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POTENTIAL USE OF RAPD MARKERS IN VERIFICATION
OF CUCUMBER HYBRIDS

MOZNOST POUZITI RAPD MARKERU PRI VERIFIKACI
HYBRIDU OKUREK

M. Truksa, S. Prochazka

Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: DNA from three new lines used for the production of hybrid cucumber seeds has been extracted and amplified
by PCR with 60 different random oligonucleotides as primers and with different thermostable DNA polymerases. Amplified
ffagments were then analyzed on the agarose gel. Obtained RAPD markers differed depending on the DNA polymerase used
and had relatively low degree of polymorphism. The possible use of RAPD markers for cucumber hybrid seeds verification
is discussed.

Cucumis sativus L.; RAPD; PCR; hybrid cucumber; hybrid seed production; molecular markers

ABSTRAKT: DNA pfipravena ze tfi novych linii pouZivanych pro vyrobu hybridi okurek byla analyzovana PCR amplifikaci
s pouzitim 60 riznych oligonukleotidi jako primerl a s riznymi termostabilnimi DNA polymerdzami. Amplifikované pro-
dukty byly potom rozdéleny agar6zovou elektroforézou. Ziskané RAPD markery se liSily v zavislosti na pouZité DNA
polymeréze a vyznaCovaly se relativné nizkym stupném polymorfizmu. Dile je diskutovdna moZnost vyuZiti RAPD markeri

pro verifikaci hybridniho charakteru okurkového osiva.

Cucumis sativus L.; RAPD; PCR; hybridni okurky; vyroba hybridniho osiva; molekularni markery

INTRODUCTION

The use of hybrid varieties of vegetable crops has
increased dramatically during recent years (Tigche-
laar, 1985; Kalloo, 1993; Tatlioglu, 1993;
Chloupek, 1995). Technology of hybrid seed pro-
duction, necessary to support this development, re-
quires a fast, efficient and reliable method of quality
control that would prove the hybrid character of the
seeds.

The traditional methods used at present in the cu-
cumber seeds production are based on morphological
and phenological markers and have some serious draw-
backs. They are time and labour consuming, blurred by
environmental effects and often lack the resolving
power to undoubtedly identify the individual genotypes
(Wang et al,, 1994). However, the most important
drawback of this kind of tests is, that they usually re-
quire the whole vegetative season to complete and the
produced seeds are available for the market only a year
later (Pr4%il, personal communication).

One of the possible solutions is the use of DNA-fin-
gerprinting methods based on Polymerase Chain Reac-
tion (PCR) amplification. PCR based methods have,
compared to more traditional Restriction Fragment
Length Polymorphisms (RFLP), many methodological
advantages. Firstly, only a minute amount of DNA is
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necessary for analysis, secondly, there is no need for
radioactive labelling of probes and the whole process
of setting up a PCR reaction is much simpler and amen-
able to automation. Method of Random Amplified Po-
lymorphic DNA (RAPD) (Williams et al., 1990)
acquired large popularity among plant geneticists and
breeders especially for the ease of the method and the
possibility to screen a large number of markers with
relatively simple laboratory set-up (Rafalski, Tin-
gey, 1993). RAPD can be also a suitable method for
the verification of hybrids (Wang etal., 1994; Mar-
shall etal., 1994). For this purpose, we need a set of
RAPD markers represented only in the male line and
present, in an unchanged form, also in the F; genera-
tion.

We have tested a possibility to use RAPD in charac-
terization of cucumber genotypes and their hybrids.

MATERIAL AND METHODS
Plant material

The seeds of cucumber genotypes used in the experi-
ment were kindly provided by the breeding company

SEMO SmrZice (Czech Republic) and represent new
promising breeding lines, that are expected to be used
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in the commercial production of cucumber hybrids.
Line 6022 was for the purpose of this study labelled as
A, line 6514 as B, line 6020 as C. The hybrids used in
the experiment were 6022 x 6514 (labelled AB) and
6020 x 6514 (labelled CB). The germplasm collection
items R (SM-5001-S1, Pi 114 339, Manchuko Wonder,
Japan), S (SM-5005-S1, Pi 163 217, Khira, India), and
T (SM-5018, Pi 288 238, Yomaki Plant IT, Egypt ) were
used for comparison in case of some markers.

DNA preparation

The total genomic plant DNA was prepared from 5 g
of two weeks old seedlings (i.e. 10 to 15 plantlets)
using method of Dellaporta etal. (1983) published
also elsewhere (Herrera, Simpson, 1988) fol-
lowed by phenol-chloroform extraction. DNA prepared
in this way represents a pooled sample from several
individual plants suitable for screening and selection of
random primers.

RAPD protocol

The PCR amplifications were carried out in the 96-
-well format thermal plates in total volume of 25 pl and
the reaction mixture consisted of filter sterilized deion-
ized water, 10x appropriate commercial reaction buffer
(supplied with each enzyme), 3.0 uM MgCl,, 200 uM
of each nucleotide, 20 pmol of primer (Operon,
Alameda, USA), 25 ng of genomic template DNA, and
0.2 to 1.0 unit of thermostable DNA polymerase. The
reaction mixture was overlaid with two drops of light
mineral oil (Sigma, USA). To optimize the RAPD pro-
tocol we tested thermostable DNA polymerases of dif-
ferent origin and from different suppliers. Taq DNA
polymerases tested were from Promega (Madison,
USA), ExBio (Prague, Czech Republic) BioVendor
(Brno, Czech Republic) and Tbr DNA polymerase
PrimeZyme from Biometra (Gottingen, Germany). The
thermal cycler PHC-3 Techne (Cambridge, U. K.) was
programmed as follows. Initial denaturation step 4 min-
utes at 95 °C followed by 50 cycles: denaturation

A BCABCB R S T

MW

2036
1636

1018

506
396 bp

1. Agarose gel electrophoresis of PCR products obtained by ampli-
fication of the, genomic DNA from three cucumber lines A, B, C and
their hybrids and genotypes R, S, T with the use of OPI-18 primer;
molecular weight marker (MW) was 1-kb DNA ladder (Stratagene)
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1 minute at 94 °C; annealing 1 minute at 35 °C and
primer extension 2 minutes at 72 °C; followed by
10 minutes extension of unfinished strands at 72 °C
after which the samples were cooled to 4 °C until re-
covered and analyzed on the gel. The fastest tempera-
ture transition rates (ramping 0) were used in all steps
except the transition from the denaturing to annealing
temperature, where ramping setting was 15 (15 °C per
minute). Amplified fragments were separated on 1.5%
agarose gel, stained with ethidium bromide (0.5 mg/l)
and viewed on UV transilluminator.

RESULTS
Optimization of RAPD protocol

The spectrum of amplification products was chang-
ing with different DNA polymerases used (data not
shown). The best results and reproducibility were
achieved with Tbr polymerase PrimeZyme. Due to high
efficiency of this enzyme, caused probably by the
higher thermal stability, 0.4 units in 25 pl reaction were
sufficient to achieve amplification comparable with
1 to 2 units of Taq polymerase. Further improvement
in reproducibility was achieved by the change of ramp-
ing time during the transition from denaturation to an-
nealing temperature as indicated.

RAPD markers

The 60 random 10-mer primers used in the experi-
ment were from Operon kits A, E, and I. The number
of amplified fragments was between 0 to 6 per primer
and the size was typically between 0.2 kb and 2.5 kb.
Out of 108 markers screened, 14 were polymorphic. It
represents 8.6% degree of polymorphism between
genotypes A/B, 7% between B/C and 11.4% between
A/C. However, most of the detected polymorphic
markers were not unique for certain genotype and were
present also in the third genotype used in the experi-
ment. The only unique marker detected for the line
A was a 0.3 kb fragment amplified with the primer
OPE-18 and not present in genotypes B and C, nor in
the germplasm accessions R, S and T (Fig. 1). Exam-
ples of polymorphic markers potentially useful in typ-
ing of cucumber hybrids are presented in the diagram
(Fig. 2).

DISCUSSION

The fact that different Taq polymerases give differ-
ent results with RAPD is known and well documented
(Schierwater, Ender, 1993; Bassam et al,,
1992; Samec, 1993). It only stresses the need for
proper optimization of a RAPD protocol in case of po-
tential routine application. The Tbr polymerase Prime-
Zyme appears to be a suitable enzyme, not only for its
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2. Diagram of RAPD
markers obtained by am-

DNA size marker

high efficiency and consequently economical assay, but
also it has higher tolerance to contaminants, very often
present in plant DNA preparations, than Taq poly-
merase (Truksa, unpublished). The requirement for
a robust and highly reproducible assay is, unfortu-
nately, in divergence with the need for maximum of
amplified markers. The optimal balance between these
two requirements is essential, especially in cucumber,
where narrow genetic base (Lebeda, Kfistkova,
1993; Kennard et al, 1994; Tatlioglu, 1993)
and relatively small genome size (Kennard, 1993)
with high percentage of repetitive satellite regions
(Ganal etal., 1986) are limiting factors of the usable
marker number. Despite of the above-mentioned proce-
dure with possibly reduced capability to detect variabil-
ity between used genotypes, the achieved degree of
polymorphism is comparable to the data published by
Kennard etal. (1994) where this value is 9.3% with
total number of screened markers 1076.

From the data published and discussed here we
could conclude that RAPD can reveal only low level of
polymorphism in cucumber and is not suitable for hy-
brid seed testing in its standard form. The possible so-
lution is in an extensive screening of a large number of
primers or use of less robust and more laborious assays
for primary screening with later conversion of RAPD
marker into more reproducible specific PCR test. This
kind of assay would also make easier testing of indi-
vidual plantlets following very simple DNA miniprepa-
ration.
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plification with primers
" OPA-2, OPE-18, and
OPI-9
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FORMATION OF ETHYLENE, ETHANE AND ABSCISIC
ACID CONTENT IN RELATION TO DORMANCY
OF SPRING BARLEY (HORDEUM VULGARE L.) KERNELS

PRODUKCE ETYLENU, ETANU A ABSCISOVE KYSELINY
VE VZTAHU K DORMANCI OBILEK JARNIHO JECMENE
(HORDEUM VULGARE L.)

H. FiSerova, J. Hradilik, S. Prochizka, M. Klems, A. Racilova

Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: Gas hydrocarbons (ethylene and ethane) produced by kernels and abscisic acid influence the process of barley
kernel germination and have effect on malting quality. Production of hydrocarbons was highest during the milk maturity in
all three tested varieties and decreased gradually. Higher content of abscisic acid increases production of both hydrocarbons,
but positive regression dependence was not confirmed. Variety Alexis had the highest level of abscisic acid, the highest
production of ethylene and ethane and the lowest growth activity of excised embryos.

spring barley; kernels; ethylene; ethane; abscisic acid

ABSTRAKT: V prici byla sledovina produkce etylenu a etanu ve vztahu k obsahu abscisové kyseliny u obilek jarniho
jeémene s riznou hloubkou dormance v obdobi 1,5; 3 a 4 mésice po sklizni, v mlééné a voskové zralosti, v obdobi sklizng,
2 a4 tydny po sklizni. Obilky odridy Rubin produkuji nejméné etylenu, etanu a maji nejniZ§i obsah abscisové kyseliny z nami
sledovanych odriid je¢mene. Izolovand embrya této odridy rostou v kultufe in vitro nejintenzivnéji. Obilky odridy Alexis
maji nejvy33i obsah abscisové kyseliny a rlist izolovanych embryi v kultufe in vitro je nejpomalejii. Produkce uhlovodiki
(etylenu a etanu) a obsah abscisové kyseliny v obilkach spolu souviseji. Zvy$eni hladiny abscisové kyseliny pfedchazi zvy-
$end produkce etylenu a etanu. Pritkazné zévislost mezi etylenem ¢&i etanem a abscisovou kyselinou v3ak nebyla statisticky
prokédzana, pouze u odridy Akcent se korela¢ni koeficient bliZi prikaznosti. U viech sledovanych odriid je vztah etylenu
k etanu pritkkazny a vysoce priikazny.

jarni je¢men; obilky; etylen; etan; kyselina abscisova

INTRODUCTION mancy, abscisic acid and the state of embryo was de-

scribed by Beckum et al. (1993) and by Wang et

Uneven kernel germination during the postharvest
ripening of barley has a negative effect on malt quality.
Many authors had paid attention to the hormonal con-
trol of barley dormancy (Balkema-Boomstra,
Asperen-Gebala, 1983; Doran, Briggs,
1993), however, some questions remain unsolved. Ethy-
lene decreases deepness of dormancy in kernels by in-
creasing the level of gibberellins and decrease of endo-
genous auxin. Changes in ethylene levels were studied
by Lalonde, Saini (1992).

Abscisic acid (ABA) inhibits the synthesis of -
-amylase in kernels and is considered to be an antago-
nist of gibberellins. ABA causes endogenous dormancy
of seeds, tubers and buds and accelerates dormancy of
the whole plant. It also inhibits other growth processes,
protein synthesis, nucleic acids synthesis and has effect
on seed germination and cold resistance Murelli et
al., 1995). The link between deepness of kernel dor-
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al. (1995).

We studied the changes in hydrocarbon production
and ABA content during the period of kernel matura-
tion and dormancy and their relationships.

MATERIAL AND METHODS

Three varieties of malt spring barley (Akcent, Ale-
xis, and Rubin) were chosen for the experiments in the
years 1993 and 1994. The kernel analyses were done
in eight terms (Tab. I).

ABA radio-immuno assay

1 g of barley kernels was overlaid by liquid N,
closed in the small glass bottle and kept at —24 °C till
the processing of the sample according to the method
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of Quarrie, Calfre (1985). The monoclonal an-
tibody MAC 252 (MAC, Cambridge, UK) (+)-S-ABA
and H-ABA (Amersham) were used in the RIA analy-
sis. Radioactivity was measured on scintillation counter
Packard 2000 CA.

Ethylene and ethane analysis

3 g of barley kernels were placed on wet filter paper
and closed in glass bottles. After 60 minutes’ incuba-
tion the gas environment was analyzed. The bottles
were then opened and placed in dark at 13 °C. After
24 hours 2 ml of distilled water were added, bottles
closed again and after 60 minutes of incubation the gas
environment was analyzed again on gas chromatograph
by the method described by FiSerova, Hradilik
(1994). Three gas samples were taken from each bottle
and each combination was repeated five times. The va-
lues used in the statistical evaluation were calculated
on 1 g of plant material and 1 ml of closed space.

Embryo growth

The growth activity of excised embryos was studied
on the medium agar-sucrose as described by Ra¢i-
lova (1996).

RESULTS AND DISCUSSION

The average values of hydrocarbon production and
level of endogenous ABA at the time of starting the
experiment and after 24 hours’ incubation are inter-
preted graphically in Figs 1, 2, and 3. We tried to find
relations among production of ethylene, ethane and
ABA level, the results are in the common graphs in
arbitrary units of the integrator. Regressions between
ethylene : ethane, ABA : ethylene and ABA : ethane
are in the Fig. 4. The growth activity of excised em-
bryos is presented in Figs 1 to 3.

Kernels produce more ethane than ethylene. The
highest level of hydrocarbons is produced by the varie-
ties Akcent and Alexis. The production of ethylene and
ethane is highest during the milk maturity period
(Figs 1 to 3), what is in agreement with the results of
Mlady (1994), who studied the dynamics of ethylene
in the ears of spring barley from the phase of stem
elongation till the beginning of wax maturity. He meas-
ured the maximum during the stem elongation. The
ethylene production is lowest during flowering but be-
gins to raise again at the end of this period. This in-
crease can be linked with the process of intensive cell
division during early stages of seed development and
is concomitant with various hormonal changes. Maxi-
mum of this increase is reported during the milk ma-
turity and can be linked with the increase of auxin level
reported by Prochazka etal. (1982)and Dunde-
lova (1989).
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I. Terms of sample analysis in the years 1993 and 1994

Term
I 18. 9. 1993

1L 4. 11. 1993

I 7. 12,1993

Iv. 27. 6. 1994 milk maturity

V. 11. 7. 1994 wax maturity

VI 27.7.1994 harvest
VIL 8. 8. 1994 14 days after harvest
VIIIL 29. 8. 1994 30 days after harvest

The hydrocarbon production is decreasing till the
harvest. Four months after the harvest it begins to raise
again and during four months following the harvest
decreases gradually (Figs 1 to 3; year 1993).

The hydrocarbon production per hour is higher in
kernels after 60 minutes of soaking compared to the
levels measured after 24 hours (Figs 1 to 3).

Regressions of ethylene and ethane (Fig. 4) are sig-
nificant and highly significant with positive correlation
coefficients.

The ABA content reaches the maximum during wax
maturity — the highest values are with Alexis — and in
case of Alexis and Akcent decreases till the fifth term
of sampling. On the contrary, in Rubin the level of ABA
is raising after the harvest (Figs 1 to 3). Hudeové et
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= 4 [
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1. Production of ethylene, ethane and ABA content in kernels after
1 hour and 24 hours of soaking in sampling terms of years 1993 and
1994 and the coleoptyle and root length of excised barley embryos
in Akcent variety
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1 hour and 24 hours of soaking in sampling terms of years 1993 and
1994 and the coleoptyle and root length of excised barley embryos
in Alexis variety

al. (1995) found the lowest germination rate in the
same terms of sampling, which can be caused by higher
level of ABA.

More obvious dependence on abscisic acid appears
in case of excised embryos (R4&ilové, 1996) which
is presented in Figs 1 to 3. Alexis with the highest
content of endogenous ABA has the lowest growth rate
of excised embryos and, on contrary, Akcent and Rubin
with lower ABA content grow more.

It is obvious from the graphs that higher level of
abscisic acid corresponds with higher production of
ethylene and ethane. These results are in accordance
with studies of Abeles (1973) who describe the
function of ABA as a promotor in production of ethy-
lene in fruits and also in leaves. Nowak, Veen
(1982) observed the autocatalytic increase of ethylene
production after exogenous application of ABA.

Gamborg, LaRue (1971) observed the inhibi-
tory effect of ABA on ethylene production in suspen-
sion cell cultures. The different results have to be put
into relation with used ABA concentrations, because
the production of ethylene depends on the ABA con-
centration (Desouky et al., 1987).

Although the curves for ethylene levels and espe-
cially for ethane and ABA are obviously similar, the
regression dependence is not significant and only in
case of Akcent the correlation coefficient has the value
0.89 (Fig. 4).
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SOME FACTORS AFFECTING ANTHER CULTURE
IN LINUM USITATISSIMUM L.

NEKTERE FAKTORY OVLIVNUJICI PRASNIKOVOU KULTURU
LINUM USITATISSIMUM L.

E. Tejklova

AGRITEC, Research, Breeding and Services, Ltd., Sumperk, Czech Republic

ABSTRACT: Influence of genotype, culture conditions of donor plants and culture conditions of isolated anthers on callo-
genesis in anthers and organogenesis in anther calli as well were studied in Linum usitatissimum L. There were differences
in anther callogenesis among genotypes. Donor plant culture conditions, especially temperature, influence on callogenesis in
anthers. 2,4-D, NAA and picloram induced anther callogenesis in higher frequencies than benzolinon, dicamba, IAA, IBA or
TIBA. Callogenesis was higher in dark than in 16-h’ day. Cold pretreatment of isolated anthers influenced negatively anther
callogenesis. Transfer of calli from induction medium with lower level of some nutrient elements, especially nitrogen, and
with higher content of NAA and BAP onto medium with higher level of nutrient elements without auxin and with lower
cytokinin level induced bud development in anther calli. Method of production of dihaploid plants in Linum usitatissimum
L. through the anther culture was proposed.

anther culture; flax; linseed; Linum usitatissimum L; temperature influence; growth regulators

ABSTRAKT: Byl studovan vliv genotypu, kultivaénich podminek donorovych rostlin a kultivalnich podminek izolovanych
pradnikl Inu (Linum usitatissimum L.) na kalogenezi v pradnicich a organogenezi v kalusech ziskanych z pra$niki. Byly
prokazany rozdily v kalogenezi v prasnicich mezi jednotlivymi genotypy !nu pfadného i olejného a jejich hybridy. Z testo-
vanych genotypl vykazoval nejvyssi kalogenezi Viking. Kalogeneze v prasnicich je silné ovlivnéna podminkami, pfi kterych
se vyvijeji pradniky na rostlin€. Responzivitu pradnikd ovliviluje pozitivné niZii teplota, pfi které jsou péstoviny donorové
rostliny v poslednich cca 4 dnech pfed izolaci pra$nika (pod 10 °C v noci a pod 20 °C ve dne). Velmi vyznamny vliv na
kalogenezi v praSnicich mé&l také obsah ristovych reguldtori v iniciaénim médiu. 2,4-D, NAA a picloram v koncentraci
1 mg.l'l a v kombinaci s 2 mg.l'l BAP indukovaly kalogenezi ve vy33i frekvenci neZ benzolinon, dicamba, IAA, IBA nebo
TIBA. Kalogeneze byla vy33i pfi kultivaci pra$niku ve tmé neZ pfi 16h fotoperiod&. Chladové pfedpisobeni na prasniky (1 aZ
5 dni pfi 4 °C ve tmé& po izolaci na induk&ni média) sniZovalo kalogenezi v praSnicich. Frekvence kalogeneze byla vyssi
u pradniki poloZenych na povrch agarového média ve srovnini s pra¥niky vnofenymi do stejného média. SniZeni nebo
vynechéni auxinu a sniZeni obsahu cytokininu v nasledném médiu (regenerainim) vyvola v kalusech tvorbu pupenu. Frekven-
ce organogeneze miZe byt také ovlivnéna zmé&nou obsahu nékterych makro- a mikroelementl v regeneraénim médiu. Indukce
pupenu byla vysSi pfi pfeneseni kalusti z média se sniZenym obsahem N na médium bohat¥i na N, B, Mn a Zn ve srovnéni
s variantou, kde zlstidval obsah makro- a mikroelementl v iniciaénim i regeneraénim médiu nezmé&nény. Regenerované
pupeny mohou byt udrZoviny na médiu pro dlouhodobou kulturu shlukt pupenii (Tejklova, 1992). Pryty zakofefiovaly
na MS médiu s 0,019 mg.l’l NAA. Regenerované rostliny byly diploidni. Byla navrZena metodika pro produkci dihaploidnich
linii Inu prasnikovou kulturou. Jako iniciani médium pro indukci kalogeneze v pradnicich je doporu¥eno médium AA22
(A22 sterilované autokldvovanim), jako regenera¢ni BI médium (tab. I), nebof tato média byla otestovana na vice genotypech
olejného i pfadného Inu a pfi dodrZeni zasad pro pfedpéstovani donorovych rostlin (teploty pod 10 °C v noci a pod 20 °C
ve dne) dévala dobré vysledky.

praSnikovaé kultura; len pfadny; len olejny; Linum usitatissimum L; vliv kultiva&ni teploty; ristové regulétory

INTRODUCTION

The production of haploid or dihaploid plants from
immature pollen grains through microspore or anther
cultures allows a rapid development of homozygous
lines for breeding of new crop cultivars. Several papers
are concerned with this problem in flax (Sun, Fu,
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1981; Nichterlein et al, 1989, 1991; Polia-
kov,1991; Nichterlein, Friedt, 1993; Tej-
klova, 1992b, 1994; Poliakov et al., 1994,
Rutkowska-Krause etal., 1995). Complete hap-
loid or dihaploid plants have been obtained through the
microspore callogenesis in anthers, organogenesis in
calli and rhizogenesis in shoots. The efficiency of this
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method is, however, low and it cannot be included into
flax breeding systems yet. Many unknown factors in-
fluence a process of plant regeneration in such system
and this paper is trying to find out some of them. Effect
of genotype, culture conditions of donor plants, cold
pretreatment of anthers, basal medium, sucrose and
growth regulators content in culture medium and donor
plant fertilization on callogenesis in anthers and or-
ganogenesis in anther calli were studied as well.

MATERIAL AND METHODS

We started with the anther culture methods of
Sun, Fu (1981), Nichterlein et al. (1989) and
Nichterlein etal (1991). Anthers with late uninu-
clear microspores (flower buds 3.5-4.5 mm in length)
were treated in experiments (Fig. 9a, b). Sterilization
of buds was as follows: rinsing in 70% ethanol, 25 min
in 7% calcium chloride (Chlorové vapno, Zach, Plzeii),
three times rinsing in sterile water. Culture media were
autoclaved for 15 min at 121 °C. Anthers were cultured
in Petri dishes (10 ¢cm in diameter, 20 ml of medium in
each, max. 50 anthers per Petri dish) in culture room
in 16-h’ photoperiod, 25-29/20-25 °C, day/night and
callogenesis in them was evaluated after 4-weeks’ cul-
ture on induction media, unless indicated otherwise.
Calli were transferred on regeneration media and
shoots on rooting ones (5 pieces in 100 ml Erlen-
meyer’s flasks with 25 ml of medium). Composition of
culture media used in experiments are described in
Tab. I.

Experiment 1

Flax, linseed and their hybrids were used in experi-
ments (see Results). Donor plants were grown in the
greenhouse (anthers were harvested on 13-28 May), in
the vegetative hall (21 June-15 July) or in the field
(9-16 July 1991). Anthers were cultured on media MS
5/1, A (medium for good green callus induction in hy-
pocotyl segments followed by shoot bud regeneration
in calli according to Mathews, Narayanaswa-
my, 1976), SF, N and N6. Anthers were cultured either
in culture room (28/23 °C, 16/8 h, day/night, fluores-
cent light 14 days 1000 Ix, next 14 days 4000 Ix) or in
laboratory (24/18 °C, day light).

Experiment 2

Donor plants of flax, linseed and their hybrids (some
of genotypes tested in Exp. 1, and several new geno-
types, see Results) were grown in greenhouse and in
the field. Anthers were harvested at three intervals: 18-31
May (greenhouse), 28 June-9 July (field), 16-24 July
1992 (the same plants in the field). Anthers were cul-
tured on media A3, A22, SI or P.
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Experiment 3

Donor plants of linseed Areco were cultivated in the
field, anthers were harvested on 22-28 July 1993 and
cultured on media A22 (filter sterilization), AA22 (A22
autoclaved medium), B and C, 100 anthers per variant.
Evaluation after 5-weeks’ culture. Calli were trans-
ferred on medium BI.

Experiment 4

Anthers from Areco plants grown in the field were
cultured on media AA22 and C with 6 or 10% sucrose
(AA22/60, AA22/100, C/60, C/100). Calli were col-
lected during 4-weeks’ anther culture and transferred
on BI medium. Bud regeneration was evaluated after
4-weeks’ culture on BI medium.

Experiment 5

Donor plants of flax, linseed and their hybrids (as in
Exp. 2) were grown in the field. Anthers were cultured
on AA22, B and C media (see Exp. 3). We used the
week mean values of temperature.

Experiment 6

Areco plants were grown in pots in greenhouse and
at the beginning of flowering period were transferred
into culture box with 16-h’ photoperiod, 14/8 °C,
day/night for 1-6-days’ intervals. Then pots were trans-
ferred to the greenhouse again. Anthers were isolated
every day since the 2 days before the 1st pot was trans-
ferred into growth chamber to the 4th day after transfer-
ring into greenhouse, and cultured on media AA22/60,
AA22/100, C/60, C/100 (as in Exp. 4).

Experiment 7

Areco plants were grown in greenhouse (higher tem-
perature, see Results) and at the same time in vegeta-
tive hall (lower temperature). On 2 May plants from
greenhouse were transferred out in the open area. The
temperature was recorded. Isolated anthers were cul-
tured on the same media as in Exp. 6.

Experiment 8

Areco plants were grown in vegetative hall, anthers
were cultured in three places: culture room (16-h’ pho-
toperiod, 29-30/25-26 °C, day/night), thermostat
I (dark, 21 °C), thermostat II (dark, 30 °C) on the same
media as in Exp. 6.

Experiment 9

Anthers collected from Areco plants in greenhouse
or vegetative hall were isolated on media as in Exp. 4
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Composition of culture media used in experiments
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MS BS (Gamb N6 (Ch MS but MS but MS but
Macroelements | (Murashige, 1/2 MS vl 196‘;')3 MS s 19;'8) 165 mgl-' | 165 mg.1! MS MS 165 mg1™! | 165 mgl! N6
Skoog, 1962) L& " NH,NO, NH,NO; NH,NO, NH,NO,
Microelements Ms 112 Ms BS MS N6 MS MS MS BS (Gamborg Ms MS N6
et al., 1968)
MS but MS but MS but MS but MS but MS but

Vitamins MS MS BS MS 1 mg.1! 1 mg.1™! 1 mgl™! MS BS I mgI™! 1 mgl™! 1 mg.I™!

of thiamine | of thiamine | of thiami of thiamine | of thiamine of thiamine
Yeast extract 300 mg.l'l
m-Inositol 100 mg.1™! 100 mg.1”' | 100 mg.1™' | 100 mg1™ 100 mgI™" | 100 mg1™ 100 mg.I™! 100 mg.I™" | 100 mgI™ | 1001 mgl™
Glycine 2 mgl™ 2 mg.l'I 2 mg.l'l 2 mg.l'l 10 mg.1™! 2 mgll'l
Glutamine 750 mg.I”' | 750 mg1™! 750 mgI™" | 750 mg.1™ 375 mgl1™!
NAA 0.1 mgl"| 2mgr! 2 mgl”! 1 mgl™ 1 mgl™! 0.05 mgl™" | 10 mgl™
2,4-D 1.105 mg.1”" 1 mgl™
IBA 201"
BAP 1 mgl”! 1 mgl” 2 mgl™ 1 mgI™ 1 mgl”! 20 mg.I™! 2 mgl™ 1 mgl™
Kinetin 0215 mgl™|  1g1” 1 mgl™
Sucrose 30 gl 30 g1 20 g™t 60 gI™! 80 g1 60 g.I”! 60 g1 60 g1”! 50 gI™! 60 g1 60 g.I”! 30 gl
Agar g gl g gl g gl 8 gl g gl 8 gl g gl g gl g gl 8 gl g gl 8 gl
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and placed into refrigerator for 1, 3 or 5 days at 4 °C.
Then Petri dishes with anthers were transferred into
culture room at 30/25 °C, 16/8 h, day/night.

Experiment 10

To find the most convenient auxin for callus induc-
tion in flax anthers eight growth regulators in induction
medium were tested. Basal medium AA22 with 2 mg.l"l
BAP was supplemented with 1 mg.l'l of 2,4-D, ben-
zolinon (BEN), dicamba (DIC), IAA, IBA, NAA, pi-
cloram (PIC) or TIBA. Anthers from Areco (linseed)
and Texa (flax) plants, grown in greenhouse, were iso-
lated during October and November. Callogenesis was
evaluated after 8-weeks’ culture.

Experiment 11

Areco, Texa and Su 1527 flax line donor plants were
grown in the field, anthers were collected at the begin-
ning of July, Areco and Texa twice (Areco I, Areco II,
Texa I, Texa II). Anthers were put on surface of culture
medium or they were dipped into medium. Anther cal-
logenesis was evaluated after 8-weeks’ culture.

Experiment 12

Areco and Texa were grown in vegetative hall in
pots. Plants were fertilized three times in 7-days’ inter-
vals with Floran (full combined fertilizer, 0.5 g per pot)
or NH4NO;3 (0.2 g per pot). Control plants were only
watered. Temperature in vegetative hall was recorded.
To determine nutrient elements or growth regulators
influence on regeneration, callogenesis and bud regen-
eration were induced on following sequences of media:
AA 22 = BI, A 22 with growth regulators P = BI, P =
P and P with growth regulators A 22 = BI as well.

Callogenesis in anthers was evaluated after 8-weeks’
culture. Organogenesis in anther calli was evaluated
during four subcultures on the same organogenic me-
dium (BI or P, resp.). Mean temperature was calculated
as an arithmetic mean of minimal and maximal day
temperatures of the last five days before anther isola-
tion.

RESULTS AND DISCUSSION
Influence of genotype

Tab. II shows an anther callogenesis in different
genotypes on media MS 5/1, A, 2, N and N6 (Exp. 1).
Some differences were observed in callus induction
among genotypes, flax and linseed types or their hy-
brids. Viking seems to be the most responsive geno-
type, Duferin did not produce callus in anthers on any
culture medium. The frequencies of callogenesis in dif-
ferent types (flax, linseed, hybrids) were similar. Exp. 2
gave similar results (Tab. III). Callogenesis in Viking
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was the highest, Duferin showed the lowest frequency
of anther callogenesis. Frequencies of the anther callo-
genesis in Exp. 2 were higher in comparison with those
in Exp. 1.

Results of Exp. 11 confirmed differences in callus
induction capability between Areco and Texa on media
with different auxins (Tab. X). Areco reached higher

I1. Influence of genotype on callogenesis in anthers of flax, linseed
and hybrids flax x linseed (Exp. 1)

Genotype N?s.ox::::;rs Callc()qg:;esis
Antares® 900 34
Areco® 350 2.0
Arianel 650 5.9
Belinka® 400 1.3
Duferin 300 0.0
Lauraf 850 79
Linda® 800 2.6
Marine® 950 5.1
SL 1585F 800 24
SU 161/83/161 250 3.6
SU 284/82" 400 2.0
SU 45/85F 700 5.1
SU 670/80F 400 1.5
Te 93/13F 850 38
Texa® 750 2.0
Viking" 750 10.0
Walshk 350 3.7
Flax 7 250 4.4
Linseed 2 550 35
Hybrids 650 2.6

L - linseed, F - flax, H - hybrid L x F

III. Influence of genotype on callogenesis in anthers (Exp. 2)

Genotype N9. anthers Callogenesis
isolated (%)
Areco® 1585 5.43
Duferink 1778 1.80
Lauraf 1 547 433
Linda" 1 667 4.56
Redvood x V121 2242 5.98
SU 45/85F 1950 8.41
Texal | 845 1.46
Tverca x (Red. x Tv.)H 1982 5.55
(Tv. x 1015) x VI2H 1 886 6.15
Viking® 1 590 11.51
Flax 8 599 6.01
Linseed 3363 3.51
Hybrids 6110 5.89

L - linseed, F - flax, H — hybrid L x F
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4. Callogenesis and bud initiation per anther isolated on media dif-
fering in way of sterilization and auxin content (Exp. 3)
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frequencies of callogenesis on all media except me-
dium with IBA.

Influence of anther and callus culture media

Differences in anther callogenesis on media used in
Exp. 1 shows Fig. 1. The highest callogenesis was ob-
served on medium MS with 1.105 mg.l"l 2,4-D and
0.215 mg.1"! kinetin. The callogenesis on this medium
was even higher than on medium N (modified medium
A3 according to Nichterlein et al., 1989). There
was no callogenesis on medium N6 (medium for anther
culture of cereal crops, Chu, 1978).

Differences in anther callogenesis on next four cul-
ture media (Exp. 2) are described in Fig. 2. Media A3
and A22 are different only in growth regulators con-
tents. A3 contains 2 mg.I"l NAA and 1 mg.l_l BAP,
medium A22 on the contrary, 1 mg.l'l NAA and
2 mg.l‘1 BAP. When we compare callogenesis only in
anthers from plants grown in greenhouse and in anthers
harvested from plants in the field (the ist collection)
differences between these two media are seen clearly
(Fig. 3).

Medium A22 is filter sterilized (Nichterlein et
al., 1991). Results of Exp. 3 demonstrate that there are
no differences in anther callogenesis between filter
sterilized and autoclaved media. Higher frequency was
obtained on medium C with 2,4-D (Fig. 4). This finding
corresponds with the results in Exp. 1 (Fig. 1), where
the highest callogenesis was obtained on medium with
2,4-D, too, although other factors could be effective
there. Bud regeneration was obtained on N6 modified
(BI) medium in calli from AA22 and C media.

IV. Callogenesis in anthers harvested from plants grown in different
conditions (Exp. 2)

Donor plant No. anthers Callogenesis
cultivation place isolated (%)
Greenhouse 7077 58
Field I 5524 91
Field 11 5471 0.8

Field I — Ist isolation of anthers
Field II - 2nd isolation of anthers

Exp. 4 did not show any significant differences in
anther callogenesis between media with 6 or 10% su-
crose in basal AA22 medium. There were no diffe-
rences in bud regeneration from calli developed either
on 6 or 10% sucrose media, too (Tab. V). The highest
callogenesis was recorded on media with 2,4-D and
10% sucrose (Tab. V). Exp. 4 and 9 showed interaction
between anther callogenesis and 2,4-D and sucrose
content in induction medium. Bud regeneration was
higher in calli from media with 2,4-D (Tab. V). These
results were fully confirmed in experiment next year
when anthers were cultured in three light and tempera-
ture conditions (see Exp. 8).
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V. Influence of auxins and sucrose on callogenesis and bud development in anther culture of linseed Areco (Exp. 4)

. Auxin Sucrose No. isolated Callogenesi Bud development in calli (%)
Medium -1 1 th (%)
(I mg.I™) &™) ARLISES per anther per callus
AA22/60 NAA 60 1 545 11.8 0.13 1.10
AA22/100 NAA 100 1 545 11.7 0.13 1.11
C60 2,4-D 60 1 545 8.8 0.26 294
C100 2,4-D 100 1 545 14.2 0.32 2.28

Replacement of NAA in AA22 induction medium
by other auxins or auxin-like substances (Exp. 10) gave
the following results: The lowest callogenesis was re-
corded on medium with IAA or TIBA, the highest one
on 2,4-D, NAA or PIC (Tab. X). The frequencies of
callogenesis are relatively low because anthers from
old donor plants were included.

High content of growth regulators can lead to low
organogenesis in callus. Callogenesis on medium
AA22 and organogenesis in calli on BI medium were
compared with callogenesis and organogenesis on me-
dium Poliakov (1994). The results of Exp. 12 sug-
gest that the highest callogenesis was on media with
higher NAA and BAP contents (Tab. XI, systems
1 and 4). Bud regeneration in calli was the highest in
system 2 where bud-induction medium contained
higher levels of nitrogen, boron, manganese, zinc and
vitamins and lower glutamine and sucrose levels in
comparison with callus-induction medium. The lowest
callogenesis and bud regeneration were in system 3 in
which anthers as well as induced calli were maintained
on the same medium.

Influence of donor plant growing conditions

Anthers from plants from various culture places dif-
fered in frequencies of callogenesis (Fig. 5). The best
results were obtained in anthers from plants grown in
greenhouse. Very low callogenesis was recorded in an-
thers from the field (Exp. 1). Results from the next
experiment (Exp. 2) were a bit different (Tab. IV). The
highest callogenesis was obtained in anthers harvested
at the beginning of July. Anthers collected two weeks
later from the same plants were much less responsive.

We can see different reactions of anthers from donor
plants cultured in different culture places in two vege-
tative periods. In Exp. 1, the highest callogenesis was
obtained in anthers from donor plants cultured in green-
house at low spring temperature. In July the tempera-
ture reached values about 30 °C in the field and callo-
genesis was low. In the next year (Exp. 2), there was
a warm spring (time of donor plant cultivation and anther
harvesting in greenhouse), a cold end of June and a be-
ginning of July (the Ist anther harvesting from plants
cultured in the field) and a hot second half of July (the
time of the 2nd collecting of anthers in the field).

Exp. 5 demonstrates certain relation between tem-
perature in which anthers are developing on donor
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plants and callogenesis in isolated anthers in successive
days (Tab. VI). Dark grey fields indicate higher donor
plants cultivation temperatures in the last days before
anther isolation and very low or zero callogenesis in
isolated anthers. Light grey fields indicate, by analogy,
lower donor plants cultivation temperatures in the last
week before anther isolation and higher frequencies of
callogenesis in isolated anthers.

Nichterlein etal. (1991) recommended to grow
donor plants in a 16-h’ day at 14/8 °C, day/night tem-
perature but it is not known if the donor plants need
this temperature regime through the whole vegetative
period. Possibilities of breeders to grow plants in
growth chambers are limited, so we tried to determine
the necessary length of 14/8 °C period before the anther
isolation. Exp. 6, however, did not carry out any regu-
larity because callogenesis was not induced in any vari-
ant. Results of previous experiment suggest that lower-
ing of donor plants cultivation temperature during the
week before anther isolation increases callogenesis in
isolated anthers. However, 2—6-days’ cultivation of do-
nor plants in 14/8 °C, day/night temperature regime in
growth chamber did not increase callogenesis in an-
thers. There were probably some additional factors in-
fluencing callogenesis (low light intensity in growth
chamber, physiological state of plants, etc.).

The light and dark grey fields in Tab. VII (Exp. 7)
suggest that low donor plant cultivation temperature
induces and higher temperature suppresses callogenesis
in anthers isolated in about the 4th day after tempera-
ture effect. The experiment was in progress in both

Callogenesis (%)

Field

Greenhouse  Vegetalive hall
Place of donor plants culture

5. Influence of donor plant cultivation place on callogenesis in an-
thers (Exp. 1)
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VI. Influence of cultivation temperature of donor plants on callogenesis in anthers (Exp. 5)

Week Mean day Max. day Min. night Morning ground- Nethiers Callogenesis

o - tem;()fg;ture tcm%cg;ture teml():(r:t;ture -level l::?:l);ernture isolation tdicion
28. 6. 4.7 17.0 8.5 7.1

57 11.7 16.8

12.7. 18.7 % I

18. 7. 25.17 I
26. 7. 1.8 I

2.8, 8.8 I

9. 8. 15.8 I

16. 8. 22.8
23. 8. 29.8 I
30. 8. 5.8 I

I - isolation of anthers, — no call is, C — callog

)

places at the same time, in the same light conditions.
When we compare anther callogenesis in the mid-April
from both places and in the period from the 9th to the
13th May we can see the differences which can be
explained as a reaction to temperature, not to the length
of light period or the light intensity.

Fig. 8 shows again certain tendency of higher callo-
genesis in anthers isolated from plants cultivated in low
temperature in the last 5 days before anther isolation.
Minimal day temperature above 15 °C and maximal
day temperature above 30 °C stopped fully callogenesis
in anthers. Extremely low temperatures (about 5 °C)
supported, probably, callus induction (data not shown).

Experiment 12 did not give an evidence about influ-
ence of fertilization of donor plants on callogenesis in
isolated anthers.

Influence of anther culture conditions

Differences between callogenesis of anthers cultured
in culture room and in laboratory were observed
(Exp. 1, Fig. 6). Day light supported, probably, callo-
genesis in anthers. Anther culture in different light and
temperature conditions (Exp. 8) shows the following

Callogenesis (%)
12 +

10

Culture room Laboratory
Place of anther culture

6. Influence of culture place on callogenesis in anthers (Exp. 1)
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(C) — weak callogenesis

results: Callogenesis in the dark was higher, on the
average, than in the 16-h’ photoperiod and it was
higher on the average at 21 °C than at 30 °C, as well
(Tab. VIII).

The cold pretreatment of isolated anthers inhibited
anther callogenesis as Exp. 9 demonstrates (Tab. IX).
Storage of flower buds for 2-8 days at 4 °C before
anther isolation (data not shown) did not increase an-
ther callogenesis in linseed or flax.

Position of explants in the medium can influence gas
exchange or medium component uptake and it can in-
fluence callogenesis or regeneration in explants. An-
thers immersed into agar culture medium (Exp. 11)
showed lower callus production than anthers placed on
medium surface (Fig. 7).

Calli developed in anthers originate probably in sin-
gle microspores as it is possible to see under the mi-
croscope (Fig. 9¢). Sometimes multiple callogenesis in
anther was recorded (Fig. 9d). Callogenesis does not
often start at the same time in all anthers or callus
development is not of the same intensity. Fig. 9e docu-
ments anther culture after 4 weeks on A 22 medium.
There are calli of different size.

Bud regeneration was obtained on medium BI or on
medium Poliakov (1994). Calli regenerating were
compact yellowish or light or dark green (Fig. 9f). Bud

[[] Anthers on surface
[ Anthers under surface

Areco IT Texa Il

Areco | Texa SU 1527

g

7. Influence of anther position in cult
(Exp. 11)

on callog
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» VI Callogenesis in anthers from donor plants cultivated in two places with different temperature (Exp. 7)
=)

Callogenesis (%)

Max. temperature (°C) i:‘);r‘;ﬂlz?::e 20 22 21 25
Min. temperature (°C) 6 16 16 18
Callogenesis (%) donor plants N “ . 7.0

Max. temperature (°C) in vegetative | 14 24 23 24 22 16 19 21 21 21 12 13 20 20 22 22 21 15 18
Min. temperature (°C) all 9 | 10 | 10| 1 iy iFighs i 11

Date 29.3.(30.3.|31.3.| 1.4. [ 2.4, |3.4. (4.4 |54 |6.4 (74|84 [9.4./10.4.[11.4.[12.4.{13.4.|14.4.[15.4.({16.4.|17. 4.|18. 4.[19. 4.]20. 4.
Callogenesis (%) 6.0 5.0

Max. temperature (°C) i:";,zrc,‘,’}::::e 15 31 | 32|29 |16 |27 | 28 |20 [20 [21 [31 [32 |33 |19 |30 |29 |30
Min. temperature (°C) 15 13 10 17 12 T 7 13 10 12 12

Callogenesis (%) donor plants 8.7

Max. temperature (°C) in vegetative | 2] 30 25 25 26 29 29 30 31 32 24 | 21 26 25 27 32
Min. temperature (°C) hall 10 | 1 [Riol i 13| 1] 8 |1w0] : 12 14
Date 21.4.022.4.(23.4.|124. 4.125. 4.(26. 4.(27. 4.|28.4.(29.4./130.4.| 1.5. | 2.5.[3.5.|4.5.[55.|6.5.|7.5 (85 ]9.5 [10.5|11.5.12.5.[13.5.

092-6¥T (9) 9661 ‘¢ ‘'VHOIAA YNNITLSOY



VIII. Callogenesis in anthers cultured in the light or in the dark (Exp. 8)

Anther culture conditions

Date No. Callogenesis

of anther isolation place light tem?:éx;ture anthers cultured (%)

Total culture room culture room 16 h 29-30/25-26 1 645.0 8.7

Total thermostat thermostat dark 21 or 30 1 930.0 12.8
Total thermostat 21 °C thermostat I dark 21.0 1 230.0 14.1
Total thermostat 30 °C thermostat 11 dark 30.0 700.0 10.6

IX. Influence of pretreatment on anther callogenesis (Exp. 9)

Pretreatment on anthers Callogenesis in anthers (%) on media
Place ] temperature (°C) period AA22/60 AA22/100 C/60 . C/100
Without pretreatment 13 15 11 18

X. Callogenesis in anthers cultured on media with different auxins (Exp. 10)

No. anthers isolated Callogenesis (%)
Genotype
2,4-D | BEN | DIC | IAA | IBA | NAA | PIC | TIBA BEN | DIC | IAA
Areco 1050 (1035|935 | 785 | 635 | 950 | 885 | S35 | 43 29 1.5 0.9
Texa 400| 250| 350 | 350 [ 350 | 350 | 350 | 200 | 25 0.4 1.1 0.0

XI. Role of basal medium and level of growth regulators in anther callogenesis and organogenesis in anther calli (Exp. 12)
System of regeneration N isalaiea | cai Organogenesis (%)
0.
Callus induction medium = bud anthers (7%) related related
induction medium No, changed factors to calli to anthers
A 22 = B] 1 N, auxin, cytokinin, pH 783 4.2 21.2 0.9
A 22/growth regulator P = BI N, (auxin), pH 2.5 444

P/growth regulator A22 = BI

N — higher macro- and micronutrient (N, B, Mn, Zn, predominantly) levels in bud induction media compared to callus induction ones
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24
204
18
16
14 4
21 A Meandaytemp. | (C)
104 @ Callogenesis (%)
8
6
4
23
9May .. . 15 June

date of anther isolation

8. Influence of cultivation temperature of donor plants on anther
callogenesis (Exp. 12)

regeneration was lower in green friable calli, which
developed in high culture temperature (above 30 °C).

Regenerated buds can be transferred on MS 0.00095
mg.l”" NAA/0.0225 mg.l“] BAP medium (Tejklo-
va, 1992a, b) for long-term shoot-tip culture (Fig. 9g).
Shoots rooted on MS medium with 0.019 mg.]‘l NAA
(Fig. 9h).

Regenerated plants can be transferred into soil and
harvested after maturation. All our regenerants were
fertile dihaploids (except of one regenerant which was
sterile; however, cytoflowmetric method documented it
was diploid, too), though Nichterlein etal. (1991)
described both haploid and dihaploid regenerants.

CONCLUSIONS

The critical factor for callus formation from anthers
is the temperature in which donor plants are cultivated.
It seems that other studied factors (composition of cul-
ture media, culture regime) cannot eliminate the nega-
tive influence of higher donor plants cultivation tem-
perature on the process of callogenesis.

Method of anther culture is proposed for dihaploid
genotype production in flax and linseed. The good re-
sults can be reached when the following items are kept:
- The donor plants are cultivated in min. day tempe-

rature below 10 °C and max. day temperature below

20 °C.

— The buds isolation and sterilization and anther extir-
pation is quick (data not shown).

— The bud about 5 mm (according to genotype, Texa:
4-5 mm) in length are sterilized as follows: rinsing
in 70% ethanole, 20 min. in 7% calcium chloride,
three times rinsing in sterile water.

— The extirpated anthers are transferred on surface of
induction agar medium in Petri dishes (max. 50 an-
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thers in Petri dish of 10 cm in diameter with 20 ml
of medium).

— The induction medium contains: macro-microele-
ments MS except of ammonium nitrate (165 mg.l'l),
MS vitamins, m-inositol 100 mg.l'l, l-glutamine
750 mg.I"!, NAA 1 mg.I"}, BAP 2 mg.I™, sucrose
60-100 g.l']. Medium is solidified with agar, pH is
55.

— The culture of anthers in a 16-h’ day, 25-29/20-24,
°C, day/night or at 21 °C in the dark.

— The calli about 2 mm in diameter are transferred on
regeneration medium (5 pieces in 100 ml Erlen-
meyer’s flasks with 25 ml of medium) and cultured
in a 16-h’ day, 25-29/20-24 °C, day/night.

— Regeneration medium is N6 macro-micronutrients
and vitamins, m-inositol 100 mg.I™!, 1-glutamine
375 mg.1"}, BAP 1 mg.I™}, sucrose 30 g.1I"!. Medium
is solidified with agar, pH is 5.8.

— Buds developing in calli are transferred on long-
-term shoot-tip culture medium (MS 0.00095 mg.l'l
NAA/0.0225 mg.l'I BAP; 5 pieces in 100 ml
Erlenmeyer’s flasks with 25 ml of medium) in 16-h’
day, 25/20 °C, day/night.

— Shoots 2 c¢cm in length growing up are cut with
a sharp scalpel and rooted in MS medium with
0.02 mg.I”! NAA (5 pieces in 100 ml Erlen-
meyer’s flasks with 25 ml of medium) in 16-h’ day,
25/20 °C, day/night.

— Rooted shoots are rinsed in 0.15% Previcur, then
they are planted in pots with soil (autoclaved 30 min
in 121 °C) and covered with glass or similar cap.
The cap is removed after several days.
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2,4-D = 2,4-dichlorophenoxyacetic acid, IAA = b-in-
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acid, BAP = 6-benzylaminopurine
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ACCUMULATION OF ALUMINIUM, CALCIUM
AND MAGNESIUM IN MAIZE AND SUNFLOWER PLANTS
GROWN IN ACIDIFIED SOLUTIONS WITH ALUMINIUM

AKUMULACE HLINIKU, VAPNIKU A HORCIKU V ROSTLINACH
KUKURICE A SLUNECNICE POD ZATEZI VYSOKE ACIDITY
A KONCENTRACE

M. Vicherkova

Masaryk University, Faculty of Science, Brno, Czech Republic

ABSTRACT: In the present paper the problems of accumulation and distribution of Al are solved in two plant species — the
monocotyledonous maize (Zea mays L., cv. CE 200) and the dicotyledonous sunflower (Helianthus annuus L., cv. Albena)
— at different acidity and Al effect on the growth of shoots and roots and on the accumulation of divalent cations Ca* and
Mg2+ in those organs. The experiments were made in nutrient solutions with controlled acidity and reduced salt concentration
(Al concentration 0.6 mM) under constant conditions of temperature and illumination. Maize and sunflower react differently
to the given experimental conditions by growth parameters, Al accumulation as well as by the inhibition intensity of
accumulation of both divalent cations. Al toxicity evoked the reduction of elongation and dry matter production of roots as
well as shoots, the reduction of the leaf area and the decrease of root branching with disorders of gravitropism. In maize the
formation of adventive roots was observed. All symptoms of Al toxicity were more pronounced in sunflower than in maize.
The same holds for the effect of high acidity. Al accumulation in plant organs prevails in the roots, where the concentration
is ten times higher than in the shoots. Sunflower accumulated three times as much Al than maize. The two species accumulate
also divalent cations differently due to the interaction of Al and high acidity. In the whole maize plant the accumulation of
Mgz" is conspicuously inhibited, the inhibition of Ca®* accumulation being only low. The Al toxicity of maize plants is rather
connected with Mg than Ca. In sunflower a marked reduction of the accumulation of both Ca and Mg in the shoots occurs.
The accumulation of CaZ* in the roots is non-standard. All observed growth and divalent cation accumulation changes in the
experimental plants lead to the conclusion that maize (the employed variety) belongs to Al tolerant species. Sunflower is
much more sensitive towards Al and H toxicities.

phytotoxicity; high acidity — Al; accumulation; aluminium; calcium; magnesium; maize; sunflower

ABSTRAKT: V prici je feSena problematika akumulace a distribuce Al u dvou rostlinnych druhi, jednod&loZné kukufice
(Zea mays L., hybrid CE 200) a dvoudélozné slune&nice (Helianthus annuus L., odrida Albena), pfi rozdilné acidit& a uginku
Al na rist nadzemnich orgédnii a kofenl a na akumulaci divalentnich kationtt Ca®* a Mg2+ v téchto organech. Pokusy
probihaly v Zivnych roztocich s udrZovanou aciditou a sniZenou koncentraci soli (koncentrace Al 0,6 mM) v konstantnich
podminkéch teploty a osvétleni. Kukufice a slune¢nice reagovaly rozdilné na dané pokusné podminky ristovymi parametry,
akumulaci Al i intenzitou inhibice akumulace obou divalentnich kationti. Toxicita Al vyvolavala redukci elongace a tvorby
susiny kofent i nadzemnich €asti, redukci listové plochy, redukei v8tveni kofenli s poruchami gravitropismu. U kukufice byla
pozorovana tvorba adventivnich kofendi. VSechny symptomy Al toxicity byly vyrazn&jsi u slune¢nice neZ u kukufice. TotéZ
plati o vlivu vysoké acidity. Akumulace Al v rostlinnych organech pfevaZuje v kofenech, kde je koncentrace fadové desetkrat
vétdi neZ v nadzemni Casti. Slune¢nice akumulovala tfikrat vice Al neZ kukufice. Oba druhy akumuluji rozdiln& vlivem
interakce Al a vysoké acidity i divalentni kationty. V celé rostling kukufice je vyrazné inhibovana akumulace Mgz*, inhibice
Ca?t je jen nizka. Al toxicita u kukufice je spie spojena s Mg neZ Ca. U sluneZnice dochédzi k vyrazné redukci akumulace
Ca i Mg v nadzemnich &astech, akumulace Ca®* v kofenech je atypickd. Pozorované zmény rustu i zmény akumulace diva-
lentnich kationtli u pokusnych rostlin prokazuji, Ze kukufici (pouZitou odridu) Ize pfitadit k Al tolerantnim druhiim. Slunec-
nice je mnohem citliv&jsi vaci Al i H* toxicité.

fytotoxicita; vysoka acidita — Al; akumulace; hlinik; vapnik; hof¢ik; kukufice; slune&nice
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INTRODUCTION

The prevailing part of Al in neutral to weakly acid
soils is bound in the sorption complex and it does not
affect plants unfavourably. As a consequence of an-
thropogenic activities, due to acid depositions there is
a progressive acidification of the environment (above
all water and soil), which results in the subsequent re-
lease of a great amount of Al into these mediums. Tho-
se in turn have an inhibitory to toxic effect on the
growth and development of plants (e.g. Foy, 1984;
Rengel, 1992). The limit of toxic effect of Al is
about pH 5.0, but also pH 5.5 is often mentioned. The
overall amount of Al present does not, however, repre-
sent an absolutely effective dose affecting plants. Bio-
logically active are only monomeric species of Al, abo-
ve all A" and the series of Al-hydroxide ions from
AI(OH)** up to AI(OH); (Alva et al., 1986) with a
decrease of activity from AP* to Al(OH)g (Fageria
et al., 1989). On acid, agronomically utilized soils, the-
se Al cations significantly reduce the production of
agricultural crops. From the external environment Al is
taken up by plants and accumulated in plant organs. It
inhibits above all the cell division and the root growth.
The growth inhibition is connected with the effect of
Al on the whole series of metabolic and physiological
processes of plants (Taylor, 1988). It is very difficult
to differentiate the primary effects of Al operation from
secondary symptoms. Plant species and varieties differ
conspicuously in the reaction to increased Al concen-
tration. The tolerance and/or the intolerance of species
and varieties is genetically controlled and conditioned
by a number of protective mechanisms of different type
(Foy, 1984; Horst, Goppel, 1986; Kinrai-
de, Parker, 1987; Spehar, 1994).

One of the most distinct physiological changes
evoked by Al are disturbances of mineral nutrition re-
sulting in the loss of nutrient balance and conspicuous
nutrient deficiency in the plant. Particularly the sorp-
tion of divalent cations and P is affected, but also that
of further cations. Changes in the uptake capacity of
nutrients and in the mineral composition of plant tis-
sues due to Al effect often appear even before changes
in plant growth (Bengtsson et al., 1988). The pos-
sibilities of affecting mineral nutrition of plants by Al
are characterized by a considerable variability. The me-
chanism of Al effect in this sense is very complicated
and it can be quite different in specific plant groups.

The aim of the present paper was to compare — under
different acidity — the accumulation and distribution of
Al in two plant species (maize and sunflower) and to
investigate its effect on the accumulation of Ca and Mg
in the individual organs of the experimental plants.

MATERIAL AND METHODS

The experiments were made with maize plants (Zea
mays L., cv. CE 200) and sunflower plants (Helianthus
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annuus L., cv. Albena), cultured in a diluted modified
Richter nutrient solution containing (in mM): 1.50
Ca(NO;3),.4 Hy0, 0.99 KNO3, 0.73 KH,PO,, 2.02
MgS0,4.7 H,O and 0.5 FeCl3.6 HyO in the form of
EDTA. Into half of the vessels Aly(SOg4)3.18 HyO was
added in the concentration of 0.6 mM Al. The plants
were cultivated in all variants of nutrient solutions after
a four-day pregermination for the period of 15 days at
the temperature of 25 + 2 °C and 16 h illumination of
intensity 560 umol.m'z.s'l.

The acidity of the solutions was kept at pH 3.5 and
4.5 by a daily adjustment by means of H,SO4 and
NaOH and by the exchange of solutions after 5 days of
cultivation. For the sake of comparison, another variant
was made with pH kept at the value of 5.5. The experi-
ment included following variants for both plant spe-
cies: pH 5.5, pH 4.5/-Al, pH 4.5/+Al, pH 3.5/-Al and
pH 3.5/+Al.

The plant growth characteristics and the content of
mineral elements Al, Ca and Mg by the emission spec-
trometry by means of induction coupled plasma
(Sommer, 1990; Otruba, Navratil, 1990)
were determined. All samplings and all measurements
were carried out in triplicate. Statistical evaluation was
performed by the #-test by means of the set of statistical
programs Statgraphics.

RESULTS

Employed Al concentrations in the nutrient solution
in interaction with high acidity (pH 3.5) negatively af-
fect the growth of roots and shoots of both experimen-
tal plant species, also accompanied by morphological
changes in roots and partly also in leaves. The effect
of Al is conspicuously rhizotoxic what is reflected
more in length and branching of the root than in the
production of dry matter. The roots are short, hypertro-
phic, laterally unbranched with brownish root tips. The
leaves, particularly in the sunflower, exhibit visual
symptoms of Ca, Mg and/or P deficiency, they are
thickened and have a strongly reduced area. The inten-
sity of damage of both plant species is different. The
above changes are more conspicuous in the sunflower.

The elongated growth (Fig. 1) of roots in both spe-
cies at pH 3.5 is reduced most conspicuously, in sun-
flower the longitudinal inhibition is stronger. The
length of shoots is affected less than the length of roots,
in sunflower statistically highly significantly. The high
acidity alone affects maize and sunflower differently.
The comparison with treatment pH 5.5 shows that the
length of the roots as well as of the shoots of maize
reacts only by a mild insignificant reduction, whereas
the roots of sunflower show a rapid decrease of the
longitudinal growth by as much as 45%.

The dry matter (Fig. 2) of the roots of both plant
species is affected by Al at pH 3.5 less than the length.
The difference of the reduction between dry matter and
length of the roots in sunflower reaches about 20%, in
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**P = 0.01
*P =005

pH [ pH 5.5
++P =0.01
+P =0.05
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pH 55 35 45

1. Shoot and root lengths [cm/1 plant] of maize and sunflower plants
grown in nutrient solutions of different acidity with (+Al) or without
(-Al) aluminium

maize 10%. More than roots shoot dry matter is af-
fected by Al (in sunflower the inhibition reaches about
35%, in maize 25%). The sunflower shoot is inhibited
by 25% even in milder acidity.

The acidity alone without Al (comparison with pH
5.5) inhibited only the elongation of sunflower roots
and at pH 3.5 the dry matter of the shoots of both two
plant species, with greater intensity in sunflower.

The degree of root damage due to Al and low pH
was characterized by a lowered specific root length to-
wards the respective control (SRL = the length related
to dry weight root unit, Tab. I). The lowering of this
value in maize by Al damage reaches 15%, whereas the
low pH alone has a minimum effect. In sunflower the
SRL reacts to Al and low pH in both cases by a much
greater lowering — by 32 and 38%, respectively. Also
relative dry matter production of the overground organs
(Tab. I) is inhibited by these two factors more inten-
sively in sunflower than in maize.

In both, maize and sunflower, Al accumulation
(Fig. 3) is the greatest in the roots. Its distribution in
plants is not homogenous, since only a small part is
transported to the shoots. At high acidity, this part is
roughly ten times lower in sunflower plants and six
times lower in maize plants than in the roots. In the
solution with milder acidity it is again lower, in sun-
flower seven times and in maize six times.

Sunflower

Dry matter (mg)

+P =005

A TN A
pH 55 35 45

2. Shoot and root dry matter [mg/1 plant] of maize and sunflower
plants grown in nutrient solutions of different acidity with (+Al) or
without (-Al) aluminium

The interaction of Al with low pH induces different
changes in the content of divalent cations Ca®* and
Mg2+ in both experimental species. The Ca content
(Fig. 4) in maize is significantly lower only in the roots,
in the shoots the slight decrease of Ca content is insig-
nificant. In sunflower plants, an increased Ca accumu-
lation in the roots appears but, it does not reach’ statis-
tical significance although the increase approaches
closely the limit of significance. Statistically signifi-
cant is, however, the increased Ca content under the
effect of acidity without Al (ratio 3.5/5.5). In sunflower
shoots from the Al variants Ca content is highly sig-
nificantly lowered at high as well as mild acidity, the
lowering reaching 35% in both cases.

The Mg accumulation (Fig. 5) in the two organs of
both the sunflower and maize conspicuously lowered
due to Al in combination with high acidity, most in the
maize roots (by 60%) and in the sunflower shoots (by
55%). In milder acidity the Mg content is lowered also
in maize roots and in the sunflower shoots (by 45%).

The change in the solution acidity alone without Al
participation has no effect on the Ca content in maize.
In sunflower the lowering of pH without Al evokes the
increase in Ca accumulation in the roots and its de-
crease in the shoots. The Mg content is lowered in both
maize organs with the lowering of pH to 3.5, milder
acidity 4.5 pH does no longer change its content in

I. Relative specific root length and relative shoot dry weight (+Al/-Al or pH/pH 5.5) of maize and sunflower plants grown at different pH

with or without aluminium in nutrient solution

Maize Sunflower
Ratio of
variants pH pH
3.5 4.5 3.5 4.5

+Al/-Al 0.84 1.00 0.68 0.96
Relative specific root length

pH/pH 5.5 0.95 1.05 0.62 1.02

+AV-Al 0.76 0.98 .67 0.76
Relative shoot dry weight e ’

pH/pH 5.5 0.88 0.99 0.76 0.95
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3. Aluminium concentration [mmol.kg‘ldry matter] in maize and
sunflewer shoots and roots grown in nutrient solutions of different
acidity with (+Al) or without (-Al) aluminium

comparison with the control. In sunflower, decreased
pH lowers the Mg content only in the roots, this trend
being kept even at milder acidity.

DISCUSSION

In general, plant roots are characterized by the fact
that under certain conditions they can regulate pH of
external nutrient or soil solutions to their optimum.
That is why they can quickly and effectively change
original acidity of the medium. In view of this fact our
experiments were carried out in nutrient solutions with
the exchange and daily correction of pH, so as to adjust
the original acidity. The binding of toxic forms of Al
and buffer properties of the nutrient solution were
partly limited by lowering salt concentrations used in
the nutrient solutions and the choice of a sufficiently
high Al concentration as well as the acidity of the so-
lutions. The intensity of Al phytotoxicity in nutrient
solutions is conditioned by the presence of biologically
active monomeric species of Al, dependent on pH and
also on the concentration and composition of nutrient
solution (Alva et al.,, 1986; Kinraide, 1991;
Foy et al, 1992; Spehar, 1994). The lower the
acidity and the higher ionic strength the higher level of
Al is required to produce a given effect in the plants.
The employed pH 4.5 and particularly 5.5 in our ex-
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4. Calcium concentration [mmol.kg'ldry matter] in maize and sun-
flower shoots and roots grown in nutrient solutions of different aci-
dity with (+Al) or without (-Al) aluminium
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5. Magnesium concentration [mmol.kg'ldry matter] in maize and
sunflower shoots and roots grown in nutrient solutions of different
acidity with (+Al) or without (-Al) aluminium
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periments reduced Al toxicity to a considerable extent,
and therefore there was no need of including into the
results the variant pH 5.5 containing Al, since in both
maize and sunflower species the effect of Al was not
registered in any of the parameters studied. In solutions
with pH near neutral pH effective soluble Al is present
only within the limits of nanomolar concentrations
(Martin, 1986).

Progress in understanding mechanisms of Al toxic-
ity and closely related Al tolerance in plants may ulti-
mately depend on comprehending events which under-
lie the plants’ reaction to Al. The physiological basis
for Al toxicity and Al tolerance remains uncertain.
However, a number of phytotoxic responses of plants
to Al involved is known: inhibition of cell division and
elongation in the roots, nutrient disorders, binding to
membranes and biologically important molecules, dis-
orders in key regulatory processes and root growth con-
trol mechanisms (Foy, 1988; Wagatsuma, 1983;
Bennet, Breen, 1989; Kochian, Shaff, 1991).
The highest inhibition intensity is observed in the re-
gion of the root tip and the root cap (Marschner,
1991).

The growth changes in roots established in our ex-
periments confirm fully the above information about Al
inhibition. That is documented not only by the reduc-
tion of elongation and dry matter production of the
roots, but also by the reduction of root branching, dis-
orders in gravitropism and the damage of root tips. All
these symptoms of Al toxicity were more distinct in
sunflower than in maize. Of interest was the finding
that maize plants started to form adventive roots to-
wards the end of cultivation in variant pH 3.5/+Al. The
strategy of the initiation of forming adventive or lateral
roots in some plants is included among Al induced
changes in the development of roots which can be con-
nected with greater Al tolerance or a better adaptation
ability of those plants towards Al toxicity (Bennet,
Breen, 1989; Marschner, 1991). The mutual ra-
tios of changes in length and dry matter of the roots
due to Al were very well demonstrated by the calcu-
lated value of specific root length.

Symptoms of Al toxicity were also observed on
plant shoots. Particularly sunflower leaves are thick-
ened with a conspicuously reduced area, on leaves of
maize these symptoms were not visible. Shoot length
and dry matter of both two species reacted to Al by
a considerable reduction, again more indentifiable in
sunflower. The reduction of shoots and the visual
symptoms can be well accounted by the changes in
carbon dioxide assimilation rate, chlorophyll content
and the activity of numerous regulatory enzymes found
for Al toxicity (Haugh, Shi, 1991; Simon etal.,
1994), besides changes in supply of mineral nutrients
which will be mentioned lower.

All observed growth changes in experimental plants
lead to the conclusion that maize (the employed culti-
var) belongs to Al tolerant species. Sunflower is much
more sensitive towards Al toxicity and the limit of Al
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toxic effect lies near higher pH. In the mildly acid
solution sunflower had highly significantly reduced
shoot dry matter, whereas maize did no longer exhibit
any signs of Al toxicity. Further changes described for
the interaction of high acidity and Al did not appear in
the mildly acid mediums which confirmed the fact that
in this acidity the most toxic forms of Al are released
only to a lesser extent, Al toxicity disappearing (Alva
etal.,, 1986; Foy etal., 1992). In sunflower, at milder
acidity of the solution a more toxic reaction to AIOH?
and further monomeric hydroxide Al ions than APt
could assert itself. This reaction was registered with
some dicots (Kinraide, Parker, 1990).

Different is also the reaction of maize and sunflower
growth to acidity alone. Root and shoot growth of sun-
flower is sensitive not only to Al concentration but also
to high concentration of H*. Maize reacts only by
a mild inhibition of the shoot growth.

Phytotoxically acting fractions of soluble ,,free* Al
comprised in external solution enters the cell walls of
the root cells where it is bound with a relatively high
affinity to many biological compounds. Metabolically
and physiologically more important than the interaction
of Al and its accumulation in the apoplast is Al bond
in membrane structures and in the cytoplasm. From the
agronomical and, above all, nutrition point of view the
total Al content in plant organs is important. The mo-
bility of Al in plant cells, tissues and plant organs is
low, which coincides with the chemical analyses of
plants which demonstrate that Al is retained preferen-
tially in the roots of most plants (Foy, 1988). Maize
and sunflower in our experiments accumulated Al in
roots at high acidity in six and ten times greater
amounts than in the shoots. Our sensitive sunflower
accumulated in the roots three times as much and in the
shoots twice as much Al than maize (cf. Delhaize
et al., 1993). In the shoots of sunflower most of the Al
was located in cotyledons, and in leaves it did not even
reach the value of 3 mmol.kg‘1 of the dry matter (Vi-
cherkova, unpublished).

The interaction of Al with low pH altered nutrient
uptake capacity and mineral composition of plant tis-
sues. In our previous papers (Vicherkovéi, Mi-
naf, 1987; Minaf, Vicherkova, 1990; Vi-
cherkovad, Kramdafova, 1995), changes were
found in all main macronutrients in pea and maize
plants under the effect of a different Al concentration
and different acidity. However, little attention was paid
to Ca and Mg, divalent cations playing a distinct role
in Al phytotoxicity. According to the results of many
research projects there is an assumption that Al evokes
a disorder of the homeostasis of cytosolic Ca®* and
changes the character of Ca?* transport across mem-
branes Bennet, Breen, 1991; Ryan etal., 1994),
changing the whole metabolism of Ca in cells with a
subsequent influence on many further processes. The
knowledge of the recent period also changes the views
of many preceding hypotheses about the function of Ca
in Al toxicity (e.g. Ryan et al., 1994). So far there is
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a little information about the mechanism of Al interac-
tion with Mg.

Under our experimental conditions the two experi-
mental species react differently also in the accumula-
tion of divalent cations. In maize the reduction of ac-
cumulation of Ca by Al and high acidity is almost
absent, with only a mild reduction in the roots, which
does not correlate much with the reduced growth of
roots and shoots. The inhibition of Ca deposition in the
roots may have been compensated by Al induced for-
mation of adventive roots, which does not hold for Mg.
In a conspicuous manner is reduced the accumulation
of Mg:"+ in the shoots, but especially in the roots, both
by Al concentration and by high acidity. The action of
Al is more intensive in the roots and lowered Mg2+
accumulation still appears at pH 4.5, where the growth
was no longer reduced. It seems that in maize plants
under our experimental conditions Al phytotoxicity is
rather connected with Mg than Ca.

In sunflower there is a conspicuous reduction of the
accumulation of both Ca and Mg in the shoots in both
acidities. The accumulation of Mg is also inhibited in
sunflower roots, a greater effect being that of the low-
ered pH than the presence of Al. The reduction of sun-
flower growth thus correlates with those parameters. In
sunflower roots the accumulation of Ca was reduced
neither by Al concentration nor by high acidity. Al-
though the results did not reach statistical significance
(besides the effect of 3.5 pH without Al), the obtained
values were in all cases higher for Al and non-Al
plants. This increase can be conditioned by a stronger
bond of Ca in the apoplast than the bond of Mg. How-
ever, this increase does not reflect higher efficiency in
nutrient uptake but is mainly caused by slow growth
rates of plants. At the same time the Ca translocation
into the shoots is limited by Al, but also by low pH,
because not even an increased amount of Ca in the
roots did not limit the reduction of the accumulation in
shoots.

Genotypical differences of two plant species — the
monocotyledonous maize and the dicotyledonous sun-
flower — were documented by our experiments also for
Al and H* toxicities reflected in growth changes of
both shoot and root organs and in changes in accumu-
lation and distribution of divalent cations Ca®* and
Mg+,
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EFFICIENCY OF NITRATE AND AMMONIUM NUTRITION
IN MAIZE PLANTS AT DIFFERENT IRRADIANCES

EFEKTIVITA NITRATOVE A AMONNE VYZIVY U KUKURICE
PRI RUZNE OZARENOSTI

F. Plhak

Masaryk University, Faculty of Science, Brno, Czech Republic

ABSTRACT: Maize plants were grown 10 days in a greenhouse in sand culture with 7mM NOj, N'H','{ or mixed NO;/NH:
N nutrition at 1 200, 800 and 400 umol.m‘z.s'l PPFD irradiance established by using shade net. Biomass production decreased
in all N treatments with irradiance decrease. Plant with NH nutrition produced less biomass significantly in overground parts
at full irradiance and more biomass in roots under light reduction in comparison with NO; nutrition. It was remarkable also
on root-shoot relation which increased by NHj nutrition and decreased less intensively as influenced by shade. Leaf area as
well as SLA increased with shade and both leaf characteristics were diminished by NH,: nutrition at full irradiance. Mixed
NO;/NH; nutrition caused positive effects on biomass production at full irradiance and intermediate effects at low irradiance.
Biomass production related to irradiation unit showed increasing radiation use efficiency (RUE) with light decrease. For
NH fed plants RUE was lower at full irradiance and higher at lower irradiance in comparison with NOj nutrition. The
irradiance about 900 pmol PPFD showed comparable RUE for both N forms. Lower irradiance appeared to be insufficient
for NO; metabolisation which was accompanied by remarkable NO3 increase in maize tissues. Nitrate reduction seems to be
more dependent on light irradiance and therefore a limiting factor of its metabolisation. In NH} fed plants higher soluble
protein and total N-red contents were determined under conditions of lower irradiance which demonstrated also lower
energetic input for NHj metabolisation in comparison with NOj.

maize; nitrate nutrition; ammonium nutrition; efficiency; radiation use

ABSTRAKT: Dusik je vyznamny Zivinny prvek pfijimany rostlinami jak ve formé aniontu NOj, tak i kationtu NHj. Produkce
biomasy je v¥ak u mnoha rostlin Zivenych NHJ niZ§i ne¥ pi NOj vyZivé. Kukufice vykazuje rovné€Z ristovou inhibici vici
samotné NH vyZivé, i kdyZ je zde patrna jistd v&tsi tolerance ve srovnéni s jinymi rostlinami (Cramer, Lewis, 1993a,
b). Negativni reakce nkterych rostlin vi&i NH} vyZivé znatné zavisi na svételné intenzité (Magalhaes, Wilcox, 1984;
Plhak, 1994). Price je v€novana srovnani reakce rostlin kukufice na nitrdtovou a amonnou vyZivu pfi tfech hladinich
svételné intenzity. K pokusiim byl pouZit hybrid CE 205. Rostliny kukufice byly p&stovany 10 dni v piskové kultufe se 7 mM
NO3;, NH; nebo se smésnou NO3/NH}, vyZivou pfi 1 200, 800 a 400 pmol.m %s™" PPFD ve skleniku na pfirozeném svétle.
Uvedené hladiny svételné ozafenosti byly nastaveny pomoci jednoduché a dvojité stinici draténé sit& pfi plné slunecni radiaci.
Relace vyZivy a zmény pH v piskovych kulturidch byly kontrolovédny v roztocich proteklych jednotlivymi pokusnymi nddo-
bami (tab. I). Pro redukci nitrifikace u NH'; variant byl pouZit inhibitor DIDIN v koncentraci 5 mg.l']. Produkce biomasy
klesala u viech tfi N variant s poklesem svételné intenzity. Rostliny s NH} vyZivou produkovaly méné& biomasy priikazn&
u nadzemnich &4sti pfi plné ozéfenosti a vice biomasy u kofent pfi redukci svétla ve srovnini s NO3 vyZivou (obr. 1). To
bylo patrné téZ z pomé&ru kofen/nadzemni &ast, ktery vzrustal pti NH: vyZivé a klesal méné intenzivné se sniZenou svételnou
radiaci. Listové plocha i specificka listova plocha se zvySovaly se zastinénim a obé listové charakteristiky mé&ly men3i hodnoty
pfi NH,': vyZivé a plné ozafenosti (tab. IT). Smésna NO;/NH; vyZiva vykazovala pozitivni u¢inek na tvorbu biomasy pfi plné
ozéfenosti a intermediélni Qinek pfi zastinéni. Produkce biomasy vztaZend na jednotku ozafenosti zaznamenala vzristajici
efektivnost vyuZiti radiace s klesajici intenzitou svétla. Pfi NH} vyZivé byla efektivnost vyuZiti ozafenosti niZ$i na plném
svétle a naopak vy33i pfi nizké intenzit€ svétla ve srovnani s NOj vyZivou (obr. 2). Ozédfenost kolem 900 pmol PPFD
vykazovala srovnatelnou hodnotu efektivnosti vyuZiti svételné radiace u obou srovnavanych N forem. NiZ3i ozafenost se
ukazuje jako nedostate¢nd pro metabolizaci NOj, coZ bylo patrné na vyrazném zvySovéni obsahu NOj v tkanich kukufice
(tab. III, obr. 2). Redukce nitrati se zdé byt vice zavisla na svételné radiaci, a proto i limitujicim faktorem jejich metabolizace.
Rostliny kukufice s NH} vyZ%ivou mély vy3§i obsah rozpustné N-red frakce, bilkovinné frakce i celkového N-red za podminek
niZi ozafenosti, coZ rovn&Z sv&dtilo o niZii energetické spotfeb& pro metabolizaci NH ve srovnani s NOj3 (tab. IV, V).
Sou&asné vysledky i vysledky dosa¥ené v pfedchozi praci se slune&nici (P1hak, 1994) prokazuji urcitou preferenci NHj
v§Zivy u NHj tolerantnich rostlin v podminkéch sniZené ozafenosti, kterd prichazi v tvahu v niZSich listovych patrech
rostlinnych porosti.

kukufice; nitratova vyZiva; amonn4 vyZiva; G¢innost; radiadni vyuZiti
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INTRODUCTION

Nitrogen is the nutrient element taken up by plants
both in the anion NO3 and cation NH} forms. Biomass
production is smaller, however, in many plants grown
on NH} than on NOj nutrition. Some physiological
disturbances leading up to NH} toxicity are species and
concentration specific, their biochemical causes are not
always clear and are in the centre of interest. These
negative effects occurring in plants growing on NH}
nutrition as the only source of N are connected with
several direct and indirect ways of action. Ammonium
directly inhibits cation absorption Mengel, Kirk-
by, 1967) and disrupts transmembrane proton gradient
in chloroplasts which inhibits ATP synthesis (Lilley
et al., 1975) and some other metabolic processes. Many
indirect actions are connected with increase of pH va-
lue in vacuole after NH} uptake (Roberts, Pang,
1992) and with increased consumption of carbohy-
drates for NH} assimilation especially in roots (Le-
wis etal, 1989; Cramer, Lewis, 1993a).

Differences in plant tolerance to NH} nutrition are
documented. Commonly calcifobic plants living in acid
soils where nitrification does not occur are adapted or
tolerant to NH} nutrition (Ingestad, 1976; Hay-
nes, Goh, 1978). Such adaptation occurs also in
some crop plants from which rice (T a et al., 1981) and
blueberry (Spiers, 1978) are referred to grow better
with ammonium than nitrate. Maize was found more
tolerant to NHZ as compared with wheat (Cramer,
Lewis, 1993a, b). On the other hand, ammonium tox-
icity in radish (Goyal et al., 1982), tomato (Magal-
haes, Wilcox, 1984), and pea (Plhak, 1996, in
press) was particularly documented.

Negative reaction to NH: nutrition may be connec-
ted with light intensity. For instance, under conditions
of high irradiance tomato plants showed remarkable
symptoms of NH} toxicity while under light reduction
the growth was normal (Magalhaes, Wilcox,
1984). Some stimulation effects of NHJ nutrition on
biomass production under low irradiance in comparison
with NO3 were noticed in sunflower plants (Plhak,
1994).

The present paper deals with the reaction of maize
plants on NO3 and NH} nutrition at different level of
light irradiance. The reaction of maize plants was
evaluated by growth characteristics, including leaf area,
specific leaf area, root-shoot relation, by radiation use
efficiency for biomass production, as well as NO3, NH},
soluble N-red, protein N and total N determination.

MATERIAL AND METHODS

Maize hybrid CE 205 was used for experiments.
Caryopses were placed 24 h in aerated water, then were
germinated for 3 days on moistured filter paper. Seed-
lings with 2 cm radicles were planted in sand cultures.
Mitscherlich’s pots of 6 | volume filled with river sand
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were used. The sand in pots was washed by distilled
water up to the NO3 content in eluate was lowered to
zero and pH changed from 8 to 7. The pH of the sand
was originally moderate alkaline. Fifteen maize plants
were planted in each pot. Nutrient solution was then
added in the amount which fully replaced the volume
of distilled water. The nutrient solutions were supplied
at 500 ml per pot every day and the eluates were ana-
lyzed for pH and NOj contents. Nutrient solution with
following composition was used: KH,PO4 3.6 mM,
CaCl,.6 H,0 1.7 mM, MgS0O,4 2.1 mM, KCI 3.5 mM,
Fe-chelaton 170 pM; following microelements were
added: H3BO5 46 uM, MnCl,.4 H,0 7.4 uM, ZnSO,.7
H,0 0.5 pM, CuSO,4 0.23 pM and H,Mo00,4.H,0
0.11 pM. The N treatments were 7 mM N added in the
form of KNO3, (NH4),SOy and in the mixture half and
half of both NO3/NH;. Kalium nitrate was replaced
with kalium chloride in the treatment with NH}-N. The
content of MgSO,4 was lowered to one half in the treat-
ment with NH}-N. In all treatments with NH nitrifica-
tion inhibitor DIDIN in concentration 5 mg.l‘l of nu-
trient solution was added (Peuke, Jeschke,
1993).

Experiments took place in a greenhouse during
June, July and September of 1995. The plants were
grown at three levels of solar irradiances established by
shade wire net in single or double layers. At full sun
light the irradiance reached 1 200 (without shading),
800 and 400 pmol.m 2s™! PPFD. Plants were har-
vested after 10 days growth, fresh and dry matters were
established before and after drying at 70 °C in the oven
with air circulation. Leaf area was established from
linear measurements of leaves using correction factor
0.72 (Sestak et al., 1971). The NOj3 content in plant
tissue extracts was measured by means of selective li-
quid electrode (Senky¥, Petr, 1979). Ammonium
content in plant organs was determined after tissue ho-
mogenization and extraction with acidified (pH 3.0)
80% ethanol. Supernatant received after tissue extract
centrifugation was evaporated at 40 °C, the rest was
solved in distilled water and NH} ‘was determined by
the micro-Kjehldal method (Sugiharto, Sugiy-
ama, 1992). Soluble N-red and protein N fractions
were estimated after tissue extraction with 80% etha-
nol, following separation by filtration, acid digestion of
both separated parts catalyzed by 30% H,0, and NH}
determination by means of Nessler’s reagent. All analy-
ses were at least triplicated. The experiment was re-
peated three times with very similar results. The results
presented are from the first repetition. Experimental
results were statistically processed by standard error
calculation. Differences were evaluated by means of
t-test method.

RESULTS

The values of NOj3 content in pot eluates showed
higher level of NOj3 at the beginning of experiment and
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I. Changes in NOj content and pH values in the eluates of nutrient solution from the pots of sand culture with maize plants during 10 days
of cultivation; all pots were irrigated every day with 0.5 | of corresponding fresh nutrient solution; the pH value of eluate in 0 day reached 7

N treatment NO; (mg1™") pH

Days of cultivation 0 4 6 8 10 8 10

NO3 433 404 344 123 76.8 7.5 7.5

NO; / NHj 217 203 143 52 28.6 7.05 6.95

NH} 8 10.0 72 1.8 0.4 6.74 6.67
la B c

dry matter [mg]
$

NO; N/N

N
NH}

1. Dry matter production of one maize plant after 10 days of growth in sand culture with 7 mM NOj, 3.5 mM NOj + 3.5 mM NHI (N/N)

and 7mM NH} N nutrition at 1 200 pumol.m™

! PPFD - white, 800 - cross hatched, 400 — hatched columns of solar irradiance; A —

overground part, B - root, C — whole plant; values indexed by different letters are statistically different at 0.05 level

following decrease with increasing plant growth. The
analyses showed that applied volume of nutrient solu-
tion was sufficient for full N nutrition during 10 days’
growth of maize plants. Some low amount of NO3 ap-
peared also in the eluates from the pots with nu-
trition. It could be connected with insufficient inhibi-
tion of nitrification processes. This amount decreased
rapidly with plant growth to negligible level. The pH
values did not change too much and reflected moderate
acidification in the case of NHj and moderate alkalini-
zation in the case of NO3 nutrition which commonly
occurs by the uptake of these ions (Tab. I).

Dry matter production of maize plants after 10 days’
growth decreased in all three N treatments with shade.
The decrease was high in NO3 and mixed N/N treat-
ments and smaller in NHj treatment. It was caused by
significant dry matter decrease of overground parts at
full irradiance and root dry matter increase at 67%
shade in comparison with NO3 treatment (Fig. 1).

Radiation use efficiency ex] 2press;ed as g of dry mat-
ter production per pmol.m PPFD increased in
both NOj3 and NH treatments with irradiance decrease.
The values were lower for NHJ treatment at full irra-
diance and higher at 67% shade against NO3 treatment
(Fig. 2).

Leaf area increased in all three N treatments with
shade. Ammonium nutrition diminished leaf area under
full and 67% irradiance. Specific leaf area changed
very similarly to leaf area which demonstrated that
thinner leaves were produced as the light intensity de-
creased. SLA of NH fed plants was also lowered at
full irradiance (Tab. II). Root/shoot dry matter relation
increased expressively with irradiance decrease in maize
plants with NO3 nutrition. This relation was higher in
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NHj treated plants and decreased only moderately with
shade (Tab. II).

Decreased irradiance caused remarkable increase of
NOj content in leaves as well as in roots — with higher
level at 7 mM and lower level at 3.5 mM NOj3 nutrition
and remarkable higher content was established in roots.
The content of NOj3 in NHj fed plants was low in roots,
a little higher in leaves and showed also increasing ten-
dency with shade. The same increase of NO3 content
in all N treatments with light decrease was also remark-
able in whole plants (Tab. III). More than ten times
lower content of NH} was estimated in NH} fed maize
plants in comparison with NO3 content of NOj fed
plants. Moderate increase of its content was remarkable

1200 / 1200
1000 / 1000
T 800 ve / 800
g i@
] ,// g
£ 600 600 B
= 7’! g
§ 400 400
200 200

1200 800

irradiance [umol PPFD]

400 '

2. Radiation use efficiency for biomass production of mmze plants
expressed in pg of dry matter produced per pmol. m2s™' PPFD
during 10 days of growth with NOy -— or NH,: - nutrition, and
changes of NOj content in pmol. kg of dry matter related to irra-
diance unit —— at different irradiances
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pmol.ru

II. Leaf area (LA), specific leaf area (SLA) and root/shoot relation (R/S) of maize plants as influenced by N form and light intensity;
differences in all following tables are statistically evaluated by r-test; values indexed with different letters are significantly different at 0.05

level

N treatment LA (cm?plant™) SLA (m*kg™") R/S
Light intensity (%) 100 67 33 100 67 33 100 67 33
NO; 843" | 866 962 | 37.5° | 50.6% | 72.8° 0.70 0.62 0.58
NO5 / NHj 87.5" 91.3% | 103° 384" | 534 76.5° 0.74 0.57 0.53
NH} 69.0° 75.3° 945" | 345" | 476° 743 1.05 0.89 0.85
111, The content of NO3 and NH} in overground parts, roots and in whole maize plants as influenced by N form and light intensity
- Overground part | Root Whole plant
NO; (pmol.g™)
Light intensity (%) 100 67 33 100 67 33 100 67 33
NO; 177 253 322° 333 664" 748! 241° 410¢ 479
NO; / NHj 1M 17 326° 43° 198° 321° 36° 146° 259°
NHj 28° 29° 37° 12° 14° 208 19° 22° 29°
NH} (umol.g™)
NO; 16.8" 17.5° 21° 22.0° 224 231" 18.9° 19.4* 21.8
NO;3 / NH} 20.7* 27.1° 29.6° 28.2° 4020 | 385 | 239° 31.8™ | 37.8°
NH} 239" | 305 440 27.5" 486 | 57.3° 25.7° 38.7° 50.3¢

IV. The content of soluble N-red (S) and protein N (P) fractions and total N-red (T) in maize tissues as influenced by N form and light

intensity
Nitfsats Overground part Root
pmol.g™!

Light intensity (%) 100 67 33 100 67 33

NO; S 682° 707* 776" 679" 693 743
P 2014° 2 116 2 255° 1 007° 1114% 1 114%
T 2 6968 2 823" 3 034" 1 6868 1 807%" 1 857%"

NO;3 / NH} s 702" 806™ 771 664" 729% 764"
P 2 096" 2 125° 2295 1 086 1179% 1207°
T 2 798¢ 2 9318 3 065" 1 7508 1 908" 1971

NHj s 743 846" 909 750" 821%™ 857
P 2137 2177 2301° 1186° 1 129%f 1253
T 2 880° 3 0238h 3 210' 1 936" 1 950 2 110'

with irradiance decrease in overground parts, roots as
well as in whole plants. Higher content was estimated in
roots than in overground parts. The same relations were
noticed in N/N and NOj treatments but with lower NH}
contents (Tab. III).

Soluble N-red, protein N and total N contents in-
creased in all N treatments with irradiance decrease in
overground parts as well as in the roots. Ammonium
nutrition increased all N-red fractions at lower irradi-
ance in comparison with NOj nutrition in both plant
parts (Tab. IV).

When total N-red per plant was calculated a de-
creasing amounts of soluble as well as total N-red with
decreasing light intensity were remarkable in all N
treatments. Ammonium nutrition increased signifi-
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cantly total N-red amount at the lowest irradiance
against NO3 nutrition. The highest amount of total N
including NO3-N was found in plants with mixed and
NOj3 nutrition at full irradiance which was conditioned
by the combination of higher dry matter and higher
soluble N fraction. No differences were found in total
N amount in plants of all N treatments at the lowest
irradiance. It reflected the limitation of N uptake in the
form of both ions at low irradiance (Tab. V).

DISCUSSION

Sand cultures represent relatively more comparable
conditions with natural ones in comparison with hydro-
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V. Soluble N-red (S) and total N-red (T) fractions, soluble and total N amounts in maize plants as influenced by N form and light intensity

iireatinsht N-red N-tot
umol.plant™!
Light intensity (%) 100 67 33 100 67 33
NO; S 314 235" 191¢ 425 37 311¢
T 1 053% 815" 6498 1 169° 952° 769¢
NO3/NHj s 344° 272 206° 362" 323" 275%
T 1 180" 895°" 722" 1198° 946" 791"
NH; s 315 288" 258" 323" 296° 267
T 1010° 875 788" 1018 883t 796"

ponix. The study of numerous differences in NO3 and
NHZ nutrition is tightly connected with processes oc-
curring in soil. As far as our experience following from
preceding results concerns the reaction of some plants,
especially in root-shoot relation on NHI nutrition, seems
to be different in hydroponix and sand cultures
(Plhak, 1994). The concentration of NO3 estimated
in pot eluates showed that the amount and concentra-
tion of applied nutrient solution were not a limiting
factor for plant growth. Biomass production of maize
plants was reduced at full irradiance by NH nutrition
as compared with NOj3 nutrition. Similar results of growth
reduction were established also by Cramer, Le-
wis (1993b) with maize plants growing at 4 and
12 mM NH'Z nutrition in hydroponix at high irradiance.
Growth inhibition increased with NH} concentration.
This negative effects were remarkable in our experi-
ments, namely in overground parts, they disappeared at
lower (67%) irradiance and at the lowest used irradi-
ance (33%) some benefit effects of NHZ nutrition ap-
peared. The results obtained by Magalhaes, Wil-
cox (1984) with tomato plants made at very similar
conditions of NH} and irradiance levels are comparable
with our ones with the exception of higher sensitivity
of tomato plants and a positive effect at 67% shade did
not appear. A positive effect of NH against NO3 nu-
trition under lower irradiance conditions was noticed
by Indicarice (T a etal., 1981), as well as by sunflower
plants (P1hak, 1994).

Negative effect of NH} nutrition at full irradiance
evident as growth inhibition of overground parts was
hardly connected with a direct effect of free NHj be-
cause its concentration estimated in plant tissues was
rather low. Very similar low values of NH} content in
maize leaves at 10 to 20 mM NH and sufficient high
level of K* in nutrition medium were established by
Gerendas et al. (1995). Ammonium disruption of
photosynthetic and especially mitochondrial electron
transport processes connected with ATP formation oc-
curred at fundamentally higher concentrations (Good
et al.,, 1966; Lilley et al., 1975). Significant de-
crease in inorganic cation uptake occurs particularly at
low pH values of nutrient medium (Engels,
Marschner, 1993) which was not established in our
experiments.
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The highest biomass production appeared at mixed
NO3/NH} nutrition, though not significant during rela-
tively short time of growth. It was established for nu-
merous plants (Volk et al., 1992).

Radiation use efficiency expressed as dry matter pro-
duction per irradiance unit was increasing with irradiance
decrease. Plant with NH} nutrition showed lower radiation
use for biomass production at full irradiance but higher
radiation use at low irradiance in comparison with NO3
nutrition. It indicates again on some metabolic disadvan-
tage of NH} fed plants at full irradiance and on metabolic
advantage at low irradiance. After Salsac et al. (1987)
energetic advantage of NH metabolisation must be taken
into account. By NO3 and not by NH metabolisation 2
ATP for uptake and 15 ATP for its reduction are required.

Metabolic advantage of NH nutrition under condi-
tions of lower irradiance was reflected also in higher
N-red contents both in soluble and protein fractions, as
well as in N-red amount per plant. Higher content
of soluble fractions especially amino acids and amides
in connection with NHJ nutrition was documented in
many papers (Magalhaes, Wilcox, 1984; Cra-
mer, Lewis, 1993a, b). The increase of NO; content
in maize tissues with irradiance decrease estimated also
in many other plants (Magalhaes, Wilcox,
1984; Plhak, 1993, 1994) demonstrated that NO3
uptake did not decrease but its reduction and following
metabolisation was lowered. Some decrease in nitrate
reductase activity as one of possible cause was not es-
tablished (data in present results not shown). It follows
from the relation expressed in Fig. 2 that nitrate accu-
mulation was highly sensitive to plant shading and a
higher irradiance than approximately 900 ;,Lmol.m'g.s‘l
PPFD was necessary for sufficient NO3 reduction. Im-
portance of high irradiance for NO3 metabolisation in
sunflower and lucerne plants was demonstrated also in
our preceding papers (Plhak, 1993, 1994). After
these results the saturation irradiance for NO3 assimila-
tion may be in some plants higher than for photosyn-
thetic carbon assimilation.

The energetic advantage of NHJ metabolisation un-
der some level of irradiance can differ with plant spe-
cies and plant localities. For plant growing in canopies
only the top leaves receive full irradiance while the
leaves of lower insertions as well as shade plants re-
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ceive large scale of lower irradiances, much of which
may be under light saturation of NO3 reduction.

REFERENCES

CRAMER, M. D. - LEWIS, O. A. M.: The influence of
nitrate and ammonium on the growth of wheat (Triticum
aestivum) and maize (Zea mays) plants. Ann. Bot., 72, 1993a:
359-365.

CRAMER, M. D. - LEWIS, 0. A. M.: The influence of
NOj and NH}, nutrition on the carbon and nitrogen partition-
ing characteristics of wheat (Triticum aestivum L.) and maize
(Zea mays L.) plants. Pl. and Soil, 154, 1993b: 289-301.
ENGELS, C. - MARSCHNER, H.: Influence of nitrogen
supply on root uptake and translocation of cations in the
xylem exudate of maize (Zea mays L.). J. Exp. Bot., 44,
1993: 1695-1701.

GERENDAS, J. - RATCLIFFE, R. G. - SATTELMACHER,
B.: The influence of nitrogen and potassium supply on the
ammonium content of maize (Zea mays L.) leaves including
a comparison of measurements made in vivo and in vitro. Pl.
and Soil, 171, 1995: 11-20.

GOOD, N. - IZAWA, S. - HIND, G.: Uncoupling and ener-
gy transfer inhibition in photophosphorylation. In: SANADI,
D. R. (ed.): Current Topics in Bioenergetics. New York, Aca-
demic Press 1966: 75-112.

GOYAL, S. S. - LORENS, O. A. - HUFFAKER, R. C.:
Inhibitory effects of ammoniacal nitrogen on growth of ra-
dish plants. I. Characterization of toxic effects of NHj on
growth and its alleviation by NOj. J. Amer. Soc. Hort. Sci.,
107, 1982: 125-129.

HAYNES, R. J. - GOH, K. M.: Ammonium and nitrate nut-
rition of plants. Biol. Rev., 53, 1978: 465-510.
INGESTAD, T.: Nitrogen and cation nutrition of three eco-
logically different plant species. Physiol. Plant., 38, 1976:
29-34,

LEWIS, O. A. M. - LEIDI, E. O. - LIPS, S. H.: Effect of
nitrogen source on growth response to salinity stress in maize
and wheat. New Phytol., 771, 1989: 155-160.

LILLEY, R. M. - FITZGERALD, M. P. - RIENITS, K. G.
— WALKER, D. A.: Criteria of intactness and the photosyn-
thetic activity of spinach chloroplast preparations. New Phy-
tol., 75, 1975: 1-10.

MAGALHAES, J. R. - WILCOX, C. E.: Ammonium toxicity
development in tomato plants relative to nitrogen form and
light intensity. J. PL. Nutr., 7, 1984: 1477-1496.

MENGEL, K. - KIRKBY, E. A.: Ionic balance in different
tissue of the tomato plant in relation to nitrate, urea, or am-
monium nutrition. Pl. Physiol., 64, 1967: 6-14.

PEUKE, A. — JESCHKE, D.: The uptake and flow of C, N
and ions between roots and shoots in Ricinus communis L. 1.
Growth with ammonium or nitrate as nitrogen source. J. Exp.
Bot., 44, 1993: 1167-1176.

PLHAK, F.: Changes of growth and nitrate content in alfalfa
plants under conditions of artificial and natural irradiance.
Rostl. Vyr., 39, 1993 (1): 85-91.

PLHAK, F.: The reaction of sunflower and alfalfa on nitrate
and ammonium nutrition in water and sand cultures at three
levels of light intensities. Rostl. Vyr., 40, 1994: 729-739.
ROBERTS, J. K. M. - PANG, M. K. L.: Estimation of am-
monium ion distribution between cytoplasm and vacuole
using nuclear magnetic resonance spectroscopy. Pl. Physiol.,
100, 1992: 1571-1574.

SALSAC, L. - CHAILLOU, S. - MORROT-GAUDRY, J.
F. — LESAINT, C. — JOLIVET, E.: Nitrate and ammonium
nutrition in plants. Pl. Physiol. Biochem., 25, 1987: 805-812.
SPIERS, J. M.: Effects of pH level and nitrogen source on
elemental leaf content of Tifblue rabbiteye blueberry. J.
Amer. Soc. Hort. Sci., 103, 1978: 705-708.

SUGIHARTO, B. - SUGIYAMA, T.: Effects of nitrate and
ammonium on gene expression of phosphoenolpyruvate car-
boxylase and nitrogen metabolism in maize leave tissue du-
ring recovery from nitrogen stress. Pl. Physiol., 98, 1992:
1403-1408.

SENKYR, J. - PETR, J.: Nitrate ion selective electrode. Chem.
Listy, 73, 1979: 1097.

SESTAK, Z. — CATSKY, J. - JARVIS, P. G.: Plant photo-
synthetic production. Manual of methods. The Hague, Dr. V.
Junk, N. V. Publ. 1971: 672-701.

TA, T. C. - TSUTSUMI, N. - KURIKARA, K.: Comparative
study on the response of Indica and Japonica rice plants to
ammonium and nitrate nitrogen. Soil Sci. Pl. Nutr., 27, 1981:
83-92.

VOLK, R. - CHAILLOU, S. - MARIOTTI, A. - MORROT-
-GAUDRY, J. F.: Beneficial effects of concurrent ammoni-
um and nitrate nutrition on the growth of Phaseolus vulgaris:
a >N study. P1. Physiol. and Biochem., 30, 1992: 487-493.

Received on January 17, 1996

Contact Address:

Doc. RNDr. Frantifek Pl1h4k, CSc., Masarykova univerzita, Pfirodovédecka fakulta, Kotlafska 2, 611 37 Brno, Cesk4

republika, tel.: 05/41 12 95 57, fax: 05/41 21 12 14

274

ROSTLINNA VYROBA, 42, 1996 (6): 269-274



FYZIOLOGICKE UKAZOVATELE RASTU A PRODUKCIE
BOBU KONSKEHO (VICIA FABA L.)

PHYSIOLOGICAL INDICATORS OF GROWTH AND PRODUCTION
OF FABA BEAN (VICIA FABA L.)

A. Kostrej

University of Agriculture, Nitra, Slovak Republic

ABSTRACT: Physiological indicators of growth and production of faba bean were quantified on the basis of pot and field
trials. Pot trials were established by the method of gradual sowing rates during the growing season in partially controlled
conditions of external environment. Experimental results on physiological indicators of growth and production: net output of
photosynthesis NAR, specific rate of growth RGR, rate of dry matter increment per area CGR, leaf area index LAJ, relative
leaf area LAR, data on average daily temperature T and intensity of solar radiation I, are presented in the paper. Regression
dependence of NAR, T and I;p was found. This information can be used for the needs of mathematical modelling of crop
models of growth and production. Field model trials were established to study the effect of density ranging from 23.0 to
139.0 plants per 1 m? of stand on physiological characteristics of growth and production. Regression dependence NAR = f(LAI)
was set on a broad interval of stand density. It was found that CGR more depends on LA/ than on NAR. Stand density control
results in the changes of LAI, NAR and other physiological indicators of growth and production.

faba bean; physiological characteristics of growth; production; field and pot trials

ABSTRAKT: Bola urobena kvantifikdcia fyziologickych ukazovatelov rastu a produkcie bobu konského z nadobovych
a polnych pokusov. Nddobové pokusy boli zakladané metédou postupnych vysevov polas vegeticie v Ciastoéne regulovatel-
nych podmienkach vonkajsieho prostredia. Si uvedené experimentélne vysledky o fyziologickych ukazovateloch rastu a pro-
dukcie — ¢isty vykon fotosyntézy NAR, $pecificka rychlost rastu RGR, rychlost prirastku suiny na plochu CGR, index listovej
pokryvnosti LA/, pomernd olistenost LAR, udaje o priemernej dennej teplote T a prikon slne¢ného Ziarenia /g, Zistila sa
regresna zavislost NAR, T a I;g. Tento poznatok sa mdZe vyuZit pre potreby matematického modelovania plodinovych
modelov rastu a produkcie. PoIné modelové pokusy sa zaloZili za i¢elom $tiddia vplyvu hustoty v rozsahu 23,0 aZ 139,0 rastlin
na 1 m? porastu na fyziologické charakteristiky rastu a produkcie. Na irokom rozpiti zahustenia porastu sa stanovila regresna
zavislost NAR = f(LA]). Zistilo sa, Ze CGR je viacej zavisla od LAl ako od NAR. Reguliciou hustoty porastu sa meni LA,
NAR a dalSie fyziologické ukazovatele rastu a produkcie.

bob konsky; fyziologické charakteristiky rastu; produkcia; nddobové a polné pokusy

UvVoD

Fyziologické ukazovatele rastu a produkcie bdbu
konského, podobne ako u inych polnych plodin, sa rea-
lizuji v prostredi pdda — porast — atmosféra. Zavisia od
stavu porastu (Vrkoc¢, 1977), jeho fyziologickych
ukazovatelov (Cooper, 1975; Kostrej, Repka,
1993) a zmien podmienok a faktorov vonkajsieho pros-
tredia (Petr akol., 1988). Mnohé z tychto podmienok
vonkajSieho prostredia si ¢lovekom regulovatelné
a ovplyvnitelné.

V predloZenej praci sme si dali za ciel experimen-
talne kvantifikovat niektoré fyziologické ukazovatele
rastu a produkcie v zavislosti od zmien ¢lovekom regu-
lovateInych podmienok vonkajSieho prostredia.
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MATERIAL A METODA

Ziskané experimentéilne vysledky sa opierajui o na-
dobové a polné pokusy s odrodou bobu konského Po-
vazsky v podmienkach juhozapadného Slovenska, ex-
perimentélne miesto bola Nitra.

Pri zakladani nddobovych pokusov metédou postup-
nych vysevov sa pofas vegeticie v kratkych interva-
loch testovali rastovo rovnocenné rastliny vo faze
dvoch parov pravych listov tak, aby sa mohol vyhod-
notit G¢inok teploty a hustoty toku Ziarenia na niektoré
fyziologické ukazovatele rastu a produkcie. Pocas ex-
perimentdlneho obdobia sa urobilo 14 odberov v §ty-
roch opakovaniach.

Rychlost celkového dychania sa stanovila postu-
pom, ktory opisal McRee (1974).
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1. Parametre (poradové &islo hustoty CH, vyZivnd plocha jednej rastliny VP. 107 m?, pocet rastlin PR.m"™ 2) pol’ného pokusu zaloZeného

metédou rovnomerného zak ia - Indi (order ber of denstty CH, nutritive area of one plant VP. 10~ m?, number of plants
PR.m™) of field trial established by the method of uniform thicl

CH 1 2 3 4 6 7 8 9 10

VP 4443 341,2 294,0 2189 179,5 146,1 118,9 107,3 92,0 71,9

PR 22,0 27,8 34,0 45,6 55,7 68,4 84,6 93,2 108,6 139,0

II. Terminy odberu vzoriek poas vegeticie — Dates of sampling during the growing season

Poradové &islo odberu’ Fenoféza? Ditum odberu? Potet dni medzi odbermi'®
1 steblovanie? 5. 6. -
2 pred kvitnutim* 11. 6. 6
3 plné kvitnutie’ 18. 6. 7
4 zadiatok vyvoja strukov® 30. 6. 12
5 plny vyvoj strukov’ 14.7. 14
6 fyziologicka zrelost® 11. 8. 28

ordcr number of sa.mplmg. phenologlcal stage, shootmg, prior to anthesis, Stull flowering, Sstart of pod development, full pod develop-

%date of pli Ynumb

physmlogxcal rip

PoIné modelové pokusy (tab. I) sa zaloZili metodou
pravidelného zahustovania podla postupu, ktory publi-
koval Kostrej (1992). Pokus prebiehal na hlinitej
pode so zdkladnou dévkou 240 kg NPK.ha™!. Na za-
bezpecenie presného poétu rastlin v kaZzdom stupni za-
hustenia sa sejba urobila rucne. Pocas vegeticie sa od-
oberali vzorky v definovanych rastovych fazach
(tab. II), z kaZdej hustoty v Styroch opakovaniach.
Spoésob odberu vzoriek rastlinného materialu v obid-
voch typoch pokusov sa robil podla zasad metddy ras-
tovej analyzy (Kostrej, 1992). Listova plocha sa ur-
¢ovala metédou priameho védZenia listov. Z hodndt
celkovej susiny rastlin, suiny listov a velkosti listovej
plochy sa vypoéitali fyziologické ukazovatele rastu
a produkcie: Specifickd rychlost rastu RGR, &isty vy-
kon fotosyntézy NAR, rychlost prirastku susiny na plo-
chu CGR, index listovej pokryvnosti LAI, pomerna
olistenost LAR.

Merania priemernej dennej teploty T a prikonné
hustoty toku Ziarenia /;z sa robili na agrometeorolo-
gickej stanici VSP v Nitre.

VYSLEDKY A DISKUSIA

Experimentalne vysledky o fyziologickych ukazo-
vateloch rastu a produkcie ziskané z pokusov v &ias-
to¢ne regulovatelnych podmienkach minerilnej vyZivy
a vodného reZimu ako priemerné hodnoty NAR, RGR,
LAI LAR, T a Igp st uvedené v tab. Il a IV.

Porovnanie tychto idajov ukazuje, Ze zmeny T a Ip
vyvoléavaji zmeny fyziologickych ukazovatelov rastu
a produkcie u bobu s maximalnymi hodnotami v jini
a v jiili. Maximélne hodnoty NAR sa vidy nezhoduju
s maximalnymi hodnotami T a /g, a to pravdepodob-
ne preto, lebo NAR je vysledkom vztahu medzi rych-
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of days between samplings

III. Zmeny priememej dennej teploty 7' (°C) a hustoty toku Ziarenia
Igg (KJ.m™.d™") potas experimentilneho obdobia — Changes of avera-
ge daily temperature T (°C) and radiation flux density Iz (KJ.m™2.d™")
during experimental period

Mesiace! igﬁ:r?/:)l?z T Ik
1 11,0 5222
5. 2 15,0 5160
3 16,0 5765
X 14,0 51382
1 18,0 7 329
6. 2 19,0 10 121
3 25,0 18 328
x 20,6 9 892
1 22,0 12 253
7. 2 21,5 12 873
3 21,5 10 658
X 21,5 11928
1 19,0 7709
3. 2 17,0 8235
3 14,0 6 666
X 16,6 7 536
1 9,0 4 651
9. 2 8,0 3 000
3
x 8,5 3 825

'months, 2time interval

lostou fotosyntézy a dychania, ktory je teplotou roz-
dielne ovplyviiovany.

Funkéné vztahy s koeficientami regresnej rovnice
medzi NAR, R, T a I maji nasledovny tvar:
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IV. Priemerné hodnotg' &istého vykonu fotosyntézy NAR (g.m™ d' ), Specifickej rychlosti rastu R(‘R (g g~ Ll rychlosti prirastku susiny
na plochu CGR (g.m™".d~ ) mdexu listovej pokryvnosti LA/ (m*m™), pomernej olistenosti I..AR (m g b, priemernej dennej teploty T ("C)
a prikonu Ziarenia /g (KJ.m™ 24 ) Average values of ne: output of photosynthesis NAR (g m2d ) specific rate of RGR growth (g8 Ld )
rate of dry matter increment per CGR area (g.m~ 24 ). leaf area index LAl (m*.m™), relative leaf area LAR (m?. g b average daily

temperature T (°C) and radiation intensity /g (KJ.m™ d! )

Ukazovatel! Meslooe?
S 6. 5 8. 9.
NAR 5.84 9,07 9,02 7,02 3,32
RGR 0,05 0,05 0,07 0,05 0,04
CGR 795 9,09 10,88 8,34 2,99
LAI 1,30 0,99 1,20 1,16 0,69
LAR 0,85 0,60 0,82 0,76 0,99
T 14,00 20,67 21,60 16,60 8,50
Ior 5 382 9 892 11928 7 536 3 825
Yindicator, *months
dok fotosyntetickej Cinnosti. Tento poznatok sa mdze
NAR=0,635 (1) gm2d™ vyuzit nie)llen pre niodelovanie fotos;)ntézy a dychania,
NAR = 0,295 + (3,300.In Ig) gm2d™! ale aj pre uréenie rastu biomasy ako kvantitativneho
R=0,179 (1°%%0) g g vysledku ich vzajomnych vztahov. VyuZivajic tento

Kvantifikované funkéné vztahy NAR = f(T), NAR =
fIgg): R = f(T) s hodnotami korelaénych koeficien-
tov r a koeficientov determinacie d su zndzornené na
obr. 1. Zo znazornenych hodnét je zrejmé, Ze v zdvis-
losti od hodn6t T a I, sa meni hodnota NAR v pod-
mienkach dostatocného zdsobenia rastlin vodou a Zivi-
nami, so zvi¢Sovanim I;p a s prirastkom hmotnosti
susiny vyjadrenej hodnotami NAR sa zvy$uje nelinear-
ne rozdielnou rychlostou v zavislosti od hodn6t T.
Vplyv teploty vzduchu na priebeh hodn6t NAR sa usku-
to¢iuje cez vzdjomné pdsobenie teploty na fotosyntézu
a dychanie.

Od vzajomnych vztahov tychto dvoch procesov
v nelimitujicich podmienkach zdsobenia rastlin vodou
a mineralnymi Zivinami zavisi potom kone&ny vysle-

NAR d NAR
g.md NART(T) 0,97 0,98 Tan
0,86 ntid

Rf(T)0,97 0,34 ro

— T T T T T T
0 2 4 68 81012141618202226?:2828
MImidT

Funkéné vztahy medzi &istym vykonom lotosyn(ézy NAR
(g m2.d”! ), Lelkovym dychanim R (g.g~ ld ) hustotou toku
Ziarenia Igp (KJ.m™ 2 ) a priemernou dennou teplotou 7' (°C) -
Funcllonnl relationships between nel outpul of photosynthesis NAR
(g.m” d' ), total respiration R (g.g~ !.d™"), radiation flux density /gy
(KI.m2d" l) and average daily temperature T (°C)
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princip, méZeme zmeny rastu suchej biomasy urcit pomo-
cou matematického modelovania v réznych ekologic-
kych situdcidch a kombindciach zakladnych faktorov
vonkajSicho prostredia.

Priebeh fyziologickych ukazovatelov rastu a pro-
dukcie bdbu konského, zistovany v nelimitujicich pod-
mienkach pestovania, ukdzal, Ze ich realizécia je deter-
minovand $pecifickymi reakciami rastlin na konkrétne
podmienky prostredia. Sibezne s nadobovymi pokusmi
boli preto zaloZené aj polné pokusy za uéelom sledo-
vania vplyvu rozdielnej hustoty porastu na fyziologické
ukazovatele rastu a produkcie.

S procesom zahustenia porastu sa zvySuje celkova
produkcia biomasy za sitasného zniZovania individu-
alnej hmotnosti rastlin. Celkovéa produkcia porastu je
dana integraciou poctu rastlin a individualnej hmotnos-
ti. Zvolena $truktira zahustenia porastu v rozsahu od
23 do 139 rastlin na | m? u# v zaCiatoénych fazach
rastu urCuje rozdielnu individualnu hmotnost, a tym aj
celkovi produkciu biomasy. S postupom rastu sa tieto
rozdiely zvySuji natolko, Ze na konci vegetatného ob-
dobia pri zbere trody u hustej§ich porastov nastiava
také velké zniZenie individualnej hmotnosti rastlin, Ze
pocet rastlin nestaci kompenzovat tito veli¢inu a do-
chadza k zniZeniu celkovej produkcie.

Z hladiska fyziologie produkéného procesu ovplyv-
fiuje zahustenie velmi vyrazne velkost listovej plochy
a celkovi listovii pokryvnost porastu (Petr a kol.,
1974; Vrkoc, 1977). Priebeh rastu listovej plochy
uvadza obr. 2. V zdvislosti od zmien indexu listovej
plochy sa meni aj vykonové zlozky produk&ného pro-
cesu, ako je NAR a CGR. So zvySovanim LAJ sa hod-
noty NAR znizuji. NAR ako funkciu LAl mdZeme vy-
jadrit rovnicou NAR = 17,15 — (7,88 LA s hodnotou
korela¢ného koeficientu r = 0,95 a koeficientu determi-
nacie d = 0,91. Hodnoty CGR sa so zvySovanim LAl
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2. Zmeny indexu listovej pokryvnosti LAl (m2m™) podas vegetéicie
v zdvislosti od zat ia porastu — Ch of leaf area index LA/
(mz.m'z) during the growing season as depended on stand thickening
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3. Zmeny cistého vykonu fotosyntézy NAR (g.m"z.d'l) a rychlosti
rastu CGR (g.m‘z.d_l) v zdvislosti od zmien velkosti listovej plochy
LAI (mz.m'z) — Changes in net output of photosynthesis NAR
(g.m'z.d'l) and rate of growth CGR (g.m'z.d") as depended on
changes of leaf area index LA/ (mz.m’z)

zvySuji. Vzajomné vztahy medzi NAR a CGR v zavis-
losti od velkosti LAI si zn4zornené na obr. 3.

Z urobenej analyzy mdZeme usudzovat, Ze fyziolo-
gické ukazovatele rastu produkcie a tvorby trody
(Walter, 1971; Cooper, 1973) podliehaji konku-
renénym vztahom o faktory prostredia. Tyka sa to nie-
len korefiovej vyZivy, ale predovietkym faktorov uréu-
jucich tvorbu a vykonnost nadzemnych Casti, najmi
velkosti LAl Velkost listovej plochy reguluje svetelné
pomery v poraste, ktoré v procese morfogenézy ov-
plyviiuju tvorbu reprodukénych organov. Toto spolu so
zniZovanim vykonovych jednotiek produkcie, zvlast
NAR a CGR, zniZuje po prekroceni istého stupiia za-
hustenia produkéni vykonnost z porastu.
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ENDOGENNY ETYLEN V PROCESE KLICENIA
JARNEHO JACMENA (HORDEUM VULGARE L.)

ENDOGENOUS ETHYLENE IN THE PROCESS OF SPRING BARLEY
(HORDEUM VULGARE L.) GERMINATION

Z. Jurekova, J. Mika

University of Agriculture, Nitra, Slovak Republic

ABSTRACT: In spring barley plants (Hordeum vulgare L.) cultivated in natural conditions of southern Slovakia aging and
and dying of leaves of highest layers by the desiccant Reglone was induced. Subsequently, their relationship to biological
properties of new grain generation was studied. Our results did not confirm the predicted relationship. Grain germination
after dormancy was not affected significantly by premature dying of leaves of parent plant. Endogenous ethylene, whose
amount increased in dependence on length of germination, was detected in germinating grains. There were no differences
between germinative plants of the control treatment and treatments with induced aging of leaves in amount of ethylene
produced. Dry matter weight of germinating grain fell in the process of germination what was in negative correlation with
amount of releasing ethylene. Their regression relationship is expressed by correlation coefficient r = —-0.725163.

aging of leaves; grain germination; endogenous ethylene; dry matter weight; content of assimilation pigments

ABSTRAKT: U rastlin jarného jatmefia (Hordeum vulgare L.) pestovanych v prirodzenych podmienkach juZného Slovenska
sme indukovali starnutie a odumieranie listov najvy33ich etdZi desikantom Reglone. Nasledne bol sledovany ich vztah k bio-
logickym vlastnostiam novej generacie zfn. NaSe vysledky predpokladany vztah nepotvrdili. Kli¢enie zfn po dormancii nebolo
preukazne ovplyvnené pred¢asnym odumieranim listov materskej rastliny. V kli¢iacich zrnich sme detekovali endogénny
etylén, ktorého mnoZstvo stipalo v zavislosti od dlzky kligenia. V mnoZstve produkovaného etylénu sme nezaznamenali
rozdiely medzi kli¥nymi rastlinami kontrolného variantu a variantov s indukovanym starnutim listov. V procese kli¢enia
klesala hmotnost su¥iny kli¢iaceho zrna, €o je v negativnej korelacii s mnoZstvom uvoliiovaného etylénu. Ich regresny vztah

je vyjadreny korelaénym koeficientom r = -0,725163.

starnutie listov; klienie zrna; endogénny etylén; hmotnost suSiny; obsah asimilanych farbiv

UVOD

U jednoro¢nych rastlin si korelativne vztahy vege-
tativnych a generativnych organov v poslednych fa-
zach ontogenézy charakteristické kompeticiou o asimi-
laty a endogénne hormény. Ako uvadzaji Prioul,
Dugué (1992), starnutie vegetativnych Casti je urych-
lTované prednostnou translokéciou asimilatov do mla-
dych rastovych centier, u obilnin predstavovanych zr-
nami.

Proces starnutia asimilaénych organov negativne ov-
plyiiuje dlZku a rychlost akumulacie organickej hmoty
zrnami, pri¢om diZka napliiania zrna je v pozitivnej ko-
relacii s produktivitou (Crafts-Brandner, Po-
neleit, 1992). Je otizne, ¢i sa pozitivna koreldcia
vztahuje i na kvalitativne, resp. biologické vlastnosti
novej generacie zfn.

Zivotné prejavy semien po dormancii si oby&ajne
charakterizované procesom klienia. Z hormonéilneho
hladiska je najmé u obilnin dobre pre$tudovana tloha
giberelinov (Yamada, 1982; Gaskin et al., 1984)
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a kyseliny abscisovej (King, 1982; Jacobsen,
Chandler, 1985). Takmer absentuji udaje o regu-
la¢nej funkcii a dynamike endogénneho etylénu v pro-
cese kli¢enia obilnin.

V naSej experimentélnej prici sme v prirodzenych
podmienkach pestovania urychlovali starnutie a odu-
mieranie listov najvy38ich etdZi jarného jatmeiia apli-
kéciou desikantu Reglone v definovanych rastovo-fe-
nologickych fazach. Po dozreti a dormancii zrna sme
testovali klicenie a dynamiku endogénneho etylénu
uvolfiovaného kli¢nymi rastlinami.

MATERIAL A METODA

Zrno jarného jaCmeiia odrody Bonus bolo ziskané
z rastlin dopestovanych v prirodzenych podmienkach
polného pokusu. Pokus bol zaloZeny na hnedozemi so
zdkladnym hnojenim 80 kg P.ha”!, 120 kg K.hala jar-
nym prihnojenim LAV v davke 30 kg N.ha. Vysevok
v prepocte na 1 ha bol 4 mil. kli¢ivych zfn. V zapoje-
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nom poraste boli vytvorené Styri pokusné parcelky

(20 m®), na ktorych boli pokusné rastliny oSetrené

0,2% vodnym roztokom Reglone v nasledovnych ras-

tovo-fenologickych fazach (Zadoks et al., 1974):

1. fiza objavenie posledného listu (7. fiza podla Za-
doksa);

2. faza zdurenie po¥vy posledného listu (10. faza podla
Zadoksa);

3. faza koniec kvitnutia, zadiatok tvorby zrna (fiza
10.5.4. podla Zadoksa);

4. subeZne s kaZdou aplikiciou boli rastliny kontrolné-
ho variantu o$etrené vodou.
MnoZstvo roztoku aplikovaného na rastliny v rdmci

pokusnej parcely bolo 1 800 ml. U pokusnych rastlin_

bola sledovana rastovo-fenologicka faza, etapa organo-
genézy podla Kupermanovej a vizudlne priznaky star-
nutia a odumierania listov. Na siedmy deii po o$etreni
rastlin v rdmci variantu bol v troch najvysSie postave-
nych listoch stanoveny celkovy obsah asimilanych
farbiv (Sestak, Catsky, 1966).

Po zbere bolo ziskané zrno uloZené do sklenenych
prachovnic, ktoré boli umiestnené v stabilnych teplot-
nych podmienkach, v tme. Dormancia trvala 210, 224
a 238 dni. V uvedenych terminoch bolo zo vzorky na-
hodnym vyberom vybranych 4 x 100 zin, v ktorych
bolo testované klicenie.

Kli¢enie prebiehalo v Petriho miskdch na dvoch vrs-
tvach filtraéného papiera pravidelne zvlh&ovaného des-
tilovanou vodou. Kultivacia sa uskutocnila v klimati-
zovanom boxe pri teplote 17 °C £0,2 °C, 80% vlhkosti,
intenzite osvetlenia 78,4 KI.m™2.s™' a 14h dennom re-
Zime. Kli¢enie bolo vyhodnocované po 48, 72, 96
a 120 h od zaloZenia pokusu, posudzované bolo vizu-
alne. Za kli¢enie sme povaZovali stav, ked bolo prera-
zené osemenie a viditeIny vrchol radikuly. V kazdom
intervale hodnotenia poétu vykli¢enych zfn bola &ast
materidlu odobraté na stanovenie hmotnosti susiny. Su-
Sina bola stanovena vysuSenim vzoriek do kon3tantnej
hmotnosti pri 105 °C.

StbeZne s testami kli¢enia boli pripravené v rovna-
kych podmienkach aj vzorky kli¢iacich zfn, v ktorych
bol detekovany endogénny etylén. Casové intervaly de-
tekcie st v sihlase s intervalmi, v ktorych bolo testo-
vané kliCenie.

Zrna kli¢ili v kyvete z plexiskla vystlanej filtratnym
papierom s pravidelnym zvlhéovanim. Kyvetu sme po-
uZili na minimalizovanie (odstranenie) poraneni sposo-
benych poskodenim kli€nych rastlin (pretrhnutim kore-
fiov pri manipulécii). V kaZdom intervale boli kyvety
pred zaCiatkom inkubacnej doby na stanovenie endogén-
neho etylénu hermeticky uzatvorené. Dlzka inkubicie bo-
la 5 h pri teplote 23 °C a osvetleni 78,4 KJ.m 257,

Vzorky plynu boli odobraté injekénymi strickacka-
mi cez silikénové septunt a na niekolko miniit (do za-
Ciatku analyzy) fixované zapichnutim do gumovej zét-
ky. Z kaZdej kyvety (opakovania) boli odobraté dve aZ
tri vzorky pre analyzu.

Pre kvantifikciu etylénu sme pouZili plynovy chro-
matograf CHROM 5 so sklenenou népliiovou kolénou
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s vniitornym priemerom 3 mm a dlzkou 2,5 m. PouZitd
stacionérna faza bola Porapak Q (100/120 mesh), nosny
plyn bol dusik. Na detekciu bol pouZity plamenny io-
nizaény detektor (FID). Po analyze bol zisteny presny
objem plynu v kyvete a neskdr stanovena suchd hmot-
nost kli¢iacich zfn. Produkcia etylénu je vyjadrend
v nl.g“l suchej hmoty za 1 h. Na Statistickd analyzu
sme pouZili politatovy Statisticko-graficky systém
Statgraphics.

VYSLEDKY

Rastovo-fenologické pozorovania pokusnych rastlin
ofetrenych pripravkom urychlujicim starnutie a odu-
mieranie listov jarného jatmena potvrdili skuto&nost,
Ze priznakmi starnutia, ktoré sa prejavovali Zltnutim
a postupnym usychanim listu, bol postihnuty vZdy naj-
star$i list. Teda orgdn, u ktorého sa aj v ramci jeho
individualnej ontogenézy zadali degradatné procesy
stvisiace so starnutim. Z hladiska ontogenézy rastliny
to bol po oSetreni v 7. rastovo-fenologickej faze 8. list,
v 10. rastovo-fenologickej faze 9. list, vo faze 10.5.4.
10. list.

Stanovenia celkového obsahu asimilaénych farbiv
v jednotlivych listoch pri odbere 7 dni po oSetreni po-
sledného variantu (tab. I) poukazuji na vyrazny pokles
celkového obsahu farbiv v najstarSich listoch kaZzdého
variantu a koreSponduji s uvedenymi pozorovaniami.

I. Celkovy obsah asimilaénych farbiv (mg.m'z) v listoch najvy3$ich
etdzi jarného jadmeiia po desikdcii — Total content of assimilation
pigments (mg.m'z) in leaves of highest layers of spring barley after
desiccation

Postavenie Variant?
listu na
stonke! 1 2 3 kontrola®
8. 51,89 - - 139,64
9. 76,24 63,71 - 147,94
10. 98,42 104,15 49,92 159,74
1. 118,22 127,5 129,15 167,12

Iposition of leaf on stem, *treatment, >control

Zrna z jednotlivych pokusnych variantov boli po di-
ferencovanej dormancii testované na rychlost klicenia.
Vzhladom na to, %e dlZka dormancie neovplyvnila pro-
ces klicenia, pre ilustraciu vyberame len priemerné vy-
sledky testov zhrnuté v tab. II. Klienie zfn jednotlivych
variantov mdZeme charakterizovat ako rovnomerny
proces. V Ziadnom z hodnotenych intervalov sme ne-
zaznamenali rozdielne hodnoty v porovnani s kontro-
lou. NaSe vysledky nepotvrdzuji negativny vplyv
urychleného odumierania listov na Zivotné prejavy no-
vej generdcie zfn.

Dynamické merania produkcie endogénneho etylénu
v kli¢iacich zrnach po 210 dfioch dormancie (obr. 1a)
ukézali, Ze mnoZstvo endogénneho etylénu v zévislosti
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11. MnoZstvo vyklienych zfn v jednotlivych intervaloch = Number
of germinated grains at different intervals

Interval'
(h)

Variant?

2

3

kontrola®

48
72
96
120

87,56
95,43
96,7
96,8

91,47
96,6
98

98

91,41
96,53
97,1
97.3

88,53
94,17
96,9
97

linterval, *treatment, *control

(-
351 a
3+
25 +
2 o
15+

48 72 96 12C

48 72 96 12C

7
35+ c
34
25 +
2 + Q
15 +
1 4
05 +

0o : t {
48 72 96 12C

0,04
0,035+
0,03+
0,025 -
0,02
0,015
0,01+
0,005 ¢

kontrola

kantrola |

—x—kontrola —a—var3 —s—var2 —o—var1 ‘

1. Dynamika endogénneho etylénu kli¢nych rastlin jarného jaémefa
po diferencovanej dormancii: a) 210 dni po dormancii; b) 224 dni
po dormancii; ¢) 238 dni po dormancii — Dynamics of endogenous
cthylene of germinative plants of spring barley after differentiated
dormancy: a) 210 days after dormancy; b) 224 days after dormancy;
c) 238 days after dormancy

os x: ¢as (h) — x axis: time (h)

os y: etylén (nl/g suSiny/h) — y axis: ethylene (nl/g of dry matter/h)
kontrola — control
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2. Zmeny hmotnosti sudiny kli¢nych rastlin jarného ja¢mena po di-
ferencovanej dormancii: a) 210 dni po dormancii; b) 224 dni po
dormancii; ¢) 238 dni po dormancii — Changes in dry matter weight
of germinative plants of spring barley after differentiated dormancy:
a) 210 days after dormancy; b) 224 days after dormancy; ¢) 238 days
after dormancy

0§ X: variant — X axis: treatment
os y: hmotnost suSiny (g/rastlina) - y axis: dry matter weight

(g/plant)

kontrola - control
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I1I. Viacfaktorova analyza rozptylu pre etylén — Multifactor analysis of variance for ethylene

e e | vaient | i | Pkocticiens | B

Hlavny efekt® 43,360989 8 5420124 125,781 0,000
Hodiny'? 42,674578 3 14,224859 330,106 0.000
Variant!? 0,294347 3 0,098116 2,277 0,1144
Pokus'* 0,392064 2 0,196032 4,549 0,0252

Dvojfaktorové interakcie’ 5,2489920 21 0,2499520 5,800 0,002
Hodiny x variant 0,8203929 9 0,0911548 2,115 0,0842
Hodiny x pokus 4,1449826 6 0,6908304 16,032 0,000
Variant x pokus 0,2836165 6 0,0472694 1,097 0,4016

Rezidua'" 0,7756524 18 0,0430918

Celkovo'! 49385634 47

’ 2 3 5 6 < o .
'source of variance, *sum of squares, “degree of performance, 4dcgree of freedom, “mean square, " F-coefficient, 7sngmﬁcance level, *main

effect, “two-factor interactions, '

IV. Mnohonasobné porovnévanie strednych hodnot pre etylén podla
Casu Scheffeho metédou s 99% koeficientom spolahlivosti — Multi-
plicity comparison of mean values for ethylene according to the time
by Scheffe method with 99% coefficient of reliability

Interval' Poget? Priemer’ H:;:;ig:';;\e
48 12 0,010800 *
2 12 0,9355500 *
96 12 1,1284500 *
120 12 2,6383500 *

I. 3
interval, “number, *mean, *homogencous groups

od Casu (pocte hodin klicenia) stipa a dosahuje maxi-
ma u 120 h starych kli¢nych rastlin. Rozdiely v pro-
dukcii etylénu v ramci pokusnych variantov su bezvy-
znamné, Statisticky nepreukazné.

Zrna odpocivajice 224 a 238 dni si zachovavaji vy-
soké percento kliCivosti a vyrazni dynamiku endogén-
neho etylénu. Jeho mnoZstvo stipa po 72 h klicenia,
ked bolo vykligenych 95 % zfn s priemernou dizkou
koleoptyly 8 mm. Druhé maximum produkcie sme za-

znamenali po 120 h kli€enia pri 97 % vykli¢enych zin

a priemernej diZke koleotyly 20 mm. Preukaznost vy-
sledkov potvrdzuje viacfaktorové analyza rozptylu
(tab. III), ked pri porovnavani rozdielov strednych
hodnét pri koeficiente spolahlivosti 99 % sme ziskali
homogénne skupiny (tab. IV), ktoré koreSponduji
s obr. 1a, b, c. Uvedené vysledky zaujimavo dokresluji
tdaje o zmenach obsahu suchej hmotnosti v priebehu
48 az 120 h klicenia.

Hmotnost susiny kli¢iaceho zrna v zavislosti od ¢a-
su klesa. Negativna korelacia sa zachovava vo vietkych
variantoch pokusu, ako aj u zfn s réznou dizkou dor-
mancie (obr. 2a, b, ¢). Porovnanie vysledkov o zme-
nach hmotnosti suSiny zrna so zmenami v produkcii
endogénneho etylénu potvrdzuje ich negativny korela¢-
ny vztah. Regresna analyza s korelanym koeficientom
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= 2 x
residua, ''total, *hours, "treatment, '“trial

(X 0.01)

3. Regresnd analyza medzi produkciou etylénu a hmotnosfou susiny
semien (r = -0,725163) — Regression analysis between ethylene pro-
duction and seed dry matter (r = -0.725163)

os x: hmotnost suSiny semien — x axis: seed dry matter weight
os y: etylén — y axis: ethylene

r=-0,725163, vyjadrend na obr. 3, s uvedenym v plnej
miere kore$ponduje.

DISKUSIA

V literatire je nemalo dokazov o tom, Ze vek a fy-
ziologicka aktivita listov, ako aj ich hormonélna bilan-
cia, ktora sa utvéra pod vplyvom vonkajsich faktorov,
mé rozhodujici vyznam pri ovplyviiovani kvantity
a kvality novej generacie semien.
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Funkény vzfah medzi starnicimi a mladymi aktiv-
nymi orginmi je interpretovany najma dokazmi z ob-
lasti tzv. nutriénych vztahov organov (Salette, Le-
maire, 1981). Price z oblasti stresovej fyziolégie
viak potvrdzuju, Ze stres pdsobiaci pocas fyziologické-
ho dozrievania redukuje poéet kli¢iacich zfn a ich Zi-
votnost (Vieira et al.,, 1982; Krony et al,, 1984).
Dornbos et al. (1989) uvidzajd, Ze sucho pdsobiace
pocas napliiania semien séje signifikantne redukuje po-
et kligivych zfn.

V na¥ich pokusoch sme nepotvrdili negativny vplyv
indukovaného starnutia listov najvy3¥ich etéZi na Zivot-
né prejavy zrna. V tomto zmysle si naSe poznatky po-
rovnatelné s idajmi z literatiry (Vieira etal., 1991).
Citovani autori po poskodeni listov rastlin suchom zis-
tili zniZenie produkcie o 35 aZ 41 %, ale nenasli nega-
tivny vplyv faktora na kli¢enie a Zivotnost semien.

V naSom experimentalnom pristupe sme sledovali aj
dynamiku endogénneho etylénu, ktory méa v procese
kli¢enia vyznamni tlohu. V dynamike jeho produkcie
sme u kontrolnych a pokusnych kli¢nych rastlin nezis-
tili preukazné rozdiely. Vysledky naznaCuji dve maxi-
ma v produkcii etylénu a stanovili sme ich v neskor-
Sich fazach klicenia. Z tohto pohladu si naSe vysledky
porovnatelné s vysledkami z literatiry (Takayana-
gi, Harrington, 1971; Ketring, Morgan,
1972; Greef, Proft, 1978; Sinska, 1989; Go-
recki et al, 1991). Obe nami detekované maxima
spadaji do obdobia intenzivneho predlZovacieho rastu
etiolovanych organov kli¢nych rastlin (obr. 1b, c). Zvy-
Sena produkcia etylénu moZe suvisiet so zvySenou aku-
muldciou stimula¢nych horménov v intenzivne sa pre-
dlzujucich organoch kli¢nych rastlin.

Takyto pomer stimulaénych a inhibiénych hormo-
nov je popisovany v pripadoch, kde vonkajSie pod-
mienky su priaznivé pre nadmerny rast organov. Pred-
poklada sa, Ze obsah etylénu brzdi prednostny rast
jedného z organov na tkor ostatnych.
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Z VEDECKEHO ZIVOTA

Za doc. Ing. Ludvikem Kunclem, CSc.

Doc. Ing. Ludvik Kuncl, CSc., se narodil 5. srpna
1941 v Dobronicich u Bechyné v rodiné zemédélce.
Malebni jihoeska krajina v okoli LuZnice a vychova
v rodiné mu vtiskly hluboky vztah k pfirodé a k zemé-
délstvi, jimZ zustal v&rny po cely svij Zivot.

Po stfedogkolskych studiich v Tabofe pracoval nej-
prve jako agronom na Stitnim statku ve VyS$§im Brodg.
Po vystudovéni fytotechnického oboru na Provozné
ekonomické fakult& VSZ v Ceskych Budgjovicich v ro-
ce 1968 zustal na této, nyni Zemédélské fakulté JU, kde
pracoval nejprve jako technik, samostatny odborny pra-
covnik pro védu a vyzkum, odborny asistent a kone¢né
jako docent v oboru hodnoceni jakosti a zpracovani
produkti rostlinné vyroby a picninafstvi. V letech 1993
aZ 1994 pusobil ve funkci vedouciho Katedry picninaf-
stvi a od roku 1994 vykondval funkci prodé€kana pro
védeckovyzkumnou ¢innost.

Védecka i pedagogickd price doc. Kuncla byla
prikladnd. Vénoval se pfedev§im studiu agroekologic-
kych podminek uplatnéni a genotypové podminénosti
kvalitativnich vlastnosti viceletych picnin, pfitemZ
zvlaStni pozornost vénoval témto otizkdm u mezidru-

hovych a mezirodovych hybridi trav vEetné aspekti
jejich konzervace. Zabyval se té% problematikou uplat-
néni viceletych picnich cen6z v podminkach zvysenych
ekologickych poZadavku a déile kvalitou brambor, p&s-
tovanych pfi omezenych vstupech.

Na Zemé&dglské fakulté¢ JU se mimofaddnou mérou
zaslouZil o vybudovani spoleéné mezikatedrové labora-
tofe pro hodnoceni jakosti zeméd€lskych produkti. Své
bohaté v&domosti a zkuSenosti dokizal s pedagogic-
kym citem predavat studentim jak ve vlastni vyuce, tak
i pfi vedeni diplomovych a doktorskych praci.

Bohaté Zivotni zku$enosti doc. Kuncla a jeho
schopnosti §iroké syntézy naSly své uplatnéni v Elenstvi
a v aktivnim zapojeni do price V&decké rady Zem&dél-
ské fakulty JU, Védecké rady JU a Oborové rady dok-
torandského studia pro obor speciélni produkce rostlin-
ni. Byl té% €lenem CAZV, a to Odboru jakosti
zemé&dé€lskych produkti a Odboru vyZivy obyvatelstva
a jakosti potravin.

Nahlym odchodem doc. Ing. Ludvika Kuncla,
CSc., ztracime vynikajiciho uditele a odbornika.

Doc. Ing. Frantifek Klime¥, CSc.
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VLIV ZASTOUPENI VAPNIKU A HORCIKU V ZIVNEM
ROZTOKU NA TOXICITU HLINIKU U OZIME PSENICE

EFFECT OF CALCIUM AND MAGNESIUM ABUNDANCE IN NUTRIENT
SOLUTION ON ALUMINIUM TOXICITY IN WINTER WHEAT

J. Cernohorskd, Z. Kadlecov4, M. Dvorak

Charles University, Faculty of Science, Praha, Czech Republic

ABSTRACT: It is suggested that Al affects Ca homeostasis in plants. In our work we have studied the effect of Ca : Mg
molar ratio in nutrient solution on the growth parameters of wheat (Triticum aestivum L., cv. Sparta) in the presence of Al
If Al causes reduction of Ca?* uptake and so Ca homeostasis is disturbed, it would be possible to alleviate Al-toxicity by
increasing Ca?* concentration in nutrient solution. This will change the Ca : Mg ratio what can lead to changes in the
plasmalemma permeability. As the control variant we used Ca : Mg ratio 2 : 1, which is very near to Ca : Mg ratio in Knop
nutrient solution. The ratio Ca : Mg 5 : 1 was used to increase Ca®* concentration and Ca : Mg 1 : 4 ratio was used to increase
Mg concentration. Total concentration of Ca + Mg ions in the nutrient solution was 5,7. 10 M. Al was used in the form of
Aly(SOy)s, 74107 M, pH 4 of nutrient solutions was adjusted with HCI. Supplement of Ca®* in the variant with Ca : Mg
5 : 1 ratio in the presence of Al caused decrease in longitudinal growth of roots when compared with the control variant
(Fig. 2). Ca content in this variant increased in the roots, but Ca supplement had no effect on the Al content in whole plants
(Figs 5, 6). In the case of increased Mg concentration (Mg : Ca 4 : 1) in the presence of Al longitudinal growth of roots
decreased even more (Figs 3, 4). It had no effect on the Ca content in roots, while in shoots Ca content slightly decreased
(Figs 5, 6). This would indicate that Al-toxicity was not induced by Ca and Mg deficiency. Our results did not confirm
alleviating effect of Ca supplement in nutrient solution on Al-toxicity if there is constant low pH. These are more in agreement
with the results of Grant, Racz (1990), who found increased efflux of K* from the roots of barley in case of changed
Ca : Mg ratio in both directions. According to these findings we suppose that disturbance of plasmalemma semipermeability
of wheat root tissue would be the primary effect of Al-toxicity.

Al-toxicity; Ca; Mg; roots; Triticum aestivum L.

ABSTRAKT: Vliv Al na rist rostlin byl podrobn& studovén, neni viak dosud jasné, co je primérni odpovédi na pisobeni
Al, a neni tudiZ zndm ani princip tolerance n&kterych rostlin k Al. Pfedpokldda se, Ze primarni efekty Al jsou spojeny
s poklesem akumulace Ca — obecné s poruSenim symplazmické homeostize Ca?* ionti. Sledovali jsme vliv vzdjemnych
poméri Ca a Mg v kultivaénim médiu na ristové parametry pSenice (Triticum aestivum L., odrida Sparta) v pfitomnosti Al.
Je-li piisobenim Al sniZen pfijem Ca, a tak poru$ena jeho homeostize v buitkdch, mohlo by nadstandardni zvy$eni koncentrace
Ca v médiu tento syndrom zmiriiovat. Jako kontrolni variantu jsme pouZili pomér Ca : Mg 2 : 1, ktery odpovid4 pom&ru
obou ionti v Knopové Zivném roztoku. Nadstandardni pfidavek Ca byl pouZit v poméru k Mg 5 : 1 a nadstandardni ptidavek
Mg byl pouZit v pomé&ru k Ca 4 : 1. Nadbytek Ca ve variant& Ca: Mg 5 : 1 v pfitomnosti Al mé&l za nasledek sniZeni délkového
ristu kofenii oproti kontrole s Al. Obsah Ca v kofenech byl nadstandardnim pfidavkem Ca zvy3en, ale obsah Al v rostlin&
tim nebyl ovlivnén. V pfipad€ nadstandardniho pfidavku Mg v pom&ru k Ca 4 : 1 v pfitomnosti Al byl délkovy rust kofenii
vyrazng sniZen, vice neZ v pfipad& obriceného poméru. Obsah Ca v kofenech nebyl ovlivnén, obsah Ca v nadzemni &asti byl
nepatrné sniZen proti kontrole. Na3e vysledky tedy nepotvrdily meliora¢ni efekt nadstandardni koncentrace Ca v médiu na
toxicitu Al, pokud je nizké pH konstantni.

Al-toxicita; Ca; Mg; kofeny; Triticum aestivum L.

UvVOoD ence zakladnich Zivin Ca a Mg, ale pfedevsim toxicita
Al a s ni spojena sniZend dostupnost P. Pfes rozséhlé

Kyselé pudy jsou pro pSenici fytotoxické, coZ celo-  studium vlivu Al na rist rostlin neni dosud jasné, co je
svétov€ vede k varujicimu sniZeni jeji produkce. Tato  primarni odpovédi na pisobeni Al, a neni tudiZ zndm
fytotoxicita je vysledkem celého komplexu disbalanci  ani princip tolerance nékterych rostlin k Al. Posledni
Zivin v pudnim roztoku v disledku nizkého pH: defici- price v tomto sm&ru predpokladaji, Ze Al miZe byt
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vylu€ovén kofenovymi $pi¢kami Al-tolerantnich rostlin
pSenice mechamsmy. které exkretuji ligandy pro chela-
tizaci AI?Y, imobilizuji Al v bun&&nych st€néch, zvy§u-
ji pH okoli kofenovych $piek, a tim precipituji AI**
nebo aktivn& transportuji Al z cytoplazmy (Delhai-
ze, Ryan, 1995).

Nejvyraznéj$im symptomem a ziroveii uznévanou
mirou Al-toxicity je inhibice ruistu kofenl. V literatufe
jsou uvadény dvé zékladni hypotézy o tom, jak k této
inhibici, ztotoZfiované s vlastnim principem Al-toxici-
ty, dochazi. Prvm pfedpokl4da poruseni symplazmické
homeostdze CaZ*, a tim i poruseni buné¢ného metabo-
lismu zdvislého na Ca (Rengel, Elliot, 1992).
V tom piipadé by mohl nadstandardni pfidavek Ca
(pfipadné Mg) zmiriiovat toxicky efekt Al. Druh4 hy-
potéza uvaZuje o interakci Al s cytoplazmatickymi
membranami kofenovych bunék (Kinraide et al,
1994).

MATERIAL A METODA

Experimentalni rostlinou byla ozim4 p3enice (Triti-
cum aestivum L.), odrida Sparta. Rostliny byly pésto-
véany ve vodnich kulturach v Knopové Zivném roztoku
v konstantnich podminkéch: teplota 20 + 2 °C, relativni
vlhkost vzduchu 65 az 70 %, svételna perioda 16 h
svétla, 8 h tmy, osvétleni sodikovymi vybojkami s pri-
mérnou hodnotou ozareni 300 },lM.m"2 s~

Zvy$ena koncentrace H iontti (pH 4) je podminkou
pro sledovani Al-toxicity, ale zaroveii je sama toxicka
pro kofeny rostlin. Proto jsme vZdy uZivali dvou kontrol-
nich variant, a to jednak pfi pH 5, jednak pfi pH 4.

V prvé Casti prace jsme sledovali vliv vzajemnych
poméra Ca : Mg v Zivném médiu na Al-toxicitu u pSe-
nice. Je-li pisobenim Al sniZen pfijem Ca, a tim poru-
Sena jeho homeostaze v kofenovych buiikdch, mohlo
by nadstandardni zvySeni koncentrace Ca v Zivném
médiu tento syndrom zmirfiovat. Tim se vSak zméni
vzajemny pomér Ca : Mg, ktery muZe ovlivnit per-
meabilitni funkci plazmalemy.

Jako kontrolni variantu jsme pouZili pomér Ca : Mg
2 : 1, ktery odpovidd poméru obou ionti v Knopové
Zivném roztoku. Nadstandardni ptidavek Ca byl pouZit
v poméru k Mg 5 : 1 a nadstandardni pfidavek Mg byl
pouZit v poméru k Ca 4 : 1. Celkova koncentrace ionn’x
Ca + Mg v kultivaénich médiich byla vZdy 5,7. 103 M.
Al byl pouZit ve form& Al,(SO4); v koncentraci
7,410 M, acidita kultivadnich médii byla upravena
na pH 4 pomoci HCI, kontrolni varianta byla tedy dvo-
ji, jednak s pH 4 a jednak s pH 5.

Byly méfeny parametry: délka nejdelSiho kofene,
délka nadzemni Gasti, suSina obou &asti. Naméfené
hodnoty ristovych parametra byly statisticky vyhodno-
ceny nelinedrni regresni analyzou pomoci programové-
ho systému NONLIN. V grafech je uvedena pouze dy-
namika délkového ristu kofene, kde jsou rozdily mezi
jednotlivymi variantami nejvyraznéj§i. Chemické ana-
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1. SloZeni kultiva¢nich roztoki pro jednotlivé varianty — Composi-
tion of cultivation solutions for different variants

Varianta! | Oznageni? | Ca:Mg |Al[10*M] pH
1 ZR 2% 1 0 5
2 pH 4 2.1 0 4
3 +Al 251 74 4
4 +Ca +Al 5:1 74 4
5 +Mg +Al 1:4 7.4 4

'variant, 2denotation

lyzy rostlin byly provedeny atomovou absorp&ni spek-
troskopii. Pro tento uéel byl pouZit rozklad na mokré
cesté (HNO; + H,0,) pomoci mikrovinné technologie
CEM. SloZeni kultivagnich roztokid pro jednotlivé va-
rianty uvadi tab. L

VYSLEDKY A DISKUSE

Dynamiku délkového ristu kofeni u vychozich va-
riant pokusu [kontrola pH 5 (1), kontrola pH 4 (2)
a pfitomnost Al (3)] popisuje obr. 1. Je dobie patrné,
Ze stres nizkého pH sam o sobé& sniZuje délkovy rust
korent, v soucinnosti s Al se viak méni i charakter této
dynamiky. Pro pfehlednost je dale v grafech uvadéna
pouze kontrola v pH 4. Nadbytek Ca ve varianté (4) Ca
: Mg 5: 1 v pfitomnosti Al sniZoval po 18 dnech kul-
tivace délkovy rist kofent i oproti kontrole s Al
(obr. 2). V pfipadé nadstandardniho piidavku Mg v po-
méru k Ca4 : 1 v pfitomnosti Al byl délkovy rtst kofent
vyrazné sniZen, vice neZ v pripadé obraceného poméru
(obr. 3, 4). Obsah Ca v kofenech byl nadstandardnim
piidavkem Ca zvy3en, ale obsah Al v rostlin€ tim nebyl
ovlivnén. Nadstandardnim pfidavkem Mg nebyl obsah
Ca v kofenech ovlivnén, obsah Ca v nadzemni &asti byl
nepatrné sniZen proti kontrole (obr. 5, 6).

Nage vysledky tedy nepotvrdily melioradni efekt
nadstandardni koncentrace Ca nebo Mg v médiu na to-
xicitu Al. Ca dosud uZivany k melioraci toxického pu-
sobeni Al zvySuje pH prostiedi, a tim vlastn& eliminuje
fytotoxickou formu Al. Efekt Ca a Mg na dynamiku
rustovych parametrii pSenice neni v Zadném vztahu
k obsahu obou prvki v rostling, coZ naznaduje, Ze pii-
&inou Al-toxicity neni indukovana deficience Ca nebo
Mg. Shodu nachéazime spiSe s vysledky, které uvefejni-
li Grant, Racz (1990), ktefi potvrdili zvySeny vy-
tok iontd K z kofent ovsa v pfipadé poruSeni poméri
Ca : Mg v médiu, a to at uZ ve prospéch Ca nebo Mg.
Také Wheeler, Edmeades (1995) uvadéji, Ze
zvySena koncentrace Ca v roztoku prohloubila Al-toxi-
citu u pSenice v pfipadé, Ze koncentrace Mg v médiu
byla velmi nizka. ProtoZe pfitomnost Al je§té prohlu-
buje efekt poruseného poméru Ca : Mg, domnivame se,
Ze primédrnim efektem Al-toxicity bude zména v regu-
laci funkce plazmalemy kofenovych bunék pSenice.
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1. Dynamika délkového ristu kofend pro varianty 1, 2, 3 — The
dynamics of longitudinal roots growth for variants 1, 2, 3
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3. Dynamika délkového ristu kofend pro varianty 2, 3, 5 — The
dynamics of longitudinal roots growth for variants 2, 3, §

Vysvétlivky k obr. 1 aZ 4 — Explanation to Figs 1 to 4:
osa x: ¢as, dny — x axis: time, days

osa y: délka kofeni, cm — y axis: length of roots, cm
¢isla variant u kfivek — variants numbers at the curves
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5. Obsah Ca, Mg, Al v sufing kofeni rostlin jednotliv§ch variant —
Content of Ca, Mg, Al in the dry matter of plant roots of single
variants

ROSTLINNA VYROBA, 42, 1996 (6): 285-288

2. Dynamika délkového rustu kofeni pro varianty 2, 3, 4 — The
dynamics of longitudinal roots growth for variants 2, 3, 4

4. Dynamika délkového ristu kofenu pro varianty 3, 4, 5 — The
dynamics of longitudinal roots growth for variants 3, 4, 5
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6. Obsah Ca, Mg, Al v su$iné nadzemni ¢&asti rostlin jednotlivych
variant — Content of Ca, Mg, Al in the dry matter of plant upper
parts of single variants
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