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CHLOROPHYLL AND NITROGEN CONTENT IN LEAVES
OF WINTER WHEAT AT DIFFERENT GENOTYPES
AND FERTILIZATION

OBSAH CHLOROFYLU A DUSIKA V LISTOCH OZIMNEJ PSENICE
PRI ROZDIELNYCH GENOTYPOCH A HNOJENI

M. Uzik, A. Zofajova

Research Institute of Plant Production, Piestany, Slovak Republic

ABSTRACT: The SPAD meter readings and N leaf content were evaluated in field and pot experiments with winter wheat
(Triticum aestivum L.) at different genotypes and N fertilization. In the field experiment in the year of 1997/1998 five winter
wheat genotypes (Ilona, PS 7/95, PS 19/94, SK 678-18, SK 656-2) were cvaluated at 12 fertilization variants created by four
N treatments (0, 30, 60, 120 kg N.ha™') and three P treatments (0, 20, 40 kg P.ha™!). The SPAD meter readings were taken
on 3 June at growth stage (GS) 42, on 11 June at GS 46, on 16 June at GS 49, and on 7 July at GS 79. Leaves for N determination
were sampled at last three terms. With the same winter wheat genotypes as those in the field experiment in which genotype
SO 1441 instead of PS 7/95 was included, a pot experiment was established with two N treatments (0 and 40 mg N.kg'I of
soil). Plants were grown in a growth chamber under controlled environmental conditions: 16-hour photoperiod with irradiance
of 480 pmol.m'z.s'l at day/night temperatures of 23/16 °C. Leaves were sampled and SPAD meter readings were taken on
28 January at GS 55, on 15 February at GS 68 and on 3 March at GS 75. Factors N fertilization, genotype, growth stage and
interaction between them had significant effect on the chlorophyll (SPAD) and N content in leaves. N treatment increased
SPAD values in the field experiment at the beginning of heading (N = 50.09, Ny, = 54.84) as well as in the pot experiment
(N =56.18, Ny, = 58.33) and also N leaf content (in the same order) (N = 3.653%, N5, = 4.440%, N, = 3.888%, Ny, = 4.337%).
The higher N doses, the higher portion of SPAD meter readings and N leaf content in later growth stages in comparison to
earlier ones. SPAD meter readings went down from GS 49 to GS 79 at N, to 49.7% (24.88/50.08), but at N,,q in the same
growth stages only to 77.6%. N leaf content in the same order went down to 42.8% (1.563%/3.653%) and to 62.6%
(2.778%14.440%). Genotypic differences in SPAD meter readings and N leaf content were the same or higher than among N treat-
ments. The relationships between N leaf content and SPAD values were strong both in the field and pot experiments at
variability dependent on N treatments (r = 0.975%") or dependent on genotypes (r = 0.982%%). Equally high correlations were
between N doses on one hand and SPAD meter readings (r = 0.952**) and N leaf content (» = 0.937*") on the other hand. In
the field experiment strong positive correlations were found between SPAD value and N content in grain (r = 0.975%), and
also N leaf content and N content in grain (r = 0.846). These results indicated that the above mentioned relations can be used
in cultural practices and in breeding for quality and better utilization of N.

Keywords: winter wheat; genotypes; N fertilization; SPAD; N leaf content; correlation

ABSTRAKT: V polnom a niddobovom pokuse s ozimnou pSenicou sme hodnotili obsah chlorofylu (SPAD) a obsah N
v listoch v zdvislosti od genotypov a N hnojenia. V polnom pokuse v roku 1997/1998 bolo hodnotenych pit genotypov
ozimnej pSenice (Ilona, PS 7/95, PS 19/94, SK 678-18, SK 656-2) na 12 variantoch hnojenia, ktoré boli vytvorené kombinaciou
Styroch hladin N hnojenia (0, 30, 60, 120 kg N.ha™") a troch hladin P hnojenia (0, 20, 40 kg P.ha™"). Obsah chlorofylu (SPAD)
bol hodnoteny 3. jina v rastovom $tadiu (RS) 42, 11. jiina v RS 46, 16. jina v RS 49 a 7. jila v RS 79. S tym istym siiborom
genotypov ako v polnom pokuse, v ktorom namiesto genotypu PS 7/95 bol zaradeny genotyp SO 1441, sme zaloZili nidobovy
pokus s dvoma hladinami N hnojenia (0 a 40 mg N.kg‘l pody). Rastliny boli pestované v kontrolovanych podmienkach
v rastovej komore: 16h fotoperidda s osvetlenim 480 umol‘m‘z‘s". teplota 23/16 °C (deii/noc). Odber listov a hodnotenie
obsahu chlorofylu (SPAD) bolo 28. januara v RS 55, 15. februdra v RS 68 a 3. marca v RS 75. Na obsah chlorofylu (SPAD)
a obsah N v listoch mali vyznamny vplyv sledované faktory — N hnojenie, genotyp, rastové $tadi4 a interakcie medzi nimi.
V polnom pokuse N hnojenie zvysilo SPAD hodnoty na zaciatku klasenia (N = 50,09, N, = 54,84), rovnako aj v nadobovom
pokuse (Ng = 56,18, Nyg = 58,33) a ticZ obsah N v listoch (v tom istom poradi) (Ny = 3,653 %, N, = 4,440 %, N, = 3,888 %,
Nyo = 4,337 %). Cim vy3Sia bola divka N hnojenia, tym vy§i bol podiel obsahu chlorofylu (SPAD) a obsahu N v listoch
v neskorsich rastovych $tadidch v porovnani so skor§imi. Obsah chlorofylu (SPAD) poklesol od RS 49 do RS 79 pri N na
49,7 % (24,88/50,08), ale pri N o v tych istych rastovych §tadiach iba na 77,6 %. Obsah N v listoch klesol v tom istom poradi
na 42,8 % (1,563 %/3,653 %) a na 62,6 % (2,778 %/4,440 %). Rozdiely medzi genotypmi v obsahu chlorofylu (SPAD) a obsahu
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N v listoch boli rovnaké, alebo vysSie ako medzi divkami N hnojenia. V polnom a nadobovom pokuse boli silné vztahy medzi
obsahom N v listoch a SPAD hodnotami pri variabilite podmienenej N hnojenim (r = 0,975%%) alebo v zdvislosti od genotypov

(r = 0,982*"). Rovnako silné koreldcie boli medzi davkami N na jednej strane a SPAD hodnotami (r = 0,95

2**) a obsahom

N v listoch (r = 0,937") na strane druhej. V polnom pokuse boli pozitivne koreldcie medzi SPAD hodnotami a obsahom N
v zrne (r = 0,975%") a tieZ medzi obsahom N v listoch a obsahom N v zrne (r = 0,846). Ziskané vysledky naznadujd, Ze
uvedené vztahy moZu byt vyuzité pri racionalizécii vyZivy a v $lachteni na kvalitu a lep3ie vyuZitic N.

Klicové slova: ozimné p¥enica; genotypy; N hnojenie; SPAD; obsah N v listoch; koreldcie

INTRODUCTION

The application of N fertilizer is one of the most
expensive management in plant production considering
its high costs. Therefore ways of its rationalization are
looked for, when N leaf content is recognized as a good
indicator of plant N status. As there is a strong relation
between N leaf content and chlorophyll content (Schepers
et al., 1992), the latter is also regarded as an indicator
of state of plant N status and a good yield predictor in
winter wheat (Evans, 1983). Wider utilization of N and
chlorophyll content as indicator of rationalization of
fertilization and for selection was limited by high ma-
terial costs and time for their analytical determination.
After the development of Minolta SPAD 502 (Soil
Plant Analysis Development) (Schepers et al., 1998)
instrument, which measures chlorophyll content indi-
rectly and in a very expeditious and non-destructive
way, the above mentioned indicators are recommended
for wider use in cultural practice for rationalization of
fertilization (Sunderman et al., 1997; Shapiro, 1999),
but also in breeding in selection for better N utilization
(Ladha et al., 1998) eventually in selection for higher
N content in grain (UZik et al., 1999). It has been the
only, commercially available type of chlorophyll meter
measuring chlorophyll content indirectly, by means of
two sensors. For a chlorophyll meter user it is important
to be conscious of the principle of measurement and the
parameters that can affect the accuracy of measurement.
The sensor area, the place where a part of a leaf is in-
serted, is only 2 x 3 mm large, which is a relatively
small portion of a leaf and that is why it is necessary
to avoid atypical or damaged leaves in measurements.
Measurements are fast, chlorophyll meters allow stor-
ing up to 30 individual meter readings, excluding atypi-
cal measurements and calculating average. The sam-
pling strategy for making chlorophyll readings should
be tailored for each crop and leaf type (Hoel, 1998;
Schepers et al., 1998). For SPAD measurement such
plants should be selected that are typical, non-damage
by diseases to minimize the experimental error (Blackmer
et al., 1993). In maize it is recommended to measure
SPAD on a fully developed first leaf under the spike
and in its centre (Peterson et al., 1993) likewise in rice
(Ladha et al., 1998) and wheat (Hoel, 1998).

Apart from fertilization, the effect of variety on
SPAD meter readings was detected in maize (Sunder-
man et al., 1997), rice (Ladha et al., 1998), wheat (Hoel,
1998) and spring barley (Uzik et al., 1999). With re-
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gards to high dynamics of N and chlorophyll leaf con-
tent, it is necessary to obtain more results to generalize
the knowledge that would allow elaboration of the de-
tailed instructions for use of a chlorophyll meter in cul-
tural practice (Shapiro, 1999) and in breeding (Ladha et
al., 1998).

The objective of the study was to determine the ef-
fect of levels of N fertilization, genotype and growth
stage on N and SPAD meter readings in winter wheat
leaves.

MATERIAL AND METHODS

The field experiment — with five winter wheat geno-
types (Ilona, PS 7/95, PS 19/94, SK 679-18, SK 656-2)
tested at 12 variants of fertilization created by four N rates
(0, 30, 60, 120 kg N.ha_l) and three P rates (0, 20, 40 kg
P.ha") was established in Research and Breeding Sta-
tion Viglas-Pstrusa in 1997/1998. N fertilizer in the
form of ammonium nitrate (27.5%) was applied in two
doses (30% in the autumn and 70% in the spring). P fer-
tilizer was applied at the sowing in the form of super-
phosphate (7.9%). Besides standard observations, for
selected fertilization variants SPAD meter readings
were taken in the last leaves, approx. 4 to 5 ¢cm from their
tip in four terms (3 June, 11 June, 16 June and 7 July),
i.e. by Zadoks et al. (1974) in growth stages (GS) 42 -
flag leaf sheath extending, 46 — boots swollen, 49 — first
awns visible, and 79 — late milk ripeness. Three obser-
vations were recorded, each of them as the average of
10 individual SPAD meter readings (30 leaves per plot).
At the last term a similar measurement was also done
in the next to last leaf. Sample of 30 leaves from the
each plot for determination of N leaf content were taken
independently on the leaves for SPAD meter readings.
N content was only determined for the last three terms.
A grain sample for determination of N content in grain
was taken from three nutrition treatments (Nj, Nj,
Ngp) for each genotype.

The pot experiment (with the same set of winter
wheat genotypes as in the field experiment wherein
genotype SO 1441 instead of PS 7/95 genotype was
included) was established in a growth chamber (three
replications, two N treatments 0 and 40 mg.kg’l, eight
plants in a pot with 2 kg of soil). Daylight 16 hours
irradiance 480 p.mol.m'z.s‘l (fluorescent tubes) at tem-
perature day/night of 23/16 °C. SPAD meter readings
were taken from the last leaves (at the basis of leaf, at

ROSTLINNA VYROBA, 46, 2000 (6): 237-244



the midpoint at the leaf and at the leaf tip) in three terms
(28 January, GS 55, half of inflorescence emerged;
15 February, GS 68, anthesis complete; 3 March, GS 75,
middle milk ripeness), when also the leaves were taken
for determination of N content. At the maturity N con-
tent was stated for an average plant sample (grain,
straw) from each pot.

N content was determined by Dumas method on an
analyzer CNS - 2000 of LECO Corp. company, USA.
The data obtained were carried out using the computer
program Statgraphics plus version 3.1. Significant dif-
ferences within nutrient treatments, eventually geno-
types were evaluated by Tuckey test (HSD). As a cal-
culation SPAD unit, the average over observations
(model M1), the average over observations and replica-
tions (model M2), the average over observations, repli-
cations and genotypes (model M3 — variability condi-
tioned by fertilization) or the average over
observations, replications and fertilization (model M3 —
variability conditioned by a genotype) (Tabs. VII, VIII)
were used to calculate correlation coefficients.

RESULTS

The difference between N and N3, variants in the
first term was small and non-significant, but it was sig-
nificant between N3, and Ny, (Tab. I). P fertilization
at doses N3 (first and second term) and Ng, (second
term) increased SPAD values non-significantly, at N
(in both terms) decreased SPAD values. In the first term
(beginning of boot stage) the difference between Ny and
N, treatments was less than 5 SPAD units, however
in the last term on 7 July (last leaf, milk ripeness) the
difference was nearly 18 SPAD units (Tab. I) and dif-
ferences among N, N3o and N, were significant be-
tween each other. It was caused by different dynamics

of SPAD meter readings in individual fertilization treat-
ments. At Ny variant SPAD values decreased from 3 June
to 7 July from 50.09 to 24.88, i.e. 49.67% and at N,
from 54.84 to 42.55, i.e. 77.58%. This different reaction
was confirmed by a significant interaction term x fer-
tilization (Tab. V). SPAD values in the next to last leaf
in the time of milk ripeness were two times lower than
in the last leaf. As the results show, in early terms when
it is still possible to correct plant N status by fertiliza-
tion there is a small difference between a non-fertilized
variant (30 years) and a variant fertilized with 30 kg
N.ha™' and only 5 to 6 SPAD units between both on
one hand and a fertilization variant of 120 kg N.ha™! on
the other hand. Differences among the Ny, N3, and
N, fertilization treatments over all three terms were
statistically significant between each other (Tab. V).
In the experiment only five genotypes were tested
but differences among them in SPAD values were com-
parable with differences between fertilization treat-
ments in each term. The lowest SPAD value on average
over three fertilization treatments and four terms was
found in Ilona variety (42.48) and the highest in SK
679-18 genotype (48.21) (Tab. II). Considering the sig-
nificant interaction term x genotype (Tab. V), the given
genotype classification is not unambiguous (Tab. II).
Genotypes differed in dynamics of SPAD values as
while in Ilona variety the SPAD values increased up till
16 June and then sharply went down, other genotypes
PS 7/95 and SK 679-18 had maximum SPAD values in
the first term and the others in the second and third one.
More detailed analysis of the significant interaction
fertilization x genotype (Tab. V) according to terms
showed a different reaction of genotypes to fertilization
in SPAD values only at 7 July and only when analyzing
the last leaf (Tab. II). As seen from the results (Tab. II)
of 7 July at all genotypes, the higher N fertilization, the
higher SPAD values, however, Ilona variety had lower

. Chlorophyll meter readings in leaves of winter wheat genotypes according to fertilization variants (field experiment)

Fertilization variant 11. 6. 1998 7.7. 1998 x
N/P 3.6. 1998 _ 16. 6. 1998 _
Number (kgha™!) abs. x rel. % NLL EL: abs. x rel. %
1 0/0 50.09 a" 4937 a 100.0 50.08 a 16.11 a 2488 a 4144 a 100.0
5 30/20 50.11 a 50.46 ab 102.2 - - - - -
6 30/40 50.36 a 51.04 abc 103.4 51.94 ab 17.57 ab 36.55 b 46.50 b 112.2
8 60/20 - 51.78 abe 104.9 - - - - -
9 60/40 - 52.89 abe 107.1 - - - - -
11 120/20 5484 b 54.66 bed 110.7 5442 b 2041 b 4255¢ 50.54 ¢ 121.9
12 120/40 53.90 b 53.22d 107.8 - - - - -
X abs. 51.86 51.91 - 52.14 18.03 34.66 46.16 -
xrel. % 100.0 100.1 - 100.5 348 66.8 89.0 -
SE 0.435 0.625 - 0.696 1.056 1.200 0.690 -
HSD 05 1.703 2.769 - 3.092 3.477 3.629 2.544 -
“in each column, average values with the same letters are not significantly different according to HSD s (Tukey test)
LL = last leaf
NLL = next to last leaf
ROSTLINNA VYROBA, 46, 2000 (6): 237-244 239



II. Chlorophyll meter readings in last leaves of winter wheat genotypes (field experiment)

. 171998 Ll 7.7 1998 X over three
Genotype 3.6.1998 | 11.6.1998 | 16. 6. 1998 fertilization variant . ' I\iLL fertilization
X variants
N() N](l NlZ()
Tlona 5236 b° 53.80 ¢ 55.86 ¢ 14.63 a 17.06 a 21.13 a 17.61 a 12.77 4248 a
PS 7/95 51.17 ab 49.09 a 48.23 a 25.20 ab 4138 b 4896 b 3851 b 21.73 45.03 ab
PS 19/94 49.50 a 50.99 ab 50.90 ab 2741b 4571 b 50.23 b 41.12 b 23.16 47.51 be
SK 679-18 5424 ¢ 5330 ¢ 53.90 be 33.61 b 3396 b 4285b 3681 b 17.16 48.21 ¢
SK 656-2 52.03 b 52.40 be 51.83 abc 23.85 ab 44.66 b 49.61 b 39.28 b 15.32 47.57 be
X 51.86 51.91 52.14 24.89 36.56 42.56 34.67 18.03 46.16
SE 0.435 0.625 1.553 2.484 2.489 2.488 1.482 1.364 0.891
HSD, s 1.703 2.152 4.826 11.32 1338 9.730 5.515 5.250 2.697
" in each column, average values with the same letters are not significantly different according to HSD s (Tukey test)
LL = last leaf
NLL = next to last leaf

I1I. N content in leaves of winter wheat genotypes according to fertilization variants (field experiment)

Fertilization variant I1.6. 1998 16. 6. 1998 7.7. 1998 abs. % X from three terms (PL)
Number [N, P (kg.ha™) abs. % rel. % abs. % LL NLL abs. % rel. %
1 0/0 3.653 2" 100.0 3.558a 1.563 a 1.123 a 2910 a 100.0
S 30/20 3.919 ab 107.3 - - - - -
6 30/40 4.027 be 110.2 3.847 a 2.366 b 1.737 b 3413 b 117.3
8 60/20 4.118 be 112.7 - - - - -
9 60/40 4.157 bed 113.8 - - - - -
11 120/20 4.440 d 121.5 3.850 a 2778 ¢ 2.146 b 3.689 ¢ 126.8
12 120/40 4.314 cd 118.1 - - - - -
xabs. % 4.090 - 3.738 2.236 1.669 3.338 -
xrel. % 100 - 91.4 54.7 40.8 81.6 -
SE 0.077 - 0.087 0.087 0.112 0.067 -
HSD s 0.343 - 0.585 0.405 0.428 0.203 -

*in each column, average values with the same letters are not significantly different according to HSDy s, (Tukey test)

LL = last leal

NLL = next to last leaf

SPAD value at N5, nutrition treatment (21.13) than
any other genotype at N, treatment. Also genotypes SK
679-18 with high SPAD meter readings 3 June (54.24)
and with low 7 July (36.81) had different reactions in
comparison to PS 19/94 genotype with the lowest
SPAD value 3 June (49.50) and with the highest one
7 July (41.12).

N leaf content was determined in three terms in the
last leaves and on 7 July separately for the last leaf and
for the next to last leaf too (Tabs. III and IV). N leaf
content was significantly affected by the term, fertiliza-
tion, genotype and interaction term x N fertilization,
term x genotype, but not genotype x N fertilization
(Tabs. V, III and IV). Interaction genotype x N fertili-
zation did not manifest at separate analysis neither on
11 June and nor on 7 July. Analysis of 7 July showed
at significant interaction genotype x leaf (Tab. IV) and
interaction N treatment x leaf (Tab. III). With increas-
ing N doses the N content in the last leaves went up on
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average over three terms from 2.910% at Ny up to
3.689% at N5, i.e. to 126.7% but in the same order in
the first term to 121.6%, in the second term to 109.6%
but in the third term up to 177.6% (2.778/1.563) (Tab. I1I).
The higher N doses, the lower decrease in N leaf con-
tent in a later term. While N leaf content in the third
term went down in comparison to the first term, at N,
only to 62.6%, but at N up to 42.7%. P fertilization
likewise in SPAD values (Tab. I) increased N leaf con-
tent at N3 and N, but decreased at N, treatment.
N content in the next to last leaf was lower — 73% of
the value of the last leaf, which is less than at SPAD
value (Tabs. I and III).

Genotypes had different N dynamics although the
interaction term x genotype was not significant probably
for small number of observations (Tab. V). While in
Tlona variety N leaf content in the fourth term dropped
against the second term from 4.057% to 1.500%, i.e. to
36.92%, in genotype SK 656-2 from 4.068% to 2.482%,
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IV. N content in leaves of winter wheat genotypes (field experiment)

Genotype 11. 6. 1998 abs. % 16. 6. 1998 abs. % R U x abs. %
LL NLL

Ilona 4057 a" 3753 a 1.500 a " 1737 a 3121 a
PS 7/95 3.909 a 3415a 2.296 b 1.732 a 3.173 ab
PS 19/94 4071 a 3.550 a 2297 b 1.845 a 3.278 ab
SK 679-18 4344 b 4.190 a 2.605 b 1.683 a 3703 ¢
SK 656-2 4.068 a 3783 a 2482 b 1.445 a 3412d
X 4,090 3.738 2.236 1.661 3338
SE 0.065 0.151 0.126 0.144 0.087
HSDy 05y 0.225 0913 0.573 0.658 0.262

*in each column, average values with the same letters are not significantly different according to HSD s (Tukey test)

LL = last leaf
NLL = next to last leaf

V. Mean squares values (MS) from analysis of variance of chloro-
phyll meter readings (SPAD) and N content in leaves of winter wheat
genotypes (field experiment)

Source of Degree of MS

variability freedom SPAD % N in leaves
A (terms) 2 1 489.5** 13.999**

B (fertilization) 2 311.84% 2.339™

C (genotype) 4 51.32% 0.487*
AB 4 76.03"* 0.265"
AC 8 135.89" 0.219*
BC 8 21.46"" 0.076
Error 16 7.28 0.068
Total 44

i.e. only to 61% although both genotypes had the same
N leaf content on 11 july (Tab. IV), which was similar
to the dynamics of SPAD values (Tab. II).

In comparable growth stages the SPAD values as
well as N leaf content in the pot experiment in a growth
chamber were higher (Tab. VI) than in the field experi-
ment (Tabs. I and II). Genotype SK 679-18, which had
the highest SPAD and N leaf values (Tabs. II a IV) also
in the field experiment, had the highest SPAD values
and N content in grain. Ilona variety had the lowest
N leaf content and SPAD values (Tabs. II, IV, VI) in
both experiments in the last term.

In the field experiment correlation between SPAD
values and N leaf content (Tab. VII) was conditioned
by the model. If variability depended on factors N fer-
tilization x genotype x replication (M1), the correlation
was medium strong (r = 0.644%"), by elimination of
replication as a variability source the value of correla-
tion coefficient went up to r = 0.764** and the climi-
nation of genotype as another variability factor in-
creased its value up to r = 0.975"" conditioned only by
fertilization. The last correlation was highly reliable
since 300 measurements were taken for each fertiliza-
tion treatment (Tab. VII). Strong correlations were on
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7 Tuly in the last leaf (r = 0.925™) despite the fact that
the SPAD values were very low in that period and there
was a high experimental error as a result of non-uni-
form leaf yellowing.

The correlation between N leaf content and N dose
in kg.ha"l (Tab. VII) was also conditioned by more
factors: N fertilization, genotype and replication. By
factor elimination as a source of variability the value of
correlation coefficients went up from r = 0.650**
through r = 0.755*" up to r = 0.952*" dependent only
on N fertilization. The N content in wheat leaves was
therefore a good indicator of amount of N supplied to
the soil. The regression coefficient reached high values
b=51.8""10 167.9™" (kg N.ha™! per 1% N leaf content)
(Tab. VII), which indicates that high accuracy is re-
quired for preparing leaf samples for N determination
or leaf N determination for eventual prediction.

The correlation between SPAD values and N dose in
kg.ha" (Tab. VII) at the beginning of June for five
fertilization treatments which range from 0 to 120 kg.ha‘l
was medium strong (r = 0.741%"). In other term (11 June)
five fertilization treatments had similar range of
N doses (0 to 120 kg N.ha"), although number of
SPAD meter readings was higher (Tab. VII), the results
for M2 model were comparable (r = 0.741*" and
r=0.592"), obviously due to the fact that variability
conditioned by genotype was higher than variability
conditioned by replication.

The values of regression coefficients varied from
2.31% to 23.79"" (kg N.ha™' per SPAD unit) in M3
model, which is acceptable for prediction in range of
SPAD values of approx. 5 units.

The correlations between SPAD values and N grain
content (Tab. VIII) were positive from the beginning of
June (beginning of a boot stage) to the time before milk
ripeness (7 July) and were comparable with relations
between N leaf content and N grain content (Tab. VIII),
but in milk ripeness (7 July) there were positive corre-
lations between N leaf content and N grain content, but
not between SPAD values and N grain content. Weak
and variable corrrelations were between SPAD values
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VI. N content and chlorophyll meter readings (SPAD) in last leaf of winter wheat genotypes (pot experiment)

s SPAD N in leaves (%) N (%)
28. 1. 1592 3. 3. 28. 1. 15. 2. 3.3. grain straw
Tlona 5235a" | 5440a 3148 a 4421 a 3865a | 2.058a 2.598 a 0.688 a
PS 19/94 56.70 ¢ 56.27 b 3538 b 4.408 a 40262 | 2.245ab 2.706 a 0.746 a
SK 679-18 | 57.19¢ 60.17 d 53.72d 4638 a 41512 | 29184d 2788 a 0.897 a
Genotype SK 656-2 53.66 b 56.74 b 50.94 ¢ 4551 a 4240a | 2823 cd 32752 0.786 a
SO 1441 56.96 ¢ 58.66 ¢ 36.20 b 4.557 a 4.280 a 2.475 be 2.905 a 0.860 a
SE 0.263 0.274 0.670 0.079 0.140 0.081 0.165 0.052
HSDy5) 0.928 1.050 2.507 0.349 0.557 0.378 0.780 0.261
Ny 5568b | 56.18a 34.19 a 4339 a 3.888a | 2199 a 2779 a 0.725 a
Ny 55.07 a 5833b | 49.02b 4690b | 4337b | 2817b 2930 a 0.866 b
Fertilization | gp 0.166 0.173 0.470 0.050 0.088 0.051 0.104 0.033
HSDy.05) 0.429 0.476 1.126 0.153 0.244 0.166 0.343 0.114
x 55.37 57.25 41.54 4515 4112 2.504 2,854 0.796

"in each column, average values with the same letters are not significantly different according to HSDy s (Tukey test)

VII. Relationships among N content and chlorophyll meter readings in leaves of winter wheat genotypes and N dosage in kg.ha"I (field

experiment)

Model Dated m n b r SEE
Chlorophyll meter readings in leaves (x) x % N in leaves (y)
MI = N(7) x G(5) x R (2) 11.6 30 70 0.073* 0.644™" 0.271
M2 = N(7) x G(5) 11. 6. 60 35 0.087* 0.764** 0.200
M3 = N(7) 1.6 300 7 0.140** 0.975* 0.063
M2 (LL) = N(3) x G(5) 7.7 30 15 0.050™" 0.925%" 0.271
N content in leaves (x) x N kg.ha™! (y)
M1 = N(7) x G(5) x R(2) 11.6 1 70 78.74™" 0.650™" 326
M2 = N(7) x G(5) 11. 6. 2 35 106.3** 0.755** 28.6
M3 = N(7) 11.6 10 7 167.9** 0.952** 15.2
M2 (LL) = N(3) x G(5) 1T 1 15 518" 0.677** 40.28
Chlorophyll meter readings in leaves (x) x N kg.ha™! (y)
M2 = N(5) x G(5) 3.6. 30 25 13.73** 0.741™* 35.09
M1 = N(7) x G(5) x R(2) 11. 6. 30 70 7.07"* 0.511*" 36.99
M2 = N(7) x G(5) 11. 6. 60 35 9.51%* 0.592** 35.18
M3 = N(7) 11. 6. 300 v 23.79** 0.937** 17.43
M2 (LL) = N(3) x G(5) Tt 30 15 231" 0.546* 45.88
m = total number of measurements of (x) variable (SPAD) or analysis number (N content in leaves) per calculation unit n;

n extent of set for calculation r and b

LL last leaf

NLL = next to last leaf

Ml = model with factors: fertilization (N) x genotype (G) x replication (R)
M2 = model with factors: fertilization (N) x genotype (G)

M3 = model with factor: fertilization (N)

Index at N, G, R shows number of treatments of factor

and N leaf content on one hand and grain yield on the
other hand, which is not unexpected with regard to a se-
ries of factors influencing yields.

Interesting relations were between the mentioned
traits in case of their variability conditioned genotypi-
cally (Tab. VIII). SPAD values as well as N leaf content
had been in a positive correlation with N grain content
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till milk ripeness but in the phase of milk ripeness the
relations were negative. The results show, that the
genotypes with high N grain content had high chloro-
phyll (SPAD) and N content also in leaves up to the
milk ripeness and they probably were the genotypes
that intensively redistributed N from leaves to grains,
which was later in milk ripeness manifested in negative

ROSTLINNA VYROBA, 46, 2000 (6): 237-244



VIII. Relationships among chlorophyll meter readings (SPAD) (x;), N content in leaves (x,), N content in grain (y,) and grain yield of winter

wheat genotypes (y,) (field experiment)

Variability conditioned by
Variable Term genotype x fertilization (n = 15) genotype (n = 5)
% N in grain (y,) grain yield (y,) % N in grain (y,) grain yield (y,)
3.6. 0.684** 0.055 0.847 -0.636
11. 6. 0.753** 0.097 0.876" -0.771
SPAD (x)) 16. 6. 0.786* -0.072 0.846 -0.883"
LL 77 0.284 0.829** -0.655 0.884"
NLL 7.7 0.058 0.594" -0.950"" 0.741
11. 6. 0.859™* 0.329 0.515 -0.409
16. 6. 0.421 0.005 0.682 -0.679
% N v leaves (x;) LL 7.7. 0.519** 0.620" -0.294 0.632
NLL 7.7 0.6417* 0.795** -0.643 0.119
N (kg.ha™') 0.698"* 0.483* - -
LL = last leaf
NLL = next to last leaf
IX. Genotypic correlation between N content in leaves and chlorophyll meter readings (SPAD) (n = 5) (pot experiment)
X SPAD N in leaves N
Trait
28. 1. 15:2: 3.3 28. 1. 15. 2. 3.3, in grain in straw
SPAD 28. I. 0.777 0.179 0.400 0.581 0.289 0.036 0.760
SPAD 15. 2. 0.697 0.866"" 0.712 0.771 0.231 0.992**
SPAD 3. 3. 0.843 0.621 0.982** 0.624 0.696
N in leaves 28. 1. 0.736 0.908* 0.496 0.897*
N in leaves 15. 2. 0.746 0.771 0.777
N in leaves 3. 3. 0.677 0.787

correlation between SPAD values and N content in
leaves in milk ripeness on one hand and N content in
grain in technological ripeness on the other hand.
Trends of correlations of SPAD values and N content
in leaves to grain yield were absolutely opposite, ac-
cording to growth stage negative correlations to milk
ripeness and positive in time of milk ripeness, i.e. the
fertile genotype had low SPAD values and N content in
leaves till milk ripeness and high in the time of milk
ripeness.

Likewise in the field experiment, in the pot experi-
ment there were found strong correlations between
SPAD values and N content in leaves, and they in-
creased with the growth stage (r = 0.400, 0.712,
0.982**, Tab. IX). N content in straw was in equally
strong correlation with SPAD value gradually in three
terms mentioned above (r = 0.760, 0.992**, 0.696) and
also with N leaf content (r = 0.897%, 0.777, 0.787), but
N grain content was in a closer relation with N leaf
content (r = 0.496, 0.771, 0.677) than with SPAD value
(r =0.036, 0.231, 0.624).

DISCUSSION
N fertilization positively affected N leaf content and

SPAD values in every growth stage but in early growth
stage, when a correction of nutrition could be done, the
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differences between N treatments in SPAD values were
lower than in later stages, what corresponds with the
data Reeves et al. (1993) stating that yield prediction
by N or chlorophyll content in early growth stages
(GS 25) was ineffective.

In the genotype set great differences were found be-
tween genotypes in the values of N leaf status and
SPAD values. Genotypical differences in SPAD values
are probably general since they were found not only in
wheat (Araus, 1995; Hoel, 1998) but also in barley
(Uzik et al., 1999), and in maize (Sunderman et al.,
1997) and rice (Ladha et al., 1998), which indicate pos-
sible use of SPAD parameter in selection for better N
utilization as suggested by Ladha et al. (1998) in rice,
or also for tolerance to drought stress (Faniza et al.,
1991).

Correlations between N leaf content and SPAD value
were depended on N fertilization, genotype and sam-
pling leaves for their determination. In case, that N
variability in leaves and SPAD value is conditioned by
differentiated N fertilization doses, then not only rela-
tions between N leaf content and SPAD value but also
both of them to N fertilization (kg.ha’l) were very
strong, what was observed not only in wheat (Hoel,
1998), but also in tobacco (Schepers et al., 1992;
MacKown, Sutton, 1998). The results show, that N state
prediction in soil according to N leaf or SPAD values
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can be done with the same reliability by means of both,
but the determination of SPAD values by chlorophyll me-
ter Minolta-SPAD 502 is substantially cheaper and
more expeditious.

In spite of the above mentioned strong relations in
simulated environment and reliable prediction of
N content in soil or N state in a plant by SPAD value
it is not possible to apply such prediction in other en-
vironment because regression parameters differ for in-
dividual genotypes and growth stages and/or environ-
ment. It is recommended to use N sufficiency index
(NSI) for correction of plant N status by fertilization
using SPAD values. NSI is the ratio of SPAD values
from stand which should be additionally fertilized to
SPAD values from stand that is sufficiently, optimally
or not-limiting fertilized by N fertilizer (Piekielek et al.,
1995; Wienhold, Krupinsky, 1999).
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PREDIKCE ZIMOVZDORNOSTI PSENICE SETE POMOCI
GLIADINOVYCH GENETICKYCH MARKERU

FROST-HARDINESS PREDICTION OF COMMON WHEAT USING
GLIADIN GENETIC MARKERS

A. Sasek', P. Pragilova', J. Cerny?, I Prasil', S. Skupinova®

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

ABSTRACT: Parallel determination of frost-hardiness and gliadin signal genes — frost-hardiness markers was used to evaluate
212 varieties of world assortment of winter wheat varieties. Frost-hardiness was expressed in resistance classes I (lowest
resistance) to VI (highest resistance). Allelic gliadin blocks (Gld) determined by starch electrophoresis were evaluated for
different loci 1-1A, 1-2A, 1B, 1D, 6A, 6B and 6D. The value of frost-hardiness prediction of alleles of gliadin loci was
determined by their representation in different classes of frost-hardiness. Using xz-tesl, determination of coefficients of
association and closeness of relationship between the degree of freedom and representation of gliadin alleles classification of
gliadin genes — frost-hardiness markers was innovated. The highest markering value was proved for Gld 1D5 and Gld 6A3.
Gld 6D2 and newly also Gld 1B1 and Gld 6A1l can be considered as secondary markers. Markering efficiency of Gld 1-1A2
was not proved and occurrence of alleles Gld 6A2, Gld 2-1A0, Gld 1B4 and Gld 1B5 was rather connected with classes of
lower frost-hardiness. Highly significant correlation (» = 0.86) was proved between the total production capacity of different
allelic gliadin genes of evaluated varieties and degree of resistance to winter killing.

Keywords: winter wheat; winter killing; gliadin markers of frost-hardiness; electrophoresis in starch gel

ABSTRAKT: Soub&Znym stanovenim zimovzdornosti a gliadinovych signdlnich geni — markert zimovzdornosti bylo hod-
noceno 212 odrid svétového sortimentu ozimé p3enice. Zimovzdornost byla vyjadiena ve tfidach odolnosti I (nejniZsi odol-
nost) az VI (nejvyssi odolnost). Alelické gliadinové bloky (Gld) stanovené $krobovou elektroforézou byly hodnoceny pro
jednotlivé lokusy 1-1A, 1-2A, 1B, ID, 6A, 6B a 6D. Hodnota predikce zimovzdornosti alel gliadinovych lokust byla urena
jejich zastoupenim v jednotlivych tfidach zimovzdornosti. Pomoci xz-testu. stanovenim koeficientl asociace a tésnosti vztahu
mezi stupném odolnosti a zastoupenim gliadinovych alel byla inovovana klasifikace gliadinovych genti — markerti zimovzdor-
nosti. Nejvy33i markerovaci hodnota byla prokdzédna pro Gld 1D5 a Gld 6A3. Za vedlej$i marker zimovzdornosti lze povaZovat
Gld 6D2 anové i Gld 1B1 a Gld 6A1. Nebyla prokdzana markerovaci a¢innost Gld 1-1A2 a vyskyt alel Gld 6A2, Gld 2-1A0,
GId 1B4 a Gld 1BS souvisel spi$ s tfidami niZ8i zimovzdornosti. Mezi celkovou predikéni schopnosti jednotlivych alelickych
gliadinovych genl hodnocenych odriid a stupném odolnosti k vyzimovani byl prokdzan vysoce vyznamny korela¢ni vztah (r = 0,86).

Klicova slova: ozima pSenice; vyzimovani; gliadinové markery zimovzdornosti; elektroforéza v §krobovém gelu

UVOD

Neékteré alely gliadinovych genti pSenice seté marke-
ruji zimovzdornost (Sozinov, Poperelja, 1979). Tyto
signédlni geny se daji pouZit v programech tvorby no-
vych odrid pSenice seté s poZadovanou trovni zimo-
vzdornosti (SaSek et al., 1984).

Bodové hodnoty predikce zimovzdornosti gliadino-
vych alel — markeri zimovzdornosti byly ovéfovény
korela¢ni analyzou, hodnotici vztah mezi stupni odol-
nosti (Prasil et al., 1994) a predikénimi bodovymi hod-
notami gliadinovych markert (Cerny et al., 1990; Cer-
ny et al., 1999).

Registrace novych odrid pSenice seté véetné zahra-
ni¢nich odrid vyZaduje periodické hodnoceni uvedené-
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ho korelaéniho vztahu. Hodnotu predikce zimovzdor-
nosti muZe rovnéZ ovliviiovat velikost a geneticka riz-
norodost pokusnych soubori.

Cilem prace bylo ovéfeni stavajicich predikcnich
hodnot zimovzdornosti gliadinovych genl soubéZnou
analyzou zimovzdornosti a elektroforetickou analyzou
gliadind 212 odrid svétového sortimentu pSenice.

MATERIAL A METODY

Hodnocené odridy ozimé psenice, véetné jejich pu-
vodu, stupné odolnosti (SO) — test zimovzdornosti
a vcetné elektroforetické skladby gliadinua (elektrofore-
ticka analyza) jsou charakterizovany v tab. I.
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1. Soubor alel gliadinovych genii (lokusi) jednotlivych hodnocenych odrid a stupné odolnosti vaci vyzimovini — Set of alleles of gliadin
genes (loci) of different evaluated varieties and degree of resistance to winter killing

Tkl Zemé , S[upeﬁ-‘ Gld alely na chromozomu*

pavodu® Jodolnosti” | 1|5 2-1A 1B ID 6A 6B 6D
Abolikir FRA 1 13 3 4 (2) 2 3 8
Lodi FRA | 13 0 4 | 2 N6 1
Kobold DEU | 9 0 1 1 N2 (2) |
Maris Freeman GBR 1 10 (0) 1 8 NI 1 6
Brock GBR 1 4 3 4 2) 2 1 4
Rendezvous GBR 2 4 l 5 1 2 2) 6
Galahad GBR 2 2 0 4 1 2 1 N4
Xanthos DEU 2 4 0 4 (C)] 2 2 1
Lonja YUG 2 4 3 4 N2 2 1 |
Brimstone GBR 2 9 0 4 2 2 1 1
Hereward GBR 2 4 0 4 1 N1 | 6
Moulin GBR 2 4 0 4 ) 2 1 (@)
Zagrebcanka YUG 2 4 3 4 2 2 1 n
Sarno NLD 2 14 2 2 1 2) NI 5
Riband GBR 2 2 0 4 1 NI 1 1
Baranjka YUG 3 4 3 4 3 2 1 1
Carolus DEU 3; 9 2 4 4 NI NI 2)
Contra DEU 3 4 0 4 1 NI 1 |
Petrel FRA 3 (C)] 0 3 2 (n N6 4
Albatros FRA 3 2 0 4 1 2 2 N4
Athlet DEU 3 10 2 3 8 N2 N16 NIS
Biserka YUG 3 2 2 2 1 1 (2) 1
Granit AUT 3! 10 1 8 (2) NI 1 6
Lambros DEU 3 4 0 4 1 2 N8 5
Botri DEU 3 3 4 8 2 1 5
Junior FRA 3 9 0 4 1 1 2 1
Ortler DEU 3 10 0 4 1 2) 1 1
Flevina NLD 3 2 0 1 1 2 1 6
Jaguar DEU 3 2 0 5 8 2 1 6
Sava YUG 3 0 3 4 (N2) 2 n !
Gk Octhalom HUN 3 7 0 | 7 2 | !
Kiten BGR 3 0 3) 1 1 2 3 1
Talent FRA 3 9 2 4 (2) 2 2 NI
Willi DEU 3 (2) ) 4 | (2) 1 1
Zwezda YUG 3 4 0 3 2) 2 | 1
Advokat DEU 3 9 2 3 1 NI 2 1
Maris Fundin GBR 3 2 0 4 2) 2) N5 6
Jawa POL 3 9 2 4 | 2 NI 5
Marijana YUG 3 6 0 1 7 N2 ! |
Moisson FRA 3 2 0 4 1 2 | NI
Prestige FRA 3 2 0 4 1 (2) | 4
Super zlatna YUG 3 4 3 4 3 2 | ()
Beaver GBR 3 4 0 3 1 NI | 4
Bert GBR 3y 9 0 4 1 2 2 |
Georg AUT 3 9 2 4 (n 2 | 1
Longbow GBR 3 2 3 4 8 2 NS5 6
Magister NLD 3 3 0 3 1 2 N8 NI
Tabor DEU 3 2 0 4 1 NI | 4
Granta GBR 4 9 0 4 8 2 1 4
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Pokracovani tab. I — Continuation of Tab. I

. ib2 g Zemé Stupeii Gld alely na chromozomu®

Jméno odridy 3 2 3

puvodu® |odolnosti”| .15 2-1A 1B 1D 6A 6B 6D
Manella NLD 4 3 3 4 N 2 1 4
Maris Marksman GBR 4 4 0 4 n 2 2 1
Rabe DEU 4 0 3 4 7 N2 | 6
Brigand GBR 4 9 0 4 1 2 N1 N4
Primus AUT 4 9 2 4 8 2 1 4
Rescler FRA 4 3 0 1 1 2 N6 2
Sanja YUG 4 4 3 4 3 2 1 1
Brokat AUT 4 2 0 1 1 2 1 1
Citadel NLD 4 3 3 4 n (2) 1 6
Futur DEU + 9 0 4 1 NI 1 2
Konsul SWE 4 9 0 4 | 2 1 4
Ritmo NLD 4 4 0 4 5 2 2 2
Mega GBR 4 1 1 13 i 2 1 4
Rapier GBR 4 9 0 4 | 2 | |
Bovictus DEU 4 3 0 3 1 2 1 6
Mamut POL 4 2 0 3 1 2 1 6
Amandus DEU 4 4 0 4 8 2 2 1
Jantar BGR 4 3 3 1 7 NI I 2
Recital FRA 4 2 0 4 1 2 1 6
Skorospelka (35) SUN 4 4) 3 3 2) 1 1 1
Sperber DEU 4 NS5 0 4 8 2 | 4
Clement NLD 4 3 0 3 9 2 NI 5
Heines Vii DEU 4 2 0 4 1 2 1 6
Compal DEU 4 8 3 4 1 2 1 1
Maris Durin GBR 4 4 0 4 1 2 1 NI
Merkur DEU 4 2 0 3 2) 2 | 6
Rannaja 12 SUN 4 4 2 2 1 1 1 1
Skitija BGR 4 4 0 4 9 2 1 1
Apollo DEU 4 2 0 3 1 NI N1 4
Aquila GBR 4 2 2 4 1 NI 1 4
Caprimus DEU 5 9 0 4 1 2 N1 6
Florida 302 USA 5 15 0 4 1 N1 1 2
Jubilar DEU 5 9 2 4 1 N2 1 6
Oberst DEU ) 9 0 4 1 3 | 4
Maris Nimrod GBR 5 10 0 1 1 2 1 6
Pagode NLD 5 10 2 4 1 2 | 2
Rota POL 5 2 2 1 1 2 | 1
Eros DEU 5 | 0 1 8 N2 1 (5)
Fanal DEU 5 2 0 4 8 NI N13 5
Poros DEU 5 9 2 1 NI 2 1 1
Portal DEU 5 13 2 4 1 2 1 6
Estica NLD 5 9 2 4 1 2 NI2 1
Kraka DNK 5 2 2 4 8 N1 1 4
Taw 9790/76 DEU 5 13 0 1 3) 3 1 1
Zlatna dolina YUG 5 4 3 4 3 2 1 1
Florian DEU 5 2 0 4 1 N1 1 6
Maris Huntsman GBR 5 9 0 4 ) 2 1 7
Taw 12399/75 DEU 9 N7 0 3 2 3 () N2
Bocquiau FRA 5 2 2 2 2 2 1 4
Fakta DEU 5 3 (0) 1 1 2 1
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Pokracovini tab.l — Continuation of Tab. I

fe— Zemé ; s(upeﬁ'1 Gld alely na chromozomu*

pivodu® |odolnosti® | j_j o 2-1A 1B D 6A 6B 6D
Kanzler DEU 5 9 0 4 1 N2 3 6
Peresvet SUN 5 4) 0 1 1 (2) 1 1
Rector DEU 5 2 0 4 1 2 1 6
Fregatt DEU 5 2 0 4 | NI | 2
Modra POL 5 2 0 4 1 2 1 4
Parada POL 5 10 0 1 9 2 1 1
Tukan DEU 5 2 2 4 2 NI N4 1
Almus DEU 5 10 0 3 2 3 1 4
Aaron BEL 5 14 2 4 5 Nl | |
Heima FRA 5 2 0 1 | 2 | 6
Maris Templar GBR 5 2 0 4 2) 2 1 2
Martin AUT 5 2 0 4 | 2 1 4
Trakija BGR 5 4 1 1 2 1 1
Ibis NLD &3 2 2 4 1 3 NI |
Ikarus AUT 5 9 (@) 3 2 3 1 |
Ares FRA 5 2 0 4 8 3 1 6
Gk Oerzse HUN 5 0 3 4 1 2 1 6
Mina BEL 5 8 2 4 1 3) I 8
Nadeznaja 45 SUN 5 4 1 1 [€)) 1 1 )
Obelisk NLD 5 3 3 4 1 2 | 5
Pantus DEU 5 4 0 3 8 2 2 1
Saturn DEU 5 2 0 4 1 2 1 6
Florida DEU 6 9 0 3 1 3 | 4
Granada DEU 6 10 2 3) 1 NI 1 2
Milan DEU 6 9 0 4 1 N1 1 4
Obrij SUN 6 4 1 (0 N5 3 1 3
Olymp DEU 6 9 3) 3 1 NI 2 |
Stella USA 6 10 0 4 (NI) 2 N1 |
Dolomit DEU 6 2 0 4 1 2 | 6
Falke DEU 6 4 2 5 1 N1 1 NI10
Jana POL 6 (14) 2+3 4 1 2 | 6
Elpa DEU 6 N3 3) 4 1 3 2 1
Maris Beacon GBR 6 9 0 4 1 2 1 6
Mib 3388/72 POL 6 10 0 3 2 2 | |
Taras DEU 6 (14) 2 5 2) 3) 1 1
Urban DEU 6 9 2 4 8 N2 2 6
Benno DEU 6 10 0 3 1 2 1 6
Etoile de Choisy FRA 6 9 0 9 ) 2 N2 |
Kormoran DEU 6 2 0 4 1 N2 1 4
Lan SUN 6 2 0 1 | 3 2 |
Mironovskaja 60 SUN 6 3 0 1 (8) 3 2 .
Okapi NLD 6 9 0 4 | NI | 4
Arkos DEU 6 2 2 5 8 3) | 5
Atlantis DEU 6 9 0 3 1 3 1 1
Aurus AUT 6 2 0 3 2 1 4)
Pokal AUT 6 9 0 4 8 2 2 Ni4
Promin SUN 6 (3) | | 9 3 | (n
Tadorna DEU 6 (6) 2 4 (8) 3) (1) 6
Borenos DEU 6 14 3 5 5 3 1 1
Heinrich DEU 6 9 0 3 (1) N1 1 4
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Pokracovini tab.I — Continuation of Tab. I

4

i - Zems Stupeii Gld alely na chromozomu
i pivodu® | odolnosti* [}y 21A 1B 1D 6A 6B 6D
Herzog DEU 6 2 0 3 | 3 NI1S 4
Houser USA 6 4 2+3 14 N2 2 1 6
Kniish 403 SUN 6 4 0 4 N2 1 1 6
Polesskaja 70 SUN 6 4 0 4 9) 1 1 1
Alcedo DEU 6 2 2+3 5 7 3 1 6
Emika POL 6 3 2 4 5 2 1 1
Gama POL 6 3 3 4 5 2 1 6
Salwa POL 6 2 2 4 1 2 1 1
Bussard DEU 6 9 0 -4 9 3 2 6
Dnepropetrovskaja 521 SUN 6 1 0 2 (©) 2 1 1
Kontrast DEU 6 0 (2) 5 3 3 1 7
Linna FIN 6 9 0 1 9 2 1 6
Duellant DEU 6 2 0 NI 7 N1 | 1
Fundulea 29 ROM 6 15 0 3 2 1 1 1
Juznaja zarja SUN 6 4 0 | 1 3 1 1
Vuka DEU 6 10 0 4 1 NI 1 (n
Fakon DEU 6 10 1 5 8 2 1 2
Fundulea 4 ROM 6 3 (0) 3 1 3 1 6
Charkovskaja 63 SUN 6 4 1 1 5 3 1 1
Kavkaz SUN 6 4 (3) 3 2 1 1 1
Lovrin 13 ROM 6 4 3 3 (n 1 1 1
Walde SWE 6 9 2 4 1" 2 3 N6
Krasnodarskaja 46 SUN 7 4 [€)] 1 5 1 1 1
Mironovskaja ulucsenaja SUN 1 3 3 1 (5) 3) 1 2
Taw 25880/71 DEU 7 3 1 3 ) | 1 |
Banija YUG 7 4 1 1 ) 2 1 1
Liwilla POL 7 2 0 4 8 (2) 1 5
Mironovskaja 10 SUN 7 3 3) 3 5 1 1 1
Aurora SUN 7 3 0 3 2 1 1 6
Odesskaja polukarlikovaja SUN 7 4 1 1 (5) 1 1 2
Perlo AUT 7 4 0 4 9) | 1 1
Solid SWE 7 2 3 9 1 3 1 1
Jakor odesskij SUN 7 4 3 1 4 3 | 2
Disponent DEU 7 10 0 3 1 2 1 1
Fundulea 133 ROM 7 2 2) 4 ) 3 1 7
Leopold AUT T 14 0 1 5 2 NS5 1
Norstar CAN 7 9 0 3 4 2 1 1
Alidos DEU 7 2 2 4 8 3 1 1
Iljicovka SUN 7 3 ) 1 1 1 | 1
Priboj SUN 7 2 0 1 2) 3 2 1
Bezostaja | SUN 7 4 1 1 2) 1 1 1
Knirps DEU 7 2 0 3 1 3 N1 5
Odesskaja 66 SUN 7 4 1 3 1 3 2 1
Olympija SUN 7 4 1 1 N2 3 1 |
Miras DEU 7 3 3 1 5 3 1 2,
Prikubanskaja SUN 7 6 () | 3 1 1 1
Zentos DEU i 3 2+3 4 5 3 1 4
Eritrospermum 1034/79 SUN 7 0 0 1 2 3 2 1
Ebi DEU 7 2 0 4 1 3 NI 6
Martonvasari 16 HUN 8 1 0 3 1 1 1 5
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Pokracovini tab.l — Continuation of Tab. I

v
. gg\'ﬁmz 0:;,",,[’;13 1-1A 2-1A ?: i nﬂl;h"’m"w";; 6B 6D
Mironovskaja nizkorostla SUN 8 3 3 3 5 3 | |
Mironovskaja jubilejna 50 SUN 8 12 n 1 5 3 1 2
Bezostaja 2 SUN 8 4 (1) 3 2) 1 1 1
Mironovskaja 808 SUN 8 3 3) | 5 3 1 2
Kosack SWE 8 5 2 4 1 1 | |
QOdesskaja 75 SUN 8 4 | 1 9 3 N2 1
Ivanovskaja 12 SUN 8 4 1 | | 1 | |
Achtyrcanka SUN 8 4 n 1 (€))] 3) 1 2
Gk Bence HUN 8 3) 3 3 ) 2 1 1
Polukarlikovaja 49 SUN 8 4 1 1 (5) 3) 1 2
Odesskaja 95 SUN 8 4 | 1 (5 3 2 1
Ramiro DEU 8 3 1 1 7 3 | 2
Wariga USA 8 4 1 1 4 3 | 3
Oasis USA 8 3 2+3 4 | 3 1 2
Tam W-105 USA 8 3 1 1 5 | 1 1
Donskaja bezostaja SUN 8 3 1 1 5 3 1 2
Tarasovskaja 29 SUN 9 4 0 1 5 3 1 1
Lgovskaja 77 SUN 9 3 1 1 ) 3 ! 2
Mikon DEU 9 3 3 1 8 3 1 2
Mironovskaja 26 SUN 9 4 0 3 5 3 | 1

2 2 sonie i3 -
'name of variety, “country of origin, *degree of resistance, 4Gld allele on chromosome

1. Soucty bodovych hodnot predikce zimovzdornosti Gld alelickych bloki podle tfid zimovzdornosti a jejich relativni Cetnosti — Sums of
point values of frost-hardiness prediction of Gld allelic blocks according to classes of frost-hardiness and their relative frequency

3 3 -6 27 01
Markery Gld | Body Tridy zimovzdornosti Pocet s l_)oc‘lu 1%
zimovzdornosti' N | alelicky | dikces predikee
; blok*™ |P L L. 1. 1v. V. VL zimovzdornosti®
1. ID5 2,5 0/0 0/0 12,5 4/10 7/17,5 | 10/25 22 n/55
2 - - 4,55 18,18 31,82 45,45 %
Hlavni
2 6A3 2,0 0/0 0/0 8/16 18/36 13/26 15/30 54 n/108
- - 14,81 33,33 24,08 27,78 %
3: 6D2 1,0 1/1 4/4 5/5 2/2 4/4 9/9 25 n/25
4 16 20,0 8 16 36 Yo
Vedlej§i3 4. IBI 0,50 4/2 3/1,5 | 1155 13,5 16/6,5 14/7 52 n/26
7,69 5.77 21,15 13,46 25 26,93 %
5; 6Al 0,25 3/0,75 2/0.5 1/0,25 5/1,25 9/2,25 5/1,25 25 n/6.25
12 8 4 20 .| 36 20 %o
Soucet bodi predikce 3,75 6,0 29,25 52,75 56,25 72,25 body
zimovzdornosti® 1.7 272 | 1328 | 2396 | 2554 | 328 %

Tridy — Classes:

I. = nejniZii odolnost k vyzimovini — lowest resistance to winter killing

VI. = nejvy3si odolnost k vyzimovéni — highest resistance to winter killing

% = relativni Cetnost markera v jednotlivych tfidich zimovzdornosti - relative frequency of markers in different classes of frost-hardiness

"markers of frost-hardiness, main, * secondary, 4Gld allelic block. > points of prediction, fclasses of frost-hardiness, 'number of points, 8% of
frost-hardiness prediction, sum of points of frost-hardiness prediction

PouZitou metodu stanoveni zimovzdornosti a stupné  (Sozinov, Poperelja, 1978). Alelické gliadinové bloky
odolnosti (SO = 1, nejniZsi odolnost; SO = 9, nejvyssi  byly vyélenény z elektroforetickych gliadinovych spek-
odolnost) publikovali Prail et al. (1994). Elektroforéza  ter publikovanym postupem (Sasek, Cerny, 1983).
gliadin byla realizovéana ve sloupcich $krobového gelu
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I, Vysledky a hodnoceni xz-teslu a koeficientu asociace pro lokusy — Results and evaluation of xz-tesl and coefficient of association for

loci
Lokus! Hzodnolz; HI:\dina‘3 Slupné.4 Hzodnocgni Hodnota Isoeﬁ(‘cientu Hodnogeni ,
A--testu vyznamnosti’ o volnosti X-testu asociace tésnosti vztahu
I-1A 349,158"" 0,01 85 prikazny® 0,763 vysokd”
2-1A 224,174 0,01 20 pritkazny 0,611 vyznaéna'!
IB 287,951 0,01 45 prikazny 0,693 vyzna¢na
1D 269,006"* 0,01 50 prikazny 0,670 vyznaéna
6A 333,409"* 0,01 20 pritkazny 0,745 vysoka
6B 174,181"" 0,01 60 pritkazny 0,539 vyznatni
6D 268,644"° 0,01 65 prikazny 0,669 vyzna¢ni

"Nocus, 2value of xl-test. 3signiﬁcance level, "degrees of freedom, “evaluation of xz<lest. fvalue of association coefficient, “evaluation of

closeness of relationship, xsigniﬁcam. yhigh, "considerable

IV. Vysledky a hodnoceni xz-lestu a koeficientu asociace pro alely lokusi — Results and evaluation of xz-tes( and coefficient of association

for alleles of loci

Lokl Hzodnotz; _ l-lladina._4 Slupn§4 Hzodnocgni Hodnota k_oeﬁﬁcien(u Hodnoc;eni )
A -testu vyznamnosti® o volnosti X -testu” asociace’ tésnosti vztahu
1-1A 3 84,566 0,01 5 pritkazny® 0375 mirna!!
- 0 72,3147 0,01 5 pritkazny 0,347 mirnd
1 162,948"" 0,01 5 priikazny 0,521 vyznacna!"
1 127,939" 0,01 5 pritkazny 0,462 mirn4
IB 4 116,494™ 0,01 5 prikazny 0,441 mirnd
5 53,9277 0,01 5 pritkazny 0,300 mirni
- 1 59,542:: 0,01 5 pritkazny 0,315 mirnd
5 152,569 0,01 5 prikazny 0,504 vyznaCni
1 62,361 0,01 5 prikazny 0,322 mirnd
6A 2 166,768"* 0,01 5 priitkazny 0,527 vyzna&nd
3 193,852"" 0,01 5 pritkazny 0,568 vyzna¢ni
6D 2 85,675 0,01 5 prikazny 0,378 mirnd
For 1-10 see Tab. III, ”slighl
2
Hodnocené odridy byly roztfidény podle stupfia V=x7

odolnosti k vyzimovani do 3esti tfid. Vzhledem k niz-
kému poctu odrid zafazenych do SO 1 aZ 3 byly zmi-
néné odridy slouceny do tfidy I. Podobné byly slouce-
ny odridy s SO 8 a 9 do tfidy VI. Ostatni tfidy
odolnosti odpovidaly SO podle tohoto zatazeni: tfida II
=SS0 4, I =SO 5, IV=S06aV =S80 7. Podle
zastoupeni jednotlivych alel gliadinovych lokus, resp.
podle zastoupeni jim odpovidajicich alelickych gliadi-
novych bloki ve zminénych tfidach odolnosti k vyzi-
movdni byla hodnocena schopnost predikce zimovzdor-
nosti pfislusnych gliadinovych alelickych blokl a jeji
bodova hodnota.

Ke stanoveni zavislosti mezi vyskytem ruznych alel
gliadinovych gent a hodnocenymi tfidami stupiia odol-
nosti byl pouzit xz—tcst. Testovaci kritérium ¥>-testu
umoziiuje posoudit rozdil mezi skuteGnou a olekava-
nou ¢etnosti vyskytu obou proménnych, tj. Cetnosti alel
gliadinovych signalnich gent a tfid stupiid odolnosti
k vyzimovani.

Tésnost zavislosti obou parametrd, tj. pocet obmén
jednoho znaku (k) a poCet obmén druhého znaku (m),
je vyjadiena koeficientem asociace V.

ROSTLINNA VYROBA, 46, 2000 (6): 245-254

kde: V - koeficient asociace
2
%* - hodnota x’-testu
n - celkovy soucet Cetnosti

VYSLEDKY A DISKUSE

Cetnosti jednotlivych alelickych gliadinovych bloki —
markert zimovzdornosti (Cerny et al., 1990) jsou uve-
deny v tab. II.

Vysledky a hodnoceni xz-testu a koeficienti asocia-
ce pro jednotlivé gliadinové lokusy pfinasi tab. III. Vy-
pocitana hodnota x2-testu piekrocila kritickou tabulko-
vou hodnotu xz-rozdéleni. Je proto mozné s 99% (**),
pfipadné s 95% (*) spolehlivosti pfijmout hypotézu
o prokédzané zavislosti mezi pfitomnosti alely v genoty-
pu a ve tiid& odolnosti.

Hodnoty koeficientl asociace pro jednotlivé gliadi-
nové alely, manifestované v podobé alelickych gliadi-
novych blokd, charakterizuje tab. IV a obr. 1 aZ 7.

Ziskané udaje potvrzuji schopnost alely Gld 1D5
markerovat nejvyssi tfidy zimovzdornosti. RovnéZ dru-
hy hlavni marker zimovzdornosti alela Gld 6A3 proka-
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1. Cetnost alelického bloku
v lokusu I-1A — Frequency of
allelic block in locus I-1A

Vysvétlivky k obr. 1 az 7 -
Explanations to Figs. | to 7:

- osa x: alelické bloky — x axis:
!

Cl allelic blocks

o osa y: Cetnosti alelického
' bloku (%) — y axis: frequency
o of allelic block (%)

[-VI. = tiida - class

2. Cetnost alelického bloku
v lokusu 2-1A — Frequency of
allelic block in locus 2-1A

-1}
LT
o
(1%

nv.
ovi

3. Cetnost alelického bloku
v lokusu IB — Frequency of
allelic block in locus 1B

ol
=i
am,
aiv.

[ 1%
o

zala vyznacnou tésnost vztahu mezi zastoupenim této
alely a vysokou tfidou zimovzdornosti.

Vzhledem k vy3$§imu relativnimu zastoupeni alely
Gld 1DS ve tfidich maximalni zimovzdornosti (nejvys-
Sich stupna odolnosti) ve srovnani se zastoupenim alely
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6A3 lze predpokladat vy$8i markerovaci hodnotu zi-
movzdornosti alely Gld 1DS5, neZ je hodnota predikce
zimovzdornosti alely Gld 6A3.

Alela GId 1-1A2 je povazovana za vedlejsi marker zi-
movzdornosti (Sozinov, Poperelja, 1979; Sasek et al., 1984;
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4. Cetnost alelického bloku
v lokusu 1D — Frequency of
- allelic block in locus 1D
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v lokusu 6A - Frequency of
allelic block in locus 6A
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- 6. Cetnost alelického bloku
v lokusu 6B — Frequency of
allelic block in locus 6B
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Cerny et al., 1990). Hodnoceni pouZitého souboru
212 odrid svétového sortimentu ozimé psenice toto tvr-
zeni nepotvrdilo (obr. 1).

Co se tyka dalSiho vedlejs$iho znamého markeru zi-
movzdornosti, tj. alely Gld 6D2 (Sozinov, Poperelja,
1979; Sack et al., 1984; Cerny et al.,,1990), zji§téna
mirna zavislost mezi Cetnosti alely a tfidami vy$si zimo-
vzdornosti potvrzuje schopnost alely Gld 6D2 markerovat
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pfitomnost nékterych geni, podminujicich odolnost
k vyzimovani.

Na zdkladé zjiSténych hodnot xz-testu, koeficientd
asociace a t&snosti vztahu mezi stupném odolnosti a za-
stoupenim jednotlivych gliadinovych alel je moZné ino-
vovat klasifikaci gliadinovych alel jako markerd zimo-
vzdornosti, piipadné citlivosti k pisobeni nepfiznivych
zimnich povétrnostnich faktora.
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7. Cetnost alelického bloku
v lokusu 6D - Frequency of
allelic block in locus 6D
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V. Piivodni a inovované hodnoty gliadinovych markert zimovzdor-
nosti — Original and innovated values of gliadin markers of frost-har-
diness

Gld alelicky Bodov4 hodnota predikce zimovzdornosti?
blok' pivodni® inovovand®
1D5 2 2,5

6A3 2 2

6D2 1 1

1BI - 0,5

6Al & 0,25
1-1A2 1 0

1-1A1 1 -

'Gld allelic block, 2poim value of frost-hardiness prediction, 3()rigi-
nal, *innovated

Mirné zévislost mezi zastoupenim alel a stfedni zi-
movzdornosti byla zji§téna u alel Gld 1B1 a Gld 6Al,
které predstavuji dalsi vedlejsi gliadinové markery zi-
movzdornosti.

Soucasné byla zjiSténa vyznacna zavislost mezi vy-
skytem alely Gld 6A2 a nizkou zimovzdornosti a mirna
zavislost mezi vyskytem alel Gld 2-1A0 a GId 1B4
a Gld 1BS5 a tfidami niZ§i zimovzdornosti. Gliadinové
bloky zminénych alel lze povaZovat za markery citli-
vosti, nizké odolnosti k chladu, resp. nachylnosti k vy-
zimovani.

Inovovanou klasifikaci gliadinovych markert zi-
movzdornosti, vyjadrené tfidami stupiit odolnosti, uva-
di tab. V.

Predpokladané aditivni pisobeni hlavnich a vedlej-
Sich gliadinovych gent — markert zimovzdornosti (So-
zinov, 1985) bylo pouZito ke stanoveni korelac¢niho
vztahu mezi celkovou (aditivni) bodovou hodnotou pre-
dikce zimovzdornosti gliadinovych alelickych bloku

a stupiii odolnosti (SO) jednotlivych pokusnych va-
riant. Zjisténa hodnota r = 0,86 je vyznamna a proka-
zuje pouZitelnost inovované klasifikace gliadinovych
signalnich genti — markert zimovzdornosti pro predikci
zimovzdornosti linii a odriid pSenice seté.

Prace byla realizovana za prispéni Ministerstva skol-
stvi, mladeZe a télovychovy CR v ramci podpory pro-
jektu vyzkumu a vyvoje OC 814.20 a Ministerstva ze-
médé&lstvi CR v ramci projektu Narodni agentury pro
zemédélsky vyzkum EP9141.
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HIGH MOLECULAR WEIGHT GLUTENIN SUBUNITS
VARIATION AND RELATIVE QUANTITATION IN WINTER
SPELT WHEAT CULTIVARS

VARIABILITA A RELATIVNE ZASTUPENIE
VYSOKOMOLEKULARNYCH GLUTENINOVYCH PODJEDNOTIEK
V OZIMNYCH FORMACH ODROD PSENICE SPALDOVE]

H. Knoblochova, Z. Galova

Slovak Agricultural University in Nitra, Slovak Republic

ABSTRACT: The collection of 33 winter spelt wheat cultivars Triticum spelta L. was submitted to the electrophoretic analysis
in the polyacrylamide gel and the results were evaluated on the qualitative and quantitative biochemical level. Following
estimation of high-molecular-weight glutenin subunits composition detected that 27 cultivars have been uniform in this
parameter and six cultivars have been non-uniform. The most often represented biotype appeared was the D biotype with 1,
6 + 8, 2 + 12 high-molecular-weight glutenin subunits composition and 6 Glu-score value. This one was determined by 19 cultivars
(57.6%). The most non-homogeneous cultivar of Swiss origin H 92-20 (P. Kunz) was proved, by which five unequal biotypes
(A-E) with the majoritarian representation of D biotype, the most repeatedly occurred biotype of the whole examined spelt
wheat cultivars collection, was detected in the 24 singular grains. By all other mentioned non-uniform cultivars two or three
biotypes were appointed. According to the calculated value for Glu-score the food wheat cultivars can be Ardenne, Bauldnder
Spelz, Franckenkorn, Holstenkorn and Rougiun and non-food wheat cultivars are Hercule and Steiner Roter Laupheimer. The
average value for the sum of the high-molecular-weight glutenin subunits was 7.18% and the average value for the sum of
the other subunits was 78.29%. The dough made from the spelt wheat flours is characterized with the lower stability and
elasticity and with the higher extensibility and dissolubility.
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ABSTRAKT: Sibor 33 odrdd ozimnej formy pSenice $paldovej Triticum spelta L. bol podrobeny elektroforetickej analyze
v polyakrylamidovom géli a vysledky boli vyhodnotené na kvalitativnej a kvantitativnej biochemickej drovni. Stanovenim
komponentnej skladby vysokomolekularnych gluteninovych podjednotiek sa zistilo, Ze 27 skimanych odréd je v tomto
parametri homogénnych a Sest odrdd je nehomogénnych. Naj¢astejSie zastipeny bol biotyp D, ktorého komponentna skladba
vysokomolekularnych gluteninovych podjednotiek je 1, 6 + 8, 2 + 12 a hodnota Glu-hodnotenia 6; bol stanoveny pri 19 odrodéch
(57,6 %). Najviac nehomogénnou sa ukazala odroda $vaj¢iarskeho povodu H 92-20 (P. Kunz), pri ktorej bolo v 24 jednotlivych
zrnach stanovenych aZ pit rozdielnych biotypov s majoritnym zastipenim biotypu D. Pri vietkych ostatnych nehomogénnych
odroddch boli stanovené dva az tri rozdielne biotypy. Na ziklade vypocitanej hodnoty Glu-hodnotenia medzi pSenice s po-
travindrskou kvalitou je moZné zaradit odrody Ardenne, Bauldnder Spelz, Franckenkorn, Holstenkorn a Rouquin a medzi
nepotravindrske pSenice odrody Hercule a Steiner Roter Laupheimer. Priemernd hodnota obsahu vysokomolekuldrnych glute-
ninovych podjednotiek ako celku bola 7,18 % a priemerna hodnota obsahu ostatnych podjednotiek ako celku bola 78,29 %.
Cesto vyrobené z mik p3enice $paldovej sa vyznacuje niZSou pevnostou a pruznostou a je viac roztazné a rozplyvavé.

Kl'icové slova: elektroforéza; vysokomolekularne gluteninové podjednotky; Triticum spelta L.

INTRODUCTION The distinction between common and spelt wheat,

however, is often difficult because they are closely re-

Spelt (Triticum spelta L.) is an old-world crop which
was one of the major feed and food cereals of ancient
Europe. At the present time it is in the position of a minor
crop, but it rightly attracts renewed interest in the field
of its relationship to wheat, methods of production, fi-
nal use characteristics and breeding methods (Camp-
bell, 1997).
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lated. There are some differences in plant height, spike
shape, seed appearance and number of maturation days.
Spelt plants are about 40 cm taller than common wheat
ones, their average height is 90 to 130 cm, the spikes
are lax and 4 to 7 cm longer than those of common
wheat (but with similar spikelets number per a spike)
and seeds tend to be larger and longer. Spelt matures
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several days later than common wheat (Lafever, Camp-
bell, 1977). Production practices with regard to seedbed
preparation and planting date are similar. Spelt cultivars
show a higher resistance to environmental influences
and so they are suitable for performance in areas of high
precipitation, heavy soils and cool temperatures (Rueg-
ger et al., 1990).

Spelt wheat is reported to have a unique flavour,
high vitamin content and to be more nutritious than
common wheat. Bognar, Kellerman (1993), Abdel-Aal
et al. (1995) and Ranhotra et al. (1996) determined,
however, that protein, fiber, vitamin and mineral com-
position of spelt flours (grains) were similar to those of
common wheat flours, with the exception of cultivar
Rouquin, which contained significantly more content of
vitamin E, thiamin and pyridoxine, and higher zinc and
potassium and lower riboflavin content of several spelt
cultivars.

Spelt wheat is reported to have a higher protein con-
tent, too. This was confirmed by Stallknecht et al. (1996),
who determined averaged 18 to 40% higher spelt wheat
protein content. Our department measured protein con-
tent of five spelt wheat and two common wheat culti-
vars during three growing seasons and we found out
about averaged 28.4% higher protein content in spelt
cultivars mentioned earlier (results not published). 80%
of the total wheat grain proteins comprise storage pro-
teins, which are subdivided into glutenins (high-mo-
lecular-weight [HMW] glutenin subunits and low-mo-
lecular-weight [LMW] glutenin subunits) and gliadins.
Gluten proteins are important because of their major
effect on wheat cultivar bread-making quality. Gliadins
influence the viscosimetric (extensibility and dissolubility)
and HMW glutenin subunits elastical (gluten structure sta-
bility and elasticity) characteristics of the wheat dough.

" Electrophoretic characterization of spelt seed gliadins
was studied by several authors (Abdel-Aal et al., 1996;
Harsch et al., 1997). Variation in HMW glutenin subunits
was reported by Rodriguez-Quijano et al. (1990).

The present study aimed at the investigation of HMW
glutenin subunits variation and relative quantitation in
33 winter spelt wheat cultivars collected in Praha-Ruzyné
and Piestany Genebanks based on ISTA SDS-PAGE
electrophoretic analysis.

MATERIAL AND METHODS

The accessions evaluated in this study were 33 win-
ter spelt wheat (Triticum spelta L.) cultivars (Tab. I).
They were obtained from Research Institute of Crop
Production, Praha-Ruzyné, Czech Republic Genebank
(23 cultivars) and from Research Institute of Crop Pro-
duction, PieStany, Slovak Republic Genebank (10 cul-
tivars). Winter wheat cultivar Marquis and spring wheat
cultivar Chinese Spring (Triticum aestivum L.) with
known HMW glutenin subunits composition (obtained
from Research Institute of Crop Production, Praha-Ru-
zyné, Czech Republic) were included as controls.
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The samples were dehulled and hull-free grains were
analysed. High molecular weight glutenin subunits
were fractionated by standard vertical discontinual elec-
trophoresis (gel electrophoresis apparatus SE 660, Phar-
macia Biotech) in the polyacrylamide gel in the pres-
ence of SDS reported by international organisation
ISTA, ISTA SDS-PAGE (Wrigley, 1992) with the next
densitometric detection (ImageMaster DTS, Pharmacia-
LKB). Analysis of 24 individual grains of each ana-
lysed cultivar was traced. For identification of the
HMW glutenin subunits and the Glu-score calculation
the nomenclature proposed by Payne, Lawrence (1983)
was used. Quantitation was realised by programme Di-
versity One, PDI.

RESULTS AND DISCUSSION

All results obtained studying the HMW glutenin
subunits composition, Glu-score calculation and aver-
age relative percentage quantitation of all 33 analysed
winter spelt wheat cultivars are well-arranged and written
down in Tab. I. We investigated cultivars from seven
(prevailingly European) countries. Majority of the culti-
vars were of German origin (17), four of them (Fuggers
Babenhauser, Rotthweiler Fruehkorn, TRI 2400 [Gaters-
leben] and Waggershauser Kolbendinkel) came from
the collection before the 1949 year. No mean share also
constituted Swiss origin cultivars, those were nine. In
few representation cultivars of Belgium origin (Her-
cule, Rouquin) and Polish origin cultivars (Baetting
Niederwill, Weisser winter Granendinkel) occurred,
two cultivars of the particular origin country. Austrian
(Steiner Roter Laupheimer), Czech (T. spelta
[Uhfinéves]) and American (Renval) origin had always
only one variety (Tab. I).

In the first part of the received results evaluation we
fixated to the qualitative biochemical analysis of the
cach tested cultivar, that is the basic biochemical culti-
var characteristics determination, namely I, estimation
of the HMW glutenin subunits composition and II, Glu-
score value calculation. Following assignment of HMW
glutenin subunits composition we detected, that 27 cul-
tivars are homogeneous in this parameter and six culti-
vars are non-homogeneous. By homogeneous cultivars
all 24 singly analysed grains of given sample allocated
after electrophoresis realization the same electro-
phoretic profile, e.g. the amount and the position: of
individual bands in all lanes were similar. In the com-
position of the electrophoreticly divided HMW glutenin
subunits we totally designated eight unequal clectro-
phoretic profiles, which we entitled as biotypes and be-
cause of the limpidity we labelled them with the first
eight Greece alphabet capital letters (A—H). Their par-
ticular HMW composition we presented in Tab. I. By
uniform cultivars we appointed generally six different
biotypes (A, D-H). The most often representated bio-
type appeared D biotype, which HMW glutenin
subunits composition is 1, 6 + 8, 2 + 12 and Glu-score
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I. High molecular weight glutenin subunits composition, Glu-score calculation and average relative percentage quantitation of analysed winter spelt wheat cultivars (Triticum spelta L.)

Number

Percentage

Designation

Cultivar Geiichink Cquptry of of of of HMW glutenin Glu- lb 6 +b8 7 ,+b8 7 +h9 l3+b16 22 2+ %2 5+ LO HM}’N LN'l\t?‘V“
origin biotypes | biotype biotype subunits score | (%°) | (%°) | (%°) | (%°) | (%°) | (%°) | (%°) | (%°) | (%°) | (%°)

Altgold RICP* Praha-Ruzyné | Switzerland 1 100.0 D 1,6+8,2+12 6 083 [ 1.60 | — — - — [ 390 | — | 633 [85.62
Ardenne RICP* Piestany Germany | 100.0 E 1,648 5+10 8 1.28 | 322 | — — — — — | 5.18 | 9.68 [70.85
Baetting Niederwill RICP* Piestany Poland 1 100.0 D 1,6+8,2+12 6 067 | 1.40 | — — - — [ 270 | — | 477 [64.13
Baulinder Spelz RICP* Praha-Ruzyné | Germany 1 100.0 G 1,13+16,2+ 12| 8 130 | — — — | 430 | — |532| — [1092]61.40
Burgdorf 1 RICP® Piestany Germany 1 100.0 D 1,6+8,2+12 6 135 | 3573 —_ — —_ —_ 5.17 — [10.25]65.23
Franckenkorn RICP® Praha-Ruzyné | Germany 1 100.0 E 1,6 +8,5+ 10 8 0.91 1.87 —_— — - — - 339 | 6.17 | 7491
Fuggers Babenhauser RICP* Praha-Ruzyné ?;;g;“"y I 1 100.0 D 1,6+8,2+12 6 [037]090| — | — | — | — |256| — |383]91.03
H 92-20 (P. Kunz) RICP® Praha-Ruzyné | Switzerland 5 4.2 A 0,6+38,2+12 4 — 2.90 — — — — 4.10 — 7.00 |78.30
8.3 B 0,6+8 5+10 6 — 1.90 — — — —_ —_ 430 | 6.20 | 85.65

4.2 (& 0,7+9,2+12 5 — — — 1.70 — — 230 | — 4.00 | 84.10

79.1 D 1,6+8,2+12 6 073 | 1.89 | — — — — [ 396 | — | 6.58 [86.16

42 E 1,6+8,5+10 8 080 | .70 | — — — — — | 440 | 6.90 |84.70

H 92-27 (P. Kunz) RICP* Praha-Ruzyné | Switzerland 3 91.6 D 1,6+8,2+12 6 075 | 194 | — — — - 388 [ — | 6.57 [90.27
4.2 E 1,6 +8,5+10 8 0.80 | 1.60 — — — — — 4.40 | 6.80 |81.20

4.2 G I, 13+16,2+ 12| 8 0.40 — — — 3.00 — 2.90 — 6.30 | 82.80

Hercule RICP" Praha-Ruzyné | Belgium 1 100.0 A 0,6+8 2+12 4 — 0.53 — — - — 2.20 - 2.73 | 88.55
Holstenkorn RICP?* Praha-Ruzyné | Germany 1 100.0 F 1,7+8,2+12 8 075 | — |[323 | — - — | 340 | — | 7.38 |71.66
Kipperhaus weisser Spelz | RICP? PieStany Germany 1 100.0 D 1,6+8,2+12 6 138 | 255 | — — — — | 628 | — [10.21(71.90
KR 489-11-15 (P. Kunz) | RICP* Praha-Ruzyné | Switzerland 2 12.5 B 0,6+8,5+10 6 — | L70 | — — — —_ — | 3.87 | 557 | 7597
87.5 D 1,6+8 2+ 12 6 117 | 231 | — — — — | 421 | — | 7.69 [76.39

Lueg RICP® Praha-Ruzyné | Switzerland 2 42 D 1,6+8,2+12 6 0.80 | 2.00 [ — — - — [ 310 — | 590 |81.50
95.8 E 1,6 +8,5+ 10 8 127 | 2.04 | — — — — — | 573 | 9.04 | 83.07

LW 12 (Nuertingen) RICP* Praha-Ruzyné | Germany 2 333 D 1,6+8,2+12 6 1.08 | 2.37 — — — — 4.25 — 7.70 | 82.25
66.6 G 1,13+16,2+ 12| 8 1.03 [ — — — [ 361 | — | 392 — | 856 |79.18

LW 13 (Nuertingen) RICP* Praha-Ruzyné | Germany 1 100.0 D 1,6 +8,2+12 6 0.85 | 247 — — — - 345 — 6.77 | 78.28
Oberkulmer Rotkorn RICP® Praha-Ruzyné | Switzerland 1 100.0 D 1,6+8,2+12 6 095 | 242 | — — — — | 358 | — | 6.95|76.68
Oberkulmer Schwarzer RICP* Praha-Ruzyné | Switzerland 1 100.0 D 1,6 +8,2+12 6 1.12 | 2.30 — — — — 375 — TXT 17733
Ostro RICP" Praha-Ruzyné | Switzerland 1 100.0 D 1,6+8,2+12 6 093 | 219 | — — — — [ 355 — | 6.67 |82.03
Ostro Schwarzer RICP* Praha-Ruzyné | Switzerland 1 100.0 D 1,6 +8,2+ 12 6 098 | 2.63 — — — — 3.94 — 7.55 | 82.07
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Continuation of Tab. I

dinkel

. e Country of Number | Percentage | Designation | yny glutenin | Glu- 1 [6+8]7+8(7+9/13+16) 20 [2+12 5+ 10 [HMW LMW®
origin biotypes | biotype biotype subunits score | (%°) | (%) | (%°) | (%°) | (%°) | (%°) | (%°) | (%°) | (%°) | (%°)
Renval RICP® PieSiany United States 1 100.0 H 1,20,2 + 12 6 |1os| — | = | = | = |s527]631| — |1263]| 7405
of America
Roter Kolbendinkel RICP* Piestany Germany 1 100.0 D 1,648,052 6 |093 255 — | — | — | — |407| — |755 8232
Rotthweiler Fruchkorn | RICP? Praha-Ruzyné Siel{"l‘;'g) 1 100.0 D 1,6+8,2+12 6 (097|230 — | — | — | — | 378 — |705]|73.83
Rouquin RICP* Praha-Ruzyné | Belgium 1 100.0 E 1,6+85+10 8 097 | 225 | — — — — — | 436 | 7.58 | 85.10
Schwabenkorn RICP* Picstany Germany 1 100.0 D 1,6+8,2+12 6 067|166 — | — | — | — [360| — |593|81.85
Schwabenkorn (Dinkel) | RICP® Praha-Ruzyn& | Germany 2 75.0 D 1,6 +8,2+12 6 084 | 2.01 | — —_ —_ — | 388 | — | 6.73 [72.88
25.0 G L13+16,2+12) 8 [097| — | — | — [313| — [417| — | 827 |71.03
Spalda (Landrace 1-96) RICP? Piestany Germany 1 100.0 D 1,6+8,2+12 6 1.10 | 2.87 | — — — — | 445 | — | 842 |7115
Steiner Roter Laupheimer | RICP? Praha-Ruzyné | Austria 1 100.0 A 0,6+8.2+12 4 — [ 198 | — — — — [ 410 | — [ 6.08 |75.34
T. spelta (Uhfindves) RICP* Praha-Ruzyné (C!;‘;Cl"gg;)l’“b“c 1 100.0 D L6+82+12 | 6 |o8s|177| — | — | — | — [338| — | 6007357
a Germany
TRI 2400 (Gatersleben) RICP?* Praha-Ruzyné (iill 1949) 1 100.0 D 1,6+8,2+12 6 093 | 195 | — — — — | 423 | — | 7.11 |80.82
Waggershauser Kolben- a Germany o o _ o .
. RICP* Praha-Ruzyné | "ons 1 100.0 D 1,6+8,2+12 6 |083| 192 4.00 6.75 |82.08
Weisser Kolbenspelz RICP* Pie3tany Germany 1 100.0 D 1,6+8,2+12 6 (098|210 — | — | — | — |38 | — |688]81.32
Weisser winter Granen=: | popn piestany Poland 1 100.0 D L6+82+12 | 6 | 137|267 — | — | — | — |545| — | 9.49 |67.88

# Research Institute of Crop Production
b average relative percentage — individual glutenin subunits percentage of all electrophoretically divided subunits (calculated by the Diversity One Programme)
© other electrophoretically divided subunits fraction including LMW glutenin subunits fraction, gliadins fraction and albumins plus globulins fraction




value 6. This one we determined by 19 cultivars
(57.6%). All the other five biotypes were in the minority
representation. E biotype (1, 6 + 8, 5 + 10; 8) we speci-
fied by three cultivars (Ardenne, Franckenkorn,
Rouquin), A biotype (0, 6 + 8, 2 + 12; 4; Hercule,
Steiner Roter Laupheimer) by two cultivars and F bio-
types (1, 6 + 8, 2 + 12; 8; Holstenkorn), G (1, 13 + 16,
2 + 12; 8; Baulidnder Spelz) and H (1, 20, 2 + 12; 6;
Renval) only by one cultivar.

Cultivars H 92-20 (P. Kunz), H 92-27 (P. Kunz), KR
489-11-15 (P. Kunz), Lueg, LW 12 (Nuertingen) and
Schwabenkorn (Dinkel) we assessed as non-uniform,
by which we destined two to five variant electro-
phoretic profiles. The most non-homogeneous cultivar
was proved the one of Swiss origin H 92-20 (P. Kunz),
by which we detected five unequal biotypes (A-E) with
the majoritarian representation of the D biotype, in 24 sin-
gular grains, the most repeatedly occurred biotype of
the whole examined collection of spelt wheat cultivars.
D biotype is either the major biotype of three further
non-uniform cultivars (H 92-27 [P. Kunz], KR 489-11-15
[P. Kunz], Schwabenkorn [Dinkel]). By cultivar H 92-27
(P. Kunz) we appointed three diverse biotypes and by
all other mentioned non-homogeneous cultivars two.
Four non-homogeneous cultivars were of Swiss origin
and two were of German origin.

In the percentage of biotype column the percent part
of the variant biotypes, that is the percentage of the
grains with particular biotype from the total amount of
the electrophoretical analysed grains, is listed. Follow-
ing the assigned composition of HMW glutenin
subunits in the individual biotypes we enumerated the
value for Glu-score, which we presented in the Glu-
score column (Tab. I). These achieved values between
4 to 8. Inasmuch as the value for Glu-score is in the
direct correlation with the bread-making quality of the
cultivar may be assumed, that the cultivars with lower
values for Glu-score have worse technological quality
and on the other hand the cultivars with upper values
for Glu-score are food quality wheats. On the contrary,
this background in our collection of 33 analysed spelt
wheat cultivars food wheat cultivars are Ardenne,
Bauldnder Spelz, Franckenkorn, Holstenkorn and
Rouquin and non-food wheat cultivars are Hercule and
Steiner Roter Laupheimer. For the complete arbitration
of the bread-making quality of the concrete wheat cul-
tivar, eventually biotype, it is unavoidable according to
Payne, Lawrence (1983) and Payne et al. (1987) to
proofread the assigned value for Glu-score by its de-
creasing in the case of the occurrence of gliadin (se-
caline) allelic GLD 1B3 block, which is characterised
as the bad bread-making cultivar quality marker. Our
listed results concerning the prediction of the bread-
making quality of the analysed spelt wheat cultivars
collection are in this meaning uncomplete. The inci-
dence of the HMW glutenin and gliadin markers of the
bread-making quality prediction of a few spelt wheat
new-bred varieties traced Sasek, Cerny (1997), who fol-
lowing the valuation of the obtained electrophoretic
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gliadin spectras did not approve the GLD 1B3 marker
either the other common wheat (Triticum aestivum L.)
high bread-making quality markers attendance in the
analysed spelt wheat cultivars.

Determination of the spelt wheat HMW glutenin
subunits composition was dealt with Rodriguez-Qui-
jano et al. (1990). They surveyed 118 Spanish landraces
of spelt. They designed that the most common subunits
composition was 1, 13 + 16, 2 + 12 (found in 63% of
the analysed cultivars). Besides that, a novel subunit
pair, 13 + 18, was presented in 12% of the accessions
and a new allele, designated 2.3 was identified and as-
signed to Glu-DI locus. Some new combinations of
subunits were found, too.

In the second part of the evaluation of the received
results we fixated to the quantitative biochemical analy-
sis of the each tested cultivar, that is the specification
of the average relative percentage representation of I,
individual (couples) HMW glutenin subunits II, the sum
of the HMW glutenin subunits and III, the sum of the
other electrophoretically divided subunits (low-molecu-
lar-weight glutenin subunits fraction, gliadins fraction
and albumins plus globulins fraction) by all analysed
spelt wheat cultivars and in all assigned biotypes. The
results are tabularly listed in Tab. I. Average relative
percentage representation means the average percentage
part of individual subunit (fraction) of all electro-
phoretically divided subunits and was calculated by the
Diversity One Programme.

As it is seen from Tab. I, the sum of HMW glutenin
subunits content values varied in comparatively wide
range 2.73% to 12.63% with the average value 7.18%.
The lowest value 2.73% was determined by cultivar
Hercule, low values also itemised cultivars Fuggers Ba-
benhauser (3.83%) and Baetting Niederwill (4.77%).
The highest value 12.63% we assessed by cultivar Ren-
val, higher than 10% contribution of HMW glutenin
subunits had either cultivars Bauldnder Spelz (10.92%),
Burgdorf 1 (10.25%) and Kipperhaus weisser Spelz
(10.21%). The values for the sum of the other subunits
moved in the span 61.40% (Baulédnder Spelz) to 91.03%
(Fuggers Babenhauser) with the average value 78.29%.
After the comparison of the specified average values for
the sum of the HMW glutenin subunits content and the
sum of the other subunits content in the analysed col-
lection of 33 spelt wheat cultivars Triticum spelta L.
with their appertained values from the common winter
wheat cultivars collection Triticum aestivum L. (results
not shown) it was found out, that the average content
of the sum of the HMW glutenin subunits is by spelt
wheat cultivars lower than by the common winter wheat
cultivars. Inasmuch as the glutenins are responsible for
the elastic features of the dough (stability and elasticity
of the gluten structure) it may be assumed that the
dough made from these flours will be less stable and
elastic. Other way round, the average content of the
sum of the other subunits is by spelt wheat cultivars
higher than by the common winter wheat cultivars.
Whereas the gliadins are accountable for the viscosimetric
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attributes of the dough (extensibility and dissolubility),
the dough made from these flours will be more exten-
sible and dissoluble. This evidence was also acknowl-
edged by the more particular study of the bread-making
quality of three winter spelt wheat cultivars in the com-
parison with the common winter wheat (Smolkova et
al., 1998). Capouchova (1996) states, that for the tech-
nological treatment the flour from spelt wheat requires
in comparison with the flours from common wheat the
introduction of ascorbic acid because of the strength-
ness of the gluten structure and the reduction of the
dough extensibility. Kernel, milling and baking proper-
ties of spring-type spelt wheats were studied by Abdel-
Aal et al. (1997). They found out that with addition of
only 15 ppm bromate the spelt accessions gave breads
with loaf volumes similar to those of common wheat
breads.
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DORMANCY AND POST-HARVEST MATURATION
OF MALT BARLEY (HORDEUM VULGARE L.) CARYOPSES

DORMANCE A POSKLIZNOVE DOZRAVANI OBILEK
SLADOVNICKEHO JECMENE (HORDEUM VULGARE L.)

J. Hradilik', V. Psota’, H. FiSerovi', M. Hudeov4', M. Klems', V. Reinéhl'

'Mendel University of Agriculture and Forestry in Brno, Czech Republic
2Brewery and Malting Research Institute, Brno, Czech Republic

ABSTRACT: During 1997 to 1999 the dormancy and process of post-harvest maturation of caryopses were studied in the
Akcent and Krona malt barley varieties. In both varieties the deepest dormancy was observed in 1997 when rainfall was the
heaviest at the time of caryopses ripening and temperatures were, on average, by ca 2 °C lower than in the two following
years. Using the index and rate of germination it was possible to differentiate the Akcent and Krona varieties immediately
after harvest and also during post-harvest maturation. The greatest differences between the two varieties were found in 1997.
Caryopsis dormancy was always higher in Krona than in Akcent. In the stage of milk ripeness, when the caryopsis is the most
sensitive to weather effects, the differences in the content of abscisic acid (ABA) were the biggest, corresponding with the
assumption that the ABA content is higher in a cooler and more humid climate when more dormant caryopses are formed.
The total content of phenolic substances was the highest in 1997 and contributed to the level of caryopsis dormancy.
Indolyl-3-acetic acid (IAA) and the majority of cytokinins (CK) participate particularly in the regulating processes associated
with caryopsis filling, their content rapidly declining after reaching maturity.

Keywords: barley; caryopses; dormancy; weather conditions; post-harvest maturation; germination; auxin; gibberellins; cyto-
kinins; abscisic acid; phenolic compounds; ethylene

ABSTRAKT: V pribéhu let 1997 az 1999 byla studovana dormance a proces poskliziiového dozrivani obilek u odriad
sladovnického je¢mene Akcent a Krona. Hloubka dormance byla u obou odriid nejvétsi v roce 1997, kdy bylo v obdobi
dozrdvani obilek zaznamenano nejvice srazek a také teploty byly ca o 2 °C v priméru niZi neZ v dalSich dvou letech. Pomoci
indexu a rychlosti kli¢eni bylo moZné odlisit odriidy Akcent a Krona ihned po sklizni i b&hem poskliziiového dozravéni. V roce
1997 byly rozdily mezi obéma odridami nejvétsi. Odrida Krona se vZdy vyznafovala vy$§i dormanci obilek neZ odrida
Akcent. V obdobi mlécné zralosti, kdy je obilka nejcitlivéj$i na povétrnostni vlivy, byly nalezeny nejvétsi rozdily v obsahu
abscisové kyseliny (ABA), odpovidajici pfedpokladu, Ze v chladngj§im a vIhéim klimatu, kdy se utvafeji vice dormantni
obilky, je obsah ABA vys§i. Celkovy obsah fenolickych latek byl nejvy$si v roce 1997 a pfispival k hloubce dormance obilek.
Indolyl-3-octova kyselina (IAA) a vétSina stanovenych cytokinini (CK) se Gcastni zejména regula¢nich procest spojenych
s napliiovdnim obilek a pii dosaZeni zralosti jejich obsah v obilkdch prudce klesa.

Klicova slova: je¢men; obilky; dormance; povétrnostni podminky; poskliziiové dozravani; kli¢eni; auxin; gibereliny; cytoki-
niny; abscisové kyselina; fenolické slouceniny; etylen

INTRODUCTION vided into two parts — embryo dormancy and dormancy

caused by the caryopsis covering structures (Corbineau,

The dormancy of caryopses is a genetically based
property, the manifestation of which is affected by
weather conditions of the respective year during matu-
ration (Buraas, Skinnes, 1984, 1985). The manifestation
of primary dormancy in cereals is that viable caryopses
are not capable of immediate (rapid and uniform) ger-
mination in the first weeks after harvest. The period of
gradually increasing germination is indicated as post-
harvest maturation (physiologically it is the breaking of
dormancy). Most frequently caryopsis dormancy is di-
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Come, 1996). Aleurone dormancy is also described in
literature (Backhuizen et al., 1995), and/or secondary
dormancy caused by strong populations of microorga-
nisms on the caryopsis surface (Briggs, 1995). Caryopsis
dormancy is a complex phenomenon, the reason why
its causes have been comprehended only partly.
Endogenous phytohormones affect physiological
processes in the caryopses, including dormancy, germi-
nation and enzyme production. All these processes are
important for barley malting and are decisive for the
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homogeneity and rate of malting and for malt quality.
Results obtained when studying the relationship between
the ABA content and dormancy in barley are very dif-
ferent and e.g. Boivin et al. (1995) did not find a clear
correlation between the ABA and TAA content and the
germination index. Wang et al. (1995) studied caryopses
of one variety grown under different conditions evoking
different levels of dormancy and found that the level of
ABA was higher in the embryos of dormant caryopses.
Also the sensitivity of embryos to exogenous ABA dif-
fers considerably and is dependent on the variety and
its dormancy (Wang et al., 1994).

In addition to the embryo, barley dormancy is mark-
edly affected by the covering structures (hulls, pericarp
and testa). After removing the hulls, the caryopses can
germinate easily in a wide range of temperatures. The
covering structures limit the access of oxygen to the
embryo. Hull-less caryopses can germinate well in an
atmosphere containing at least 10% of oxygen, while
isolated embryos can germinate fully at 3 to 5% of
oxygen (Corbineau, Come, 1996). The covering struc-
tures of barley caryopses bind oxygen with polyphe-
noloxidase during the oxidation of phenolic compounds
present in these tissues in great amounts. During the
first hours of imbibition, the dormant barley caryopses
absorb more oxygen than the non-dormant ones. In the
non-dormant caryopses the hulls bind oxygen to
a lesser extent. This inhibition of oxygen diffusion in-
creases with increasing temperature, but is weaker in
non-dormant caryopses (Lenoir et al., 1986). The break-
ing of dormancy is eased by increasing the temperature
during dry storage (Lenoir et al., 1983).

In terms of malt quality, it is important if the aleurone
cells are affected by dormancy. Caryopses containing
the dormant aleurone layer may begin to germinate, but
in the course of malting they produce lower levels of
hydrolases, resulting in undermodification of the en-
dosperm. The sensitivity of aleurone layers isolated
from dormant caryopses to GA; proved to be lower
than from non-dormant ones (Schuurink et al., 1992b)
and the reduced reaction of the aleurone to GAj in vitro
correlates with the lower germination index (Bakhuizen
et al., 1995).

The level of dormancy of barley (Hordeum vulgare
L. sensu lato) caryopses is a varietal property and is
markedly affected by the production and weather con-
ditions during caryopsis formation (Foley, Fennimore,
1998). Cold and humid weather at this time deepens
dormancy (Buraas, Skinnes, 1985; Schuurink et al.,
1992a). In addition, humid weather during harvest could
evoke secondary dormancy, probably caused by a strong
growth of microflora population on the caryopsis sur-
face which consumes oxygen (Briggs, 1995).

The rate and uniformity of germination shows the
level of dormancy of a certain part or sample of spring
barley caryopses. It is dependent on the degree of ma-
turity of the individual caryopses which is considerably
uneven after harvest. The unevenness is based on the
different level of maturity of caryopses of the individual
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plants and on the level of maturity of the caryopses of
the main stem and tillers, but also on the position of the
caryopses in the ear. Post-harvest germination of cary-
opses is not only slow, but also uneven, showing that
there are many intensities of dormancy in the sample
(Briggs, 1995). That is why several methods of measur-
ing the germination rate are used to determine the level
of dormancy as this is the best way of showing the
undesirable unevenness of the sample.

The objective of the present study was to evaluate
the effect of various weather conditions during caryop-
sis maturation on the level of dormancy of two barley
varieties, the selection of which was based on previous
studies (Psota, unpublished results), as varieties consid-
erably differing in the level of dormancy. The evaluation
of caryopsis dormancy was based on a set of methods
currently used in malting for the determination of the
germination rate and determination of the alfa-amylase
activity as one of the most important parameters for the
production of good-quality malt. The entire spectrum of
plant growth regulators was determined to evaluate the
internal homeostasis of caryopses and the possible
share of the individual substances in dormancy and its
fading away in the course of post-harvest maturation.

MATERIAL AND METHODS
Plant material

Caryopses of barley (Hordeum vulgare L.), varieties
Akcent and Krona, differing in their level of dormancy
and thus length of post-harvest maturation necessary for
full caryopsis germination, were selected. The varieties
were produced at the Testing Station of the Central
Agricultural Control and Testing Institute in Vérovany
(harvest: 28 July 1997, 24 July 1998, 21 July 1999).
The caryopses were sampled one week and three weeks
before harvest, at harvest and two, five and eight weeks
after harvest. Before harvest the caryopses were taken
from the middle part of the ear, from harvest the cary-
opses were sorted on a 2.5 mm sieve.

Malting parametres

The germinating energy is the percentage of germi-
nated caryopses within given time (72 h) and was de-
termined according to the EBC method (Analytica, 1987).
The index and rate of germination were calculated from
results obtained when estimating the germinating en-
ergy. The homogeneity of germination was determined
according to Riis, Bang-Olsen (1991). The changes of
activity of o-amylase after 24 to 72 h of germination
were also followed (MacCleary, Sheehan, 1987).

Determination of plant growth regulators

The method of GC-MS analysis using pentadeuterated
TAA as an internal standard was used to determine the
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content of native indolyl-3-acetic acid (IAA) (Balla et
al., 2000). For CK determination the samples were ex-
tracted for 24 hours in Bielski mixture. The extract was
purified with cellulose phosphate and DEAE cellulose
columns combined with C18 Sep-pack cartridges. The
CKs were separated by HPLC according to Machac-
kova et al. (1993) and quantified by ELISA according
to Strnad et al. (1990). Abscisic acid was quantified by
RIA method (Quarrie et al., 1988). Gibberellins were
determined by lettuce biotest (Frankland, Wareing,
1960) modified by Hradilik (1977).

For the analysis of phenolic compounds 1 g of lyo-
philized and ground caryopses were hydrolyzed in boil-
ing 50 ml of 1 M HCI. After filtration and cooling the
volume was set with water to 50 ml and the solution
was extracted three times with 25 ml diethylether. The
pooled organic phases were desiccated with Na,SO,
and evaporated to dryness. The dried sample was dis-
solved in 10 ml of 5% methanol and applied to a SPE
column Oasis HLB (Waters). The eluate was evaporated
and dissolved in 700 pl of mobile phase and 30 pul were
injected to HPLC Hewlett Packard 1100 with a binary
pump and DAD detector. The separation was run on
a Zorbax SB CI8 column (75 x 4.6 mm, 3.5 um,
Hewlett Packard). A binary gradient was used: mobile
phase A — 5% acetic acid in water and B — acetonitrile,
mobile phase flow | ml/min at 30 °C. The detection was
at 350 nm, band width 100 nm, reference 420 nm/100 nm.
The calibration curve was obtained from three calibra-
tion concentrations and identification of substances was
based on comparison of data with a spectral library.
Following substances were identified: gallic acid, pyro-
catechuic acid, 3,4-dihydroxybenzaldehyde, p-hydroxy-
benzoic acid, p-hydroxybenzaldehyde, chlorogenic acid,
vanillic acid, cafeic acid, vanillin, p-coumaric acid, ferulic
acid, sinapic acid, syringic acid, veratric acid.

RESULTS AND DISCUSSION

The weather during the last weeks before harvest is
decisive for the level of dormancy of mature caryopses
and length of post-harvest maturation (Schuurink et al.,
1992a). Fig. 1 shows 10-day values of average tempera-
tures and precipitation measured at the meteorological
station in Vérovany. The investigated period before har-
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vest in 1997 (late June to late July) was the rainiest with
temperatures around 17 °C, 1998 had the least rain but
average temperatures ranged around 19 °C. The period
before harvest in 1999 was as warm as the previous
year but with more rainfall.

The germination energy, germination index, rate of
germination and homogeneity of germination were used
to characterize the intensity of dormancy and length of
post-harvest maturation of both varieties in the respec-
tive years. The energy of germination (Fig. 2a) helped
to detect the marked differences between the varieties,
particularly in the first weeks after harvest. In the 6th
week after harvest the differences between the varieties
began to disappear. The non-dormant, viable caryopsis
may not germinate quickly — it still lacks vitality (Aas-
trup et al., 1989). Riis, Bang-Olsen (1991) suggested
that the germination index (GI) can be used as a meas-
ure of vitality. The germination index is basically the
average rate of caryopsis germination in the test for
germination energy. It expresses the vitality of caryop-
ses of the given sample and fairly well reflects the in-
tensity of post-harvest maturation and the differences
between the varieties (Fig. 2b). During the investiga-
tions the values of the germination index gradually
grew. The germination index detected the differences
between the varieties even in the 9th and 12th weeks
after harvest. The germination rate (Fig. 2¢) expresses
the degree of vitality of the given sample. Using this
character we obtained results similar to the germination
index. The homogeneity of germination (Riis, Bang-Ol-
sen, 1991) can be used to illustrate the degree of post-
harvest maturation (Fig. 2d). The homogeneity of ger-
mination should be as high as possible, especially in
samples with a low germination index. Basing on the
results the most suitable parameters for the determi-
nation of the intensity of dormancy and thus for study-
ing the process of post-harvest maturation occur to be
the germination index and rate of germination.

The dynamics of the content of native abscisic acid
considerably differed in the respective years and be-
tween the two varieties (Fig. 3). In the period of cary-
opsis formation before harvest the ABA level was de-
pendent on the weather in both varieties. The ABA
level and also the dormancy of caryopses were the high-
est in 1997, which was the coldest and most humid
year. Goldbach, Michael (1976) found a similar relation

I. Rainfall (a) and mean temperatures (b) in
decades during the growing season of barley
in the years 1997 to 1999

—e— 1997
—a— 1998
—a— 1999

T

VI vy month
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2. Germination characteristics of caryopses:
a) germination energy, b) germination index,
c) germination rate, d) germination homoge-
neity
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3. The content of ABA in barley caryopses in
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between the ABA content in the period of the formation
of caryopses and their dormancy. It was in 1997, during
post-harvest maturation, that the ABA level declined to
the lowest level, i.e. when the ABA level before harvest
was the highest. Fluctuation of the ABA level during
post-harvest maturation cannot be correlated with the
increasing germination rate of the caryopses and thus
with the reduced dormancy of caryopses, as was re-
ported e.g. by Boivin et al. (1995).
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Other substances, which participate in the dormancy
of barley caryopses, are phenolic substances. During
the three years the dynamics of the content of the indi-
vidual phenolic substances was studied, in some of them
a certain tendency to decrease their content during post-
harvest maturation was observed (e.g. ferulic, sinapic
and p-coumaric acid in 1998 in both varieties and the
same substances in 1999 in Krona, unpublished data).
The total content of all phenolic compounds did not
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L. Activity of o-amylase (units.g™") in germinating caryopses measured during 12 weeks after harvest

. Germination Days after harvest
Year Variety
(h) T 21 42 63 84
24 0.26 0.62 0.79 1.19 0.75
Akcent 48 2.96 3.06 3.00 3.07 3.03
1998 72 79.00 107.00 167.00 118.00 111.00
24 0.07 0.30 0.88 1.00 0.61
Krona 48 2.46 3.10 2.97 2.98 3.06
72 52.00 97.00 126.00 90.00 107.00
24 4.00 3.00 6.00 4.00 14.00
Akcent 48 4.00 19.00 21.00 36.00 51.00
1999 72 31.00 64.00 85.00 96.00 142.00
24 2.00 4.00 5.00 15.00 14.00
Krona 48 4.00 15.00 35.00 24.00 65.00
72 17.00 50.00 82.00 112.00 133.00

IAA [ng/g FW]

60
days

change considerably during post-harvest maturation
(Fig. 4). The total content of phenolic substances was
compared for the respective years and was considerably
higher, particularly in Krona in 1997, obviously due to
the most humid and cold weather and can be related to
the deepest dormancy in this year in both varieties in
all the three years. The decreased caryopsis dormancy
during post-harvest maturation is obviously not con-
nected with the reduced content of phenolic substances,
but is probably caused by the slight inhibition effect of
the hulls after dry storage, which is associated with
delayed oxygen absorption by hulls during imbibition.
As a result the embryo has enough oxygen and begins
to germinate earlier than is the oxygen bound by hulls
to a larger extent (Lenoir et al., 1986).

The activity of o-amylase (Tab. I) in caryopses of
Akcent and Krona barley during the first 72 h of germi-
nation increased, but there were differences between the
varieties. The activity of o-amylase in Akcent was
higher over the entire studied period. The differences
between the varieties were found to be the greatest in
the first week after harvest. During post-harvest matu-
ration the activity of o-amylase increased and the dif-
ferences between the varieties decreased. During stor-
age the ability to produce enzymes as a reaction to the
endogenous production of gibberellic acid increased
(Crabb, 1971). Bioassays did not show any significant
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5. The content of IAA in barley caryop-
ses in the years 1997 to 1999 during rip-
ening and post harvest maturation; a) Ak-
cent, b) Krona

—— 1997
—-m-- 998
- & 1999

0 = the day of the harvest
FW = fresh weight

days

differences in the endogenous level of gibberellins in
the course of post-harvest maturation and neither be-
tween the varieties (unpublished data). The quicker ac-
tivation of a-amylase in Akcent is probably associated
with the better capacity of the aleurone layer to respond
to the gibberellin signal (Bakhuizen et al., 1995).

The levels of IAA and CK were the highest during
caryopsis filling. The content of native IAA in the cary-
opses during full maturity rapidly decreased (Fig. 5).
The entire spectrum of cytokinins was determined in
1998 only. Before harvest the contents of zeatin (Z),
zeatin riboside (ZR), zeatin-O-glucoside (ZOG) (Fig. 6a),
dihydrozeatin (DHZR) (Fig. 6b), ortho-topolin (oT)
(Fig. 7a), meta-topolin-O-glucoside (mTOG) (Fig. 7b)
were increased in the caryopses of both varieties, and
the levels of all these CK considerably decreased in the
time of harvest. The level of isopentenyl adenine (iP)
(Fig. 6¢) and its conjugates temporarily increased in the
last week before harvest. One week before harvest until
three weeks after harvest, the content of benzyladenine
(BAP) (Fig. 8) in the caryopses was very high. The
majority of cytokinins participate mainly in processes
associated with the formation of the storing capacity of
the caryopses and then with the attraction of assimilates
into the fruit (sinks).

In conclusion we could say that the weather from the
stage of milk ripeness to full maturity considerably in-
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30 4 a- Akcent 6. The content of isopentenyl cytokinins in bar-
ley caryopses in the year 1998 during ripening
and post harvest maturation in varieties Akcent
and Krona
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8. The content of benzyladenine cytokinins in

barley caryopses in the year 1998 during ripen-

ing and post harvest maturation in varieties Ak-

cent and Krona

0 = the day of the harvest

FW = fresh weight
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-- &+ BAP9G = benzyladenine-9-glucoside

—®— BAPRMP = benzyladenosine monophos-
phate
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fluences the manifestation of genetic prerequisites for
the dormancy of barley caryopses. In the period of 1997
to 1999, the level of dormancy was the highest in the
first year when precipitation was the highest and tem-
peratures were, on average, by about two degrees lower.
Although the Akcent and Krona varieties can be differ-
entiated not only immediately after harvest, but also in
the course of post-harvest maturation using the index
and rate of germination, the differences between the
two varieties were the greatest in 1997. Krona, the ge-
netically based more dormant variety, was more sensi-
tive to the cooler and more humid conditions. In the
period when the caryopsis is most sensitive to weather
effects, also the ABA content differed most, corre-
sponding with the assumption that in a colder and more
humid climate when more dormant caryopses appear,
the ABA content is higher.
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TVORBA BIOMASY PRI ROZDILNEM OSETROVANI
TRAVNICH POROSTU BEZ PICNINARSKEHO VYUZITI

THE PRODUCTION OF BIOMASS BY DIFFERENT MANAGEMENT
OF GRASSLANDS WITHOUT USING FOR FORAGE PRODUCTION

J. Fiala, J. Gaisler

Research Institute of Crop Production, Prague-Ruzyné, Research Station of Grassland
Ecosystems, Liberec, Czech Republic

ABSTRACT: The consequences of non-management grasslands are not known because up till now it has not been necessary
to study the problems. But the spontaneously production biomass influences botanical composition of grasslands, production
and decomposition of biomass and bottom water quality — especially nitrates concentration. This work is a part of the solved
problem of a relative balance of forming plant biomass and its decomposition. Each plant material is partly mineralised and
humificated (Dykyjova et al., 1989). We expect the amount of organic soil mass remains roughly constant year by year
consequently there is a balance between inputs and outputs of organic substance (Rychnovska et al., 1987). These results are
to be completed and developed because they do not issue from grasslands studies whose system of use was on principle
changed. That is, why in the years 1997 to 1999 we evaluated the influence of a different way of treatment on biomass
formation of grasslands. The results are compared with standard management, thus two-cut plant with removal of mass. The
other variant is let without management — green fallow and in further variants the grassland of association Trifolio-Festucetum
rubrae Oberdorfer 1957 are influenced by different frequency and times of cutting and mulching always with leaving mass
on cut out. During a relatively short period of three years there is a great variability of results (Tab. I). As to the formation
of the total biomass there is not a significant difference between variants. The trend of development for three years can be
defined with difficulty. However, we can make out the dependence of yield on the number of cutting out (mulching). It is
conforming to harvested growths, thus the yield of the first cutting is going down with the number of cutting during the year.
But this is not valid more by the fraction of stubble and litter. By underground biomass where a decisive part is formed with
roots the dependence of production of biomass on frequency of cutting (mulching) is also indicated. The trends are not
unambiguous in such a short time period. Weight of total biomass ranged on average of three years between 20.5 and 28 t
dry matter.ha™, highest by once mulched treatments and least by twice managed plots. Rate of above-ground biomass in total
biomass was by all treatments between 22 and 27% (Fig. 2). Amount of litter inclusive mulched or cut biomass was found in
spring 1999 and it was highest by treatment once mulched in September (1.75 t.ha") and least by harvested treatment (0.12 t.ha")
(Fig. 1). Significant differences in litter inclusive cut or mulched biomass between treatments are shown in Tab. II.

Keywords: unharvested grasslands; production of biomass; management

ABSTRAKT: Spontinné produkovana biomasa travnich porosti picninéisky nevyuzivanych zatéZuje a méni travni ekosystémy. Na
velkych plochéch porosti, leZicich ladem nebo sporadicky mulovanych, se méni pfedev§im jejich botanické sloZeni a nartst
a rozklad biomasy. V jihozapadni ¢asti Jizerskych hor na porostu bliZicim se svym botanickym sloZenim asociaci Trifolio-
Festucetum rubrae Oberdorfer 1957, ktery byl $est let ponechdn ladem, bylo v roce 1997 zaloZeno deset variant s riiznym
zpusobem obhospodafovini (zeleny thor, seeni s odstranénim hmoty, seeni s ponechdnim hmoty na pokose a muléovani
s riznymi terminy a frekvenci zdsahl). Za sledované obdobi nebyly v mnoZstvi celkové biomasy u jednotlivych zptisobu
zjisStény prikazné rozdily. Pfesto miiZzeme konstatovat mirnou zavislost hospodéiského vynosu v terminu prvni sede na poétu
seCi (mulCoviani). Zjednodu$ené je nepfimo Gimérna poctu se¢i, podobné jako u sklizenych porostii. Obdobny trend byl zjiitén
i u podzemni biomasy. Hmotnost celkové biomasy se v priméru za (fi roky pohybovala mezi 20,5 a 28 t su§iny.ha"1, pficemZ
nejvyssi byla u variant jedenkrat muléovanych a nejniZ8i u dvakrat roéné o3etfenych ploch. Podil nadzemni hmoty na celkové
biomase se u vech variant pohyboval mezi 22 a 27 %.

Kli¢ova slova: nesklizené travni porosty; tvorba biomasy; zplsoby oSetfovani

UvoDp znamendvaji zmény, které jsou dany pfedevsim floris-
tickym sloZenim, narastem a rozkladem celkové bioma-
Travni porosty, které se picninafsky nevyuZivaji — sy a kvalitou podzemni vody. O%etiovani téchto porosti

zustavaji ladem nebo se udrZuji riznym zplisobem, za- by mélo napomoci k rovnovaze mezi tvorbou biomasy
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a jejim rozkladem (pokud nebude odstranéna). Zakladni
podminkou oviem musi byt, Ze mineralizace biomasy
ani struktura vysledného porostu nesmi dlouhodobé na-
rudit Zivotni prostfedi. Déle je duleZité, aby voda (pokud
mozno bez $kodlivin) byla co nejdéle zadrZena a vyuZi-
ta travnimi porosty (Rychnovska et al., 1987).
Zachovini kulturniho porostu a jeho stability vyZaduje
energetické vstupy dané formou obhospodaiovani. Po-
zménéné travni ekosystémy jsou labilngjsi a zcela ne-
plni Zadouci mimoprodukéni funkce pfi ochrané pidy,
vody a zachovéni biodiverzity (Dykyjova et al., 1989).
PredloZena préce hodnoti vztah mezi riznymi zptisoby
ofetiovani (i ponechéni ladem) travnich porosti a hmot-
nosti vyprodukované biomasy. ReSeni tohoto problému
je duleZitou soucasti projektu Modifikovand pratotech-
nika, jehoZz cilem je ekologicky Setrné a ekonomicky
pfijatelné oSetfovat travni porosty, které se nevyuZivaji
pro produkci pice. Tento védni obor se u nis ani ve
svété dosud nezabyval problémem, jak oSetfovat nevy-
uZivané louky a pastviny bez negativnich dopadu.

MATERIAL A METODY

Pozorovani byla zahajena v roce 1997 na stanovisti
MniSek u Liberce (nadmofiskd vySka 420 m, primérnd
ro¢ni teplota 7,2 °C, ro&ni Ghrn srdZek 803 mm, kam-
bizem kysela, pH 4,7). Porost se svym sloZenim bliZil
svazu Arrhenatherion (asociace Trifolio-Festucetum

rubrae Oberdorfer 1957). Na pokusné ploSe bylo zalo-
Zeno deset variant s riznymi zpisoby obhospodarovani
ve Ctyfech opakovanich s plochou parcel 35 m?%:

. 2x seCeni s odstranénim hmoty (5. 6. a 15. 8.)

. kontrola bez obhospodarovani

. Ix seceni s ponechdnim hmoty (15. 7.)

. 2x seCeni s ponechdnim hmoty (5. 6. a 15. 8.)

. 3x seleni s ponechanim hmoty (25. 5., 15. 7. a 25.9.)
. 1x mulCovani (25. 5.)

I1x muléovani (15. 7.)

. 1x mulCovani (25. 9.)

. 2x mulCovani (5. 6. a 15. 8.)

. 3x mulCovani (25. 5., 15. 7. a 25.9.)

—

Na jednotlivych variantach byly odebirany vzorky
pro urceni hospodarského vynosu, mnoZzstvi veskerého
opadu a strni§té na ploSkach 0,04 m? vzdy v terminu
25.5.az 5. 6. Ve stejném terminu byla pomoci sondyr-
ky o priméru 0,05 m zji§tovdna hmotnost podzemni
biomasy v hloubce 0 az 0,2 m. Pro porovnani rozdila
mezi jednotlivymi variantami byla pouZita analyza va-
riance a Tukeyuv test.

VYSLEDKY A DISKUSE

Hmotnosti jednotlivych &asti celkové rostlinné bio-
masy v susiné uvadi tab. I. Zachycuje stav vzdy v ob-

1. Celkovi biomasa a jeji slozky (t su§iny‘ha") pfi rizném obhospodafovani — Total biomass and its parts (t dry matter.ha™') under different

managcmen(

Rok! Varianta? 1 2 3 4 5 6 7 8 9 10
hospodafsky vynos* 3,23 3,80 3,30 3,05 3,45 3,56 2,20 3,60 3,40 3,08
stristé + opad® 3,94 | 4,08 3,17 | 3,14 | 387 | 330 | 338 | 3,12 3,88 | 3,68

1997 nadzemni biomasa® 707 | 788 | 647 | 619 | 732 | 68 | 606 | 672 | 728 | 676
podzemni biomasa’ 16,95 | 20,89 20,31 15,75 17,12 20,00 19,50 23,25 14,25 16,97
celkovd biomasa® 24,12 | 2877 | 26,78 | 21,94 | 2444 | 26,86 | 2556 | 2997 | 21,53 | 23,73
hospodaisky vynos 1,47 1,69 1,41 1,69 | 2,07 2,00 1,93 1,78 1,47 2,10
strnidté + opad 1,59 1,74 | 092 1,56 1,59 1,25 1,94 1,55 1,73 2,02

1998 nadzemni biomasa 306 | 343 | 233 | 326 | 367 | 325 | 387 | 333 | 320 | 412
podzemni biomasa 13,65 | 1642 | 1602 | 1252 | 13,28 | 2033 | 1596 | 21,12 | 14,44 | 18,22
celkova biomasa 1671 | 19,85 | 1835 | 1577 | 1694 | 23,58 | 19,83 | 2444 | 17,64 | 2233
hospodaéisky vynos 3,84 4,65 5,29 3,96 3,02 3,83 5,63 5.29 4,10 2,76
strni§té + opad 2,54 | 341 456 | 254 | 274 | 347 | 441 2,92 3,66 | 339

1999 nadzemni biomasa 638 | 807 | 985 | 650 | 576 | 730 | 1004 | 820 | 7796 | 615
podzemni biomasa 20,46 15,76 16,82 17,57 19,66 17,86 21,28 21,53 20,89 22,58
celkova biomasa 26,85 23,83 26,67 24,07 25,42 25,16 31,31 29,74 28,66 28,72
hospodafsky vynos 2,85 3,38 3,33 2,90 2,85 313 3,25 3,55 2,99 2,65
strnisté + opad 2,69 3,08 | 288 | 24l 2,73 2,67 3,40 | 2,53 3,09 | 3,03

Primér’ | padzemni biomasa 554 | 646 | 622 | 532| 558 | 58 | 666 | 608 | 608 | 567
podzemni biomasa 17,02 17,69 17,72 15,28 16,68 19,40 18,91 21,97 16,53 19,25
celkova biomasa 22,56 | 24,15 | 2393 | 20,59 | 22,27 | 2520 | 2557 | 28,05 | 22,61 | 24,93

3 ; ; ; 2 .
'year. 2avera\gc. “treatment, ‘ylcld. Sstubble + litter, "nbove-ground biomass, 7undergmund biomass, "total biomass

270

ROSTLINNA VYROBA, 46, 2000 (6): 269-272



|. Hmotnost nerozloZeného opadu véetn& mul-

Cované nebo posecené hmoty (t su§inyAhn'l);

jaro 1999 — Weight of undecomposed litter

inclusive of mulched or cut biomass (t dry

malter.hn‘l); spring 1999

i W s B i O

1

|

2cseten HO  zeleny Ghor

tha’

xseleniHP  2cseleniHP  3xseleniHP fxmultoviniV. ixmulovinl fxmulovinl  2xmulfovinl  3xmultovinl
vil X

2. Hmotnost nadzemni a podzemni biomasy
travniho porostu (t su§iny4ha") pfi rizném

oletfovani — Weight of above-ground and
underground biomass of grassland (t dry
matter.ha™) under different management

Vysvétlivky k obr. 1 a 2 — Explanations to
Figs. 1 and 2:

HO = hmota odstranéna — removed biomass
HP = hmota ponechina — left biomass

V., VIL, IX. = mé&sice — months

M nadzemni biomasa — above-ground bio-
mass

[ podzemni biomasa — underground bio-
mass

1x seceni 2xseceni 3x seceni
HP HP HP

2x seceni
HO

zeleny
uhor

sedeni — cutting
mul¢ovini — mulching

dobi konce kvétna az zacatku ¢ervna. Podil stafiny (od-
umfelé nadzemni biomasy), ktery neni ve vysledcich
uveden, je jiZ obsaZen v poloZkich hospodarského vy-
nosu, strni§té a opadu. Pro vyjadfeni rozdild hmotnosti
jednotlivych frakci a celkové biomasy mezi variantami
jsme stanovili primérné hodnoty, coZ usnadni vyhod-
notit, kterym zpisobem oSetfovani je mozné lépe za-
chovat rovnovahu mezi tvorbou a rozkladem organické
hmoty.

zeleny tdhor - green fallow

Rozdily v tvorbé biomasy mezi variantami nebyly
statisticky prukazné. Byly zjistény pouze rozdily roéni-
kové, zejména u nadzemni biomasy, které byly zpuso-
beny zfejmé prubéhem pocasi v obdobi nejvétsiho na-
ristu biomasy, tj. na konci dubna a v kvétnu. V roce
1998 byl zaznamendn podstatné niZ8i hospodaisky vy-
nos, pricemz v obdobi posledni dekady dubna a prvnich
dvou dekéd v kvétnu spadlo pii pomérné vysokych tep-
lotdch pouze 5 mm srdaZzek. V letech 1997 a 1999

II. Prikaznost rozdili v mnoZstvi nerozloZeného opadu véetné mulcované nebo posecené hmoty (Tukey-test) — Significance of differences
in amount of undecomposed litter inclusive mulched or cut biomass (Tukey-test)

Varianta' 1 2 3 4 5 6 7 8 9 10
| — *k *% * % NS NS * ¥k L NS NS

2 * % — NS NS k¥ *% NS NS *% *%

3 o Ng - *ok *k *% * NS *% *k

4 % NS x - NS * NS *x * NS

5 NS *x *x NS = NS b *x NS NS
6 NS *ok *% * NS = *k ok NS NS

7 ok NS * NS *%¥ *%k =3 * * **

8 sk NS NS *¥ *%k * %k * o * *k

9 NS *x *x * NS NS * * - NS

10 NS % ok NS NS NS i ok NS -

F = 23954

NS = neprikazné rozdily — not significant differences

* priikazné rozdily na hlading vyznamnosti o = 0,05 — significant differences at a significance level o = 0.05
** pritkazné rozdily na hlading vyznamnosti ot = 0,01 - significant differences at a significance level o = 0.01

'lreatmen(
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v tomto obdobi bylo namé&feno 75, resp. 39 mm srazek.
Hospodaisky vynos tvofil pouze 11 az 14 % hmotnosti
celkové biomasy a pohyboval se v priméru tii let mezi
2,65 a 3,55 tha ', Byl nepfimo imérny pottu seci
(muléovani), coZ je obdobné jako u sklizenych porosti.
Podobné hodnoty u nesklizenych porosti zjistil Bakker
(1989) u porostu s dominantni Festuca rubra L., u po-
rostu muldovaného v &ervenci udava vynos okolo
4 tha!, pfi mulovani jednou za dva roky okolo 3 tha ',
Rovnéz Kyvitek et al. (1998) zjistili u mulCovaného po-
rostu (aviak v minulosti setého) vynos suSiny okolo
3 tha™!. Podil strnidté a opadu na celkové hmotnosti
byl u naseho porostu 9 az 13 % bez prikaznych rozdi-
li. Na zacdtku vegetace 1999 bylo zjisténo mnoZstvi
nerozloZené nadzemni hmoty (opadu a mulCované ¢i
poseené hmoty). Nejvétsi hodnoty byly nalezeny u va-
rianty muléované jednou na podzim, protoZe téméf ves-
kerd mulovand hmota zistala pfes zimu nerozloZena,
tj. 1,75 tha™' (obr. 1). Velké mnozstvi bylo zjisténo
u varianty jednou sefené v Cervenci (1,62 l.ha‘l) a jed-
nou muléované ve stejném terminu (1,01 l.ha_'), CcoZ
Ize vysvétlit Spatnymi rozkladnymi podminkami v su-
chych mésicich. Nejmensi mnoZstvi nerozloZené bio-
masy bylo u varianty sklizené (0,12 tha™h, pomérné
nizké hmotnosti byly zaznamenény u dva- aZ tfikrét se-
&enych nebo mul€ovanych ploch. Malé mnoZstvi opadu
bylo také u varianty mul¢ované jednou na jafe, kdy by-
ly pro rozkladné procesy ideédlni podminky (vlhkost,
teplota), mnoZstvi nerozloZzené hmoty bylo téméf po-
rovnatelné s plochami dva- nebo tfikrat mul¢ovanymi
¢i seCenymi. Prukazné rozdily mezi variantami ukazuje
tab. II.

Podzemni biomasa, tj. ¢ast odnoZovaci zény a koie-
ny, tvofila z celkové biomasy podstatnou cast 73 az
78 % (obr. 2). Fiala (cit. Rychnovska, 1993) udava
u asociace Trifolio-Festucetum rubrae Oberdorfer 1957
z Ceskomoravské vrchoviny dokonce vice nez 90%
podil na celkové biomase porostu. Fiala (1980) uvadi
dobu obratu podzemni biomasy dva aZ dva a pul roku.
To znamend, Ze ro¢ni nérlst, ale priblizn€ i rozklad
v rhizostéfe ¢ini 10 t su§iny.ha'l. Z ro¢ni bilance roz-
kladnych produktt v travnim ekosystému (Rychnovska
et al., 1987) lze odvodit, Ze toto mnozstvi organické
hmoty se rovna priblizné 5 t Cha'. Z toho se 80 %
uvolni jako CO,, ale zbytek, tj. 1 tha™, je inkorporo-
vdn do humusu. ZvySovdnim obsahu uhliku, resp. hu-
musu v pudeé se dusik vice pouta do organickych forem
a méné ho unikd ve formé nitratd do podzemnich vod
(Dykyjova et al., 1989). Je-1i ov§em v pudé pod travni-
mi porosty zachovdn pomér C : N 10 az 20 : 1, je

podstatna tvorba nadzemni hmoty, prostfednictvim kte-
ré (pratotechnickymi zasahy) je ovlivnén narist celkové
biomasy. Pro stabilitu travniho ekosystému je duleZity
vEt8i polet zastoupenych druhti v porostu (40 az 60),
¢emuZ lze napomoci pravé mensi hmotnosti nadzemni
biomasy a jejim pravidelnym rozmisténim na pokose.
Z tohoto hlediska se nejvice pribliZuji idedlnimu stavu
(tj. dvakrat sklizenym porostim) varianty, které seCeme
nebo mulCujeme tiikrat ro¢né. U sklizeného porostu by-
la produkce nadzemni biomasy 5,54 t suSiny.ha™' a tfi-
krat secené nebo mulCované porosty produkovaly 5,58 az
5,67 tha™'. Z ekonomického hlediska je v8ak vhodnéjsi
dvakrat mulcovat nebo na nezaplevelenych porostech
jedenkrat muléovat v pozdnim terminu, kdy byla pro-
dukce vyssi pouze o 0,5 tha .

Pro ur€eni zavislosti tvorby biomasy na jednotlivych
zpusobech oSetfeni je vSak tfeba realizovat dlouhodo-
bé&jsi pozorovani, protoZe rizné zpusoby oSetfovani ma-
ji také vliv na zmény v botanickém sloZeni porostu
a vyskyt prazdnych mist bez pokryvu, s ¢imZ souvisi
i rozdilna tvorba biomasy, popfipadé jeji rozklad (od-
umiela hmota jedinct Festuca rubra se bude zfejmé
rozkladat jinou rychlosti nez mékké casti dvoudéloz-
nych druht). V prabéhu dosavadniho sledovani nedoslo
k Zadné typologické alternaci a u vSech sledovanych
variant zistala dominantni Festuca rubra.

Tato prace byla finanéné podporoviana GA CR
(521/97/0068).
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PRIJEM KADMIA A ZINKU ROSTLINAMI OVSA
PO APLIKACI CISTIRENSKYCH KALU OSETRENYCH
VAPENCEM A BENTONITEM

CADMIUM AND ZINC UPTAKE BY OAT FROM SOILS AMENDED
BY SEWAGE SLUDGE INCUBATED WITH LIME AND BENTONITE

J. Balik, P. Tlusto$, D. Pavlikova, J. Sziakova, S. Kaewrahun, A. Han¢

Czech University of Agriculture in Prague, Czech Republic

ABSTRACT: The effect of application of differently treated and incubated sludge on the accumulation of Cd and Zn in oat
biomass (variety Pan) was investigated in pot experiment. Three soils (Chernozems, Luvisols and Fluvisols) and three sewage
sludges were tested in the experiment. Sewage sludge treated by bentonite in the amount of 30% of dry matter of sludge and
by calcium carbonate in the amount of 18% was preincubated for eight months under acrobic and anaerobic environment at
temperature of 20 °C. Fresh sludge in the rate of 33.33 g of dry matter was homogenized with 5 kg of soil and with NPK in
the amount of 1 g N, 0.16 g P and 0.4 g K applied as solution of NH;NO; and K,HPO,. Mixture was inserted into pots and
sown by oat seeds. Green biomass of oat was harvested and analyzed. The oat Cd and Zn contents were substantially affected
by tested soil. The highest accumulation of both elements in oat biomass was determined at Fluvisols. The addition of lime
more affected content of elements in oat biomass than bentonite application. Cd and Zn contents in plants were not influenced
by the presence of air during sludge incubation. Positive effect of lime addition into sludge was confirmed by lower extractable
content of both elements from treated soils by 0.01 mol.I™! CaCl, and by 0.025 mol.I™! NH4EDTA solution. Extraction of
elements by 2 mol.I”! HNO; did not show any difference among treatments. Availability of both elements determined by 0.01 mol.I”!
CaCl, solution correlated with their uptake by plants very well.

Keywords: sewage sludge; bentonite; lime; cadmium; zinc; oat

ABSTRAKT: V nadobovych vegeta¢nich pokusech byl zji§tovan vliv aplikace rizné oetfenych Cistirenskych kali na obsah
Zn a Cd v rostlinich. Experimenty prob&hly se tfemi riznymi zeminami (Cernozem, hnédozem, fluvizem) a se tfemi kaly.
Pokusnou plodinou byl oves (odrida Pan). Byly sledoviny kaly predem preinkubované po dobu osmi mésict pii teploté 20 °C za
aerobnich i anaerobnich podminek s piidavkem bentonitu (30 % z mnoZstvi sudiny kalu) a déle o3etiené uhli¢itanem vépena-
tym (18 % CaCO; z mnoZstvi suSiny kalu). U v8ech variant bylo kromé kalu pouZito NPK hnojeni. Oves byl sklizen v mléc-
né-voskové zralosti. Obsah Zn a Cd v rostlinach byl vyznamné ovlivnén pouZitou zeminou. Nejvyssi hodnoty byly stanoveny
na fluvizemi. Byla nalezena vys§i G¢innost omezeni transferu Cd a Zn do rostlin pfi pouZiti vyvapnénych Eistirenskych kali
neZ kali oSetfenych bentonitem. Nebyly stanoveny rozdily v obsazich Cd v rostliniach u variant s kaly preinkubovanymi za
riznych podminek aerace. Pozitivni i¢inek vapnéni na zvySeni pevnosti sorpce Zn a Cd v kalech byl prokédzén také sniZzenym
obsahem téchto prvki v piidé po extrakei 0,01 mol.I”! CaCl, a 0,025 mol.I"! NH4EDTA. Pii pouZiti vyluhu 2 mol.1™! HNO;
nebyly zaznamenany rozdily mezi jednotlivymi variantami. Extrahovatelna mnozstvi Cd a Zn 0,01 mol.I™! CaCl, velmi dobfe
charakterizovala pfijem téchto prvki rostlinami.

Klicova slova: Cistirenské kaly: bentonit; vapnéni; kadmium; zinek; oves

UvoD

Eliminace negativnich vlastnosti Cistirenskych kala
je stdle aktudlnim tématem vyzkumnych aktivit fady
pracovi$t. Z inkubaénich pokusi s riznymi zeminami
a s kaly preinkubovanymi osm mésicii vyplyvéa omeze-
nd mobilita Cd a Zn v pudé u variant s kaly oSetfenymi
CaCO;5 (Balik et al., 1999; Balik et al., 2000a, b), coZz
bylo odvozeno na zdkladé extrakce prvka raznymi vy-
luhovadly. Také analyzy postupné frakcionace samot-
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nych vyvapnénych kalt potvrzuji tento zavér (Kaewra-
hun, 1999). SniZend mobilita Cd byla také zjisténa ve
vegetacnich pokusech s vyvapnénymi kaly. RZek et al.
(1999) stanovili snizeni obsahu Cd a Zn v rostlinach
hoi¢ice v modelovych pokusech v klimaboxu u kalt, ke
kterym byl pfiddn oxid vapenaty v davce 10 % z mnoz-
stvi suSiny. Autofi dale konstatuji omezeni pfijmu Cd
a Zn v nadobovych vegetacnich pokusech s jilkem vy-
trvalym. Kromé aplikace vyvapnénych kall je sledova-
na moZznost imobilizace rizikovych prvki v padach ap-
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likaci vapenatych hmot na pozemcich urcenych pro vy-
uziti kala (Whatmuff, 1999).

Jako dal§i moZny meliorant pro omezeni mobility
rizikovych prvki v kalech lze vyuZit bentonit. V inku-
ba¢nich pokusech se zeminami (Balik et al., 2000a, b)
se v8ak nepotvrdil pfedpoklad o jeho vhodnosti za ticelem
sniZzeni mobility Cd a Zn v kalech. Pfitom ve vegetac-
nich pokusech, v nichZ bylo aplikovdno vysoké mnoZz-
stvi bentonitu pfimo do pudy, byl zaznamenan sniZeny
obsah rizikovych prvkd v rostlinich. Richter, Hlusek
(1991) stanovili vyznamné sniZeni obsahu Cd v nati
a Zn v nati i hlizach brambor. Chlopecka, Adriano (1997)
zjistili statisticky prukazné omezeni pfijmu Zn rostlina-
mi kukufice na variantich s pfidavkem zeolitu do pudy.
Sims, Boswell (1978) rovnéz uvadeéji, Ze pridavek ben-
tonitu (2,5, 5 a 10 %) snizil mnoZstvi mobilniho Zn
a Cd v zeminach po aplikaci kalu.

Cilem préace bylo ur€it vliv aplikace vyvapnénych
kald a kald s pifidavkem bentonitu na obsah Zn a Cd
v rostlindch a déle sledovat zmény v uvolnitelnych ob-
sazich Zn a Cd z pidy pfi pouZiti raznych extrakcnich
¢inidel.

MATERIAL A METODY

Naidobové vegetadni pokusy byly realizovany se tie-
mi riznymi zeminami: ¢ernozem, hnédozem, fluvizem
(tab. I). Experimenty prob&hly se $estimési¢nim odstu-
pem od inkubaénich pokust (Balik et al., 1999; Balik
et al., 2000a, b). Ackoli jde o zeminy odebrané z iden-
tické lokality, jsou zde urCité rozdily v celkovych ob-
sazich Zn a Cd. Pokusnou plodinou byl oves (odrada
Pan). Byly sledovany kaly pfedem preinkubované po
dobu osmi mésicu pfi teploté 20 °C za aerobnich i ana-
erobnich podminek s pfidavkem betonitu (30 %
z mnoZstvi suSiny kalu) a déle kaly oSetfené uhlicita-
nem vépenatym (18 % CaCO3 z mnoZstvi suSiny kalu).
Popis preinkubaénich pokust s kaly uvadéji Balik et al.
(2000a, b). Kal byl dodan v Cerstvém stavu a v mnoz-
stvi odpovidajicim v pfepoctu 33,33 g suSiny na nado-
bu. Navazka suché zeminy Cinila 5 kg na nadobu.
U vsech variant bylo kromé kalu pouZito NPK hnojeni
(1 gN,0,16 gP, 0,4 g K na nddobu ve form& NH4NO;
a K;,HPO,). Néadoby byly zavlaZovany deionizovanou
vodou. Vlhkost zeminy byla udrZovana na 60 % MVK.
V kazdé nadobé bylo péstovano 20 rostlin. Sklizef ovsa
probéhla v mlé¢né-voskové zralosti. Kazda varianta by-
la zaloZena ve tfech opakovanich.

Obsah Zn a Cd ve vzorcich byl stanoven metodou
plamenové a bezplamenové atomové absorpcni spektro-

metrie ve Stopové laboratofi katedry chemie a v labo-

ratofi katedry agrochemie a vyZivy rostlin AF CZU

v Praze na pfistrojich Varian Spectr AA 400 a Varian

SpectrAA 300 s grafitovou kyvetou GTA a automatic-

kym fedicim zatizenim SIPS 5.

Rostlinnd hmota byla po homogenizaci rozloZena su-
chou cestou (Mader et al., 1989).

Celkovy obsah Cd v ptidéch byl stanoven separatné
v mineralizitech ziskanych predchozim dvoustupfiovym
rozkladem s vyuZitim pfistroje APION a naslednym
rozpuiténim pevného zbytku ve smési HF + HNO,
(Mader et al., 1998).

Pfi extrakci padnich vzorkua bylo postupovano takto:
- 0,01 mol.I"! roztok CaCl, v poméru 1 : 10 (w/v),

6 h tfepdni, poté se reakéni smés centrifugovala

10 min pfi 3000 ot./min (centrifuga Hettich Univer-

sal 30 RP) a supernatant byl uloZen pii 6 °C do doby

méfeni (Novozamsky et al., 1993);
~ 0,025 mol.I"! roztok NH4EDTA (pH 4,6) v poméru

1 :5 (w/v), 90 min tfepani, poté se reakéni smés

centrifugovala 10 min pfi 3000 ot./min (centrifuga

Hettich Universal 30 RP) a supernatant byl uloZen

pfi 6 °C do doby méieni (Zeien, 1995);

— 2 mol.I"! roztok HNOj v poméru 1 : 10 (w/v), po
16 h stani byla suspenze 6 h intenzivné protiepavana,
poté byl vzorek 10 min centrifugovan pii 3000 ot./min
(centrifuga Hettich Universal 30 RP) a uloZen pfi
laboratorni teploté¢ do doby méfeni (Kozdk et al.,
1990).

Vzorek kalu byl rozloZen na suché cesté (Mader et
al., 1998) s naslednym rozpusténim popela ve zfedéné
lucavee kralovské.

Pro kontrolu kvality analytického postupu byly po-
uzity certifikované referencni materialy: RM Silty Clay
Loam (ptida), RM Light Sandy Soil (pida), RM 12-03-12
Sludge (kaly), RM 12-02-03 Lucerne (rostliny).

VYSLEDKY A DISKUSE

V prabéhu osmimési¢ni preinkubace se chovaly jed-
notlivé kaly rozdilné a v tab. II jsou uvedeny obsahy
Zn a Cd tak, jak jsme je stanovili pred zaloZenim nado-
bovych pokust. Nelze viak vyloudit ur¢ité odchylky
vzniklé heterogenitou pouZivaného materialu. Je zicj-
mé, Ze nejvySSi obsahy byly stanoveny u samotnych
kalti a nejniZsi u variant s bentonitem. Zmény pH a za-
kladni frakcionaci téchto rizikovych prvki publikovali
Kaewrahun (1999) a Balik et al. (2000a, b). U variant
s CaCO5 byla zvySena hodnota pH preinkubovanych

. Agrochemickd charakteristika pid — Agrochemical soil characteristics

Zemina' C,x (%) pH/KCI KVK? (mvalkg™) Cd (mgkg™) Zn (mg.kg™)
Cernozem® (CM) 2,30 7.2 185 0,378 + 0.034 745+ 6,2
Hn&dozem* (HM) 1,55 7,0 146 0,161 + 0,008 415+ 14
Fluvizem® (FM) 0,95 55 73 0,182 + 0,021 26,0+ 0,8

lsoil, ZCEC, 3Chern()zems. JLuvisols, SFluvisols
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I1. Schéma pokust a obsah Cd a Zn v kalech po osmimésicni prein-
kubaci — Scheme of trials and Cd and Zn content in sewage sludge
after eight-month incubation

Kal' Varianta® mg Cd.kg™! mg Znkg™!
Al 5,05 2 365
Al + vipnéni® 4,19 1 698
| Al + bentonit* 3,97 1857
ANI1 5.47 1 642
ANI + vapnéni 5,99 1 662
ANI + bentonit 4,39 1220
A2 7.44 1 890
A2 + vipnéni 7,21 1452
2 A2 + bentonit 5.26 1287
AN2 6,71 1399
AN2 + vapnéni 591 1379
AN2 + bentonit 5,53 1.125
A3 1,92 692
A3 + vipnéni 1,63 590
3 A3 + bentonit 1,51 560
AN3 1,99 838
AN3 + vipnéni 1,55 705
AN3 + bentonit 1,63 641

A = preinkubace za aerobnich podminek - preincubation under
aerobic conditions

AN = preinkubace za anaerobnich podminek — preincubation under
anaerobic conditions

2 - ’
Isewagc sludge, “treatment, "hmmg, *bentonite

kalt, u variant s bentonitem byla stanovena téméf stejna
grovefi jako u kontrol. Obsah Zn v CaCO; ¢inil
3.2 mg.kg_l a v bentonitu 143 mg.kg“[. Rozhodujici
podil v celkovém mnoZstvi Zn v takto oSetienych ka-
lech mél tedy Zn z kali. U variant s CaCO; tvofil Zn
kalu téméf 100 %, u kombinace s bentonitem 97,3 %
(kal 1), 96,7 % (kal 2) a 91,6 % (kal 3). Obsah Cd
v CaCOx ¢inil 0,094 mg.kg_I a v bentonitu 0,120 mg.kg_'.
Ve vyvapnénych kalech tvofilo Cd kalu 98,2 az 99,6 %
a v kalech s bentonitem 96,3 az 99,4 %.

Na zékladé naSich dosavadnich zkuSenosti byly po-
uzity kaly v mnoZstvi 33,33 g suSiny kalu na nadobu,
coZ po piepoctu odpovida 20 t suSiny na | ha. V prak-
tickém zeméd@lstvi jde o davku kalu sice vysokou, ale
realnou.

Vynos suSiny nadzemni biomasy ovsa je uveden
v tab. III. Soucasnou aplikaci NPK minerélnich soli
a kalu pfi zakladani pokust bylo zimérné omezeno vyno-
sotvorné ptsobeni kald tak, aby obsah rizikovych prvka
v rostlinach byl minimalné ovlivnén nartistem biomasy.

Je zfejmé, Ze s vyjimkou pokust na fluvizemi nemé-
lo o3etfeni kalt vliv na nartist biomasy ovsa. Statisticky
vyznamné zvySeni bylo zaznamenano pouze na fluvize-
mi u variant AN2 + bentonit a AN3 + bentonit. V du-
sledku pouZitych melioranti se li§ilo mnozstvi doda-
nych Zivin v jednotlivych variantich a také pevnost
a charakter jejich vazeb, coZ je zfejmé pficinou urcité
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diference v dosaZenych vynosech. Dale je patrné, Ze na
vynosové trovni se podilela zemina. Pramérny vynos
na ¢ernozemi &inil 90,6 g, na hnédozemi 95,2 g a na
fluvizemi 88,3 g na nadobu.

Davkou 33,33 g suSiny kalu bylo dodano mnoZstvi
rizikovych prvki, kterym byl ovlivnén celkovy obsah
téchto prvki v jednotlivych variantich. Z jednoduché
bilance u varianty s nejvyS§im (A2) a nejnizsim (A3 +
bentonit) obsahem Cd vyplyva, Ze podil dodaného Cd
v kalech tvofil na ¢ernozemi 2,7 az 13,1 %, na hnédo-
zemi 6,3 a7 30,8 % a na fluvizemi 5,5 aZ 27,3 % vzhle-
dem k celkovému mnoZstvi Cd v zeminé. Zn bylo do-
déno v kalech jedté relativné vy$§i mnoZstvi. NejniZi
obsah Zn byl u varianty A3 + bentonit a nejvyssi u va-
rianty Al. Na ¢ernozemi bylo aplikaci kalti dodano 5,0 aZ
21,1 %, na hnédozemi 9,0 az 38,0 %, a na fluvizemi
14,4 az 60,6 % vzhledem k celkovému mnoZstvi Zn
v zeminé. Pouze z tohoto jednoduchého porovnani lze
predpokladat vyznamnéjsi piisobeni kali v pfipadé Cd
na hnédozemi a fluvizemi a v pfipadé Zn pfedevsim na
fluvizemi.

V tab. IV jsou uvedeny obsahy Cd v nadzemni bio-
mase ovsa jako vyslednice pusobeni jednotlivych fak-
tor (zemina, kal, zpusob oSetfeni kalu). V priméru
vSech tif kali ¢inil obsah Cd u rostlin péstovanych na
¢ernozemi 0,068 mg.kg", na hnédozemi 0,071 mg.kg'l
a nejvyssi byl na fluvizemi s hodnotou 0,142 mg.kg ™.

Zatimco v naSich inkubacnich pokusech se samotny-
mi zeminami (Balik et al., 2000a) byly stanoveny vy-
znamné rozdily v mobilité Cd u aerobné a anerobné
preinkubovanych kald, v téchto nadobovych vegetac-
nich pokusech nelze stanovit jednoznacny trend zmén.
U variant na ¢ernozemi a na hnédozemi jsou primérné
obsahy anaerobné a aerobné oSetfenych variant témér
vyrovnané, na fluvizemi je u anaerobné oSetienych va-
riant ziejmé mirné zvyseni.

PfestoZe u variant oSetfenych CaCOj; a bentonitem
bylo dodédno v zavislosti na jednotlivém kalu a zpusobu
oSetieni pouze 68 aZz 100 % Cd ve srovnéni s kontrol-
nimi variantami, neprojevila se tato disproporce vzdy
prikazné na obsazich Cd v rostlinach. Statisticky vy-
znamné sniZeni obsahu Cd v rostlindch v dusledku po-
uzitych melioranti bylo zjisténo na hnédozemi u va-
riant AN1 + vapnéni, AN1 + bentonit, AN2 + vapnéni
a na fluvizemi u variant Al + vdpnéni, Al + bentonit,
A2 + vapnéni, A2 + bentonit, AN2 + vapnéni. JestliZe
zachovame zédkladni ¢lenéni podle aeracnich podminek
pii preinkubaci kald, potom ziskame 18 dilCich podsou-
bort se tfemi variantam: kal, kal + vapnéni, kal + ben-
tonit. U variant s bentonitem byl stanoven niz§i obsah
nez u kontroly v 50 % pripadi a u vapnéni v 72 %.
Pfitom v priméru vSech variant bylo na variantach
s vyvapnénymi kaly aplikovano 91 % trovné neoSette-
né kontroly a u variant s bentonitem pouze 80 % kon-
troly. Je tedy zfejmé, Ze vapnénim kali bylo dosaZeno
podstatné niz$iho vyuZiti Cd rostlinami neZ v pfipadé
bentonitu, coz je také plné v souladu s vysledky inku-
bacnich pokusi se samotnymi zeminami (Balik et al.,
1999; Balik et al., 2000a).
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I11. Vynos sudiny ovsa (g na nidobu) — Oat dry matter yield (g per pot)

Kal' Varianta? Zemina® Vynos® Zemina Vynos Zemina Vynos
Al CM 85,4 HM 91,1 FM 79,7
Al + vépnéni® M 86,2 HM 95,1 FM 84,4
i Al + bentonit* M 86,4 HM 96.1 FM 82,2
AN| M 90,0 HM 93,6 FM 82,2
ANI + vipnéni CM 85,3 HM 93,1 FM 82,9
AN + bentonit CM 84,7 HM 90,5 FM 84,5
F-test 0,67 1,50 0,67
Dmin
A2 ™M 94,4 HM 95,1 FM 95,7
A2 + véapnéni M 96,2 HM 93,9 FM 924
5 A2 + bentonit M 97,0 HM 94,3 FM 95,2
AN2 M 93,5 HM 96,1 FM 81,4
AN2 + vipnéni M 94,8 HM 91,3 FM 87,6
AN2 + bentonit M 92,4 HM 100,6 FM 90,0
F-test 0,77 2,58 7,08
Dt 7,80
A3 M 90,8 HM 92,1 FM 96,2
A3 + vipnéni M 95,6 HM 96,0 FM 97,7
5 A3 + bentonit M 92,8 HM 98,8 FM 92,6
AN3 M 87.7 HM 97,9 FM 85,2
AN3 + vipnéni CM 86,0 HM 100,7 FM 85,5
AN3 + bentonit CM 91,5 HM 96,9 FM 94,6
F-test 1,51 0,63 5,82
Dy 8,68

For 1-4 see Tab. II, *soil, ®yield

IV. Obsah Cd a Zn v biomase ovsa (mg.kg'I sudiny) — Cd and Zn content in oat biomass (mg.kg'I of dry matter)

Kal' Varianta? Zemina® Cd Zn Zemina Cd Zn Zemina Cd Zn
Al CM 0,078 30,3 HM 0,063 19,8 FM 0.157 84,0
Al + vﬁpnéni3 M 0,086 222 HM 0,073 254 FM 0,136 60,0
| Al + bentonit* M 0,107 21,0 HM 0,069 31,5 FM 0,112 63,4
ANI1 M 0,077 20,1 HM 0,053 19,9 FM 0,142 69,6
ANI + vipnéni CM 0,051 18,8 HM 0,033 36,4 FM 0,118 61,1
ANI + bentonit CM 0,037 15,7 HM 0,049 414 FM 0,175 58,0
F-test 1,31 1,50 8,11 8,72 3,34 3,84
Dy 0,02 17 0,05 19,1
A2 CM 0,043 244 HM 0,048 232 FM 0,177 63,1
A2 + vipnéni M 0,047 20,9 HM 0,047 20,4 FM 0,117 56,4
5 A2 + bentonit CM 0,037 20,8 HM 0,053 ) 23,7 FM 0,107 71,0
AN2 M 0,065 29,5 HM 0,081 31,1 FM 0,181 83,5
AN2 + vipnéni M 0,064 28,8 HM 0,076 26,5 FM 0,108 45,8
AN2 + bentonit M 0,051 27,5 HM 0,095 31,5 FM 0,210 72,2
F-test 1,44 4,46 8,96 4,17 4,03 4,57
D 7,1 0,03 8.5 0,09 240
A3 M 0,078 20,4 HM 0,063 23,6 FM 0,084 47.6
A3 + vapnéni M 0,070 21,9 HM 0,125 21,3 FM 0,104 338
3 A3 + bentonit M 0,083 21,9 HM 0,094 28,9 FM 0,172 44,0
AN3 CM 0,099 29,2 HM 0,109 32,0 FM 0,184 80,4
AN3 + vipnéni M 0,068 28,2 HM 0,068 28,9 FM 0,098 37,0
AN3 + bentonit CM 0,090 24,8 HM 0,073 315 FM 0,167 49 4
F-test 0,67 4,75 1,93 531 1,51 50,99
Dm_in 6,5 73 9,1

For 1-4 see Tab. II, *soil
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V. Podil odebraného mnoZstvi Cd a Zn nadzemni biomasou ovsa k aplikovanému mnoZzstvi Cd a Zn kaly (%) — The portion of withdrawn
amount of Cd and Zn by above-ground oat biomass to applied amount of Cd and Zn by sewage sludge (%)

Kal' Varianta? Zemina® |Odbér® Cd| Odbér Zn | Zemina | Odbér Cd [ Odbér Zn | Zemina | Odbér Cd [ Odbér Zn
Al M 4,0 33 HM 34 2.3 FM 7.4 8,5
Al + vapnéni® M 53 34 HM 49 43 FM 8,2 8,9
| Al + bentonit* M 7,0 29 HM 5.0 4,9 FM 7,0 8,5
ANI M 4,0 33 HM 29 3.4 FM 6.8 10,5
ANI + vipnéni M 2,1 29 HM 1.5 6,1 FM 47 9,1
ANI + bentonit &M 2,1 33 HM 3,0 9,2 FM 10,0 12,0
F-test 4,58 0,17 21,92 13,93 7,07 3,90
Dpin 3,4 11 2,5 2,6 2,8
A2 M 1,6 3,6 HM 1.8 3,5 FM 6,8 9,6
A2 + vipnéni M 19 4,1 HM 1.8 4,0 FM 45 10,7
2 A2 + bentonit M 2,1 47 HM 29 52 FM 58 15,7
AN2 M b 59 HM 3,5 6,4 FM 6,6 14,6
AN2 + vipn&ni cM 3,1 59 HM 3.6 53 FM 48 8,7
AN2 + bentonit M 2,6 6.8 HM 52 8.4 FM 10,2 17,3
F-test 1,66 8.51 13,63 12,07 3,64 9,04
Dy 1,6 1,3 2,0 42 4,6
A3 M 11,0 8.0 HM 9,1 9,5 FM 12,6 19,9
A3 + vépnéni M 12,2 10,6 HM 22,0 10,3 FM 18,7 16,8
3 A3 + bentonit M 15,3 10,9 HM 18,4 15,2 FM 31,2 21,8
AN3 &M 12,9 9,2 HM 16,0 11,2 FM 23,6 24,5
AN3 + vipnéni M 11,3 10,3 HM 13,2 12,4 FM 16,3 13,4
AN3 + bentonit M 14,9 10,6 HM 13,1 14,3 FM 29,1 21,8
F-test 0,82 538 1,98 5,73 1,62 19,66
Diin 1,8 3,7 3,5

For 1-4 see Tab. II, >soil, ('upmke

V tab. IV je rovnéz uvedeno hodnoceni obsahu Zn
v rostlinach. Také zde je obsah determinovan pouZitou
zeminou. Rostliny péstované na ¢ernozemi mély pramér-
ny obsah Zn 23,7 mg.kg", na hnédozemi 27,6 mg.kg™!
a na fluvizemi 60,0 mg.kg"l. Statisticky vyznamné sni-
Zeni obsahu Zn po pridavku oSetfenych kalu bylo sta-
noveno pouze na fluvizemi. Po pouZiti vapnéni bylo
zaznamenano sniZeni obsahu u variant Al + vapnéni,
AN2 + vapnéni, A3 + vdpnéni, AN3 + vapnéni, v pii-
padé bentonitu pouze u variant A1 + bentonit, AN3 +
bentonit. Z prostého vyctu zmén v ramci 18 dilGich
podsouborl je ziejmé, Ze pii pouZiti bentonitu bylo sta-
noveno snizeni v 61 % piipadi a u vapnéni v 83 % pfi-
padd proti neoSetfené kontrole. Pfitom bylo u variant
s vapnénim dodano v priméru 86 % trovné Zn oproti
kontrole a u bentonitu pouze 76 %. Obdobn& jako u Cd,
bylo i zde vapnéni G¢inn&j§im opatfenim pro sniZeni
mobility Zn v dodanych kalech neZ pfidavek bentonitu
a potvrzuji se zavéry na$ich inkuba&nich pokust se sa-
motnymi zeminami (Balik et al., 1999).

Podil odebraného mnoZzstvi Cd a Zn nadzemni bio-
masou rostlin ovsa je doloZen v tab. V. Z vysledkl vy-
plyva, Ze rostliny odebiraji pomérné malou ¢ast doda-
nych rizikovych prvki v kalech. Pritom také zde plati
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obecny princip, Ze vyuZiti dodanych rizikovych prvka
rostlinami je vySsi v nddobovych vegetacnich pokusech
neZ v polnich podminkach. Pravidelnym pouZivanim
kali muZe tedy dochazet ke zvy$ené akumulaci téchto
rizikovych prvki v pidach. Z vyctu Cetnosti zmén vy-
plyva, Ze jak u Zn, tak u Cd bylo ve vétSiné pripadi
vy$§i odebrané mnoZstvi u oSetfenych variant neZ na
kontrole. Je to dano zptisobem vypoctu, pfi kterém ne-
bylo odpocteno mnoZstvi odebranych rizikovych prvki
na variantich bez &istirenskych kali. Uvedena interpre-
tace neni vhodné pro posouzeni G&innosti jednotlivych
zpusobu oSefeni kali, nebof dominantni je zde prede-
v§im vliv zeminy a déle obsah rizikovych prvka v ka-
lech. U oSetfenych variant jsou ziskavany relativné vys-
§i hodnoty vzhledem k celkové niZ§imu mnoZstvi
dodanych rizikovych prvki v takto oSetfenych kalech.
Proto také byly nalezeny nejvy$si hodnoty u kalu 3,
ktery mél nejnizsi obsah Cd i Zn. Z porovnani jednot-
livych zemin je ziejmé, Ze nejvyssi podil Cd i Zn byl
odebrén na fluvizemi.

V tab. VI jsou uvedeny vysledky analyz zemin ruz-
nymi extrakénimi ¢inidly po sklizni ovsa u variant,
u nichZ byl pouZit kal 2. Tak jako v pfedchozich expe-
rimentech (Tlustos et al., 1994) byla provedena extrak-
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VI. Mnozstvi Cd a Zn uvoln&né riiznymi extrakénimi roztoky — Cd and Zn amount released by different extraction solutions

Varianta' Zemina® mg Cdkg” L

CaCl, EDTA HNO, CaCl, EDTA HNO,
A2 0,0009 0,232 0,375 0,098 13,4 36,7
A2 + vipnéni® M 0,0006 0,219 0,349 0,025 13,3 38,0
A2 + bentonit* 0,0012 0,206 0,304 0,013 11,6 37.8
AN2 0,0019 0,241 0319 0,047 16,5 41,9
AN2 + vipnéni M 0,0011 0,217 0,338 0,090 16,6 40,8
ANZ2 + bentonit 0,0015 0,207 0,342 0,079 15,1 47,0
A2 0,0040 0,145 0,159 0,063 7.5 22,2
A2 + vipnéni HM 0,0012 0,131 0,182 0,029 74 18,7
A2 + bentonit 0,0045 0,131 0,117 00,035 63 18,7
AN2 0,0078 0,192 0,141 0,200 9,5 19,9
AN2 + vipnéni HM 0,0020 0,157 0,160 0,117 6,4 19,5
AN2 + bentonit 0,0057 0,170 0,163 0,149 17 19,1
A2 0,0410 0,073 0,139 3,264 10,6 21,2
A2 + vapnéni FM 0,0162 0,058 0,115 0,728 83 18,0
A2 + bentonit 0,0284 0,058 0,163 1,983 9,9 21,8
AN2 0,0322 0,070 0,207 2,825 12,3 24,0
AN2 + vipnéni FM 0,0100 0,030 0,191 0,483 9,9 23,0
AN2 + bentonit 0,0317 0,029 0,180 2,563 13,1 22,0

'treatment, %soil, “liming. “bentonite

ce zemin 0,01 mol.I"' CaCl,, 0,025 mol.I”! NH,EDTA
a2 mol.I™! HNO,;. K analyzédm byly pouZity primérné
vzorky ze tii nddob a kazdé analyza byla dvakrat opa-
kovéna.

Nejnizs§i mnoZstvi mobilniho Cd (vyluh CaCl,) bylo
vZdy u variant s vipnénim. Toto vyznamné sniZeni bylo
zaznamenano u variant aerobné i anaerobné preinkubo-
vanych. Potvrzuji se zde zavéry z literatury (Blume,
1994; Podlesakovi et al., 1998; Némecek et al., 1999).
Citovani autofi uvadéji dominantni vliv pH na sorpci
Cd v pudé. V naSich pokusech bylo v priméru vSech
vyvapnénych variant u kalu 2 doddno 93 % tdrovné
kontroly, ale obsahy Cd v extraktantu byly pouze na
urovni 42 % kontroly. Lze se objektivné domnivat, Ze
vapnéni sniZilo mobilitu Cd, coZ také nepfimo dokazuji
obsahy Cd v rostlindch. PfestoZe u variant s bentonitem
bylo dodano mensi mnoZstvi celkového Cd v kalu 2
(77 % urovné kontroly) nez u vyvapnénych variant, byl
nalezen vyssi obsah extrahovatelného Cd. Opét se zde
projevil siln€jsi vliv vapneéni. Pii pouZiti tohoto extrak-
tantu nebyly stanoveny rozdily mezi aerobné a anaerob-
né preinkubovanymi kaly, coZ také objasiiuje obdobné
hodnoty obsahu Cd v rostlinach u té€chto soubort.

Pri pouziti extraktantu EDTA bylo uvolnéno pod-
statné vy$8i mnozstvi Cd z pudy. Jak uvadéji Liebe et
al. (1997), je moZné predpokladat stanoveni potencidlné
mobilizovatelného Cd v pudé. Jde predeviim o Cd ve
frakci vodorozpustné, vyménné, specificky sorbované
a organicky véazané.

Roztok NH,EDTA je vhodnym extraktantem, nebot
charakterizuje pomérné mobilni frakce Cd v pidé a za-
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rovei je extrahované mnoZzstvi Cd dostateCné vysoké,
coz zvySuje reprodukovatelnost analytickych hodnot.
Na vSech tfech zeminach bylo vZdy nejvyS$s$i mnoZstvi
na kontrolni varianté, coZ je také v dobré korelaci s do-
danym mnoZstvi Cd v kalech. V pfipadé variant s vap-
nénim zde bylo extrahovano 80 % a u variant s bento-
nitem 79 % trovné kontrolni neoSetfené varianty.

Z vysledki analyz s HNO; vyplyva, Ze pfi jejim po-
uZiti jsou extrahovana pomérné znacna mnozstvi Cd
a rozdily mezi jednotlivymi variantami nezrcadli po-
kusné schéma. Se zvySujici se extrakéni silou se rela-
tivné snizuje rozdil mezi jednotlivymi variantami.

V tab. VI jsou rovnéz uvedena extrahovatelnd mnoz-
stvi Zn. V pfipadé vyluhu CaCl, byly s vyjimkou an-
aerobné preinkubovanych kali na ¢ernozemi nalezeny
vZdy niZ8i obsahy u ofetienych variant. Pfi vyjadfeni
v relativnich hodnotich z celého souboru méfeni bylo
u variant s vapnénim vyluhovano 60 % a u bentonitu
77 % trovné neoSetfenych variant. Pfitom dodané
mnozstvi Zn v kalu 2 bylo podle jednotlivych variant
v poméru: kontrola 100 %, vapnéni 86 %, bentonit 76 %.
Vyvapnénim kali se tedy vyznamné sniZila mobilita
Zn. Tyto analyzy predstavuji velmi dobry zdklad pro ob-
jasnéni rozdili v obsazich Zn v rostlinich ovsa. K ob-
dobnym zavérim jsme dospéli také v inkubacnich po-
kusech se samotnymi zeminami (Balik et al., 2000b).

Také extrahovatelné mnoZstvi Zn roztokem EDTA
méa pomérné dobrou vypovidaci schopnost o mnoZstvi
Zn dodaného kaly. Pfitom vSak jsou nesporné mensi
relativni rozdily mezi kontrolnimi a ofetfenymi varian-
tami. PfestoZe se v této frakci odrdzi podstatné zietel-
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90 q 100%: CM = 0,425 mg Cdkg"
81.6 813

HM = 0,208 mg Cd kg™

FM = 0,229 mg Cd kg

%

E—
CaCl,

|. Podil extrahovatelného Cd (%) z celkového mnozstvi Cd zeminy
a kalu (primér A2 + AN2) — The portion of available Cd (%) from
total Cd content in soil and sludge (mean of A2 + AN2)

u CM = ernozem - Chernozems
o HM = hnédozem - Luvisols
m FM = fluvizem - Fluvisols

70 4 100%: CM = 85,5 mg Zn ke
61,1 1
60 4 HM = 52,5 mg Zn. kg’
FM - 37.0 mg Zn kg

50 A

40 1

30 4

CaCl,

EDTA

2. Podil extrahovatelného Zn (%) z celkového mnozstvi Zn zeminy
a kalu (primér A2 + AN2) — The portion of available Zn (%) from
total Zn content in soil and sludge (mean of A2 + AN2)

néji vliv celkového obsahu Zn v zeminach, ¢inilo extra-
hovatelné mnozstvi u varianty s vapnénim 87 % a u va-
rianty s bentonitem 91 % trovné kontroly. Také zde lze
uvazovat o sniZeni mobility Zn vlivem vapnéni kalu.
Obdobné jako u Cd, také v pfipadé Zn vyluh HNO;
téméf nereaguje na zmény mobility Zn v zeminé zpu-
sobené riiznymi zésahy.

Na obr. 1 a 2 jsou znazornény rozdily v extrakénich
schopnostech jednotlivych Cinidel. Jsou zde vyjadieny
relativni podily vzhledem k celkovému mnoZstvi rizi-
kového prvku na pocétku pokust v zeminach + kal 2 na
neodetifenych variantich (pramér z aerobnich + anae-
robnich variant). Velice mobilni je Cd na fluvizemi (vy-
luh CaCl,) a extrahovino zde bylo 16 % z Cd zeminy
+ Cd kalu 2. Proti tomu na ¢ernozemi bylo v této frakci
zjisténo pouze 0,3 %. Vysoky podil mobilniho Cd ve
fluvizemi byl pfedpokladem vysokého obsahu Cd
v rostlindch ovsa péstovanych na této zeminé. U ex-
traktantu EDTA je zajimavy velmi vysoky podil uvol-
néného Cd na hnédozemi, dokonce vyssi neZ pfi vyluhu
HNO;. Pii¢ina je zfejmé v poméru dodaného Cd v ka-
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VIIL. Vztah mezi obsahem a odbérem Cd a Zn rostlinami ovsa a ex-
trahovatelnym mnoZstvim Cd a Zn z pidy ruznymi ¢inidly (korelagni
koeficient) — The relationship between content and uptake of Cd and
Zn by oat plants and the extractable amount of Cd and Zn from soil
by different agents (correlation coefficient)

Extraktant' | Obsah? Cd | Odbér® Cd | Obsah Zn | Odbér Zn
HNO; -0,48 -0,50 -0,37 -0,39
EDTA -0,71 -0,72 0,008 -0,04
CaCl, 0,87 0.85 0,83 0,81

scs 3 3
'solution, “content, uptake

lech vzhledem k celkovému obsahu Cd v jednotlivych
zeminach. Tento pomér Cinil u Cernozemé 12,5 %,
u hnédozemé 29,3 % a u fluvizemé 25,9 %. Vysoky
podil extrahovatelného Cd na hnédozemi byl proto zfej-
mé zpiisoben predevs§im Cd z pouZitého kalu. V porov-
nani s tim je u variant na Cernozemi podstatné vys§si
vliv vlastni zeminy. Také u Zn je patrna jeho vysoka
mobilita u fluvizemé (8,2 % ve vyluhu CaCl,).

Schopnost charakterizovat pfistupnost Cd a Zn rost-
linam pomoci raznych extrakcnich Cinidel je doloZena
v tab. VII. Byla vypoctena tésnd pozitivni korelace
u roztoku CaCl,, a to jak u Cd, tak u Zn. Toto zji§téni
odpovida nasim pfedchozim sledovanim v niddobovych
pokusech s kukufici, jeémenem a pSenici (Balik et al.,
1998). Negativni korelace u HNO3 potvrzuje nevhod-
nost jejiho pouZiti pro charakteristiku pfijatelnych ob-
saht Cd a Zn v padach. Zajimavé jsou zde nizs§i hod-
noty korela¢niho koeficientu s odbérem Cd a Zn neZ
s obsahem téchto prvkid v rostlinich, nebot zpravidla
pfi tomto typu pokust vychazi vyssi tésnost vztahu pro
odbér.

Na zdkladé vysledkt analyz rostlin i frakcionace Cd
a Zn v pidé a v souladu se zavéry z literatury (RuZek
et al., 1999) lze konstatovat, Ze vapnéni Cistirenskych
kald muZe pfispét ke sniZeni mobility Cd a Zn v pudé
a ke sniZeni transferu téchto rizikovych prvka do rost-
lin, pfi¢emzZ dobré acinnosti bylo dosaZeno i pii relativ-
né malé davce CaCOs.

PouZiti bentonitu se zde projevilo jako malo efektiv-
ni opatfeni. Naproti tomu Tlusto§ et al. (1995) doséhli
v rostlindch $pendtu na variantich s bentonitem v pri-
méru &tyt sklizni sniZeni obsahu Cd o 36 % a Zn
0 35 % proti kontrole. Zasadni rozdil v§ak mezi témito
pokusy je v drovni aplikovaného bentonitu. Zatimco ci-
tovani autofi aplikovali 150 g bentonitu na nadobu,
v nasem pokuse bylo aplikovano 7,7 g jako souldst
osetfeného kalu (0,15 % z mnoZstvi zeminy). V poku-
sech se $pendtem do$lo u variant s bentonitem k mirné-
mu zvySeni pH pudy (o0 0,5 jednotky), coZ také vyznam-
né ovlivnilo mobilitu Zn a Cd v zeminé. Efektivnost
bentonitu se sniZila ve ¢tvrtém péstebnim cyklu §pena-
tu, kdy se hodnota pH na obou variantach pfibliZila.
V naSich experimentech nelze predpokladat pozitivni
zménu pH, nebot jsme ji nezaznamenali ani v inkubac-
nich testech, kdy davky kali byly 8,3krat vySSi nez
v téchto nadobovych pokusech. Proto zde poutani Cd
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a Zn zaviselo pouze na nespecifické a specifické sorpci
bentonitu. Obdobn& velmi vysokou davku bentonitu
(125 g na 6 kg zeminy) jako Tlusto§ et al. (1995) po-
uZili v pokusech Richter, Hlusek (1991). Sims, Boswell
(1978) aplikovali dokonce bentonit na drovni 10 %
z mnoZstvi zeminy. Srovnani urovné davkovéni bento-
nitu s jinymi experimenty objasiiuje malou tG¢innost
meliorantu v naSich vegeta¢nich pokusech.

Vyzkum je financovén z prostiedkit GA CR, projekt
526/97/0845.
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ODVOZENI PRIMARNICH KULTUR Z KVETNICH PUPENU
RODODENDRONU

IN VITRO PROPAGATION OF RHODODENDRON SPP. FROM FLOWER
BUDS

D. Pavingerovél, J. Bi"iza', E. Prenerova’

! Institute of Plant Molecular Biology, Academy of Sciences of the Czech Republic, Ceské
Budéjovice, Czech Republic

2 Jihoceské lesy Ceské Budéjovice, a. s., Biotechnology Laboratory Olesnd, Bernartice,
Czech Republic

ABSTRACT: Twelve Rhododendron cultivars (Marcel Menard, Blutopia, Madame, Old Port, Lugano, Omega, Album Novum,
Franceska, Polar Nacht, Lumina, Erato and Blurettia) were tested for in vitro propagation ability from flower buds. The flower
buds were withdrawn from the outdoor stock plants during the dormand period. Outer resinous bud scales were removed, buds
were surface disinfected in 10% SAVO, a commercial bleach (5% NaClO), with 0.1% Tween 20 and rinsed thrice with sterile
distilled water. Florets were excised from the buds and cultivated on agar Anderson’s medium supplemented with indole-3-acetic
acid (IAA) and 6-(dimethylallylamino)-purine (2iP). The concentrations of IAA/2iP of 1/5 and 4/15 mg/l stimulated to growth
of granular callus, while the concentrations of IAA/2iP of 1/8 and 4/15 mg/1 stimulated shoot proliferation. Nine out of twelve
Rhododendron cultivars tested were found to be able to propagate from flower buds.

Keywords: Rhododendron; micropropagation; flower buds

ABSTRAKT: U dvanicti odriid rododendronii (Marcel Menard, Blutopia, Madame, Old Port, Lugano, Omega, Album Novum,
Franceska, Polar Nacht, Lumina, Erato a Blurettia) jsme ovéfovali schopnost propagace v podminkdch in vitro. K odvozeni
primérnich kultur jsme pouZili kvétni pupeny. Navozeni kalogeneze i naslednd mikropropagace probihaly na médiich s vy$§im
obsahem rustovych litek, 1 nebo 4 mg/l kyseliny indolyloctové (IAA) a 5, 8 nebo 15 mg/l 6-(dimethylallylamino)-purinu
(2iP). Rust granularnich kalust nejlépe stimulovala koncentrace 4 mg/l IAA a 15 mg/l 2iP, pfipadné koncentrace 1 mg/l IAA
a 5 mg/l 2iP. Pro proliferaci stonki pak byly nejvhodnéjsi koncentrace rustovych regulatort IAA/2iP v hodnotach 1/8 a 4/15 mg/l.
U deviti sledovanych odriid se podafilo odvodit primarni kultury.

Kli¢ovi slova: Rhododendron; mikropropagace; kvétni pupeny

UvVoD ovéfit moZnost pouZiti této metodiky u 12 odrid, u kte-
rych dosud nebyla popséna.
K odvozeni primarnich kultur se u vétSiny rostlin

pouzivaji vrcholové meristémy nebo stonkové segmen-

ty. Jejich pouZiti je vdzano na kvalitni sterilizaci, coZ
u stonkovych segmentld rododendront komplikuje
hlavné tloutka stonkt spolu s pryskyfi¢nym povrchem
a trichomy. Uvadi se, Ze uspé&$na sterilizace stonkovych
Casti se u rododendront pohybuje v rozmezi 4 az 5%
(Norton, Norton, 1989). Usp&sna proliferace stonki ze
stonkovych vrcholt v podminkach in vitro se podafila
jen u nékolika odrid (Anderson, 1984; Iapichino et al.,
1991).

Publikovany byly i prace, kdy se organogeneze ston-
ki podatila navodit z ty&inek (Shevade, Preece, 1993)
a kvétnich pupenii (Meyer, 1982). Ukazalo se, Ze u viech
zminénych metodik hraje vyznamnou roli pouzita odrida.

V naSich pokusech jsme se zaméfili na metodu in
vitro propagace z kvétnich pupent a nadim cilem bylo
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MATERIAL A METODY
Odbér kvétnich pupent

Odbér kvétnich pupent byl proveden u 12 odrud ro-
dodendroni, a to Marcel Menard, Blutopia, Madame,
Old Port, Lugano, Omega, Album Novum, Franceska,
Polar Nacht, Lumina, Erato, Blurettia.

Kvétni pupeny byly odebirdny v zimnich mésicich
1999, v intervalu leden aZ bfezen, vZdy jeden odbér
u kazdé odrady. Pokud se ukazalo, Ze odebrané pupeny
obsahuji malo pouzitelnych kvitki, byl odbér zopako-
véan. Pupeny byly pfepravovény v uzavienych nadobach
v navlhéené bunicité vaté a zpracovany co nejdfive po
odbéru, maximalné do jednoho tydne. V piipadé néko-
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likadenniho uchovavani byly odebrané pupeny pone-
chiny v prepravni nddobé v lednicce.

Sterilizace kvétnich pupeni

Odebrané pupeny byly sterilizovany 15 min ve ste-
rilizacnim roztoku 10% SAVO (5% NaClO) + 0,1%
Tween 20 pii obasném promichani. Pak byly oplach-
nuty sterilni destilovanou vodou (3 x 5 min) a pinzetou
byly asepticky odstranény vnéjsi pryskyfi¢naté Supiny.
Ponechdna byla pouze bild papirovita Supina, pod kte-
rou jiz byly patrné jednotlivé kvitky. Takto upravené
pupeny byly znovu sterilizovany 15 min v novém sterili-
zacnim roztoku stejného sloZeni. Po dikladném oplach-
nuti sterilni destilovanou vodou byly pupeny rozebriny
na jednotlivé kvitky, které byly zasunuty alespoii do
poloviny jejich vySky do agarového média, vzdy jeden
kvitek do jedné zkumavky.

Kultivaéni média

Za zaklad bylo pouZito praskové Andersonovo mé-
dium (Anderson, 1984) vcetné vitamina, s pfidavkem
30 g/l sacharozy, zpevnéné agarem, s koneénym pH = 5,2.
Pro potlaceni negativniho vlivu uvoliiovanych fenolic-
kych latek se do média piiddval PVP (polyvinylpyrro-
lidon K 30) v koncentraci 2 g/l. Ménéna byla pouze
koncentrace ristovych latek. Médium RD obsahovalo
1 mg/l IAA + 8 mg/l 2iP (Pavingerova et al., 1997),
médium RD1 1 mg/l IAA + 5 mg/l 2iP a RD2 4 mg/I
TAA + 15 mg/l 2iP (Meyer, 1982).

Navozeni kalogeneze a mikropropagace

Jednotlivé kvitky byly kultivovany v médiu RD1 ne-
bo RD2 nejprve dva tydny ve tmé& a déile na svétle (fo-
toperioda 16 h, intenzita svétla 90 pmol/m/s, 23 °C).
Kalus s prvnimi naznaky regenerace byl pfenesen na
nové médium stejného sloZeni. K mikropropagaci byly
pouZity regenerované stonky alespoii 1 cm dlouhé, kte-
ré byly oddéleny a kultivovany samostatné ve vodorov-
né poloze na agarovém médiu RD nebo RD2, opét s fo-
toperiodou 16 h, intenzitou svétla 90 pwmol/m/s, pii 23 °C.
Zakorenéni stonkil 3 aZ 4 cm dlouhych se provadélo
nesterilné v substratu pro rododendrony.

VYSLEDKY A DISKUSE

Volné rostouci kvétni pupeny byly odebirany z rost-
lin nékolikrat béhem zimniho obdobi. Kompletni pupe-
ny, které obsahovaly 15 aZ 20 kvitka, byly po preneseni
do laboratofe sterilizovany a pouZity k navozeni kalo-
geneze. PrestoZe odvozeni explantatovych kultur z vol-
né rostoucich drevin je vZdy velmi obtizné, pfi pouZiti
kvétnich pupeni jsme se nesetkali s Zadnymi problémy.

282

Kvétni pupeny rododendronii jsou dobfe chranény kvét-
nimi Supinami, coZ zaloZeni aseptickych kultur usnad-
fiuje. Béhem nasich pokust jsme se nesetkali ani s jed-
nim pfipadem kontaminace.

K dalsi kultivaci jsme pouZili pouze svétlé kvitky,
jejichZ pocet se na jeden odebrany kvétni pupen pohy-
boval od dvou do 13. Casto se v kvétech vyskytovaly
kvitky tmavé, jejichz pocet nékdy dokonce prevysoval
pouzitelné kvitky svétlé (tab. I). Tento jev mohl byt
zpusoben povétrnostnimi podminkami, napf. suché léto,
nedostate¢né zakofenéni nové presazenych kertd, mraz
apod.

1. Pfehled odbéru kvétnich pupenii rododendronii — The summary of
collection of Rhododendron flower buds

. Pocet kvitku

Odrada' isgr:ightpl:;:{\;z v pupenech?
svétlych? | tmavych®

Marcel Menard 5 47 69
Blutopia 4 4 46
Madame 5 34 35
Old Port 1 10 2
Lugano 4 13 39
Omega | 4 |
Album Novum 1 2 6
Franceska 1 19 3
Polar Nacht 6 15 69
Lumina 2 10 14
Erato 1 2 9
Blurettia 5 5 89

leultivar, *number of collected flower buds, *number of florets in
buds, 4lighl. Sdark

II. Kalogeneze a regenerace z kvétnich pupeni rododendroni —
Growth of calli and regeneration from Rhododendron's florets

Odrada’ Ralogenese? Regenerace?
RDI RD2
Marcel Menard - 4 za' 6-11 tydnd®
Blutopia + +++ za 7 tydnd
Madame — + za 9-14 tydnu
0ld Port - + za 5 mésict®
Lugano - -
Omega - +++ za 5 tydnu
Album Novum - + za 5 mésicl
Franceska - + za 5 mésicu
Polar Nacht +++ +++ za 5 tydnd
Lumina - -
Erato + ++ za 5 mésicu
Blurettia - -

+, ++, +++ = relativni velikost kalusu’

. 2 . .
'cultivar, “growth of calli, 3regenerm|on, “after, *weeks, *months,
Trelative size of calli
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[11. Schopnost mikropropagace testovanych odrid - The ability of
micropropagation of cultivars tested

Odriida’ RDI RD2 RD
Marcel Menard - + +
Blutopia - + +
Madame - + +
0Old Port 7> + +
Omega - + i
Album Novum - + +
Franceska = p +
Polar Nacht - + ¥
Erato +) + +
'cultivar

K navozeni kalogeneze jsme pouZili média RDI
a RD2, ktera se liSila obsahem IAA a 2iP. Po ctyfech
aZz osmi tydnech se na kvétnich stopkach a zékladech
semenikll zaCaly objevovat prvni kalusy. Jako vhodnéj-
§i se ukazalo médium RD2 s vy$§im obsahem risto-
vych latek, hlavné cytokininu 2iP (tab. II). Pouze u od-
riady Polar Nacht dochazelo k hojné tvorbé kalusu na
obou pouzitych médiich. Kalusy byly zelené, ¢asto viak
byly tmavé, pfipadné nafialovélé, spiSe granularni
a drobivé. I u téméi Cernych kalusi vSak dochazelo
k regeneraci. Meyer (1982) se zmiiiuje o velmi pomalém
rastu granularnich kalusu, které jsou teprve po tfech az
étyfech mésicich schopné dalsi subkultivace. V naSem
pfipadé jsme nékolikamési¢ni vyvoj kalusi zazname-
nali pouze u odrid Old Port, Album Novum, Franceska
a Erato. U odrid Lugano, Lumina a Blurettia se ndm
kalusy odvodit nepodafilo.

Prvni znamky regenerace jsme zaznamenali po péti
tydnech aZ po péti mésicich (tab. II). AZ do této doby
byly kvitky ponechany v pivodnim médiu bez subkul-
tivace. Jakmile byly pozorovany prvni niaznaky regene-
race, byly kalusy pieneseny na nové médium stejného
sloZzeni. Zde dochazelo postupné k bohaté regeneraci
pryta, které byly pouzity pro mikropropagaci. Samotné
granularni kalusy byly samoziejmé schopné znovu ini-
ciovat vegetativni fazi rostliny.

K mikropropagaci byly pouZity stonky nebo jejich
Casti asi 1 cm dlouhé. Nejlépe se zde osvédcila média
RD nebo RD2, vyznamny rozdil mezi nimi nebyl pozo-
rovan. Médium RD1 se ukazalo jako zcela nevhodné,
zfejmé vzhledem k niZSimu obsahu 2iP (tab. III). Po
dvou aZ tiech mésicich jsme z kazdého stonkového seg-
mentu ziskali nékolik desitek novych pryta, které byly
pouZity k dalSi mikropropagaci nebo byly prevedeny do
substratu pro rododendrony, kde zakofenily. Néktefi auto-
fi (Iapichino et al., 1991) doporucuji pfed prevodem rost-
lin do substratu jejich zakofenéni v podminkach in vitro,
a to na médiu bez cytokinint, ale se zvySenym obsahem
IAA. Jelikoz jsme se zakofenénim stonkil v substratu
neméli problémy, tento krok jsme vynechali.

Kvétni pupeny rododendronii se ukazaly jako velmi
vhodny materiél pro odvozeni primarnich kultur u od-
rad Marcel Menard, Blutopia, Madame, Old Port, Omega,
Album Novum, Franceska, Polar Nacht a Erato. Nepo-
zorovali jsme vliv data odbéru na regeneracni schop-
nosti odebranych kvétnich pupent.
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VYUZITI TRANSGENOZE U OKRASNYCH ROSTLIN

TRANSGENOSIS IN ORNAMENTAL PLANTS

D. Pavingerova

Institute of Plant Molecular Biology, Academy of Sciences of the Czech Republic, Ceské
Budéjovice, Czech Republic

ABSTRACT: The genetic transformation of ornamental crops considerably enhances the existing efforts of traditional and in
vitro breeders. These new molecular techniques provide opportunities to alter specific characteristics such as plant form, colour,
and pest and disease resistance. The most important application of genetic engineering technologies to the ornamental plants
is likely to be in the area of flower colour. In most plants the colour of the flower is determined by flavonoids which are
provided by phenylpropanoid pathway. There are two ways of manipulation: blocking flavonoid biosynthesis by antisense
genes and transfer of new genes into plant genome. The plants with antisense ACC synthase transgene have a reduced
senescence response leading to increased vase life. Agrobacterium-mediated gene transfer is the preferred transformation
technique in use for ornamental plants.

Keywords: Agrobacterium; antisense; flavonoids; chs gene; transformation

ABSTRAKT: Genetickou transformaci jako zdroj novych vlastnosti uplatiiuji §lechtitelé okrasnych rostlin ve stile vétsi mifte.
Praktické vyuziti transformaci je zde dvojiho charakteru. Jeden smér vyzkumu je spoleény s vyzkumem provadénym u fady
kulturnich plodin a tyka se odolnosti k chorobam a $kudcum. Druhy smér je specificky pouze pro okrasné rostliny a tyka se
takovych zmén fenotypu a vlastnosti, které by bylo mozné vyuzit pro komercni ucely. Pozornost se soustieduje jednak na
zmény v zabarveni kvétd, které souviseji predev§im se zasahy do biosyntetické drahy antokyani, jednak na prodlouZeni

trvanlivosti fezanych kvéti ve vaze, coZ souvisi s inhibici syntézy etylenu.

Klicova slova: Agrobacterium; antokyany; chalkonsyntaza; transgenoze

Uvod

Pii Slechténi okrasnych rostlin se jako doplnék kla-
sickych postupt za¢inaji ve stale vétSi mife uplatiiovat
metody molekuldrni genetiky. Nejlépe komeréné vyuzi-
telny, a tudiZ prioritni, je vyzkum tykajici se zmény
barvy kvétl, na ktery je v soucasné dobé soustiedéna
nejvetsi pozornost. Barvu kvétl ovliviiuje celd fada kvét-
nich barviv, napf. antokyany, aurony, chalkony, karote-
ny apod., které se v kvétech vyskytuji bud samostatné,
nebo se mohou riznym zpisobem kombinovat a dopl-
flovat. Dobré znalost biosyntetické drahy kvétniho bar-
viva umoziluje vyuZiti jednotlivych genl pii zménach
barvy kvéti navozenych genetickou transformaci.

Barva kvéti je ve vétiné pripadu zavisla na konec-
ném produktu biosyntetické driahy antokyana daného
rostlinného druhu a pravé tato biosynteticka draha je
v soucasnosti nejlépe prostudovana.

Prvni specifickd flavonoidni struktura vznika kon-
denzaci jedné molekuly coumaroyl-CoA se tfemi mole-
kulami malonyl-CoA za G¢asti enzymu chalkonsyntazy
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(CHS). Vysledkem této reakce je zluty produkt narin-
genin chalkon (tetrahydroxychalkon), ktery je dstiednim
meziproduktem biosyntézy flavonold, flavonont, izo-
flavonoidu a antokyani. V kvétech je naringenin chal-
kon okamZité pifeménén na bezbarvy naringenin flavanon
pusobenim enzymu chalkonizomerazy (CHI). Dalsi enzy-
maticky krok, jehoz se ucastni enzym flavanon-3-hyd-
roldza (F3H), miZe vést ke tfem meziproduktim (dihyd-
rokaempferolu, dihydroquercitinu a dihydromyricetinu).
Ty se dale pfeméni bud na bezbarvé flavonoly (kaemp-
ferol, quercitin a myricetin), nebo pisobenim enzymu
dihydroflavonol-4-reduktazy (DFR) a nasledné 3-0-fla-
vonoid glukosyltransferazy (3GT) piechazeji na kvétni
barviva antokyany. V nejjednodussim piipadé je dihyd-
rokaempferol prekurzorem oranzové zabarveného pe-
largonidinu, dihydroquercitin se méni na Cerven¢ zabar-
veny kyanidin a dihydromyricetin na modfe zabarveny
delfinidin. Dalsi odstiny barev zaviseji na druhu pfipo-
jenych radikdli (-OH, -OCHjy) a jejich poctu. V celé
biosyntetické draze antokyani jsou zabarveny pouze
tetrahydroxychalkon a antokyany (Mol et al., 1989).
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Rozdily v barvé kvéti u jednotlivych rostlinnych dru-
hti jsou zavislé na konecném produktu biosyntézy anto-
kyanfi. Casto neprobihd biosyntéza ke viem tfem zé-
kladnim antokyantiim, jak bylo uvedeno. Napf. u petinii
je znam pouze kyanidin a delfinidin, nikoli pelargoni-
din (Meyer et al., 1987), u chryzantém je koneénym
piirozenym produktem syntézy antokyanii pouze kyani-
din (Courtney-Gutterson et al., 1994), u rododendroni
Casto prevazuji metylované hydroxyly, které posunuji
zabarveni k Cervené barvé (Sakata et al., 1991, 1993;
Miyajima et al., 1997). Zluté zabarveni, zpiisobené na-
hromadénim chalkonu, se v kvétech vyskytuje hlavné
v prasnicich, nikoli v okvétnich listcich. Jinym konecnym
produktem biosyntetické dréhy flavonoidt jsou flavo-
noly, které jsou pro lidské oko bezbarvé. Konecné zabar-
veni kvéta je vSak dano nejen specifickym antokyanem,
ale i hodnotou pH ve vakuolach a pfitomnosti a kon-
centraci flavonold a dalSich dopliikovych barviv.

Potlaceni barvy kvéta

Pri fizenych modifikacich barvy kvéti se vychazi
z poznatku, Ze vnesené transgeny, at uzZ v orientaci an-
tisense (protismyslové) nebo sense, mohou vést u vyssich
rostlin k potlaceni exprese homolognich gent (Blok-
land et al., 1993), a tedy i k zablokovani biosyntézy
antokyant. Obecné se predpoklada, Ze antisense RNA
pusobi prostiednictvim dsRNA komplexi. Je ziejmé, Ze
mechanismus uml¢ovani gend pomoci antisense RNA
je komplexni a zahrnuje fadu faktora (Nellen, Sczakie,
1996). Na jedné strané muZe byt tento proces piisné
sekvencné specificky, na druhé strané mize byt antisen-
se RNA pouzita pro blokovani exprese i ne plné homo-
lognich gent. K docileni efektu umlceni genu nemusi
byt pouzita kopie celého genu, ale pouze kratsi homologni
usek. Tyto vyznamné vlastnosti antisense RNA byly
prokazany rovnéz v pfipadé chalkonsyntazového (chs)
genu (Jorgensen et al., 1996; Stam et al., 1997a, b),
ktery je klicovym enzymem biosyntetické drahy anto-
kyant.

Geny pro CHS se v rostlindch vyskytuji jako mnoha-
genové rodiny. Nejpodrobnéji je soubor chs geni pro-
studovan u petinii. Zde se genova rodina sklada z osmi
az deseti ¢lenu lokalizovanych na dvou raznych chromo-
zomech (Koes et al., 1987). VétSina z téchto chs genu
byla klonovédna a nékteré z nich se mohou zatadit do
podrodin na zdkladé jejich vysoké sekvenéni homologie
a tésné vazby. V okvéti je ve vétSi mife transkribovan
gen chsA (90% chs mRNA) a v mensi mife gen chsJ
(10% chs mRNA) (Gutterson, 1995). Ukazalo se, Ze
ostatni chs geny postradaji typické charakteristiky pseu-
dogent, a mohou byt proto aktivovany na niZ§i drovni
v jinych tkdnich nebo za jinych vyvojovych podminek
(Koes et al., 1989b). Pouze gen chsD vystupuje jako
neaktivni pseudogen. Kazdy ¢len této rodiny se sklada
ze dvou exont oddélenych intronem razné velikosti
a sekvence, ktery je lokalizovan v konzervované pozi-
ci. Homologie mezi nevazebnymi chs geny je na Grovni
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DNA priblizné 80%, homologie mezi ¢leny podrodin je
vys8i (90 az 99%) (Koes et al., 1989a). Rovnéz u ger-
bery byla prokazdna mnohagenova rodina pro chs geny,
obsahujici sedm aZz deset ¢lent (Elomaa et al., 1993),
a je velmi pravdépodobné, Ze podobna situace je i u os-
tatnich rostlin.

Potlaceni exprese genti pro CHS za vyuZiti jak sense,
tak antisense orientace chs genu je rozpracovino hlavné
u petinii (napf. Krol et al., 1988; Krol et al., 1990; Mol
et al., 1990; Napoli et al., 1990; Que et al., 1997). Zde
se aspésna transformace projevi stiidanim barevnych
a bilych prstenct, ptipadné sektori. Naproti tomu
u gerber se umlceni geni pro CHS projevi jako celo-
plosné zesvétleni kvéta (Elomaa et al., 1993, 1996; He-
lariutta et al., 1995a).

VyuzZivaji se i dalsi geny bisyntetické drihy anto-
kyant, predevs§im dfr geny, a to rovnéZ u petinie (Mol
et al., 1990) a gerber (Helariutta et al., 1995b). Uginek
je obdobny jako v pfipadé chs genu.

Navozeni nové barvy kvéta

Nového zabarveni kvéti muzeme dosiahnout vnese-
nim genu, ktery je pro rostlinu cizi. Pokud je v rostliné
piitomen vhodny meziprodukt, navodi tento gen synté-
zu nového kvétniho barviva. Zatimco v pfipadé umlco-
véani genl pomoci antisense RNA je mozné vysledek do
znaéné miry piedpovédét, zde je vysledek zcela nepied-
vidatelny.

Nejznaméjsi priklad tohoto genového pienosu po-
prvé uvedli u petinie Meyer et al. (1987). Petiinie neni
schopna prevadét dihydrokaempferol na pelargonidin.
Neschopnost syntetizovat pelargonidin spoCiva v sub-
stratové specifité jejiho enzymu DFR, ktery jako sub-
strit akceptuje pouze dihydromyricetin a méné ¢asto di-
hydroquercitin. Mutanty petinii, které neobsahuji
dihydromyricetin a dihydroquercitin, se mohou projevit
pouze bilou barvou. Mutant petinie RLOI obsahuje re-
cesivni alely v Htl a Hfl lokusech, a postradd tudiz
F3H aktivitu, coz se projevi zna¢né€ sniZenym mnoZ-
stvim kyanidinovych a delfinidinovych derivatd a aku-
mulaci dihydrokaempferolu. VSechny ostatni geny ne-
zbytné pro biosyntézu antokyani jsou reprezentovany
dominantnimi alelami. Autofi vyuZzili mutantu RLO1 ja-
ko pfijemce genu Al z kukufice, ktery koduje dihydro-
quercitin-4-reduktdzu (DQR), coZ je enzym, ktery se
ucastni syntézy kyanidinovych derivatd v aleuronech
kukufice. Tento enzym nevykazuje tak tzkou substra-
tovou specificitu jako DFR z petinie a je schopen re-
dukovat i dihydrokaempferol, a tim poskytnout mezi-
produkt pro biosyntézu pelargonidinu.

Transformace okrasnych rostlin pomoci
Agrobacterium

Pfi pienosu gent do okrasnych rostlin se pouZiva
celd fada znamych metod transformaci. U dvoudéloz-
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nych rostlin se vétSinou vyuZiva prenos geni zprostied-
kovany bakteriemi rodu Agrobacterium, u jednodéloz-
nych rostlin je potieba pouZit néktery z pfimych preno-
st DNA do rostlinnych bunék (Ondfej, 1992).

Pri transformaci okrasnych rostlin pomoci Agrobac-
terium tumefaciens nebo Agrobacterium rhizogenes se
téméf vZdy uplatiiuje modifikovana metoda transforma-
ce listovych diskid (Horsch et al., 1985). Ne vSechny
okrasné rostliny jsou schopné regenerovat nové rostliny
z listovych Cepeli, Casto je potieba pouZit jiné Casti rostli-
ny — fapiky, internodia, hypokotyly, dé€loZni listky apod.
Rozdily nalézame nejen mezi rostlinnymi druhy, ale
Casto 1 mezi odriadami téhoZ druhu. Prvym krokem trans-
formaci proto musi byt vZdy vypracovani efektniho re-
generaéniho systému s minimélnim kalusovym stadiem,
aby se co nejvice redukoval vliv somaklondlni variabi-
lity. Dale je potieba propracovat nejvhodnéjsi metodiku
transformace a aZ poté lze prikrocit k cilenym pieno-
sim genu. Pri testovani vhodnych metod se transforma-
ce provadi s vektory nesoucimi néktery snadno deteko-
vatelny signalni gen, napf. B-glukuronidézu, luciferazu,
GFP protein.

Kromé jiZz zminéné petinie byly do soucasné doby
publikovany tspé$né transformace celé fady okrasnych
rostlin, z nichZ nékteré uvadime:

Chryzantéma (Dendranthema sp.). Citlivost chryzan-
tém k A. tumefaciens je znané odridové specificka, lisi
se i zdvislost na typu explantatu a kultivaéniho média.
Rozdily byly zaznamendny i pfi pouZiti riznych kment
A. tumefaciens, zpusobu selekce, typu regeneraéniho sys-
tému apod. K Gspé$né transformovanym odridam patii
napt. Iridon (Urban et al., 1994), Pictor (Renou et al.,
1993), resp. White Snowdon (Pavingerova et al., 1994).
U odridy Moneymaker se podafilo inhibovat expresi
chs genu (Courtney-Gutterson, 1993; Courtney-Gutter-
son et al., 1994).

Gerbera (Gerbera hybrida). U odridy Terra Regina
se podafilo zménit pomoci antisense chs genu ptivodni
cervenou barvu kvéti (Elomaa et al., 1993, 1996).
K transformacim byly uspé&sné pouzity listové fapiky,
k vyhubeni bakterii citovani autofi nedoporuéili pouZiti
cefotaximu, jelikoZ vyznamné redukoval regeneracni
schopnost.

Karafiat (Dianthus caryophyllus). Prvni Gsp&$n4 trans-
formace karafiatu pomoci Agrobacterium byla publikové-
na v roce 1989 (Woodson, Goldsbrough, 1989). V sou-
Casné dobé se k transformacim nej¢astéji pouZivaji bud
bazélni ¢asti listh (Firoozabady et al., 1991), nebo ston-
kové segmenty (Lu et al., 1991). ProtoZe se karafidt
péstuje predev§im jako rostlina pouZivanad k fezu, ma
nesporny vyznam UspéSna transformace antisense ge-
nem pro ACC (l-aminocyclopropan-1-carboxylova ky-
selina) syntdzu. Inhibice tohoto genu sniZi syntézu ety-
lenu, a tim umoZni prodlouZeni Zivotnosti kvétl ve vaze
(Michael et al., 1993).

Pelargonie (Pelargonium). Citlivost pelargonii k A. tu-
mefaciens byla prokazéana jak u odrid Pelargonium x
domestikum, tak u odrad Pelargonium x hortorum (Ro-
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bichon et al., 1995; Boase et al., 1996). K transforma-
cim byly pouZity déloZni a primarni listy.

RuZe (Rosa sp.). Transgenni rostliny ruze byly zis-
kény jednak po kokultivaci kalust riZe s A. tumefaciens
a A. rhizogenes (Firoozabady et al., 1994), jednak po
transformaci protoplasti A. tumefaciens (Robinson, Fi-
roozabady, 1993). K selekci byla vyuZivina jak rezis-
tence ke kanamycinu, tak k hygromycinu.

Rododendron (Rhododendron sp.). Usp&$na transfor-
mace rododendronti byla doposud publikovéna ve dvou
pfipadech (Ueno et al., 1996; Pavingerova et al., 1997).
V obou pfipadech §lo o transformaci pomoci A. tume-
faciens a do rostlin byl vna§en gen pro B-glukuronidézu
a nptIl gen navozujici rezistenci ke kanamycinu. Trans-
formace rododendroni mohou byt vyuzity pfi modifi-
kaci barvy kvétl, morfologickych forem nebo pii navo-
zeni odolnosti ke stresim vné&j$iho prostiedi.

Tulipan (Tulipa gesneriana). Zvladnuti transformac-
nich technik u tulipdni je ze strany S$lechtitela velice
Zédouci. K pienosu geni zde byly pouZity dvé techniky,
jednak piimy pienos pomoci mikroprojektilt, jednak
pienos zprostiedkovany bakteriemi rodu Agrobacterium
(Wilmink et al., 1992). V obou pfipadech byly ziskdny
transgenni rostliny nesouci gen pro B-glukuronidédzu.

Zavér

S rozvojem védnich obort, jakymi jsou napf. mole-
kularni genetika nebo genové inZenyrstvi rostlin, se za-
¢ala rozvijet i nova etapa §lechténi okrasnych rostlin. Je
identifikovano a izolovano stdle vice duleZitych genu,
které je mozné pomoci vhodnych vektord vnéSet do
rostlinného genomu, a navodit tak zcela nové vlastnosti
okrasnych rostlin. Studuji se biosyntetické drahy auro-
nu, flavonoli a karotenu, které pfispivaji ke Zlutému
zabarveni kvétd, objevuji se i snahy po vyuZiti dal§ich
zdroji modrého zabarveni kvéta.

Vedle barvy, tvaru, doby nasazeni a Zivotnosti kvéti
je vénovdana pozornost i moznostem, jak ovlivnit celkovy
habitus rostlin, jak navodit rezistenci vaci pesticidim
a herbicidim a samoziejmé i odolnost rostlin k riznym
chorobam. Neoddélitelnou souéasti novodobého §lech-
téni okrasnych rostlin se tak vedle tradi¢nich $lechtitel-
skych metod stavaji i metody transgenoze.

Podékovani

Price vznikla na zékladé teoretickych pfedpokladi
projektu AV CR S5051006.

LITERATURA

Blokland R. van, Lange P. de, Mol J. N. M., Kooter J. M.
(1993): Modulation of gene expression in plants by anti-
sense genes. In: Crooke S. T., Lebleu B. (eds.): Antisense
research and applications. London, Tokyo, CRC Press,
Boca Raton, Ann Arbon: 125-148.

ROSTLINNA VYROBA, 46, 2000 (6): 284288



Boase M. R., Deroles S. C., Winefield C. S., Butcher S. M.,
Borst N. K., Butler R. C. (1996): Genetic transformation
of regal pelargonium (Pelargonium x domesticum Dubon-
net) by Agrobacterium tumefaciens. Pl. Sci., 121: 47-61.

Courtney-Gutterson N. (1993): Molecular breeding for co-
lour, flavour and fragrance. Scient. Hort., 55: 141-160.

Courtney-Gutterson N., Napoli C., Lemieux C., Morgan A.,
Firoozabady E., Robinson K. E. P. (1994): Modification
of flower color in florist’s chrysanthemum: Production of
a white-flowering variety through molecular genetics.
Bio/"l'eéhnology. 12: 268-271.

Elomaa P., Helariutta Y., Kotilainen M., Teeri T. H. (1996):
Transformation of antisense constructs of the chalcone
synthase gene superfamily into Gerbera hybrida: differen-
tial effect on the expression of family members. Mol. Breed.,
2: 41-50.

Elomaa P., Honkanen J., Puska R., Seppanen P., Helariutta
Y., Mehto M., Kotilainen M., Nevalainen L., Teeri T. H.
(1993): Agrobacterium-mediated transfer of antisense
chalkone synthase cDNA to Gerbera hybrida inhibits flo-
wer pigmentation. Bio/Technology, 71: 508-511.

Firoozabady E., Lemieux C. S., Moy Y. S., Moll B., Nicholas
J. A., Robinson K. E. P. (1991): Genetic engineering of
ornamental crops. In Vitro, 27: 96A.

Firoozabady E., Moy Y., Courtney-Gutterson N., Robinson
K. E. P. (1994): Regeneration of transgenic rose (Rosa
hybrida) plants from embryogenic tissue. Bio/Technology,
12: 609-613.

Gutterson N. (1995): Anthocyanin biosynthetic genes and their
application to flower color modification through sense
suppression. Hort. Sci., 30: 964-966.

Helariutta Y., Elomaa P., Kotilainen M., Griesbach R. J.,
Schroder J., Teeri T. H. (1995a): Chalkone synthase-like
genes active during corolla development are differentially
expressed and encode enzymes with different catalytic
properties in Gerbera hybrida (Asteraceae). Pl. Mol. Biol.,
28: 47-60.

Helariutta Y., Kotilainen M., Elomaa P., Teeri T. H. (1995b):
Gerbera hybrida (Asteraceae) imposes regulation at seve-
ral anatomical levels during inflorescence development on
the gene for dihydroflavonol-4-reductase. Pl. Mol. Biol.,
28: 935-941.

Horsch R. B., Fry J. E., Hoffman N. L., Eichholtz D., Rogers
S. G., Fraley R. T. (1985): A simple and general method
for transferring genes into plants. Science, 227: 1229-1231.

Jorgensen R. A., Cluster P. D., English J., Que Q., Napoli C.
A. (1996): Chalcone synthase cosupression phenotypes in
petunia flowers: comparison of sense vs, antisense con-
structs and single copy vs. complex T-DNA. Pl. Mol.
Biol., 37: 957-973.

Koes R. E., Spelt C. E., Elzen P. J. M. van den, Mol J. N. M.
(1989a): Cloning and molecular characterization of the
chalcone synthase multigene family of Petunia hybrida.
Gene, 81: 245-257.

Koes R. E., Spelt C. E., Mol J. N. M. (1989b): The chalkone
synthase multigene family of Petunia hybrida (V30): dif-
ferential, light-regulated expression during flower deve-
lopment and UV light induction. P1. Mol. Biol., /2: 213-225.

ROSTLINNA VYROBA, 46, 2000 (6): 284-288

Koes R. E., Spelt C. E., Mol J. N. M, Gerats A. G. M. (1987):
The chalkone synthase multigene family of Petunia hyb-
rida (V 30): sequence homology, chromosomal localization
and evolutionary aspects. Pl. Mol. Biol., 10: 159-169.

Krol A. R. van der, Lenting P. E., Veenstra J., Meer I. M.
van der, Koes R. E., Gerats A. G. M., Mol J. N. M., Stuitje
A. R. (1988): An anti-sense chalcone synthase gene in
transgenic plants inhibits flower pigmentation. Nature,
333: 866-869.

Krol A. R. van der, Mur L. A, Lange P. de, Mol J. N. M.,
Stuitje A. R. (1990): Inhibition of flower pigmentation by
antisense CHS genes: promoter and minimal sequence re-
quirements for the antisense effect. Pl. Mol. Biol., 14:
457-466.

Lu C., Nugent G., Wardley-Richardson T., Chandler S. F.,
Young R., Dalling M. . (1991): Agrobacterium-mediated
transformation of carnation (Dianthus caryophyllus L.).
Bio/Technology, 9: 864-868.

Meyer P., Heidmann 1., Forkmann G., Saedler H. (1987):
A new petunia flower colour generated by transformation
of a mutant with a maize gene. Nature, 330: 677-678.

Michael M. Z., Savin K. W., Baudinette S. C., Graham M.
W., Chandler S. F., Lu C.-Y., Caesar C., Gautrais R.,
Young R., Nugent G. D., Stevenson K. R., O’Conner E.
L. J., Cobbett C. S., Cornish E. C. (1993): Cloning of
ethylene biosynthetic genes involved in petal senescence
of carnation and petunia, and their antisense expression in
transgenic plants. In: Pech J. C. (ed.): Cellular and mole-
cular aspects of the plant hormone ethylene. Dordrecht,
Kluwer Acad. Publ.: 298-303.

Miyajima I., Uemoto S., Sakata Y., Arisumi K. (1997): Mor-
phology and flower pigments of wild evergreen azalaes.
J. Jap. Soc. Hort. Sci., 66: 385-391.

Mol J. N. M., Krol A. R. van der, Tunen A. J. van, Blokland
R. van, Lange P. de, Stuitje A. R. (1990): Regulation of
plant gene expression by antisense RNA. FEBS, 268: 427-
430.

Mol J. N. M., Stuitje A. R., Krol A. van der (1989): Genetic
manipulation of floral pigmentation genes. Pl. Mol. Biol.,
13: 287-294.

Napoli C., Lemieux C. S., Jorgensen R. A. (1990): Introduc-
tion of a chimeric chalkone synthase gene into petunia
results in reversible co-suppression of homologous genes
in trans. Pl. Cell, 2: 279-289.

Nellen W., Sczakie G. (1996): In vitro and in vivo action of
antisense RNA. Mol. Biol., 6: 7-15.

Ondfej M. (1992): Genové inZenyrstvi kulturnich rostlin. Pra-
ha, Academia: 111-183.

Pavingerovd D., Bfiza J., Kodytek K., Niedermeierovd H.
(1997): Transformation of Rhododendron spp. using Agro-
bacterium tumefaciens with GUS-intron chimeric gene. Pl.
Sci., 122: 165-171.

Pavingerovda D., Dostdl J., Biskovd R., Benetka V. (1994):
Somatic embryogenesis and Agrobacterium-mediated
transformation of chrysanthemum. Pl. Sci., 97: 95-101.

Que Q., Wang H., English J. J., Jorgensen R. A. (1997): The
frequency and degree of cosuppression by sense chalcone
synthase transgenes are dependent on transgene promoter

287



strength and are reduced by premature nonsense codons in
the transgene coding sequence. Pl. Cell, 9: 1357-1368.

Renou J. P., Brochard P., Jalouzot R. (1993): Recovery of
transgenic chrysanthemum (Dendranthema grandiflora
Tzvelev.) after hygromycin resistance selection. Pl. Sci.,
89: 185-197.

Robichon M. P., Renou J. P., Jalouzot R. (1995): Genetic
transformation of Pelargonium x hortorum. Pl. Cell Rep.,
15: 63-67.

Robinson K. E. P., Firoozabady E. (1993): Transformation of
floriculture crops. Scient. Hort., 55: 83-99.

Sakata Y., Arisumi K., Miyajima I. (1991): Some morpholo-
gical and pigmental characteristics in Rhododendron
kaempferi Planch., R. kiusianum Makino and R. eriocar-
pum Nakai in Southern Kyushu. J. Jap. Soc. Hort. Sci., 60:
669-675.

Sakata Y., Miyajima I., Arisumi K. (1993): Variations in
some morphological and pigmental characteristics in Rho-
dodendron kaempferi Planch., R. kiusianum Makino and
their natural hybrids on Kirishima mountain mass. J. Jap.
Soc. Hort. Sci., 61: 925-932.

Stam M., Bruin R. de, Kenter S., Hoorn R. A. L. van der,
Blokland R. van, Mol J. N. M., Kooter J. M. (1997a):
Post-transcriptional silencing of chalcone synthase in Pe-
tunia by inverted transgene repeats. Pl. J., 12: 63-82.

Stam M., Mol J. N. M., Kooter J. M. (1997b): The silence of
genes in transgenic plants. Ann. Bot., 79: 3-12.

Ueno K., Fukunaga Y., Arisumi K. (1996): Genetic transfor-
mation of Rhododendron by Agrobacterium tumefaciens.
PL. Cell Rep., 16: 38-41.

Urban L. A., Sherman J. M., Moyer J. W., Daub M. E. (1994):
High frequency shoot regeneration and Agrobacterium-
mediated transformation of chrysanthemum (Dendranthe-
ma grandiflora). Pl. Sci., 98: 69-70.

Wilmink A., Ven B. C. E. van de, Dons J. J. M. (1992):
Expression of the GUS gene in the monocot tulip after
introduction by particle bombardment and Agrobacterium.
Pl. Cell Rep., 11: 76-80.

Woodson W. R., Goldsbrough P. B. (1989): Genetic transfor-
mation of carnation using Agrobacterium tumefaciens.
Hort. Sci., 24: 80.

Doslo 17. 12. 1999

Kontaktni adresa:

Daniela Pavingerova, CSc., Ustav molekulérni biologie rostlin AV CR, Braniovska 31, 370 05 Ceské Budgjovice, Ceska
republika, tel. +420 38 777 55 05, fax: +420 38 530 03 56, e-mail: daniela@umbr.cas.cz

288

ROSTLINNA VYROBA, 46, 2000 (6): 284-288


mailto:daniela@umbr.cas.cz

POKYNY PRO AUTORY

Casopis uvefejiiuje pivodni védecké prace, kratka sdéleni
a vybérove i prehledné referdty, tzn. price, jejichz podkladem
je studium literatury a které shrnuji nejnovEjsi poznatky v da-
né oblasti. Prace jsou uvefejiiovany v Cestiné, slovenstiné nebo
angli¢tiné. Rukopisy musi byt dopInény kritkym a rozsifenym
souhrnem (vcetné klicovych slov).

Autor je plné odpovédny za pivodnost prace a za jeji véc-
nou i formdlni spravnost. K praci musi byt pfiloZeno prohla-
Seni autora o tom, Ze price nebyla publikovina jinde.

O uvefejnéni priace rozhoduje redakéni rada Casopisu, a to
se zfetelem k lektorskym posudkim, védeckému vyznamu
a piinosu a kvalité prace.

Rozsah védeckych praci nesmi piesdhnout 12 strojopisnych
stran v&etné tabulek, obrazkl a grafi. V préci je nutné pouZi-
vat jednotky odpovidajici soustavé mérovych jednotek SI
(CSN 01 1300).

Vlastni tiprava rukopisu: format A4, 30 fadek na stranku,
60 tthozi na fadku, mezi fadky dvojité mezery. K rukopisu je
treba priloZit disketu s praci pofizenou na PC a s grafickou
dokumentaci. Tabulky, grafy a fotografie se doddvaji zvIast,
nepodlepuji se. Na vSechny piilohy musi byt odkazy v textu.

Pokud autor pouziva v praci zkratek jakéhokoliv druhu, je
nutné, aby byly alespon jednou vysvétleny (vypsiny), aby se
predeslo omylim. V nazvu prace a v souhrnu je vhodné zkra-
tek nepouZzivat.

Nazev prace (titul) nema piesahnout 85 ihozi. Jsou vylou-
&eny podtitulky ¢lanku.

Kratky souhrn (Abstrakt) je informacnim vybérem obsa-
hu a zavéru ¢lanku, nikoliv vSak jeho pouhym popisem. Musi
vyjadrit viechno podstatné, co je obsaZeno ve védecké praci,
a mad obsahovat zdkladni Ciselné ddaje vcetné statistickych
hodnot. Musi obsahovat kli¢ové slova. Nemd piekrodit rozsah
170 slov. Je tieba, aby byl napsdn celymi vétami. nikoliv hes-
lovité. Je uverejiiovan a mél by byt dodan ve stejném jazyce
jako védecka prace.

Rozsifeny souhrn (Abstract) je uverejilovin v angli¢ting.
mély by v ném byt v rozsahu cca 1-2 strojopisnych stran ko-
mentovany vysledky prace a uvedeny odkazy na tabulky a ob-
razky, popf. na nejdilezitéjsi literarni citace. Je vhodné jej
(véetné nazvu prace a klicovych slov) dodat v angli¢ting, popi.
v ¢estiné &i slovenstiné jako podklad pro pieklad do anglictiny.

Uvod ma obsahovat hlavni divody, pro¢ byla price realizovi-
na, a velmi stru¢nou formou ma byt popsan stav studované otazky.

Literarni prehled ma byt kratky, je tfeba uvadét pouze
citace majici tzky vztah k problému.

Metoda se popisuje pouze tehdy, je-li plivodni, jinak posta-
Cuje citovat autora metody a uvadét jen ptipadné odchylky. Ve
stejné kapitole se popisuje také pokusny material.

Vysledky — pii jejich popisu se k vyjadfeni kvantitativnich
hodnot dédvé prednost grafim pied tabulkami. V tabulkdch je
tfeba shrnout statistické hodnoceni naméfenych hodnot. Tato
Cast by neméla obsahovat teoretické zavéry ani dedukce, ale
pouze faktické nélezy.

Diskuse obsahuje zhodnoceni price, diskutuje se 0 moz-
nych nedostatcich a prace se konfrontuje s vysledky dfive
publikovanymi (pozaduje se citovat jen ty autory, jejichZ prace
maji k publikované prici blizsi vztah). Je pfipustné spojeni
v jednu kapitolu spolu s vysledky.

Literatura by méla sestavat hlavné z lektorovanych perio-
dik. Citace se fadi abecedn& podle jména prvnich autorti. Od-
kazy na literaturu v textu uvadéji jméno autora a rok vydani.
Do seznamu se zafadi jen prace citované v textu. Na price
v seznamu literatury musi byt odkaz v textu.

Na zvlastnim listé uvadi autor pIné jméno (i spoluautort),
akademické, védecké a pedagogické tituly a podrobnou adresu
pracovi§té s PSC, &islo telefonu a faxu, popt. e-mail.

Rukopis nebude redakei prijat k evidenci, nebude-li po
formalni strance odpovidat pokyniim pro autory.

INSTRUCTIONS FOR AUTHORS

Original scientific papers, short communications, and selec-
tively reviews, that means papers based on the study of tech-
nical literature and reviewing recent knowledge in the given
field, are published in this journal. Published papers are in
Czech, Slovak or English. Each manuscript must contain
a short and a longer summary (including key words).

The author is fully responsible for the originality of his
paper, for its subject and formal correctness. The author shall
make a written declaration that his paper has not been publish-
ed in any other information source.

The board of editors of this journal will decide on paper
publication, with respect to expert opinions, scientific impor-
tance, contribution and quality of the paper.

The paper extent shall not exceed 12 typescript pages, in-
cluding tables, figures and graphs.

Manuscript layout: quarto, 30 lines per page, 60 strokes
per line, double-spaced typescript. A PC diskette should be
provided with the paper and graphical documentation. Tables,
figures and photos shall be enclosed separately. The text must
contain references to all these annexes.

If any abbreviation is used in the paper, it is necessary (o
mention its full form at least once to avoid misunderstanding.
The abbreviations should not be used in the title of the paper
nor in the summary.

The title of the paper shall not exceed 85 strokes. Subtitles
of the papers are not allowed either.

Abstract is an information selection of the subject and con-
clusions of the paper, it is not a mere description of the paper.
It must present all substantial information contained in the
paper. It shall not exceed 170 words. It shall be written in full
sentences, not in form of keynotes, and comprise basic nume-
rical data including statistical data. It must contain key words.
It should be submitted in English and if possible also in Czech
or Slovak.

Introduction has to present the main reasons why the study
was conducted, and the circumstances of the studied problems
should be described in a very brief form.

Review of literature should be a short section, containing
only literary citations with close relation to the treated prob-
lem.

Only original method shall be described, in other cases it is
sufficient enough to cite the author of the used method and to
mention modifications of this method. This section shall also
contain a description of experimental material.

In the section Results figures and graphs should be used
rather than tables for presentation of quantitative values. A statis-
tical analysis of recorded values should be summarized in tables.
This section should not contain either theoretical conclusions or
deductions, but only factual data should be presented here.

Discussion contains an evaluation of the study, potential
shortcomings are discussed, and the results of the study are
confronted with previously published results (only those authors
whose studies are in closer relation with the published paper
should be cited). The sections Results and Discussion may be
presented as one section only.

The section References should preferably contain reviewed
periodicals. The citations are arranged alphabetically according
to the surname of the first author. References in the text to
these citations comprise the author’s name and year of publi-
cation. Only the papers cited in the text of the study shall be
included in the list of references. All citations shall be referred
to in the text of the paper.

The author shall give his full name (and the names of other
collaborators), academic, scientific and pedagogic titles, full
address of his workplace and postal code, telephone and fax
number or e-mail.

The manuscript will not be accepted to be filed by the
editorial office if its formal layout does not comply with the
instructions for authors.



ROSTLINNA VYROBA PLANT PRODUCTION

Volume 46, No. 6 June 2000

OBSAH - CONTENTS

Uzik M., Zofajova A.:
Chlorophyll and nitrogen content in leaves of winter wheat at different genotypes and fertilization
Obsah chlorofylu a dusika v listoch ozimnej pSenice pri rozdielnych genotypoch a hnojeni ....................... 237

Sasek A., Prasilova P., Cerny I., Prasil 1., Skupinova S.:
Predikce zimovzdornosti pSenice seté pomoci gliadinovych genetickych markert
Frost-hardiness prediction of common wheat using gliadin genetic markers...........occcoveiiiiiinniiicne 245

Knoblochova H., Gilova Z.:
High molecular weight glutenin subunits variation and relative quantitation in winter spelt wheat cultivars
Variabilita a relativne zastipenie vysokomolekularnych gluteninovych podjednotiek v ozimnych forméch
OUEOH S CIICE SPALAONE] s suworsosvorsessasssasamsvessmsssis s vevs csss s emvHe Kooy s L SHAS SN SR SO B RSO NS SEF QO RA OSS0Y 255

Hradilik J., Psota V., FiSerova H., Hudeova M., Klem§ M., Reinohl V.:
Dormancy and post-harvest maturation of malt barley (Hordeum vulgare L.) caryopses
Dormance a poskliziové dozravani obilek sladovnického je¢mene (Hordeum vulgare 1..) ..o 261

Fiala J., Gaisler J.:
Tvorba biomasy pii rozdilném oSetfovani travnich porostl bez picnindiského vyuziti
The production of biomass by different management of grasslands without using for forage production.. 269

Balik J., Tlusto$ P., Pavlikovd D., Szdkova J., Kaewrahun S., Han¢ A.:
Piijem kadmia a zinku rostlinami ovsa po aplikaci Cistirenskych kalt oSetfenych vdpencem a bentonitem
Cadmium and zinc uptake by oat from soils amended by sewage sludge incubated with lime and bentonite 273

Pavingerova D., Bfiza I., Prenerova E.:

Odvozeni primarnich kultur z kvétnich pupena rododendront
In vitro propagation of Rhododendron spp. from flower buds ..o 281

INFORMACE — STUDIE — SDELENI — INFORMATION - STUDY — REPORT
Pavingerova D.:
Vyuziti transgenoze u okrasnych rostlin
TrafiSEenosis 1nOrHamERtal PIARTE v mmr s i o s o o S e s S T 284

Védecky casopis ROSTLINNA VYROBA @ Vydivi Ceskd akademic zemédélskych véd — Ustav zemédélskych a potravindf-
skych informaci @ Redakce: Slezska 7, 120 56 Praha 2, tel.: +420 2 24 25 79 39, fax: +420 2 24 25 39 38, e-mail:
editor@uzpi.cz @ Sazba: Studio DOMINO - Ing. Jakub Cerny, Plzefiskd 145, 266 01 Beroun, tel.: +420 311 62 29 59 @ Tisk:
UZPI Praha ® © Ustav zemédélskych a potravinaiskych informaci, Praha 2000

Rozdifuje Ustav zemédélskych a potravindiskych informaci, referat odbytu, Slezska 7. 120 56 Praha 2


mailto:editor@uzpi.cz

