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AKTIVITA KYSELE FOSFATAZY JARNIHO JECMENE
V ZAVISLOSTI NA FOSFATOVE VYZIVE

ACID PHOSPHATASE ACTIVITY OF SPRING BARLEY
IN DEPENDENCE ON PHOSPHATE NUTRITION

M. Kummerova, M. Hladilova, R. Brandejsova

Masaryk University, Faculty of Science, Brno, Czech Republic

ABSTRACT: Rational utilization of nutrients as one of the ways of obtaining economically justified yields also assumes the
knowledge of the character of the genotype specificity of mineral nutrition of plants (Wieneke, 1990). The use of
biochemical parameters, particularly enzymes, as markers for the assessment of metabolic potentials and their heredity is
a modern trend of testing the potential productivity of genotypes. When studying a number of factors connected with the
ability of plant adaptation to conditions of low phosphorus level an important role was also ascribed to the activity of
non-specific phosphatases (Mc Lachlan etal., 1987). In view of the above problems and linking up to our earlier papers
(Kummerov4, BureSovi, 1990) the effect of exogenous phosphate deficiency on the activity of acid phosphatase, Pi
(inorganic phosphate) content and the formation of biomass were studied. The results obtained document significant diffe-
rences in enzymatic activity and Pi content between the genotypes of spring barley KM 743 and Rubin in dry and imbibed
grains (Fig. 1) and in acid phosphatase activity of the third leaf of plants growing for 21 and 28 days in solutions with
decreasing phosphate content (Fig. 2). Reduced phosphate content (P, 5) and, in particular, its complete exclusion (P) evoked
a demonstrable drop in Pi content in the root and in the third leaf in two genotypes (Fig. 3). The absence of phosphorus in
the nutrient solution (P) for the whole time of cultivation induced an unambiguous increase in acid phosphatase activity of
the root and the third leaf of plants of the two genotypes (Fig. 2). Negative correlation between enzymatic activity and the
Pi content in tissue, induced by its exogenous deficiency, was also demonstrated in other plant species (Garcia, Ascen-
cio, 1992). Differences between the genotypes in the formation of biomass were significant for the whole time of plant
cultivation in nutrient solutions with 1, and 0.5 mM KH,PO, (Fig. 4). Whereas in spring barley plants of the genotype KM
743 after 21 and, particularly, after 28 days of culture a significant growth inhibition was recorded in comparison with the
plants of the variant P;, the formation of dry matter weight of the whole plant of the genotype Rubin with half the content
of phosphorus (Ps) in the culture medium was not affected. The results obtained support the justification of the view
(Furlani et al., 1984) of utilizing genotype differences in the absorption or utilization of phosphorus as a criterion for
economic utilization of the fertilizers used or for obtaining higher productivity in soils with lack of phosphorus. Such an approach
to the field of improvement can also fulfil required conditions for the quality of production and environment as well.

spring barley; acid phosphatase activity; exogenous phosphate deficiency; phosphorus content; formation of biomass; geno-
type differences

ABSTRAKT: Byl sledovan vliv exogenni deficience fosfdtu na aktivitu kyselé fosfatdzy, obsah anorganického fosforu (Pi)
a tvorbu biomasy dvou genotypi jarniho je¢mene. Ziskané vysledky dokl4daji mezi genotypy KM 743 a Rubin signifikantni
rozdily v enzymatické aktivité a obsahu Pi u suchych i imbibovanych obilek a v aktivité kyselé fosfatdzy tfetfho listu rostlin
rostoucich 21 a 28 dnii v roztocich se sniZujicim se obsahem fosfitu. SniZeny obsah fosforu (Pjs) a zejména jeho tplné
vylougenf z roztoku (Py) vyvolalo u obou genotypli prokazatelné snizeni obsahu Pi v kofenu i tfetfm listu. Nepfitomnost
fosforu v Zivném roztoku (Py) po celou dobu kultivace indukovala jednoznacné zvySenf aktivity kyselé fosfatdzy kofene
i tfetfho listu rostlin obou genotypi. Rozdily mezi genotypy v tvorb& biomasy byly pritkazné po celou dobu kultivace rostlin
v Zivnych roztocich s 1 a 0,5 mM KH,PO,. U genotypu Rubin nebyl po 21 a 28 dnech riistu zaznamenén pokles susiny pfi
snfZeném obsahu fosforu v Zivném médiu (P s).

jarni je¢men; aktivita kyselé fosfatizy; exogenni deficience fosfitu; obsah fosforu; tvorba biomasy; genotypové rozdily
UvoD nf podstaty genotypové specifity minerdln{ vyZivy rost-
lin (Sari¢, 1987; Wieneke, 1990). Pfi fedenf této

Raciondln{ vyuZiti Zivin jako jedna z cest ziskdvdni  problematiky je pozornost zaméfena i na studium téch
ekonomicky oprdvnénych vynosti pfedpokldd4 i poznd-  fyziologicko-biochemickych procest, které v rozhodu-
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jicf mife ovliviiuj{ produkci kulturnich plodin a jejichZ
markery se mohou uplatnit jako jedno ze selekénich
kritérif (Klusdk, 1988).

Fosforu je pozornost vénovéna nejen s ohledem na jeho
nezastupitelnou dlohu v rostlinném metabolismu, ale do
popiedi vystupuje i otdzka kontaminace Zivotniho prostfedi
jeho aplikovanymi slouceninami, které jsou pii¢inou jak
eutrofizace vod, tak i obohacovéni pudy t&Zkymi kovy.

Je zndmo, Ze nejen rostlinné druhy, ale i jejich odridy
se li8f schopnosti adaptace riistu na nizkou hladinu fosforu
v prostfedif (M ajumder et al.,, 1990). Pfi studiu fady
faktorti spojenych se schopnosti rostlinné adaptace k pod-
minkdm nizké hladiny fosforu byla dileZitd dloha pfipsa-
na i aktivité nespecifickych fosfatdiz (Mc Lachlan et
al., 1987). Stanoveni jejich aktivity néleZ{ mezi moderni
diagnostické metody, jimiZ Ize vCasné detekovat nedosta-
tek prvku, v naSem piipadé fosforu, v rostlinném organis-
mu. JelikoZ enzymy jsou produkty gend, Ize pravem ole-
kdvat i uplatnéni tohoto tzv. vnitfniho biochemického
signdlu pfi posuzovani genotypové specifity.

S pfihlédnutim k uvedené problematice a v ndvaznosti
na na$e pfedchézejici prdice (Kummerovid etal., 1989;
Kummerovd, BureSovd, 1990) jsme pristoupili
ke studiu vlivu sniZujici se koncentrace fosforu v Zivném
roztoku na tvorbu biomasy, aktivitu kyselé fosfatézy a ob-
sah Pi kofeni i listu dvou genotypii jarntho jemene.

MATERIAL A METODA

Experimentdlnim materidlem byly dva genotypy jar-
niho je¢mene — KM 743 a Rubin. Cty¥dennf kli&nf rost-
liny obou genotypti byly umistény do kultivaénich van
s 51 Zivného roztoku (Reid, York, 1958), se sni-
Zujicim se obsahem fosfétd (Py, Py 5 a Py mM KH,POy).
Rostliny byly kultivovany ve skleniku, ve staciondrni
a provzdusiiované vodni kultufe, s tplnou vyménou
Zivného roztoku po 48 h. Kazd4 experimentaln{ varian-
ta méla tfi opakovani po 56 rostlinach.

Izolace kyselé fosfatdzy z rostlinného materidlu
a stanoven{ enzymatické aktivity, jakoZ i obsahu Pi de-
tailné popsala Kummerovd (1983). Enzymatickd
aktivita a obsah Pi byly stanoveny v suchych a imbibo-
vanych obilkéach, v kofenu a tfetim listu vSech pokusnych
variant obou genotypi po 14, 21 a 28 dnech kultivace
v Zivnych roztocich. Ve stejném Casovém intervalu by-
la hodnocena i produkce suSiny jednotlivych orgdni
rostlin jarnfho je¢mene.

Uvedené vysledky jsou primérem ze tii opakovani.
Statisticky byly hodnoceny metodou t-testu. Novo-
Slechténi KM 743 bylo v roce 1994 oznacdeno jako od-
rida Viktor.

VYSLEDKY A DISKUSE

VyuZivani biochemickych parametri, zejména enzy-
mil, jako markerd k hodnoceni metabolického potencid-
lu a jeho dédivosti pfedstavuje moderni smér testovani
potencidlni produktivity novych genotypu. Rist rostlin,
vynos a jeho kvalita jsou do znaéné miry podminény
i biochemickymi reakcemi katalyzovanymi enzymy.

Vysledky mnoha praci (Goldstein et al., 1988;
Garcia, Ascencio, 1992) Ize doloZit, Ze Cinnost
fosfatdz, které jsou pfedmétem naSeho studia, naleZi
k mechanismiim, které se v rostlindch vytvofily v pri-
béhu evoluce jako adaptace umoZiiujici v pfipadé defi-
citu fosfitu docasn& normélni prib&h metabolickych
reakef, zdvislych na jejich piftomnosti.

Pfitomnost fosfatdzové aktivity v suchych i imbibo-
vanych obilkidch obou genotypii (obr. 1) dokldda fosfo-
rylaéni degradaci litek a koresponduje s jiZ publikova-
nymi zdvéry (Kummerova, Bure$ovd, 1990).
Ze ziskanych vysledkd je zfejmy i vztah enzymatické
aktivity k obsahu endogenniho Pi a existence genoty-
povych rozdili v obsahu Pi a aktivité kyselé fosfatdzy
(obr. 1). Signifikantné niZsi obsah Pi v obilkdch genotypu
KM 743 je provazen vys§i aktivitou kyselé fosfatdzy.

[umPig" 1Y
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1. Aktivita kyselé fosfatdzy a obsah Pi
v suchych a imbibovanych obilkdch
jarnfho jeEmene (rozdily mezi genotypy

u suché a imbibované obilky jsou statis-
ticky prikazné, pokud jsou hodnoty

oznadeny riiznymi pismeny) — Acid
phosphatase activity and Pi content in

dry and imbibed caryopses of spring
barley (for dry and imbibed caryopses,
the differences between the genotypes
are statistically significant, if values are
marked by different letters)

osa y (nahofe): aktivita kyselé fosfatd-

zy — y axis (above): acid phosphatase
activity (UM Pi.g".h‘l)

osa y (dole): obsah Pi (mg.g‘l susiny) —
y axis (under): Pi content (mg.g'l of dry
matter)

¥ A - suchd obilka — dry caryopsis
B — imbibovand obilka — imbibed cary-
opsis

30-/

50 ‘ . - ;

mogary) [ KM743 ) KM743 R RUBIN Il RUBIN |
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2. Aktivita kyselé fosfatdzy v kofenu a
tfetim listu jarniho je¢mene (rozdily mezi
genotypy v ramci kazdého orgdnu, rostlinné
Casti, dne kultivace a varianty jsou statis-
ticky prikazné, pokud jsou hodnoty
oznaCeny riiznymi pismeny) — Acid phos-
phatase activity in the root and the third leaf
of spring barley (within each organ, plant
segment, day of cultivation and treatment,
differences between genotypes are statisti-
cally significant, if the values are marked by
different letters)

osa y: aktivita kyselé fosfatdzy — y axis:
acid phosphatase activity (UM Pi.g'l.h'l)
osa x: dny kultivace — x axis: days of culti-
vation

* 3. list - 3rd leaf

** kofen — root

3. Obsah Pi v kofenu a tietim listu jarnfho
jeCmene (rozdily mezi genotypy v rdmci
kaZdého orgdnu, rostlinné &ésti, dne kulti-
vace a varianty jsou statisticky prikazné,
pokud jsou hodnoty oznadeny riiznymi pfs-
meny) — Pi content in the root and in the
third leaf of spring barley (within each or-
gan, plant segment, day of cultivation and
treatment, differences between genotypes
are statistically significant, if the values are
marked by different letters)

osa y: obsah Pi (mg‘g'l sudiny) -y axis: Pi
content (mg.g’l of dry matter)

osa x: dny kultivace — x axis: days of culti-
vation

* 3. list - 3rd leaf

** kofen — root

4. Hmotnost susiny rostlin jarniho je¢mene
(rozdily mezi genotypy v rdmci kaZdého or-
génu, rostlinné &ésti, dne kultivace a vari-
anty jsou statisticky prikazné, pokud jsou
hodnoty oznaceny riiznymi pismeny) — The
mass of dry weight of plants of spring bar-
ley (within each organ, plant segment, day
of cultivation and treatment, differences be-
tween genotypes are statistically significant,
if the values are marked by different letters)

osa y: hmotnost sufiny — y axis: dry matter
weight (mg)

osa x: dny kultivace — x axis: days of culti-
vation

*** nadzemnf{ ¢dst — above-ground part

**  kofen - root
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Pfi vybéru perspektivnich odriid je v soucasné dobé
stfedem zdjmu mnoha $lechtitelskych programii pozna-
ni a vyuZiti fyziologicko-biochemickych parametrii
prdvé na poddtku ontogenetického vyvoje (Majum-
der et al., 1990). Reakce obou genotypti jarniho jec-
mene, charakterizovana tvorbou biomasy, obsahem Pi
a aktivitou kyselé fosfatdzy kofene a tfetfho listu, na
sniZujici se obsah fosforu v Zivném roztoku po 14, 21
a 28 dnech kultivace je uvedena na obr. 2 aZ 4.

Negativni korelace mezi aktivitou kyselé fosfatdzy
a obsahem Pi v pletivu, indukovand jeho exogennf de-
ficienci, byla prokdzdna u mnoha rostlinnych druhi
(Tadano, Sakai, 1991; Garcia, Ascencio,
1992). Také u rostlin jarniho je¢mene sniZeni (P s)
a zejména pak vylouceni (Py) fosforu z kultivatniho
prostfedi zapfi¢inilo u obou genotypti sniZenf obsahu
Pi v pletivu kofene i tfetiho listu a signifikantni zvyse-
ni aktivity kyselé fosfatdzy (obr. 2 a 3).

Furlani et al. (1984) pfi studiu vztahu mezi fos-
fatdzovou aktivitou a obsahem exogenniho fosforu
zjistil, Ze genotypy tolerantni k nizké hladiné fosforu
vykazovaly niZ$i aktivitu fosfatdzy neZ genotypy into-
lerantni. JelikoZ niZ8f fosfatdzova aktivita je spojena
s dostateénym obsahem fosforu jak v prostiedi, tak
i v rostling, 1ze pfedpoklddat, Ze rostliny s nizkou fos-
fatdzovou aktivitou mohou rist lépe a vyuZivat fosfor
dcelngji neZ rostliny s vysokou enzymatickou aktivi-
tou. Prokazatelné vy$3i akumulace suSiny celé rostliny
(obr. 4) i obsah Pi v kofenu a ve vét§iné stanoveni
i v tfetim listu rostlin jarniho je¢mene (obr. 3) genoty-
pu Rubin, majictho signifikantné niZsi aktivitu kyselé
fosfatdzy tfettho listu ve srovndni s genotypem KM
743 (pfi kultivaci v roztocich P s a Py), dokldd4 redl-
nost uvedené hypotézy. Z grafického zndzornéni vy-
sledki (obr. 4) je patrnd i rozdiln4 ristova odezva obou
genotyptl na sniZeny obsah fosforu v kultivaénfm mé-
diu (varianta Py 5). Zatimco u rostlin jarniho je¢mene
genotypu KM 743 po 21 a zejména po 28 dnech kulti-
vace byla zaznamendna signifikantn{ inhibice ristu ve
srovndn{ s rostlinami varianty P|, tvorba suSiny celé
rostliny genotypu Rubin polovi¢énim obsahem fosforu
v kultivacnim prostiedi ovlivnéna nebyla.

Rozdilny stupeii tolerance obou genotypii k navoze-
nému stresu (vylouceni fosforu z Zivného roztoku) do-
kldd4 i signifikantné vyssi enzymatickd aktivita tfetiho
listu genotypu KM 743 (obr. 2). Je velmi pravdépodob-
né, Ze uvedené skute¢nosti souviseji s rozdflnym meta-
bolickym potencidlem obou genotypt, a tim i s jejich
schopnosti utilizace pfijatého fosforu. Nami ziskané
vysledky rovnéZ naznalujf, Ze metabolicky potencidl
rostlin uréovany jejich genotypem se charakteristicky
projevuje jiz v obilkach (obr. 1).

DosaZené vysledky podporuji oprdvnénost ndvrhu
vyuZiti genotypovych rozdilii v absorpci nebo utilizaci
fosforu jako kritéria ekonomického vyuZiti pouZiva-
nych hnojiv nebo k dosaZeni vy$8f produktivity na pu-
déch s nedostatkem fosforu.
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THE INFLUENCE OF TRIAPENTENOL USED IN AUTUMN
ON WINTERING, LODGING AND YIELDING OF WINTER
RAPE

VLIV PODZIMNI APLIKACE TRIAPENTENOLU NA PREZIMOVANI,
POLEHANI A VYNOSY OZIME REPKY

W. Budzynski, T. Ojczyk
University of Agriculture and Technology, Olsztyn, Poland

ABSTRACT: This paper describes the results of two three-year field experiments concerning an autumn triapentenol use in
winter rape. The influence of triapentenol on rape grown in the optimum and increased degree of plant density was examined.
Triapentenol used in autumn in the stage of 2-3 leaves in the rosette improved the habitus of plants before winter and increased
the content of dry matter in above-ground parts of plants. However, no significant increase in winter hardiness of plants
treated with this preparation was observed in very soft winter conditions. Triapentenol used in autumn had no influence on
the plant height prior to harvest or on lodging reduction. The influence of this preparation on the elements of crop structure
and the amount of seed yield was not proved. A more favourable influence of triapentenol in the standing rape of a provocative
degree of density was not found out. There was no increase in the efficiency of the effect of this growth regulator when used
in higher doses (0.75 and 1.0 kg).

winter rape; triapentenol; autumn application; stand density; hardiness; lodging; yield

ABSTRAKT: Préce piind$i vysledky dvou tifletych polnich pokusi, které se zabyvali podzimni aplikaci triapentenolu
k ozimé fepce. Sledovali jsme vliv triapentenolu na porost fepky s optimélni hustotou a s vyssi hustotou rostlin. Triapentenol
aplikovany na podzim ve fézi 2-3 listd v riZici zlepsil pfed zimou celkovy stav rostlin a zvy3il obsah suSiny v nadzemnfch
Céstech rostliny. Pfi mirné zimé jsme vSak nezaznamenali Zddné vyznamné zvy3eni odolnosti oSetfenych rostlin proti zimé.
Podzimn{ aplikace triapentenolu neovlivnila vysku rostlin pred skliznf ani nesniZila poléhanf porostu. Neprok4zali jsme vliv
tohoto piffpravku na sloZky struktury vynosu ani na vysi vynosu semene. Nezjistili jsme pfizniv&js{ vliv triapentenolu na
porost fepky na stojato o znaéné hustoté rostlin. PouZit{ vy$§ich ddvek (0,75 a 1,0 kg) nezvysilo G&innost tohoto reguldtoru
ristu.

ozim4 fepka; triapentenol; podzimni aplikace; hustota porostu; zimovzdornost; poléhdnf; vynos

INTRODUCTION

In the conditions of Poland, the important reasons
for the risk of yield decrease, or even loss, include: bad
overwintering and plant lodging. Frost killing of plants
is caused by too weak or too strong development of
plants before winter. An overgrowth of plants in
autumn is due to the weather conditions, but it may also
result from too early or too dense sowing, or from too
high nitrogen fertilization level. Growth regulators
used before the final shaping of rosette in autumn, en-
able modelling of habitus. So far not much research has
been carried out on spring use of new generation
growth regulators in rape. Among the preparations
studied, compounds of the triazole group, especially
triapentenol, are most effective (Budzyrski et al,,
1992; Bury, 1992; Franek et al, 1989; Kiib-
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ler, Aufhammer, 1990; Lembrich, 1988;
Musnicki et al, 1987; Ojczyk, 1993; Paul,
1987; Tobota et at., 1990).

The aim of the authors’ research was to determine
the influence of triapentenol use in the autumn on the
habitus traits of rape plants before winter and on their
wintering, as well as to determine the influence of this
preparation on the plants’ spring growth and the deve-
lopment, and increase in their lodging resistance.

MATERIAL AND METHODS
This paper described the results of two three-year

field experiments concerning an autumn triapentenol
use in winter rape.
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Experiment I, in which the reaction of rape grown
in diversified degree of density to triapentenol was in-
vestigated, was carried out within the years 1986/1987-
1988/1989 in the Agricultural Experimental Station at
Batyny (60 km from Olsztyn). The experiment, estab-
lished according to the randomized subblock method in
four replications, included:

— factor of the 1st order — number of seeds sown on the
area of 1 m% 120 seeds; 240 seeds.

— factor of the 2nd order — growth regulator: triapen-
tenol — 0.5 kg/ha; control — without regulator.

Experiment II, in which the reaction of rape to
increasing triapentenol doses (0; 0.50; 0.75; 1.00 kg/ha)
was investigated, was carried out within the years
1989/1990-1991/1992 in the Agricultural Consultation
Centre at Stare Pole (20 km from Elblag). It was a one-
factor experiment, established four replications.

The experiments were located on the soil of good
wheat complex; types of soil — specific lessives (expe-
riment I) and medium alluvial soil (experiment II). The
soil reaction was close to neutral and ranged from 6.2
to 6.8 pH in In KCI. The rape forecrop was grain-le-
guminous mixture for green forage (experiment I) or
winter barley (experiment II).

The following mineral fertilization was used prior to
sowing: 110-120 kg P,Os per 1 ha in the form of single
superphosphate, 160 kg K,O in the form of potash salt
and 50 kg N in the form of ammonium nitrate. In
spring, nitrogen fertilization was used twice: 90 kg N
during the renewal of vegetation and 90 kg N in the
boot stage.

In both experiments doubly improved Jantar variety
rape (experiment I) or Ceres variety rape (experi-
ment II) was sown.

Rapeseed was sown every year in the time optimum
for the region, distance between rows being 15 cm, in
experimental II with 80 seeds per 1 m?, in experimental
I — according to the scheme. Full chemical protection
of rape plants was used.

Triapentenol growth regulator (commercial name
Baronet 70 WG) by Bayer firm was used on rape in
autumn during the stage of 2-3 leaves in the rosette, in
400 dm? of water, by means of the knapsack sprayer
Turbine, screening adjacent plots.

Just before autumn vegetation inhibition, biometric
measurements were taken and the proportional content
of dry matter in the above-ground parts of plants was
determined on the basis of 15 plants selected at random
from each plot.

During the stage of technical maturity, the plant lod-
ging degree was evaluated according to a 9-point scale
(9 - no lodging symptoms, 1 — complete lodging) or
according to the degree of deflection of standing crop:

deflecti f standi =|1-
eflection of standing crop [ height of plants

height of standing crop_]x —

Biometric measurements were done on 15 plants se-
lected at random from each plot (60 from combination)
just before the harvest. The rape was harvested in two
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stages, starting cutting down at technical maturity. The
area of the plot to be harvested was 19.6-20.0 m~. The
mass of 1,000 seeds was determined on the basis of
a sample from the whole plot, after threshing with
a combine-harvester. The mass of 1,000 seeds and the
seed yield was determined at the moisture of 8%.

The analysis of variance for orthogonal experiments
in the split-plot system was used, LSD calculations we-
re given at o = 0.05.

RESULTS

The influence of triapentenol on rape growing
in different density

Differences in the habitus of the plants sprayed with
triapentenol and the control ones became visible about
20 days after the treatment. The plants treated with the
growth regulator were characterized by a smaller size
of the leaf blade and a stronger anthocyan colouring of
leaves than the control plants. Just before vegetation
inhibition in the plots in which triapentenol was used,
the plants produced significantly more leaves. The lea-
ves remained on the plant for a longer time. Besides,
the plants treated with this preparation formed the shoot
apex significantly lower. Triapentenol also increased
the content of dry matter in the above-ground parts of
the plants. In the atypical, thermically very soft winter
conditions during the years of this research, the trait of
better wintering of the plants treated with triapentenol
(by 4.5%) was not proved in statistical terms (Tab. I).

There was no interaction between sowing density
and the growth regulator. This means that the influence
of triapentenol on the traits of habitus and wintering of
plants growing at higher density was not more favou-
rable than in the plots with a lower density of plants
(Tab. I).

The factor of differentiated sowing density strongly
modified the habitus of plants before winter, in spite of
the fact that the real differentiation of sowing density
was much lower than it was theoretically assumed.
A less favourable habitus of plants appeared in the ob-
jects with a high (240 seeds/m?) sowing density: a sig-
nificantly smaller diameter of the root neck, fewer leaves
developed and fewer leaves remaining on the plant be-
fore vegetation inhibition. In the thermically soft win-
ter and early spring conditions, the sowing density —
very significant factor for wintering — did not differentiate
significantly the winter survival of the plants (Tab. I).

Triapentenol used in autumn strongly inhibited the
growth of the plants in the early spring, too. Differen-
ces in the height of the control plants and those treated
with the preparation remained evident till the end of the
flowering stage. It was only just before the harvest that
the height of both the control plants and the treated
ones was the same (Tab. II). During all the years of
research, a 2-3 day delay in the beginning of flowering
in the objects with triapentenol was observed.
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1. The influence of triapentenol on the character of hibernating plants
and wintering of rape (experiment I)

II. The influence of triapentenol on the character of ripening plants,
their lodging and rapeseed yield (experiment I)

Growth Sowing density (seeds/m?)

Growth Sowing density (seeds/m?)

LSD (a = 0.05) for: sowing density — 0.4; growth regulator — 0.3

regulator 120 I 240 Means regulator 120 I 240 Means
Number of leaves in rosette Plants height (cm)

Control 9.3 8.5 8.9 Control 144 137 140

Triapentenol 9.8 8.9 9.4 Triapentenol 143 137 140

Means 9.5 8.7 Means 143 137

LSD (a = 0.05) for: sowing density - 4

Number of leaves keeping themselves in the rosette

Lodging of plants (9 - no lodging, 1 - total lodging)

Control 58 4.7 53
Triapentenol 6.4 5.1 58
Means 6.1 49

LSD (o = 0.05) for: sowing density — 0.2; growth regulator — 0.3

Control 55 45 5.0
Triapentenol 6.1 45 53
Means 58 45

LSD (a = 0.05) for: sowing density — 0.4

Diameter of root neck (mm)

Number of siliques per plant

Control 8.6 6.5 75
Triapenetnol 8.8 6.8 7.8
Means 8.7 6.7

LSD (o = 0.05) for: sowing density — 0.5

Control 67 42 54
Triapenetnol 66 42 54
Means 66 42

LSD (o = 0.05) for: sowing density - §

Elevation of shoot apex (mm)

Number of seeds per silique

LSD (o = 0.05) - ns

Control 3.6 4.0 3.8 Control 18.9 18.6 18.7
Triapentenol 3.1 3.1 3.1 Triapentenol 19.4 184 18.9
Means 34 36 Means 19.1 18.5
LSD (o = 0.05) for: growth regulator — 0.2 LSD (o = 0.05) - ns
Content of dry matter in the above-ground part of plant (%) Weight of 1,000 seeds (g)
Control 15.9 16.7 16.3 Control 4.52 4.65 4.58
Triapentenol 18.0 17.9 17.9 Triapentenol 4.59 451 4.55
Means 16.9 17.3 Means 4.55 4.58
LSD (o = 0.05) for: growth regulator — 0.7 LSD (o = 0.05) - ns

Wintering of rape (in % of plant) Rapeseed yield (t/ha)
Control 87.7 88.0 87.8 Control 487 442 4.64
Triapentenol 934 91.2 923 Triapentenol 4.94 4.42 4.68
Means 90.5 89.6 Means 4.90 4.42

LSD (& = 0.05) for: sowing density — 0.19

The influence of triapentenol on the reduction of
lodging was unimportant — on the average, only 0.3
points in the 9-degree scale. There was no more favou-
rable effect of this preparation in the rape with a higher
degree of density. However, plant lodging was found
to be more intense in the objects of a higher degree of
density (Tab. II).

Triapentenol used on rape in autumn did not have
a significant influence on the differentiation of the ele-
ments of the yield structure: the number of siliques on
the plant, the number of seeds in the silique and the
mass of 1,000 seeds. Consequently, it did not have any
influence on the level of the rape seed yield. However,
sowing density did have a significant influence on the
level of the rape seed yield. An increase in sowing
density from 120 to 240 seeds/m? brought about a 10%
yield decrease. It resulted from a significant (by 36%)
decrease in the number of siliques developed on the
plants in the plots of a higher degree of plant density.
A statistical analysis of yielding did not prove any sig-
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nificance of interaction between triapentenol and sow-
ing density (Tab. II).

The influence of increasing triapentenol doses on rape

All triapentenol doses used on rape in autumn had
a modifying impact on the habitus of plants starting
winter dormancy. In the plots where this preparation
was used (irrespective of the dose), the rape rosettes
had a bigger number of leaves which remained on the
plant for a longer period of time (Tab. III). A tendency
to a favourable reduction of the height of the shoot
apex raising in the plants treated with this growth re-
gulator was observed, too. Besides, triapentenol used
in the dose of 0.75 kg/ha significantly increased the
content of dry matter in the above-ground parts of the
plants. An increase of the dose to 1 kg per 1 ha elimi-
nated a favourable influence on this feature. In very
soft winter conditions during all years of research, rape

203



III. The influence of triapentenol on the character of hibernating
plant and wintering of rape (experiment II)

IV. The influence of triapentenol on the character of ripening plants,
their lodging and rapeseed yield (experiment IT)

Dose of triapentenol
(kg/ha)

0.50 [ 0.75 | 1.00
Number of leaves in rosette 73 79| 79| 82| 0.6

Number of leaves keeping
themselves in the rosette to 45| 50| 49| 5.2 ns
the end of vegetation

Diameter of root neck (mm) 84| 88| 86| 85 ns
Elevation of shoot apex (mm)| 4.5| 4.1| 4.1 4.1 ns

LSD

Specification o=0.05

Content of dry matter in abo-

ve-ground part of plant (%) 12.6

13.0 139127 0.7

Wintering of rape

(in % of plants) 828

85.2(87.6|85.1 ns

wintered well — therefore, a statistically favourable in-
fluence of the growth regulator on the wintering of rape
plants was not proved (Tab. III).

All the triapentenol doses used in autumn, differen-
tiated the dynamics of plant growth in spring to a low
degree. A slight inhibition of growth and in the deve-
lopment of plants treated with triapentenol were obser-
ved only before the flowering stage. Just before harvest
the heights of plants in particular objects did not differ
significantly (Tab. IV). Consequently, none of the tria-
pentenol doses had a significant influence on lodging
reduction.

The use of triapentenol in autumn had no significant
influence on the values of the elements of the yield
structure, and therefore it had no influence on the seed
yield level, either. There was no favourable impact of
higher doses of this growth regulator on the improve-
ment of rape plant yield (Tab. IV).

DISCUSSION

In all the triapentenol tests, favourable changes in
the habitus of plants after autumn utilization were
found out: an increase in the number of leaves formed
and remaining in the rosette, lowering of the shoot apex
raising, and an increase in the content of dry matter in
the above-ground parts of plants before the vegetation
inhibition, which contributed to better (by 4-15%) win-
tering plants (Budzynski et al.,, 1992; Bury,
1992; Musnicki etal, 1987; Lembrich, 1988;
Ojczyk, 1993; Paul, 1987; Teutsch, 1988;
Tobota et al.,, 1990). The same tendency in rape re-
action to triapentenol used in autumn was observed in
the authors’ research. Under the influence of 0.5 kg of
triapentenol, the height of epicotyl decreased (by 18%),
whereas the number of leaves in the rosette increased.
There was also an increase in the content of dry matter
in the above-ground parts of plants (by 1.6%). In the
very soft winter conditions during the years od rese-
arch, the improvement of the wintering ratio was incon-
siderable and, on the average, amounted to 4.5%.
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T Dose of triapentenol (kg/ha) | LSD

Specification

il 0 |o0s50][075|1.00]|®=005
Plants height (cm) 135.0( 134.0( 128.0| 134.0 ns
Deflection of standing
crop (%) 248| 26.0| 22.6| 283 ns
Number pf siliques per | sg| s40| 57.0| 58.0| ns
plant - .
Number of seeds per
silique 235 24.0| 24.2| 24.1 ns
Weight of 1,000 seeds (g)| 4.66| 4.58| 4.60| 4.59| ns
Rapeseed yield (t/ha) 3.09( 3.01| 3.01| 298| ns

The influence of triapentenol, used in autumn, on
the dynamics of the growth of plants after the spring
renewal of vegetation, was fairly differentiated in the
investigations of particular authors. Budzyriski et
al. (1992), Musnicki et al. (1987), Ojczyk
(1993) and Tobota et al. (1990) report that triapen-
tenol used in autumn delays by 3-4 days the phasic
development of plants in spring and delays the growth
of plants, reducing the final height of stems. The results
of our research confirm the delay of plant development
during the spring period, however, without any influ-
ence on the final height of the plants. The same results
were obtained in a one-year experiment by Bury
(1992). Other authors (Franek et al., 1989;
Kibler, Aufhammer, 1990; Lembrich,
1988; Paul, 1987; Teutsch, 1988) proved that in-
fluence was not very noticeable and had no practical
importance. Both in our own research and in the rese-
arch of the authors quoted above it was concluded that
the autumn use of triapentenol slightly influenced lod-
ging reduction — the difference between the control ob-
ject and that treated with the growth regulator may be
defined only as a favourable tendency. Therefore, the
autumn use of the growth regulator cannot be substitu-
ted for the spring use, done for the purpose of lodging
prevention.

The results concerning the influence of the autumn
use of triapentenol on the plant yield, obtained so far
are fairly divergent. According to the investigations of
Budzynski et al. (1992), Kiibler, Aufham-
mer, 1990; Ojczyk (1993) and Tobota et al.
(1990), triapentenol used in autumn had no significant
influence on the rapeseed yield. Such a conclusion is
also justified by the results interpreted in this paper and
coming from the authors’ own research. However,
Lembrich (1988), in 6 one-year experiments, gai-
ned a yield increase in the plots with triapentenol — on
the average by 120-200 kg/ha, as compared with con-
trol. Paul (1987) and Bury (1992) had a 2-15%
yield increase after the autumn use of this preparation.
Even more favourable results (yield increase by
25-37%) were obtained by Franek et al. (1989).
Subsequent investigations of these authors (Franek
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et al., 1991) showed a yield increase in the treated
plants only by 7%.

The results of few investigations on the interaction
of growth regulators with the rape field stand are very
divergent. Teutsch (1988) reports that the autumn
use of triapentenol on rape may be advisable an econo-
mically justified only at the optimum field stand. The
research of Budzynski etal. (1992)and Ojczyk
(1993) proves that the influence of growth regulators
used in autumn on rape plants in the optimum and
provocatively increased field stand was the same. Our
own research did not show that triapentenol acted more
favourably in the conditions leading to exuberance, i.e.
in the conditions of a higher degree of density, than in
the objects of a low degree of plant density. No relation
between the degree of density and the degree of influ-
ence of this regulator on lodging and yield of rape was
proved, either. Quite opposite results were obtained by
Bury (1992), who indicated a high efficiency of tria-
pentenol used in autumn on rape grown in the condi-
tions of a high degree density (sowing 300 seeds on
1 m?).

According to the research of Kiibler, Auf-
hammer (1990) there were no significant differences
in the influence of the tested (0.36 and 0.54 kg/ha)
doses of triapentenol. Lembrich (1988) obtained
more favourable effects after application of lower doses
(0.25-0.50 kg) than the higher doses of 0.75 kg. Simi-
lar results were obtained by Paul (1987). However,
Franek et al. (1989) and Bury (1992) found out
that the most favourable was the dose of 0.75 kg/ha,
whereas increasing the dose to 1.0 kg always gave wor-
se effects. Analysing the results obtained by these aut-
hors, it should be stated that from the economical and
ecological points of view, the use of lower doses is
more reasonable — in the research of Franek et al.
(1989) the difference in the yield increase between the
dose 0.50 and 0.75 kg was only 2%. Our own research
did not show a more efficient action of doses higher
than 0.5 kg.

For economic but also ecological reasons — residues in
seeds after the application of higher doses of this prepa-
ration, Franek et al., (1989) — it seems that the autumn
dose of triapentenol should not exceed 0.5 kg/ha.
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VEDECKA KONFERENCIA
AKTUALNE OTAZKY OZIVENIA AGROKOMPLEXU

Oblastny vyskumny istav agroekolégie, Michalovce pri prileZitosti 30. vyro¢ia svojho vzni-
ku usporiada pod gesciou Ministerstva pddohospodarstva Slovenskej republiky v diioch 15. az
16. jina 1995 v Michalovciach vedecki konferenciu s medzindrodnou uicastou.

Ciefom konferencie je prispiet aktualizovanymi nametmi pri realiz4cii agrarnej politiky §tétu
vo vizbach pdda—voda-rastlinnd vyroba-ZivociSna vyroba—ekolégia—ekonomika. V programu
odzneji siborné referaty k nosnym problémom revitalizicie pofnohospodarstva v SR:

— Ekonomické néstroje vo vzfahu k potravinovej bezpe&nosti §tatu a regiondlne vyvaZenému
rozvoju.

— Stratégia vyuZivania a zirodiiovania poInohospodérskeho pédneho fondu v sicasnych pod-
mienkach.

— Sucasnd prax, tendencie a perspektivy trvale udrzateIného rozvoja rastlinnej vyroby.

— Vychodiskd a moZnosti revitalizicie Zivo¢iSnej vyroby.

— Formovanie a funkcia pofnohospodarskeho a potravinarskeho komoditného trhu v SR.

Formy prezenticie icastnikov: referat, vystipenie v diskusii, poster, trojrozmerné exponaty,
videopremietanie, sponzorské ucast.

Pozgvame vedeckd komunitu na vedeckid konferenciu Aktualne otazky oZivenia agrokom-
plexu.

Kontaktnd adresa: Oblastny vyskumny istav agroekol6gie
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DISTRIBUCIA PCB LATOK V SYSTEME PODA-RASTLINA

DISTRIBUTION OF PCB SUBSTANCES IN THE SYSTEM SOIL-PLANT
G. Barantikova!, L. Matiskova?, Z. Gergel’ovzi2

150il Fertility Research Institute, Research Station, Presov, Slovak Republic
2Soil Fertility Research Institute, Bratislava, Slovak Republic

ABSTRACT: Behaviour of polychlorinated biphenyls in soil greatly depends on the soil quality. That is why five soil samples
of very distinct soil characteristics, such as: content of organic carbon, amount of clay fraction, pH value and the value of
sorption index, were chosen for vegetation trial aimed at monitoring the PCBs transport in the system soil-plant. Contami-
nation of soil samples was done by technical mixture Delor-106, containing prevailingly higher chlorinated biphenyls. Spring
kohlrabi was used as a plant material. After completing three-month experiment significant linear correlations between PCBs
residue in soil and sorption capacity of soil or pH value was found out (Tab. IV). No correlation was ascertained between
the percentage of clay fraction and Cox as basic components of soil sorption capacity and PCBs residue in soil. Positive
linear correlation was found out between qualitative indicators of soil organic matter (percentage of carbon in humic acids,
percentage of aromatic carbon in humic acids) and PCBs residue in soil. Based on these results it is assumed that in binding
organic xenobiotics more important role is played by qualitative side than a total amount of organic matter in soil. Higher
uptake of PCBs through the root system compared to above-ground biomass is evident from the data of concentrations of
D-106 in kohlrabi (Tab. IIT). When an average initial concentration of PCBs was 0.5 mg/kg, what is a risk value in soil, the
highest concentration found out in kohlrabi was 0.16 mg/kg.

PCB substances; transport; soil; plant

ABSTRAKT: V naddobovom vegetatnom pokuse bol sledovany transport technickej zmesi polychlérovanych bifenylov
(Delor-106) v systéme pdda-rastlina. Vysledky pokusu potvrdili vieobecne uzndvany nézor, Ze chovanie a osud PCBs v pode
je vyrazne ovplyvneny zdkladngmi pdnymi vlastnostami ako sii pH, S, Cox. Co sa tyka podnej organickej hmoty, do popredia
pri interakcidch s PCBs vystupuje skor jej kvalita ako celkové mnoZstvo v pode. Vysledky experimentu d'alej potvrdili moZny
prijem PCBs rastlinnym materidlom. PouZitd pociato¢nd koncentricia 0,5 mg/kg predstavuje rizikovii hodnotu tychto polu-

tantov v pdde. Najvy33ia zistend koncentrdcia PCBs v rastlinnom materiali bola 0,16 mg/kg.

PCB litky; transport; pdda; rastlina

UvoD

V dosledku rozsiahlej kontamindcie Zivotného pros-
tredia ldtkami antropogénneho pdvodu existuje v si-
Casnosti obava, Ze tieto polutanty mdZu byt akumulo-
vané rastlinnym materidlom, ktory je hlavnym zdrojom
ich bioakumul4cie v potravinovom refazci, a teda ddle-
Zitym zdrojom expozicie zvierat i ¢loveka.

Faktory ovplyviiujice prijem kontaminantov a ich
distribiiciu v rastlinich mdZ%eme rozdelit do troch sku-
pin (Wolf etal, 1988; Paterson et al., 1990):

— fyzikdlno-chemické charakteristiky kontaminantu
(rozpustnost vo vode, tlak nasytenych pér, molekulo-
vd hmotnost, rozdelovaci koeficient oktanol-voda);

- environmentélne charakteristiky (teplota, vlhkost,
pH, mnoZstvo a kvalita organickej a minerilnej zloZ-
ky v pdde);

— charakteristiky rastlin (typ korefiového systému, tvar
a chemické charakteristiky listov a obsah lipidov).

Medzi vdZne organické kontaminanty negativne ov-
plyviiujiice cely biologicky svet patria aj polychlérované
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bifenyly (PCBs). V désledku ich stélosti, nereaktivnos-
ti, odolnosti vo&i Zieravindm, termostabilite a nevodi-
vosti nadobudli tieto latky v3estranné vyuZitie v mno-
hych oblastiach Zivota (Safe, Hutzinger, 1987).
Préve tieto vlastnosti st v3ak pri¢inou ich nizkej degra-
dovatelnosti a z toho vyplyvajiicej vysokej perzistencie
v Zivotnom prostredi.

PCBs sii zlii¢eniny s extrémne nizkou rozpustnostou
vo vode a ich chovanie v prostredi je vyrazne ovplyv-
nené stuptiom chlordcie (Moza et al.,, 1976a, b;
Strek, Weber, 1982; Haj$lovd, Vdvrovid,
1991). Bol pozorovany trend zvy3enej sorpcie vyiSie
chlérovanych kongenérov PCBs a tieZ skuto&nost, Ze
adsorpciu ovplyviiuje aj poloha chléru na bifenylovom
kruhu. Veobecne sa usudzuje, Ze chloroaromdty s niz-
kou rozpustnostou vo vode disponuji silnou afinitou
k p6dnym c&asticiam.

Transport PCBs do rastlin je potencidlne moZny
dvoma spdsobmi (Paterson et al., 1990). Jednym
z nich je prijem PCBs cez korefiovy systém, druhym je
adsorpcia PCBs zo vzduchu cez listy a stonku a nésled-
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ne epidermdlnymi vrstvami do apoplastov a symplas-
tov. Prijem PCBs vegetdciou bol §tudovany na viace-
rych rastlinnych druhoch pri roznej koncentrdcii PCBs
v pdde (od 0,046 do 100 ppm). Z faktorov podrobe-
nych analyze bolo zistené, Ze druh rastliny, stupei
chloricie bifenylu a dizka rastovej fizy sa uvddzaji
ako najsignifikantnejSie faktory pri prijme PCBs rastli-
nami (Strek, Weber, 1982). V literatiire méZeme
ndjst pomerne velky podet pric zaoberajicich sa trans-
portom PCBs. Medzi jednotlivymi $tidiami v8ak exis-
tuji znacné rozdiely tykajice sa prijmu PCBs r6znymi
Sastami rastlin. Niektorf autori uvddzajd vyrazne vyssiu
koncentraciu PCBs v koreiioch Iwata, Gunther,
1974; Moza et al.,, 1976a, b; Offenbidcher,
1992), inf v nadzemne;j rastlinnej hmote (Sawhney,
Hankin, 1984; Qiuping et al, 1991). Aj napriek
intenzivnemu $tddiu transportu PCBs v prirode obsahu-
je dany problém eSte mnoho nejasnosti, preto sme sa
rozhodli v rdmci svojich moZnosti prispief k riefeniu
danej problematiky.

MATERIAL A METODA

Nakolko literdrne ddaje jednoznaCne poukazuji na
to, Ze transport PCBs vo velkej miere zdvisi od typu
a kvality pody a jednym z hlavnych parametrov, ktory
ovplyviiuje chovanie PCBs v pdde, je mnoZstvo orga-
nickej hmoty, vybrali sme paf pédnych vzoriek lifia-

cich sa od seba percentom Cox. Zdkladné chemické
a fyzikélne vlastnosti pouZitych pdd si uvedené v tab. I.
Kontaminécia pédnych vzoriek bola uskutocnend tech-
nickou zmesou Delor-106, ktord obsahuje prevaZne
vys8ie chlérované bifenyly, a to obdobnym spdsobom,
aky je popisany v literatire (Quiping et al., 1991).
Pociato¢nd koncentracia D-106 v kontaminovanych
podach sa pohybovala okolo 0,5 mg/kg. Kazdy podny
variant sa nachddzal v piatich opakovaniach. Z kaZdej
pody bol pripraveny aj nulovy variant (bez D-106).
Ako rastlinny materidl bol pouZity kalerdb jarny. Po
skonceni pokusu (cca tri mesiace) boli odobrané pddne
vzorky (priemerné vzorky z piatich opakovani) na ana-
lyzu PCBs. Analyze na pritomnost PCBs bol podrobe-
ny aj rastlinny materidl, pri€om sa zvI4§t analyzoval
korefiovy systém a zv143( nadzemna Cast kalerabu.

PCBs boli extrahované hexdnom a merané na plyno-
vom chromatografe Varian 3400 s EC detektorom. Li-
nedrne zdvislosti charakterizované korelaénym koefi-
cientom R boli vypocitané metédou najmensich
Stvorcov.

VYSLEDKY A DISKUSIA

Namerané koncentrdcie PCBs v pddnom i rastlin-
nom materidli si zhrnuté v tab. II a ilustrované na
obr. 1. Z tychto udajov je evidentné, Ze aj ked medzi
jednotlivymi pddami nie si velké rozdiely, najvysia

I. Zdkladné chemické a fyzikdlne parametre pddnych vzoriek — Basic chemical and physical parameters of soil samples

PGdna vzorka! ?‘7?,))( <“(§t&é) lfr:‘k:‘i:z;) pH (mt;gl;kg)
A - hnedozem? 2,6 23 3.8 0,324
B - Ciernica typickd karbondtov4® 1,9 16 7.8 0,741
C - &rnozem karbonitova* 1,6 20 7.3 0,616
D - hnedozem? 1,1 18 5.6 0,412
E - kambizem pseudoglejov4® 0,7 26,6 4,2 0,264

Isoil sample, luvisol, *typical carbonated chernitsa, *carbonated chernozem, sgleyic cambisol, "clay fraction, "CEC
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I1. Zdkladné chemické charakteristiky huminovych kyselin — Basic
chemical characteristics of humic acids

ol @ | We | wo | B* | GE | (3
A 39,96 1,00 2,33 16,4 38,0 45,1
B 46,34 0,69 1,71 30 458 64
C 4433 0,77 1,96 31,2 437 55,4
D 40,07 0,98 2.4 9,7 35,6 446
E 38,65 1,07 2,51 6,3 29,3 35,8

* atémové pc:rct:mé2
aromatickost® & = Car / (Car + Calif) . 100 (%)
E}® - stupeit humifikécie podra Kumadu®

'soil sample, %atomic percentage, Baromaticity. ‘degrcc of humifica-
tion after Kumada

koncentricia PCBs (v percentdch oproti vychodiskové-
mu stavu) zostala po skonéeni experimentu v pddnych
vzorkdch A a B. Medzi hlavné komponenty ovplyviiu-
juice chovanie PCBs v pdde patri pH a mnoZstvo orga-
nického, resp. minerdlneho podielu. Organickd hmota
a flové minerdly su hlavnymi komponentami zdkladné-
ho podneho parametra — sorpénej schopnosti S, ktord
vyrazne ovplyviiuje chovanie Zivin i polutantov
v pdde. Medzi tymito pddnymi parametrami a mnoz-
stvom PCBs v pode po skonfeni experimentu sme sa
pokusili zistit vzdjomny vzfah. Signifikantné linedrne
koreldcie boli zistené medzi pH, resp. sorpénou kapa-
citou pddy (tab. III) a koncentréciou PCBs v pddach po
skon&eni experimentu. Medzi hlavnymi zloZkami sorp-
¢&nej schopnosti pddy, flovou frakciou, percentom Cox
a zostatkom PCBs v pédach sme nezaznamenali vzi-
jomni sdvislost.

III. Linedrne zdvislosti medzi PCBs (%) v pde po skonéeni ex-
perimentu a réznymi pddnymi vlastnosfami — Linear dependences
between PCBs (%) in soil after finishing the trial and various soil
properties

Y X R n

pl} 091 5

S (mol/kg) 0,97 5

PCBs (%) Cox! 0,98 4
Cox? 0,37 5

% C (HK) 0,96 5

% Car (HK) 0,93 5

Y — zdvisle premennd — dependently variable

X - nezdvisle premennd — independently variable

R - korelaény koeficiet — correlation coefficient

n- {)oc‘.et korelovateInych dvojic — number of correlated pairs
Cox_ — bez pddnej vzorky A — without soil sample A
Cox?-s pddnou vzorkou A — with soil sample A

Pri analyze kvality podnej organickej hmoty charak-
terizovanej percentom uhlika, resp. percentom aroma-
tického uhlika (% Car) v huminovych kyselindch a zos-
tatkom PCBs v pddach sme zaznamenali pozitivnu
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signifikantnd linedrnu zévislost (R = 0,93). Z kvalita-
tivnych ukazovatefov podnej organickej hmoty (tab. II)
je zrejmé, Ze pdda A s najvyS§im zastipenim Cox dis-
ponuje relativne nizkou kvalitou organickej hmoty.
V pripade zédvislosti medzi Cox a zostatkom PCBs
v pddach bez pddnej vzorky A sme zaznamenali signi-
fikantny kladny linedrny vzfah (R = 0,98). Na zdklade
tychto vysledkov sa domnievame, Ze organickd hmota
zohrdva vefmi vyznamni tlohu pri pitan{ organickych
xenobiotik v pdde, ale skor ako jej mnoZstvo vystupuje
do popredia pri tychto interakcidch kvalita humusu.

Z udajov o koncentracii D-106 v kalerdbe (tab. IV,
obr. 1) vyplyva vyssi prijem PCBs korefiovym systé-
mom kalerdbu ako jeho nadzemnou hmotou. Této sku-
tonost je v silade s literdrnymi ddajmi, ktoré uvddza-
ju vys8iu koncentrdciu PCBs v korefiovom systéme ako
v nadzemnej &asti rastliny (Moza et al., 1976a, b;

IV. Vegeta&ny pokus: hodnoty D-106 (ng/kg; %) oproti pogiatoéné-
mu stavu v pddach a v rastline kalerdbu — Vegetation trial: values
of D-106 (pg/kg; %) compared to initial state in soils and in kohlrabi
plant

Variant! P.0 P.1 N K
A pg/kg 557,6 401,3 15,3 434
% 100 72,0 2,7 7,8
B pg/kg 567,5 471,3 15,7 143,2
% 100 83,1 2,8 25,2
C pg/kg 609,5 470,2 13,5 109,0
% 100 77,2 2.2 17,9
D pg/kg 535,7 397,0 11,2 21,9
% 100 74,1 2,1 4,1
E pgl/kg 603,5 412,1 20,7 24,0
% 100 68,3 34 4,0

P.0 — koncentrdcia D-106 v p6de na zaCiatku pokusu - concentra-
tion of D-106 in soil at the beginning of the trial

P.1 - koncentricia D-106 v pode po skoncenf pokusu — concentra-
tion of D-106 in soil after completing the trial

N — koncentrdcia D-106 v nadzemnej Casti rastliny — concentra-
tion of D-106 in above-ground part of plant

K - koncentricia D-106 v korefiovom systéme rastliny -

concentration of D-106 in root system of plan

!treatment

Iwata, Gunther, 1976). Paterson et al.
(1990) a Offenbédcher (1992) viak poznamendva-
ju, Ze zvySend koncentrdcia PCBs v korefloch mrkvy
bola zistend iba vo vrchnej vrstve a nie vo vniitornej
Casti korefia. Z tohto ddvodu sa nepredpokladd penet-
rdcia PCBs do vniitra korefiového systému a ndslednd
distribicia do ostatnych dastf rastliny.

Inf autori v8ak uvadzaji zvy$eni koncentrdciu PCBs
v nadzemnej hmote oproti korefiovému systému
(Sawhney, Hankin, 1984; Quiping et al,
1991). Quiping et al. (1991) naviac zaznamenali
zvySenu koncentrdciu PCBs v rastlindch pestovanych
na nekontaminovanych variantoch, ktoré sa nachéddzali
v blizkosti kontaminovanej p6dy. V na§om experimen-
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te na rozdiel od citovanych autorov koncentrdcia PCBs
v kalerdbe pestovanom na nekontaminovanej zemine
bola pod detekénym limitom stanovenia (2 pg/kg).
Mozné vysvetlenie sa naskytuje pri blizSom pohfade na
pouZité zmesi PCBs. Quiping et al. (1991) vo svo-
jich experimentoch pouZili zmes PCBs obsahujiicu
Aroclor 1221, 1242 a 1260. Z tejto zmesi v rastlinnom
materiéli identifikovali predovSetkym niZsie chlérova-
né kongenéry PCBs. My sme v experimente pouZili
technicki zmes D-106, obsahujicu prevaZne vysSie
chlérované kongenéry PCBs. Volatilizdcia tychto kon-
genérov je vzhfadom k vysokym hodnotdm tlaku nasy-
tenych par a Henryho konstdnt minimélna. NiZSie chlé-
rované kongenéry na rozdiel od vy3Sie chlérovanych
mdZu volatilizoval z pédneho povrchu, interagovat
s prachovymi Ciastotkami vzduchu a ndsledne konta-
minovat nadzemnd &ast rastlin.

ZAVER

Této préca je jednym z prvych pokusov u nds v ob-
lasti skimania transportu PCBs v systéme poda-rastli-
na. Ziskané iidaje podédvaji urcity pohfad na chovanie
a osud vy$ie chlérovanych bifenylov v péde. Vyply-
nulo z nich, e osud D-106 méZe byf v zna¢nej miere
ovplyvneny urcitymi poddnymi parametrami, ako sd pH,
S, Cox. V pripade organickej hmoty sa domnievame,
%e vyznamnej$im parametrom ovplyviiujicim osud
D-106 mdZe byt skor jej kvalita ako celkové mnoZstvo
v pode.

Co sa tyka transportu PCBs v systéme pdda-rastli-
na, na zdklade nami nameranych idajov méZeme kon-
Statovat, Ze prijem PCBs, konkrétne technickej zmesi
D-106, obsahujiicej hlavne vy3Sie chlérované kongené-
ry, je moZny, priom podstatne vyS$8iu koncentrdciu
PCBs sme zistili v korefioch kalerdbu na rozdiel od
nadzemnej hmoty. Pri priemernej pociatoénej koncen-
tracii PCBs 0,5 mg/kg, ktord predstavuje rizikovi hod-
notu v pdde, bola najvy3Sia zistend koncentricia v ka-
lerdbe 0,16 mg/kg.

Na zédklade tychto faktov mdZeme konStatovat, Ze aj
ked prijem polychlérovanych bifenylov z pddy rastlin-

nym materidlom je moZny, nepredstavuje vyraznej$f
2droj kontamindcie rastlinnej produkcie tymito polu-
tantami.
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THE EFFECT OF FUNGICIDES ON THE VIABILITY
OF FABA SEEDLINGS

VLIV FUNGICIDU NA VITALITU KLICNICH ROSTLIN
BOBU OBECNEHO

H. A. H. Hasan

Faculty od Science, Assiut University, Assiut, Egypt

ABSTRACT: Faba bean seeds of 25% moisture content were treated with fungicides (benomyl, carbendazim and thiopha-
nate-methyl), inoculated with spores of Fusarium moniliforme, and stored at 80% relative humidity and two temperatures
(10 and 25 °C). The fungicides significantly increased the viability and seedling respiration of infected seeds stored at 10 °C
for up 3 months. They also, promoted the degradation of polysaccharides and insoluble protein with accumulation of free
amino acids and soluble protein. On the contrary, the fungicides at 25 °C suppressed germination and CO, evolution after
1 month of seed storage. They also, impaired the degradation of storage polysaccharides and insoluble protein.

faba bean; fungicides; infected seeds; germinating plants; vitality; respiration; polysaccharides; insoluble protein

ABSTRAKT: Semena bobu obecného o 25% obsahu vody jsme oSetfili fungicidy (benomyl, carbendazim a thiophanate-met-
hyl), inokulovali spérami Fusarium moniliforme a skladovali pfi 80% relativni vlhkosti a pfi dvou teplotdch (10 a 25 °C).
Fungicidy vyznamné zvySily vitalitu a respiraci klfénich rostlin z infikovanych semen, kterd jsme skladovali po dobu aZ ti{
mésich pfi teploté 10 °C. OSetfeni fungicidy také pfispélo k degradaci polysacharidii a nerozpustného proteinu pfi sou¢asné
akumulaci volnych aminokyselin a rozpustného proteinu. Fungicidy pfi teploté 25 °C naopak po jednom mésici skladovan{

sniZily kli¢ivost a uvoliiovani CO, a rovnéZ omezily degradaci zésobnich polysacharidi a nerozpustného proteinu.

bob obecny; fungicidy; infikovand semena; kli¢n{ rostliny; vitalita; respirace; polysacharidy; nerozpustny protein

INTRODUCTION

Problems concerning fungal deterioration of seed in
storage have received considerable attention in recent
years. Seeds in storage under the moisture, temperature
and humid conditions prevailing in Egypt were invaded
by a number of storage fungi in addition to their field
fungi. These fungi are responsible for considerable de-
teriorative changes in seeds including reduced germi-
nation, reduced seedling growth, loss in essential
chemical constituents and production of mycotoxins.
On the other hand, viability loss in treated seeds is due,
in part, to high seed moisture content, the action of
fungi, and perhaps, to a phytotoxicity effect of the fun-
gicides which under these storage conditions was not
clearly defined (Moreno et al., 1987).

Faba bean (Vicia faba L.) seeds represent the main
legume crop not only in Egypt but also in different
parts of the world. Also, stored food reserves about
50% carbohydrates and 25% protein. Fusarium monili-
forme Sheldon [Teleomorph: Gibberella fujikuroi
(Saw.). Ito] represents the common strain associated
with faba bean (Hasan, 1991). Also, it is a wide-
spread plant pathogen causing mostly severe root, stem
or crown rots on a wide range of host crops.
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The studies reported herein were initiated to inves-
tigate the physiological effects of benomyl, carben-
dazim and thiophanate-methyl on viability, respiration
and the changes in food reserves of seedlings of in-
fected faba bean seed with F. moniliforme under differ-
ent storage conditions.

MATERIAL AND METHODS

Fungicides: Three commercial fungicides benomyl
or benlate 50% W. P. [methyl-1-(butyl carbamoyl)-2-
-benzimidazole carbamate] (DUPONT), carbendazim
or bavistin 50% W. P. (methyl-2-benzimidazole)
(BASF) and thiophanate-methyl or topsin-M 70% W. P.
[1,2-bis (3-methoxy carbonyl-2-thioureido) benzene]
(NIPPON SODA).

Infection and treatment: Lots of 50 g of faba bean
seeds were first surface-sterilized by shaking in 5%
NaOCI solution for 5 minutes and rinsing in three-times
changed sterile distilled water. Thereafter, each sample
was placed in sterile polyethylene bags and thoroughly
mixed with the fungicide. Each fungicide was applied
at three different doses (1,5 and 10 g/kg seeds), the
lowest was the recommended dose. Treatments were
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set up in duplicates in addition to the control. Each bag
was inoculated with 1 ml of a heavy spore suspension
of Fusarium moniliforme. Sterile distilled water was
added, sufficient to raise the moisture content of the
seed to 25% according to the method described by
Lutey, Christensen (1963). The infected seed
were incubated for 3 months at 10 and 25 °C in closed
desiccators at 80% RH and at intervals the water con-
tent was readjusted. Periodically, samples were col-
lected for assaying the viability of embryos.

Seed germination: Germination of faba bean seeds
was carried out after 1 and 3 months of fungicide treat-
ment. Seed samples were surface-sterilized by shaking
in 5% NaOCI for 5 minutes, rinsed in three-times
changed sterile distilled water. Thereafter, seed were
allowed to germinate on moist sterile filter paper,
placed in a Petri-dish. Five replicate Petri-dishes were
prepared for each treatment. The dishes were incubated
in the dark at 25 °C. The germination percentage,
lengths of radical and plumule and vigour index were
determined after 7 days of growth. The early vigour of
seedlings was determined by calculating the vigour in-
dex [VI = length of radical + plumule (cm) x germina-
tion percentage] of the seeds.

Biochemical assay

Respiration: The respiration of germinating seed
was measured by continuous air current method
adopted by Kyo Sato (1981).

Carbohydrates: The method described by Nelson
(1944) and modified by Naguib (1965) was employ-
ed for determination of carbohydrates in dry seedling
powder.

Amino acids: Free amino acids were estimated ac-
cording to the procedure described by Lee, Taka-
hashi (1966).

Protein: The method described by Lowry et al.
(1951) was employed.

1. Effect of b yl, carbendazim and thioph

RESULTS AND DISCUSSION

Benomyl, carbendazim and thiophanate-methyl sig-
nificantly increased the viability of infected bean seeds
at the three doses (1, 5 and 10 g/kg seeds) after 1 and
3 months of treatment at 10 °C (Tab. I). These results
agreed with those reported by Singh, Agarwal
(1984, 1986) and Singh et al. (1988). Since seed
treatment with carbendazim improved germination of
infected soybean seeds, but was still less than that of
healthy seeds. Carbendazim was significantly effective
in controlling the pathogen and improving the percent-
age of seed germination, root and shoot lengths of in-
fected pigeon pea seeds (Kumar, Patnaik, 1985,
1986). Gomes et al. (1986) found that benomyl, car-
bendazim and thiophanate-methyl controlled Fusarium
sp. infected snap bean seeds. Also, Pardeshi et al.
(1989) found that treatment of soybean seeds with car-
bendazim increased germination percentage and seed-
ling vigour.

Seedling vigour of infected seeds was significantly
inhibited by the three doses of all fungicides used after
month of treatment at 25 °C (Tab. I). In this respect,
Ellis etal. (1975) reported that the poor quality soy-
bean seeds were phytotoxicated with benomyl. Also,
Mengistu et al. (1975) reported that benomyl had
phytotoxic effect to both good and poor quality soy-
bean seeds under field conditions.

Benomyl and thiophanate-methyl significantly pro-
moted CO, evolution by the three doses after 1 month
and the higher doses after 3 months of infected seed
treatment at 10 °C (Tab. I). On the other hand, respira-
tion was significantly inhibited with the higher doses
of all fungicides used after 1 month of treatment at
25 °C. The reduction in the rate of respiration of ger-
minating seeds treated with pesticides evidently sug-
gests the blocking of biochemical processes essential
for the supply of energy to the growing embryo (Dal-
vi et al., 1972). Also, Meenakshi, Raghu
(1992) observed that carbendazim, at 5 g/kg soil, de-

methyl on germination percentage (%), vigour index (VI) and CO, evolution (mg/100

seedlings/6 h) after 1 and 3 months of infected bean seed with F. moniliforme treatment

10°C 25°C
Compounds (g/ll()go:;d) 1 month 3 months 1 month 3 h
% vi [ co, | % vi [co, | % vi [ co, | %[ vi]co,
0 86.7 | 476.9 | 464.0 73.3 | 337.2 | 254.0 46.7 56.0 90.0 not germinated
1 100.0 | 610.0* | 581.0* | 100.0 | 650.0% | 273.0¢ | 467 | 42.0% [ 65.0¢
Benomyl 5 100.0 | 630.0* | 537.0* | 100.0 | 800.0* | 332.0% | 400 | 28.0* | 40.0%
10 100.0 | 590.0* | 508.0* | 100.0 | 700.0* | 370.0* | 400 | 320* | 200
1 933 | 720.5% | 4895 | 855 | 625.6* | 318.0¢ | 400 | 288+ | s1.4*
Carbendazim 5 933 | 7403* | 4742 | 733 | 6832* | 304.6* | 133 | 42% | 154%
10 1000 | 804.0* | 469.1 | 91.6 | 565.2% | 299.4* | 133 | 22+ | 103*
] 1 933 | 587.8* | 522.0% | 933 | s132¢ [ 2850 | 133 | 39 | 120*
T,:,“e‘:,‘:'y'f““" 5 933 | 68L1% | 552.0¢ | 933 | 625.1% | 327.0¢ | 133 | 3.1+ | 120
10 933 | 625.1* | 552.0% | 933 | 550.5* | 316.0* | 67 | 04* | 80*
* Means of significant diff , compared to the I at 5% level
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11. Effect of benomyl, carbend and thioph
months of infected bean seed with F. moniliforme treatment

methyl on carbohydrates and nitrogen metabolism (mg/g dry seedling) after 1 and 3

10 °C 25°C
1 month 3 months 1 month
8 _. | carbohydrates protein carbohydrates protein carbohydrates protein
g Blo Togliel T 2le Togliml o 2 e.]oglil ]2
o A28z &% 2 £ | 23| &5 S g |23 &5 2 £
before
gen"ni- 3.1 | 398.0 4.0 85.0 | 165.0 3.1 398.0 | 4.0 85.0 |165.0 3.1 | 3980 | 40 | 85.0 | 165.0
nation
0 5.7 |302.1 [ 104 | 101.8 | 88.0 | 4.4 | 2446|134 | 1167 | 842 | 56 | 2632 | 7.6 | 757 | 1294
1 6.0 |242.0%| 12.1 | 106.8 | 85.2| 9.0%| 245.1 | 15.0 | 129.0 | 74.1 46 |293.2 | 42*%| 57.2 | 1433
Benomyl 5 6.5 | 271.0% 13.7 | 107.3 | 84.0 | 11.2*| 230.0 | 15.3 | 140.1*| 61.2* | 1.0*| 305.1 | 4.1*| 67.8 | 137.5
10 7.8 | 235.2*| 12.6 | 109.7 | 78.2 | 10.3*| 222.1 | 14.3 | 139.2*| 63.6*| 3.0 | 337.5%| 4.1*| 67.4 | 133.7
1 6.1 [281.2 | 10.5 | 103.5 | 85.0 | 13.0%| 231.4 | 16.4 | 1374 | 63.8 2.1 [281.2 | 44*| 67.2 | 1332
g:zrib:,n_ 5 6.2 | 2833 | 11.2 | 104.7 | 80.3 | 10.9*| 233.9 | 143 | 131.6 | 67.6 | 1.1*| 313.3*%| 4.8*%| 653 | 134.1
10 7.1 [291.0 | 11.5 | 104.8 | 78.5| 14.5%| 229.4 | 169 | 133.2 | 69.7 | 1.2*| 332.1*| 4.5%| 57.3*| 136.0
Thio- 1 89 |236.4* 125 | 104.1 | 89.3 | 9.2*| 250.2 | 14.0 | 119.9 | 82.0 | 0.9*| 322.4*| 4.3*( 64.6 | 131.2
phanate- 3 8.0 (304.2 | 122 [ 1089 | 83.6 | 8.9*| 2432 | 13.9 | 1240 | 81.9 | 1.1*|343.2*| 4.7*( 63.8 | 136.2
o 10 8.7 (281.4 | 12.8 [ 109.0 | 833 | 83 | 246.1 | 143 | 117.7 | 82.4 | 1.1*| 295.9*%| 4.0*| 63.2 | 133.0

* Means of significant difference, compared to the control at 5% level

creased the respiration at zero day, however, further
observation revealed stimulatory effect of fungicide.

Degradations of polysaccharides and insoluble pro-
tein promoted by the three doses of benomyl, carben-
dazim and thiophanate-methyl occurred after 1 and
3 months of infected seed treatment at 10 °C, but in-
hibited at 25 °C (Tab. II). An accumulation of reducing
sugars, free amino acids and soluble protein increased
at 10 °C, but decreased at 25 °C. The accumulations of
carbohydrates in seedlings of stored seeds at 25 °C are
attributed to the decline rate of respiration which could
be due to the disintegration of mitochondria. Bala-
simba et al. (1977) reported that sodium diethyl
dithiocarbamate caused an inhibition of Phaseolus ra-
diates seedlings accompanied by specific inhibition of
protein synthesis. Hanker et al. (1978) reported that
folcidin (benomyl-related fungicide) treatment resulted
in an accumulation of amino acids in cucurbita plants,
which is probably correlated with cytokikin-like cha-
racters of this fungicide. Recently, Hasan (1993) at-
tributed growth inhibition of fungi with fungicides to
the lowered rate of sugar absorption and reduced rates
of o-amylase production.

CONCLUSION

All tested benzimidazoles significantly increased the
seedling vigour and associated metabolic activities
(CO, evolution, degradation of polysaccharides and in-
soluble protein and accumulation of reducing sugars,
free amino acids and soluble protein) in infected bean
seed with F. moniliforme after 1 and 3 months of seed
treatment at 10 °C. However, at 25 °C the seedling

ROSTLINNA VYROBA, 41, 1995 (5): 211-214

vigour and all the associated activities were signifi-
cantly inhibited after 1 month of treatment. In addition,
no germination recorded in both control and treatment
of infected bean seeds after 3 months of storage at
25 °C. The results suggest preserving the viability of
contamined bean up to 3 months by treatment with
0.5% of benzimidazole formulations below 10 °C.
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REAKCIA VYBRANYCH ODROD OBILNIN NA HADATKO
OVSENE (HETERODERA AVENAE WOLL.) PATOTYP Ha 12

RESPONSE OF SELECTED CEREAL CULTIVARS TO HETERODERA
AVENAE WOLL. PATHOTYPE Ha 12

B. Valocka, M. Sabova, M. Liskova

Parasitological Institute, Slovak Academy of Sciences, KoSice, Slovak Republic

ABSTRACT: Cereal cyst Nematode Heterodera avenae Woll. is distributed in the Slovak Republic and the Czech Republic
mainly in the regions where the share of cereals in the crop rotation is very high. The most efficient method for controlling
this nematode is the use of resistant cultivars. The response of 50 domestic cereal cultivars to Heterodera avenae Woll.
pathotype Ha 12 was studied (16 winter wheat cultivars, four spring wheat cultivars, 18 spring barley cultivars and 12 oat
cultivars). The level of susceptibility or resistance of the cereal cultivars tested was determined by counting the number of
newly formed cysts. In most of the domestic cultivars screened medium to very high degree of susceptibility was found out.
Eight cultivars of low to very low degree of susceptibility were considered as resistant to Heterodera avenae Woll.: one
winter wheat cv. (Hana), five spring barley cvs. (Bonus, Korél, Orbit, Rubin and Zenit), two oat cvs. (Adam and Diadém).
These cultivars are recommended for use in the crop rotations in the areas threatened by cereal cyst nematode in the Slovak
Republic and the Czech Republic.

cereal cultivars; Heterodera avenae Woll.; degree of susceptibility; resistance; crop rotation

ABSTRAKT: Reakcia k Heterodera avenae Woll. patotypu Ha 12 bola sledovand u 50 domécich odrdd obilnin pestovanych
v SR a CR (16 odrdd ozimnej pienice, §tyri odrody jarnej pSenice, 18 odrdd jarného jaémeiia a 12 odrdd ovsa). U vidSiny
odrdd bol stupeii nichylnosti stredny aZ vysoky. Osem odrdd moZno povaZovafl za rezistentné, a to jednu odrodu ozimnej
pienice (Hana), pit odrdd jarného jamertia (Bonus, Koral, Orbit, Rubin a Zenit) a dve odrody ovsa (Adam a Diadém). Odrody

mdZu byt vyuZité v oblastiach s vysokym vyskytom hadatka ovseného.

odrody obilnin; Heterodera avenae Woll.; stupefi ndchylnosti; rezistencia; osevny postup

UvVoD

Hdadatko ovsené Heterodera avenae Woll. je rozsi-
rené v SR a CR na 60 % ploch obilnin, najmé v oblas-
tiach s intenzivnym pestovanim obilnin (Sabovd et
al., 1989; Valockd et al, 1993a). V tychto pod-
mienkach sa zvy3uje riziko negativneho vplyvu parazi-
ta na drody naich vykonnych odrdd obilnin.

V ochrane proti had'atku ovsenému sa uplatiiujd
hlavne preventivne a agrotechnické opatrenia, za naj-
ii¢innejsi spdsob sa viak povaZuje pestovanie rezistent-
nych odrdd. V krajindch, kde sa uZ uplatiiuje tdto kon-
cepcia ochrany obilnin proti Heterodera avenae Woll.,
maji vyifachtené rezistentné odrody najméd jaCmefia
aovsa(Cook, Evans, 1987, Decker, Fritz-
sche, 1991; Rivoal, Cook, 1993).

V rémci 3tidia parazito-hostitelskych vzfahov pri
heteroderéze obilnin v poslednom obdobi zisfujeme
stupefi rezistencie Sirokého sortimentu odr6d obilnin
(genetické zdroje, novosfachtené odrody, povolené od-
rody) k Heterodera avenae Woll. patotypu Ha 12 (Va-
lock4 et al., 1992, 1993b).
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PredloZeny prispevok zhriiuje vysledky testovania
sortimentu domdcich povolenych odréd obilnin, pesto-
vanych na dzemi SR a CR.

MATERIAL A METODA

V rokoch 1992 aZ 1994 sme sledovali reakciu 50 od-
rdd obilnin pestovanych v SR a CR (16 odrdd ozimnej
pSenice, $tyri odrody jarnej pSenice, 18 odrdd jarného
jatmeiia a 12 odrdd ovsa) k Heterodera avenae Woll.
patotypu Ha 12. Populécia parazita pochddzala z loka-
lity Nitra. Osivo testovanych odrdd poskytli VORV
Pieitany, 8S Krukanice a UKSUP Bratislava. Pokusy
sa uskuto¢nili v piatich opakovaniach v skimavkéich
s prirodzene kontaminovanou pddou (10 cyst/100 g
pody), ku korefiom kliCiacich rastlin bolo pridanych
2 000 lariev. Skimavky boli umiestené v prirodzenych
podmienkach pocas vegetacného obdobia.

Stupeii ndchylnosti, resp. rezistencie testovanych
odrdd sa hodnotil podla poétu bielych cyst parazita
v korefioch v pomere ku kontrolnej néchylnej odrode
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(v %) v nasledovnej $kdle Rumpenhorst — osob-
né informécia):

+I. velmi nizka 0 -2%
+I1. velmi nizka aZ nizka 21-5%
+IIL nizka 51-15%
v, nizka aZ strednd 151-30%
V. strednd 30,1 - 50 %
VL strednd aZ vysokd 50,1 - 70 %
VIL vysokd 70,1 - 90 %
VIIIL vysokd aZ velmi vysokd 90,1 - 110 %
IX. velmi vysokd > 110 %

Kontrola (100 %) ozimn4 pSenica — Remia, jarnd
plenica — Capa, jarny jameii — Beatrice, ovos — Sun II;
+ stupne L., IT a III. sd rezistentné.

VYSLEDKY A DISKUSIA

Z vysledkov vyplyva, Ze had'atko ovsené sa vyvijalo
na korefioch vietkych testovanych odrdd obilnin, stu-
pefi ndchylnosti jednotlivych druhov a odr6d obilnin
k parazitovi bol vSak rézny.

U odr6d ozimnej pSenice (tab. I) bol zisteny pomerne
vysoky stupeii ndchylnosti k Heterodera avenae Woll.
Vidsina zo 16 testovanych odrdd mala stredny aZ vy-
soky stupefi ndchylnosti, najhorSia sa pritom ukdizala
odroda Sparta (VIII). Len jednu odrodu (Hana) moZe-
me oznadif za rezistentnd, ked dosiahla III. stupeii.

Odrody jarnej pSenice (tab. I) ukdzali strednid mieru
néchylnosti k Heterodera avenae Woll., pri¢om odrody
Sandra a Sylva dosiahli lep$ie vysledky ako odrody Ja-
ra a Rena.

Reakcia 18 odrdd jarného ja¢meria (tab. II) zodpo-
vedala nizkej aZ strednej ndchylnosti k parazitovi.
U piatich odrdd sa zistil nizky stupeii ndchylnosti (Bo-
nus, Korél, Orbit, Rubin a Zenit) a moZno ich povaZo-
vat za rezistentné. NajhorSie z hfadiska rezistencie boli
odrody Horal a Terno (V).

Odrody ovsa (tab. IIT) ukdzali vacsie rozdiely v né-
chylnosti k Heterodera avenae Woll. Dve odrody
(Adam a Diadém) povaZujeme za rezistentné. Nahy
ovos Adam dosiahol dokonca najlepSie vysledky zo
vietkych testovanych odrdéd obilnin. VicSina odrod
vSak na rozdiel od jarného jadmeiia vykazovala vyss{
stupefi nichylnosti. Najhorgie boli odrody Pan, Zlaték,
Felix a Auron.

Vysledky dopifiaji charakteristiku odrod obilnin
pestovanych v SR a CR z hladiska ich rezistencie k ha-
datku ovsenému. Testované odrody prejavili pomerne
vysoki ndchylnost k Heterodera avenae Woll. patoty-
pu Ha 12, ktory sa vyskytuje na celom tzemi SR a CR
(Sabova et al, 1990). Podla reakcie k parazitovi
mdZeme len osem odrdd povaZovat za rezistentné, a to
jednu odrodu ozimnej penice (Hana), pét odrod jarné-
ho jaémeiia (Bonus, Koral, Orbit, Rubin a Zenit) a dve
odrody ovsa (Adam a Diadém). Tieto odrody mdZu byt
vyuZité v oblastiach s vysokym vyskytom hddatka ov-
seného.

I. Reakcia odr6d ozimnej p3enice a jarnej plenice k Hetrodera avenae Woll. — Response of winter wheat cultivars and spring wheat

cultivars to Heterodera avenae Woll.

Odroda! Polet bielych cyst H. avenae na 1 rastlinu? Rachitnost
% stupeii®
Barbara 0 37 46 31 27 60 VI
Blava 23 16 21 16 17 39 v
Branka 14 12 17 15 14 30 v
Danubia 37 35 22 35 32 69 VI
Hana 10 7 10 8 0 15 I
Ilona 25 31 20 37 14 54 VI
Ozimd Iris 29 21 14 28 15 45 v
p§enicas Kosiitka 33 27 26 23 24 57 VI
Livia 15 31 34 46 12 59 VI
Samanta 5 22 22 21 29 42 v
Selekta 11 13 14 17 16 30 v
Sofia 49 45 31 10 11 63 VI
Sparta 39 47 46 44 57 108 VIII
Torysa 15 33 34 12 7 43 v
Viginta 21 22 22 27 10 43 v
Vlada 33 38 21 23 16 56 VI
Jara 26 31 22 24 21 40 v
Jamﬂ 4 Rena 18 32 69 11 9 44 v
phetic Sandra 21 1 5 21 19 21 v
Sylva 6 20 19 7 8 19 v

!cultivar, >number of white cysts of H. per plant, 3
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I1. Reakcia odrdd jarného jaémeila k Heterodera avenae Woll. — Response of spring barley cultivars to Heterodera avenae Woll.

1 1 . oY Néchylnost®
QOdroda Pocet bielych cyst H. avenae na 1 rastlinu
%o stupefi
Bonus 2 3 3 2 4 8 I
Galan 6 8 11 9 9 20 1A%
Horal 27 15 13 3 14 33 v
Jarek 10 8 7 8 7 18 v
Jaspis 16 17 6 12 10 28 v
Kordl 11 3 0 3 4 10 m
Krystal 6 4 9 13 5 17 v
Malvaz 13 14 6 11 2 21 v
Novum 1 7 6 10 20 20 v
Opil 15 28 10 11 10 22 N
Orbit 3 3 7 9 5 12 1
Perun 11 5 4 19 3 19 v
Profit 4 11 8 7 11 26 v
Rapid 8 11 7 11 11 22 1A%
Rubin 6 8 5 5 2 12 1
Terno 6 21 25 22 13 40 v
Zefir 3 20 7 7 5 19 v
Zenit 6 6 8 4 2 12 11
For 1-4 see Tab. I
111. Reakcia odrdd ovsa k Heterodera avenae Woll. — Response of oat cultivars to Heterodera avenae Woll.
Odroda' Poget bielych cyst H. avenae na 1 rastlinu? Sl
% stupeil

Adam 2 2 2 1 2 4 11
Ardo 29 13 24 25 11 47 v
Auron 32 41 31 34 20 73 vil
David 24 9 26 20 24 47 v
Diadém 2 2 3 5 4 7 1
Felix 40 46 50 27 21 84 Vil
+Gramena 23 35 34 15 28 62 VI
Hermes 8 11 12 8 9 22 v
+Flamingsnova 4 30 17 18 33 47 \%
Pan 39 40 45 20 43 86 vil
Veles 33 35 40 4 20 61 VI
Zlafak 46 43 22 55 47 85 viI

+ povod SRN - German origin
For 1-4 see Tab. I

V porovnani s vysledkami dosiahnutymi pri testovan{
zahraniénych odrdd, ktoré predstavujii genetické zdroje
pre $Tachtenie obilnin v naSich podmienkach (Valockd
et al., 1993b), bol stupefi ndchylnosti povolenych doma-
cich odrdd podstatne vy$§i. Na plochdch kontaminova-
nych Heterodera avenae Woll. st tak ohrozené ich tdrody.
Odrody ozimnej pSenice ako najviac pestovanej obilniny
mo6Zu vysokou multiplikdciou cyst hddatka ovseného na
svojich korefioch zvysit populacnii hustotu parazita s ri-
zikom pre ndslednd obilninu. Zaradenim nehostitelskych
rastlin (strukoviny, zemiaky, repka, fan, lucerna) a rezis-
tentnych odrdd obilnin sa toto riziko eliminuje.

ROSTLINNA VYROBA, 41, 1995 (5): 215-218

Podra dlhodobych experimentov (Rivoal, Sarr,
1987) niZlie ako 50% zastipenie obilnin v osevnych
postupoch (na Fahkych pddach do 25 %) mdZe udrZal
hustotu populdcie had'atka ovseného v pdde pod pra-
hom $kodlivosti. Takéto ochranné opatrenia zaloZené
na striedani obilnin a trdv s nehostitelskymi rastlinami
a rezistentnymi odrodami obilnin md%eme odporicat aj
pre oblasti SR a CR s vysokou intenzitou vyskytu He-
terodera avenae Woll.

Prdca vznikla za financnej podpory Slovenskej grantovej agen-
tiry pre vedu (projekt & 2/2/92).
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STANDARDNE METODY ELEKTROFORETICKE]
SEPARACIE GLUTENINOV A GLIADINOV PSENICE
V SDS-PAGE A A-PAGE

THE STANDARD METHODS OF ELECTROPHORETIC SEPARATION OF
GLUTENINS AND GLIADINS OF WHEAT BY SDS-PAGE AND A-PAGE

J. Kraic!, L. Horvath?, E. Gregova', 1. Zak'

'Research Institute of Plant Production, Piestany, Slovak Republic
Central Institute for Control and Testing in Agriculture, Bratislava, Slovak Republic

ABSTRACT: Acidic polyacrylamide gel electrophoresis (A-PAGE) and SDS-PAGE were used for separation, detection and
evaluation of gliadin and glutenin patterns in wheat (Triticum aestivum L.). All analytical methods used are tested or adopted,
as a standard reference methods by ISTA or UPOV organizations, for identification and characterization of wheat varieties.
ISTA A-PAGE method in our modification is very convenient for identification purposes of wheat varieties. The stained gels
with gliadin profiles can be further evaluated for the presence of gliadin alleles and other genetic studies. There are only
slight differences in concentration of soluble gels in ISTA and UPOV SDS-PAGE methods. Both methods are very simple,
the separation of glutenin subunits detected in the gels with different concentration of acrylamide were reproducible and
usable for variety distinguishing and recognition of an alleles corresponding to HMW glutenin subunits. Gliadin and glutenin
banding patterns were obtained from several wheat varieties and protein polymorphism in gliadins and glutenins was presented
in this paper. The electrophoretic spectra obtained by described methods can be evaluated subsequently by densitometry for
preparation of digitalised electrophoretic spectra of cultivars.

wheat; gliadins; glutenins; electrophoresis; detection
ABSTRAKT: Elektroforetick4 separécia gliadfnov a glutenfnov p3enice bola overovani modifikovanou §tandardnou met6dou

ISTA A-PAGE a §tandardnymi a odponi¢anymi metédami ISTA a UPOV SDS-PAGE. Testované analytické postupy sd
vhodné pre detekciu medzi- i vnitroodrodovych rozdielov v spektrich gliadinov a gluteninov odrdd pSenice. Opisané met6dy

sti vhodné i pre detekciu homogenity vzoriek pSenice.

pSenice; gliadiny; gluteniny; elektroforéza; detekcia

UvoD

Pestovanie pSenice je rozSirené po celom svete
a pSenica tvori jednu zo zdkladnych potravinovych su-
rovin vo vyZive ludstva. Znamend to, Ze je i jednym
z vyznamnych obchodnych artiklov vo vniitro§tdtnom
i medzindrodnom obchode. I preto je potrebné rozliso-
vanie a orientdcia v obrovskom pocte pestovanych od-
réd i manipuldciach so zrnom akom osivom i surovi-
nou.

Siroké spektrum met6d identifikdcie odréd psenice
vyuZiva rézne detekéné a vyhodnocovacie techniky od
vizudlneho popisu odrody cez obrazovii analyzu se-
mien, elektroforeticki a HPLC charakterizdciu zdsob-
nych bielkovin, imunochemické metédy az po DNA-
-profiling.

Elektroforetickd separdcia zdsobnych semennych
bielkovin viak patri vo v§eobecnosti medzi najprepra-
covanejSie met6dy uréené pre identifikdciu odrdd jed-
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notlivych druhov obilnin a vzhfadom na relativne vy-
soky polymorfizmus tychto znakov pri pSenici je i naj-
pouZivanej$ou analytickou metédou pri rozliSovani
a charakterizovani odrdd p3enice. Komplex semennych
bielkovin pSenice pontka bohaté spektrum pre déely
detekcie polymorfizmu. Tyka sa to hlavne prolamino-
vej frakcie bielkovin rozpustnych v alkohole — gliadi-
nov a gluteninovych polypeptidov, ¢o je frakcia reduko-
vanych semennych bielkovin extrahovand v prostredi
detergentu (SDS) a silného reduk&ného ¢inidla (mer-
kaptoetanolu).

Elektroforetickd separicia extrahovanych bielkovin
prebieha v gélovom npsici, ktory presiel tak isto svojim
vyvojom. Od klasickych Skrobovych gélov sa preslo
k najviac v sticasnosti pouZivanému syntetickému no-
si¢u — polyakrylamidu. Jeho hlavnou prednostou je ho-
mogenita a vysokd reprodukovatefnost deliacich pod-
mienok. Bielkoviny sa delia v nativnom alebo
redukovanom stave, delenie prebieha v prostredi SDS
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klasickym postupom (Laem1i, 1970) alebo v kyslom
prostredi (Bushuk, Zillman, 1978). PouZivajd sa
v3ak i rézne modifikécie extrakcie i elektroforetickych
podmienok separécie.

Tieto met6dy identifikdcie odrdd pSenice si v sticas-
nosti uZ natofko rozsirené, Ze bolo potrebné pracovné
analytické postupy unifikovat, resp. Standardizovat (pri
zabezpedeni vysokej reprodukovatePnosti) medzi jed-
notlivymi laboratériami. T§mto smerom orientujd svo-
ju &innost i medzindrodné organizicie zaoberajice sa
semenédrskym testovanim i ochranou odréd (ISTA,
UPOV, OECD), ktoré za&leiiuj tieto analytické postu-
py do svojich noriem a legislativnych predpisov pre
povolovanie novych odrdd a ochranu autorskych prav.
Semendrske testovanie tak za&ina uplatiiovaf paralelne
s klasickymi testami aj analytické laboratérne met6dy.

Cielom tejto price bolo zhodnotenie odpori¢anych
postupov ISTA a UPOV pre analyzu spektier gluteni-
nov v ramci $tandardizicie tychto metodickych postu-
pov pre pouZitie v semendrskej kontrole a odrodovom
ski¥obnictve, ako aj pre ucely prdvnej ochrany odr6d
pSenice. Hodnotenie metodickych postupov prebiehalo
formou porovndvacich analyz v laborat6ridch VURV
Piedtany a UKSUP Bratislava.

MATERIAL A METODA

V experimentoch boli pouZité niektoré odrody pse-
nice (Triticum aestivum L.) registrované v Listine po-
volenych odrdd z roku 1994,

Standardn4 referenéni metéda ISTA v kyslom prostredi
A-PAGE (Draper, 1987) v modifikdcii (Horvath,
1991, 1994a)

Extrakény roztok: pyronin G alebo Methyl Green
(0,05 %) v 2-chléretanole (25 %).
Elektrédovy tlmivy roztok: Fadové kyselina octova
(4 ml), glycin (0,4 g) v 1 000 ml destilovanej vody,
pH 3,2
Gélovy tlmivy roztok: Fadova kyselina octova (20 ml),
glycin (1 g) v 1 000 ml destilovanej vody, pH 3,2.
Priprava extraktu gliadinov: jednotlivé zrn4 sa ru¢ne
rozdrvia a prenesd do 1,5-2ml tib. Prid4 sa po 0,2 ml
extrak&ného roztoku, obsah sa dékladne premiesa a ne-
chd extrahovat cez noc pri izbovej teplote. Pred nane-
senfm 10-20 pl extraktu do gélu sa obsah tib centrifu-
guje.
Priprava 100 ml gélu:
— 60 ml gélového timivého roztoku
- 10 g akrylamidu
- 0,4 g N,N’-Metylénbisakrylamidu
- 0,1 g kyseliny askorbovej
— 0,005 g siranu Zeleznatého
— 6 g mocoviny
— doplnif gélovym timivym roztokom do 100 ml
- 0,2-0,3 ml 10% roztoku persiranu aménneho
- 0,3 ml TEMED
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Elektroforéza prebiehala pri kon$tantnom napét{
500 V, pocas trojndsobku behu markera (Methyl Green),
pri teplote 15-20 °C. Této metodika bola predloZend
v roku 1991 a dspe¥ne oponovand ako podklad pre re-
viziu noriem tykajicich sa testovania obilnin, strukovin
a olejnin a stanovenia odrodového zloZenia a homoge-
nity pSenice a jamefia (Horvdth, 1991).

Standardni metéda ISTA v SDS-PAGE (Wrigley,
1992)

Priprava deliaceho gélu:

— 38,1 ml 1M Tris-HCI, pH 8,8

— 58,27 ml roztoku AA-Bis (12,7 g akrylamidu + 0,168 g
N,N’-Metylénbisakrylamidu v objeme 58,27 ml)

-~ 1 ml 10% roztoku SDS

- 2,53 ml 1% roztoku persiranu aménneho

— 50 pl TEMED

na 100 ml deliaceho gélu.

Priprava Startovacieho gélu (dlhy 1-2 cm):

— 2,47 ml 1M Tris-HCI, pH 6,8

- 16,6 ml roztoku AA-Bis (1,21 g akrylamidu +
20,8 mg N,N’-Metylénbisakrylamidu)

— 0,2 ml 10% roztoku SDS

— 741 pl 1% roztoku persiranu aménneho

— 20 ul TEMED

na 20 ml $tartovacieho gélu.

ZloZenie elektrédového roztoku: 14,1 g glycinu, 3 g
Tris, 1 g SDS v objeme 1 000 ml.

ZloZenie zdsobného roztoku pre extrakciu glutenf-
nov: 12,5 ml 1M Tris-HCI (pH 6,8), 20 ml glycerolu,
24,1 ml destilovanej vody, 4 g SDS, 20 mg Pyronin Y.
Pred extrakciou bol pripraveny vZdy &erstvy extrakény
roztok zo zdsobného roztoku takto: zdsobny roztok pre
extrakciu + 2-merkaptoetanol + redestilovand voda
v pomere 17 : 3 : 40. Na 1 mg rozdrveného zrna bolo
pridanych 8 pl extrakéného roztoku. Extrakcia prebie-
hala 1 h pri 25 °C za ob&asného premiesania vzorky.
Pred nanesenim do gélu boli vzorky zohriate na 10 min
na 100 °C. Po ich ochladenf a centrifigovani boli na-
nesené do gélu v mnoZstve 5-15 pl v z4vislosti od
hnibky pouZitého gélu. Elektroforetické delenie prebie-
halo pri 30 mA 8-10 h pri konstantnej teplote 15 °C,
aZ pokial marker dosiahol spodny okraj gélu.

SDS-PAGE metdda pre analyzu gluteninov odporiéani
a navrhnuti do pre zaradenie do smernic organizicie
UPOV

ZloZenie a priprava extrakéného roztoku je zhodn4

ako pri met6éde ISTA SDS-PAGE.
Priprava 10% deliaceho gélu:

— 20 ml z4sobného roztoku akrylamidu (40,02 g akryl-
amidu v 100 ml destilovanej vody)

- 26 ml z4sobného roztoku N,N’-Metylénbisakrylami-
du (0,5198 g v 130 ml destilovanej vody)

- 30 ml gélového zdsobného roztoku (IM Tris-HCI,
pH 8,8)
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— 2 ml 1% roztoku persiranu aménneho
- 0,8 ml 10% roztoku SDS
— 40 pl TEMED

Priprava 7% deliaceho gélu:

— 14 ml zasobného roztoku akrylamidu

— 26 ml zdsobného roztoku N,N’-Metylénbisakrylamidu

- 30 ml gélového zdsobného roztoku (1M Tris-HCI, pH
8,8)

— 6 ml destilovanej vody

— 2 ml 1% persiranu am6nneho

- 0,8 ml 10% SDS

- 40 pl TEMED

Priprava Startovacieho 3% gélu (dlhy 3-4 cm):

- 1,5 ml zdsobného roztoku akrylamidu

- 2,15 ml zdsobného roztoku N,N’-Metylénbisakryl-
amidu

- 2,5 ml gélového zdsobného roztoku (IM Tris-HCI,
pH 6,8)

- 0,75 ml 1% persiranu am6nneho

— 0,2 ml 10% SDS

— 15 pl TEMED

ZloZenie elektrédového roztoku a priebeh elektrofo-
retického delenia boli zhodné s ISTA SDS-PAGE me-
tédou.

Pre elektroforetické delenia sme pouZili zariadenia
Protean II (Bio-Rad) a VEA-40 (Instrument).

Farbenie bielkovin v géloch po vSetkych typoch
elektroforéz bolo robené v roztoku pripravenom zmie-
$anim 95 ml 10% kyseliny trichléroctovej a 5 ml 0,5%
roztoku Coomassie Brilliant Blue R250 v etanole. Od-
farbenie pozadia z gélu sme robili vo vode.

Indexy identity HMV gluteninovych alel porovniva-
nych 16 odréd sme stanovovali podFa publikovanej me-
tody (Sagek et al, 1992).

VYSLEDKY A DISKUSIA

Delenie gluteninov v SDS-PAGE podfa metodiky
ISTA prebieha relativne rychlo a rozliovacia schop-
nost v géli je dobr. V géli mozno jednoducho detekovat
pritomnost HMW podjednotiek gluteninov a klasifiko-
vat ich podla uverejnenej prace (Payne, Lawren-
ce, 1983). Na zdklade pritomnosti ¢i nepritomnosti ur-
¢itych Specifickych HMW podjednotiek gluteninov
moZno potom charakterizovat odrodu ako takd, ale i nie-
ktoré vlastnosti odrody, napr. chlebopekdrensku kvalitu
odrody (Kolster, Vereijken, 1993; Manley
etal.,, 1992; Ng, Bushuk, 1988). Na obr. 1 je zna-
zorneny evidentny polymorfizmus v HMW, ale
i v LMW podjednotkich gluteninov, ktory je pouZitel-
ny pre rozlifovanie odrdd navzdjom (tab. I). Indexy
identity porovndvanych 16 odrdd boli ziskané len na
zdklade HMW podjednotiek gluteninov. Po komplex-
nom porovndvani celého spektra separovanych bielko-
vin bude pravdepodobne moZné rozliSit vietky odrody
vzdjomne.

Na ziaklade medziodrodového polymorfizmu glute-
ninov boli uZ pripravené katal6gy odrdd pSenic (M ar -
chylo, 1987; N g etal., 1988). Postup je vhodny i na
detekciu a pomer biotypov v rdmci odrody (Gray-
bosch et al., 1994), teda na detekciu homogenity &i
heterogenity odrdd (obr. 2).

Hustotu polyakrylamidového deliaceho gélu je nie-
kedy vyhodné menif v rozmedzi od 10 %, hlavne vte-
dy, ked chceme rozli¥it pritomnost alely 2 od 2* lokusu
Glu-Al a niektorych alel lokusov Glu-B1 a Glu-D1, do
priblizne 20 %, ak chceme dosiahnut lepSie rozdelenie
a zaostrenie LMW gluteninovych podjednotiek.

Postupy popisané v tejto préci pre extrakciu a elek-
troforeticki separaciu gliadinov a gluteninov si vypra-

L. Hodnoty indexov identity siiborov gluteninovych alel hodnotenych odréd pSenice (oznadenie odréd na obr. 1) — Identity index values
of glutenin alleles of assessed wheat cultivars (designation of cultivars in Fig. 1)

CS M N 14 15 16 17 18 19 20 21 22 23 24 25
CS
M 12,5
N 14,3 66,7
14 333 50 50
15 16,6 28,6 | 286 333
16 28,6 66,7 | 66,7 125 | 60
17 12,5 | 100 42,9 28,6 | 28,6 | 80
18 14,9 28,6 | 40 60 14,3 0 12,5
19 14,9 28,6 | 40 60 14,3 0 12,5 | 100
20 33,3 28,6 | 429 333 | 60 28,6 28,6 143 | 143
21 333 66,7 | 60 100 33,3 12,5 28,6 [ 60 60 333 |
22 14,9 80 80 80 143 | 286 50 333 333 14,3 | 60
23 12,5 | 100 66,7 50 12,5 | 42,9 80 28,6 | 28,6 125 | 50 80
24 333 66,7 | 80 149 | 60 80 50 0 0 333 143 | 333 [ 286
25 12,5 | 100 46,6 28,6 | 28,6 | 66,7 | 100 125 | 12,5 | 28,6 | 286 | 50 66,7 50
26 16,7 16,7 | 16,7 50 20 0 16,7 | S0 50 20 50 20 16,7 0 16,7
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1. Gluteninové profily odréd psenice stanovené $tandardnou ISTA
SDS-PAGE metédou — Glutenin profiles of wheat cultivars detected
by standard ISTA SDS-PAGE method (CS - Chinese Spring, M -
Marquis, N — Neepawa, 14 - Samanta, 15 - Selekta, 16 — Senta, 17 -
Saxana, 18 — Sofia, 19 — Sparta, 20 - Torysa, 21 - Vega, 22 -
Viginta, 23 — Vlada, 24 — Zdar, 25 — Mironovskd, 26 — Soldur)

2. Detekcia homogenity pSenice odrody Barbara v SDS-PAGE -
Homogeneity detection of the wheat cultivar Barbara by SDS-PAGE
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3. Gliadinové spektrd odrdd pSenice stanovené modifikovanou
metédou ISTA A-PAGE - Gliadin patterns of wheat cultivars by
modified ISTA A-PAGE

cované do $tandardnej reprodukovatelnej formy, pri-
¢om samotné analytické postupy st zhodné s postupmi
ISTA a klasifikicia HMW podjednotick s pripravova-
nou smernicou pre chakterizovanie odrdd pSenice pod-
fa UPOV. Rozdiel medzi metodikou ISTA a UPOV je
prakticky iba v koncentrécii pouZitého deliaceho gélu,
pricom v oboch pripadoch je separdcia gluteninov na
takej drovni, Ze klasifikdicia HMW podjednotiek je jed-
noduchd a rychla.

Modifikaciou metédy ISTA bola dosiahnutd vysSia
pevnost gélu a lepSie delenie, pri¢om poloha f4zového
rozhrania sa po ukondeni separdcie nachddzala pred
najpohyblivejsimi frakciami, takZe nevytvérala falo3nd
z6nu. Navyse toto rozhranie je mozné vyuZit pre stano-
venie reprodukovatelnosti elektroforetickych deleni.
Priklad pouZitia A-PAGE met6dy je uvedeny na obr. 3.
Gliadinové spektrd pozostdvaji z 25-40 bielkovino-
vych zén, ¢o by mohlo byt dostatodné pre rozliSenie
sortimentu pSenic v rozsahu Listiny povolenych odrdd.
Z hladiska potrieb genetickej interpretdcie gliadino-
vych spektier bola uskutoénena matematické transfor-
mécia gliadinovych blokov definovanych v $krobo-
vych géloch — 1B1, 1B3, 1B4 a IBS5. Bolo zistené, 7e
transformované alelické gliadinové bloky v A-PAGE
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sa od blokov identifikovanych v $krobe liSia pohybli-
vostou i poétom zén, o je v sidlade s ingmi autormi
(Branlard etal., 1986; Hubik, 1992).

PouZiteInost opfsanych met6d pri rozliSovani odréd
pSenice mdZe byf zvySend paralelnou analyzou gliadi-
nov a gluteninov, ¢im sa detekovany polymorfizmus
vyrazne zvy$i. Takto pripravené spektrd ¢i uz gliadinov
alebo gluteninov je moZné ndsledne vyhodnotit denzi-
tometricky a pripravif tak $tandardné digitalizované
spektrd jednotlivych odr6d, napr. pomocou programov
DENSMER 1.0, SPECTRUM 1.0 a GENETIC 1.0
(Horv4th, 1994b). Sudasfou takéhoto katalégu od-
rdd modZe byt i popis jednotlivych alel alebo alelickych
blokov a ich vzfah k niektorym vlastnostiam. Cely po-
stup je aplikovatelny na charakterizdciu povolenych
odréd pSenice, novosfachtenych linii, hybridov, ale
i genetickych zdrojov pSenice uchovdvanych v géno-
vych bankéch.
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Ceska pedologicka spole¢nost

oznamuje, Ze dne 23. listopadu 1994 obnovila svou ¢innost. Na ustavujici schiizi byly pfijaty stanovy
a kritkodoby plén price do piipravy valné hromady.
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vaznymi v&dnimi obory a s Mezindrodn{ piidoznaleckou spolednosti ve Vidni.

V soudasné dob& spole&nost sdruzuje kolem 60 ¢&lend; jejfm sidlem je Mendelova zemé&dé&lska
a lesnickd univerzita v Brné. Pfedsedou byl zvolen ing. Jiff Kulhavy, CSc., védecky pracovnik
Ustavu ekologie lesa Fakulty lesnické a dfevaiské.

Zéjemci o ¢lenstvi obdrZi informace na adrese:
Ing. Eduard Pokorny
Ustav pidoznalstvi a mikrobiologie
Mendelova zem&d&lskd a lesnickd univerzita v Brné
Zemé&délska 1
613 00 Brno




ELEKTROFORETICKA SPEKTRA GLIADINU
A PODJEDNOTEK GLUTENINU S VMH ODRUD PSENICE
OBECNE RESTRINGOVANYCH V LETECH 1982 AZ 1993

ELECTROPHORETIC SPECTRA OF GLIADINS AND SUBUNITS
OF GLUTENINS OF HMW OF WHEAT VARIETIES DELETED
IN THE YEARS 1982 TO 1993

A. §a§ekl, J. (‘fern)"2

'Research Institute of Crop Production, Praha-Ruzyné, Czech Republic
2Czech University of Agriculture, Praha, Czech Republic

ABSTRACT: Wheat varieties, deleted from the List of Certified Varieties in 1982 to 1993, may be used as donors of some
requested properties in hybridization programmes. Certification and introduction into circulation of the seed of deleted variety
is usually admitted one to several years after its deletion. The use of model electrophoretic spectra and sets of gliadin and
glutenin allelic blocks of zones separated from them is a prerequisite of purposeful utilization of deleted wheat varieties as
genetic sources, as well as identification of these varieties from seed sample. This study has been aimed at preparation of
these model electrophoretic spectra of gliadins and glutenins of high molecular weight (HMW) of wheat varieties deleted in
the years 1982 to 1993. In total 22 deleted winter wheat varieties and four deleted spring wheat were assessed. Bulk samples
supplied from the State Institute for Agricultural Supervision and Testing — Division of Seeds and Planting Stock were used
for electrophoretic analyses. To set up electrophoretic structure of gliadins each bulk sample containing 50 grains was
electrophoretically analyzed. Electrophoretic structure of glutenin subunits of HMW was determined by assessment of five
random seeds from each bulk sample. Electrophoretic spectra of gliadins were set up by modified method of vertical
electrophoresis in columns of starch gel in Al-lactate buffer at pH 3.1 with 2 mol urea per 1 litre (Sasek, Sykorov4,
1989). Allelic gliadin blocks were separated from electrophoretic spectra of gliadins as reported by Sobko, Poperelja
(1986). Electrophoretic spectra of glutenins of HMW were determined by modified procedure of vertical discontinual elec-
trophoresis in polyacrylamid gel under presence of sodium dodecyl sulfate after Laemm1i (1970). Allelic blocks of zones
or individual allelic zones of glutenin subunits of HMW were found according to the published catalogue (Payne et al.,
1981). Based on the electrophoreograms obtained the degree of protein polymorphism of assessed varieties was tested.
Homozygosis of all investigated loci Gld and Glu was confirmed. Relative frequency of gliadin heterogenous varieties is
comparatively high, amounts to 62%. Varieties of maximum gliadin heterogeneity, i. e. Super Zlatna and Mironovsk4 zlepSen4,
are at the same time heterogenous in the structure of glutenins of HMW, consisting of two glutenin lines. Through the allelic
gliadin and glutenin blocks properties markered by them were evaluated, such as baking quality, frost hardiness and resistance
to stem rust. From the set of assessed deleted varieties or lines having blocks GLD 1B1 and GLU 1A1 or GLU 1A2" and
GLU 1B7+8 or GLU 1B7+9 and GLU 1D5+10 can be separated as sources of higher baking quality. Genetic source of frost
hardiness are the varieties Branka, Jubilejnd, Mironovsk4d 808 and Mironovsk4 zlep§end with both major markers of frost
hardiness, i. e. blocks GLD 1D5 and GLD 6A3. Spring wheat Rena, containing a major marker of frost hardiness — block
GLD 1DS5 in gliadin spectra, or the Sylva variety with the second major marker of frost hardiness — block GLD 6A3, can be
considered as donors of frost hardiness genes. Secaline block GLD 1B3, i. e. marker of bad baking quality, but at the same
time a marker of resistance to stem rust of grain (Sozinov, 1985; Safek et al., 1982, 1986), was identified in gliadin
spectra of the varieties Amika — line B, Branka, Istra, Roxana, Sabina, Solaris and Butin.

wheat; gliadins; glutenins with HMW; electrophoresis; protein polymorphism; genetic structure; markering of properties;
identification of varieties

ABSTRAKT: Pfedpokladem ucelného vyuZivéni restringovanych odriid pSenice obecné jako genetickych zdroji a jejich
rychlé a objektivnf identifikace ve vzorku semen je pouZivéni etalonovych elektroforetickych spekter gliadind a glutenind
s VMH zminénych odriid. Préce predstavuje katalog zminénych vzorovych elektroforetickych spekter odriid p3enice obecné
restringovanych v letech 1982 aZz 1993.

p3enice obecnd; gliadiny; gluteniny s VMH; elektroforéza; bilkovinny polymorfismus; genetickd struktura; markerovan{
vlastnostf; identifikace odrid
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UvoD gované odriidy jeden aZ n&kolik let po jeji restrikci po
vylouéeni odriidy z Listiny povolenych odrid.
Alelické bloky z6n elektroforetickych spekter glia- PouZivani vzorovych elektroforetickych spekter
dinii a podjednotek gluteninli s vysokou molekulovou a z nich vy€lenénych souborii gliadinovych a gluteni-
hmotnostf (VMH) umoZiiuji rychlé a objektivni sta- novych alelickych bloki zén je pfedpokladem tcelného
noveni odridové pravosti a &istoty ddvek osiv a mer-  vyuZivanf restringovanych odriid p3enice jako genetic-
kantilu pSenice. Markeruji rovn&Z n&které vyznamné kych zdroji, pravé tak jako identifikace t&chto odrid
hospodéiské vlastnosti pSenice jako pekaiskou jakost, ve vzorku semen. Cilem price je vypracovéni vzoro-
mrazuvzdornost a odolnost ke rzi travni. Znalost sig- vych elektroforetickych spekter gliadinii a glutenini
ndlnich gliadinovych a gluteninovych gendl, které de- s VMH odrid pSenice obecné restringovanych v letech
terminuji zmin&né alelické bloky z6n, je pfedpokladem 1982 aZ 1993.
ziskan{ Zddanych rekombinaci a transgresi v uvedenych
markerovanych vlastnostech.
Restringované odriidy p3enice obecné, vyloudené MATERIAL A METODA
2 Listiny povolenych odriid v letech 1982 aZ 1993, se
mohou vyuZivat i naddle jako dérci nékterych Zdda- Prehled hodnocenych odriild ozimé a jarni p3enice
nych vlastnosti v hybridiza¢nich programech. Obvykle  v&etné jejich plivodu, roku povoleni, oznageni ve SOP
se pfipousti uzndvani a uvddéni do ob&hu osiv restrin-  a roku restrikce je uveden v tab. L.

. Pfehled odriid pSenice obecné restringovangch v letech 1982 aZ 1993 - Survey of wheat varieties deleted in the years 1982 to 1993

Rok® ; )

Nézev odridy" O et s Péivod® (kombinace rodi&”)
0Ozimé odridy®
Amika BU-10 1980 1986 Aurora x Mironovskaja 808
Baranjka Jugoslavia 1981 1985 (Sanja x TP114/1965A) x ZG4730/66
Hrs BR-55 1988 1993 (Weihenstephaner 378/57 x Mironovskaja 808) x (BrlIIS5 x San
Pastore)
Gikina Polsko 1975 1983 (;i;(:‘iile de Choisy x Wysokolitowka Szywnosloma) x Dankowka
Hela HE-270 1979 1988 Moisson x Mironovskaja 808
Tljicovka SSSR 1975 1985 Bezostaja 4 x Mironovskaja 808
Istra S0-290/756 1979 1985 (Produttore x Nebojska) x Aurora
Jubilejnd SSSR 1971 1986 Ljutescens 106 x Bezostaja 4
Juna UH-141-56/72 1979 1985 Uh-141/62 x Jubilejnaja
Kormoran SRN 1979 1982 (Capelle x Heine 2806) x Heine 646
Mara UH-521 1984 1990 Moisson x Jubilejnaja
Mirela SL-354/69 1979 1984 Mironovskaja 808 x Stella
Mironovska 808 SSSR 1966 1993 Vybér z Artémovky
Mironovskd zlepSend SSSR 1979 1982 Bezostaja 4 x Mironovskaja 808
Odra HE-527 1981 1989 Manella x Jubilejnaja
Roxana BU-22 1985 1991 Solo x Kavkaz
Sabina ST-907-77 1983 1988 Weihenstephaner 378/57 x Caribo
Slavia ST-VUR 37 1976 1991 (Bezostaja 1 x Mironovskaja 808)
Solaris SO-1804 1976 1986 (Produttore x Nebojska) x Kavkaz
Super Zlatna Jugoslavia 1982 1985 Sanja x TP114/1965A) x ZG4730/66
Vala HE-270/115 1980 1989 Moisson x Mironovskaja 808
(pouze export!®)
Butin BU-17 1988 | 1993 | Siete Cerros x Kavkaz
Jarnf odriidy’

Famos SRN 1980 1983 (Weihenstephaner Zuchtstamm x Opal) x Solo
Rena UH-205 1978 1987 Nadadores 63 x Kolibri
Sylva HE-406 1992 1982 Praga x Siete Cerros
Turbo SRN 1982 1986 (MPA x Erli) x WWS511/51 x ELS

BR = Braniovice; BU = Bugany; HE = Hrubgice; SL = Slapy u Tébora; SO = Solary; ST = Stupice; ST-VUR = Stupice + VUR Seméice;
UH = Uhfetice

'name of variety, %denotation in the state variety trial, o year, 4certification, “deletion, 6origin. Tcombination of parents, 8winter varieties,
spring varieties, lOonly for export
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1. Elektroforeogramy gliadinii hodnocenych odriid pienice obecné —
Electrophoreograms of gliadins of assessed wheat varieties

K elektroforetickym analyzdm bylo pouZito ram$o-
vych vzorkd osiva poskytnutych SKZUZ — odborem
osiv a sadby. Ke stanoveni elektroforetické skladby
gliadinli bylo elektroforeticky analyzovano z kaZzdého
ramSového vzorku jednotlivé po 50 zrnech. Elektrofo-
retickd skladba podjednotek glutenind s VMH byla
zji¥fovéna hodnocenim po péti ndhodné odebranych se-
menech z kazdého ram§ového vzorku.

Elektroforetickd spektra gliadini byla stanovena
modifikovanym zpusobem vertikdln{ elektroforézy ve
sloupcich $krobového gelu v Al-laktidtovém pufru pfi
pH 3,1 se 2 mol moZoviny na 11 (Sagek, Syko-
rov4, 1989). Alelické gliadinové bloky byly vy&leng-
ny z elektroforetickych spekter gliadind podle publiko-
vané metody (Sobko, Poperelja, 1986).

Elektroforetickd spektra glutenini s VMH byla sta-
novena modifikovanym postupem vertikdlni diskonti-
nudlni elektroforézy v polyakrylamidovém gelu v pfi-
tomnosti dodecylsiranu sodného (Laemmli, 1970).
Alelické bloky z6ny &i jednotlivé alelické zény podjed-
notek glutenind s VMH byly zji¥fovany podle publiko-
vaného katalogu (Payne et al., 1981).

Zji¥t&né bilkovinné linie jsou oznaCeny pismeny velké
abecedy (gliadinové linie), resp. pismeny malé abecedy
(gluteninové linie). Charakteristiky vy&lenénych alelic-
kych blokid zén & alelickych zén (a) gliadint a (b) pod-
jednotek gluteninti s VMH jsou uvedeny v tab. II.

K posouzeni genetické determinace pekai'ské jakosti
restringovanych odrid byly pouZity publikované bodo-
vé hodnoty predikce pekafské jakosti jednotlivych gli-
adinovych a gluteninovych alelickych blokti — markert
pekarské jakosti (Payne etal., 1987, 1988; Lukow
et al., 1989; Cern)" et al,, 1992; Hammer et al.,
1992).

VYSLEDKY A DISKUSE

Polymorfismus v elektroforetické skladb& gliadini
a glutenini s VMH

Vzhledem k dlouhodobému udrZovacimu $lechténi
hodnocenych odrid lze pfedpoklddat maximdaln{ stupeii
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1. Elektroforetickd spektra gliadind a podjednotek glutenind s VMH hodnocengch restringovanych odriid pSenice obecné, vyjédiend v podobé
soubori alelickych blokd zén &i alelickych zén — El phoretic spectra of gliadins and subunits of gl ins of HMW of assessed deleted
wheat varieties, expressed in the form of sets of allelic blocks of zones or allelic zones

Ttida
Nizev odridy' IG LD GLD alely na chromozomu? ﬁk}: GLU alely na chromozomu | pekafské
inie jakostit
Ozimé odridy®
¥ A 3 0 1 5 1 1 22 a 1 7+9 [ 5+10 9
Amika
B 3 0 3 5 1 1 2/2 a 1 7+9 | 5+10 5
. A 4 3 4 3 2 1 1/6 a 1 6+8 | 2+12 7
Baranjka
B 4 3 4 3 2 1 2/4 a 1 6+8 | 2+12 7
Branka A 2 0 3 5 3 1 1/6 a 0 7+9 [ 2+12 5
A 9 2 4 2 2 1 171 a 0 7+8 [ 2+12 5
Grana
B 2 0 4 2 2 1 1/1 a 0 7+8 [2+12 6
Hela A 2 0 1 5 2 1 N1 a 0 7+9 | 2+12 7
B 2 0 4 5 2 1 N1 a 0 7+9 | 2+12 7
Iljicovka A 3 3 1 1 1 1 2/2 a 1 7+9 [5+10 8,5
Istra A (5) 3 3 1 1 1 1/6 a 1 7 5+ 10 5
s A 4 1 1 5 3 1 22 a 2% 7 5+10 9
Jubilejnd
B 12 1 1 5 3 1 2/2 a 2 7 5+ 10 9
Juna A 16 1 1 1 1 1 1/1 a 0 7 5+ 10 7
A 2 0 1 1 N1 1 2/4 a 0 7 5+10 8
Kormoran
B 2 0 1 1 2 1 2/4 a 0 7 5+ 10 8
A 2 1 4 1 2 1 NI a 2* 7+9 [5+10 7,5
Mara
B 2 3 4 1 2 1 N1 a 2% 7+9 [ 5+10 715
A A 3 3 4 N1 2 1 22 a 1 6+8 [2+12 3
Mirela
B 3 3 4 N1 3 1 2/2 a 1 6+8 | 2+12 4
Mironovska 808 A 3 (3) 1 5 3 1 2/4 a 1 7+9 [5+10 9
A 3 3 5 | 5 3 1 2/2 b b3 7+9 5+ 10 9
Mironovskd B 3 3 1 1 1 1 22 a 1 7+9 [5+10 8
zlepseiid c 30 3 | 1 t | s | a |"2E|ta 1 | 7+9 [s+10| 9
D 3 3 1 5 1 1 2/2 a 1 7+9 | 5+10 8
A 3 0 1 5 2 1 22 a 1 7 5+10 a
Odra
B 10 0 1 5 2 1 2/2 a, 1 7 5+ 10 7
Roxana A 10 1 3 2 3 1 1/5 a 0 7+9 | 5+10 3
7 A 9 1 3 1 NI 1 1/1 a 0 6+8 | 2+12 3
Sabina
B 2 1 3 1 N1 1 1/1 a 0 6+8 | 2+12 3
Slavia A 2 0 4 1 2 1 N1 a 0 7+8 2+ 12 5
< A 4 3 3 2 1 1 2/3 a 1 7+9 [ 5+10 5
Solaris
B 4 3 3 2 1 1 1/1 a 1 7+9 | 5+10 5
A 4 3) 4 3 2 1 1/6 a 1 6+8 [2+12 6
Super Zlatna B 4 1 @3 4 3 2 1 22 a 1 6+8 | 2+12 7
C 2 0 1 7 2 1 2/4 b 0 T7+9 [ 2+12 7
Vala A 2 0 1 S 2 1 2/2 a 0 7 2+ 12 5
(pouze export’)
Butin | A a] o[ 3] 2] 1T 1 Jw] a] ] o [7+8[2+12] a4
Jarn{ odrddy$
Famos A 3 2+3 4 N 2 1 1/6 a 1 T7+9 [ 5+10 5
Rena A (5) 2 1 5 2 1 1/6 a 1 7+9 [ 2+12 5
A 10 3 4 1 3 1 1/5 a 0 17+ 18| 2+ 12 3
Sylva
B 10 3 4 | 1 1 1/5 a 0 17+ 18] 2+ 12 3
Turbo A 5 2 4 7 2 1 1/6 a 1 T7+9 | 5+10 7

N - dosud nekatalogizovany GLD alelicky blok — so far not-catalogized GLD allelic block

/- rodina GLD alelickych bloki / alela v rAmci rodiny — GLD family of allelic blocks / allele within family
() — modifikovany alelicky blok — modified allelic block

+ - soudasny vyskyt riiznych alelickych blokii — current incidence of various allelic blocks

'name of variety, 2GLD lines, *GLD on allele on chromozome, 4lmking quality grade, Swinter varieties, r’spring varieties, 7only for export
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111. Charakteristiky vy&lenénych alelickych blokil zén &i jednotlivych zén gliadinii a glutenini s VMH — Char

blocks of zones or individual zones of gliadins and glutenins of HMW

istics of d allelic

L

Alelicky blok Podet z6n, jejich REM a stupeii zbarveni* ()
Chromozom? alela®
2 27,0 (3)-30,0 (1)-33,0 (3)-36,5 (3)-39,5 (1)-60,5 (3)
3 27,0 (3)-28,5 (1)-31,5 (2)-57,0 (4)
4 59,5 (4)-76,0 (1)
GLD 1-1A 5 55,5 (2)-58,0 (2)
9 57,0 (4)-71,5 (3)
10 56,5 (4)
12 27,0 (3)-28,5 (1)-31,5 (2)-59,5 (4)
16 17,5 (2)-23,0 (4)-61,0 (5)
0 —
1 33,0 (4)
2-1A 2 31,5 (4)
3 36,0.(4)
2+3 31,5 (4)-36,0 (4)
1 36,0 (4)-54,0 (5)-76,5 (2)-79,5 (1)
1B 3 30,5 (1)-34,5 (5)-37,5 (3)-42,0 (5)-45,0 (1)-48,5 (3)-62,5 (3)-66,0 (3)
4 33,5 (3)-44,0 (2)-54,0 (5)-76,0 (1)
1 13,5 (2)-17,5 (4)-21,0 (3)-55,0 (5)-61,5 (2)
2 17,5 (4)-21,0 (4)-55,0 (5)-61,5 (2)
1D 3 17,5 (5)-21,0 (4)-26,5 (1)-38,0 (1)-55,0 (5)-61,5 (3)
5) 12,5 (3)-16,5 (3)-19,0 (3)-23,5 (3)-26,5 (1)-38,0 (1)-55,0 (5)-61,5 (2)
7 12,5 (3)-16,5 (3)-19,0 (3)-23,5 (3)-55,0 (5)-61,5 (2)
N 13,5 (2)-17,5 (4)-21,0 (3)-55,0 (5)-62,5 (5)
1 76,5 (1)-81,5 (2)-85,0 (2)-88,5 (2)
6A 2 81,5 (2)-85,0 (5)-88,5 (2)
3 76,5 (2)-81,5 (1)-87,0 (3)-91,0 (4)-96,0 (3)
N1 76,5 (1)-86,0 (3)-91,0 (4)-96,0 (3)
6B 1 56,5 (1)-69,0 (5)-70,5 (2)-73,5 (3)
1/1 63,5 (3)-68,0 (4)-74,0 (4)-82,0 (3)-85,0 (2)-87,5 (4)
1/5 64,0 (3)-68,0 (4)-72,5 (4)-82,0 (3)-85,0 (2)-87,5 (4)
6D 1/6 63,5 (3)-68,0 (4)-73,0 (4)-82,0 (3)-85,0 (2)-87,5 (4)
2] 63,5 (3)-68.,0 (4)-74,0 (4)-82,0 (2)-85.0 (2)-90.5 (3)
2/3 64,5 (3)-68,0 (4)-74,0 (4)-82,0 (3)-85,0 (2)-90,5 (3)
2/4 63,5 (3)-68,0 (4)-72,5 (4)-82,0 (3)-85,0 (2)-90,5 (3)
GLU 1A ! 0.6
2" 85,5 (3)
7 100,0 (5)
1B 7+8 100,0 (5)-113,0 (3)
7+9 100,0 (5)-116,0 (2)
6+8 95,0 3)-113,0 (3)
D 2+ 12 85,0 (4)-124,0 (4)
5+10 88,0 (5)-120,0 (4)

Lallelic block, 2chromozome, “allele, “number of zones, their REM and shade of coloration

homozygotnosti. Pokud jejich celkovou homozygotnost
posuzujeme pomoci signélnich gliadinovych a gluteni-
novych genil, je zmin&ny pfedpoklad potvrzen.

Z celkového poétu 21 odrid, hodnocenych podle
elektroforetické skladby gliadini a glutenini s VMH,
nevykdzala Z4dnd odriida heterozygotnost kteréhokoliv
sledovaného gliadinového & gluteninového genu.

ROSTLINNA VYROBA, 41, 1995 (5): 225-231

Zminéné star$i odridy pSenice predstavuji bud' z4-
mérné, nebo nezdmérné zkonstruované populace, sloZe-
né obvykle ze sesterskych linif. Zminénou skutecnost
potvrzuje zjidtény gliadinovy a gluteninovy polymor-
fismus hodnocenych odriid. Z 21 odrid analyzovanych
paralelné ve skladb&é obou bilkovinnych markerd se
11 odrid skldd4 ze dvou gliadinovych linii, jedna od-
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IV. Markerovacf, bodové hodnoty predikce pekafské jakosti jednot-
livych alelickych blokid z6n gliadinového spektra a spektra glutenind
s VMH — Markering, point values of prediction of baking quality of
individual allelic blocks of zones of gliadin spectra and glutenin
spectra of HMW

At Gen? Alela? ,f’o%:g‘t’:.‘
2 3,5
3 2,0
4 4,0
1-1A 5 3.0
9 3,0
10 2,0
12 2,0
16 0,5
0 0,0
1 0,0
2-1A 2 0,0
3 0,0
243 0,0
1 8,0
GLD 1B 3 0,0
4 5.5
1 2,0
2 1,0
D 3 1,0
5 2,5
7 2,0
N 0,0
1 1,0
6A 2 2,0
3 3,5
N1 3,0
6B 1 1,5
11 1,5
1/5 1,0
6D 1/6 1,0
22 3,0
2/3 2,5
2/4 2,5
" 1 3,0
2* 3,0
1B 7 1,0
GLU 7+8 3.0
7+9 2,0
6+8 1,0
- 2412 2,0
5+ 10 4,0

'allelic blocks, 2genc. Sallele, 4poim value

rida (Super Zlatna) ze tii gliadinovych linif a dal3f od-
rida (Mironovské zlepSend) dokonce ze Ctyf gliadino-
vych linii. Relativni etnost gliadinové heterogennich
odriid je pom&rn& vysoké4 (62 %).
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Odridy s maximélni gliadinovou heterogenitou, tj.
Super Zlatna a Mironovskd zlepSend, jsou soucasné he-
terogenni i ve skladbé glutenini s VMH, resp. sklddaji
se ze dvou gluteninovych linif.

Znalost bilkovinného polymorfismu hodnocenych
restringovanych odrid je dileZité pro jejich vyuZiti ja-
ko genovych zdroji, resp. rodi¢ovskych forem v hyb-
ridiza¢nich programech. Sesterské linie se totiZ mohou
li8it v markerovanych agronomicky vyznamnych vlast-
nostech. Napf. gliadinovd linie A odridy Amika ma
blok GLD 1B1, tj. marker vysoké pekatské jakosti, za-
timco linie B této odriidy nese alelicky blok GLD 1B3,
tj. marker Spatné pekaiské jakosti, avSak soucasné
i marker odolnosti ke rzi travni.

Podobng& u odridy Mironovsk4 zlepSen4 se projevuji
rozdily mezi komponentami v mrazuvzdornosti. Glia-
dinov4 linie A této odriidy je vybavena geny mrazu-
vzdornosti, markerovanymi alelickymi gliadinovymi
bloky GLD 1D5 a GLD 6A3. Linie B vSak zminéné
markery mrazuvzdornosti postradd.

Rovné&Z v semenéiské kontrole a v kontrole odriidové
pravosti a istoty merkantilnich ddvek je pro identifi-
kaci, resp. verifikaci restringovanych odrid nutnd zna-
lost jejich bilkovinného polymorfismu, resp. relativni-
ho zastoupen{ jednotlivych bilkovinnych linif v odradg.

Markerovani pekarské jakosti

Pekatsk4 jakost hodnocenych restringovanych odrad
pSenice je vyjddiena v tab. II tfidou pekaiské jakosti.
K predpovédi kladné transgrese v pekaiské jakosti pfi
pouZiti restringovanych odrid jako rodi¢ovskych forem
je v8ak nezbytna znalost genetické determinace pekai-
ské jakosti zminénych odrid. Tab. IV uvadi bodové
hodnoty jednotlivych alelickych gliadinovych a glute-
ninovych blokl — markeril pekafské jakosti. Vzhledem
ke zndmym aditivnim a inhibi¢nim G&inkim gliadino-
vych a gluteninovych signélnich gent (Sa¥ek et al.,
1986, 19892, b) je moZné vybirat pro kfiZeni odridy,
resp. linie s navzdjem se dopliiujicimi, odliSnymi glia-
dinovymi a gluteninovymi geny lepsi pekarské jakosti
a dosdhnout tak kladné transgrese v této vlastnosti
v hybridnich linifch (Cerny et al., 1991).

Jako zdroje vy3§i pekaifské jakosti 1ze vy¢lenit
z hodnoceného souboru restringovanych odrid odridy
&i linie vybavené bloky GLD 1B1 a GLU 1Al & GLU
1A2" a GLU 1B7+8 & GLU 1B7+9 a GLU 1D5+10.

Markerovani mrazuvzdornosti

Signdlni geny Gld 1D5 a Gld 6A3 markeruji pfitom-
nost aditivné piisobicich genti mrazuvzornosti, lokali-
zovanych v chromozonech 1D a 6A. Gliadinové alelic-
ké bloky GLD 1A1, GLD 1A2 a GLD 6D2 pfedstavuji
vedlej§i markery mrazuvzdornosti, zna&kujici pfitom-
nost méné ic¢innych gend mrazuvzdornosti, nachézeji-
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cich se v chromozonech 1A a 6D (Sa%ek et al., 1984;
Cerny et al., 1990).

Geneticky zdroj mrazuvzdornosti pfedstavuji odri-
dy Branka, Jubilejnd, Mironovskd 808 a Mironovskd
zlepSend — linie A, s obéma hlavnimi markery mrazu-
vzdornosti, tj. bloky GLD 1DS a GLD 6A3.

Jako dérce genl mrazuvzdornosti 1ze uvaZovat i jar-
nf p8enici Rena, obsahujic{ v gliadinovém spektru hlav-
nf marker mrazuvzdornosti — blok GLD 1D5 ¢&i odridu
Sylva s druhym hlavnim markerem mrazuvzdornosti —
blokem GLD 6A3.

Markerovéni odolnosti ke rzi travni

Sekalinovy blok GLD 1B3, tj. marker $patné pekai-
ské jakosti, avSak soucasné marker odolnosti ke rzi
travnf (Sozinov, 1985; Safek et al., 1982), byl
zjistén v gliadinovém spektru odriid Amika — linie B,
Branka, Istra, Roxana, Sabina, Solaris a Butin.
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Z VEDECKEHO ZIVOTA

Za doc. ing. dr. Bohumirem Novakem, DrSc.

Dne 1. tinora 1995 nds navZdy opustil doc. ing. dr.
Bohumir Noviék, DrSc. Zanechal po sobé zarmoucené
piibuzné a spolupracovniky z VURV Praha-Ruzyng, ale
také nesmazatelnou stopu své celoZivotni védecké prace.

Doc. ing. dr. Bohumir Novik, DrSc., se narodil
7. listopadu 1924. Svou dridhu védeckého pracovnika
zadal v Laktologickém istavu v roce 1947, kde ziskal
prvni doktorat technickych véd na zdkladé€ price o bak-
teriofdzich streptokoki mlé&ného kvaseni. Od roku 1951
vénoval v odd&leni mikrobiologie VURYV Praha- -Ruzyné&
velké usili studiu fyziologie a ekologie azotobaktera
a dal3ich fixdtorti vzduiného dusfku a posléze fesil tkoly
a otdzky spojené s oSetfovanim organickych hnojiv za
pomoci jim vyvinutych mikrobiologicko-biochemickych
metod. Studium pfemé&ny organickych latek v pidé pii-
vedlo doc. ing. dr. Bohumira Noviéka, DrSc., k jeho
nejvétsimu tspéchu, a sice k formulaci teorie humifikac-
nich procest, zaloZené na objeveni souvztaZnosti mezi
latkovym a energetickym metabolismem plidni mikrofl6-
ry. Jeho védecké pfistupy a nové metody piekro€ily ra-
mec pracovisté VURV Praha-Ruzyné a staly se sou&ésti
mezindrodni védni discipliny.

Kromé vlastni védecké prace se doc. ing. dr. Bohu-
mir Novik, DrSc., vénoval také rozsahlé spoluprici
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s mezindrodnimi organizacemi, jako je napf. FAO, Ani-
mal Waste Utilization, WHO, IIASA a dalsi. Byl jed-
nim ze zakladateld dlouhé tradice kondni mezindrodnich
sympozii Humus et Planta a ddle i jejich organizéto-
rem. Zminénd sympozia umoZiiovala setkdn{ naSich
pracovnikil s odborniky z celého svéta v podminkach,
kdy vyména zkuSenosti naSich védeckych pracovniki
se zahrani¢nimi byla siln& omezena.

Bohatd védeckd i odbornd publikaéni aktivita doc.
ing. dr. Bohumira Novdka, DrSc., jeho pfednaskova
¢innost i pusobeni v odbornych komisich byly pfino-
sem v oblasti vyZivy rostlin, hygieny ptidy, biotechno-
logii a v dalSich oborech. Jeho rozhled a znalost cizich
jazykid byly uréujicimi faktory pro jeho jmenovani
zéstupcem $éfredaktora renomovaného védeckého
¢asopisu Zentralblatt fiir Mikrobiologie se sidlem v Je-
né.

Uzndn{ zasluhuje v§ak nejen piinos doc. ing. dr. Bo-
humira Novdka, DrSc., pro nasi zemédélskou védu.
Jeho nejbliZsi spolupracovnici vZdy ocefiovali vzdjem-
né pracovni vztahy i jeho ochotu kdykoli pomoci. Vy-
sledky price doc. ing. dr. Bohumira Novdka, DrSc.,
jsou samy o sobé& svédectvim, jak mnoho s jeho odcho-
dem ztrdcime.

Ing. Roman Apfelthaler, CSc.
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VARIABILITA A VZTAHY MEZI BARVITELNOSTI PYLU
A SEMENARSKYMI CHARAKTERISTIKAMI HYBRIDU
LOLIUM MULTIFLORUM LAM. x FESTUCA ARUNDINACEA
SCHREB. V GENERACI F3

VARIABILITY AND RELATIONSHIPS BETWEEN STAINING ABILITY
OF POLLEN AND SEED-BREEDING CHARACTERISTICS OF HYBRIDS
LOLIUM MULTIFLORUM LAM. x FESTUCA ARUNDINACEA SCHREB.
IN F; GENERATION

A. Drozdova, J. Janeéek

Research Institute of Fodder Crops, Troubsko, Research Station of Grass Crops, RoZnov,
Zubri, Czech Republic

ABSTRACT: In a set of hybrid plants of F; generation from five combinations of crossing of Italian rye-grass (Lolium
multiflorum Lam.) and tall fescue (Festuca arundinacea Schreb.) and cultivation of hybrid embryos in in vitro conditions the
following indicators were assessed: staining ability of pollen grains, number of inflorescences per plant, germinating capacity
of caryopses, weight of 1,000 caryopses weight, number of germinative caryopses per inflorescence and weight of germinative
caryopses per plant. Staining ability of pollen was determined as indirect fertility via acetocarmine method. The results were
assessed by the method of multivariate selection of genotypes (Tab. I) and tightness of relationships expressed by variation
coefficients (Tab. II). It follows from Tab. I that individuals of high fertility (staining ability) of pollen and simultaneously
high weight of germinative caryopses per plant were rather exceptional. In four hybrid plants only the weight of caryopses
exceeded 50% of value of an ideal individual. Within the set an average staining ability of pollen was 76.2%, germinating
capacity of caryopses ranged from 4.3% (420/3 in plant) to 97% (417/2), weight of 1,000 caryopses from 1.56 g to 4.15 g
and number of germinative caryopses per inflorescence amounted to 0.3% up to 27.8%. It follows from a free relationship
between staining ability of pollen and number of germinative caryopses per inflorescence and weight of germinative caryopses
per plant (r = 0.14 and 0.21) that staining ability of pollen is a little suitable indicator of prediction of seed formation in
hybrids Lolium multiflorum x Festuca arundinacea. Based on the highly positive correlation found out between pollen fertility
and germinating capacity of caryopses (r = 0.46™) it can be presupposed that in hybrid plants of high degree of staining
ability of pollen grains, caryopses of high germinating capacity will be produced. A weak dependence between staining ability
of pollen grains and caryopsis formation was confirmed in investigated hybrids as reported by Kaiser (1988) and other
authors in hybrids Lolium multiflorum x Festuca pratensis. A wide range of variability recorded almost in all studied traits
allows further selection.

hybrids of Festulolium; staining ability of pollen; germinating capacity of caryopses; weight of 1,000 caryopses

ABSTRAKT: U hybridnich rostlin F; generace pochazejicich z péti kombinaci kifZenf jflku mnohokvétého (Lolium multiflo-
rum Lam.) a kostfavy rikosovité (Festuca arundinacea Schreb.) byly hodnoceny vztahy mezi barvitelnost{ pylovych zrn
a nékolika znaky semendiské produktivnosti. Jedinci s vysokou fertilitou (barvitelnosti) pylu a zéroveii s vysokou hmotnosti
kli¢ivych obilek na rostlinu se vyskytovali jen zfidka. Barvitelnost pylovych zm byla v pritkazné, pozitivni korelaci s kli¢i-
vosti zralych obilek a podtem kvétenstvi na rostlinu a v negativnf, av§ak nepriikazné korelaci s hmotnost{ 1 000 obilek.
U zkoumanych hybridd se potvrdila slaba zdvislost mezi barvitelnosti pylov§ch zrn a nasazenim obilek. Siroky rozsah
variability zaznamenany téméf u vSech sledovanych znakl umoZiiuje dal3{ selekci.

hybridy Festulolium; barvitelnost pylu; kli¢ivost obilek; hmotnost 1 000 obilek

LIA0))) zace, je nizk4 fertilita. U hybridi Lolium x Festuca se
touto otdzkou zabyvala fada autorli. Vysledky podrob-

Jednim z nejzdvaZngjsich dskali, které musi Slechti-  né&jSich analyz fertility u hybridt Lolium multiflorum x
tel pfekonat pfi vyuZiti produkti mezirodové hybridi- Festuca pratensis uvadgji Werner (1983a, b)
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a Wacker, Netzband (1980), u hybrida Lolium
multiflorum x Festuca arundinacea Fojtik, Své&t-
lik (1979) a Zwierzykowski (1980). Hybridnf
formy rGiznych druhii rodu Lolium x Festuca pratensis
hodnotili z hlediska fertility a nasazeni semen Netz-
band, Wacker (1977), Matzk, Seyfert
(1981), Cremades, Bean (1975) a dal$i. Shrnuti
této problematiky u mezirodovych a mezidruhovych
hybridi travnich druhti uvddi Janedek (1984).

Cilem na3i studie bylo ovéfeni vztahdi mezi barvitel-
nosti pylovych zrn a uZitnou hodnotou nasazenych obi-
lek i dal§imi semendfskymi znaky u vybranych per-
spektivnich jedinct F3 generace mezirodovych hybridi
Lolium multiflorum x Festuca arundinacea.

MATERIAL A METODA

Objektem studia byly rostliny vybrané z potomstev
F3 generace hybridi jilku mnohokvétého (Lolium mul-
tiflorum Lam.) a kostfavy rdkosovité (Festuca arundi-
nacea Schreb.), které byly vytvoieny na Vyzkumné sta-
nici v Zubii metodou dopéstovani hybridnich embry{
v podminkdch in vitro. Vybérova Skolka byla zaloZena
v roce 1991 formou individudlni vysadby a sbér pylu
byl proveden v prvnim uZitkovém roce. Rostliny po-
chézely z kfiZeni téchto komponenti:

Matefskou komponentou pro viechny varianty byl
Lolium multiflorum (Lm):
var. 417 — Lm, var. italicum, cv. Lolita (CS), 4n = 28
var. 420 — Lm, var. italicum, cv. Hitachiaoba (J), 4n = 28
var, 408 — Lm, var. italicum, cv. Adret (F), 2n = 14
var. 406 — Lm, var. italicum, cv. Romul (CS), 2n = 14
var. 419 — Lm, var. westerw., cv. Merwester (B), 2n = 14

Otcovskou komponentou byla Festuca arundinacea
(Fa), 2n = 42:
var. 417, 408, 406, 420 — Fa, cv. Lekora (CS)
a Brudzyiiska (PL) ’
var. 419 — Fa, cv. Lekora (CS) a Hokuryo (J)

[( ) stdt pivodu, tj. CS = Ceskoslovensko, PL =
Polsko, F = Francie, J = Japonsko, B = Belgie].

Predmétem hodnoceni bylo Sest ukazateld: barvitel-
nost pylovych zrn, pocet kvétenstvi na rostlinu, klici-
vost obilek, hmotnost 1 000 obilek, pocet kliCivych
obilek na kvétenstvi, hmotnost kli¢ivych obilek na rost-
linu.

Barvitelnost pylu byla urovdna jako nepifima ferti-
lita acetokarminovou barvici metodou. U kaZdé rostli-
ny bylo prohliZeno nejméné 500 pylovych zrn. Za fer-
tilni byla povaZovana zrna tplné vybarven4, kulatd; za
sterilni pylovd zrna prihlednd, rizn& deformovaného
tvaru. Pocet kvétenstvi na rostlinu (dopliikovy znak)
byl urcovin prostym sectenim po sklizni. Kli¢ivost obi-
lek byla stanovena na Jacobsenové kli¢idle béZnou me-
todou, podobné jako hmotnost 1 000 obilek.

Udaj o poctu kli&ivych obilek na kvétenstvi byl zis-
kdn propoctem z celkové hmotnosti obilek na kvéten-
stvi, hodnot kli¢ivosti a hmotnosti 1 000 obilek. Uka-
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zatel hmotnost kli¢ivych obilek na rostlinu byl prepoc-
ten z celkové hmotnosti obilek ziskanych z jedné rost-
liny v dobé zralosti a hodnot kli¢ivosti.

Ke zhodnoceni vysledki bylo uZito metody viceroz-
mé&rného vybéru genotypl programu FTAB (1988). Va-
riabilita jednotlivfch znakd vybérového souboru
i uvnitf hybridnich kombinacf byla vyjddiena variaéni-
mi koeficienty (v. k.), t€snost vztahti mezi znaky uda-
vaji korelaéni koeficienty (Rod, 1966).

VYSLEDKY

Vysledky hodnocen{ jednotlivych ukazateli jsou
uvedeny v tab. I a II. Z tab. I vyplyvd, Ze hybridy s vy-
sokou fertilitou pylu a zdroveii vysokou hmotnosti kli-
¢ivych obilek na rostlinu byly spiSe vyjimkou. Pouze
u prvnich &tyf genotypi hmotnost obilek pfesahovala
50 % hodnoty idedlniho jedince.

Primérnd barvitelnost pylovych zrn byla u sledova-
ného souboru Fj3 hybridi (tab. II) 76,2 % a hodnota
variaéniho koeficientu 18,3 %. NejniZsi primé&rnou
barvitelnost mélo potomstvo kombinace 408, aviak
jednotlivé genotypy uvnitf kombinace mély velmi roz-
dilné hodnoty tohoto znaku, od 49,5 % u rostliny
408/16 do 98,1 % u rostliny 408/1. Nejvy3si primérné
barvitelnost pylovych zrn (o 10,8 % vy$si neZ primér
souboru) byla zaznamendna u potomstva kombinace
419, které viak bylo zastoupeno pouze tfemi genotypy.

Variacni rozpéti hodnot znaku pocet kvé&tenstvi na

“rostlinu bylo velmi Siroké (od 79 do 625 kusi). Primér

souboru 300,7 byl téméf dvojndsobn& vy33i oproti kon-
trolnim odriiddm Be&va a RoZnovsky. Vysoka variabi-
lita (57 %) byla zaznamenédna zejména u potomstva
kombinace 417.

Kli¢ivost obilek v rdmci souboru kolisala od 4,3 %
(u rostliny 420/3) do 97,2 % (417/2), coZ je téméf po-
Zadovand hodnota kli¢ivosti u kvalitniho osiva povole-
nych odrid. Primé&rn4 kli¢ivost hybridniho souboru by-
la 68,6 %. Variacni koeficient 80,2 % pro potomstva
kombinace 420 vyjadiuje neobvykle rozdilnou droven
tohoto znaku.

Hmotnost 1 000 obilek kolisala v souboru od 1,56 g
do 4,15 g. Potomstvo kombinace 420 bylo charakte-
ristické nejniZ§i primérnou hodnotou znaku (2,06 g)
i nejniZ8i variabilitou (11,7 %) ze viech sledovanych
kombinaci. Varia¢ni koeficienty pro ostatni kombinace
i cely soubor dosahovaly zhruba 30 %. Podle odekdva-
ni, resp. na zdkladé vysoké variability pozorované
u znaku kli¢ivost byly zaznamenény i velmi variabiln{
hodnoty po&tu kli¢ivych obilek na kvétenstvi. Uvnitf
souboru kolisalo mnoZstvi od 0,3 % (u rostliny 408/16)
do 27,8 % (406/2). Primérny podet kli¢ivych obilek za
cely soubor (5,6) byl pomémé nizky. U tohoto znaku
byla zji§té€na nejvy33i variabilita ze viech sledovanych
ukazateld (100,7 %).

V potadi druhd nejvys$si variabilita (82,2 %) byla
zaznamendna u nejdileZitgj$tho semenafského znaku -
hmotnost kli¢ivych obilek na rostlinu, kterd v rdmci
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1. Zhodnocenf barvitelnosti pylu a znaki semendfské produktivnosti F; generace hybridd Lm x Fa metodou vicerozmérné analyzy — Eva-
luation of staining ability of pollen and traits of seed-breeding productiveness of F; generation of hybrids Lm x Fa via the method of
multivariate analysis

Oznadenf . . . Hmotnost
. Barvitelnost Pocet Kliivost Hmotnost Pocet klitivych e
hybridnfch pylovych zm? |  kvétenstvi/ obilek? 1 000 obilek® ' | obilek/kyéten- | , Klicivych Hodnota
kombinaci P obilek/rostlina vybéru
1 (%) /rostlina (%) () stvi®
a genotypu (@)
w 8 5 8 2 3 9
I 100 400 100 3 20 15 9,00

406/1 92,3 331 83,0 2,83 133 12,5 7,54
408/7 77,6 220 85,5 < 5] 15,5 12,8 6,48
406/2 82,0 178 93,0 2,26 27,8 11,2 6,30
419/3 78,9 290 81,0 3,68 7.6 8,1 5,85
408/2 81,7 422 78,5 3,44 43 6,3 5,58
417/3 76,8 259 87,7 3,71 13 7,0 5,51
408/4 80,9 452 84,8 2,00 6,6 59 5.50
408/6 81,0 237 75,8 1,73 14,7 6,0 531
408/5 81,1 284 76,3 4,01 53 6,0 5,29
408/1 98,1 545 77,0 1,56 5.4 4,6 5,15
406/3 823 222 79.3 4,15 6,0 55 5,10
41972 84,1 421 91,0 3,65 2,4 3,7 4,98
417/1 92,5 414 95,7 1,64 2,8 1,9 4,59
420/1 91,3 452 67,3 1,79 33 2,7 4,58
408/3 814 241 65,5 3,81 43 39 4,58
42072 87,0 625 90,0 2,25 LS 2,1 4,23
417/2 90,3 211 97,2 2,24 2,0 1,0 4,11
406/4 73,1 172 543 3,42 6,5 38 4,01
408/11 61,0 272 60,8 3,04 5.1 43 3,92
408/10 67,2 237 58,0 3,02 49 35 3,91
408/9 70,9 241 67,2 3,35 2,5 2,0 3,81
419/1 98,6 419 523 1,78 0,7 0,5 3,79
408/15 50,4 303 79.5 3,94 47 5.6 3,74
408/8 75,1 128 89,5 3,02 23 0,9 3,55
41715 72,5 500 358 1,94 2,2 22 3,44
408/13 51.5 168 62,0 3:57 8.3 5.0 3,35
417/4 75.8 79 50,0 2,28 2,8 0,5 2,94
408/12 54,1 190 10T 1,53 2.7 0.8 2,73
420/3 76,3 202 43 2,13 0,4 0.2 2,19
408/14 50,1 298 22,7 2,08 0,7 0,5 1,91
408/16 49,5 308 45 2,16 03 0,2 1,43

W — védha znaku — weight of trait
I - hodnoty idedlnfho jedince — values of ideal individual

lmarl(ing of hybrid combinations and genotype, zstaining ability of pollen grains, 3number of inflorescences/plant, ‘germination of caryop-
ses, 5weight of 1,000 caryopses, Snumber of germinative caryopses/inflorescence, 7weighl of germinative caryopses/plant, 8value of selection

souboru kolisala od 0,17 g do 12,45 g. NejniZsi pri-
mérnd hodnota tohoto ukazatele (1,8 g) u potomstva
kombinace 420 byla ovlivnéna nizkou hmotnosti 1 000
obilek.

Analyza vzdjemnych vztahd mezi znaky hybridniho
souboru ukdzala, Ze barvitelnost pylovych zrn byla
v pozitivni, vysoce pritkazné korelaci (r=0,46 ) s kli-
Civost{ zralych obilek a v pozitivnf, prikazné korelaci
(r=041"s po¢tem kvétenstvi na rostlinu. Mira vzta-
hu mezi barvitelnost{ pylu a poétem kli¢ivych obilek
na kvétenstvi i hmotnosti kli¢ivych obilek na rostlinu
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méla sice kladnou, ale nepritkaznou hodnotu (r = 0,14;
0,21). V negativni, neprikazné korelaci vi&i barvitel-
nosti pylu byla hmotnost 1 000 obilek (r = -0,18).
U jedincil s vy$§im podtem kvétenstvi na rostlinu se zpra-
vidla vytvérely obilky o mensi hmotnosti (r = -0,32").

DISKUSE

Podet analyzovanych pylovych zrn na rostlinu (539
az 2 754) lze povaZovat za dostacujici, pouZitd metoda
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11. Primé&mé hodnoty (D) a varia¥nf koeficienty (v. k.) semendfskych ukazateli F; hybriddi Lm x Fa pro soubor a potomstva kombinacf —
Average values (@) and variation coefficients (v. k.) of seed-breeding indicators of F; hybrids Lm x Fa for the set and progeny of

combinations
Podet Hmotnost
Barvitelnost Pocet Kligivost Hmotnost k“gv; h kligivych
Oznadenf' pylovych zm? kvétenstvi/ obilek* 1 000 obilek® obil el:l obilek/
(%) [rostlina (%) ®) vitenstet® /ros(tg)na"
Hybridn{ - %} 76,2 300,7 68,6 2,8 5,6 42
soubor® v. k. 18,3 42,8 35,6 31,3 100,7 82,2
81,7 292,6 74,7 2,4 34 2,4
417 (n=5) e
v. k. 11,1 57,0 38,1 33,9 63,9 109,4
o @ 69,5 284,1 64,3 2,9 55 43
v. k. 21,6 38,1 35,6 31,3 78,2 73,9
hebuadaieh @ 82,4 225,7 78,7 32 13,4 )
hybridnich g ' B B » >
i 406 (n = 4)
kombinac” v. k. 9,5 32,6 18,7 25,6 759 513
4 4263 49, ; : ;
— 1] 84,7 26, 9,2 2,1 1,7 1,8
v. k. 9.2 49,9 80,2 11,7 85,5 64,0
@ 87,2 376,7 74,2 3,0 3,6 4,1
419 (n=3)
v. k. 11,7 19,9 24,3 35,9 101,1 93,2

lmm'kiﬂg. for 2-7 see Tab. I, *hybrid set, 9progeny of hybrid combinations

barveni pylu acetokarminem patii k nejb&Znéji pouZi-
vanym. Jak ukazuji vysledky, barvitelnost pylu jako
ukazatel nepfimé fertility byla u hybridi F; generace
Lolium multiflorum x Festuca arundinacea pomérné
vysokd (76,2 %). Vzhledem k tomu, Ze F; generace
hybridd nenf jesté stabilizovanou generaci, byla i varia-
bilita tohoto znaku vysok4 a je vyrazem poruch vlastni
meibzy a celé mikrosporogeneze.

Nizk4 kli¢ivost obilek u vétSiny zkoumanych hybri-
dii nebyla pravdépodobné zplisobena nedostateéné vy-
vinutym endospermem, jak uvddi Werner (1983a, b)
u hybridi jilku mnohokvétého (Lolium multiflorum
Lam.) a kostfavy lu¢ni (Festuca pratensis L.). Nasaze-
né obilky byly u vétSiny rostlin plné vyvinuty s vyjim-
kou 419/1 a 417/5, u nichZ téméf polovina obilek vy-
kazovala nevplnost vyvoje endospermu, coZ mélo vliv
na nizkou hmotnost 1 000 obilek a zfejmé i na kli¢i-
vost. Pfitom u prvni z téchto dvou rostlin byla zazna-
mendna vysokd barvitelnost pylu (98 %). U genotypu
420/3 s fertilitou pylu 76 % a genotypu 408/16, u kte-
rych se fertilita pylu pohybovala kolem 49 %, byla kli-
&ivost obilek vyrazné niZdf (4,3 % a 4,5 %) neZ u os-
tatnfch genotypi. Mohlo to byt zplsobeno jak
poruchami v megasporogenezi, tak inkompatibilitou.
RovnéZ nelze vyloudit u téchto genotypt aneuploidni
podet chromozomi. Potvrzen{ této domn&nky je viak
podminéno cytologickymi analyzami, které byly jiZ
u vybranych hybridnich genotypl zapodaty.

U zkoumanych hybridi se potvrdila slabéd zdvislost
mezi barvitelnosti pylovych zrn a nasazenim obilek,
kterou zaznamenal Kaiser (1988) u hybridi Lolium
multiflorum x Festuca pratensis. RovnéZ Netz-
band, Wacker (1977) a Grober et al. (1977)
uvadéji, Ze u jednotlivych rostlin neexistuje dostate¢né
tizkd korelace mezi barvitelnosti pylu a nasazenim obi-
lek. Z toho vyplyvd, Ze u hybridi Festulolium je bar-
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vitelnost pylovych zrn mélo vhodny ukazatel predikce
nasazenf semen. Na zdklad¢ zjidt€né vysoce pozitivni
korelace mezi fertilitou pylu a kli¢ivosti obilek lze
predpokladat, Ze u hybridnich rostlin s vysokym stup-
ném barvitelnosti pylovych zrn se budou vytvéret obil-
ky s vysokou kliivosti. Siroky rozsah variability za-
znamenany téméf pro vSechny sledované znaky
hybridniho souboru, zejména pro pocet kli€ivych obi-
lek na kvétenstvi a hmotnost kli¢ivych obilek na rostli-
nu, umoZiiuje dalsi selekci. Pfipadné vyznamnéjsi rozdi-
ly mezi potomstvy jednotlivych kombinaci, tj. vliv
rodiovskych komponent, by mohl byt prokdzan aZ ana-
lyzou pocetnéjsich skupin rostlin v rdmci kombinace.

Podékovani

Autofi d&kujf za vybornou technickou spoluprici pa-
nf V. Koneéné.
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INFORMACE — STUDIE — SDELENI

TOXICITA HLINIKU V ROSTLINACH

TOXICITY OF ALUMINIUM IN PLANTS

V. Horak, J. Dolejskova, A. Hejtmankova

Czech University of Agriculture, Praha, Czech Republic

ABSTRACT: The effect of high level of aluminium in cultural medium of plants gets a special importance regarding
occurrence of acid rains. By their action increased levels of aluminium are released from soil complex and increased
incorporation of this element into plants appears together with all consequences following from it. The study presented here
gives a brief survey of publications concerning with the problems of toxicity of aluminium in plants. It is a selection of works
solving the effect of various forms of aluminium on health condition of plants, uptake and distribution of nutrients and activity
of some selected plant enzymes. With regard to a great number of publications devoted to the effect of aluminium on plants,
all communications available in literature are not discussed herein. An attention was drawn only to some of principal works,
perspective for further research.

soil; aluminium; toxicity; health condition of plants; nutrient uptake; plant enzymes

ABSTRAKT: Vliv vysokych hladin hliniku v Zivném prostiedi rostlin nabyva zvlastniho vyznamu vzhledem k vyskytu
kyselych destl. Jejich pisobenim doch4zi ke zvySenému uvoliiovéni hlinfku z pidniho komplexu a ke zvySené inkorporaci
tohoto prvku do rostlin se viemi z toho vyplyvajicimi disledky. PfedloZend price uvédi struény piehled publikaci, zabyva-
jfcich se problematikou toxicity hlinfku v rostlindch. Je vybérem pracf fe$icich vliv riznych forem hliniku na zdravotni stav
rostlin, na pffjem a distribuci Zivin a na aktivitu nékterych vybranych rostlinngch enzymi. Vzhledem k velkému poctu
publikacf, vénovanych vlivu hliniku na rostliny, nejsou diskutovdna vSechna v literatufe dostupné sdélenf. Pozornost byla

soustiedéna jen na nékteré zdsadni prdce, perspektivni pro dalsi vyzkum.

pida; hlinik; toxicita; zdravotni stav rostlin; pffjem Zivin; rostlinné enzymy

UvVOoD

Hlinik je jednim z nejroziifengjsich prvkli na Zemi. Je
sou&4sti hornin a pfirozenou souéésti piid. Ve vy3sich hladi-
nich pisobf toxicky jak na Zivoéichy, tak na rostliny (Va-
lenta, 1989).

Pidy obsahuji v priméru 8 % hliniku. Tento prvek se
nachdzi v silikdtech, anorganickych oxidech, polymernich
hydroxidech, nerozpustnych fosfitech i vdzany komplexné
v huminovych slouéeninich.

V silné kyselych pudéch (pH < 4,0) jsou prevladajici for-
mou hliniku ionty {Al(H20)6}3+. Pii zvySovani pH klesd
podil téchto iontd a vzristd podil hydroxohlinitych iontd,
které se sklddaji z jednotlivych monomernich ionti obecného
typu Al(H,0)_n(OH)f ™ a z polynukledrnich typd riiznych
rozméridl a stupiiti bazicity, pfipadné z jejich smési. Pfi dos-
tateCn€ vysokém pH se hlinik srdZf jako hydroxid Al(OH)s,
pfi dal$im zvySovédni pH pfechdzi na formu hlinitanového
aniontu AI(OH)y.

Formy monomernich a polymernich hydroxohlinitych
sloucenin v pidé& jsou velice riiznorodé. U polymernich
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hydroxohlinitych sloucenin jsou jimi jednoduché dimery se
sdilenou OH-skupinou typu AIZ(OH)Z(HZO)';{*, fipadné vys-
3i polymery jako napf. A104A112(OH)24(H20)|§. Oba uve-
dené typy vétSinou koexistuji véetné celé $kély dalSich inter-
medidrnich sloucenin (Bersillon et al., 1980).

Co se tyka vlivu hliniku na rostliny, je st&Zejni otdzkou
relativni fytotoxicita riznych forem hlinfku pfitomnych
v bezprostiednim okoli kofenového systému. Obecné se
pfedpokldd4, Ze hlavni toxickou formou je kation APt
(Hue et al., 1986). Blamey etal. (1983) poukézali
na srovnatelny efekt iontd Al(OH);. coZ koresponduje s dfivéj-
$imi udaji (Kerridge, 1969). Citovany autor pfipisoval inhi-
bici kofenového riistu spi¥e hydrolytickym produktim hliniku
neZ iontim AI3+. Jak uvddéji Parker et al. (1988), Ize ole-
kévat jeSté vySsf fytotoxicitu u vicejadernych hydroxohlinitych
komplexd, jejichZ pfitomnost v piidé viak neprokézali.

Také Alva et al. (1986) prokazali znacnou fytotoxicitu
iontli AIOH)?*, resp. AI(OH)}, se kterymi jsou ionty AI**
v piidnim roztoku v rovnovdze. Kinraide, Parker
(1987) se vénovali toxicité iontli AISO,". Na z4kladé svych
experimentl do$li k zdvéru, Ze piispévek zminénych iontl
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k celkové fytotoxicité hliniku je zanedbatelny. Toxicita po-
lymernich hydroxohlinitych komplexii se obecné poklddé za
nevyznamnou (Wagatsuma, Ezoe, 1985).

Je zfejmé, Ze zvlasté vzhledem k rovnovdhdm mezi jed-
notlivymi typy slou¢enin hlinfku v plidnfm roztoku je nutné
uvazovat o jejich toxicit® jako o komplexu toxickych efekti
s dominantnfm podilem iontli AI** a iontli hydroxohlinitych.

Symptomy toxicity hliniku

Symptomy toxicity hlinfku v rostlindch nejsou vZdy snad-
no identifikovatelné (Foy et al,, 1978; Clark, 1982a, b;
Foy, 1983). U nékterych rostlin jsou piiznaky podobné t&m,
které se objevuji pfi nedostatku fosforu, u jinych rostlin se
podobaji deficienci vdpniku. Pfiznaky toxicity se projevujf
na celkovém habitu rostlin. Toxicky efekt je nejprve pozoro-
vatelny na kofenech. Dochéz{ k redukci kofenového ristu,
tloustnuti kofenll a k odumirdn{ kofenovych 3pi¢ek. Nové
vzniklé kofeny jsou krétké, tlusté a kiehké, Casto ztrdcejf
geotropismus, nemaji schopnost absorbovat Ziviny a vodu.
Proto rostliny rostouci na piiddch se zvySenym obsahem hli-
niku a se siln€ kyselou reakci podpovrchovych vrstev &asto
trpf suchem, zplisobenym neschopnosti kofenl dosdhnout
drovné spodni vody. Hlinik v§ak miZe omezovat pifjem vody
i tehdy, kdyZ jsou kofeny vlhké. Negativni vliv hliniku na
rostliny miZe byt umocnén zvySenou teplotou.

Pf{znaky toxicity hlinfku se manifestujf i vyraznymi zmé-
nami na nadzemnich &astech rostlin. Zpomalovani vyvoje
rostliny byv4 spojeno se vznikem malych a tmavé zelenych
list, s fialovénim listd a stonkd, se Zloutnutim a odumir4-
nim pupent a s opozd&nym zranim. Toxicita se miZe proje-
vovat téZ kadefenfm nebo svinovdnfm mladych listi, rostou-
cich vrcholli nebo Fapikii, nekrézami, nékdy i ztratou apikéln{
dominance (Foy, 1983; Lin, Myhre, 1991). Obecné
plati, Ze mlad§f rostliny jsou mnohem vnimavéj$i viiéi toxi-
cité hliniku neZ rostliny stars{.

Biochemické a fyziologické vlivy hlinik

Prfjem hliniku rostlinou probihd pfedeviim v lepivé &dsti
kolem kofenovych Spicek a ve sténich epidermdlnich a ko-
fenovych bungk. Cést hliniku se dostav4 do protoplazmy, kde
se vaZze predevsim na nukleové kyseliny a ve formé& fosfatl.
Vazba tohoto prvku na fosfdtové skupiny dvoj$roubovice
DNA negativné ovliviiuje priibéh replikace pfi buné&ném dé-
lenf (Matsumoto, 1980; Ryan et al., 1986). Hlinik fi-
xuje fosfor v pidé a na povrchu kofentt v malo dostupnych
forméch sniZuje respiraci kofeni. Interferuje s enzymy podi-
lejicimi se na fosforylaci cukrii a na uklddéni polysacharid
v bunéénych sténdch, interferuje téZ s pifjmem, transportem
a vyuzitim esencidlnich prvkd, jako je vapnik, hof&ik, dras-
lik, fosfor a Zelezo. Zhao, Sucoff (1987) uvadéji, Ze
piijem vépniku (pfipadné hoftiku) rostlinami souvis{ se zmé-
nami architektury membrénovych lipidi vyvolangch hlinity-
mi ionty. Zvy3end hladina hlinfku zvy3uje téZ rigiditu bun&g-
né stény diky zesffovanym pektinim (Foy, Fleming,
1978; Ulmer, 1979; Foy, 1983).
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Bylo zjidténo, Ze vazba hliniku na negativnich mistech
membranovych fosfolipidii vede k vyraznym zméndm per-
meability membrén i jejich dalSich fyzikalnich vlastnosti
(Deleers, 1985; Suhayda, Haug, 1986; Zhao,
Sucoff, 1987). RovnéZ interakce hlinfku s membranovymi
proteiny, kterymi mohou byt jak enzymy, tak prenasece, a ta-
ké vazby hliniku s membrénovymi lipoproteiny jsou piiina-
mi poskozen{ membrédnovych funkef (Haug, Caldwell,
1985; Tsu, Brouillette, 1987).

Mc Lean (1979) zjistil, Ze hlinik zasahuje do distribu-
ce ribozomi na endoplazmatické retikulum kofenovych bu-
nék jeCmene, coZ miZe negativné plisobit na syntézu proteind.

Zvy3en{ stability a sniZeni rozpustnosti nékterych protei-
novych frakcf pozorovali Schmandke et al. (1979)
u rostlin bobu. Autofi vyslovili pfedpoklad, Ze hlinik tvofi
koordina¢ni komplexy s karboxylovymi a thiolovymi skupi-
nami t&chto bilkovin, coZ vede k jejich zesiténf.

Hlinfk m4 také vliv na pffjem vody rostlinou. Tak napf.
Horton, Edwards (1976) zjistili, Ze zvy3eni koncen-
trace hlinfku v Zivnych roztocich zvysuje difuznf odpor v sa-
zenicich hrachu. Kaufman, Gardner (1978) pozoro-
vali, Ze vodni potencidl rostlin pSenice se zvétSoval, jestlize
byl redukovén riist kofentl vlivem kyselosti piidy. Autofi vy-
slovili domnénku, Ze tento fenomén je zplsoben vzristem
koncentrace hlinfku dostupného rostling.

Hlinik a jeho vztah k iontiim kovii

Intoxikace hlinikem byva provdzena zménami hladin né-
kterych monovalentnich, pfedeviim viak bivalentnich iontd.
Nadbytek hliniku miZe redukovat nebo naopak zvySovat pii-
jem nékterych esencidlnich prvkd. Duncan (1981) zjistil,
Ze sniZeni vynosi prosa na pidé s pH 4,4 (ve srovnanf s pH
5,5) bylo spojeno s niz§imi koncentracemi médi, zinku, hof-
¢iku a vépniku a s vy$§imi koncentracemi hliniku, Zeleza,
manganu a fosforu ve vrcholcich rostlin. Toxicita hliniku
byla z¢asti eliminovdna (Ali, 1973) zvySenim koncentraci
vépniku, hof¢iku, drasliku nebo sodiku bud individulnim
piidavkem uvedenych prvki v Zivnych roztocich, nebo
ptidavkem komplexnim. Pozitivn{ vliv zvySenych koncen-
tracf t&chto elementii piisobil pravdépodobné& kompetitivné
v interakci kofeny-hlinfk spf§ neZ jako eliminace jejich
deficience.

Bylo zjisténo, Ze hlinik je za normalnich podmfnek absor-
bovén sténami kofenovych buné€k v mistech uréenych pro
piijem vépniku. V pfftomnosti n&kterych metabolickych in-
hibitori vzriistd znacné pifjem tohoto prvku kofeny rostlin.
PfiCinu je tfeba hledat v ireverzibilnim poskozenf bun&&nych
membrén, které jsou povaZovdny za bariéru vii¢i pasivnimu
pifjmu hlinfku. UdrZovén{ norméln{ fyziologické funkce ko-
fenil a zlepSeni jejich vyZivy pfedstavuje proto jednu z cest
k minimalizaci hlinikové toxicity (Wagatsuma, 1983).

Vliv hlinfku na pifjem vépniku, nikoliv viak na jeho
transport u rostlin, byl pfedmétem studia fady autorl (napf.
Edwards, Horton, 1977; Simpson et al, 1977).
Tolerance viici hlinfku u nékterych odriid p3enice, je¢mene
a s6jovych bobili byla spojena se schopnosti odol4vat hlini-
kem vyvolané deficienci vépniku (Foy et al., 1978).
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Baumgartner et al. (1976) zjistili, Ze Al-tolerantni od-
rida rajéete méla niZ8i poZadavky na pifjem vépniku neZ
méné tolerantnf odriida. Zajfmavé bylo v tomto sméru zjiité-
nf (Sartain, 1974), Ze Al-tolerantn{ odriidy s6jového bobu
hromadily ve vrcholcich vice vapniku, fosforu a hoiciku.
SoutéZi mezi hladinou hlinfku a pifjmem vépniku nasvédcuje
zjisténi, Ze hladina vépnfku 500 mg.kg“I v Zivném roztoku
je dostacujfcf k dplnému potlacenf Skodlivého vlivu hlinfku
na vynosy zelf a saldtu (Huett, Menary, 1979). Lze
konstatovat, Ze hlinik ovliviiuje pfijem vépniku vice neZ pfi-
jem fosforu.

Vyznamnym fyziologickym efektem, zplisobenym vys$§im
piijmem hliniku, je redukce pifjmu kationtd vzhledem ke
kompetici o aktivn{ mfsta na membrénovych proteinech a in-
traceluldrnich proteinovych pfenasecich, jako je kalmodulin.
Haug, Weis (1986) studovali interakci hlinitych iontl
s molekulami kalmodulinu, proteinu participujicfho na kon-
forma&nich zmé&nich fady cilovych enzymi. Vychéazeli
z predpokladu, Ze ionty hliniku mohou plsobit striktné vici
pienaseCové aktivité zminéného regulacniho proteinu, maji-
cfho vysokou afinitu k iontim vépniku. Vyslovili v této sou-
vislosti dnes jiZ potvrzenou hypotézu, Ze kalmodulin je Kli-
¢em k vysvétleni §iroce definovaného syndromu aluminiové
toxicity. Zvysenf hladin vépniku nebo hoféfku miiZe mit di-
lezitou Wdlohu pfi sniZovani trovné toxicity hlinfkem
(Munns, 1965; Rhue, Grogan, 1977, Huett, Me-
nary, 1980; Kinraide et al., 1985). Mechanismus toho-
to plsobenf Ize vysvétlit kompetici o aktivni centra kalmo-
dulinu, pffpadné membranovych pfenasect zodpovédnych za
vazbu zminénych prvkd.

Rengel (1992) uvadi toxicky efekt hliniku do pfimé
souvislosti s naruenim homeostaze vépenatych iontd v buri-
kdch, a to ovlivnénim toku téchto ionti buné&fnou mem-
brdnou. Takto se sekundédrné pfes alteraci hladin vépniku
v buiice manifestuje negativnf vliv hlinfku na mitézu. Vliv
kalmodulinu by byl v tomto mechanismu pouze nepiimy.
Predpokl4d se, Ze hlinfk m4 vliv na vazbu Ca?* - kalmodu-
lin, kterd vede k &aste¢né aktivaci kalmodulinu &i k jeho tipl-
né dezaktivaci.

Moustakas et al. (1992) zjistili, Ze kromé retardace
kofenového ristu sniZovala pfitomnost hliniku u Al-tolerant-
ni i Al-senzitivni odriidy pSenice hladiny vépniku, hof¢iku,
drasliku a Zeleza v kofenech i listech. Zatimco sniZeni hladi-
ny vépnfku bylo u obou odriid stejné, Al-tolerantn{ odriida
zadrZovala vét§f mnoZstvi hoféiku i Zeleza ve srovnénf s od-
ridou Al-senzitivn{ i s kontrolou, péstovanou na médifch bez
pfidavku hlinfku.

Studium odrid ryzZe, lisicich se toleranci vii¢i hlinfku, pfi-
neslo ditkazy o tom, Ze Al-tolerantni odriidy obsahovaly vy3§{
hladiny pfijatych iontl vépniku, drasliku, hoféiku, manganu,
fosforu a Zeleza neZ odriidy Al-senzitivni (Balakumar et
al., 1992).

Interakce hliniku a Zeleza jsou ¢asto v literatufe diskuto-
viny. Napf. Alam, Adams (1980) zjistili, Ze hlinik in-
dukuje deficienci Zeleza u ovsa. Jako diivod uv4dgjf interfe-
renci hlinfku pfi redukci trojmocného Zeleza na dvojmocné,
co% je zékladnf proces v metabolismu Zeleza u rostlin.

Také senzitivita nékterych odriid pSenice a je¢mene vici
kyselosti plidy (vy$3fm hladindm hlinfku) je spojena s defi-
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cienci Zeleza indukovanou pii pH 4,1 hlinikem (Otsuka,
1969). Brown, Jones (1977) zjistili, Ze linie prosa, kte-
ré Spatné rostly a u kterych se vyvinula chloréza a fialovd
pigmentace jako dusledek toxicity hliniku pfi pH 4,3, obsa-
hovaly vyrazné snizenou hladinu Zeleza a fosforu proti zelenym
rostlindm. U rostlin postiZenych chlor6zou byly hladiny hliniku
vy338f neZ u rostlin zelenych, nepfevysily viak 127 mg.kg_l.

Tolerance vi¢i hlinfku byla spojena s vy33fm pfjmem
drasliku a hof¢iku u odrid rajcete a s vy$§im pf{jmem hof¢i-
ku u linif kukufice. Urcité Al-tolerantni odriidy ryZe hroma-
dily vyssi hladiny kfemiku v epidermélnich burikdch listd
nez odriidy Al-senzitivni. Je znamo, Ze kiemik redukuje to-
xicitu manganu v listech je¢mene a miZe hrdt i podobnou
roli pfi detoxikaci hliniku (Foy et al., 1978).

Hlinik a pFijem fosforu

Hlinik se Casto hromadi ve spojeni s fosforem na kofe-
nech i uvnitf kofenl rostlin péstovanych na médiich s vy-
sokymi hladinami hliniku, zatimco ve vrcholech k jeho ku-
mulaci nedochézi. I kdyZ je poSkozeni rostlin ddvéno do
souvislosti se vzriistem koncentrace hliniku ve vrcholcich
rostlin, nemusf toto zvy3en{ hladiny hliniku vést k poskozeni
vegetativni tkdné (Alam, Adams, 1979; Duncan,
1981).

Toxicita hliniku u rostlin je spojena s pifjmem fosforu.
Santana, Braga (1977) zjistili, Ze koncentrace fosforu,
vépnfku a hoi¢iku ve vyhoncich ryZe se sniZovaly s nasyce-
nim pidy hlintkem. Helyar (1978) dospé&l k zdvériim, Ze
toxicita hliniku souvisi velice uzce s interferenci hliniku
v metabolismu fosforu a s vazbou hliniku na pektiny stén
kofenovych bunék, které zamezuji prodluzovacimu ristu ko-
fend.

Cetné rostlinné druhy maji toleranci vi&i hlinfku dzce
spojenou s efektivnim vyuZitim fosforu. Tolerance viéi hli-
niku je spojena s toleranci vii¢i nizkym hladindm fosforu
v Zivnych roztocich jak v pfitomnosti, tak v nepfitomnosti
hliniku (Foy, 1983). Baumgartner etal. (1976) zjistili,
Ze Al-tolerantni odriida rajéete méla niZ§f poZadavky na fos-
for nez odrida s niZsi toleranci. Také Klimashevski et
al. (1979) se domnivaji, Ze tolerance vici hliniku u odrid
hrachu izce souvisi se schopnosti absorbovat a vyuZzivat fos-
for v piftomnosti hlinfku. Jak uvddi Sartain (1974), ab-
sorbovaly Al-tolerantni odriidy séjového bobu vice fosforu
neZ odriidy Al-senzitivni. V souhlase s vysledky, které pub-
likovali Garcia, Leon (1978), jsou rozdflné tolerance
hybridii kakaovniku diisledkem odli$né schopnosti uvolfiova-
nf fosforu v piftomnosti hliniku.

Cambrai, Calbo (1980) zjistili v experimentech
s Al-tolerantnimi a Al-intolerantnfmi odriidami prosa, Ze
zvySend nabidka hliniku snfZila u Al-senzitivnich rostlin pfi-
jem fosforu kofeny az o 42 %. Zarovei zjistili u obou odrid
sniZenf aktivity ATP-4zy, coZ rovnéZ pricitali piitomnosti
vy§§f hladiny hlinfku.

Vzhledem k redukci koncentrace kationtll ve vrcholech
i kofenech a vzhledem k vlastnostem ATP-4zy, hrajfcf diile-
Zitou roli pfi aktivnim transportu kationtd, vyslovili Camb -
rai, Calbo (1980) piedpoklad, Ze hlinik pGsob{ inhibi¢né
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na iontové prenadede. Z Fady experimentl vyplynulo, Ze hli-
nik vyrazng sniZuje hladinu anorganického fosfétu, hladinu
fosforu vdzaného v lipidech, nukleovych kyselindch a protei-
nech rostlin. Toto sniZeni obsahu fosforu se vyraznéji proje-
vuje u Al-senzitivnich odriid. N&které odriidy s6jového bobu,
li¥fcf se toleranci viiéi hliniku, mély podobné hladiny in-
termedidrnfch metabolitd jako referenéni rostliny, p&stované
bez piftomnosti hliniku. Za hlinikového stresu se viak u Al-
-tolerantnfch linif signifikantné zvySily hladiny pyruvitu
a ATP, zatfimco u linif Al-senzitivnich se tento fenomén ne-
projevil (Hanson, Kamprath, 1979). Oproti pfedcho-
zfm tvrzenfm zjistii Brauner (1979), Ze tolerance vici
hlinfku u odriid pSenice nem4 vztah k obsahu fosforu, vépni-
ku nebo hoi¢iku ve vrcholcich sledovanych rostlin.

Hlinik a p¥ijem dusiku

Pfftomnost vétsich mnozstvi hlinfku mé vliv i na piijem
dusfku. Pfitomnost mikroorganismi, podilejicich se na pifj-
mu atmosférického dusiku rostlinou, je vyrazné modifikové-
na vy3f hladiny hlinfku v Zivném prostfedi. Rhizobia nékte-
rych druhi leguminéz jsou mnohem citlivéj$i vici hliniku
nez jejich hostitelské rostliny. Carvalho etal. (1981) zjis-
tili, Ze toxicita hliniku sniZovala rist druhti rodu Stylosanthes
mnohem vyrazn&ji, kdyZ byly rostliny z4vislé na symbioticky
védzaném dusfku, neZ byl-li dusik aplikovén ve formé hnojiva.
Tolerance Sesti druhli rodu Stylosanthes viiéi hliniku je prav-
dépodobné z4visl4 jak na schopnosti nodulace a v§voji Gin-
né symbiézy v pfitomnosti hlinfku, tak na vlastni citlivosti
hostitelské rostliny vii¢i tomuto prvku. Proces symbiotické
fixace atmosférického dusiku je sdm o sobé zjevné méné cit-
livy na pfitomnost hliniku, neZ je proces tvorby noduli.
Carvalho et al. (1982) uvadéji, ze 10- aZ 20denni expo-
zice koncentracim hliniku aZ do 2,7 mg.kg'l nepiisobi v Ziv-
ném roztoku na fixaci elementdrniho dusiku dobfe nodulova-
nych rostlin Stylosanthes hamata, Stylosanthes humilis
a Stylosanthes scabra.

Mengel, Kamprath (1978) dospéli k zavéru, Ze
zvy3ujici se hodnota pH koresponduje se stoupajfcfm poétem
nodulli, hmotnostf, obsahem a pffjmem dusiku. Kritickd hod-
nota pH pro rist vyhonk, kofeni a nodull byla mezi 4,6
a 4,8. Ristova odpovéd na vapnéni byla pfi¢itidna sniZeni
vyménné schopnosti ve vodé rozpustného hliniku, zvy3eni
vodorozpustnosti vapniku a pfizpisobenim pfiznivého pH
pro rhizobia. Keyser, Munns (1979) zjistili, Ze toxicita
hlinfku a plidnf acidita byla sama od sebe mnohem duileZité&js{
neZ toxicita manganu ¢i nedostatek vapniku pfi limitovan{
ristu rhizobia séje. Citovan{ autofi uvadgjf, Ze vy3$3f hladina
hlinfku v Zivném roztoku mnohem vice poskozuje rhizobia nez
nizkd hodnota pH (4,5) nebo nizky obsah fosforu.

V silné kyselych plidéch je inhibovéna nitrifikace a amon-
né ionty se stdvaji dileZitym zdrojem dusiku pro rostliny
(Raven, Smith, 1976). Mnoho rostlin adaptovanych na
takovéto plidy (a proto tolerantnich viiéi hlinfku) tolerujf téZ
vy$3{ hladiny NHI, které jsou pro Al-senzitivni rostliny to-
xické. V nékterych piipadech dokonce preferujf jako zdroj
dusiku amonné ionty pfed ionty nitrdtovymi (Presad,
1976; Rorison, 1975). Pomér NO3 ku NH'I determinuje
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v Zivnych roztocich rychlost a smér rostlinou indukovanych
zmén pH v pfitomnosti ¢i nepfitomnosti hliniku. NejvySsi
tolerance vi¢i hliniku je u uritych odriid pSenice charak-
terizovéna jejich schopnosti vyuZivat efektivné NOj3 v pfi-
tomnosti NH ke zvy3enf pH riistového média (Foy, Fle-
ming, 1978).

Cambrai et al. (1989) zjistili, Ze u Al-senzitivnich
i Al-nesenzitivnich odrid prosa byl v piftomnosti hliniku sil-
né omezen pifjem dusiku. Tato retardace piijmu dusfku byla
zvl43té vyraznd u Al-senzitivnfho typu. Hlinfk se v tomto
piipad& uplatiioval nejen omezenim pifjmu dusiku, ale i pfi-
mym vlivem na redukci pfijimanych nitratd.

Hlinik a aktivita nékterych rostlinnych enzymi

Vliv hliniku na metabolismus rostlin se projevuje vyraz-
nou modifikaci nékterych enzyml. Napi. NAD-kin4za vyka-
zuje u Al-tolerantnfho typu pSenice dvakrat vy3sf aktivitu nez
u Al-senzitivntho odridy. Indukce enzymu zpiisobend hlinikem
zahrnovala u senzitivni formy jak kalmodulin-dependentnf,
tak kalmodulin-independentni enzymy. U Al-tolerantnfho
genotypu byla indukovéna pouze kalmodulin-independentn{
forma, aktivita kalmodulin-dependentnfho enzymu byla ne-
patrna. Lze pfedpoklddat, Ze mechanismus tolerance vici hli-
niku je umoZnén zménou pomeéru obou forem NAD-kindzy
a také schopnosti nahradit kalmodulin-dependentn{ formu
enzymu formou druhou v Al-tolerantnim genotypu za pod-
minek hlinikového stresu (Slaski, 1988). Podobny vztah
mezi aktivitou NAD-kindzy a rozdilnou toleranci viéi hlinf-
ku zjistil Slaski (1990) i u jingch cereélif.

Modifikaci enzymové aktivity vykazuje i proteinkindza.
Moustakas et al. (1992) zjistili, Ze aktivita tohoto enzy-
mu u Al-tolerantni odriidy pSenice klesala se vzriistajici kon-
centraci hliniku aZ do okamZiku, kdy hladina hlinfku dos4hla
74,1 pmol. S dal§im zvy$ovanim obsahu hliniku v kultivadé-
nim médiu aktivita proteinkindzy rostla, nikdy viak nedos4h-
la drovné aktivity enzymu rostlin péstovanych bez pfidavku
tohoto prvku.

Vyznamn4 je i inhibice nitrdtreduktdzy zplsobend pii-
tomnost{ hlinfku. Tato negativn{ modifikace nitratreduktizy
byla sledovédna u Al-tolerantnich a Al-senzitivnich genotypt
prosa mnohymi autory (Keltjens, Ulden, 1987, Gal-
vez, 1989; Cambrai et al.,, 1989). Ve viech piipadech
autofi prokézali inhibi¢ni vliv hlinfku na aktivitu tohoto en-
zymu. Stejné tak Balakumar et al. (1992) popsali vyraz-
nou inhibici nitritreduktdzy u Al-senzitivnich odriid ryZe p&sto-
vanych na Zivnych roztocich a vystavenych po 10 dnech ristu
tiftydenni expozici rozdilnym koncentracim hliniku.

Signifikantn{ modifikaci aktivit vykazovaly i nékteré en-
zymy s6jového bobu, péstovaného pfi pH 4,1 na médiich
obsahujicich hlinik. Zatfmco aktivita kataldzy byla vlivem
hlinfku snfZena, aktivity superoxiddismutdzy a peroxidézy
byly zvy3eny. Rozdily v aktivitdch jmenovanych enzymi by-
ly pouze v reakci na dobu expozice a hladinu pftomnych
hlinitych ionti (Carmak, Horst, 1991).

Pritomnost hlinfku vyvolala také vyraznou inhibici ATP-
-syntetzy, jejiZ aktivita je modifikovédna prostfednictvim
konforma¢nich zmén kalmodulinu. Enzym byl sledovén
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v chloroplastech listl ryZze (Liu, Hao, 1990) a v kofenech
hrachu (Matsumoto, Yamaya,1986). Uenzymu z ry-
#e snimaly vapenaté ionty inhibici hlinikem, u enzymu z hra-
chu byla aktivita enzymu silné zdvisld na pfitomnosti ho-
fecnatych iontd, zatimco vdpenaté ionty se v tomto sméru
neuplatiiovaly.

U rostlin prosa, péstovanych na Zivnych roztocich s hli-
nfkem, vykazovaly enzymy glutaminsyntetdza, glutamét-
syntdza a glutamétdehydrogendza vzrdst aktivit v kofenech,
nikoliv v3ak v listech. V listech nebyly ovliviiovdny ani glu-
tamdtsyntédza, ani glutamatdehydrogendza, zatimco glutamin-
syntetdza byla inhibovdna. Podle vysledkd, které uvefejnili
Piment et al. (1989), lze predpokladat, Ze vliv hliniku na
tyto enzymy je nepiimy. Souvisi pravdépodobné se zménami
v hladindch metabolitd, které se Gcastni regulace aktivit téch-
to enzymil.

Realizované studie naznaduji, Ze zmény aktivit jsou zpi-
sobeny pfevdzné konformacénimi zménami proteinovych slo-
Zek enzymil. K podobnym zévérim dosli pfi studiu vlivu
hliniku in vitro Cho, Joshi (1989) u glukézo-6-fosfét-
dehydrogendzy kvasinek.

Obranné mechanismy rostlin viili toxicité hliniku

Rostliny disponuji relativné d¢innymi obrannymi me-
chanismy vi¢&i toxickému pisobenf hlinfku. Jsou jimi napf.
n&které typy polypeptidi schopné vézat hlinité ionty, a tim
snizovat inhibi¢ni vliv tohoto prvku na aktivitu enzymi sti-
mulovanych kalmodulinem. Tato detoxika¢ni schopnost né-
kterych polypeptidl byla experimentdlné potvrzena interakcf
kyselych polypeptidil typu polyasparagové a polyglutamové
kyseliny a transferinu s hlinitymi ionty, zatimco metallothio-
nein se v tomto sméru ukdzal jako neucinny (Putterill,
Gardner, 1988).

Rostliny tolerantnf vii¢i vysokym koncentracim hliniku se
tzv. brdn{ jeho negativnimu vlivu tvorbou vét§fho mnoZstv{
maldtu a citritu, které pfevadéji tento prvek do pevnych or-
ganickych komplext (Ojima, Ohira, 1988). Dalsf obra-
nnou reakef je zvySenf hodnot pH v okol{ kofenti, coZ ma za
nésledek precipitaci nebo polymeraci hliniku (Galvez,
1989; Stam, 1989).

Na schopnost citrdtu chrinit konformaci kalmodulinu
pfed negativnimi zménami zplisobenymi hlinikem, a tim
pfiznivé ovliviiovat toleranci rostlin vi¢i tomuto prvku, po-
ukdzali Suhayda, Haug (1985) na zdkladé experimentil
s prosem, kukuficf a s6jou.

V pokusech s odridami &erveného bobu bylo prokédzéno,
Ze Al-tolerantn{ typ vylufoval do rhizosféry az 70krét vice
citrdtu neZ typ intolerantni (Miyiasaka etal., 1991). Pod-
le citovanych autord, kromé jiZ zminénych chelataénich
vlastnosti citritu, se tato sloucenina uplatiiuje i pfi usnadiio-
vén{ dostupnosti fosforu z jeho nerozpustnych forem, prede-
v3fm z fosfore¢nanu hlinitého.

‘ SniZen{ obsahu hliniku v pidnim vyluhu vyrazné ovliv-
fiuje i pfitomnost ligninu a polyfenolickych latek v piidé. Na
sniZeni hladiny vyménitelného hliniku mél podobny vliv
i vy$8{ obsah vyménitelnych bivalentnfch iontd vépniku
a hoi¢fku (Davelonis, 1990).
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Také Aniol (1983) zjistil, Ze bivalentn{ ionty, zvI4asté
ionty vapniku, chréni rostliny pfed toxicitou hlinfku. Rozdil-
nost vlivu zminénych iontd souvisi pravdépodobné s jejich
odliSnymi vazebnymi misty. Vépnik je pevné vdzén spiSe na
bunéfnou sténu, zatimco napf. hoi¢ik je pfevainé spojen
s protoplazmatickou frakci. Pfitomnost vétSich mnoZstvi
draslfku nemd vliv ani na sniZenf toxicity, ani na vyS3{ hla-
diny hliniku v kofenech (Ali, 1975).
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INFORMACE — STUDIE — SDELENI

RESPONSE OF SOYBEANS TO POTASSIUM
FERTILIZATION ON A HIGH POTASSIUM FIXING SOIL

REAKCE SOJE NA DRASELNE HNOJENI NA PUDE S VYSOKYM
OBSAHEM VAZANEHO DRASLIKU

V. Kovaéevié, D. Grgi¢

University of J. J. Strossmayer, Osijek, Croatia

ABSTRACT: Field trial consisting of seven steps of K fertilization, rate of 2 670 kg K,0O/ha, was conducted on K-fixing
gleysol in autumn of 1986. For the growing seasons of 1988 and 1989, the uniform rates of potash fertilizer (150 kg K,0O/ha)
were applied, while for the season of 1990 K fertilization was restored, except of two highest rates. A response of soybeans
(season of 1990) was shown in this study. Using 1 000 kg K,O/ha the grain yield increased to 1.07 t/ha or 59%, compared
to the control, while trifoliate-leaf composition (in dry matter at the onset of anthesis) was as follows: 0.90% K (symptoms
of K deficiency) and 1.67% K as well as 1.94% Mg and 1.27% Mg for the control and 1 000 kg K,O/ha application,
respectively. However, an application of the highest K rate in the spring of 1990 resulted in toxic effects on soybeans at the
emergence stage (plant density reduction). For this reason, the grain yield increased only by 30% compared to the control.
In addition, subsequent effects of K fertilization in the autumn of 1986 (2 670 kg K,0O/ha) were found out in the growing
season of 1990: the grain yield increased by 49%.

soybeans; potassium fertilization; soil; grain yield

ABSTRACT: Na podzim roku 1986 jsme na glejové plidé se schopnosti fixovat K uskutegnili polnf pokus s draselnym
hnojenim rozdélenym do sedmi stupiili. Ve vegeta¢nich obdobich let 1988 a 1989 jsme pouZili jednotnou dévku draselného
hnojiva (150 kg K,O/ha), v roce 1990 bylo draselné hnojeni znovu aplikovdno s vyjimkou dvou nejvétSich dévek. Byla
sledovina reakce séje v roce 1990. Aplikace ddvky 1 000 kg K,O/ha zvysila vynos zrna o 1,07 t/ha, tj. 0 59 % ve srovnén{
4 kontrolou. Bylo stanoveno toto sloZeni trojcetnych listd (v su$iné na za€dtku kvetenf): 0,90 % K (pfiznaky nedostatku K),
resp. 1,67 % K a ddle 1,94 % Mg, resp. 1,27 % Mg, a to pro kontrolu a aplika¢ni ddvku 1 000 kg K,0/ha. Aplikace nejvyssf
ddvky na jafe 1990 v3ak méla na s6ju v obdobi vzchézeni toxické tcinky (pokles hustoty porostu), proto ve srovnéni
s kontrolou stoupl vynos zrna pouze o 30 %. Ve vegetatnim obdobi 1990 byl také pozorovén nasledny vliv draselného hnojeni
realizovaného na podzim 1986 (2 670 kg K,0O/ha), a sice vynos zrna se zvy3il o 49 %.

s6ja; draselné hnojenf; piida; vynos zrna

INTRODUCTION pH (KCl) = 7.30; exchangeable cations (mg/100 g soil)
=17.0 (K), 145.0 (Mg) and 1 506.0 (Ca); clay fraction

The strong K fixation and extremely high levels of  (contribution 35.2%) composition: vermiculit/chlorite

plant-available Mg-supply are main reasons of K defi-
ciency symptoms’ appearance on the corn and soybean
plants growing on gleysols of eastern Croatia (Ko -
vacevié, Vukadinovié, 1992; Kovacdevid,
1994).

MATERIAL AND METHODS

The field trial was conducted on recently-drained
silty clay loam gleysol developed on calcareous loess:
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(30%), smectite (30%), illite (15%), kaolinite (5%),
other fractions (20%). This trial included seven levels
of K fertilizer (KCI), containing 60% K5O laid out in
a randomized block pattern with four replications
(Tab. I). The results of three-year investigations were
reported by Kovadevié, Vukadinovié
(1992).

Soybean cultivar Aura was sown on April 13, 1990
(sowing rate of 500 000 seeds/ha). It was harvested on
September 28, 1990. Grain yields were calculated on
14% moisture basis.
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The uppermost full-developed trifoliate leaf (50 lea-
ves per an average sample) was taken at the onset of
anthesis (July 9). Plant samples were wet-digested by
concentrated sulphuric acid (Holz, 1971) and nutrient
status (K, Ca and Mg) was determined by atomic ab-
sorption.

The growing season of 1990 (April-September) was
characterized by the moderate rainfall quantities
(227 mm) and a little higher air temperatures (19.5 °C)
in comparison with long-term averages (1957-1989):
328 mm and 18.5 °C, respectively. Under these envi-
ronmental conditions, yields of spring crops were be-
low the normal.

RESULTS AND DISCUSSION

Growth retardation, chlorosis and low grain yield of
soybean was found out after ordinary K fertilization.
An application of 1 000 kg K,O/ha soybean gave about
60% higher yields compared to the control, while the
use of the highest K rate (2 350 kg K,0/ha) resulted in
the higher grain yield of 30% only (Tab. I). This phe-
nomenon is associated with toxic effects of maximal
fertilizer rate (chloride ion) on soybean plants at emer-
gence stage.

Subsequent effects of enormous K rates added four
years ago (1 900 and 2 670 kg K,O/ha, respectively)
were also found out in the season of 1990, because
yields increased approximately to 20% and 50%, re-
spectively. However, considering the prices of KCl and
soybean grain on the Croatian market, to apply even
the highest K rate was profitable in the first year (Ko -
vacdevié¢, Vukadinovié, 1992).

The higher Mg concentration on soybean leaves
were in connection with lower K concentrations
(Tab. I): the negative correlation (r = —0.80") was
found out. At the same time, a low correlation was

ascertained between K and Ca (r = 0.36), as well as
between Ca and Mg (r = 0.01). Moreover, the yield of
soybean was in close correlation to K (r = 0.67 ") and
Mg (r = -0.67"") status in soybean leaves. Depending
on K fertilization, the ratio between K and Mg (mil-
liequivalent) ranged from 0.144 to 0.409 and it was in
close correlation to the grain yield (Tab. I).

As reported Bergmann (1992), an adequate nu-
tritional status of soybean leaves, fully developed
leaves at the top of plant at the end of blossom are as
follows (% in dry matter): from 2.50 to 3.70% K, from
0.30 to 0.70 Mg and from 0.60 to 1.50% Ca. Our in-
vestigations showed low K and high Mg and Ca con-
centrations in soybean leaves.

The field trial was replicated on the same plot of
maize and soybean rotations and the results of three-
-year testing were elaborated by Kovacdevié, Vu-
kadinovié (1992): by the use of the highest K rate
in the autumn of 1986, soybean grain yield increased
by 1.27 t/ha (the season of 1987), 0.94 t/ha (1988) and
1.75 t/ha (1989) compared to the ordinary fertilization
or for 99%, 52% and 224%, respectively. At the same
time, response of corn was much closer to soybean:
grain yields increased five times (the season of 1987),
over two times (1988) and over seven times (1989) in
comparison to the ordinary fertilization.

CONCLUSION

Growth retardation, chlorosis, and low grain yield of
soybean on some gleysols of Croatia are associated
with K deficiency. We recommend to apply higher
rates of K fertilizer (for example KCI) close before
sowing (for example 300 kg K,O/ha) and additional
band fertilization with granulated KCI in amount of
about 120 kg K,O/ha. Our experience confirmed that
expenses for increased K fertilization are profitable.

1. Response of soybeans to K fertilization on the high K-fixing gleysol (the growing season of 1990)

Fertilization in the growing season (kg K,0/ha) - Soybeaw: gouwing seacon of 1950"
grain trifoliate leaf (July 9, 1990)
i i % in dry matter
1987 1988 1989 1990 (Y(‘,:‘ad) D = :g = K:Mg
150 150 150 150 1.82 234 0.90 1.94 2.13 0.144
330 150 150 330 1.99 21.6 1.33 1.66 2.16 0.212
550 150 150 550 2.59 20.1 1.36 1.35 222 0.313
780 150 150 780 2.36 19.1 1.62 1.38 222 0.365
1 000 150 150 1 000 2.89 19.5 1.67 1.27 2.20 0.409
330 150 150 1900 2.55 19.0 1.67 1.40 2.40 0.371
550 150 150 2350 2.36 18.7 1.62 1.40 2.40 0.360
1 900 150 150 150 2.17 209 1.09 1.73 2.23 0.196
2 670 150 150 150 2.72 20.0 1.47 1.32 2.11 0.346
LSDy o5 0.37 1.50 0.09 0.20 0.34
LSD(,E 0.49 2.00 0.12 0.26 0.46

'K: Mg values were calculated in terms of chemical equivalents (conversion factors from source data in % to meq/100 g of dry matter = 82.24

for magnesium and 49.90 for calcium)
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