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ANNUAL COURSE OF SIMULATED RATE
OF PHOTOSYNTHESIS UNDER NATURAL CONDITIONS

SIMULACE ROCNIHO PRUBEHU RYCHLOSTI FOTOSYNTEZY
V PRIROZENYCH PODMINKACH

L. Natr

Charles University, Faculty of Sciences, Praha, Czech Republic

ABSTRACT: Algorithms of a leaf photosynthesis model published by Harley et al. (1992) and hourly values of radiation,
temperature and air humidity for the years 1990, 1991 and 1992 obtained from the Hydrometeorological Institute in Prague,
were used to calculate rate of photosynthesis (Py) for each hour as well as its hourly and daily totals. Under climatic conditions
typical for this region, daily totals of Py are more closely correlated with temperature (R*> 0.9) than with irradiance (R? of
about 0.6 to 0.7). According to the calculated regression a |1 °C increase increases daily total of photosynthesis by some
60 mmol CO, per 1 m?. An expected increase in temperature as brought about by the climate change could have beneficial
effects on Py,.

rate of photosynthesis; temperature; irradiance; mathematical model; simulation

ABSTRAKT: Matematické modely fyziologickych procesi se stile vice uplatiiuji pfi integraci experimentalnich poznatka
i pii simulacich, které asto nahrazuji finan&né& i asové niroénéjsi pokusy. Experimentilni stanoveni ro€niho priibéhu rych-
losti fotosyntézy (Py) v piirozenych podminkach a u listi srovnatelnych rostlin je prakticky neproveditelné. Pfitom se jedna
o udaje, které jsou dileZité i s ohledem na vliv zmén v prib&hu roku, indukovanych zvy$enim sklenikového efektu. S vyuzi-
tim algoritmi mechanismového modelu fotosyntézy listu, ktery uvefejnili Harley et al. (1992), byl v jazyku Famulus
vyvinutém na Matematicko-fyzikalni fakulté¢ Karlovy univerzity v Praze (Dvoidk et al., 1992) sestaven model zévislosti
rychlosti fotosyntézy (Py) na ozédfenosti, koncentraci oxidu uhli¢itého a kysliku, teploté a relativni vzdu$né vlhkosti. Pro
simulaci byla pouZita hodinovad data ozéafenosti (stanice v Hradci Krdlové), teploty a relativni vzdu$né vlhkosti (stanice
v Praze), ziskand z Hydrometeorologického iistavu. Pro vypocet délky dne byl pouZit program vyvinuty na pracoviti autora
(Ligr et al.,, 1995). Model vykazuje vliv ozifenosti a teploty na Py (obr. 1) v souladu s experimentdlné stanovenymi
zévislostmi (podrobné&jsi diskuse viz Harley et al., 1992). S algoritmy byly prevzaty i hodnoty pfislu$nych parametri
(maximalni rychlost karboxylace, oxygenace, zéivislost rychlosti toku elektroni v tylakoidni membrané na ozafenosti aj.),
které se viak mohou u jednotlivych druhii rostlin ménit. V simulacich s jingmi hodnotami téchto parametri by vysledné
hodnoty Py byly vy$§i nebo niZ3i neZ nimi vypoctené, ale jejich zdvislost na vnéjsich faktorech by se nezménila. Pro kazdou
hodinu kazdého dne tii let (1990, 1991 a 1992) byla vypoéitina rychlost fotosyntézy a jeji hodinovy i denni souet (obr. 2).
Denni hodnoty Py vykazaly podstatné vétsi korelaci (obr. 3 a 4) s denni primérnou teplotou (R* > 0,9) nez s denni sumou
ozafenosti (R2 mezi 0,6 a 0,7). To znamend, Ze v naSich klimatickych podminkéch i v letnich mésicich je Py urcovdna
pfedeviim teplotou a méné ozédfenosti. Pfi dennich primérnych teplotich vy$Sich nez 10 °C bylo stanoveno zvySeni Py
0 60 mmol CO, m2 pii zvySeni teploty o 1 °C. Pfedpokliadané zvySeni teploty vyvolané zesilenym sklenikovym efektem
Zemé by v nafich podminkédch mélo mit velmi pfiznivy vliv na rychlost fotosyntézy. K tomu je pak tieba priist jesté pfiznivy
vliv zvySené koncentrace CO,.

rychlost fotosyntézy; teplota; ozarenost; matematicky model; simulace

INTRODUCTION Some complex dynamic models of crop productivity

have been constructed and tested by various authors and

Mathematical models became an important tool in
plant biology (Natr, 1989). They are used both to
integrate knowledge of separate processes and to make
predictions of experimental results under various con-
ditions, treatments, etc. Frequently, simulation runs
represent the only way of getting insight into the un-
derlying processes.
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under various soil and climatic conditions (Steduto et
al., 1995; Wilks et al., 1995). However, most of the
published models have been used mainly by their re-
spective authors. Due to the heterogeneity of both hard-
ware and software, no standards have been developed
and adopted by the research community that would en-
able a simple exchange of modules.
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During the last years, several models describing the
biochemistry of photosynthesis and stomatal behavior
of a leaf have been constructed (Friend, 1995;
Nikolov et al, 1995). The biological principles of
these models are very similar and differ mainly in their
degree of complexity. They are used (1) for a more
detailed analysis of experimental data, (2) as a part of
a more complex model in plant physiology and eco-
logy, or (3) as a means to analyze leaf, plant or canopy
behavior under conditions where experimental ap-
proach would be too expensive, technically difficult or
even impossible.

In this paper, algorithms of a leaf photosynthesis
model published by Harley et al. (1992) were used
to write a source code enabling simulations of the rate
of photosynthesis as influenced by irradiance, CO, and
0O, concentrations, temperature and air humidity.
Hourly values of global radiation and temperature from
the local meteorological station were used to calculate
daily course of the rate of photosynthesis (Py) during
three successive years. Daily totals were used to deter-
mine the annual course of daily Py dependence on
daily radiation and daily mean temperature.

MATERIAL AND METHODS

Algorithms of the model by Harley et al. (1992)
were used to write the source code in Famulus, a com-
puter language developed at the Faculty of Mathemat-

1. Dependence of the rate of photosynthesis, Py [Lmol m?s' on

irradiance [J m2 s'l] at various temperatures as given in the figure
(ABOVE) and on temperature [°C] at various irradiance as indicated
in the figure (BELOW); photosynthesis was calculated by using
algorithms of Harley et al. (1992)
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ics and Physics of the Charles University in Prague
(Dvofak etal., 1992). The model calculates the rate
of photosynthesis (Py) based on (1) limitations of car-
boxylation, ribulose-1,5-bisphosphate regeneration and
phosphate translocation and on (2) stomatal conduc-
tance. Parameters derived by Harley et al. (1992)
from their measurements of poplar (Populus ssp.) were
also used. Day length was calculated by a model devel-
oped (Ligr et al., 1995).

Hourly values of radiation (J em™2 hour™), tempera-
ture (°C) and relative air humidity for each day of the
years 1990, 1991 and 1992 were obtained from the
Hydrometeorological Institute in Prague. They were
measured at the meteorogical station in Prague (tem-
perature) and Hradec Kréilové (radiation; some 80 km
from Prague).

When only daily maximal and minimal temperatures
were available, the hourly values were obtained by
a sine-exponentional function (W ann et al., 1985) us-
ing parameters previously computed from large series
of data (Mladiova, Natr, 1991).

Rate of photosynthesis, (P, pmol m™2 s'l) for each
hour, hourly and daily totals were calculated for the
years 1990, 1991 and 1992. Daily means of Py for the
whole year were used to calculate their dependence on
temperature and irradiance by using both linear and
non-linear regressions.

RESULTS

Photosynthesis simulation yields a typical depend-
ence of Py on both temperature and irradiance (Fig. 1).
At low temperature, Py, is saturated at very low irradi-
ance, i.e. at about 50 J m~> s™!. On the other hand, at
35 °C even 800 J m™> s~ do not saturate Py. The tem-
perature dependence of Py shows a typical shift of
maximum Py to higher temperatures with increasing
irradiance. It may be concluded that the model realisti-
cally simulates the effects of temperature and irra-
diance on Py (for more discussion see Harley etal,
1992). Daily totals of irradiance and Py as well as daily
mean temperature (Fig. 2) show the typical annual
course.

Annual course of Py (Fig. 2) demonstrates a high
spread of values especially during the summer months
when both mean temperature and total daily irradiance
are high. The reasons for it may be deduced from the
dependence of Py on temperature and irradiance
(Fig. 3). Surprisingly much closer correlation between
Py and temperature than between Py and irradiance
was detected. The coefficient of determination (RZ)
confirmed this finding. The values of R? for the de-
pendence of Py on irradiance and Py on temperature
were 0.71 and 0.96, 0.66 and 0.94, 0.67 and 0.95 for
the years 1990, 1991 and 1992, respectively. The func-
tions of linear regression of these relationships are
given in Fig. 4. For the dependence of Py on tempera-
ture, only data for 1992 were presented because of their
similarity in the two other years. It indicates that tem-

ROSTLINNA VYROBA, 43, 1997 (5): 205-208
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perature determines Py even during summer period of
high irradiance.

Although only three years were tested, the differ-
ences in the dependence of Py on radiation and tem-
perature among years may be evaluated as well. Total
radiation (MJ m > ycar") and photosynthesis (mmol
CO, m~2 year‘l) and the mean annual temperature (°C)
were 4 175, 115 510 and 9.4; 3 727, 97 287 and 8.0;
3 873, 105 510 and 9.4 for the year 1992, 1991 and
1990, respectively. The coefficient of linear rcgrcssion
of Py on radiation was 395 mmol (CO,) MI™" with
a correlation coefficient R* = 0. 979, and that of Py on
temperature 266. 5 mmol (CO,) °C™! with the correla-
tion coefficient R? = 0.722.

DISCUSSION

There is no doubt that both experimental and simu-
lation data of the rate of photosynthesis would differ
according to the biochemical and physical parameters
of the genotype applied in the model. In fact, a nearly
infinite number of combinations of photosynthetic
properties could be constructed by combining values of
the ribulose-1,5-bisphosphate carboxylase/oxygenase
(Rubisco) characteristics and other parameters used in
this model of Harley et al. (1992) or in any other
dynamic and complex model of leaf photosynthesis
(Friend, 1995). On the other hand, recent mechanis-
tic models of a leaf gas exchange incorporate most of
what is known about biochemistry and physiology of
photosynthesis, respiration, transpiration and stomata
functioning. These models often use analysis intro-
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duced by Farquhar et al. (1980). Hence, it seems
to be of prime importance to further analyze most of
the parameters the values of which are being deduced
from experiments. It is necessary to understand better
how the individual parameters are determined by both
the genotype and environmental conditions of the ex-
periment in order to replace values deduced from re-
gressions with data characterizing some functional
propertics of the plant (Overman, Wilkinson,
1995).

The radiation use efficiency among the years (as
expressed by the ratio of Py to radiation) varies only
from 28.4 mmol CO, per MI for the year 1990 to
32.4 mmol CO, per MJ for 1992 (Fig. 4). Assuming
that 44 g CO, correspond to 30 g dry mass [CH,O],
these values represent a production from 0.825 to
0.972 g (dry mass) per MJ. These values would double
if expressed for photosynthetically active radiation
which is very similar to data published for various
crops and climatic conditions (Reddy . 1995). This is
another indication of the reliability of the simulated
values and their agreement with experimental data.

The whole range of temperature dependence has
been divided into three regions: temperature lower than
1 °C, temperature between 1 °C and 10 °C and tem-
perature higher than 10 °C. This division was quite
arbitrary and deduced from visual evaluation of the
data in Fig. 2. Although non-linear fit of several func-
tions to all the data gave very high coefficients of de-
termination, the linear regression was selected because
of its simplicity. Furthermore, low values of Py as cal-
culated for temperatures below 10 °C did not contribute
in a decisive way to the daily total of photosynthesis.

207



1992:Pn=-54+32.4*Irad

4 19997 1991:Pn=49+30.9°Irad 1952
8 800 - 1990:Pn=-13+28.4%rad 1990 |
S, f
E 600
8 400
g 2004
E
o 0

T T 1 | T T T T

0 5 10 15 20 25 30 35

Day radiation [MJ m” day™]

1200

T<1°C:
P,=13.842.73'T
1°C<T<10°C:
P=-5.18+19.2'T
T>10°C:
P,=-396.3+58.9'T

1000
800
600 —
400
200 +

0 ~

P, [mmol (CO,) m* day]

T T T T T T T

T
16 <10 5 0 5§ 10 15 20 25 30
Mean day temperature [°C]

4. Linear regression of the rate of photosynthesis Py, [mmol (CO,)
m™ day™'] on daily total radiation [MJ m™ day™'] for 1990, 1991
and 1992 or on mean daily temperature [°C] for 1992; for the de-
pendence of Py on temperature, the whole region of temperatures
was divided into three subsets where separate linear regressions were
calculated as indicated in the figure

It may be concluded that for temperatures above 10 °C
a | °C increase increases the daily total of photosyn-
thesis by about 60 mmol (CO,) per 1 m?, i.ec. by some
1.8 g of dry mass.

It would be extremely difficult to experimentally
determine Py of the samples physiologically identical
during each day of the whole year. Simulation runs
make it easy. It may be of lesser importance that the
simulations have been performed by using data derived
from just one set of experiments carried out under dif-
ferent climatic conditions (Harley et al., 1992). In
order to assess the daily and annual course of Py, simi-
lar parameters when applied with other models of com-
parable complexity would produce similar results.

It is surprising, that under climatic conditions typi-
cal for this region, Py is more closely correlated with
temperature than irradiance (Fig. 3 and 4). Although
the R? value for the dependence of Py on irradiance is
quite high, that on temperature reaches 0.95. Hence, an
expected increase in temperature as brought about by the
climate change (Grashoff et al, 1995) could have
very beneficial effect on Py. Similarly, breeding of crops
with a modified sensitivity of their photosynthesis to tem-
perature could be effective in increasing yields.
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RUSTOVA ODEZVA JARNIHO JECMENE
NA KRATKODOBOU I DLOUHODOBOU EXPOZICI
FLUORANTHENU

GROWTH RESPONSE OF SPRING BARLEY TO SHORT-
OR LONG-PERIOD EXPOSURES TO FLUORANTHENE

M. Kummerova, L. Slovak, I. Holoubek

Masaryk Univerzity, Faculty of Sciences, Brno, Czech Republic

ABSTRACT: Polycyclic aromatic hydrocarbons (PAHs) participate to a considerable extent in the increasing anthropogenic
pollution of environment. These persistent organic compounds penetrate into the food-chain and can operate as potential
carcinogens, mutagens and teratogens (Wang, Freemark, 1995). The increased loading of PAHs can be a decisive factor
for the future diversity of plant species in the habitat and it often determines the level of economic yields. The monitoring
of PAHs in the environment gives information about a long-term loading of the biotope but it does not permit to judge the
influence of their short-time effect. Polycyclic aromatic hydrocarbons can affect all stages of plant growth (Grasset et al.,
1993). A sensitive response to PAHs loading can be assumed above all in the first stages of ontogenesis. In this relatively
short period the plant has not yet sufficient detoxicative ability. It was a reason why the effect of short-time (48 hrs) and
a long-time (28 days) exposure of barley seedlings in a nutrient solution with an increasing concentration (10, 100 and
1000 pg 1" of fluoranthene (FLT) was examined with a special regard to their growth and the content of assimilatory
pigments at the beginning of ontogenesis. The FLT amount and its translocation in the plants were investigated too. A suitable
parameter for measuring of the effect of PAHs, in this case fluoranthene, on the growth of the plant organism is determined
by its dry matter. Dry matter content and its distribution permits to find the extent of growth response of individual plant
organs (Kummerovd et al., 1996). Higher fluoranthene concentrations (100 and 1000 pg 17") caused a significant inhibi-
tion of biomass production (Tabs I and II) and of the content of photosynthetic pigments (chlorofyll a, b, carotenoids) in
spring barley plants (Tabs VII and VIII), both in long-time and short-time exposures. The leaf area size (Tabs V and VI) and
the content of photosynthetic pigments are, by a lot of authors, included among the primary symptoms of the possible effect
of PAHs on plants (Lewis, 1995a, b). They inform about the internal injury of the plant organism before the external
symptoms of effect of loading are evident. The results of the present study confirm the sensitivity of the above-mentioned
parameters. The lowest concentration of FLT applied (10 ug 17!) caused a stimulation or an inhibition of plant growth which
depended on the length of exposure. The results obtained documented the fact that the inhibition of plant growth of spring
barley was due to the short-time exposure combined with the higher concentrations of fluoranthene. The FLT content in the
plant tissue correlated with the FLT content in the culture medium (Tabs IIT and 1V). The highest FLT content in the course
of the period studied was found in the roots, the lowest one in the leaves. FLT translocation into the shoots was demonstrated.
The FLT effect was more intensive if the length of cultivation extended and it was the function of the accumulated amount
in the tissue. The study has confirmed a significant effect of short-time exposure to FLT on the growth of plants. It has proved
the fact that the FLT content accumulated by spring barley in short-time exposure can create comparable symptoms (growth
stimulation or inhibition) with the long-term load.

spring barley; PAHs; fluoranthene; exposure time; growth; photosynthetic pigments

ABSTRAKT: Byl sledovan vliv kritkodobého (48 h) a dlouhodobého (28 dni) pusobeni zvy3ujici se koncentrace fluoran-
thenu (FLT) v Zivném roztoku (10, 100 a 1000 pg l'l) na rist a obsah asimilaénich pigmenti jarniho je¢mene. Byl hodnocen
obsah FLT a jeho translokace v rostlinich. Vy3si koncentrace fluoranthenu (100 a 1000 pg 1 zpusobily signifikantni inhibici
tvorby biomasy a obsahu fotosyntetickych pigmenti (chlorofyl a, b, karotenoidy) jarniho je¢mene, a to pfi dlouhodobé
i kratkodobé expozici. NejniZ§i aplikovana koncentrace (FLT 10) zpusobila stimulaci nebo inhibici rastu rostlin, a sice
v zdvislosti na délce zatiZeni. Ziskané vysledky dokladaji, Ze inhibici rustu rostlin je¢mene zpusobila jiZ kratkodoba expozice
vy$8imi koncentracemi fluoranthenu. Obsah FLT v rostlinném pletivu koreloval s obsahem FLT v kultivanim médiu. Nej-
vy38i obsah FLT v prub&hu sledovaného obdobi byl zaznamenén v kofenech, nejniZsi v listech. Byla prokéazana translokace
FLT do nadzemnich ¢&asti rostlin. Vliv FLT se prohluboval s prodluZujicci se délkou kultivace a byl funkci akumulovaného
mnoZstvi v pletivu.

jarni je¢men; PAHs; fluoranthen; doba expozice; rust; fotosyntetické pigmenty
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Polyaromatické uhlovodiky pfijaté rostlinami vyvo-
lavaji fadu metabolickych zmén, mohou byt regulato-
rem ristu a morfogeneze rostlin (Wang, Free-
mark, 1995). ZvySené zatizeni PAHs muZe byt
jednim z limitujicich faktort Cetnosti a distribuce rost-
linnych druht v biotopu. Senzitivita je rozdilna v rdm-
ci taxonomickych druht, zavisi na typu xenobiotika
a je podminéna genotypem, ontogenetickym stupném
vyvoje, kutikuldrni permeabilitou, typem a koncentraci
toxikantu, dobou expozice, obsahem organické hmoty
v prostiedi, podminkami vyZivy, svételnou intenzitou
a také pH a teplotou (Ryan et al., 1988; Schroll
et al., 1994). Odezva rostlinného organismu integruje
spoluptisobeni vnitfnich a vn&jsich faktort.

Polyaromaty mohou v zavislosti na dob€ a intenzité
pusobeni vyvolavat akutni, chronické i latentni posko-
zeni rostlin, zejména v interakci s dal§imi environmen-
talnimi faktory (Harkey et al., 1995). Monitorovani
PAHs v prostiedi poskytuje informace o dlouhodobém
zatiZeni biotopu, neumoZiiuje v8ak posoudit vliv jejich
kratkodobého uc€inku. Ojedinélé jsou studie hodnotici
kratkodoby vliv polyaromati, zejména na pocatku on-
togeneze. V tomto obdobi dochazi vlivem zvySenych
nutri¢nich poZadavki k vysokému zatiZeni rostlin té-
mito slou¢eninami.

Hodnoceni biologickych parametri (kliceni, tvorba
biomasy, enzymaticka aktivita) maZe mit vétsi vypovédni
hodnotu o potencialnim riziku na rostliny nez analyzy
koncentraci slouenin v pidé, vodé a vzduchu. Rezisten-
ce rostlin je ovlivnéna pomérem piijmu PAHs kofeny
nebo nadzemni &asti, translokaci a distribuci do organi
a pletiv a schopnosti detoxifikace (Le wis, 1995a).

Préce hodnoti vliv kriatkodobého i dlouhodobého za-
tizeni jarniho je¢émene fluoranthenem na pocéatku onto-
geneze. Tato kulturni plodina zaujima vyznamny podil
z celkovych osevnich ploch, uplatiiuje se nemalou mé-
rou v potravnim fetézci. Ziskané vysledky mohou byt
uplatnény i pfi tvorbé matematickych modelu, slouZi-
cich k predikci vlivu PAHs na vegetaci. UmoZiiuji po-
rozumét vztahu mezi expozici a potenciilnim ekologic-
kym rizikem.

Terestricky ekosystém je vystaven synergickému
pusobeni fady PAHs. Pro vysvétleni osudu polyaroma-
tickych sloucenin v rostlindch a posouzeni toxicity jsou
nezbytné informace o uéincich jednotlivych sloucenin.
Zvoleny FLT ndleZi k nejfrekventovanéj$§im polyaro-
matim v CR. Aplikované koncentrace preklenuji roz-
sah akutniho a chronického zatiZeni v pfirozeném eko-
systému.

MATERIAL A METODA

Experimentdlnim materidlem byl jarni je¢men (Hor-
deum vulgare L., odrada Koral). Probéhly dva samos-
tatné experimenty s rozdilnou dobou zatiZeni rostlin
fluoranthenem: kratkodoba expozice (48 h) a dlouho-
doba expozice (28 dni).
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V prvnim experimentu byly tfidenni kli¢ni rostliny
jarniho je¢mene umistény do kultivacnich van s 2,5 1
Reid-Yorkova Zivného roztoku. Po 9 dnech byly rost-
liny pfevedeny na 48 h (kratkodoba expozice) do
Reid-Yorkova Zivného roztoku se zvyS$ujici se koncen-
traci FLT (10, 100 a 1000 pg l"l). Poté byly rostliny
kultivovany opét v Zivném roztoku bez FLT. MnoZstvi
a alokace biomasy, listové plochy, obsah fotosyntetic-
kych pigmenti a obsah FLT byly stanoveny po 16, 22
a 28 dnech kultivace rostlin.

V druhém experimentu byly tiidenni kli¢ni rostliny
umistény do Reid-Yorkova Zivného roztoku se zvysu-
jici se koncentraci FLT (10, 100 a 1000 pg Y. Kulti-
vace probihala 28 dni. Sledované parametry byly sta-
noveny po 22 a 28 dnech kultivace rostlin.

V obou experimentech byly rostliny kultivoviny za
prirozeného osvétleni ve skleniku ve stacionérni, pro-
vzdu§tiované vodni kultufe. Zivny roztok byl vyméo-
véan kaZdy tieti den v prubéhu kultivacniho obdobi.

Fluoranthen (fy SUPELCO, USA) byl rozpustén
v acetonu (fy LABSCAN, Irsko) v poméru I : 100
a poté aplikovan do Zivného roztoku. PouZité rozpous-
tédlo neovlivnilo na zakladé naSich ptedchozich expe-
rimentd rast rostlin jeCmene (Slovak et al., 1993).
Koncentrace FLT v Zivném roztoku byla 10, 100
a 1000 pg 1LV textu je zatizeni oznaceno: FLT 10,
FLT 100 a FLT 1000. Kontrolnim roztokem byl Reid-
-Yorkiv Zivny roztok.

Pfed stanovenim hmotnosti suSiny byly rostliny
(15 z kazdé varianty) rozdéleny na kofeny, listové Ce-
pele a zbytek, oznaCovany jako stonek (vétSinu z ného
tvorily listové pochvy). Po stanoveni suSiny byly tyto
vzorky pouZity k chemickym analyzam.

Listova plocha byla zjisténa méfenim délky a itky
kazdého listu. Pro vypocet byl pouzit korekcni faktor
podle Lazarova (Sestdk, Cadsky, 1966). Prvni
list je ontogeneticky nejstarsi.

Obsah fotosyntetickych pigmenta (chlorofyl a, b,
karotenoidy) byl stanoven spektrofotometricky. Extrak-
ce pigmenti z 10 rostlin 100% acetoffem byla provede-
na u jednotlivych stanoveni vZdy z nejmlad§iho, plné
vyvinutého listu. Vypocet probéhl podle publikované
metodiky (Holm, 1954).

Koncentrace FLT v biomase rostlin je¢mene byla
stanovena chromatograficky po Soxhletové extrakci
a nasledném piecisténi. K extrakci byly pouzity 2 g
vysu§eného a rozemletého materidlu. K navazenému
vzorku bylo pfidano vhodné mnoZstvi vnitiniho stan-
dardu (deuterovany perylen) pro kontrolu vytéZnosti
postupu. K extrakci bylo pouZito 190 ml dichlormeta-
nu, vzorek byl poté odpafen pomoci rotacni vakuové
odparky na objem cca 5 ml. Takto zakoncentrovany
extrakt byl odpafen do sucha za laboratorni teploty
proudem dusiku. Odparek byl rozpustén v 5 ml chloro-
formu a prefiltrovan na filtraéni kolonce pomoci zafi-
zeni Dorcus za mirného vakua, zahu§tén a nafedén na
vhodnou koncentraci (250 mg ml™") chloroformem. Pro
naslednou analyzu byla jimédna frakce 16 az 25 ml,
eludt byl odpafen mirnym proudem dusiku za labora-
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torni teploty na objem 1 ml. Vzorek byl poté analyzo-
van plynovou chromatografii na kapilarni koloné HP-5.
Obsah FLT byl stanoven metodou externiho standardu.

Ziskané vysledky jsou prumérem tfi opakovani
v kaZdé varianté. Prikaznost rozdili primérnych hod-
not mezi variantami byla hodnocena r-testem.

VYSLEDKY A DISKUSE

Studium pfijmu organickych xenobiotickych slouce-
nin je zakladnim predpokladem pro hodnoceni bioaku-
mulace, transformace a fytotoxicity (Wild, Jones,
1992). Vysledky ziskané monitorovanim obsahu PAHs
ve vegetaci neumoZiuji rozliSeni podilu vlivu kratko-
dobé a dlouhodobé expozice. Studium vlivu doby zati-
Zeni je nedilnou soudasti problematiky feSici vliv zvy-
Sujiciho se antropogenniho zatiZeni Zivotniho prostiedi.

Polycyklické aromatické uhlovodiky mohou ovliv-
fovat vSechna stadia rastu rostllin (Grasset et al.,
1993). Citlivou odezvu na zatiZzeni PAHs lze piedpo-
kladat zejména v prvnich etapich ontogeneze (kliceni,
elongace kofene), které jsou rozhodujici pro budouci
diverzitu rostlinnych druhi v biotopu a &asto determi-
nuji vysi hospodarskych vynost. Na pocatku vyvoje
jsou aktivovany mechanismy mobilizace a transforma-
ce zasobnich latek a metabolické procesy souvisejici
s pfechodem heterotrofie na autotrofii. V tomto relativné
kratkém obdobi rostlina doposud nedisponuje dostatec-
nymi detoxifikaénimi schopnostmi. Proto byl konfron-
tovan vliv kratkodobé i dlouhobé expozice zvySujici se
koncentrace fluoranthenu na rist jarniho- je¢mene na
pocitku ontogeneze.

Aplikovany fluoranthen néleZi vedle benzo(a)pyre-
nu k nejfrekventovanéj§im a nejsledovanéj$im polyaro-

matim. Citliva a rychl4 odezva rostlin na jeho pfitom-
nost v prostiedi, plynouci z jeho vlastnosti a struktury,
fadi tento PAHs k modelovym sloucenindm. Z pudy je
pfijem PAHs limitovan fadou faktori nehomogenniho
prostiedi, coZ neumoZiiuje zcela objektivni posouzeni
jejich pfijmu. Proto byla kultivace rostlin jarniho jec-
mene provedena v homogennim prostiedi Zivného roz-
toku se zvySujici se koncentraci FLT. Zvolena koncen-
tra¢ni fada (10, 100 a 1000 pg ) simuluje pfirozené
az zvySené zatiZzeni PAHs v pudnim prostiedi.

PAHs prfijaté rostlinami ovliviiuji fadu biochemic-
kych procest, které se zakonité odrazeji v ristu a vy-
voji rostlin. Vhodnym parametrem pro posouzeni vlivu
PAHs, v tomto pfipadé fluoranthenu, na rist rostlinné-
ho organismu je stanoveni hmotnosti suSiny. Jeji pro-
dukce je spolehlivym vnéjS§im ukazatelem vnitiniho
ovlivnéni metabolismu rostlin. Obsah a distribuce susi-
ny umoZiiuje posoudit miru ovlivnéni jednotlivych
rostlinnych orgénu.

Hmotnost suSiny jednotlivych organi jarniho je¢me-
ne v prib&hu kratkodobé a dlouhodobé expozice je
uvedena v tab. I a II. Z vysledku je zfejmy inhibi¢ni
efekt fluoranthenu (FLT 100 a FTL 1000) na rist rost-
lin, ktery byl zaznamenan v obou experimentech po
22 dnech kultivace. Je ziejmé, Ze k signifikantnimu sni-
Zeni tvorby biomasy (hodnoceno po 16 dnech) postatuje
jiz kratkodoba expozice (48 h) nejvyssi aplikovanou kon-
centraci (FLT 1000). Dvoudenni aplikace fluoranthenu
vyvolala i po 28denni kultivaci srovnatelnou miru inhibi-
ce tvorby biomasy jako dlouhodobé zatiZeni.

Vliv zvySujici se koncentrace v roztoku (FLT 10,
FLT 100 a FLT 1000), doloZitelny sniZenym obsahem
susiny v jednotlivych rostlinnych organech ve srovnani
s kontrolou, se prohluboval s délkou kultivace. Mira
inhibice korelovala s mnoZstvim akumulovaného FLT

I. SuSina (mg) jarniho je¢mene vystaveného kritkodobé expozici (48 h) zvySujici se koncentrace FLT — Dry matter (mg) of spring barley

exposed for short-time (48 h) to increasing FLT concentration

By Wlfivace) Koncelntraccl FLT Sugina® (ug]

[ug 1] kofen* stonek’ list® rostlina’
kontrola® 7,90 13,00 27,30 48,20

i FLT 10 8,00 13,30 27,00 48,30
FLT 100 7,90 12,60 26,70 47,30
FLT 1000 7,60 10,40 23,60" 41,70"
kontrola 11,40 15,20 55,40 66,90

- FLT 10 10,90 16,10 44,80" 71,90
FLT 100 9,30 13,30 32,90 55,60"
FLT 1000 8,80 13,10 31,80 53,90"
kontrola 16,10 22,90 63,80 102,80

58 FLT 10 14,90 21,50 57,20" 94,70
FLT 100 14,20" 18,80 51,70" 84,70"
FLT 1000 10,90 14,80" 43,90 69,60

Vysvétlivky k tab. I az VIII — Explanations to Tabs I to VIII:

Rozdil oproti kontrole: “signifikantni (¢ = 2,79), hvysm:e signifikantni (1 = 4,60) — Difference against control: “significant (¢ = 2.79), hhighly

significant (1 = 4.60)

ldﬂyS of cultivation, 2concentration, 3dry matter, *root, “stalk, ‘leaf, 7pl&mt. fcontrol
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I1. Suina (mg) jarniho je¢mene vystaveného dlouhodobé expozici (28 dni) zvySujici se koncentrace FLT — Dry matter (mg) of spring barley

exposed for long-time (28 days) to increasing FLT concentration

D Maltacel Koncelnu'ace2 FLT Sugina® [ug]

(ng 1] kofen® stonek?® list® rostlina’
kontrola® 19,20 39,90 26,00 85,20

- FLT 10 21,30 53,70° 29,00 104,00°
FLT 100 16,70" 29,10 25,00 70,90"
FLT 1000 16,10° 26,10 21,40 63,70
kontrola 21,10 46,10 53,10 120,20

o FLT 10 20,80 44,40 54,50 119,70
FLT 100 17,00" 29,90 44,60" 91,40
FLT 1000 14,30 18,60 41,60 74,40

For 1-8 see Tab. 1

I1I. Koncentrace fluoranthenu (1g g") v sudiné jarniho je¢mene vystaveného kréitkodobé expozici (48 h) zvy3ujici se koncentrace FLT (n.d. -
nedetekovatelné) — Concentration of fluoranthene (Ug g'l) in the dry matter of spring barley exposed for a short-time (48 h) to increasing

FLT ation (n.d. — not d ble)
Dny Kidvical Konc_elntrnccz FLT Koncentrace fluoranthenu? g g7']

[ng I koren® stonek’ list® rostlina’
kontrola® n.d. nd. n.d. nd.

16 FLT 10 0,526 0,049 0,013 0,588
FLT 100 0,684 0,053 0,021 0,758
FLT 1000 14,397 0,137 0,051 14,585
kontrola nd. n.d. nd. n.d.

2 FLT 10 0,513 0,042 0,012 0,567
FLT 100 0,670 0,049 0,017 0,734
FLT 1000 13,226 0,139 0,046 13,411
kontrola nd. nd. nd. n.d.

28 FLT 10 0,480 0,038 0,010 0,528
FLT 100 0,674 0,044 0,023 0,741
FLT 1000 13,026 0,129 0,041 13,196

For 1, 2, 4-8 see Tab. I, > ation of fluor

v pletivu jednotlivych rostlinnych organa (tab. III
a IV). Uvedena skutecnost byla prokdzana pfi kratko-
dobém i dlouhodobém zatiZeni rostlin FLT. Nejvyssi
obsah akumulovaného FLT byl detekovan v kofenech
rostlin, coZ souvisi s primérni interakci kofenového
systému s FLT a pravdépodobné také s jeho niZ§i me-
tabolizaci. Po kritkodobé expozici FLT byl v pribéhu
nasledné kultivace zaznamenan sniZujici se obsah FLT
v pletivu rostlinnych organu, ziejmé v dusledku deto-
xikace. Naproti tomu pfi dlouhodobé expozici, kdy by-
ly rostliny je€mene vystaveny uc¢inku FLT kontinualné,
byl na konci kultiva¢niho obdobi zaznamenén v pletivu
organu vice neZ dvojnasobny obsah FLT oproti kratko-
dobé expozici (tab. III a IV). Toto mnoZstvi fluoranthe-
nu ziejmé vyrazné presahuje degradacni potencial rost-
lin je¢mene.

Vysledky dokladaji rovnéZ vyznamnou translokaci
FLT do nadzemnich &asti rostlin, a to pii kratkodobé
i dlouhodobé expozici. PfestoZe hodnoty FLT deteko-
vané v listech a stoncich jsou fddové mnohem niZ$i nez
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v kofenech, mira inhibice tvorby biomasy je mezi rost-
linnymi organy srovnatelnd. Domnivame se, Ze toxicita
je podminéna nejen mnoZstvim pfijatého PAH, ale pie-
devsim schopnosti a rychlosti jeho metabolizace, kdy
dochézi k tvorbé toxickych meziprodukti. Ze srovnéni
uvedenych vysledki s hodnocenim vlivu FLT na rast
rostlin kukufice (Kummerova etal, 1996) je ziejmé,
Ze senzitivita rostlin k PAHs vykazuje vyznamné mezi-
druhové rozdily (Schramm, Hutzinger, 1990).

Stimula¢ni puisobeni PAHs, které uvadéji néktefi au-
tofi (Wild etal,, 1992; Kummerova etal., 1995),
je zejména otazkou aplikované koncentrace a délky je-
jiho pusobeni v rostlindch. Z tab. I a II je patrné docas-
né pozitivni ovlivnéni tvorby biomasy nejnizsi apliko-
vanou koncentraci (FLT 10). Po 28 dnech kultivace byl
stimulacni efekt nahrazen inhibici.

Velikost listové plochy a obsah fotosyntetickych
pigmentl jsou mnoha autory fazeny mezi primdrni uka-
zatele mozZného ovlivnéni rostlin PAHs (Lewis,
1995b). Informuji o vnitinim poskozeni rostlinného or-
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1V. Koncentrace fluoranthenu (pug g~ " v susing jarniho Jeémene vystaveného dlouhodobé expozici (28 dni) zvySujici se koncentrace FLT
(n.d. - nedetekovatelné) — Concentration of fluoranthene (Ug g~ ') in the dry matter of spnng barley exposed for a long-time (28 days) to
increasing FLT concentration (n.d. — not detectable)

Dny kultivace' Koncentrace? FLT K ace fluoranthenu® [ug g™']

(ng 1] kofen* stonek® list® rostlina’
kontrola® nd. nd. nd. nd.

2 FLT 10 0,670 0,052 0,015 0,734
FLT 100 0,832 0,065 0,029 0,926
FLT 1000 16,307 0,140 0,047 16,494
kontrola n.d. n.d. n.d. n.d.

28 FLT 10 0,891 0,076 0,034 1,004
FLT 100 1,295 0,093 0,067 1,455
FLT 1000 31,278 0,259 0,096 31,633

For 1, 2, 4-8 see Tab. I, 3concentration of fluoranthene

V. Listova plocha (cm?) Jjarniho je¢mene vystaveného kratkodobé expozici (48 h) zvySujici se koncentrace FLT — Leaf area (em?) of spring
barley exposed for a short-time (48 h) to increasing FLT concentration

Dny kultivace' {(onc_elntracez e L

g I7] 1. 2. 3.
kontrola® 5,68 9,75 -

v FLT 10 5,94 10,27 =
FLT 100 494" 792" -
FLT 1000 4,50 733" -
kontrola 5,16 9,49 -

2 FLT 10 5,42 10,29" -
FLT 100 442" 772" =
FLT 1000 3,85" 6,83 =
kontrola 4,99 10,53 13,68

u FLT 10 522 10,10° 12,63
FLT 100 4,53 8,26 10,64"
FLT 1000 416" 635" 7.44"

For 1, 2, 8 see Tab. I, *leaf

VI. Listovi plocha (sz) jarniho je¢mene vystaveného dlouhodobé expozici (28 dni) zvy3Sujici se koncentrace FLT — Leaf area (cmz) of
spring barley exposed for a long-time (28 days) to increasing FLT concentration

Dny kultivace' ﬁlognlc::lx;uacez BT Lisl-“
1. 2. 3;
kontrola® 5,15 9,24 =
5 FLT 10 5,43 10,66 g
FLT 100 5,09 9,04 -
FLT 1000 4,76" 8,85 -
kontrola 5,15 10,44 15,02
S5 FLT 10 4,98 9,65 14,50
FLT 100 4,71 8,46" 10,91
FLT 1000 - 7,98" 8,28"

For 1, 2, 8 see Tab. I, *leaf
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VII. Obsah chlorofyli (a, b) a karotenoidi (c) v listech jarniho jemene (mg g" suiny) vystaveného kratkodobé expozici (48 h) zvySujici
se koncentrace FLT — Content of chlorophylls (a, b) and carotenoids (c) in leaves of spring barley (mg g" of dry weight) exposed for

a short-time (48 h) to increasing FLT concentration

sttt Koncentrace? FLT Fotosyntetické pigmenty?
% g 1] 2 b Z
kontrola® 8,11 3,01 3,20
it FLT 10 8,18 3,10 3,18
FLT 100 7,96 2,94 3,16
FLT 1000 7,81 2,87 3,18
kontrola 7,18 3,62 2,49
45 FLT 10 6,94" 3,44 2,14°
FLT 100 6,90 3,43 2,16
FLT 1000 6,75" 3,27 2,11°
kontrola 7,49 3,50 2,88
o FLT 10 6,95 3110 2,49°
FLT 100 6,84° 2,60 2,60°
FLT 1000 2,88" 0,92° 1,19

For 1, 2, 8 see Tab. I, Jphotosynthe!ic pigments

VIII. Obsah chlorofylu (a, b) a karotenoidi (¢) v listech jarniho jeémene (mg g‘l sufiny) vystaveného dlouhodobé expozici (28 dni) zvy3ujici
se koncentrace FLT — Content of chlorophylls (a, b) and carotenoids (c) in leaves of spring barley (mg g" of dry weight) exposed for

a long-time (28 days) to increasing FLT concentration

Dny kultivace! :(om:_(:lnn'nce2 FLT Fotosyntetické pigmenty*

pg 17 a b ¢
kontrola® 10,53 3,98 434

5 FLT 10 10,25 3,63° 4,02
FLT 100 9,39 3,59 342"
FLT 1000 3,38" 3,44" 2,90
kontrola 9,70 3,74 4,07

5 FLT 10 7,850 2,58" 3,65°
FLT 100 591° 1,99° 2,66"
FLT 1000 3,71° 0,98" 1,68"

For 1, 2, 8 see Tab. I, 3pho(osymhetic pigments

ganismu PAHs diive, neZ jsou patrné vné&j§i symptomy
vlivu zatiZeni. RovnéZ vysledky této prace potvrzuji
senzitivitu uvedenych ukazateli. Zejména zmény v ob-
sahu fotosyntetickych pigmentt limituji rychlost foto-
syntézy (Foster, 1991) a nasledné produkci biomasy.
Tuto skute¢nost doklddaji vysledky uvedené v tab. V az
VIII. Pfi kratkodobé i dlouhodobé expozici zvySujici se
koncentraci fluoranthenu korelovala velikost listové
plochy a obsah fotosyntetickych pigmenti s produkci
biomasy (tab. I a IT) a obsahem FLT v pletivu (tab. III
a IV). Z detekovanych pigmenti bylo zaznamenéno
nejvys§i sniZeni obsahu chlorofylu b. Pfi hodnoceni vli-
vu PAHs na obsah fotosyntetickych pigmentt se v pod-
minkéch pfirozeného stanovi§té mohou uplatiiovat
mnohé interaktivni faktory (vliv minerélni' vyZivy, ob-
sah téZkych kovu atd.). Rozliit jejich vliv je vSak vel-
mi problematické.

Studie potvrdila vyznamny vliv kratkodobé expozi-
ce FLT na rast rostlin. Prokazala, Ze obsah pfijatého
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FLT jarnim je¢menem pii kratkodobé expozici miZe
vyvolat srovnatelné symptomy (stimulaci nebo inhibici
rustu) jako dlouhodobé zatiZeni.

LITERATURA

FOSTER, J. E.: Ecological exposure and effects of airborne toxic
chemicals. An Overview. In: U.S. EPA/600/3-91/001, 1991.
GRASSET, F. B. - GRASSET, S. B. - SAFFERMAN, S. L.
Evaluation of the bioremediation of a contaminated soil with
phytotoxicity tests. Chemosphere, 26, 1993: 1365-1374.
HARKEY, G. A. - HOF, P. L. VAN - LANDRUM, P. F.:
Bioavailability of polycyclic aromatic hydrocarbons from
a historically contaminated sediment core. Envir. Toxicol.
Chem., 14, 1995: 1551-1560.

HOLM, G.: Chlorophyll mutations in barley. Acta Agric.
Scand., 4, 1954: 457-471.

ROSTLINNA VYROBA, 43, 1997 (5): 209-215



KUMMEROVA, M. - GLOSER, J. - SLOVAK, L. - HO-
LOUBEK, I.: The fate of organic compounds in the environ-
ment. The growth response of maize to increasing concentra-
tions of fluoranthene. Toxicol. Envir. Chem., 54, 1996:
99-106.

KUMMEROVA, M. - SLOVAK, L. - HOLOUBEK, I.: Phy-
totoxicity studies of benzo(a)pyrene with Lactuca sativa. To-
xicol. Envir. Chem., 57, 1995: 197-203.

LEWIS, M. A.: Phytotoxicity tests. In: RAND, G. M. (ed.):
Fundamentals of aquatic toxicology. 2nd ed. Washington,
DC. Taylor and Francis 1995a.

LEWIS, M. A.: Use of freshwater plants for phytotoxicity
testing: A review. Envir. Pollut., 87, 1995b: 319-336.
RYAN, J. A. - BELL, R. M. - DAVIDSON, J. M. -
O’CONNOR, G. A.: Plant uptake of non-ionic organic che-
micals from soils. Chemosphere, 17, 1988: 2299-2323.
SCHRAMM, K. W. - HUTZINGER, O.: A model to estima-
te the fate of lipophilic compounds in plants. Toxicol. Envir.
Chem., 26, 1990: 61-71.

SCHROLL, R. - BIERLING, B. - CAO, G. - DORFLER,
U. — LAHANIATI, M. - LANGENBACH, T. - SCHEU-

NERT, I. -~ WINKLER, R.: Uptake of organic chemicals
from soil by agricultural plants. Chemosphere, 28, 1994:
297-303.

SLOVAK, L. - HOLOUBEK, I. - KUMMEROVA, M.: Ef-
fect of benzo(a)pyrene on the growth of lettuce. Conf. Proc.
Znojmo, June 1-3, 1993. 310 s.

SESTAK, Z. - CADSKY, J.: Methods of studying photosyn-
thetic production of plants.. Praha, Academia 1966. 394 s.
WANG, W. - FREEMARK, K.: The use of plants for envi-
ronmental monitoring and assessment. Ecotoxicol. Envir.
Saf., 30, 1995: 289-301.

WILD, S. R. - BERROW, M. L. - McGRATH, S. P. -
JONES, K. C.: Polynuclear aromatic hydrocarbons in crops
from long-term field experiments amended with sewage
sludge. Envir. Pollut., 76, 1992: 25-32.

WILD, S. R. — JONES, K. C.: Polynuclear aromatic hydro-
carbon uptake by carrots grown in sludge-amended soil. J.
Envir. Qual., 21, 1992: 217-225.

Doglo 20. 11. 1996

Kontakini adresa:

Doc. RNDr. Marie Kummerova, CSc., Masarykova univerzita, Pfirodov&decka fakulta, Kotlafska 2, 611 37 Brno, Ceska

republika, tel.: 05/41 12 95 56, fax: 05/41 21 16 23

ROSTLINNA VYROBA, 43, 1997 (5): 209-215

215



Ustav zemédélskych a potravinaiskych informaci

vydava

ZAHRADNICKY NAUCNY SLOVNIK

Slovnik je koncipovéin jako moderni odbornd encyklopedie vSech oborii zahradnictvi, tj. ovocnafstvi,
zelinafstvi, kvétindistvi, sadovnictvi, Skolkai'stvi, vinafstvi, péstovani 1é¢ivych a aromatickych rostlin,
kultivovanych hub, zpracovani ovoce a zeleniny. Obsahuje i terminy z obori tropického a subtropického

- zahradnictvi.

V jednotlivych piehlednych a srozumitelnych heslech jsou shrnuty soucasné poznatky nejen z oblasti
zahradnictvi, ale i z oblasti védnich obort, které jsou zdrojem pokroku v zahradnictvi.

Ve slovniku jsou vysvétleny nejzavaznéjsi pojmy uZivané v botanice, fyziologii, genetice a §lechténi,
biotechnologii a ochrané rostlin. Tim se slovnik stavd potfebnou pomickou kazdému, kdo pracuje s od-
bornou nebo védeckou literaturou. S velkou zodpovédnosti jsou ve slovniku uvedeny platné védecké
i Ceské nazvy rostlin, jejich botanické ¢lenéni i autofi ndzvl, coZ umoZiluje napravit asté nepiesnosti
uvadéné v nasi odborné literatufe.

Predpokladany rozsah slovniku je 5 dili formatu A4 (kaZdy rok vyjde jeden dil). Prvni dil ma 440 stran
textu vCetné pérovek a Cernobilych fotografii a 32 barevnych tabuli. Druhy dil obsahuje 544 stran a 40
barevnych tabuli.

Cena prvniho dilu je 295 K¢ (bez postovného), druhého 345 K&, Treti dil se pfipravuje pro tisk.

Zavazné objednavky zasilejte na adresu: Ustav zemé&d@lskych a potravinafskych informaci
Encyklopedicka kancelar
Slezska 7
120 56 Praha 2




VLIV IMISI NA ODOLNOST A PREZIMOVANI OBILNIN
V SEVERNICH CECHACH

THE EFFECT OF IMMISSIONS ON RESISTANCE AND WINTERING
OF CEREALS IN NORTH BOHEMIA

P. Prasilova, 1. Prasil, J. Malifova

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

ABSTRACT: The aim of this paper was to study the effect of the polluted North Bohemian region of Chomutov on wintering
of cereals. As a control, our research field at Ruzyné situated in a less polluted region of central Bohemia, was chosen. This
research was done during the winter seasons of 1990/1991 and 1991/1992. The soil in the Chomutov region had low pH,
lower content of soil bacteria and it was stressed with acid precipitation. On the other hand, the soil in the field at Ruzyn&
had neutral pH. However, the contents of heavy metals (Hg, Cd, Pb, Cr, Ni, Co) were lower than their limit values in both
soils. Frost-hardiness of different cereal cultivars grown in field was evaluated by a laboratory freezing test and winter
hardiness by a provocation method in natural conditions. The cultivar frost-resistance was expressed as the level of lethal
temperature (LT50) in winter and the wintering as percentage of cultivar survived after the winter season. In the latter method
the cultivars were grown in wooden boxes placed at two levels above the ground (50 and 5 cm). In both regions the boxes
were filled with soils from both places (Chomutov and Ruzyng). The soil temperatures and snow cover were very similar in
both regions, but of course, the soil temperatures were lower in boxes placed 50 cm above the ground than in those at the
height of 5 cm. The cultivars studied were wheats (from hardier Vlada, Sparta across medium hardy Hana, Viginta to less
hardy Zdar), barleys (Lunet and Borwina) and triticale (Dagro). Examined frost-hardiness of cereals was higher at Ruzyné
than Chomutov, the average difference in LT50s was 3.5 °C in 1990/1991 and 5.6 °C in 1991/1992. Similarly, higher wintering
of cultivars was obtained at Ruzyné than in Chomutov. The respective years of the test, the place (region), the cultivar and
the height above the ground had significant effects on winter survival, which was shown by analysis of variance. On the other
hand, the effect of soil was not significant. The results showed lower winter survival and hardiness of cereals in the more
polluted region. However, the order of cultivars on the scale of winter-hardiness remained the same. It means that the
provocation box method is suitable for the estimation of the effect of various regions on cultivar winter-hardiness.

winter-hardiness; frost-hardiness; pollution; soil; cereals

ABSTRAKT: Byl ov&fovan vliv imisng zatizeného tzemi severnich Cech (Chomutov-Nové Spofice) na pfezimovéni a odol-
nost obilnin vici mrazu v zimé 1990/1991 a 1991/1992. Jako kontrolni stanovi$té byla vybrdna lokalita v Praze-Ruzyni. Na
Chomutovsku bylo zji§téno niZ8i pH pud, s mens§im obsahem pudnich bakterii. TéZké kovy byly na obou lokalitich pod
limitem maximalné pfipustnych obsahli v piidé. Mrazuvzdornost byla zji§tovdna polné-laboratorni metodou a byla vyjidiena
pomoci letalni teploty, tj. teploty, pfi které dochazi k 50% ihynu rostlin. V Ruzyni i na Chomutovsku méla nejvyssi mrazu-
vzdornost odrida p3enice Sparta, v Chomutové viak byla vZdy méné odolnd neZ v Ruzyni, a sice v zimé 1991 o 3,6 °C
a v zim& 1992 aZ o 5,6 °C. Rist a vyvoj mély rostliny podobny pfi stejné dob& vysevu. Zimovzdornost byla testovina
provokaéni nadobovou metodou u souboru deviti odriid ozimi: péti odriid ozimé pSenice (Sparta, Zdar, Hana, Vlada a Vi-
ginta), dvou odrud tritikale (Korm a Dagro) a dvou odrid je¢mene (Lunet a Borwina). Pfi této metodé byly vyuZzity dvé
varianty umisténi bedynek, a to na zemi a na vyvy$eném parapetu, a byla pouZita zemina z Ruzyn& a Chomutova na obou
stanovistich. Podle vysledku analyzy variance mély vyznamny vliv na pfezimovani obilnin: rok zkougeni, stanovi$té, umisténi
bedynek v ruzné vysce nad zemi a odridy. Vliv pidy byl nevyznamny. Nejlepsi primérné pieZiti vykazala odrida ozimé
pSenice Vlada, na druhém misté se umistila odrida Sparta. Prib&h povétrnostnich podminek (teplot a srdZek) byl podobny
a srazky byly po ob& zimy podnormalni na obou sledovanych stanovitich. V imisné zatizené oblasti Chomutovska doslo
k vétS§imu zimnimu poSkozeni obilnin i ke sniZeni urovné mrazuvzdornosti oproti lokalit¢ Ruzyné. Potvrdila se vhodnost
testovani zimovzdornosti odriid provoka¢ni metodou pro obé rozdilné lokality.

zimovzdornost; mrazuvzdornost; zne¢isténi; puda; obilniny
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Cilem prace bylo zjistit vliv prostfedi dlouhodobé
zatizeného imisemi na odolnost obilnin vi¢i mrazu
a jejich prezimovani. Byla vybrdna oblast Chomutov-
ska, ktera patfi k tizemi silné aZ extrémné znecisténému
spadem plynnych (SO,, NO,) i pevnych Castic z tepel-
nych elektraren a primyslovych zdvodi severnich
Cech. Nemalou mérou se na zne&i§téni ovzdusi podili
i doprava a prasnost prostiedi z vysypek a sloZist elek-
trarenského popilku.

Z dlouhodobych méfeni 1986 az 1989 pomoci GEO-
NOMu siti Ustiedniho tstavu geologického, nyni CGU
(Preiningerovd, Wittlingerova, 1992), vy-
plynulo, Ze okoli Jezefi nad Chomutovem zaznamenalo
extrémni znecisténi ovzdusi v hodnotach 100 az 130 pg
SOz.m_3. Chomutovsko patii rovnéz k oblastem se
zhor§enymi pudnimi podminkami, s velmi Castymi
vyskyty inverznich situaci, kdy pH horizontélnich sra-
Zek dosahuje hodnoty az 2,5. Bylo zde zji§téno sniZeni
vynosti obilnin (Bldha, 1992).

MATERIAL A METODA

Mrazuvzdornost byla stanovena na rostlinach ode-
branych b&hem zimy z pole. Zimovzdornost byla hod-
nocena provokacni metodou u rostlin péstovanych
v nadobach po celou zimu venku. Stanice Chomutov-
-Nové Spofice byla vybrana pro pokusy v imisné zati-
Zeném prostiedi, kontrolni stanovisté bylo zvoleno
v Praze-Ruzyni. Sledovéni probéhlo v zimé v letech
1990/1991 a 1991/1992.

Stanice Chomutov-Nové Spofice se nachazi ve vy-
robni oblasti fepai'ské, subtyp Zitny. Nadmoiskd vySka
¢ini 363 m, 50lety pramér srazek 497 mm. Pudni typ
je hnéda pada mélka (16 cm), piscito-hlinita, vodopro-
pustna a vysychava.

Stanovis§té Praha-Ruzyné je situovdno ve vyrobni
oblasti fepafsko-pSeni¢né, v nadmoiské vySce 360 m.
Primérny ro¢ni thrn sraZek ¢inil 526 mm. Padni typ je
¢ernozem a Cernozem degradovana na sprasi, jilovito-
-hlinita (DamaSka, Némecek, 1966).

Na polnich parcelich obou stanovist byly shodné
zasety odridy ozimé pSenice (Sparta, Zdar), jeCmene
(Lunet, Borwina) a tritikale (Dagro). Osivo bylo ziské-
no z UKZUZ. Na parceldch v Ruzyni byly odridy vy-
sety secim strojem OYORD firmy Wintersteiger z Ra-
kouska, v Chomutové byl pouZit ruéni seci stroj.
Terminy seti v roce 1990: 15. 10. v Praze a 10. 10.
v Chomutové; v roce 1991: 24. 9. v Praze a 27. 9.
v Chomutové.

Stav ozimi na poli béhem zimniho obdobi byl hodno-
cen podle ristu a vyvoje. Ristové faze byla urena podle
Zadokse (Natrova, 1992) a vyvojova etapa (mikrofe-
nologie) byla hodnocena v desetinném kédu podle publi-
kované metodiky (Natrova, Joke§, 1993).

Mrazuvzdornost rostlin odebranych z pole byla sta-
novena polné-laboratorni metodou (Pras§il et al.,
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1989), kterou se zjiftuje aktudlni odolnost rostlin
v hodnotach letélni teploty LT50, tj. teploty, pfi které
dochazi k 50% dhynu rostlin.

Zimovzdornost rostlin, kterd je tvoifena komplexem
odolnosti obilnin k celé fadé stresi zimniho obdobi,
byla hodnocena podle provokacni nadobové metody,
vypracované ve VURV Praha-Ruzyné (Segefa,
1957; Prasil et al.,, 1989). Soubor ozimych obilnin
byl vyset do nadob (dfevénych bedynek) umisténych ve
dvou variantach: na zemi a na vyvySeném parapetu
50 cm nad zemi. Terminy seti v roce 1990: 25. 9. v Praze
a 10. 10. v Chomutové; v roce 1991: 24. 9. v Praze
a 27. 9. v Chomutové. Pokus byl rozdélen tak, ze na
kazdém stanovisti (Chomutov, Ruzyné) byly zaiazeny
nadoby se zeminou ziskanou z obou stanovist (chomu-
tovskd a ruzyiiskd). Soubor tvofilo pét odrid ozimé
pSenice (Sparta, Zdar, Hana, Vlada a Viginta), dvé od-
riady ozimého tritikale (Dagro a Korm) a dvé odridy
ozimého je¢mene (Lunet a Borwina).

Na jafe po obnoveni ristu bylo zji§téno preZiti rost-
lin v jednotlivych variantich provokacéniho pokusu.
Hodnoty pfeziti odrad byly po ihlové transformaci dat
zpracovany analyzou variance s Caste¢né hierarchic-
kym t¥idénim, kterou jsme pouZili pro podobné zpracova-
ni jiz drive (Prasil, Rogalewicz, 1989). Analy-
za byla provedena programem Statgraphics na osobnim
poditadi. Primérna Zivotnost, poradi a vyznamnost roz-
dilu odrtd byly hodnoceny Scheffeho metodou stejnym
programem.

V pribéhu celého zimniho obdobi byly sledovany
povétrnostni podminky, v€etné teplot a sriazek. Byly
méfeny teploty vzduchu ve 2 m a v piizemi a teploty
pudy (na drovni odnoZovaciho uzlu ve 2,5 cm). Imise
byly meéfeny v zimé 1990/1991 v lokalit¢ Chomutov,
a to ze stanice CHMU Tugimice pro SO, a pra§ny aero-
sol a Vysokd Pec, pobotka Usti nad Labem pro NO,.

Rozbor pidy na obsah Zivin a tézkych kovi, které
byly stanoveny vyluhem 2M HNO4 na pfistroji Varian
AAS 275, byl proveden v chomutovské laboratofi.
Mikrobiologicka laboratof provedla rozbory zemin
odebranych béhem zimniho obdobi. Fyziologické sku-
piny bakterii byly sledovany klasickymi plotnovymi
metodami s kultivaci na Zivnych médiich. Po kultivaci
pii riizné teploté a dobé kultivace v termostatech byly
bakterie testovany biochemickymi metodami.

VYSLEDKY A DISKUSE

Mrazuvzdornost byla hodnocena polné-laboratorni
metodou u vybranych odrid pSenice, je¢mene a tritika-
le (tab. I). Po oba zkou$ené roky se projevila jako nej-
vice odolnd odrida Sparta. Jeji mrazuvzdornost vSak
byla v zimé 1991 0 3,6 °C a v zimé& 1992 o 5,6 °C niZsi
v Chomutové nez v Ruzyni. Ostatni odridy mély cel-
kové niZ8i odolnost, kterd opét byla niz§i v Chomutové
nez v Ruzyni. Vyvojovy stav rostlin na polnich parce-
lach byl na obou stanovistich témér shodny. V Chomu-
tové byla ristova faze po ob& zimni sezony u nékterych
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I. Vyvojova etapa, ristovi faze a mrazuvzdornost (LT50) rostlin odebiranych z polnich pokusi — Developmental stage, growth phase and -

frost-hardiness (LT50) of plants sampled from field trials

S P Ruzyné Chomutov

odbéru! rida vyvoj? riist LT50 Vyvoj riist LT50
DK DK (°0) DK DK Q)
Sparta 1 12 -16,6 12 12 ~13,0

Borwina 13 13 = 13 12 N
2. 11991 Lunet 13 13 -13,5 13 12 -11,3
Dagro 13 13 -10,0 12 12 -10,3
Zdar 12 13 -9.5 12 12 ~10,4
Sparta 13 13 -11,0 12 13 -10,8
Borwina - - -10,2 - - -8,2
12.3. 1991 Lunet 13 13> -7.8 13 13 -13
Dagro 13 21 -9,6 12 13 -7,0
Zdar 13 13" -9,7 12 13 9.3
Sparta 13 21 -17,8 12 13" -12,2
Borwina 13 21 -13.8 13 21 -12,5
15. 1. 1992 Lunet 13 21 -13,5 13 13 -10,6
Dagro 13 21 -10,7 13 21 -10,1
Zdar 13 21 -122 12 13" -8,6
Sparta 19 23 -9.9 13 13° -84
Borwina 22 23 -8.8 16 23 -9.0
16.3. 1992 Lunet 22 23 -89 16 14° -89
Dagro 19 25 -84 16 21 -7.0
Zdar 16 23 -8,0 13 14’ -5,7

' poditek odnoZovéni — beginning of tillering

lsampling date, Zcultivar, 3dcvelopmcnt. 4grc)wth

odriid mirné opoZdéna. V bfeznovych odbérech se pro-
jevoval pokles odolnosti vSech odrud, ktery souvisel
s nastupem jarniho ristu a vyvoje.

Z hodnoceni prezimovéni rostlin provokacni meto-
dou (tab. II) vyplyva, Ze nejlepsi zimovzdornost mély
odrudy pSenice Vlada a Sparta. Za nimi nasledovaly
odridy tritikale a slab& odolné pSenice. Nizké preZiti
odrud je¢mene v nddobéch bylo pravdépodobné zpliso-
beno jejich vétsi citlivosti k zimnimu vymokani, ke
kterému dochézi pfi zimnim otepleni, dile vysokou cit-
livosti kofent k nizkym teplotdim a pfipadnym omeze-
nim prostoru pro jejich rist. v niddobich (Segeta,
1974).

Primérné preZiti souboru odrid sledovanych provo-
kacni metodou piedstavovalo v zimé& roku 1990/1991
v Ruzyni s ruzyiiskou zeminou 56,6 %, s chomutov-
skou zeminou 44,3 %. V Chomutové s chomutovskou
zeminou bylo pfezimovéni vyrazné hor$i o 20,1 % neZ
v Ruzyni se stejnou zeminou. Sledovany soubor v zimé
roku 1991/1992 vykazoval primérné pfeZiti v Ruzyni
s ruzyiiskou zeminou 54,5 %, s chomutovskou zemi-
nou 67,2 % a v Chomutové s ruzyfiskou zeminou
37,5 % a s chomutovskou zeminou 35,9 %. Stanovité
zpusobilo sniZeni pfezimovani zhruba o 17 %, resp.
31,3 % v Chomutové oproti Ruzyni. Zejména odridy
pSenice Hana a Zdar, je¢mene Borwina a Lunet proka-
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zatelné hufe pfezimovaly. Analyzou variance byl pro-
kazén (tab. III a IV) vyznamny vliv roku zkou3eni, po-
kusného stanovi§té (Ruzyné a Chomutov), umisténi be-
dynek (vyvySeny parapet 50 cm nad zemi a zem)
a odrady na prezimovani rostlin v nadobéach. Nevy-
znamny vliv byl zji$tén pfi srovnani ruzyfiské a chomu-
tovské zeminy. Pavod zeminy na pieZziti rostlin byl
v tomto piipadé neprikazny, pfi¢emZ poradi piezimo-
vanych odrad bylo v uvedenych variantach (stanovis-
tich) téméf shodné a interakce odriida x stanovisté byla
nevyznamna. Provokaéni metoda se pro hodnoceni pre-
zimovani odrid obilnin na raznych stanovistich ukédza-
la byt dostate¢né vhodna.

Minimalni a primérna mésicni teplota pudy v nado-
bach umisténych na zemi a na vyvySeném parapetu je
zaznamendna v tab. V. Obé teploty byly na obou sta-
novistich v obou ziméch velmi podobné. Vzhledem
k minimélnimu vyskytu snéhové pokryvky byly rozdi-
ly teplot mezi variantami umisténi nadob velmi malé.
Pfes podobny prubéh teplot na obou stanovistich bylo
v3ak zjisténo v chomutovské oblasti vétsi vyzimovani.

Ucelenéjsi pohled na sledovanou problematiku po-
skytl agrochemicky rozbor zemin i piid pouZivanych na
obou stanovistich (tab. VI a VII). Rozborem bylo sta-
noveno pH vyménné pudni reakce ruzyfiské zeminy ja-
ko neutrélni, zatimco chomutovské zeminy jako kyselé

219



I1. Zivotnost odriid testovanych provokaéni metodou ze stanovisf Ruzyné& a Chomutov (procento pieZiti po tihlové transformaci) — Lifetime
of cultivars tested by provocation method from the sites Ruzyné and Chomutov (percentage of survival after angle transformation)

Ruzyné Chomutov
Roénik' Odriida® zemina®
ruzyfisk4* chomutovsk® ruzyiiska chomutovska

Borwina 25,1 16,3 - 0
Lunet 38,9 24,0 - 0
Zdar 42,5 29,9 - 9.5
Dagro 58,6 49,1 - 20,1

1990/1991 Viginta 69,4 453 - 26,3
Hana 66,0 53,8 - 30,3
Korm 67,5 62,4 - 39,9
Sparta 70,0 584 - 42,4
Vlada 71,8 59,9 - 49,7
pramér® 56,6 443 = 24,2
Browina 333 78,2 19,1 18,0
Lunet 33,5 53,5 24,0 19,5
Zdar 57,3 74,1 31,0 324
Dagro 67,7 66,6 41,3 36,8

199171992 Viginta 60,4 58,1 40,5 39,5
Hana 46,8 82,5 40,4 379
Korm 61,1 54,5 43,0 43.4
Sparta 59,9 67,8 483 46,0
Vlada 70,2 69,5 50,2 49.8
pramér 54,5 67,2 37,5 359

lyenr. 2cultivar, *soil, 4Ruzyné, SChomutov, 6twemge

III. Analyza variance Zivotnosti odrid testovanych provokacni metodou — Analysis of variance of lifetime of cultivars tested by provocation

method
Zdroj variance' Suma étverci? s.v.? Pramér &tverci® F-hodnoty® Hladina vyznamnosti®
Hlavni efekt 121068,21 12 10089,018 54,687 *x
Rok* 6997,93 1 6997,932 37,932 *x
Misto” 43599,64 1 43599,641 236,330 o
Pida'? 2,62 1 2,618 0,014
Parapet'! 33742,45 1 33742,455 182,900 *x
Odriida'? 39518,59 8 4939,824 26,776 **
Zbytek'? 44092,189 239 184,48615
Celkem'* 165160,40 251

. 3, 3 ST " § " <3
Iv.’mzm()n source, “sum of squares, “d. f., dmean square, 5F~values. Slevel of significance, 7m:un effect, hycnr. gplace, '"sm]. Mhox position,

Zeultivar, Presidual, “total

aZ slab& kyselé. Jak uvadéji Baier, Baierova
(1988), vede takové nizké pH u ozimé pSenice jiz k vy-
nosové bariéfe. Obsahy téZkych kovi byly pod maxi-
malné pfipustnymi limity. Vostal, Mutinsky
(1995) téz potvrdili, Ze kontaminace ve vét§iné pfipadi
odbérovych mist na pudach imisné zatiZenych v seve-
rozdpadni &asti CR nedosahovala hranice maximalng
pfipustnych uvolnitelnych obsahi v pudéach. Zvy¥ené
obsahy tézkych kovi jsou jen v nékterych zatizenych
oblastech (PodleSdkovd, Némecek, 1995),
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a byly tam nalezeny ze 70 % i v minulosti. Obsah ri-
zikovych prvki v pidé je rovnéZz zavisly na rozpadu
mate¢ného substratu, ¢imZ je ovlivnéna pozadova hod-
nota jednotlivych pad, zejména obsahu tézkych kovi
v pudé.

Mikrobiologicky rozbor chomutovské i ruzyiiské
zeminy na obou stanoviStich v zimnich mésicich uka-
zal, Ze v této dob& byly poéty bakterii hluboko pod
hranici tzv. chudé pady (0 az 17 mil. v 1 g suché pudy),
coz pravdépodobné mohlo byt zpusobeno nechranény-
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IV. Poradi odrid podle primérné Zivotnosti (analyza variance) —
Order of cultivars ranked according to average survival (analysis of
variance)

Borwina 25.1 ¢
Lunet 256"
Zdar 36.4"
Dagro 46.9hc
Viginta 48,6°
Hana 52,74
Korm 53,59
Sparta 56,8
Viada 61,7

* hodnoty oznadené stejnym pismenem nejsou statisticky vyznamné
— values denoted by identical letter are not statistically significant

mi, silné promrzlymi pudami v nadobach (tab. VII). Pii
otepleni dochdzelo k jejich bouflivému rozvoji. K dalsi
redukei poctu padnich bakterii dochazelo pii snizovani
pHpudy (Bldha, Petfikova, 1991). Pfi porovna-
ni byly ruzynské zeminy vzdy bohat&ji osidlené nez
chomutovské zeminy, v Ruzyni vidy vyrovnané.
Tejkl (1992) prokazal, Ze chomutovskd zemina je
méné bohata a nevyrovnana bez ohledu na stanovisté.

ZAVER

Ozimé obilniny vykazovaly v imisné zatiZeném
prostiedi slabsi odolnost vi¢i mrazu i niZzsi schopnost
odoldvat nepfiznivym stresiim zimniho obdobi. Pri porov-
nani zimovzdornosti odrad obilnin na raznych lokalitach

V. Teplota pidy (°C) v nadobach (zima 1990/1991, 1991/1992) — Soil temperature (°C) in pots (winter of 1990/1991, 1991/1992)

Teplota' Roénik* Varianta® Shoi Vypeibeoy poregett

Ruzyné Chomutov rozdil® Ruzyné Chomutov rozdil
X. -1.8 =24 +0,6 =2,1 -4.2 +2,1
XI. -0.8 -0,2 -0,6 -0,9 -0,2 -0,7
XII. -9,3 -9,6 +0,3 -119 -7.2 -59
12200159 L -13.9 -146 +0.7 -143 158 +1.5
1. -16,8 -18,0 -1,2 -18.8 -18.,6 -0,2
Misiiali 1. -1,6 -1.2 -0.4 =23 -3.0 +0,7
I\ -1.3 -0.8 -0.5 -1.7 -23 +0.6
X. -3,6 4.4 +0,8 -4,6 -5.8 +1,2
X1 -4.8 -8.8 +4,0 -4.7 -9.8 +5,1
199171992 XIIL. -10,6 -12,4 +1.8 -14.6 -16,2 +1.6
I -11,7 -9.3 -24 -13,0 -13.4 +0.4
I -6,5 -2,0 -4.5 -6.9 -4.6 -23
118 -3.2 -0.6 -2,6 -2.1 -0.8 -1,3
X 7.2 6,5 +0,7 6,9 7.1 -0,2
XL 2,6 32 -0.6 24 3,9 =11
XII. -1,4 -1.4 0 -1.6 -1,1 -0.5
I ~1,1 -1,3 +0,2 -1,2 -0,7 -0.5
1920/1951 11 -4,3 -4.6 +0.3 -5.4 -4,5 -0.9
111 4.6 47 =0.1 38 5.1 -1.3
v 9,0 9.7 -0.7 8.4 10,1 -23
X~IV. 2.4 2,4 -0,2 1.9 2.8 -6,2
Pramérns’ X111 23 24 +0.2 27 2,1 19
X. 6.9 7.8 0,9 5.8 7.1 -1.9
XL 17 0,9 +0.8 1.4 0.9 +0,5
XIIL -24 -3.1 +0,7 -3.2 -3.7 +0.5
L -1,0 -0,7 -0,3 ~-1.4 -1,2 -0,2
192 Hloe 1. 0,5 1.7 -12 0,3 1.6 -13
111 2,6 42 -1,6 Zl 39 -1.8

v.r 8.3 7.0 +1,3 <4 T:9% 0
X1V, 24 25 -12 1,7 23 -4,2
XIL~IL -1,0 -0,7 -0,8 -1.4 =11 -1,0

* v Chomutové jen do 15. 4. 1991, resp. do 13. 4. 1992 — at Chomutov only till 15 April 1991 or 13 April 1992, respectively

s

1 $ 3 4 T g e e
temperature, “minimum, “average, “year, “variant, ‘soil, ‘raised box position, "difference

ROSTLINNA VYROBA, 43, 1997 (5): 217-223




VI. Agrochemicky rozbor pud — Agrochemical analysis of soils

cecsd < ig pH P K Mg Nee Cox Humus
Stanovisté Zemina (KCl) R (%) (%) (%)
. L ruzyiiska® 6,80 154 155 167 0,172 1,35 2,33
Nadoby Ruzyné
chomutovska® 5,47 88 192 106 0,186 1,31 2,26

oo Ruzyné 1992 6,95 110 155 109 0,168 1,35 2,33
ole

Chomutov 1988 4,60 67 232 32 0,130 1,68 2,90

lpms. %field, site, *soil, SRuzyné, Chomutoy

VII. Obsah t&zkych kovu v pudich (mg.kg") vyluhem 2M HNO; - Contents of heavy metals in soils (mg.kg_‘) by extraction of 2M HNO;

2 £ia Cd Pb Cr Ni Co Zn Hg
Stanovi$té” | Zemina
1,0* 70,0* 40,0% 25,0% 25,0* 100,0*
Riizvik ruzyiiska® 0,205 18,90 2,705 6,305 3,605 26,20 0,0125
u;
1 ¥ chomutovska® 0,185 15,75 2,355 6,595 3,155 55,00 0,0121
Nédoby
ruzyiska 0,180 15,80 2,375 6,840 2,970 113,80
Chomutov
chomutovska 0,345 21,80 3,160 6,660 5,380 19,35
Pole? Ruzyné 1992 0,450 22,60 2,330 7,710 5,065 76,05 0,0119
Chomutov 1988 0,150 22,00 5,200 4,000 5,200 24,80 0,0400
* limit

For 1-6 see Tab. VI

VIII. Mikrobiologicky rozbor zeminy v nadobach (1992) — Microbiological trial of soil in pots (1992)

Stanovisté' Zemina® Datum odbgru’ 2t Vyvieag pataper
mil /g suché zeminy®
16. 1. do’ 1 mil. do 1 mil.
ruzyfiskd® 20. 2. 3,3 mil. 9.2 mil.
Rz 23. 3. 9,5 mil. 3 mil.
16. 1. do 1 mil. do 1 mil.
chomutovskd* 20. 2. 4.6 mil. 6.2 mil.
23. 3. 2,8 mil. 11,3 mil.
16. 1. do 1 mil. do 1 mil.
ruzyiiskd 20. 2. 3,0 mil. 1,5 mil.
Clisisiitso 23. 3. 16,7 mil. 9,3 mil.
16. 1. do 1 mil. do 1 mil.
chomutovska 20. 2. 1,8 mil. 2,6 mil.
23.3. 1,5 mil. 8,5 mil.

site, %soil, JRuzyné. “Chomutov, 5sa.mpling date, %earth, "raised box position, Sof dry soil, 9up to

se jako dostate¢né vhodné ukdzalo pouZiti provokac¢ni
nadobové metody.
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HETEROGENITA PRODUKCNYCH SCHOPNOSTI
ROZNYCH GENOTYPOV SOJE

HETEROGENEITY OF PRODUCTION ABILITIES OF SELECTED
SOYBEAN GENOTYPES ‘

M. Bresti¢', V. Bani&®

'Stovak University of Agriculture, Nitra, Slovak Republic
2Central and Control Testing Institute of Agriculture, Bratislava, Slovak Republic

ABSTRACT: Morpho-physiological properties of selected soybean genotypes of determinate and indeterminate growth and
various length of the growing season are discussed in the paper. Modules of production properties of genotypes which indicate
a specific character of distribution of yield-forming characteristics in the structure of plants which are built up by different
architecture at genotypes of different intensity of growth were quantified. Genotypes of determinate growth have significantly
dominant module of plant (Figs 1, 2, 3). The proportion of other stories falls gradually in relation to all investigated traits.
In genotypes of indeterminate growth an important part of productivity is also formed by apical module of plant with lesser
influence of basal module. The choice of genotypes with required length of the growing season or growth and quantification
of their production properties in the structure of plants, monitoring and providing of non-limiting conditions of environment
by measuring of diffusion resistance allows markedly to enter the regulation of stand productivity. For the reasons of
susceptibility of soybean to external factors of environment in generative period, it is just vertical distribution of production
properties which plays a decisive role and determines plasticity of genotypes along with autoregulation capacity in pods.
Graduality and regularity of pod distribution in plant, their dominance in basal part of plants, may be important in potential
lodging or in case of effects of stress factors of environment. The knowledge of heterogeneity of production abilities of
genotypes gives prerequisites for better characterization of new and perspective biological material in breeding practice.

soybean; productivity; growth; resistance of stomata; genotype differences

ABSTRAKT: V prici si diskutované morfo-fyziologické vlastnosti genotypov séje lifiacich sa rastom a dizkou vegetaéného
obdobia. Genotypy s determinovanym vzrastom maji vyrazne dominantny taZiskovy modul rastliny. Podiel ostatnych etaZzi
postupne klesd, a to vo vztahu ku vietkym sledovanym znakom. Pri genotypoch s nedeterminovanym vzrastom tvori vyznam-
ni zloZku produktivity aj apikdlny modul rastliny s men§im vplyvom bazdlneho modulu. Volba genotypov s pozadovanou
dizkou vegetaéného obdobia, resp. vzrastom a kvantifikdcia ich produkénych vlastnosti v truktire rastlin, monitorovanic
a zabezpecovanie nelimitujicich podmienok prostredia meranim difiiznej rezistencie umoziiuje vyznamnym sposobom vstipit
do reguldcie produktivity porastu. Poznanie heterogenity produkénych schopnosti genotypov diva predpoklady pre lepsie
charakterizovanie nového a perspektivneho biologického materidlu v $lachtitelskej praxi.

soja; produktivita; rast; rezistencia prieduchov; genotypové rozdicly

UvoD

Produkény proces je uréeny vzajomnymi vztahmi
medzi zdrojmi a akceptormi asimilatov, ktoré sa reali-
zuji pocas ontogenézy rastlin. Schopnost prerozdelo-
val zasobné latky v Struktare rastlin a ukladat ich
v akumulaénych miestach je vysledkom nielen genetic-
kych vlastnosti, ale i désledkom vplyvu faktorov pro-
stredia. Preto s ohladom na ich pdsobenie je dbleZité
poznat, akou vegetacnou, architektonickou a funkénou
stratégiou porastu je produktivita rastlin formované.
Doélezitym faktorom jej regulacie je volba odrod
s roznou dl7zkou vegeticie. Pri séji je toto rozpitie po-
merne Siroké, od menej ako 110 dni pre genotypy
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s kraitkym vegetatnym obdobim aZ po 140 dni a viac
pre genotypy s dlhym vegetacnym obdobim.

Produktivita s6je je v dobrych podmienkach pesto-
vania Ciastocne limitovana polichanim. Tato skuto¢nost
(Cooper, 1981) predpoklada vytvorenie typov deter-
minovanych, kritkych, adaptovanych na zény obycajne
obsadené odrodami nedeterminovanymi. Determinované
typy s v staZzenych podmienkach menej robustné
(Beaver, Johnson, 1981), ale zda sa, Ze lepSie
reaguji na prostredie a bezné kultivaéné zisahy
(Specht et al,, 1986). Na zdklade tychto schopnosti
bol navrhnuty komplex kultivaénych podmienok,
umoZziiujici ziskat vysoké drody pri tychto typoch od-
rod.
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Diskutované su morfo-fyziologické vlastnosti (Pi-
geaire, 1986), ktoré by mali mat odrody v danych
skupinach, pretoZe nielen charakter vysky a mohutnosti
rastlin, ale hlavne stupen distribicie trodotvornych
prvkov na rastline determinuje jej produkéné vlastnosti,
ako aj potencidlne dosledky za réznych ekologickych
situacii (Svoboda, Belan, 1986; Bresti¢,
1988). V naSich experimentalnych pricach sa venuje
mala pozornost §tidiu genotypov s réznym vzrastom,
i ked sa tieto trendy dlhodobejsie rozvijaju.

Stkasne do popredia vystupuji i dalSie parametre
ako kritéria pre hodnotenie genotypov. Jednym z naj-
citlivej§ich expeditivnych kritérii je kvantifikovanie
aktivity prieduchov (Calmés et al., 1985; Bres-
ti¢, 1988; Liaw, Chen, 1990; Brestic et al.,
1995), ktorych zatvaranie, a teda zmena ich vodivosti
a limitovanie strat vody z povrchu rastlin je jednym
z prvych priznakov meniacich sa faktorov prostredia.
Rychlost prenosu signélu pre reguldciu zatvéarania prie-
duchov v integrite rastliny je jednym zo znakov, ktorymi
genotypy Specificky reaguji na prostredie. Regulaciou
otvorenosti prieduchov sa meni intenzita fotosyntézy
ako sucast zdroja asimilatov pre nasledné rastové
a produk¢né procesy.

Z tohto hladiska sme testovali rastové a produkéné
parametre, ako aj diftiznu rezistenciu prieduchov vy-
branych genotypov soje ako kritérid pre ich hodnotenie
a potencialne uplatnenie v itinerdroch pestovatelskych
opatreni.

MATERIAL A METODA

V polnych experimentdlnych podmienkach na
STachtitel'skej stanici Topolniky Zeainvent Trnava sme
pestovali sibor desiatich genotypov sdje s roznou
dl7kou vegetaéného obdobia: stredne neskoré (BS-31,
TO-197/1, TO-166/2) s vegetatnym obdobim 120 az
130 dni, neskoré (Gadir, TO-99, TO-192/1, TO-77/7,
TO-77/8) s vegetaénym obdobim 130 aZ 140 dni, velmi

neskoré (TO-183/9, Zb-16) s vegetatnym obdobim nad
140 dni.

Pokusné miesto patri do kukuri¢nej vyrobnej oblasti,
lokalizované na nivnych a luZnych pédach, v nadmor-
skej vyske 110 m n. m., s vySkou spodnej vody 0,9 az
1,9 m. Predplodinou bola ozimnd pSenica. V obdobi
plnej zrelosti sme odobrali 100 priemerne mohutnych,
neposkodenych rastlin a hodnotili sme na nich kvanti-
tativne parametre: vySku, poCet bo¢nych vetiev, pocet
strukov, pocet semien v struku a ich hmotnost v jed-
notlivych etdzach porastu v 10cm vzdialenostiach vys-
ky rastlin od povrchu pody. Vysledky sme spracovali
do grafickych modelov produkéného utvirania genoty-
pov v jednotlivych skupinich skorosti, pricom snahou
naSich analyz bolo stanovit faZisko a podiel etdZi na
vyslednej produktivite.

V polnych podmienkach sme tieZ merali diftiznu re-
zistenciu pérometrom Delta T Devices prostrednych
listkov, na ich spodnej (abaxidlnej) a vrchnej (adaxial-
nej) strane, v predpoludiajsich hodinach, pri intenzite
Ziarenia v priemere 800 aZ 950 pmol.m2.s~

VYSLEDKY A DISKUSIA

Prehlbenie poznatkov o tvorbe trody sdje na viet-
kych drovniach organizécie porastu'mozno ocakavat zo
syntetickych prac vyskumu realizacie reprodukénych
organov, ako aj vztahov medzi drodou zrna a morfolo-
gickymi, resp. morfo-fyziologickymi znakmi.

Hospodarska droda a priebeh jej tvorby je urCovana
postupnou a relativne dlhou diferenciaciou generativ-
nych orgdnov a ich silnou zavislostou od vonkajsich
podmienok. Ak jej parametre si dané kvantitativnymi
vlastnostami, aj velkost rastlin, pocet vetiev a pocet
internddii (tab. I) dava predstavu o raste odrod. Najvy-
raznejSie rozdiely su prave vo vyske rastlin (52 az
89 cm), a tym i v mohutnosti produkc¢ného potencidlu.
Urcujice st vak predstavy o akumuldcii suSiny, pri
zohladneni vlastnosti distribicie a redistribiicie asimi-

I. Rastové charakteristiky testovanych genotypov séje — Growth characteristics of tested soybean genotypes

Genotyn Dlikz:dve: ::lz’xcie5 Vyska rastlin® Pocet l?oé!llych Poget internédii®
ni*") (cm) yetey hlavni os’ bocné vetvy'?

Gadir 522 5 11 3
TO-99 62,1 <) 12 3
TO-192/1 stredne neskoré? 120-130 54,9 3 i 13 5
TO-7717 88,4 1 15 6
TO-77/8 88,6 | 13 5
BS-31 75.1 1 12 4
TO-197/1 neskore? 130-140 79,4 1 13 3
TO-166/2 58,0 1 10 4
TG velmi neskoré? > 140 83,0 ; 13 %
Zb-16 56,5 1 14 4

2 . . . - o
Igenmypes. medium late, “late, 4vt:ry late, 5lt:ngth of growing season, 6helght of plants, "number of lateral branches, *number of internodia,

9 . o 10
main axis, '"lateral branches, ' days
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latov a produktov metabolizmu do jednotlivych pletiv,
organov rastlin, od ktorych v kone¢nom dosledku zavi-
si vysledna Struktira drody.

Vztahy medzi velkostou biomasy a hospodérskou
urodou su zaloZené polyfaktorialne, urené nelinearnou
koreldciou, pretoZe o jej vysledkoch rozhoduje kom-
plex produkénych a akumulacnych procesov.

Z nésho analytického pristupu vyplyva vyznam me-
ranych rastovych a produkénych parametrov pre dané
genotypy (pocet vetiev, poet strukov, podet semien
v struku a ich hmotnost), ako aj vySka nasadenia stru-
kov a taZisko produktivity rastliny. Pri vybere genoty-
pov pre konkrétne pestovatel'ské zdmery bude rozhodu-
juca stabilita architektiry produkénych vlastnosti
v podmienkach zmenenych ekologickych faktorov.
Preto i v Struktire rastliny bude ddlezita ich distribucia.

Vetvenie rastlin pri jednotlivych $tudovanych geno-
typoch sa neukazuje ako prvok vyznamny z hladiska
diferencii medzi nimi, s vynimkou neskorych odrdod
s nizkym vzrastom (TO-99, TO-192/1, Gadir). MdZe
vSak byl podstatnym z hladiska regulacie produktivity
pri poruchach apikilnej dominancie rastlin. V pod-
mienkach rovnakej hustoty porastu si vSak rozdiely
nepreukazné.

Casto sa diskutuje otdzka plného vyuZitia potencial-
nych mozZnosti fotosyntetického aparatu, resp. mohut-
nosti rastliny, ktora je uréené velkostou listov a dizkou
ich aktivnej Cinnosti pre nasledné urodotvorné procesy
(Petr etal., 1980). Cox, Jollif (1987) uvidzaji
priklady zmien velkosti listovej pokryvnosti za roznych
ekologickych situdcii ako potencial zabezpelujici tvor-
bu asimilatov, ktory limituje vysledni tvorbu tirody len
v pripade silnych deficitov vody a dlhodobych vod-
nych stresov. V tomto smere sme potvrdili, Ze mohut-
nost biomasy rastlin nie je rozhodujica z hladiska cel-
kovej hospodarskej trody. Prave jej podrobnejSia
kvantifikacia (obr. 1, 2, 3) ukazuje na kompenzacné
efekty, nasledkom ktorych méze byt produkcia asimi-
latov z hladiska hospodarskej trody limitujica.

Z vysledkov (obr. 1) je zrejmé, Ze pri vietkych ge-
notypoch najvyssi vplyv na §truktiru drody ma poradie
strukov na rastline. Dominantnymi etdZami st druha az
piata, ktoré tvoria zaklad taziskovej zony produktivity,
resp. taZiskového modulu produktivity. Jeho ziklad
tvoria miesta (struky, semend) s maximalnymi akumu-
laénymi parametrami. Takéto vymedzenie umoZiiuje
determinovat dal$ie produk¢né moduly.

Apikalny modul rastlin mé rézny charakter v zdvis-
losti od skorosti odrody a méze byt vyznamnym auto-
regulaénym komponentom pri realizécii irodového po-
tencialu. Toto tvrdenie dokumentuji vysledky vietkych
troch variantov skorosti i kategérii vysky rastlin. Pri
stredne neskorych odrodach (s vynimkou TO-77/7, kto-
ry ma na druhej aZ 6smej etdZi rovnomerné rozdelenie
strukov na rastline) je tendencia poklesu distribicie
strukov od zakladu taZiskového modulu produktivity
v smere k apexu rastliny. Co je vSak vyznamné pre
odrody s determinovanym vzrastom vietkych typov sko-
rosti (Gadir, TO-192/1, TO-166/2 a Zb-16), Ze prevlada
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Gadir

TO9 _
TO19211 __
Tornr
TO 7718

BS-31
TO 19711
TO166/2 ____

TO 183/9
Zb 16

1. Priemerny pocet strukov na jednej rastline séje v etiZach podla
genotypov (A — stredne neskoré, B - neskoré, C — velmi neskoré;
0,10 aZ 1,0 m - jednotlivé etaZe; ks) — Average number of pods per
soybean plant in stories by genotypes (A — medium late, B — late,
C - very late; 0.10 to 1.0 m — different stories; pcs)

dominancia taZiskového modulu a podiel dalSich etdzi
na trode sa postupne zniZuje. Pri vysokych odrodach
(TO-77/8 a hlavne TO-183/9) si vySSie Casti rastlin
z hladiska podetnosti strukov miniméilne rovnocenné.
Mo67u sa vSak redukovat v strednej Casti rastlin (napr.
pri TO-183/9). Stupiiovitost a pravidelnost distribiicie
strukov na rastline, resp. ich dominancia v bazalnej
Casti rastlin moZe byt ddleZitd pri potencidlnom polie-
hani i pri vplyvoch stresovych faktorov prostredia.

Na $truktire rody sa vyrazne podielaji dalSie kom-
ponenty trody — pocet semien v struku a hmotnost
(obr. 2, 3). Ich tvorba v struku ma svoju hierarchiu,
priom primarne sa napliiaji prvé semena. OdraZa sa
to na stupni kompenzicie v apikélnej ¢asti rastlin. Dal-
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2. Priemerny pocet semien na jednej rastline séje v etiZach podla
genotypov (legenda vid obr. 1) — Average number of seeds per
soybean plant in stories by genotypes (for legend, see Fig. 1)

Sie hodnotenie (tab. II) ukazuje na nepreukaznost vply-
vu strednych etdZi na hmotnost semien pri neskorych
a velmi neskorych genotypoch. Charakter pricin vyply-
va z diagramov priestorovej distribiicie produkénych
vlastnosti. Z dévodov citlivosti sdje k vonkajsim fak-
torom prostredia v generativnom obdobi prive verti-
kalna distribicia produkénych vlastnosti zohrava roz-
hodujici vyznam a spolu s autoregulatnou kapacitou
v strukoch uréuje plasticitu genotypov. Podrobna ana-
lyza $tudovanych odrdd naznaduje ich potencidlne
schopnosti. Uvedenou analyzou zarovefi dokumen-
tujeme i vysoki preukaznost rozdielov medzi genotyp-
mi v sledovanom znaku v etdZach 0,11 aZ 0,20 a 0,71
az 0,80 m.
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3. Priemerna hmotnost semien na jednej rastline séje v etdZach podla
genotypov (legenda vid obr. 1) - Average weight of seeds per soy-
bean plant in stories by genotypes (for legend, see Fig. 1)

Posudzovanie genotypov podla biolégie a tvorby
drody, ako ich popisuji Blanchet et al. (1986,
1987), a Specifickych pristupov pri ich pestovani
(Specht et al., 1986) mi nepopieratelne velky eko-
nomicky vyznam. Ako vyhodné vlastnosti sa ukazuju
mengie rizika z hladiska polichania, mensi opad listov
pri vodnych deficitoch, avSak dostato¢ne velka listova
plocha z hladiska intercepcie slneéného Ziarenia a ne-
limitovania funkcie zdrojov asimilitov pre ich akumu-
laciu v sinkoch. Struky determinovanych odrdd su lo-
kalizované niZ¥ie a ukazuje sa, Ze vy$§ie etdZe m6Zu
lep§ie plnit autoregulaéné a kompenzaéné poslanie.
Nase vysledky su plne v silade s pracami, ktoré uve-
rejnili Beaver et al. (1985) a Blanchet et al
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1I. Hmotnost semien séje v jednotlivych etaZach podla skupin skorosti a preukaznost rozdielov medzi genotypmi P (vietky oznacené rozdiely
st vysokopreukazné) — Weight of soybean seeds in different stories by the groups of earliness and significance of differences between

genotypes P (all marked differences are highly significant)

Genotypy?
Etaz! 3 4 . s
(m) stredne neskoré” — A neskoré” — B velmi neskoré” - C P <001
F vyp.f
0,00-0,10 1,724 8,567 ++ 8,407 ++
0,11-0,20 8,358 ++ 20,235 ++ 49,020 ++ AB, AC, BC
0,21-0,30 7,126 ++ 6,414 ++ 2,931
0,31-0,40 7412 ++ 2,096 2,827
0,41-0,50 8,781 ++ 2,367 2,466
0,51-0,60 3317 ++ 1,879 2,605
0,61-0,70 10,226 ++ 10,655 ++ 16,479 ++
0,71-0,80 16,479 ++ 9,420 ++ 44,392 ++ AC, BC
0,81-0,90 16,594 ++ 12,111 ++
0,91-1,00 3,115
+ P <001

Is(ory, denotypcs. Ymedium late, “late, 5vcry late, °F cal.

III. Difdzna rezistencia (r,) listov vybranych neskorych genotypov
soje s diferencovanym vzrastom (sAcm_l) - Diffusive resistance (r,)
of leaves of selected late soybean genotypes with differentiated
growth (s.cm™)

1. list? 2. list
Genotypy‘ spodna vrchnd spodné vrchné
strana’ strana* strana strana
Gadir 3,15 4,20 4,80 5,80
TO-99 4,07 4,58 5.58 6,05
TO-77/8 4,30 4,45 6,70 7,54

'genolypes. ?leaf, *lower side, duppcr side

(1986), podla ktorych pri genotypoch séje s rdznou in-
tenzitou rastu napriek podobnym narokom na prostredie
je utvaranie morfo-fyziologickych vlastnosti a pro-
dukénych charakteristik predstavované odlisnou archi-
tektirou.

Presné poznanie tychto ukazovatelov je nevyhnutné
pri programovani trody. Treba zd6raznit, 7e siasné
modely produkénych schopnosti rastlin zatial neza-
hffiaji komplexny faktor genotypovej Specifity rastové-
ho a produkéného utvarania porastu. Otdzkou zostéva,
akym sposobom sa mé zohladnit v itinerari pestovatel-
skych opatreni v limitujdcich, nelimitujicich, resp. me-
niacich sa podmienkach prostredia.

Charakter difuznej rezistencie vybranych odrdd uka-
zuje, Ze v zhodnych podmienkach pestovania tieto nie
st rovnako aktivne z hladiska vodivosti prieduchov.
Efektivnost vyuZitia vody a zmeny intenzity fotosynté-
zy pri zatvarani prieduchov méZu byt vyznamné pri
posudzovani odrodovych rozdielov (tab. III). Kvantifi-
kacia funkcii prieduchov v réznom stave ich aktivity
viak vyZaduje $pecificky pristup, ako aj jeho impliko-
vanie do integrujucich celkov.
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INFLUENCE OF HUMIC SUBSTANCES ON IN VITRO
CULTURES UNDER NITROGEN DEFICIENCY

VLIV HUMINOVYCH LATEK NA KULTURY IN VITRO
ZA SNIZENEHO OBSAHU DUSIKU

H. Vlasinova, L. Havel, S. Prochazka

Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: Two in vitro cultured model plants, cabbage hypocotyls and Norway spruce polyembryonic mass, were used
to investigate the interaction of humic substances with nitrogen nutrition and their effect on plant growth. Present study
demonstrated a possibility of in vitro plant growth stimulation by sodium humate with optimum at 50 mg.l’l and elimination
of growth inhibitions caused by nitrogen deficiency.

Picea abies; Brassica oleracea; in vitro; sodium humate; somatic embryogenesis; organogenesis; nitrogen

ABSTRAKT: Byl testovin vliv humatu sodného na rist dvou modelovych kultur v podminkéch in vitro, na kulturu hypo-
kotyli zeli hlivkového a polyembryogenni kulturu smrku ztepilého. Pozornost byla zaméfena hlavné na G&inky humdtu
sodného na kultivaci pfi sniZzeném obsahu dusiku v kultivaénim médiu. Bylo zji§téno, Ze optimélni hladina humétu sodného
50 mg.l'l stimuluje rust obou in vitro kultur a je schopna dokonce eliminovat negativni dusledky deficitu dusiku v téchto

kulturach.

Picea abies; Brassica oleracea; in vitro; humit sodny; somaticka embryogeneze; organogeneze; dusik

INTRODUCTION

The physiological effects of humic substances are of
complex nature. It was demonstrated that they show
a direct effect on photosynthesis, respiration, synthesis of
nucleic acids and enzymes, uptake of minerals and on the
permeability of cell membranes (Vaughan, 1986).

Root absorption tests demonstrated that the presence
of humic substances in the nutrient solution caused in-
itial reduction and subsequently gradually increasing
stimulation in active anion transport (Dell’Ag-
nola, Nardi, 1987). The effect of humic sub-
stances on nitrate uptake was studied among others in
barley (Albuzio et al., 1986), oat (Dell’Ag-
nola, Nardi, 1987; Nardi et al., 1991; Mag-
gioni et al., 1992), maize (Fortun, Lopez-
-Fando, 1982), olive (Tattini et al., 1990) and
tropical tree teak (Fagbenro, Agboola, 1993).
Results in oat showed that the most effective humic
fractions were those of the smallest molecular size.
Low molecular size humic substances stimulated
plasma membrane and tonoplast ATPase activity as
well as the transport of N @ (Maggioni et al.,
1992). Results in young barley plants indicated an ef-
fect of humic substances not only on transport, but also
on the reduction of NO3 to NO; due to nitrate reductase
and on the glutamine synthetase activity (Dell’ Ag-
nola, Nardi, 1987).
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Despite the fact that many authors mentioned an
increase of plant production under the effect of humic
substances, data regarding their use in in vitro plant
cultures are scarce. Cherevchenko, Kushnir
(1986) observed sodium humate stimulative effect in
orchid in vitro culture. In our previous experiments
a promoting effect of humic substances on orchids
(VlaSinova et al.,, 1994; VlaSinova et al.,
1996), cabbage, Norway spruce and tobacco in vitro
cultures (V1aSinova etal., 1995) was demonstrated.
The aim of this work was to study sodium humate
effect on growth of plants in vitro under various levels
of nitrogen, especially under nitrogen deficiency. The
effect of humic substances on plant growth was studied
in two independent experiments with two different
plant in vitro cultures.

MATERIAL AND METHODS

The surface sterilised cabbage seeds (Brassica ole-
racea var. capitata L., cv. Zora) were cultured one
week on agar solidified MS medium (Murashige,
Skoog, 1962). The segments of hypocotyls (approx.
equal weight 10 mg and length 10 mm) were used for
the first experiment. Three explants were cultured on
20 ml of agar solidified MS medium in 100 ml Erlen-
mayer flasks (with 30 replications per variant). To in-
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duce organogenesis 1 mg.l‘l of BAP was added. The
full and half strength MS medium with various levels
of nitrogen (0, 25, 100% of normal concentration in
MS) and sodium humate (0, 5, 10, 50 mg.I"™!) were
tested. Culture conditions were 24 °C and 16 hour pho-
toperiod. 4

For the stock solution of modified full strength MS
medium with 25% nitrogen level, 19 g KNO; was sub-
stituted by 14 g KCI and amount of NH;NO; was de-
creased from 16.5 g to 6 g. Final concentration of ni-
trogen in 25% N medium was 210 mM in full strength
MS and 105 mM in half strength MS medium,
NH : NOj3 ratio in our experiment was 1 : 3,4 instead
of 1:7,4 in original MS medium.

Sodium humate was prepared from oxyhumulits
(Vrba, 1992). NH'Z content in sodium humate was
measured by the KIELDAHLIC apparatus. Stock solu-
tion was prepared by dissolving in small volume of
0.IN KOH, volume adjusted with distilled water and
stored at 4 °C. pH of the medium was 5.8. Media were
autoclaved after sodium humate addition.

Norway spruce [Picea abies (L.) Karst.] polyem-
bryonic culture (clon EO) initiated and maintained as
previously described (Havel, Prochédazka, 1992)
was used in our second experiment. Equal amounts (10
x 0.03 g) of early somatic embryos were transferred on
Petri dishes with 20 ml Gelrite solidified half strength
LP medium (Arnold, 1978) with various levels of
nitrogen (0, 25, 50, 100% of normal concentration of
half strenFth LP medium) and sodium humate (0, S, 10,
50 mg.l™"). Sodium humate solution, stored as pre-
viously described, was added to autoclaved medium
after filter sterilisation (0.2 pm). Cultures were main-
tained at 24 °C in dark.

To prepare stock solution for LP/2 medium with
25% of nitrogen 19 g KNOy was substituted by 14 g
KCI. Amount of NH;NOj; decreased from 24 g to 6.3 g.
Total nitrogen content in 25% N medium was 110 mM,
NHj : NOjJ ratio was changed from 1 : 6 to 1 : 3.5.

RESULTS AND DISCUSSION

Effects of nitrogen and sodium humate levels on
cabbage hypocotyl culture are demonstrated in Fig.
la, b and 2. Differences in fresh weight of cabbage
explants were weighed after two and four weeks of
culturing. The effect of sodium humate was tested first
in the full strength MS medium. As there was no dif-
ference between control and 25% nitrogen variant
(Fig. 1b), the effect of nitrogen deficiency was then
tested on half strength MS medium (Fig. 2).

Starting growth inhibition caused by sodium humate
was observed after 2 weeks in both full and half
strength MS medium (Fig. 1a and 2). Differences in
fresh weight of Norway spruce polyembryonic culture
were evaluated after 10 days (Fig. 4). Method of con-
fidence intervals was used to test statistical significance
(Fig. 3 and 5). High statistical differences were found
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between control variant with 100% of nitrogen and
variant with 25% of nitrogen levels in spruce. In both
model plants the stimulative effect of sodium humate
(with optimal concentration 50 mg.l‘l) on the culture
growth under the condition of nitrogen deficiency was
observed. This effect was statistically significant in
spruce (Fig. 5). Moreover, in cabbage, the sodium hu-
mate could compensate the lack of nitrogen in the me-
dium (Fig. 1b).

Chaminade (1966) observed plant ability to util-
ise very low concentration of nitrogen in the presence
of humic acids. Humic substances stimulated synthesis
of nitrogen substances and increased normal plant
growth under levels of nitrogen salts which are gener-
ally toxic. Naturally, some nitrogen was present in the
cultured tissues. In the used sodium humate 0.86% of
NH} was found. Addition of 50 mg.I"! of sodium hu-
mate increased amount of NH}{ by 0.48 mg.l'l. On the
other hand, culture without nitrogen and without any
humic substance was completely inhibited. Heyduk
(1995), using the same cabbage model and 25% nitro-
gen level, observed statistically significant inhibition,
which was not found in the presence of 50 mg.l" of
potassium humate. In our experiments with cabbage,
the decrease of growth with 25% nitrogen level was not
statistically significant, but statistically significant
stimulation was observed in the presence of 50 mg.l_l

2 weeks old culture

nitrogen
level

nitrogen level

1. Effect of nitrogen and sodium humate (Na-Hu) levels on average
weight of cabbage hypocotyl culture with full strength MS medium
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after 4 weeks
after 2 weeks

fresh weight
(mg)

2. Effect of sodium humate on fresh weight of cabbage hypocotyl
explants under different levels of nitrogen in half strength MS me-
dium

K-0 - 100% nitrogen level without Na-Hu
0, 5, 50 — Na-Hu concentration in 25% nitrogen level

fresh weight (mg)

nitrogen level (15 to 60 mM) and adventitious bud in-
duction and elongation at 7.5 to 30 mM of nitrogen in
the media. Organogenesis is also sensitive to changes
in the ratio of NH : NO3. Optimal regeneration, for
example in pear, was observed on media with a 1 : 3
NW'NO§ ratio (Leblay et al., 1991). In our experi-
ments with 25% nitrogen level, NH : NO3 rano was
changed from 1 : 7.4 (original MS medlum) tol:
Amount of nitrogen affects also somatic embryo-
genesis. In our experiments with Norway spruce, the
50% decrease of nitrogen level (220 mM.I™}) signifi-
cantly increased the growth. In birch, the maximum
somatic embryond production can be achieved with
35 mM.I™! of total inorganic nitrogen in the medium
(Nuutila et al, 1991). On the contrary, in our ex-
periments with Norway spruce the decrease of nitrogen
level to 25% (110 mM.I"") significantly inhibited the

3. Confidence intervals for sodium humate ef-
fect on cabbage hypocotyl culture in various
levels of nitrogen and MS medium (4 weeks
culture)

half strength MS medium:

1-100% nitrogen level without Na-Hu
2-25% nitrogen level without Na-Hu
3-25% nitrogen level with § mg.l“I Na-Hu
4-25% nitrogen level with 10 mg.l'I Na-Hu
5-25% nitrogen level with 50, mg.1”'Na-Hu

full strength MS medium:

6-100% nitrogen level without Na-Hu
7-100% nitrogen level with 50 mg.1™' Na-Hu
8-25% nitrogen level without Na-Hu

9-25% nitrogen level with 50 mg. 1! Na-Hu

nitrogen 4. Sodium humate and nitrogen effect on Nor-
level way spruce polyembryonic culture

- B100%

o

E

= B 50%

-]

H [25%

=

“

e

[0] 10
mg.l-1 Na-Hu

sodium humate (Fig. 3). The plant cultures differ in
their nitrogen requirements. Araki et al. (1992) ob-
served that most of shoot apices of Chinese yam deve-
loped into shoots on modified Murashige-Skoog (MS)
medium with nitrogen level reduced to one-tenth of the
recommended concentration. With in vitro apple leave
cultures, inorganic nitrogen could be reduced by 75%
without any negative effect (Predieri, Malavasi,
1989). Selby, Harvey (1990) observed Sitka
spruce adventitious bud production at low inorganic
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growth. When 50 mg.I™! of sodium humate was added,
no inhibition was found (Fig. S). Lower concentrations
(5 and 10 mg. It ) were without any effect. In view of
the influence of humic substances on meristematic
cells, cell wall, and anatomic structures in vivo, it is
possible to suppose the direct effect of humic sub-
stances on morphogenic processes in vitro, either or-
ganogenesis or somatic embryogenesis. The spectrum
of humic substances effects on plant organs and cells
is very large. Many authors described hormone-like ac-
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tivity of humic substances (Vaughan, 1986). Mainly
in case of fulvic acids, Tichy (1982) observed activ-
ity similar to auxins, cytokinins or gibberellins.
Casenave de Sanfilippo et al. (1990) ex-
plained auxin like activity of humic substances by their
direct effect on IAA oxidase activity. Obviously, the
transport properties of plasma membrane and tonoplast,
regulating cell metabolism and mineral nutrition, can
be modulated by different modes of humic substances
action. Humic substances can stimulate, inhibit and
also help to overcome some of the stresses linked to in
vitro cultivation and thus improve normal plant growth
and development.

Surprisingly, humic substances had not been used
more extensively in plant tissue cultures so far. The
possible reason for that could be their not precisely
defined composition. On the other hand, many other,
not well defined substances, have been used broadly.
One of them, active charcoal, is not probably only an
absorbant, but exhibits also other effects on plants in
vitro. Therefore, the limited definition is not a valid
argument for the complete rejection of humic sub-
stances, especially in micropropagation of wild plant
species and gene conservation projects. Moreover,
modern analytic techniques could minimize differences
and increase the uniformity of the used humic sub-
stances fractions.
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AKTIVITA GIBERELINU V OBILKACH JARNIHO
JECMENE (HORDEUM VULGARE L.) V PRUBEHU
POSKLIZNOVEHO DOZRAVANI

ACTIVITY OF GIBBERELLINS IN CARYOPSES OF SPRING BARLEY
(HORDEUM VULGARE L.) DURING POST-HARVEST MATURATION

M. Hudeovi', V. Psota®, H. Vitkova'

'Mendel University of Agriculture and Forestry, Brno, Czech Republic
2Research Institute for Brewing and Malting, Brno, Czech Republic

ABSTRACT: The activity of endogenous gibberellins was studied in the stage of milk ripeness (10 July), full ripeness
(24 July) and during post-harvest maturation (1, 7, 14 and 28 August) in caryopses of three varieties of spring barley (Alexis,
Akcent and Rubin). The activity of gibberellins in the course of post-harvest maturation was studied in caryopses germinated
after 24 and 48 hours together with caryopses which had only swollen after 24 and 48 hours but not germinated. At the same
time, the values of energy and index of germination were investigated. Gibberellin activity in dry caryopses was the highest
in the Akcent variety, with an increasing tendency in all three varieties for the studied period. Gibberellin activity was found
to correspond with the values of energy of germination and index of germination. The quickest to germinate were caryopses
of the Alexis and Akcent varieties. Gibberellin activity in caryopses which germinated after 24 hours was somewhat higher
than those that germinated after 48 hours. During post-harvest maturation, gibberellin activity declined in the germinated
caryopses. Gibberellin activity in caryopses which did not germinate after 24 and 48 hours, was approximately the same as
in the germinated caryopses. In these caryopses, the activity of gibberellin also decreased during post-harvest maturation.
Based on the above results it can be said that post-harvest maturation of caryopses of spring barley is significantly influenced
by the activity of endogenous gibberellins. However, the resulting values of the energy and index of germination are also
affected by many other factors. The interaction of phytohormones is indisputable and also the ability of cells and tissues to
respond to the effect of the phytohormones.

barley (Hordeum vulgare L.); germination; dormancy; gibberellin

ABSTRAKT: V obilkich tfi odrid jarniho je¢mene (Alexis, Akcent a Rubin) byla sledovina aktivita endogennich giberelint
v mlééné zralosti (10. 7.), v plné zralosti (24. 7.) a v prib&hu poskliziiového dozravani (1. 8., 7. 8., 14. 8., 28. 8.). V pribéhu
poskliziiového dozravani byla aktivita giberelinii sledovédna i u obilek nakli¢enych po 24 a 48 h a zéroveii u obilek, které po
24 a 48 h pouze nabobtnaly, ale nevykli¢ily. Soucasné byly zji§tovany i hodnoty energie a indexu kli¢eni. Aktivita giberelini
v suchych obilkdch byla nejvy3si u odridy Alexis a nejniZsi u odridy Rubin. U vSech tfi odrid méla v pribé&hu sledovaného
obdobi vzestupny trend. S aktivitou giberelinii souvisely i hodnoty energie a indexu kli¢eni. Nejrychleji a nejvitalnéji klicily
obilky odriid Alexis a Akcent. Obilky, které nakli¢ily po 24 h, vykazovaly mirné vy33i aktivitu giberelini neZ obilky, které
nakli¢ily po 48 h. Aktivita giberelini v prubéhu poskliziiového dozravani v naklienych obilkdch klesala. Nejpozvolnéji
u odriidy Rubin. Aktivita giberelinii v obilkach, které nenakli¢ily v pribéhu 24 nebo 48 h, byla pfibliZzné na stejné trovni
jako u obilek, které vykliily. Také u t€chto obilek aktivita giberelini b&hem poskliziiového dozravéni klesala. Z dosaZenych
vysledku je zfejmé, Ze poskliziiové dozravani obilek jarniho je¢mene je vyznamné ovlivnéno aktivitou endogennich giberelini.
Vysledné hodnoty energie a indexu kli¢eni jsou viak dany souhrou fady dalSich faktorl, pfedeviim rovnovihou mezi fyto-
hormony a citlivosti bun&k a pletiv k nim.

je¢men (Hordeum vulgare L.); kli¢eni; dormance; giberelin

UVOD kladné poznani pochodl probihajicich béhem dorman-
ce, pfipadné jiZ béhem vyvoje a zrani obilek je tieba

Studium procesti dormance u obilnin je nutné ze- nejen pro sladafstvi, ale i pro péstovani jeCmene. Sou-
jména u jarniho jeémene v souvislosti s jeho vyuZitim  visi s tim pfedev§im dikladné poznani tlohy jednotli-
ve sladaiském pramyslu, nebot pfi sladovani jecmene vych fytohormoni a jejich interakci v dormanci
muiZe dormance obilek zplsobovat ur€ité potize. Di- (Wheeler, 1972; Goldbach, 1975; Hudeova,
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1978; Prochazka et al, 1982; Hudeova et al,,
1996). Vyjdeme-li z definice, Ze slad je dobfe naklice-
ny a rozlu§tény je¢men, je ziejmé, Ze hlavnim poZadav-
kem na dobry sladovnicky jeCmen je vyrovnané a spise
rychlé kli¢eni. V pfedloZené préci byla sledovana akti-
vita giberelini v suchych, nakli¢enych a nenakli¢enych
obilkach vybranych odrid jarniho je¢émene v pribéhu
jejich zrani a poskliziiového dozravani.

MATERIAL A METODA

Endogenni gibereliny byly stanovovény v obilkach
tfi odrid jarniho je€mene (Akcent, Alexis a Rubin).
Pokusné odridy byly péstovany ve Statni odridové
zkuSebné ve VE&rovanech.

Aktivita giberelinii byla sledovina béhem ontogene-
tického vyvoje obilek a v prib&hu poskliziiového do-
Zravani.

Terminy odbéru vzorku:

1. (mlé&n4 zralost) 10. 7. 1995
2. (voskova zralost) 24.7. 1995
3. (plna zralost) 1. 7. 1995
4. 7. 8. 1995
5. 14. 8. 1995
6 28. 8. 1995

Kromé toho byla od faze plné zralosti obilek zjisto-
véna kli¢ivost obilek a déle aktivita giberelinii v obil-
kach, které za 24 a 48 h naklicily a nenaklicily.

Kli¢eni obilek probihalo v Petriho miskéch, v ter-
mostatu pfi teploté 20 °C. Po 24 a 48 h bylo odebrano
45 obilek naklienych a 45 obilek nenakli¢enych. Za na-
kli¢ené byly povaZovany obilky s kofinky 1 aZ 2 mm.

Po extrakci 99% metanolem + BHT (dvakrat 24 h)
a chromatografickém déleni byla stanovena aktivita en-
dogennich giberelini saldtovym testem (Fran-
kland, Wareing, 1960; Hradilik, 1977).

Energie a index kli¢eni (Riis, Bang-Olsen,
1991) byly stanoveny timto zpuisobem: 4 x 100 obilek
kli¢ilo v Petriho misce (85 mm). Obilky byly rozloZeny

na dvou vrstvich filtracniho papiru. Po pfidani 4 ml
vody probéhla inkubace pfi teploté¢ 20 + 0,2 °C ve
vlhké atmosféfe. Obilky viditelné nakli¢ené byly spo-
Citdny a odstranény po 24, 48 a 72 h po pfidani vody.

VYSLEDKY A DISKUSE

U vybranych odrid jarniho jecmene (Akcent, Alexis
a Rubin) byla v suchych obilkdch sledovana aktivita
giberelini béhem ontogeneze a déle v uvedenych ter-
minech poskliziiového dozravéani. Kromé toho byla od
faze plné zralosti obilek zjiSfovina také aktivita gibe-
relind v prib&hu kli¢eni obilek (za 24 a 48 h), a to jak
v obilkach nakli¢enych, tak i v obilkach, které v uve-
denych intervalech nenakli€ily (obr. 1 aZ 6).

U vSech sledovanych odrid se projevil obdobny pru-
béh aktivity giberelini béhem ontogeneze obilek — ak-
tivita giberelin se zvySovala (obr. 1, 3 a 5). Zfeteln&jsi
rozdily mezi odriidami se projevily teprve b&hem po-
skliziiového dozrdvani. U odrid Rubin a Akcent lze
v tomto obdobi konstatovat vzestupny trend aktivity
giberelini (obr. 1 a 5). Vyrazné se od popsanych odrud
1i8i odrida Alexis, u které doslo 14 dni po sklizni k vy-
raznému zvySeni aktivity giberelini v suchych obil-
kich s nasledujicim prudkym sniZenim na tdroveii akti-
vity giberelinii u odrid Rubin a Akcent. Vzestupna
aktivita giberelinii v obilkdch v pribé&hu poskliziiového
dozravani odpovida popisované tloze giberelinu v pro-
cesech dormance a v nasledném kli¢eni obilek. Mnozi
autorfi zjistili v prib&hu ontogeneze obilek je¢mene
dvouvrcholovou kfivku (Mounla, Michael,
1973). Jednovrcholovou kiivku s maximem giberelini
ve fazi mlé¢né zralosti a s naslednym poklesem uvadéji
Dundelova, Prochazka (1989).

Aktivita giberelinii v kli¢icich a nekli¢icich obil-
kach, zjiStovana v prib&hu poskliziiového dozravani,
ma sestupny charakter (obr. 1 az 6). I zde se vSak pro-
jevuji odriidové rozdily. U odriid Alexis a Rubin byla
v plné zralosti obilek zjiSténa vyssi nebo stejna aktivita

1. Aktivita giberelina
v suchych a nakli¢enych
obilkich odrudy Akcent —
Activity of gibberellins in
dry and germinated caryop-
ses of Akcent variety

Vysvétlivky k obr. 1 aZ 6 —
Explanations to Figs 1 to 6:
V suché obilky - dry cary-
opses

<& po 24 h kli¢eni - after 24
h of germination

O po 48 h kli¢eni — after 48
h of germination
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2. Aktivita giberelini
v suchych a nenakli-
&enych obilkdch
odridy Akcent — Ac-
tivity of gibberellins
in dry and ungermi-
nated caryopses of
Akcent variety

150 ¢ :
1
100 +
1
s L
1
S PO EOS e e T T SRS TS S0 :
10,7,85 247,95 1,8,95 7.8,95 14,895 28,8,95
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giberelini u naklienych i nenakliGenych obilek neZ
u obilek suchych (obr. 3 aZ 6), zatimco u odridy Ak-
cent byla ve fazi plné zralosti aktivita giberelinti u na-
klicenych i nenakli¢enych obilek vétSinou niZ§i neZ

ROSTLINNA VYROBA, 43, 1997 (5): 237-241

3. Aktivita giberelini
v suchych a naklice-
nych obilkich odrudy
Alexis — Activity of
gibberellins in dry
and germinated cary-
opses of Alexis vari-
ety

14,8,95

4. Aktivita giberelini
v suchych a nenakli-
cenych obilkach
odrudy Alexis — Ac-
tivity of gibberellins
in dry and ungermi-
nated caryopses of
Alexis variety

u obilek suchych (obr. 1 a 2). U odrid Akcent a Alexis
se projevuje uritd obdoba ve sniZeni aktivity gibereli-
ni v prub&hu dozravani zejména u nakli¢enych obilek
(obr. 1 a 3).
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5. Aktivita giberelini
v suchych a naklice-
nych obilkich odridy
Rubin — Activity of
gibberellins in dry
and germinated cary-
opses of Rubin vari-
ety

6. Aktivita giberelini
v suchych a nenakli-
&enych obilkach
odridy Rubin - Ac-
tivity of gibberellins
in dry and ungermi-
nated caryopses of
Rubin variety

7. Energie klieni
jarniho je¢mene po
72 h — Germination
energy of spring bar-
ley after 72 hours

Vysvétlivky k obr. 7
a 8 — Explanations to
Figs 7 and 8:

V' Akcent

& Alexis

O Rubin

Pfi pozorovéni aktivity giberelini se ukazuje, Ze do§lo  spotiebou giberelini v prvnich fazich kli¢eni nebo také
po 48 h predevsim u kli¢icich obilek pokusnych odriid ke s jejich nizkou syntézou. Pokles aktivity giberelini bé-
sniZeni aktivity giberelinii ve sledovanych terminech po- hem kliCeni obilek zjistili také Brookes, Martin
sklizfiového dozravani. Toto sniZeni by mohlo souvisetse  (1975), av8ak aZ po tfech dnech kli¢eni.

240 ’ ROSTLINNA VYROBA, 43, 1997 (5): 237-241



Fyziologicky stav obilek sledovanych odrud se
v terminech odbérd projevil na hodnotich energie a in-
dexu kli¢eni. Pfedev§im index kli¢eni ukazoval na vy-
znamné rozdily mezi sledovanymi odridami. Nejrych-
leji a nejvitalngji klicily obilky odrid Alexis a Akcent
(obr. 7 a 8). Aktivita giberelini souvisela s hodnotami
energie a indexu kliceni, avSak hloubka poskliziiového
dozravani neni dana zfejmé pouze aktivitou giberelini
(Corbineau, Cdme, 1996), ale i obsahem a akti-
vitou ostatnich latek hormondlniho charakteru a téz
senzitivitou bunék k fytohormonim (Trewavas,
1982).

Studie byla financovana GA CR (registradni &islo
grantu 501/93/0828).
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THE EFFECT OF ABSCISIC ACID, BENZYLADENINE
AND SUCROSE ON GROWTH OF COTYLEDONARY
AXILLARIES IN FLAX SEEDLINGS (LINUM
USITATISSIMUM L.)

VLIV KYSELINY ABSCISOVE, BENZYLADENINU A SACHAROZY
NA RUST DELOZNICH PUPENU U KLICNICH ROSTLIN LNU
(LINUM USITATISSIMUM L.)

S. Prochazka, V. Borkovec, M. E.-D. Ibrahim, J. Blazkova

Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: The effect of abscisic acid (ABA), benzyladenine (BA) and sucrose transported from the roots or cotyledons
was studied with regard to the relationship between the outgrowth of cotyledonary axillary buds. After decapitation of the
apex and excision of one flax seedling cotyledon, the remaining cotyledon stimulated the growth of axillary bud, while the
outgrowth of the bud on the side of the excised cotyledon was inhibited. Both cotylars functioned as the sites of accumulation
of nutritive (sucrose) and regulative (ABA, BA) substances. Sucrose applied to the roots was intensively transported and the
growth of both cotylars was stimulated despite the regulative role of cotyledon. ABA applied to the roots and/or cotyledon
was accumulated in the growing and also the inhibited cotylar, however, the growth of cotylary buds was not stimulated. BA
transported from roots into both cotylars stimulated their growth. ABA stimulated transport of sucrose from cotyledons into
growing cotylars. Transport and distribution of studied phytohormones and sucrose were affected by the site of their appli-
cation and, to a certain degree, it also affected their growth regulative effects.

flax seedlings; 14C_abscisic acid; 14C-benzyladenine; 14C_sucrose;, root-shoot transport; outgrowth of axillary buds

ABSTRAKT: U kli¢nich rostlin Inu byl studovan vliv kyseliny abscisové (ABA), benzyladeninu (BA) a sachar6zy transpor-
tovanych z kofeni nebo déloh na rist déloZnich axilarnich pupent. Po dekapitaci apexu a odstranéni jedné z déloh kli¢nich
rostlin Inu stimulovala zbyvajici déloha rust uZlabniho pupenu, zatimco pupen na strané odstranéné délohy byl v riistu
inhibovan. Oba kotyldry byly misty akumulace ldtek nutriéni (sacharéza) i regulacni (ABA, BA) povahy. Sacharéza apliko-
vana ke kofenim byla intenzivné transportovana a rust obou kotylari byl stimulovin bez ohledu na regulagni dlohu délohy.
ABA aplikovand ke kofenim i na délohu se akumulovala v rostoucich i inhibovanych kotyldrech, riist kotyldrnich pupent
vSak nestimulovala. BA transportovany z kofeni do obou kotylari stimuloval jejich rist. ABA stimulovala transport sacha-
rézy z déloh do rostoucich kotylari. Transport a distribuce sledovanych fytohormoni a sacharézy byly ovlivnény mistem
aplikace (kofeny, délohy), coZ do jisté miry ovlivnilo i jejich ristové regulacni ucinky.

kli¢ni rostliny Inu; ”C-kyselina abscisova I“C-benzyladenin; 14¢.sacharéza; transport kofen-stonek; riist iZlabnich pupentt

INTRODUCTION

In contrast to hypogeic pea cotyledons which inhibit
the growth of their buds (Dostal, 1959), the epigeic
cotyledons of flax promote the growth of their buds.
This stimulating effect does not begin to decline until
after 4 to 7 days. Within 12 hours after amputation of
one cotyledon, an increased level of endogenous gib-
berellins and cytokinins in buds can be observed, even
though no detectable growth changes occur (Se-
banek et al., 1980).

Inhibition or stimulation of bud outgrowth is ex-
plained on the basis of hormonal balance, or interac-
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tions between phytohormones, especially between aux-
ins and cytokinins (Cline, 1991). However, almost
all known phytohormones (auxins, cytokinins, gib-
berellins, ethylene, ABA) are, to some degree, involved
in bud growth regulation, but their interactions are not
completely understood yet (Tamas, 1995). Cytokin-
ins play a key role in the initiation of bud growth,
while gibberellins stimulate the bud growth during the
release from inhibition (Prochdzka, Jacobs,
1984).

The aim of this work was to compare the transport
of substances of regulative (BA, ABA) and nutritive
(sucrose) nature from the roots or cotyledons with re-
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gard to the outgrowth of cotyledonary buds in flax
seedlings.

MATERIAL AND METHODS

21-days old flax seedlings planted in vessels
(100 ml volume) with Richter’s solution under
12 hours photoperiod, were used in experiments. Plants
were decapitated just above cotyledons, one cotyledon
was removed and plants were transferred to another
vessel (100 ml volume), where roots were immersed
into '4C-labelled solutions. '#C-sucrose, (UVVVR,
Czech Republic), specific activity 12 TBq. M~ was
diluted with distilled water, so that concentration of
solution was 1.1077 M.I"! and radioactivity of solution
was 120 KBq.I™!, 14c_ABA (Amersham, UK), specific
activity 6.62.10> GBq.M™!, was diluted with distilled
water, so that concentration of solution was 1.05.1070
M.I™! and radioactivity 6.96.10> MBq.I". 4C-BA,
(Amersham, UK), specific activity 2.11 GBq.M‘l was
diluted” with distilled water to the concentration of
1.107° M.I"! and radioactivity 0.99 MBq.I"\. In the
study of 14Cc_sucrose and 4C-ABA transport from
cotyledons, labelled solutions were applied in form of
2 pl drops. After 24 hours of uptake, plants were trans-
ferred back to Richter’s nutrient solution and cultivated
for another 72 hours under continuous light.

After the transport period (i.e. 24 + 72 hours), plants
were divided into parts (roots, epicotyls, hypocotyls,
cotyledons, growing buds, inhibited buds). Six plants
were pooled into one sample, their fresh mass was de-
termined and they were dried to a constant mass. Sam-
ples were combusted under a flow of oxygen and e,
-activity was measured using the method of liquid scin-
tillation (Kala, PeSka, 1980). Thirty plants (five
samples) were used for experiments and experiments
were repeated three times. From obtained values, the
mean and standard deviation were calculated.

RESULTS

The fresh mass of buds (Tab. I), the transport and
distribution of 14C-sucrose, 14C_BA and '“C-ABA
from roots or cotyledons into the remaining parts of the
flax seedlings (Tabs II to V) were determined after their
deca4pitation and excision of one cotyledon.

4C-sucrose (Tab. II) was relatively intensively
transported from the roots into all the aboveground
parts of the seedlings. High radioactivity was found in
the growing bud, but when calculated to the fresh mass
(Fig. 1) it was the inhibited bud that became the site of
a strong accumulation of sucrose. When the found val-
ues of fresh mass of buds were compared with the

1. The fresh mass of growing and inhibited buds of flax seedlings after different treatments (transport period 24 + 72 hours)

Treatment e ieats )
growing bud inhibited bud

Control 0.026 0.008
14C.sucrose root application 1.1077 M.I"! 0.065 0.017
14C.sucrose root appllication 1.10°2 M.1™! 0.045 0.012
14C-ABA cotyledon application 2.1.102 M.I"! 0.030 0.009
14C-ABA root application 1.05.107% M.I™! 0.026 0.009
!4C-BA root application 1,10~ M.I-! 0.050 0.020
14C.BA root application 1.10~° M.I"! 0.040 0.010
e, cotyledon appli 3.5.107° M.IT! 0.037 0.009
e cotyledon application 3.5.10-5 M.I"' + ABA 1.10-2 M.I"! 0.042 0014

I1. Distribution of root applied 1C-sucrose (Bq) to the individual parts of flax seedlings (transport period 24 + 72 hours)

Root application of '“C-sucrose (1.10”7 M.I"!) Root application of '“C-sucrose (1.10°2 M.I"")
Part-of plant 14C-activity (Bq) ﬂéﬁg:‘;t’; fresh mass 14C-activity (Bq) f’,‘é";';:‘v':’t'; fresh mass

x S, % g X S % g
Cotyledon 26.46 1.5 0.64 0.137 2490 0.9 2.55 0.110
Growing bud 38.72 5.2 0.94 0.065 26.43 1.7 271 0.045
Inhibited bud 26.03 1.2 0.63 0.017 20.10 1.5 2.06 0.012
Epicotyl 15.14 1.1 0.37 0.023 11.20 1.0 1.16 0.017
Hypocotyl 268.90 15.7 6.52 0.150 174.80 7.7 17.93 0.130
Roots 3 748.80 13 90.90 0.371 717.40 1.4 73.99 0.357
Total 4 124.05 100 974.83 100
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I11. Distribution of root or cotyledon applied '“C-ABA (Bq) to the individual parts of flax seedlings (transport period 24 + 72 hours)

Root application of ¥C-ABA (2.1.10"2 M.I"!) Cotyledon application of “C-ABA (1.05.10°% M.I"!)
Part of plant 14C-activity (Bq) ﬂé‘:g:l:ﬁ; fresh mass MC-activity (Bq) ﬂ,‘g::::sz‘; fresh mass

X S, % g x S, % g
Cotyledon 78.70 35 12.00 0.100 4 427.80 27 " 6421 0.096
Growing bud 29.20 1.0 4.40 0.030 999.11 2.6 14.49 0,026
Inhibited bud 15.78 0.8 2.40 0.009 284.20 12.6 4.12 0.009
Epicotyl 14.65 1.7 223 0.015 129.03 72 1.87 0.012
Hypocotyl 116.2 56 17.65 0.120 440.50 149 6.39 0.110
Roots 403.60 7.1 61.32 0.330 615.08 25.7 8.92 0.340
Total 658.13 100 895.72 100

IV. Distribution of root applied “c-BA (Bq) to the individual parts of flax seedlings (transport period 24 + 72 hours)

Root application of '4C-BA (1.10”7 M.I"}) Root application of “C-BA (1.10~° M.I™!)
Part of plant 14C-activity (Bq) F}é’:‘::‘;g‘; fresh mass 14C-activity (Bq) f’;éﬂ::sﬁ; fresh mass
¥ S, % g ¥ S, % g

Cotyledon 13.90 1.0 11.83 0.120 9.10 1.0 7.55 0.110
Growing bud 11.60 15 9.88 0.050 7.78 1.3 6.45 0.040
Inhibited bud 5.50 0.4 4.68 0.020 4.07 0.3 3.38 0.010
Epicotyl 407 0.7 3.47 0.017 2.40 0.3 1.99 0.010
Hypocotyl 16.60 1.4 14.13 0.120 11.40 15 9.46 0.120
Roots 65.80 3.2 56.01 0.240 85.80 52 7117 0.290
Total 4 124.05 100 974.83 100

V. The effect of ABA on the transport of ¢ sucrose (Bq) applied to the cotyledon of flax seedlings (transport period 24 + 72 hours)

Cotyledon application of '*C-sucrose (3.5.107 M.I"") (ggf’;'gf‘5°§4f‘]12 )li:ui‘g‘AO{’l.Al%:Szu;;ﬁff)
v 14C-activity (Bq) ?"I(S:t:l;:c?t; fresh mass 14C-activity (Bq) ﬂg:g::?‘; fresh mass
x S, % g x S o g

Cotyledon 1 990.30 6.8 69.30 0.140 2 060.0 2.1 60.52 0.100
Growing bud 24530 10.9 8.54 0.037 737.7 3.8 21.67 0.042
Inhibited bud 51.30 35 1.79 0.009 76.3 38 2.24 0.014
Epicotyl 37.44 2.5 1.30 0.018 43.7 4.2 1.28 0.014
Hypocotyl 123.60 55 430 0.128 9238 75 273 0.110
Roots 42430 13.7 14.77 0.360 393.6 13.8 11.56 0.320
Total 2 872.04 100 3 404.1 100

untreated control variant (Tab. I), where the mass of
the growing bud was 26 mg and the mass of the inhib-
ited bud was 8 mg, it was evident that sucrose signifi-
cantly stimulated the growth of both buds. However,
the stimulating effect of the epigeic cotyledon was not
affected and the fresh mass of the inhibited bud was
approximately 25% of the biomass of the growing bud.
The distribution pattern of l4C-activily after the appli-
cation of C-sucrose in both concentrations was nearly
the same.
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Comparison of the transport and distribution of He:
-ABA (Tab. III) has shown that ABA was intensively
transported both from the roots to the aboveground part
and from the cotyledon to the roots. In both cases, the
%rowing bud accumulated, in total, a higher amount of

4C-activily. however, when calculated to the fresh
mass (Fig. 2), l4C-activity transported from the roots
was considerably higher in the inhibited bud. When
4C-ABA was applied to the cotyledon, this calculated
radioactivity was approximately the same in both buds.
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3. Distribution of root applied “cBA (Bq.g") (1.107 and 1.107°
M.I™") to the individual parts of flax seedlings (transport period 24 +
72 hours)

Explanations to Figs 1 to 4:

R - roots, H — hypocotyl, E — epicotyl, C - cotyledon, B, — growing bud, B;

246

—e— "C.ABA: root appl.
—o— “C.ABA: cotyl. appl.
X 50000
2000} \
0\6
30000
i 20000
3 [
. -
sy — %
3;: / 000 g
o Ig Mlé
b, )

R H E c Bg B

2. Distribution of root or cotyledon applied Yc.ABA (Bq.g")
(1.05.107° M.I™) or (2.1.102 MI™) to the individual parts of flax
seedlings (transport period 24 + 72 hours)

ue. “C-StABA

—o— "C- sucrose + ABA
u s 4
200091
>
L]
10000

Radioactivity [Bq-g"']

R H E [ By B

4. The effect of ABA (1.107> M.I"") on the transport of cotyledon
applied "¢-sucrose (Bq.g") (3.5.10° M.I'") to the individual parts
of flax seedlings (transport period 24 + 72 hours)
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The fresh mass of the buds did not significantly differ
from the control plants (Tab. I).

When applying a lower concentration of 4C-BA to
the root system (Tab. I), the biomass of both buds was
considerably affected, while a higher concentration of
14C.BA increased the mass of only the growing bud.
The l“C-activity was found to be higher in growing
buds (Tab. IV). However, when calculated to fresh
mass of the bud, the 14C-activity was significantly
higher in the inhibited bud (Fig. 3). The distribution
pattern of I“C-activity was not affected by applied con-
centration of BA.

If "4C-sucrose was applied to the remaining cotyle-
don and its transport to the other tissues was studied
together with ABA (Tab. V), 14 _sucrose was found to
be transported mainly to the growing bud and to the
root system. The growing bud became the main sink
for the transported labelled sucrose even when the o
-activity was calculated to the fresh mass of the bud
(Fig. 4). Sucrose applied to the cotyledon stimulated
the growth of its growing bud (Tab. I).

DISCUSSION

After decapitation of the apex and excision of one
cotyledon epigeic cotyledon of flax seedlings stimu-
lates the growth of its buds, while the bud growth on
the side of the excised cotyledon is inhibited
(Dostél, 1959).

When sucrose was applied to the roots, then it was
intensively translocated and the growth of the cotylars
was stimulated regardless of the regulative effects of
the cotyledon, what means that the stimulating effect
of the cotyledon on the buds was not influenced by
sucrose application.

Comparison of transport and distribution of e
-ABA after application to the roots or to the remaining
cotyledon showed that ABA can relatively easily move
through the flax seedlings, probably through the xylem
(after application to the roots), and probably through
the phloem (after application to the cotyledon), what
corresponds with the generally accepted ways of ABA
transport (Walton, 1980; Walton, Li, 1995).
Important is the finding that when applied to the roots,
14%C_ABA intensively accumulated in the inhibited bud,
while in the case of application to the cotyledon, the
specific 14C-activity was similar in both buds. This in-
dicated that in flax plants, ABA synthesized in roots
could contribute to the correlative inhibition of this
bud.

After the application of two different concentrations
of BA to the roots, the transport of 14C_BA to the both
buds was very intensive. However, the effect of BA on
the fresh mass of growing bud was more pronounced.
The lower concentration was obviously more effective
for the growth of buds. From this data we can conclude
that cytokinins synthesized in flax roots could affect
the growth of lateral buds in the same way as in pea
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seedlings (e.g. Prochazka, Jacobs, 1984). Itis
questionable whether the cytokinins synthesized in the
roots, or those synthesized in the epigeic cotyledons as
one of the further possible sites of biosynthesis of cy-
tokinins, play the role of the primary correlative signal
(Sebanek et al., 1980). Our former experiments
(Prochazka, Jacobs, 1984; Prochazka,
Blazkova, 1986) have shown that the decisive
changes take place in the buds, not hours but probably
only minutes after the decapitation. Most important for
the release of buds from inhibition will apparently be
the immediate presence of substances which could con-
tribute to this process. If the cytokinins were to play
this role, it would mean that especially their level in
the epigeic cotyledons would be decisive.

The simultaneous application of ABA and cosu-
crose to the cotyledon led to an intensive stimulation
of transport to the growing bud. This could mean that,
at the given concentration, ABA is not only incapable
of inducing inhibition of the bud in the site of its direct
application, but it stimulates the transport of Meosu-
crose to the bud released from inhibition by decapita-
tion of the apex. This finding is in accordance with
some of the experiments (Tanner, 1980) where the
stimulating effect of ABA on the transport of sucrose
to the site of intensive growth was also found.

Transport and distribution of phytohormones and su-
crose were affected by the site of their application
(roots, cotyledons) and to a certain degree it also af-
fected their growth regulative effects. We can conclude
that ABA synthesized in the cotyledon and transported
through the phloem will probably affect the growth of
buds in a different way than ABA synthesized in the
roots and probably transported mainly through the xy-
lem.

This study was supported by the grant GA CR
96/K188.
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nych nedostatcich a price se konfrontuje s vysledky dfive
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Na zvla$tnim listé uvadi autor pIné jméno (i spoluautori),
akademické, védecké a pedagogické tituly a podrobnou adresu
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The author is fully responsible for the originality of his
paper, for its subject and formal correctness. The author shall
make a written declaration that his paper has not been publish-
ed in any other information source.
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tance, contribution and quality of the paper.
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