory method
lparame(er. Zerude proteins, *starch, *round pea, Swrinkled pea

Pristroj Inframatic 8100 patii do kategorie filtrovych
piistroji (je schopen méfit reflektanci vzorku pouze pii
vybranych vinovych délkach, coz je dostacujici pro
predikci zakladnich Zzivin). Dokonalejsi zafizeni jsou
schopna méfit reflektanci kontinualné celym NIR spek-
trem. Pomoci nich muzeme rozsifit $kdlu stanovova-
nych parametrd o mnoho dalSich. Lze je také vybavit
celou pro stanoveni riznych obsahovych latek u jed-
notlivych semen, napf. u hrachu (Sinnaeve et al.,
1995), coz ma znaCny vyznam zejména pro §lechtitele.
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RECENZE

PLANT BIOCHEMISTRY (MOLECULAR BIOLOGY)

H. W. Heldt

New York, Tokyo, Oxford Univ. Press 1997

Soucasny knizni trh v oblasti védecké literatury vy-
znamné obohacuje zdarile zpracovana vysokoskolska
ucebnice rostlinné biochemie, jejimZ autorem je viem
biochemikam a rostlinnym fyziologim dobfe znamy
profesor némecké univerzity v Gottingenu. Jak sam au-
tor uvadi, kniha je urena hlavné studentim vy§Sich
ro¢nika vysokych $kol, a to biologickych, biochemic-
kych a zem&d€lsko-potravinéiskych obort, a zvIasté pak
pro postgradudlni studium, stejné jako i pro graduo-
vané védecké pracovniky jmenovanych obort rostlinné
biologie a biochemie.

Kniha vysla piivodné v némeckém originale pod naz-
vem Pflanzenbiochemie v némeckém nakladatelstvi
Spektrum Akademischen Verlag v roce 1996. V ang-
lickém znéni ji pfipravil sim autor. Zaroveii jeji obsah
upravil, a posunul ji tak na daroven renomovaného dru-
hého vydani. Ucebnice je rozdélena do 22 vzajemné
navazujicich a rozsahové vyvazenych kapitol:

|. Metabolické kompartmenty listové bunky.
2. Vyuziti energie slune¢niho zdieni k fotosyntéze.
3. Fotosyntéza jako elektronovy transport.
. Tvorba ATP pii fotosyntéze.
. Mitochondrie jako zdroje bunécné energie.
. Fotosynteticka asimilace CO, v Calvinové cyklu.
. Fotorespirace.
. Fotosyntéza a spotieba vody.
9. Polysacharidy.
10. Asimilace nitratu.
11. Fixace dusiku.
12. Asimilace sulfatu.
13. Transport floémem.
14. Rostlinné zasobni proteiny.
15. Glycerolipidy.
16. Role sekundéarnich metabolit rostlin.
17. Tzoprenoidy.

SN N
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18. Fenylpropanoidy.

19. Signaly regulujici rast a vyvoj rostlinnych organi.
20. Genomy rostlinnych bunék.

21. Proteosyntéza.

22. Genové technologie u rostlin.

Kniha je opatfena piehlednym rejstiikem, ktery za-
hrnuje vécnd a jmenna hesla. Kazda kapitola je zakonc¢ena
seznamem puvodni literatury, ktera slouzi k podstatnému
rozsiieni a prohloubeni znalosti. Publikace vyzaduje ze
strany ¢tendie zdkladni znalosti biologickych a chemic-
kych disciplin, pfestoze text i bohaté grafické vyobra-
zeni jsou ndleZité didakticky podany.

Ponékud specificky je pfistup autora k fenolovym
slou¢enindm, prezentovanym v 18. kapitole. Jde o latky
odvozené od aminokyselin fenylalaninu a tyrozinu
s Cy vedlejsim Fetézcem a jejich razné kondenzaty.
Autor sem fadi ligniny, stilbeny, flavonoidy a tanin.
Popisuje napf. indukci biosyntézy taninu v listech jiho-
africkych akdcii jako ochranu pred spasenim antilopa-
mi kudu.

Prednosti ucebnice je moderni pojeti vykladu i ob-
sahu, jasny zpusob prezentace pojmu, vybér informaci,
které berou v tvahu potfeby studentu, ilustrace, které
jsou sice pouze dvoubarevné, ale velmi prehledné, na-
vic je zde fada snimkl pofizenych elektronovym mik-
roskopem, dokumentujicich rostlinné struktury. Rost-
linny metabolismus je prezentovén v kontextu se
strukturou a funkei rostlin.

Pfi celkovém hodnoceni vydaného knizniho titulu
1ze odpoveédné konstatovat, Ze jde o publikaci, kterd se
stane velmi Zadanou pomuckou, zejména pro postgra-
dudlni vysokoskolské studenty a védecké pracovniky
v oblasti biologickych a chemickych obori.

Doc. RNDr. Ing. Josef Zahradnicek, CSc.
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SUITABILITY OF DIFFERENT BIOCHEMICAL MARKERS
FOR DETECTION OF HOMOGENEITY IN FODDER
CABBAGE [BRASSICA OLERACEA L. VAR. ACEPHALA
(DC.) ALEF.]

POUZITI RUZNYCH BIOCHEMICKYCH MARKERU PRO DETEKCI
HOMOGENITY U KRMNE KAPUSTY [BRASSICA OLERACEA L. VAR.
ACEPHALA (DC.) ALEF.]

V. Curn, L. Sikova

University of South Bohemia, Faculty of Agriculture, Ceské Budéjovice, Czech Republic

ABSTRACT: Fodder cabbage as facultative outcrossing plant is characterised by relatively high morphological variation in
breeding populations and registered cultivars. Enzymes and proteins should be used as biochemical markers for the testing
of homogeneity and stability of breeding material. The objective of this contribution was to analyse the level of variation/ho-
mogeneity in breeding population of fodder cabbage VV-AR and to test the suitability of different biochemical markers for
these purposes. Seed and leave proteins and different isoenzyme systems (AAT and EST) were used as biochemical markers.
Protein markers express relatively low level of variation and their utilization should be focused on the taxonomical studies.
Isoenzyme markers, especially aspartate aminotransferase, should be utilized as the markers for homogeneity/variation eva-
luation in the breeding populations of fodder cabbage.

Keywords: Brassica; fodder cabbage; isoenzyme and protein electrophoresis; PAGE; genetic markers; plant breeding

ABSTRAKT: Izoenzymovy a proteinovy polymorfismus detekovany elektroforézou na $krobovém nebo polyakrylamidovém
gelu byl vyuZivin u brukvovitych rostlin ve fylogenetickych a taxonomickych studiich; biochemické markery byly pouZity
i pro verifikaci hybridniho charakteru somatickych hybridi, testovani &istoty F) hybridi a testovdni homogenity (&istoty)
osiv. Jedna z prvnich aplikaci izoenzymové elektroforézy ve Slechténi rostlin se tykala izoenzymi kyselé fosfatizy u F,
hybridnich odrid razickové kapusty (Nijenhuis, 1971). V poslednich letech jsou izoenzymy a proteiny bez detekovatelné
enzymatické aktivity (napf. zasobni proteiny) uZivdny jako biochemické genetické markery pro charakterizaci a identifikaci
odrid zemé&délskych plodin a zelenin, véetné brukvovitych (Aris et al., 1985; Gupta, Robbelen, 1986; Miindges et al., 1990).
Cilem této studie bylo analyzovat homogenitu novoslechténi krmné kapusty VV-AR a provéfit vhodnost ruznych biochemic-
kych markeri a analyticko-statistickych postupii pro déely rychlého testovéni Slechtitelského materidlu. Semenny materiél
pro analyzy byl ziskin ze S Vétrov. Vysledky jsou prezentoviny ve formé dendrogrami po pogitatovém zpracovani geli.
Pfi analyze proteinii ze semen a d&loZnich listkii byla zji§téna minimalni variabilita, rozdily v po¢tu a mobilité izoenzymu
aspartataminotransferdzy jsou naopak velmi zfetelné. Pfi srovnani dendrogrami Ize konstatovat, Ze analyza proteini ze semen,
déloznich listkit a mladych listd poskytla srovnatelné vysledky, tj. velky pocet prouzki a minimalni detekovatelnou variabi-
litu, ackoli prib&h absorbanénich kiivek (spektrum proteinil) v té€chto typech materidlu je odlidny. Proteinové spektrum je
prakticky nevariabilni u viech testovanych semen, resp. rostlin a homogenita §lechtitelského materidlu je na velmi vysoké
trovni. Odlisné vysledky byly ziskany analyzou izoenzymovych spekter esterdz a aspartdtaminotransferdzy. U esterdz ze
semen byla homogenita poméfovana podobnosti z dendrogramti na drovni 85 az 90 %. Izoenzymy aspartitaminotransferdzy
vykazovaly nejvy33i trovefi variability. Podobnost mezi spektry (skupinami spekter) je na Grovni hodnot 0,1 aZ 0,5. Vysledky
ukazuji riznou vypovidaci schopnost pouZitych biochemickych markerti pfi hodnoceni variability ve $lechtitelském materidlu
krmné kapusty. Pro tcely testovini homogenity materidlu je vhodnéjsi pouZivat izoenzymové markery. Pfi aplikaci t&chto
metod je v8ak nutné brat v dvahu i zplisob vyhodnocoviéni a analyzy primarnich elektroforetickych dat, tak aby interpretace
elektroforeogrami jes§té vice nekomplikovala tuto problematiku.

Klicovi slova: Brassica; krmné kapusta; izoenzymova a proteinova elektroforéza; PAGE; genetické markery; §lechténi rostlin
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INTRODUCTION

The genus Brassica consists of diploid and amphi-
diploid species and is characterised by high genetic and
morphological variation. In Brassica vegetable crops
the breeding of F; hybrid varieties is now quite wide-
spread, and for testing the purity of F; hybrid seed lots
the isoenzyme analysis has become a useful tool (Ni-
jenhuis, 1971; Arus, 1983; Ards, Shields, 1983; Luhovy,
Reifidkova, 1989).

Enzyme and protein polymorphism detected by gel
electrophoresis have been used in the family Brassicaceae
in phylogenetic and taxonomic studies (Vaughan et al.,
1966; Vaughan, Waite, 1967; Vaughan, Denford, 1968;
Denford, Vaughan, 1977; Yadava et al., 1979; Truco,
Arus, 1987; Ards et al., 1991), as markers for verifica-
tion the hybrid character of somatic hybrids (Sjodin,
Glimelius, 1989; Sundberg, Glimelius, 1991; Forsberg
et al., 1994), for characterisation of disomic addition
lines (Chevre et al., 1991). One of the first applications
of isoenzyme electrophoresis in plant breeding and
seed production was study of ACP isoenzymes in F,
hybrid varieties of Brussels sprouts cabbage (Nijen-
huis, 1971). These applications — purity testing of F,
hybrids and testing the homogeneity of seed lots — have
been proposed as a powerful tool in plant breeding
(Woods, Thurman, 1976; Wills et al., 1979; Wills, Wise-
man, 1980; Arts et al., 1982; Luhovy, Refidkova, 1989;
Gasanova, 1990). In recent years isoenzymes and stor-
age proteins have been used as genetic biochemical
markers for characterisation and cultivar identification
in oil seed rape (Arids, 1985; Gupta, Rébbelen, 1986;
Miindges et al., 1990), and testing the homogeneity of
androgenetic lines of oil seed rape (Curn, 1995).

" Fodder cabbage as facultative outcrossing plant is
characterised by high morphological variation and also
morphological traits are modificable under environ-
ment conditions. These facts could cause problems in
plant breeding process — especially in DUS-tests of the
newly bred variety, when the uniformity and stability
of new material is requested (Horvéth, Horvath, 1994).
Biochemical markers on the level of isoenzymes and
proteins without detectable enzymatic activity could be
used either for characterisation of plant varieties or also
as screening tool for rapid and early detection of ho-
mogeneity or variation in plant population or variety.

1. Extraction and loading buffers

The objective of this contribution was to analyse:
1) the homogeneity of breeding material of fodder cab-
bage VV-AR, and 2) to test the suitability of different
biochemical marker systems for the purposes of rapid
screening of the plant material. Seed samples of tested
plant material were obtained from Vétrov Breeding Sta-
tion (South-Bohemian region, Tabor District, the Czech
Republic).

MATERIAL AND METHODS

Orrigin of plant material: Newly bred variety of fodder
cabbage VV-AR {Brassica oleracea L. var. acephala
(DC.) Alef. [B. oleracea L. var. viridis L.]} originated
from reciprocal crosses of parental varieties Arkta x
(VV-11, Condor, Inka, Vulkan, Stabil), generation F5.

Growth of plant material: Biochemical analyses
were performed from three types of material: dry seeds,
cotyledons, young leaves. Seed were stored at a room
temperature in paper boxes. Plants were cultivated in
growth chamber, in sterile Perlite under 16 hour pho-
toperiod with 22/18 °C day-night temperature regime.
Cotyledons were harvested and analysed 6th day after
germination, when cotyledons were fully expanded.
Young leaves (Ist leaf) were analysed 7 to 8 day later.
Plants cultivated for this longer period were fertilised
using 0.05% Phostrogen. For analyses 150 seeds/plants
were used from each type of material and for each
biochemical marker.

Extraction of proteins: 1 seed (gently defatted press-
ing between two pieces of Whatman 3MM paper),
1 cotyledon or leaf disc @ 8 mm was homogenised
with 50 pl of SDS extraction buffer (Tab. I) and the
extraction was performed on ice for 4 hours. Crude
extract was centrifuged at 4 °C at 10 000 g for 8 min.
The supernatant (40 pl) was transferred into new Ep-
pendorf tube with 10 pl of 5x gel loading buffer. Pro-
tein samples were frozen and stored at —20 °C.

Extraction of enzymes: 1 sced (gently defatted),
1 cotyledon or leaf disc & 8 mm was homogenised
with 50 pul of 2% glutathione extraction buffer. Crude
extract was centrifuged at 4 °C at 10 000 g for 4 min.
The supernatant (40 pl) was transferred into new Ep-
pendorf tube with 10 pl of gel loading buffer. Enzyme
samples were immediately frozen and stored at —20 °C.

Extraction 0.0625 M Tris-HCI, pH = 6.8, 5% BME, 2% SDS
fpoww; | . oo 5 ml 1.25 M Tris-HCI, pH = 6.8, 2.3 g SDS, 10 ml glycerol, 5 mg BPB to 500 pl
buffer add 170 pul BME
A 2% glutathione, reduced form, pH adjusted to 7.5-7.7 by 2 M Tris
B 10 mM Tris-HCI, pH = 6.8, | mM BME
Enzymes Extraction n 10 ml 0.5 M Tris-HCI, pH = 6.8, | ml BME, 10 ml glycerol, 5 mg BPB, 79 ml water
to 50 pl buffer add 10 pul 100 mM PMSF in isopropanol
D 50 mM Tris-HCI, pH = 6.8, with 0.13 mg/ml leupeptine and 1% BME
LB 40% glycerol, 10 mg BPB/100 ml buffer
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Polyacrylamide gel electrophoresis: Isoenzymes and
proteins were separated into discrete bands by vertical
slab polyacrylamide gel electrophoresis using discon-
tinuous system (Curn, 1995; Curn et al., 1995). 25 ul
of enzyme or protein extracts were applied per well.
Electrophoresis was performed using Hoefer SE 600
unit at 6 °C for 3 to 5 hours under constant current
(25 mA/gel for enzyme separation and 40 mA/gel for
SDS-PAGE), using voltage 170 or 250 V.

Protein detection: Position of protein bands was
detected using staining Coomassie Blue R-250. Gels
were rinsed with distilled water and overnight stained
in 0.1% Coomassie Blue R-250 in methanol-glacial
acetic acid-water (5 : 1 : 4), destained 24 hours in
ethanol-glacial acetic acid-water (2.5 : 1 : 6.5), and
fixed in 45% ethanol + 3% glycerol. Gels were dried
between cellophane sheets, on glass in room temperature.

Enzyme activity staining: After electrophoresis gels
were rinsed with distilled water, equilibrated in buffer
used for enzyme activity detection and stained. Detec-
tion of activity of analysed isoenzyme systems was per-
formed according to Vallejos (1983) and Curn et al.
(1995).

Gel evaluation: Gels were processed using flat-bed
scanner and specialised computer software — GelMana-
ger for Windows (BioSystematica, U.K.). On digital-
ised gels the absorbance profiles of samples were re-
corded, corrected and compared using cluster analysis
(UPGMA). Results of gel image analysis are presented
in the form of dendrograms (Curn et al., 1995).

RESULTS AND DISCUSSION

Results are presented in the form of dendrograms for
different biochemical markers. Analyses of proteins ex-
tracted from seeds, cotyledons and young leaves show
comparable results, although the patterns/absorbance
profiles are different in these three types of material.

Differences between protein patterns of analysed fod-
der cabbage material are shown in Fig. 1 and 2.

Protein patterns are almost invariable in all tested
seeds/plants and the homogeneity of breeding material
measured by this biochemical marker system is on the
high level. Fig. 3 and 4 show dendrograms calculated
using correlation matrix (Fig. 3a and 4a) or simple
match coefficient matrix (Fig. 3b and 4b). Match ma-
trixes were calculated on the basis of major bands pre-
sented in very complex protein patterns. Biochemical
homogeneity of analysed breeding population is on the
high level — similarity of analysed tracks is in the range
93 to 100% in all individual protein systems — seeds,
cotyledons and leaves.

Different results were obtained after evaluation of
isoenzyme patterns of esterases and aspartate ami-
notransferases. Esterase isoenzymes were analysed in
seeds and cotyledons. Level of variation of seed
esterases was relatively low and again the uniformity
of tested population was quite high. Esterases from
cotyledons show higher level of variation, results from
comparison of typical groups of patterns are shown in
the form of dendrograms in Fig. 5. Level of similarity
between groups of patterns is 89 to 100%.

Isoenzymes of aspartate aminotransferase (extracted
from cotyledons) reflect the real variation in the fodder
cabbage population. This enzyme system showed the
highest level of variation. Coefficients in the similarity
matrix ranged from 0.15 to 0.9. Dendrograms in Fig. 6
show similarity (correlation) between groups of typical
patterns.

These results were obtained using SDS-extraction
buffer for proteins and glutathione extraction buffer for
enzymes. Extraction with other buffers (Tab. I) gave
poorer results, some extraction (mainly with BME) ex-
hibited stronger background and also enzyme activity
was influenced. Enzyme extracts should be stored at
=70 °C for several months without any apparent

gellg, 1 52s
gellg 3 52s

gellg 5 52s
gellg 7 52s

100 200 300 400

1. Absorbance profiles of protein samples (SDS-PAGE from seeds)

ROSTLINNA VYROBA, 45, 1999 (1): 45-49
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geldg_ 3 52d.

gel3g, 6 52d
gel3g___ 9 52d

2. Absorbance profiles of protein samples (SDS-PAGE from cotyle-
dons)
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changes of activity, storage at =20 °C could cause de-
creasing of enzyme activity after several weeks.

Presented results show different suitability of bio-
chemical markers in breeding system of fodder cab-
bage: Protein markers are not very useful for detection
of variation in analysed population or testing the purity
of breeding population. On the other side, AAT or EST
isoenzymes show higher level of variation in the tested
population and it is possible to use these systems for
better description of the level of biochemical and ge-
netic variation in the population.
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Z VEDECKEHO ZIVOTA

VEDECKE SNEMOVANI ROSTLINNYCH FYZIOLOGU

Mezi vyznamné akce roku 1998 budou jisté patfit 8. dny
rostlinné fyziologie, konané v Olomouci ve dnech 7. az 10.
cervence. Védeckého sympozia s mezindrodni dcasti, které
prob&hlo na Univerzité Palackého, se zicCastnilo celkem 207
registrovanych védeckych a pedagogickych pracovniki.
Kromé kolegli ze Slovenska se zde aktivné prezentovali spe-
cialisté z Velké Britinie, Svycarska, Némecka, Holandska.
Polska a Madarska. Na organizacnim a poradatelském zajis-
téni sympozia se podilela Univerzita Palackého a Ustav ex-
perimentdlni botaniky AV CR. Pracovni jedndni v&decké
konference bylo raimcové rozvrzeno do dvou sekci:

A. Fotosyntéza a vodni provoz rostlin
B. Regulace organogeneze rostlin

Ze Sirokého souboru predndSek lze jako stéZejni uvést
tyto: E. Beck (SRN): Investigation of phytohormones: From
the whole plant to the molecular level: D. Lawlor (UK):
Climate change and agriculture impacts: Is there cause for
concern?; M. Hall (UK): Ethylene transduction pathway; L.
Bogro (Madarsko): Cell cycle control in higher plants; R. J.
Strasser (Svycarsko): Perpetual adaptation in a perpetual
changing environment is a survival strategy of higher plants;
A. M. C. Emons (Holandsko): The plant cytoskeleton: Its
configuration and dynamics; P. Lumsden (UK): Light per-
ception in plants: The phytochrome family; A. Kacperska
(Polsko): Signaling systems involved in plant response to low
temperature; B. Schoefs (SRN): Chlorophyl synthesis in
stress conditions; 1. Setlik: Vyvoj fotosyntézy v druhé polo-
viné 20. stoleti; V. Spunda: Regulace vyuZiti excitaéni ener-
gie ve fotosyntetickém aparitu; P. Kadletek: Fotosyntéza
a-rist béhem aklimatizace k ex vitro podminkdam; J. Naus:
Moderni fyzikdlni metody ve studiu fotosyntézy; M. Bartdk:
Vliv NO_;/NHZ vyzivy na fotoinhibici fotosyntézy mladych
rostlin javoru (Acer sp.); P. llik: Vysokoteplotni zmény na
tdrovni thylakoidnich membréan chloroplasti; J. Santriiéek:
Zdanliva biochemickd deprese fotosyntézy listu — analyza
pfi¢in pomoci gazometrického signdlu: N. Wilhelmova: Sta-
fim podminéné zmény ve sloZeni déloZnich listd; V. Krpes:
Protektivni funkce karotenoidu; B. Vyskot: Genetické zdkla-
dy vyvojovych procestt u rostlin; L. Havel: Programovani
smrt buiiky v ontogenezi rostlin: S. Prochdzka: Uloha auxint
a cytokinini v apikalni dominaci; J. Koldi: Rytmicita v re-
gulaci vyvoje rostlin: MoZna tGloha melatoninu; J. Krekule:
Alternativni cesty regulace kveteni (pleiotropni efekty signd-
14 vnéjsiho prostiedi); P. Pe¢: Rostlinné polyaminy — distri-
buce a metabolismus; M. Griga: Pfimd somatickd embryoge-
neze u hrachu; J. Petrd§ek: Akumulace a pienadedi
zprostiedkovany efflux auxinu v prabéhu subkultivacniho in-
tervalu u kmene tabdku VBI-0: M. Bobdk: Vplyv cytoskele-
tovych toxinov na extraceluldrnu matrix (ECM) pocas sko-
rych Stadii somatickej embryogenézy u rosnicky (Drosera
rotundifolia L.): T. Van€k: Sekundarni metabolismus in vitro
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kultur vysSich rostlin; E. Cvikrova: Uloha fenolickych litek
rostlin; V. Simdnek: Obsahové litky rodu Colchicum: M.
Pfendk: Tvorba retikulinu v kli¢nich rastlinich mdku: M. Ka-
minek: Kooperace auxinu a cytokinint pfi fizeni vyvoje rost-
lin; M. Strnad: Uloha cytokininli v regulaci bunééného cyklu:
V. Zdirsky: Malé GTPazy v morfogenezi rostlin; J. Dolezel:
Analyza rostlinného genomu pomoci pritokové cytometrie:
J. Hejitko: Ucastni se histidinkindzy pfenosu cytokininového
signdlu? VyuZiti vyhleddvaci strategie zaloZené na .gene
knock out*; E. Benkovid: ZvySeni tvorby a aktivity B-gluko-
sidazy Zmp60.1 v kalusech a protoplastech transgennich
rostlin jako odpovéd na jejich proliferacni aktivitu; 1. Ma-
chackova: Cytokininy v chloroplastech tabdku a p3enice:
Vyskyt a reakee na svételny rezim; M. Klems: Uloha risto-
vych reguldtort v indukci bunééné suspenze u okurky; M.
Luxovd, A. Lux: Rast a diferencidcia endodermy v korenoch
Primula acauli; J. Gloser: Kam sméfuje ekologickd a streso-
v fyziologie?; O. Ga$parikovd, L. Tamas: Odpovede rastliny
na nizke teploty: M. Marek: Dlouhodobé plsobeni zvyiené
koncentrace CO, na fotosyntetickou charakteristiku: J. Pav-
lovkin, I. Mistrik: Zmeny MP bunick korefiov kukurice vply-
vom Al; 1. Mistrik: Prijem a asimildcia nitrdtu rastlinami Ri-
cinus communis po infekcii Agrobacterium tumefaciens; L.
Blaha: Vliv abiotickych stresi na charakteristiky semen; J.
Kmet, L. Ditmarové: Sezonne varidcie fotosyntetickej aktivi-
ty buka v stresovych podmienkach, determinované fluores-
cenciou chlorofylu a pigmentami; J. Pavlovkin, I. Mistrik:
Ucinok fusarinovej kyseliny na bunky vyssich rastlin; J. Za-
mecnik: Vitrifikace u rostlin: Kdy se v rostlindch z vody tvo-
fi sklo; A. Kotyk: Transport ionti pres membranu: J. Cerno-
horskd: VIiv AI** na pfijem nitrata kofeny pSenice: M. Zima:
Niektoré tyziologické aspekty introdukcie laskavea (Ama-
ranthus sp.): A. Kostrej: Nové fyziologické poznatky v pro-
dukénej ekologii: A. Kubova: Efektivnost vyuZitia symbio-
ticky fixovaného dusika a minerdlneho dusika vo vyZive
soje: V. Hejndk: Odbér stabilniho izotopu dusiku jarnim jec-
menem a .priming efekt** na padach s odlisnym pH v Polab-
ské nizing; J. Zehndlek: Vyuziti diagnostickych metod pfi
hnojeni obilnin dusikem; O. Erdelskd: Programovand bunec-
nd smrt v embryondlnom vyvine: J. Albrechtovi: Somaticka
embryogeneze u smrku ztepilého; J. Kutik: Vyvoj ultrastruk-
tury chloroplastu v prib&hu ontogeneze listu: O. Votrubovi:
Morfologické adaptace mokiadnich rostlin: K. Bene§: Apli-
kace mikrovin k diferencidlnimu barveni pletiv: J. Dubovi:.
Vliv B-glukosiddzy Zmp60.1 na vyvoj pylu tabdiku: V.
Brand: Praktické vyuZiti obrazové analyzy v anatomii a cy-
tologii rostlin.

Abstrakta prednasek i plakdtovych sdéleni v anglickém
znéni jsou uspoidddana ve sborniku, ktery je k dispozici
v knihovnich P¥F UP v Olomouci. UEB AV CR v Praze
a téZ u autora prispévku.

Doc. RNDr. Ing. Josef Zahradnicek, CSc.
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INFORMACE - STUDIE - SDELENI

THE ROLE OF HERBICIDES AND BIOREGULATORS
IN WINTER RAPE PRODUCTION

ULOHA HERBICIDU A BIOREGULATORU PRI PESTOVANI OZIME

REPKY

A. Gawronska

Department of Soil and Plant Management, Agricultural University, Warsaw, Poland

Introduction

Rape is a species of a big economic and agricultural
importance. It is an important source of plant fats for
industry as well as of fodder protein. Its agricultural
meaning follows from its specific properties, as a phy-
tosanitary plant within crop rotations of high share of
wheat and barley.

Rape is characterized by high yielding potential (7 to
8 t/ha). Simultaneously, the harvested crops are much
lower due to the losses caused by agrophages (30 to
80%), winter freezing (5 to 10%), plant lodging or seed
dropping at harvest (8 to 12%). The losses can be limit-
ted if one uses pesticides, involving herbicides and
bioregulators. The importance of chemical weed control-
ling as well bioregulators in limiting rape crop losses
will be only issue presented in the paper.

Weeds and their controlling

Weeds in Poland cause approximately 10 to 30% of
crop losses, the same as in the other European coun-
tries. Last years, all over the world there has been ob-
served an increase of weed overgrowing on the rape
plantations. It has been caused by very differentiated
factors. The principal ones consist of different tillage
methods and crop rotations, one stage harvesting as
well as many years using herbicides, mainly in the ce-
reals, of narrow rather weed controlling spectrum, what
brought about some compensation within uncontrolled
species of the weeds.

In Poland one can find within the rape canopy more
than 200 weed species, 82% being dicotyledonous,
both annual and perennial (167 species), 17% being
monocotyledonous, annual and perennial (34 species)
and 1% of horsetail family (three species). During last
years, due to the using herbicides both for the forecrops
and rape there has appeared not only a decrease in bio-
diversity of species composition of weed community
but also some compensation of hard to be controlled
species from Anthemidae, Gallium aparine, Stellaria
media, Viola sp., Capsella bursa-pastoris, Apera spica
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venti as well self-seeding cereals. The results of inves-
tigation conducted both in Poland and abroad have ul-
timately showed the higher crop losses are noted in the
case of determined number of plants of the dominant
species than with an identical plant number of multi-
species community.

Unfavourable effect of weeds upon the yielding can
be both direct and indirect one. Usually the former
manifests when there is mass occurrence of the weeds
in the autumn, at the starting period of growth and
development of rape. While secondary overweeding to
the greater extent may indirectly affect the magnitude
(size) of the harvested crop.

To limit crop losses caused by the weeds one should
destroy them. It can be done using various methods of
controlling. Most effective, however seems to be chemi-
cal one. Its efficacy depends on herbicides used, term of
performing the measure and weather conditions.

Substantial differentiation of weed species composi-
tion that occurs within the canopy of rape demands to
destroy them effectively using of two to three mono-
compound herbicides or their mixture. Most safely
measure used for the rape is that performed just after
the sowing or after emergence, at the stage of its four
to six leaves. For the later term preparations destroying
self-seeding cereals and monocotyledonous weeds must
be used.

The herbicides recommended for rape plantations
(Comodor, Butisan 500 SC, Butisan 500 C, Teridox
500 EC) have been differing in the view of effective-
ness of controlling noxious to the crop weeds. It varied
during investigation years within big range. The cause
of such big differentiation seems to be weather condi-
tions. Low precipitation for both weed emergence and
herbicide uptake were limited. In the years of weather
conditions promoting both emergence of weeds and
preparations activity their efficacy was much higher, e.g.
Teridox 500 EC (dimetachlor) or Butisan 500 SC
(metazachlor) reached 90 to 100% as compared to the
majority of the weeds checked.

Actually recommended for the rape herbicides char-
acterize with a wide spectrum of effective controlling
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towards the majority of noxious dicotyledonous weeds,
e.g. Butisan 500 SC, Butisan Star, Pradone and others.
An addition of graminicide as the second preparation
after sowing date (Fusilade, Gallant, Targa) also en-
ables to equally effectively (up to 95 to 100%) destroy
monocotyledonous weeds, cereal self-seeding involving.

Under Poland conditions herbicide using in the
spring time is less effective. Nevertheless, it can be of
importance when combined application of agrochemi-
cals (tank-mix) in plant protection against agrophages
takes place.

The choice of appropriate weeding method highly
depends on economic factors, as e.g. its profitability.
Our investigation shows that the increase in yield does
not meet the costs spent for weed controlling of plan-
tation either in the case of chemical or mechanical
method. Under conditions of using simplified pre-sowing
soil tillage the losses were higher than when a tradi-
tional one was performed.

Workability of herbicides application is conditioned
by their prices, degree of overweeding plantation and
the size of the crop reached. Today, the cost of herbi-
cides is 20% of the total production costs. As one can
see from the investigation conducted by the Institute of
Plant Protection (IOR) the workability of chemical con-
trolling of the rape is achieved when value of the pro-
tected crop (Q index) does not exceed 10%. Under Po-
lish conditions it ranged from 7 to 26%. Assuming
yield of 30 dt/ha and one combined measure (insecti-
cide + herbicide) it is 7%, while taking into account the
yield 40 dt/ha and two measures (insecticide + herbi-
cide) it is approaching 10%, i.e. the limits of workability.

Role of bioregulators in limiting losses

Apart from the effect exerted by the weeds the mag-
nitude of losses of rape yields may also be decided by
the following factors: poor overwintering of the crop,
its lodging or seed dropping at harvest. Bioregulators
that inhibit plant growth can be used to counteract
them. Such an activity is specific for the preparations
of triazole group, involving Baronet (triapenthenol
700 g/kg). As it has been shown by the data of up-to-
date checking the preparate increases plant winter har-
diness, shortens the height of plant and that of the first
internode, increases branch number on the plant, en-
ables harvesting (plants still are staying in the canopy),
decreases plant infestation by patogenic fungi: Sclero-
tinia sclerotiorum, Botryotinia fuckeliana and Alternaria
brassicae (Mus$nicki et al., 1987; Rola et al., 1988;
Patosz et al., 1990; Sadowski, Klepin, 1990; Budzyriski
et al.,, 1991, 1992; Franek, Rola, 1991; Tobota et al.,

1991; Zawadzki, 1996). The range and effectiveness
of retardant activity depends on the term as well as on
the place of application. In the autumn term, when
about increasing of winter hardiness better effects are
got due to applying retardant to the soil — just after
sowing. While in the case of counteracting eventuals
lodging-spring term seems to be equally effective as
that in the autumn.

Winter hardiness is decided by the height of carry-
ing out growth apex above soil surface and the degree
of its covering by the leaves. Experimental results
showed the applied bioregulator substantially changed
plant morphology what confirms literature data. The
plants of the objects treated with Baronet overwintered
better, were less susceptible to lodging and yielded
higher than untreated ones. Therefore their yield per
unit area was higher. Simultaneously applying of
bioregulator and herbicides does not bring about any
unfavourable effects. Elimination of weeds enables har-
vesting and left aside losses (seed dropping). Conse-
quently, seed yield for these objects was the highest.
Sowing value of the seeds from the objects treated with
the preparations did not undergo any worsening, since
both their energy and ability of germination were main-
tained at the same level as that of uncontrolled object.

The above cited data argue that in production tech-
nology of both highly erucoic and double improved
cultivars of the rape one can apply safely such bioregu-
lator of growth as triapenthenol together with herbi-
cides.
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