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VARIABILITY OF POTENTIAL AND WATER-LIMITED
SUGAR BEET AND SPRING WHEAT YIELDS SIMULATED
WITH WOFOST MODEL

VARIABILITA POTENCIALNICH A VODOU LIMITOVANYCH VYNOSU
CUKROVKY A JARNI PSENICE SIMULOVANYCH MODELEM WOFOST

J. Haberle!, C. A. van Diepen”

'Research Institute of Crop Production, Praha-Ruzyné, Czech Republic
’DLO-Winand Staring Centre, Wageningen, The Netherlands

ABSTRACT: Potential and water-limited yields of spring wheat and sugar beet in the period 1961 to 1993 were simulated
with crop growth model WOFOST 6.0. Monthly averages of weather data and daily precipitation were used as driving
variables. The study was aimed at the estimation of combined effects of the accumulated soil moisture reserves at emergence
date (water available capacity — WAC) and of the precipitation during the growing season on interannual yield variability.
The results were compared with the variability of potential yields and with average national yields in the period 1961 to 1993.
The interannual variability (as coefficient of variability) of simulated beet yields in the years 1961 to 1993 was lowest under
non-limiting condition (9.3%). Decreasing water supply at emergence from 20 cm of water available capacity (20 WAC) to
10 ecm (10 WAC) increased yield variability from 15.3% to 30.5%. Simulated potential beet yields reached 16.0 t/ha and they
dropped to 12.0 t/ha with a decreasing water supply. Yield variability in wheat increased from 5.8% under potential, non-lim-
iting conditions, to 13.0% and 32.3% at 20 WAC and 10 WAC, resp. Average yields decreased from 8.4 t/ha to 6.2 t/ha.

Keywords: WOFOST model; potential yield; variability; water-limited; spring wheat; sugar beet; national yields

ABSTRAKT: Pomoci modelu WOFOST 6.0 byly simulovany potencialni a vodou limitované vynosy jarni pSenice a cukrovky
v letech 1961 aZ 1993. Pro simulaci byly pouZity mé&si¢ni priméry povétrnostnich ddaji a denni ddaje o sraZkach v Praze-
-Ruzyni. Cilem price byl odhad vlivu rizné modelové zasoby pfistupné vlahy ve 100 cm pudniho profilu v dob& vzchazeni
(hodnoty 10 ¢cm, 1S ¢m a 20 cm WAC) spolu se skutenym mnoZstvim sraZek v prub&hu vegetalni sezony na meziro&ni
variabilitu vynost. Vysledky byly porovndny s variabilitou potencidlnich vynosi, které nejsou limitovdny jinymi vn&j¥imi
faktory neZ radiaci a teplotou. Pro srovnani jsou uvedeny primérné vynosy a variabilita vynosii obou plodin v CR v letech
1961 az 1993. Mira meziro¢ni variability simulovanych vynosi cukrovky v obdobi 1961 aZ 1993, vyjadiend koeficientem
variability, byla nejniZii u potencidlnich vynosi (9,3 %). Variabilita vynosti se zvySovala s klesajici zdsobou vody v pudé
z 15,3 % pfi 20 cm WAC na 30,5 % pfi 10 cm WAC. Primérny simulovany vynos bulev cukrovky za nelimitovanych
podminek dosahl 16,0 t/ha a s klesajici zdsobou vody se sniZoval aZ na 12,0 t/ha (v suing€). Meziro¢nikové variabilita
simulovanych vynost jarni pSenice a vliv klesajici zdsoby pfistupné vody na jafe byly podobné jako u cukrovky. Vechny
vynosy jsou vyjadieny v suSiné. Variabilita se zvysila z 5,8 % u potencialnich vynosu na 13,0 % pfi zasobé vody 20 cm WAC
a32,3 % pii 10 cm WAC. Primérny vynos se sniZil z 8,4 t/ha na 6,2 t/ha (v susiné). Meziro¢ni variabilita pramérnych vynost
jarni p¥énice v CR v letech 1961 aZ 1993 byla 21,6 % a 14,1 % u cukrovky. Prim&rny nérdst vynost za rok inil v daném
obdobi u cukrovky 58 kg/ha a u jarni pSenice 43 kg/ha. Simulované, vodou limitované vynosy jarni pSenice a cukrovky
korelovaly pozitivné (r = +0,57 a +0,41) s pramé&rnymi vynosy v CR upravenymi o trend nértstu.

Klicova slova: model WOFOST; potencidlni vynos; variabilita; limitovany vodou; jarni pSenice; cukrovka; republikové vynosy

INTRODUCTION 1994). The potential yields assume conditions of ample

supply of nutrients and water, under pest-, disease- and

Crop models have many current and potential uses
for answering questions in research, crop management,
and policy, as recently summarized by Boote et al.
(1996). Among others, crop modelling has been used
for estimating the effect of limiting factors on yield as
compared to potential yields (e.g. Aggarwal, Kalra,
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weed-free conditions. Yield predictions and interannual
yield variability reflecting fluctuations of weather con-
ditions are of interest to government agencies, com-
modity firms, and producers (Koning, Diepen, 1992;
Koning et al., 1993; Boote et al., 1996; Supit, 1997,
Chipanshi et al., 1997).
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In modern agriculture water supply presents one of
the main constraints. Water consumption for growth has
increased as yields have increased in the last decades
due to higher inputs and improved genotypes. It
brought greater vulnerability to fluctuations in precipi-
tation in rain-fed agriculture. The yield depression is
the most severe in a year with a combination of a rela-
tively dry inter-season (autumn and winter), and a dry
spring, as it was the case in 1998. It should be men-
tioned, that the proportion of irrigated wheat and beet
in Czech Republic is negligible.

We used the crop growth simulation model
WOFOST 6.0 (Hijmans et al., 1994; Supit et al., 1994)
to calculate the yield variability of spring wheat and
sugar beet under potential (only radiation and tempera-
ture-limited) and water-limited conditions in the period
1961 to 1993. The aim of the work was to estimate the
combined effect of the accumulated soil moisture re-
serves at sowing date and of the precipitation during the
growing season on interannual yield variability.

MATERIAL AND METHODS
Crop model and theoretical yield levels

WOFOST 6.0, acronym for World Food Studies, is
a generic crop growth model (Diepen et al., 1989; Hij-
mans et al., 1994; Supit et al., 1994). The suppliers of
WOFOST 6.0 are the DLO Winand Staring Centre and
the DLO Research Institute for Agrobiology and Soil
Fertility in Wageningen, The Netherlands. WOFOST is
a process-based model that simulates phenological de-
velopment and growth of a defined annual field crop in
" response to meteorological factors. The model de-
scribes the potential, water-limited and nutrient-limited
production of crops determined by crop species, soil
type, hydrologic conditions and weather during the
growing season. Potential yields are limited by the tem-
perature and solar radiation regime, and indicate the
production ceiling for farming non-limited by water or
nutrient shortage neither by other abiotic and biotic
stresses. For the simulation of the water-limited yields
the soil water balance is taken into account to quantify
the possible effect of drought stress on growth. In years
without drought stress the water-limited yield equals
the potential yield. Crop growth and soil water balance
are described with a time resolution of one day in the
model.

Model inputs

Time series of monthly mean values for minimum
and maximum temperature, sunshine hours, wind
speed, and humidity, and daily rain data were available
for the period 1961 to 1993 from the meteorological
station at Prague airport, near the Research Institute for
Crop Production at Prague-Ruzyné (RICP), radiation
from Prague-Karlov. Radiation for the period 1961 to
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I. The average data on temperature, radiation, sum of precipitation
for the period from April to July (spring wheat) and May to Sep-
tember (sugar beet) and inter-season precipitation in the years
1961 to 1993

1993 was calculated from sunhours. We used regression
of radiation on sunhours for the period 1984 to 1993
when both sunhours and radiation were observed. These
meteorological data were used as driving variables for
the simulations (Fig. 1).

We specified water available capacity (WAC = ac-
tual water content minus water content at wilting point)
at emergence equal to 20 cm, 15 cm and 10 cm water
in 100 cm of soil profile (20 WAC, 15 WAC, and
10 WAC, resp.). The amount of water supplied during
the growth by precipitation was left unchanged, i.e. as
observed. Soil data from experimental fields with long-
term spring wheat and sugar beet experiments in RICP
(Orthic Luvisol) were supplied. Simulations were per-
formed with a fixed day of sowing (day 90 in a year for
spring wheat and day 110 for sugar beet), representing
approximately the average sowing days in field experi-
ments. The end day of simulation was determined as
a fixed day of beet harvest (day 290) while for spring
wheat the end day is a result of the simulation and is
determined as date of maturity. We simulated potential
and water-limited yields of spring wheat grain and
sugar beets in the period from 1961 to 1993. The water-
limited yield was simulated for all three WAC values.
The coefficient of variation was calculated as the meas-
ure of variability of simulated yields and of selected
meteorological factors.
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From the national agriculture statistics a time series
of national average crop yields for wheat and sugar beet
were collected for the same period of 33 years. The
trends in weather conditions, in simulated yields and in
national yields were analyzed, and the correlation be-
tween simulated yields (for Prague) and national aver-
age yields were studied using linear regression.

RESULTS
Meteorological factors

The course and fluctuations of sum of precipitation,
average temperature and radiation for the period from
May to September, the main growing period of sugar
beet, in the years from 1961 to 1993 are shown in Fig. 1.
Average precipitation was 321 mm, with the range from
163 mm to 454 mm, inter-year variability was 24.8%.
Average daily temperature and sum of radiation from
May to September were 15.5 °C and 15.0 MJ, resp. The
corresponding inter-year variability reached 4.5% and
6.9%, resp.

The climatic data for spring wheat’s main growing
period (from April to July) are shown in Fig. 1. Average
sum of precipitation reached 251 mm, and it ranged
from 149 mm to 380 mm, with the inter-year variability
22.7%. Average daily temperature and sum of radiation
were 13.5 °C and 16.0 MJ, resp. The corresponding
inter-year variability reached 6.8% and 7.7%, resp. The
sum of precipitation from November to March (April),
as the estimation of soil water supply at spring, had
a variability of 22% (22%), with the range between
72 mm and 190 mm (98 mm and 259 mm).

Sugar beet

Simulated non-limited potential sugar beet yields av-
eraged 16.0 t/ha (in dry matter). There was a period of
lower simulated potential yields during the seventies.
There was a decreasing linear trend in simulated poten-
tial yields in beet (=34 kg/ha per year) in the 33 years

15
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5 H
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2. Simulated potential and water-limited spring wheat and sugar beet
dry matter yields (t/ha) in Praha-Ruzyné (WAC = initial available
soil moisture in 100 cm soil profile at emergence)

period (Fig. 3). Under water-limited conditions, the
simulated yields decreased from 14.4 t/ha at 20 cm
available water capacity at emergence (20 WAC) to
12.0 t/ha at 10 WAC (Fig. 2 and Tab. I). Decreasing
water supply at spring from 20 WAC to 10 WAC in-
creased yield variability from 15.3% to 30.5%. The
greatest depressions in yields (under 30% of non-lim-
ited potential ones), were simulated in the years 1964,
1976 and 1990 with only 233, 198 and 163 mm of rain
from April to July, resp., which is low in comparison with
the average of 321 mm in 1961 to 1993 (Figs. 1, 2).
Average national yields (in dry matter) of sugar beet
in Czech Republic (Svec, 1998) are shown in Fig. 3.

I. The summary of average simulated and national sugar beet and spring wheat yields (in dry matter, t/ha) and their variability (CV -

coefficient of variation, %) during the years 1961 to 1993

) ’ Water-limited
Simulated Potential
20 WAC 15 WAC 10 WAC
average yield 16.0 14.4 13.4 12.0
Beet
CV (%) 9.3 153 21.9 30.5
average yield 8.4 8.0 4 .2
Wheat Be.Y 4 g
CV (%) 5.8 13.0 22.0 32.3
heat b
National yields wheat beet whea eel-
recalculated according to trend
Average yield 29 78 2.0 7.1
CV (%) 21.6 14.1 14.8 14.4

.
national yields were recalculated as that there was no increasing trend

ROSTLINNA VYROBA, 45, 1999 (10): 433-438
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The variability of national yields was 14.1% in beet
(Tab. I). The calculated linear increase during the pe-
riod 1961 to 1993 was 43 kg/ha per year. However,
unlike wheat it was less regular in beet (r = +0.27). The
relationships between water-limited (15 WAC) and na-
tional yields in beet were positive in the whole period
(r =+0.41). Simulated potential beet yields were nega-
tively correlated with national yields (r = -0.22).

Spring wheat

Average simulated potential yields in spring wheat
reached 8.4 t/ha. As in sugar beets, there was a period
of lower simulated potential yields during the seventies.
Unlike beet, there was a slight increasing trend in simu-
lated potential wheat yields, +3.9 kg/ha per year in the
33 years period.

Average water-limited yields decreased from 8.0 t/ha
to 6.2 t/ha from 20 WAC to 10 WAC, resp. The yield
variability and the effect of decreased water supply at
spring were similar to those of sugar beet (Fig. 2 and
Tab. I). Yield variability increased from 5.8% at poten-
tial yields to 32.3% at 10 WAC.

Average national yields (in dry matter) of spring
wheat in Czech Republic (Svec, 1998) are shown in
Fig. 3. The calculated linear increasing trends of wheat
during the period 1961 to 1993 were 58 kg/ha per year,
almost doubling the yield level at the start of the period.
The year to year trend of national yields was near linear
in wheat (r = +0.88), but the variability of yields was
21.6%, higher than in beet, due to great absolute in-
crease of yield level during the period. However, when
yields were corrected for the linear trend, the variability
was almost the same in both crops (Fig. 3 and Tab. I).
The potential and water-limited simulated wheat yields
(corrected for long-term trends) in Prague-Ruzyné cor-
related positively with average national yields (r =
+0.29 and +0.57, resp.) only when the last five years
were omitted.

DISCUSSION

We used the WOFOST model to estimate the com-
bined effects of the accumulated soil moisture reserves
at spring and of the precipitation during the growing
season on interannual yield variability in sugar beet and
spring wheat during the period 1961 to 1993.

As expected, the decreasing soil water supply at
spring increased vulnerability of both crops to water
shortage during the growth period. It decreased water-
limited yields and increased greatly yield variability in
both crops. Decreasing water supply had similar effect
on the variability in both crops. Decreasing the water
reserve at spring by 50 1/m? (from 20 WAC to 15 WAC),
that represents about 20% or 15% of average sum of
rain during growth of spring wheat and sugar beet,
resp., caused the 9% or 7% increase in yield variability

436

64
86
8
0
2
4
76
8
0
2

3 8888

o
o

2 ¥ 3 83N ey e 88
N ® ® ® ® ® O

e DRSS
—— CZ-Wheat —A—15WAC

—B—Potential
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during the 33 experimental years. Precipitation had the
highest variability of basic climatic data. The range of
the sum of precipitation was over 100% in the period
1961 to 1993, both in inter-secason and during growth
period. It suggests that the variability of precipitation,
both during vegetation period and in inter-season, will
be an important factor affecting the year to year fluc-
tuations of yields.

The water reserves of 15 cm or 20 cm of available
water in 100 cm profile (15 or 20 WAC) are realistic
estimations of spring soil reserve under soil and cli-
matic conditions prevailing in the main production re-
gions of Czech Republic. The water reserve of 10 cm
(10 WAC) could be observed only in extremely dry
inter-season periods or on soils with a low water-hold-
ing capacity. However, 14 out of 33 years had precipi-
tation lower than 12 cm between November to March.
Even under generally low winter evaporation this pre-
cipitation could be insufficient in the case of a previous
dry autumn and following dry spring. Fortunately for
farmers, the coincidence of a dry autumn, a dry inter-
season and a low precipitation during the following
growth period is not frequent (years 1964, 1982, 1990,
Fig. 1).

We observed a slightly increasing trend of simulated
potential yields in wheat but a decreasing one in beet
over the 33-year period. The reason is probably the
favourable weather with higher levels of radiation and
temperature during the sixties and the first half of the
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seventies bringing several high simulated yields in beet.
In wheat, distinctly higher potential yields could be
noted during the eighties and the start of nineties, caus-
ing an upward trend. The higher yields are related to a
higher radiation in the growing period of wheat (April
to July). The increase of average radiation during the
growing period of beet (May to September) in the end
of eighties was less pronounced.

Potential yields of wheat (simulated with weather
data from Prague) were about four times greater than
the level of national average at the start of the sixties.
The gap decreased due to a steady increase of yield
level. Average national yields of beet were nearer to
potential yields level. National yields of both crops had
the same interannual yield variability after they were
corrected for the trend (detrended) and they were near
the simulated variability for water-limited (20 WAC)
yields.

We found a positive correlation of national yields
with simulated yields at 15 and 20 WAC rather than
with 10 WAC or potential yields. The positive correla-
tions between simulated and average national suggest
there are general trends in the effect of weather on
yields }xlong the whole country. Weather data come
from Prague, situated approximately in the center of
Czech Republic with climate conditions near those of
main spring wheat and sugar beet growing areas. How-
ever, there is a need to take into consideration possible
manipulations with statistic (census) data by the gov-
ernment in last decades. Changes in harvest technology,
especially in beet, cultivars, etc., during 33 years, ad-
verse abiotic and biotic factors in some years (Moulin,
Beckie, 1993; Toure et al., 1994; Donatelli et al., 1997)
could distort both the observed and statistical data on
national yields. Also, changes in technology and culti-
vars may increase not only yield but also (absolute or
relative) yield stability (Slafer, Kernich, 1996). Many
parameters needed to run the complex model could not
be supplied for old long-term yield data, farm or re-
gional data.

Besides the progress in modelling during last dec-
ades, there are still possibilities of improving the reli-
ability of simulation (e.g. Smit, Struik, 1995). Moulin,
Beckie (1993) used two simulation models to predict
spring wheat grain yield from long-term experiments
(1960 to 1989). Both models predicted annual yields
poorly (R2 = 0.16), but long-term mean yield was pre-
dicted better. The same result decribed Toure et al.
(1994) who found great differences among five simula-
tion models used for spring wheat from 1912 to 1992
R*> 0.25) and similarly to Moulin, Beckie (1993) the
models underestimated yields in high-yielding environ-
ments and overestimated in low-yielding ones. It should
be stressed that in the most of above simulations some
parameters defining a general level of observed yield
were inputed in the simulation. In our simulation no
such forehead calibration was attempted.

Presented results of simulations showed that com-
bined effects of the different levels of accumulated soil

ROSTLINNA VYROBA, 45, 1999 (10): 433-438

moisture reserves at emergence date and of the precipi-
tation during the growing season strongly affected in-
terannual yield variability during the period 1961 to
1993. The variability was lowest under non-limiting
condition, 9.3% and 5.8% in beet and wheat, resp., and
it increased from 15.3% and 13.0% under 20 cm water
available capacity to 30.5% and 32.3% in beet and
wheat, resp., under 10 cm WAC.
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POROVNANI VYBRANYCH EXTRAKCNICH POSTUPU
PRO STANOVENI SIRY V PUDACH CR

COMPARISON OF SOME EXTRACTION METHODS
FOR DETERMINATION OF SULPHUR IN SOILS
OF THE CZECH REPUBLIC

J. Zbiral

Central Institute for Supervising and Testing in Agriculture, Brno, Czech Republic

ABSTRACT: Input of sulphur in soils from atmospheric depositions has been substantially reduced during the last decade.
On the other hand the area of crops with high demand of this element has risen. That is the reason why sulphur is becoming
the element of interest for plant nutrition in the Czech Republic. The study was focused on the incorporation of the determi-
nation of sulphur into the regular soil testing scheme which is based on Mehlich III extraction method. Extraction of finely
ground soil (particles < 0.250 mm) with water according to ISO 11048 was the method used for the determination of sulphur
most frequently. The influence of soil particle size for water extraction and Mehlich III extraction, the relationship between
sulphate sulphur and total sulphur in water soil extracts and relationships between water, Mehlich III and aqua regia soil
extracts were studied. 147 soil samples collected from the soil monitoring plots were used for the evaluation of the relationships
between the extraction methods (water extraction, Mehlich IIT and aqua regia) and between sulphate sulphur and total extracted
sulphur. 29 topsoil and 29 subsoil samples from the South-Moravian region were used for evaluation of the influence of soil
particle size on extraction of sulphur. The increase of sulphur extraction for finely ground samples (< 0.250 mm) for water
and Mehlich III extracts was only 4 to 6% (R*=0.98) compared to ordinary prepared soil samples (< 2 mm). Linear relationship
(R2 = 0.91) between the sulphate sulphur and the total sulphur extracted by water was found. Extracted sulphate sulphur was
determined by capillary zone electrophoresis and total extracted sulphur by ICP-AES. Approximately 70% of the total extracted
sulphur was present as sulphate sulphur. Between water extraction and Mehlich III extraction a statistically highly significant
linear relationship was found (R* = 0.62). Conversion equations may be used for recalculation of criteria but field and pot
experiments will be necessary to establish a more precise relationship between determination of sulphur in Mehlich III soil
extracts and the plant uptake. Between content of sulphur in aqua regia extracts and the other studied extraction methods no
relationship was found.

Keywords: soil extraction; sulphur; Mehlich III

ABSTRAKT: Soubor vzorkidi ptid odebranych v rdmci bazilniho monitoringu pid CR byl pouZit k porovnani n&kterych
extrak&nich postupil pro stanoveni siry. Srovnavdna byla extrakce vodou podle CSN ISO 11048, extrakce podle Mehlicha III
a extrakce lu€avkou kralovskou. Ve vodnych extraktech byl kromé& celkového obsahu siry (stanoveného metodou atomové
emisni spektrometrie v indukéné vazaném plazmatu) stanoven i obsah siranové siry (metodou kapilarni zonalni elektroforézy).
Kromé& porovnéni extrak&nich postupli byla zji§tovana i zdvislost extrakce na jemnosti mleti pudnich vzorkd a vztah mezi
celkovou a siranovou sirou ve vodnych extraktech. Bylo zjidténo, Ze uprava velikosti &astic na < 0,25 mm ovlivni vysledky
jen velmi mélo (zvySeni asi 0 6 = 4 %). Mezi celkovym obsahem siry a obsahem siranii ve vodnych extraktech byl zjistén
statisticky vysoce pritkazny vztah, ktery naznafuje moZnost rovnovihy mezi obsahem sirand v pidnim roztoku a obsahem
siry v jejich ostatnich rozpustnych slougeninich. Mezi metodou Mehlich IIT a extrakci vodou byl zji§tén statisticky vysoce
prikazny vztah (R* = 0,62), ktery je moZné pouZit pro orientaéni pfepodet kritérii. Podle ogekdvani nebyla zjidt€na Zadni
zdvislost mezi celkovym obsahem siry v extraktu lu¢avkou kralovskou a vodou, resp. podle Mehlicha III.

Kli¢ova slova: extrakce pud; sira; Mehlich III

UvoD
Piisun siry do pidy ve formé& atmosférickych spadu

byl aZ doneddvna vice neZ dostatedny. Zajem o siru
v CR nariista Gmé&rné se sniZovanim obsahu siry v at-
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mosférickych spadech a s roz§ifovanim péstovani plo-
din naro¢nych na siru (Richter, Hfivna, 1998).

Sira se v pidach nachazi v organické i anorganické
formé. V anorganické formé se sira nejcastéji vyskytuje
jako siran, v anareobnich podminkéch pak i ve formé
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sulfidi. Obsah organicky vazané siry indikuje dlouho-
dobou zasobu tohoto prvku v pidé (Watkinson, Kear,
1996b). Zmény obsahu sirant v pidé zdviseji na mik-
robialni aktivité¢ pudy, sorpci, srazkach, povrchovém
odtoku, prusaku a vstupu z imisi a hnojiv (Mengel,
Kirkby, 1987; David et al., 1991; Anderson et al., 1992;
Richter, Hfivna, 1998). Watkinson, Kear (1996a) zjis-
tili, Ze na trvalych travnich porostech je moZné defino-
vat rovnovdhu mezi labilni organicky vdzanou sirou
a sirou anorganickou.

Pro extrakci rostlindm piistupné siry z pidy se vy-
uZiva cela fada rtznych postupti. Nékteré z nich umoz-
fiuji rozliSit organicky a anorganicky vdzanou siru. Pro
stanoveni organicky vazané siry se vyuZiva Casto ex-
trakce za horka (predevsim roztokem 0,25 M KCl) a d4-
le extrakce roztokem hydroxidu sodného a hydrogen-
uhliéitanu sodného pfi pH 8,5 (Anderson et al., 1992).
Podrobny pracovni postup extrakce pud pro vybrané
extrakéni postupy uvadéji Lisle et al. (1994). Watkin-
son, Kear (1996b) doporucuji pro stanoveni rostlinim
pristupné siry extrakci roztokem dihydrogenfosforecna-
nu draselného, ktery na rozdil od dihydrogenfosforec-
nanu vipenatého extrahuje i ¢ast organicky vdzané siry
a lépe odrazi jeji pristupnost. Stanoveni siranové siry
v extraktu vodou v poméru I : 2 a v poméru 1 : 5
a v extraktu zfedénou kyselinou chlorovodikovou je
soucasti CSN ISO 11048 (1997). Norma ptedpoklada
upravu vzorka pudy na Castice < 0,250 mm.

Metodu Mehlich IIT testovali pro urceni rostlinim
pfistupné siry Rao, Sharma (1997). Porovnavali ex-
trakéni Cinidlo Mehlich TIT (Mehlich, 1984) s extrakci
hydrogenfosforecnanem véipenatym bez tpravy pH i po
okyseleni kyselinou octovou, s extrakei roztokem chlo-
ridu vapenatého a extrakénim roztokem podle Morgana
(octan amonny, kyselina octova). Nalezli korelaci mezi
pouzitymi extrakénimi Cinidly, a to jak pro ornici, tak
i pro podorni¢i. V pripadé metody Mehlich IIT bylo 83
az 87 % variability vysvétleno vodorozpustnou a adsor-
bovanou siranovou frakci. Pouze sira extrahovana z or-
nice metodou Mehlich III korelovala signifikantné
s piijmem siry testovanymi rostlinami.

Pro stanoveni siry se vyuZiva cela fada analytickych
postupt. Je mozné je rozdélit na postupy stanovujici
v extraktu bud celkovy obsah siry, nebo pouze sirany.
Nejcastéji se obsah sirani v extraktu stanovuje po vy-
srazeni jako siran barnaty turbidimetricky, zpravidla pfi
470 nm (Verma et al., 1977; David et al., 1989; Men-
zies, Kameni, 1996). Pro stanoveni siranl spolu s dal-
§imi anionty je vhodné vyuZiti iontové chromatografie
(Dick, Tabatabai, 1979) nebo kapilarni zonalni elektro-
forézy (Zbiral, 1998).

Pro stanoveni celkového obsahu siry v extraktech
pid je velmi vyhodné pouziti atomové emisni spektro-
metrie v indukéné vazaném plazmatu (Prietzel et al.,
1997; Hatilainen, Tummavuori, 1996).

V této préci byl sledovin vliv velikosti ¢astic pud-
nich vzorkll na stanoveni siry. Dile bylo porovnino
stanoveni extrakci vodou, podle Mehlicha III a lucav-
kou kralovskou. Cilem price bylo zjistit nutnost spe-
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cidlni dpravy vzorku pied extrakci vodou, odvodit vztah
mezi metodou Mehlich III a extrakci vodou, pfipadné
vztahy mezi dal§imi postupy a jejich variantami a déle
posoudit moZnosti uplatnéni metody Mehlich III, ktera
je v CR vyuzivana pro stanoveni pfijatelného fosforu,
drasliku, hoi¢iku a vapniku (Zbiral, Némec, 1999) i si-
ry. Pro stanoveni celkového obsahu siry v extraktech
byla pouZita metoda atomové emisni spektrometrie
v indukéné viazaném plazmatu (ICP-AES) a pro stano-
veni siranové formy siry ve vodnych extraktech metoda
kapilarni zonalni elektroforézy (CZE).

MATERIAL A METODA

Pristroje a zafizeni. Pro méfeni byl pouZivan pfi-
stroj ICP-AES JY-138 ULTRACE firmy Jobin-Yvon
(Francie) s koncentrickym zmlZovacem (Meinhard)
a pro CZE pristroj CES-1 (Dionex Corp., USA) s kie-
mennou kapilarou o prdméru 50 pm a délce 50 cm
(45 cm k detektoru) s nepfimou spektrofotometrickou
detekci pii vinové délce 250 nm. Vysoce Cistd voda
byla pfipravena pomoci zafizeni MilliQ (Millipore
Corp., USA). Extrakce probihala na rota¢ni tfepace
pro 100 vzorkti (UKZUZ Brno), pro Gpravu vzorki na
prosev < 2 mm byla pouZita pidni prosévacka (UKZUZ
Brno), pro tpravu vzorki na velikost ¢astic < 0,250 mm
achdtova tfeci miska a ddle bézné vybaveni laboratore.

Chemikilie a roztoky. VSechny chemikalie byly
Cistoty p. a. (Lachema, Brno; Merck, Darmstadt; Fluka,
Buchs). Pro pripravu roztokd byla pouZiviana vysoce
distd voda. Kalibraéni standardni roztoky byly pfipra-
veny fedénim certifikovanych zédkladnich standardnich
roztokil (Analytika Praha). Extrakéni roztoky byly pfi-
pravovany vzdy Cerstvé.

Vzorky. V pokusech byly pouzity vzorky z boda ba-
zalniho monitoringu pud (Sarika et al., 1998). Analyzovi-
ny byly pouze vzorky z bodi na orné pudé, a to z orniéni
vrstvy (celkem 147 vzorki). Pro body jihomoravského
regionu (29 vzorku) byly realizovany i analyzy podor-
ni¢i a prob&hlo v celém rozsahu i méfeni vzorki upra-
venych na zrnitost < 0,250 mm. Obsah siry v extraktu
lu¢avkou krilovskau byl stanoven analyzou archivu mi-
neralizdtl z jednotlivych ploch. Popisna statistika sou-
boru vzorka z hlediska obsahu siry v jednotlivych ex-
traktech je uvedena v tab. I.

Extrakce. Extrakce vodou byla provadéna podle
normy CSN ISO 11048 (1997) (10 g pady, 50 ml vody).
Extrakty byly odstiedovany 30 min pii 4000 ot/min.
Vzorky byly analyzovany je$té tentyZ den. Pfed stano-
venim kapilarni zonalni elektroforézou byly vzorky
znovu filtrovany pres filtr o velikosti port < 0,45 pum.
Obsah siry v extraktu podle Mehlicha III byl stanoven
podle JPP UKZUZ (Zbiral, 1995). V kazdém postupu
(s vyjimkou stanoveni v extraktech lu¢avkou kralov-
skou) byl vZdy vzorek analyzovéin ve dvou paralelnich
stanovenich. Extrakce luCavkou kralovskou probéhla
podle JPP UKZUZ (Zbiral, 1996).
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1. Popisni statistika souboru (obsah siry v mg.kg™') — Descriptive
statistics (sulphur content in mg.kg™")

WCZE | WICP | MII AR
Aritmeticky pramér' 8,67 11,8 15,6 226
Mediin? (M) 761 | 104 14,9 213
Kvartil® L 6,09 832 | 11,1 182
® U 9,52 | 13,1 18,3 258
Oktil* L 4,90 7,39 9,68 160
(E) U 12,5 16.5 21,6 298
Sedecil® L 4,30 6,45 8,50 144
(D) u 154 22,1 243 332
Min 2,95 4,90 7,51 77,5
Max 45,1 54,5 577 553

L = dolni mez — lower limit, U = horni mez — upper limit

'arithmetic mean, *median, 3quartile. 4octile, *sedecile

Méreni. Méfeni metodou ICP-AES bylo realizovano
pii vinové délce 181,978 nm s odectem pozadi pfi
-0,0768 nm. Vykon generatoru &inil 1 kW, dal$i nasta-
veni podle doporuceni vyrobce. Méfeni bylo provadéno
metodou kalibracni kiivky. Ve vSech piipadech bylo
sloZeni matrice kalibra¢nich standardnich roztoki a ex-
traktt shodné. Kalibraéni kfivky byly vzdy linearni
v celém rozsahu méfeni. Pro méfeni metodou CZE byl
pouZzivan pufr TEMED (Zbiral, 1998) za podminek po-
psanych v citované praci. Kalibra¢ni kiivka byla linear-
ni v celém rozsahu méfeni.

Statistické zpracovani. Pro statistické zpracovani
vysledkt byly vyuZity programy Excel 97 (Microsoft,
Redmont, USA), Axum 5.0 (MathCad, UK) a Adstat
2.0 (Trilobyte, Pardubice). Testovéni odlehlych a ex-
trémnich bodl probéhlo pocetné testem rezidui a dile
za pomoci graft identifikace vlivnych bodi (Meloun,
Militky, 1994). Viechny statistické vypoéty byly reali-
zovany (pokud neni uvedeno jinak) na 95% hladiné vy-
znamnosti (o0 = 0,05).

VYSLEDKY A DISKUSE

Vliv velikosti édstic na extrakei siry

Norma CSN ISO 11048 (1997) pozaduje, aby vzorek
pro stanoveni siry byl pro extrakci upraven na velikost
Castic < 0,250 mm. BéZna uprava vzorkd pid pro ana-
lyzu je na velikost &astic < 2 mm. Pro zji¥téni vlivu
velikosti Castic byl podsoubor vzorku, ktery reprezen-
toval odbérovd mista jihomoravského regionu (29 od-
bérovych mist, odebrany vzorky ornice i podorni&i),
analyzovan v extraktu vodou (pro ob& metody konco-
vého méfeni) a podle Mehlicha III pro ob& zkoumané
velikosti ¢astic. Byly analyzovany vzorky ornice i pod-
orni¢i a statisticky byl vZdy zpracovan cely soubor i sa-
mostatné podsoubory ornice a podorniéi. Vyhodnoceni
probéhlo pomoci lineérni regrese. Pro viechny sledova-
né metody a pro vzorky ornice i podorniéi byl vliv ve-
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1. Vliv jemnosti mleti na stanoveni siry (extrakty podle Mehlicha III,
stanoveni metodou ICP-AES) (mg.kg_‘) — Influence of particle size
on the sulphur determination (Mehlich III extracts, ICP-AES deter-
mination) (mg.kg")

likosti ¢astic statisticky vyznamny. Vysledky regresni
analyzy jsou pro rizné zplsoby extrakce uvedeny
v tab. II. Regresni zavislost je znizornéna graficky na
obr. 1. Z vysledka vyplyva, Ze vliv velikosti Eastic je
shodny pro ornici i podorni¢i. Pro vodné extrakty pud
jsou hodnoty zméfené metodou ICP-AES v extraktech
pud o velikosti ¢astic < 0,25 mm asi 0 6 % + 4 % vyssi
neZ v extraktech pid o velikosti ¢astic < 2 mm. Vodné
extrakty pud méfené metodou CZE vykazuji obdobnou
zavislost. Extrakty podle Mehlicha III vykazuji obdob-
ny vliv jako vodné extrakty méfené metodou ICP-AES.
Pro velikost ¢astic < 2 mm se extrahovalo asi 0 5 % *
4 % méné siry.

Porovnani vysledkii namérenych ve vodnych
extraktech metodami CZE a ICP-AES
(velikost é4stic < 2 mm)

Metoda ICP-AES stanovuje celkové mnoZstvi siry
v roztoku, metoda CZE pouze obsah sirant v roztoku.
Byla vypocitana regresni zavislost mezi obéma metoda-
mi. Vysledky linedrni regrese jsou uvedeny v tab. III,
regresni zavislost pro vSechny vzorky na obr. 2. Z vy-
sledki vyplyvd, Ze mezi hodnotami zji§ténymi obéma
metodami je statisticky vysoce prikazna linedrni zavis-
lost. Absolutni €len regresnich rovnic byl ve v8ech pfi-
padech statisticky nevyznamné odli§ny od nuly. Z hod-
not smérnice regresni pfimky je zfejmé, Ze hodnoty
zjisténé metodou ICP-AES byly asi 0 30 % vy3§i nez
metodou CZE. To znamena, Ze asi 30 % siry extraho-
vané vodou bylo v jiné formé neZ siranové. Pomér ob-
saht siry naméfenych metodami ICP-AES a CZE
(WICP/WCZE) se pohyboval v rozmezi 0,92 az 2,8.

Porovnani extrakce vodou a podle Mehlicha III

Vysledky byly vyhodnoceny pomoci lineérni regrese.
Hodnoty ziskané extrakci vodou a podle Mehlicha III
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II. Vliv jemnosti mleti (linearni regrese) — Influence of soil particle size (linear regression)

Metoda' Regrese? Parametr? Vypocet* IS (&) R? Vylougené body®
" B0 0,444 0,507 0,984 1
Bl 0,941 0,032
—_— . BO 0,434 0,563 0,988 2
Bl 0,935 0,041
s BO 0,503 0,771 0,987 1
Bl 0,940 0,043
A BO 1,198 0,523 0,965 3
Bl 0,839 0,044
WCZE T BO 2,059 1,133 0,796 4
Bl 0,707 0,158
s B0 1,450 1,012 0,944 3
Bl 0,820 0,084
& B0 -0,150 0,717 0,981 3
B1 0,946 0,036
MIII F BO 0,722 0,832 0,981 1
Bl 0,881 0,051
s BO -0,378 1,270 0,981 2
B1 0,962 0,056

Y=B0+ B1X, Y <2 mm, X < 0,250 mm

Vysvétlivky k tab. IT az V — Explanations to Tabs. IT to V:

A = viechny vzorky — all samples (n = 58)

T = ornice — topsoil (n = 29)

S = podorni&i — subsoil (n = 29)

IS () = interval spolehlivosti parametru BO, resp. Bl — confidence interval of parameter BO, B1 resp.

"method, Zregression, 3p:nrz\meier. 4results, *number of outliers

III. Vztah mezi siranovou a celkovou sirou ve vodném extraktu —
Relationship between sulphate and total sulphur in water extracts

Regrese? | Parametr® | Vypodet* | IS () | R? Vy;g:sgné
A BO -0,299 | 0,498 | 0,909 3
Bl 0,765 | 0,037
T B0 0,014 | 0,210 | 0,823 3
Bl 0,728 | 0,056
s BO 0,759 | 1,309 | 0,921 2
Bl 0,727 | 0,088

Y = B0 + B1X, Y = CZE (sulphate S), X = ICP-AES (total S)
For 2-5 see Tab. II

jsou statisticky vyznamn& odli¥né. Vysledky regresni
analyzy jsou pro rizné zplsoby extrakce uvedeny
v tab. IV. Vyznamnost navrZeného regresniho modelu by-
la testovana Fisher-Snedecorovym testem vyznamnosti re-
grese na hladinach vyznamnosti o = 0,01, resp. o = 0,05.
Ve viech piipadech byl navrZzeny model vysoce statisticky
vyznamny. Pomé&ry obsahu siry naméfené v extraktu pod-
le Mehlicha III a vodou (MIII/WICP) se pohybovaly
v rozmezi 0,6 az 3,5. Vztah mezi celkovym obsahem siry
ve extraktu vodou a podle Mehlicha IIT je tésnéjsi nez
vztah mezi obsahem sirani ve vodném extraktu a obsa-
hem celkové siry v extraktu podle Mehlicha III. Rovnice
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2. Vztah mezi siranovou (WCZE) a celkovou (WICP), vodou extra-
hovanou sirou z pid (mg.kg_l) - Relationship between sulphate
(WCZE) and total extractable sulphur (WICP) for water extracts
(mgkg ™)

uvedené v tab. IV je moZné pouzit pro orientatni pre-
pocet kritérii mezi obéma metodami. Na obr. 3 je uve-
den graf regresni pfimky pro cely soubor vzorkd.

Porovnéni obsahu siry v extraktech lu¢avkou
kralovskou, vodou a podle Mehlicha III

Mezi obsahem siry extrahovanym vodou nebo podle
Mehlicha III, resp. lu¢avkou kralovskou nebyla proka-
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IV. Vztah mezi extrakci vodou a podle Mehlicha III — Relationship between water and Mehlich III extraction

Metoda! Regrese? Parametr® Vypodet! IS (&) R? Vylougené body®
" BO 8,36 0,81 0,553 2
WCZE Bl 0,829 0,057
i BO 8,19 0,86 0,353 2
Bl 0,831 0,094
0 B0 6,94 0,62 0,622 2
WICP Bl 0,742 0,044
- BO 7,07 0,73 0,519 3
Bl 0,701 0,057
Y = BO + B1X, Y = Mehlich III (ICP-AES), X = water extracts
For 1-5 see Tab. IT
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ANALYZA KONKURENCNICH VZTAHU MEZI OZIMOU
PSENICI A JEDNOLETYMI PLEVELNYMI DRUHY

ANALYSIS OF COMPETITION BETWEEN WINTER WHEAT
AND ANNUAL WEED SPECIES

K. Klem, M. Vanova

s

Agricultural Research Institute, s. r. o., Kromériz, Czech Republic

ABSTRACT: In 1995 to 1997 the development of weed dry weight and the so-called crop equivalent were studied in natural
weed infestation to assess competitive effects of annual weed species. The crop equivalent is the ratio between weed dry
weight per plant and winter wheat dry weight per plant. The aim was to find reliable conversion factors, which allow
transformation mixed weed infestation into weed units. This approach is necessary to predict the economic benefit from weed
management and to determine economic threshold values. In early spring the competitive ability of most weeds against winter
wheat is low. The crop equivalents range in this period from 0.1 to 0.3. As the most competitive species in early spring were
discovered Galium aparine and Stellaria media. The most important period with regard to weed competition is the time after
wheat heading when weight of some weeds increases to a level close to wheat dry weight per plant or exceeds it. In the second
half of the growing seasons, there is also considerable differentiation between individual weed species. A weed species of
high competitiveness in second half of the growing season are Galium aparine and Papaver rhoeas. Values of crop equivalents
could be related to state and competitiveness of winter wheat as were found out in different crop rotation. To recalculate weed
infestation in mixed populations into weed units are most reliable crop equivalents from period after wheat heading. The
relationship between weed units and yield has linear course and is in most cases highly significant.

Keywords: weed competition; winter wheat; crop equivalents; yield; crop rotation

ABSTRAKT: V letech 1995 aZz 1997 byl pro stanoveni konkurenéniho vlivu jednoletych plevelnych druhi v podminkéch
pfirozeného zapleveleni sledovin vyvoj hmotnosti susiny pleveli a tzv. plodinovy ekvivalent, dany pomérem hmotnosti suSiny
jedné rostliny plevelt k hmotnosti sudiny jedné rostliny ozimé p3enice. Cilem bylo nalezeni vhodnych konverznich faktort,
umoZziiujicich pfepocet smésného zapleveleni v porostech ozimé p3enice na plevelné jednotky, ktery je nezbytny pro predikci
ekonomické efektivnosti ochrany a pro stanoveni prahovych hodnot. V ¢asné jarnim obdobi je konkuren¢ni schopnost vétsiny
plevelnych druht viiéi ozimé p3enici nizka. V tomto obdobi se hodnoty plodinovych ekvivalentd pohybuji v priméru na drovni
0,1 aZ 0,3. Nejvy3si konkurenéni efekt v ¢asném jarnim obdobi maji Galium aparine a Stellaria media. Nejvyznamng&j$im
tisekem z hlediska konkurence plevell je obdobi po vymetani pSenice, kdy se hmotnost nékterych plevelii zvy3uje aZ na troveii
blizkou hmotnosti jedné rostliny pSenice nebo ji piekracuje. Ve druhé poloviné vegetace dochazi také k vyrazné diferenciaci
mezi jednotlivymi plevelnymi druhy. Nejvy33iho konkurenéniho efektu je ve druhé poloving vegetace dosahovéno u plevelnych
druhti Galium aparine a Papaver rhoeas. Uroveii plodinovych ekvivalenti miiZe byt ovliviiovdna stavem a konkuren&ni
schopnosti pSenice, coZ bylo prokdzdno na porostech po odlisnych pfedplodinich. Pro pfepocet smésného zapleveleni ozimé
p3enice na plevelné jednotky jsou nejvhodné&jsi primérné plodinové ekvivalenty z obdobi po vymetini ozimé pSenice. Zavislost
mezi zaplevelenim v prepoctenych plevelnych jednotkach a vynosem zrna ma linearni charakter a je ve vét§iné pfipadu vysoce
priikazna.

Kli¢ovi slova: konkurence plevell; ozima pSenice; plodinové ekvivalenty; vynos; osevni sled

UVOD

V polnich podminkach existuje vysoké variabilita za-
pleveleni jak mezi pozemky, tak v ramci jednoho pozem-
ku. V fad& pfipadii ma pak ochrana proti plevelim mi-
nimalni vliv na vynos. V soudasné dob& je nezbytna
zména rozhodovaciho pristupu, vzhledem ke sniZujici
se ziskovosti p&stovani obilnin a silicim tlakim na ome-
zeni spotfeby pesticidi. SpiSe neZ na uplnou eliminaci
plevelné vegetace je pozornost zaméfovana na regulaci
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plevelnych spolecenstev na trovni ekonomicky piipust-
ného zapleveleni. K dosaZeni tohoto cile mizZe byt po-
uZito dvou pfistupt: systému ekonomickych prahovych
hodnot zapleveleni (Pannel, 1990; Black, Dyson, 1993)
a metody ekonomicky optimalnich davek herbicidi
(Christensen, Rasmussen, 1997). Jednim z hlavnich pro-
blémt pro uplatnéni obou pfistupt ekonomicky efektivni
ochrany proti plevelim je determinace konkuren&ni
schopnosti plevelné populace, tvoiené nékolika plevel-
nymi druhy, pro predikci vynosové reakce na ochranu,

445



ktera je ovliviiovana fadou okolnosti, k nimzZ patii rych-
lost vzchézeni pleveld, mortalita plevelnych rostlin
a relativni konkuren¢ni schopnost jednotlivych plevel-
nych druhti ve vztahu k danému stanovisti a ro¢niku. Je
proto nezbytné nalézt jednoduchy systém, umoZiiujici
integraci konkurence z vicedruhovych spolecenstev pro
predikci vynosové ztraty. Ackoliv je zndma fada expe-
rimentd, sledujicich konkurenci mezi plodinou a pleveli
piedev§im s ohledem na vliv hustoty, jenom ziidka je
porovnavana konkurencni schopnost riznych plevelnych
druhd (Zimdahl, 1980). V piipadé, Ze je zndma zavis-
lost vynosové ztraty na hustoté pro kazdy plevelny druh,
je mozZné piedpovidat vynosovy pokles transformaci hus-
toty na tzv. ekvivalenty hustoty (Berti, Zanin, 1994).
Jiny model pfepoétu vyvinul Wilson (1986). Jde o me-
todu prepodtu hustoty pleveld s pouZitim tzv. plodino-
vych ekvivalentd, vyjadiujicich pomér hmotnosti susi-
ny mezi jednou plevelnou rostlinou a jednou rostlinou
plodiny. Znalost ristové dynamiky plevelnych druha je
dulezita pro predikci Skodlivosti v jednotlivych fazich
ristu (Gustavsson, 1986) a pro stanoveni kritického ter-
minu aplikace (Oliver, 1998).

V piedloZené praci byly v riznych podminkéch sle-
dovany konkurenéni vztahy mezi pleveli a ozimou pSe-
nici tak, aby byl nalezen nejvhodnéjsi systém pro kvan-
tifikaci plevelné populace a predikci vynosové ztrity.

MATERIAL A METODA

V letech 1994 az 1997 byly v podminkdch pfirozeného
zapleveleni zaloZeny pokusy pro sledovani a kvantifi-
kaci konkurenéniho efektu jednotlivych plevelnych dru-
ht. Metodika feSeni byla rozdélena na dvé ¢asti. Prvni
spocivala v sledovani dynamiky vyvoje hmotnosti susi-
ny plevell a pSenice. Druhd ¢ést predstavovala stano-
veni konverznich faktorli pro piepocet zapleveleni na
plevelné jednotky a sledovéni zéavislosti vynosu na za-
pleveleni.

Sledovéni dynamiky vyvoje hmotnosti susiny nad-
zemni biomasy plevelii a pSenice. Pokusy byly zalo-
zeny na nékolika lokalitach liSicich se pidnimi podmin-
kami a predplodinou. Odbéry vzorku plevelné populace
byly provadény z plochy 4 x 0,25 m? ve (- aZ Clyf-
tydennich intervalech z odbérovych parcel neosetfova-
nych proti plevelum. Prvni odbéry probéhly v terminu
od 19. 3. do 22. 4. v zévislosti na zaddtku vegetace. Pro
kazdy plevelny druh a ozimou pSenici byla stanovena
primérnd hmotnost suSiny na jednu rostlinu. Na zékla-
dé zjisténych hmotnosti suSiny byly pro kazdy termin
odbéru vzorkiu stanoveny plodinové ekvivalenty jako
pomér hmotnosti suSiny jedné rostliny plevelného dru-
hu a jedné rostliny pSenice (Wilson, 1986):

W,

w

W,

(4

CE; =

kde: CE; - plodinovy ekvivalent pro plevelny druh i
W,, — hmotnost susiny jedné rostliny plevelného druhu i

W. - hmotnost suSiny jedné rostliny ozimé p3enice

c
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Stanoveni konverznich faktori pro piepocet za-
pleveleni na plevelné jednotky a sledovani zavislosti
vynosu na zapleveleni. Pokusy, v nichZ byla sledovana
zévislost vynosové reakce na zapleveleni, byly zaraze-
ny vzdy v ramci pokust zaloZenych ke sledovéni ris-
tové dynamiky. Siroké spektrum zapleveleni bylo doci-
leno pouzZitim nejraznéjSich variant chemické ochrany
(davky herbicidi, kombinace). Kazda varianta probéhla
ve Ctyfech opakovanich, pfi velikosti parcel 10 m?. Na
kaZdé parcele byl proveden odpocet hustoty plevelt z plo-
chy 1 m? v dobg po vymetani pSenice. Hustota plevell
byla pfepoctena na plevelné jednotky, pficemZ jako kon-
verznich faktort bylo pouZito plodinovych ekvivalentii:

W= Z (CE;. Dyjp)

kde: W, — poet plevelnych jednotek pro pokus k a variantu j
CE; - konverzni faktor pro plevelny druh i

5

D — hustota pleveln¢ho druhu i u varianty j (poet.m™)

K piepoétu bylo pouZito plodinovych ekvivalent,
zjisténych v rtznych terminech odbéru vzorku tak, aby
mohl byt vybran nejvhodnéjsi konverzni faktor.

Po prepoctu hustoty plevell na tzv. plevelné jednotky
byla stanovena zavislost mezi vynosem a zaplevelenim.
Bylo pfitom pouZito jednoduché linedrni regrese, ktera
nejvice vyhovovala rozloZeni dat (Black, Dyson, 1993):

Y= Ye=by. Wy

kde: Y, - vynos pfi zapleveleni W,

Y, - vynos odpovidajici podminkdm bez plevelu
b, - regresni koeficient pro pfislusny pokus
VYSLEDKY

Dynamika narastu hmotnosti suSiny sledovanych ple-
velnych druht i ozimé pSenice se v jednotlivych letech
ligila (obr. 1). Nejvys$8ich piirtstki hmotnosti suSiny na
jednu rostlinu bylo dosaZeno v roce 1995. Ro¢niky 1996
a 1997 pak byly z pohledu rastovych kiivek pro sledo-
vané plevelné druhy i pSenici srovnatelné. Ro¢nikové
rozdily ve vyvoji hmotnosti suSiny jsou pouze v abso-
lutnich hodnotéch, pfi¢emzZ jsou shodné ovlivnény jak
jednotlivé plevelné druhy, tak i pSenice. Zatimco rozdi-
ly v hmotnosti suSiny byly mezi rocniky vyssi a v né-
kolika pripadech rovnéz prukazné, plodinové ekviva-
lenty (pomér hmotnosti suSiny jedné rostliny plevele
k hmotnosti suSiny jedné rostliny plodiny) se ménily
mezi ro¢niky minimalné (tab. I). b

Kfivka vyvoje hmotnosti ukazuje ristovou charak-
teristiku plevelnych druhti v pribéhu vegetace, pficemz
rustové charakteristika byla zvyraznéna predev§im v roce
1995, kdy bylo dosaZeno nejvysSich pirtistki hmotnos-
ti sudiny. Vétina plevelnych druhtt ma pozvolny nartst
hmotnosti suSiny se strmou rastovou kfivkou ke konci
vegetace. K druhim s rovnomérnym narastem hmotnosti
susiny, popfipadé intenzivnéj$im ristem v pocatecnich
fazich patii predev§im Stellaria media, Viola arvensis
a Galium aparine. Sigmoidni charakter rastu je patrny
predevs§im u ozimé pSenice.
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g ozima péenice — winter wheat 1. Vyvoj hmotnosti sufiny ozimé pSenice a plevell v jednotlivych
letech — Winter wheat and weed dry weight development in individ-
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1. Prumé&rné hodnoty plodinovych ekvivalenti pro sledované plevelné druhy v jednotlivych rocnicich — Average crop equivalent values for

selected weed species in individual years

1 e Termin odbéru® X
Plevelny druh Roénik
I 11 111, V. .-V,
1995 0,416 0,878 0,421 0,378 0,400
. Y 1996 0,246 0,306 0,305 0371 0,338
Stellaria media
1997 0,262 0,419 0,752 0,640 0,696
x 0,308 0,534 0,493 0,463 0,478
1995 0,028 0,107 0,178 0,679 0,428
N ; 1996 0,101 0,229 0,417 0,268 0,342
Apera spica-venti
1997 0,073 0,127 0,093 0,100 0,096
x 0,068 0,154 0,229 0,349 0,289
1995 0,101 0,289 0,236 0,708 0,472
Matricaria sp. 1996 0,164 0,657 0,436 0,609 0,523
X 0,133 0,473 0,336 0,659 0,497
1995 0,176 0,454 0,513 1,170 0,841
1996 0,060 0,337 0,264 0,750 0,507
Papaver rhoeas
1997 0,141 0,337 1,130 0,552 0,841
X 0,126 0,376 0,636 0,824 0,730
1995 0,156 1,164 0,455 1,321 0,888
J ; 1996 0,389 0,713 0,569 0,354 0,461
Galium aparine
1997 0,461 1,136 2,037 0,956 1,497
x 0,335 1,004 1,020 0,877 0,949
1995 0,128 0,188 0,136 0,166 0,151
Vi : 1996 0,173 0,160 0,099 0,094 0,096
iola arvensis
1997 0,110 0,102 0,145 0,055 0,100
x 0,137 0,150 0,126 0,105 0,116

e o
'weed species, “year, 3term of assessment

1.2 1 2. Vyvoj pramérnych plodinovych ekvivalenti — Devel-

y opment of average crop equivalents

osa x: termin hodnoceni — x axis: term of assessment
0,8
0,6 1 —e—STEME
04 - —s— APESV
/ —4—PAPRH

0,2 1 _ —»—GALAP

0 — —e— VIOAR

I 1L 1. IV,

Je zfejmé, Ze v podzimnim aZ Casn€ jarnim obdobi
je konkurenéni schopnost vétSiny plevelt vici ozimé
pSenici nizkd. S vyjimkou Galium aparine a Stellaria
media se hmotnost jedné rostliny vétSiny plevelnych
druht pohybuje v ¢asném jarnim obdobi mezi deseti-
nou az Ctvrtinou hmotnosti susiny jedné rostliny ozimé
pSenice. Vyvoj hmotnosti pleveli zaostavéa za vyvojem
hmotnosti pSenice. AZ do poloviny sloupkovéni neni
mezi jednotlivymi druhy plevela pfi stejném pocetnim
stavu vyznamnéjsi rozdil.
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Prehlednéji Ize pozorovat ristovou dynamiku pleve-
1t, vztaZenou relativné k dynamice ristu ozimé psenice,
na vyvoji plodinovych ekvivalenti (obr. 2). Nejrychlej-
§tho pocétecniho narustu plodinového ekvivalentu bylo
dosazeno u Galium aparine a Stellaria media. Stellaria
media v8ak nasledné ztraci v konkurenci s pSenici pod-
statn&j§i vyznam a dochdzi k poklesu relativni hmot-
nosti suSiny vzhledem k p3enici. RovnéZz pomér hmot-
nosti suSiny jedné rostliny Galium aparine k pSenici se
v nasledujicim obdobi v dasledku rychlej§iho narastu
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biomasy pSenice udrZuje na stejné urovni, popripadé
dochézi i k poklesu. Pfesto bylo v porovnéni s ostatni-
mi druhy dosaZeno u Galium aparine nejvyssich hodnot
plodinovych ekvivalenti. Trvalého vzestupu hodnot
plodinovych ekvivalenti po celé vegetacni obdobi je
dosahovéano u Papaver rhoeas a Apera spica-venti. Viola
arvensis udrzuje po celé obdobi vegetace staly pomér
hmotnosti sudiny k ozimé p3enici s jen malym pokle-
sem hodnot plodinovych ekvivalentu.
Nejvyznamnéj$im tusekem z hlediska konkurence ple-
vell je obdobi po vymetéani pSenice, kdy se hmotnost
nékterych pleveld zvySuje aZ na drovefi blizkou hmot-
nosti suSiny jedné rostliny pSenice, popiipadé ji v nékte-
rych piipadech prekracuje (Galium aparine, Matricaria
sp., Papaver rhoeas). V druhé poloviné vegetace (od
faze BBCH 30 az do faze BBCH 71) dochdzi také k vy-
razné diferenciaci mezi jednotlivymi plevelnymi druhy.
Vys8i konkurencni schopnost pSenice relativné k ple-
veliim je provazena poklesem plodinovych ekvivalentu.
Proto byly v roce 1996 zjidtény rozdily v rustové dyna-
mice pleveli a pSenice mezi predplodinami hrachem
a obilninou, které ovlivnily konkuren¢ni schopnost pSeni-
ce a nasledné i hodnoty plodinovych ekvivalenti (obr. 3).
Zatimco po zlepsujici pfedplodiné hrachu bylo dosaze-

g ozimd pSenice — winter wheat
10
9 B
8 -
7 4
6 -

4
3..
9

0 T T T T 1

g Stellaria media
397

L. II. . Iv. V.

no vy$§i produkce su$iny na jednu rostlinu pSenice ze-
jména v zavéru vegetace, po obilniné byla hmotnost
suSiny jedné rostliny v zavéru vegetace jen na urovni
50 az 60 %. To se projevilo i v konkurenénim plisobeni
na plevele, a tak téméf u vSech plevelnych druha byla
hmotnost susiny na jednu rostlinu vyssi, pficemZ u Ga-
lium aparine ve vys$i 130 aZ 145 % a u Stellaria media
136 aZz 170 %. Vyjimku tvofila pouze Viola arvensis,
jejiz rustova dynamika nebyla pfedplodinou prakticky
ovlivnéna. Stellaria media, ktery mé rychlou dynamiku
ristu v pocatecnich rastovych fazich, velmi dobfe vy-
uziva nizké konkurence pSenice pravé v téchto casnych
rustovych fazich, pficemZz rozdily v hmotnosti suSiny
jedné rostliny ¢inily mezi pfedplodinami téméf 500 %.

Po prepoctu hustoty pleveli v kazdé varianté na ple-
velné jednotky, s pouZitim plodinovych ekvivalentu ja-
ko konverznich faktort, byla stanovena zavislost mezi
zaplevelenim a vynosem. Nejlep§iho proloZeni dat bylo
dosaZeno pouZitim linearni regrese (obr. 4). Pro konver-
zi bylo vyuZito primérnych hodnot plodinovych ekvi-
valentl z riznych termind. Tésnost zavislosti pfi pouZiti
riznych konverznich faktord byla porovnana korelacni
analyzou (tab. II). Rozdily v zdvislosti jsou malé, pfi-
¢em? nebyla ovlivnéna prikaznost.

g Galium aparine
45 -
4
354
3 4
2.5 1
2 <4
1,5

=
=
<
<

g Viola arvensis
0,8 -
0,7 4
0,6 4
0,5 1
04 4
0,3
0,2 1

0,1 A

I. 1I. or. Iv. V.

3. Vyvoj hmotnosti susiny ozimé p3enice a pleveli po predplodindch hrdch a obilnina — Winter wheat and weed dry weight development

after forecrops peas and cereals

osa x: termin hodnoceni — x axis: term of assessment
osa y: hmotnost sudiny rostliny — y axis: dry weight per plant
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4. Zavislost mezi zaplevelenim v plevelnych jednotkdch a vynosem na dvou lokalitich — Relationship between weed infestation in weed units

and yield in two locations

osa x: zapleveleni v plevelnych jednotkich — x axis: weed infestation in weed units

osa y: vynos — y axis: yield

II. Korelaéni koeficienty pro zédvislost vynosu ozimé pSenice na za-
pleveleni v pfepoétenych plevelnych jednotkich v roce 1997 — Cor-
relation coefficients for relationship between winter wheat yield and
weed infestation in weed units in 1997

Termin stanoveni Pokusni lokalita®
plodinovych ekvivalentd' [ g s Rataje | Postoupky
548, -0,707"" | -0,669"" | -0,525"
4.4, -0,694"" | -0,665" | -0,464""
21. 4. -0,694"" | -0,667"" | -0,526""
12. 5. -0,726"" | -0,665" | -0,492""
4.6. -0,735" | -0,667"" | -0,497""
Pramér’ 12. 5.-4. 6. -0,731" | -0,666" | -0,496"

Pocet variant pokusu® 84 63 80
Fap (@ = 0,05) -0212 | -0,245 | -0,217

'term of crop equivalents assessment, Zexpcrimental locality, 3mean,
*number of experimental variants

DISKUSE

Rada autorti uvadi sice zna¢né druhové rozdily v kon-
kurenéni schopnosti (Gustavsson, 1986; Keiser, Wahm-
hoff, 1986), pfi tvorbé modeli prahovych hodnot jim
viak nebyl prikladan velky vyznam. Prahové hodnoty,
ziskané na zakladé modelovych pokust s jednim ple-
velnym druhem, jsou v praxi jen obtiZné vyuZitelné,
ponévadZ plevelné populace tvofené pouze jednim ple-
velnym druhem jsou vzacnosti. Pfitom je nutné uvazo-
vat i konkurenci mezi jednotlivymi plevelnymi druhy
navzéajem, ke které dochazi pii vy$si drovni zapleveleni.
Aby bylo rozhodnuti skuteéné cilené, musi model pra-
hovych hodnot zahrnovat skuteénou konkurenéni
schopnost jednotlivych druhti a adaptabilitu k faktoriam
prostiedi. Black, Dyson (1993) pouZzivaji pro vyjadreni
konkurenéni schopnosti celé plevelné populace kon-
verznich faktorl stanovenych subjektivné, pfi¢emz ple-
velnému druhu s nejvy$si konkurenéni schopnosti byl
prifazen konverzni faktor 1. Objektivnéjsi metodu trans-
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formace hustoty uvadéji Berti, Zanin (1994). Jde o tzv.
ekvivalent hustoty, ktery predstavuje hustotu daného
druhu ekvivalentni k hustoté referencniho druhu z po-
hledu vyse vynosové ztraty. Tento model v8ak vyZaduje
samostatné vynosové pokusy pro kazdy plevelny druh,
mimoto je vysledny odhad vynosové ztraty nadhodno-
covan v disledku zanedbaéni interspecifické konkurence
mezi plevelnymi druhy navzajem (Berti, Zanin, 1994).
Jak uvadi Petry et al. (1993), ma plevelnd populace
tvofena vice druhy niZ§i konkurencni schopnost k jarni
pSenici nez populace tvofend pouze jednim druhem.
Holzner (1973) zjistil, Ze v porostech s bohatym druho-
vym zastoupenim se projevuje interferen¢ni rovnovaha,
vytvofena ovlivnénim konkurenceschopnych plevela
plevelnymi druhy s nizs§i konkuren¢ni schopnosti. Pro
praktické ucely je proto vhodnéj$i integrace zapleveleni
nékolika plevelnymi druhy pouZitim tzv. plodinovych
ekvivalentd (Wilson, 1986), které predstavuji pomeér pri-
meérné hmotnosti suSiny daného plevelného druhu a plo-
diny a vychazeji jiZ z pfirozenych vicedruhovych popu-
laci. I tento model v8ak muZe byt citlivy na faktory
pusobici nesymetricky na jednotlivé plevelné druhy ne-
bo plodinu. Jsou proto nezbytné studie charakterizujici
konkurenéni chovéni jednotlivych druht po celé vege-
tacni obdobi.

Kazdy plevelny druh ma urcitou ristovou charak-
teristiku, kterd je modifikovana podminkami prostiedi.
Z rustové dynamiky plevelnych druht a pSenice sledo-
vané v letech 1995 az 1997 je patrné, Ze roénikové vli-
vy pusobi stejnym smérem na vSechny plevelné druhy
i na ozimou pSenici, coZ se projevilo zejména v roce
1995, kdy bylo obecné dosaZzeno nejvyssi hmotnosti su-
§iny plevell i ozimé pSenice. Odli¥nosti byly zji§tény
ale v rustovych fazich, kdy bylo dosaZeno nejvyssich
rozdili mezi ro¢niky. U Stellaria media, ktery je cha-
rakteristicky intenzivnim ristem v ¢asném jarnim ob-
dobi, dochazi v pfiznivém rocniku k urychleni rastové
dynamiky a zvyraznéni rozdila v produkci susiny pravé
v ¢asnych obdobich rustu. Je tak dosaZeno rychleji ris-
tového maxima, které se v8ak vyrazné neli§i od maxima
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dosaZeného v jinych letech. U ostatnich plevelnych
druhti se rozdily mezi rocniky projevuji zejména ve
druhé poloving vegetace a vyrazné se 1i§i vysledna ris-
tovd maxima. Shodna reakce na roénikové podminky
miZe byt vysvétlena tim, Ze sledované druhy jsou velmi
dobfe adaptovany na podminky mirného pasma a exis-
tuji minimalni druhové rozdily v poZadavcich na fakto-
ry, urdujici roénikovou charakteristiku (teplota a srazky).
Vegetace roku 1995 byla charakteristicka tim, Ze piedcha-
zela mirnd zima s praimérnymi mési¢nimi teplotami 1 az
5 °C nad teplotnim normalem. Naopak v letech 1996
a 1997 byla chladnégjsi zima s primérnymi mési¢nimi
teplotami vZdy pod dlouhodobym normélem. Tento pri-
béh pocasi byl zpravidla charakteristicky i pro ¢asné
jarni obdobi. Mirn&j§i prub&h zimy a asného jara se
pak pravdépodobné projevil v rychlej§im pocatecnim
rastu pSenice i jednotlivych plevelnych druhi a ve vySSim
ristovém maximu. Jak uvadéji Ball et al. (1995), je rych-
lost rastu jednoletych travovitych plevelt linearné za-
visld na kumulativnich dennich teplotich od data vysevu.
Vyssi teploty v pribéhu zimniho obdobi tak mohou
piedstavovat uréity predstih v ristu plevelil i ozimé pSe-
nice, takZe rostliny pak lépe vyuZivaji podminek vlast-
niho vegetaéniho obdobi.

Vzhledem k tomu, Ze smér zmén v rastové dynamice
je shodny jak pro plevelné druhy, tak pro pSenici, zda
se, ze plodinové ekvivalenty piedstavuji velmi stabilni
faktor pro posouzeni konkurenéni schopnosti plevelné
populace. Vedle toho plodinové ekvivalenty umoZziuji
piepocet hustoty plevell na relativni hmotnost susiny,
protoZe biomasa pleveli podstatné Iépe koreluje s vyno-
sem plodiny neZ hustota pleveld (Lutman, 1992). Rov-
néz Hakansson (1990) potvrzuje, Ze predikce vynosové
ztraty zaloZena na pokryvnosti pleveld, listové plose
nebo biomase je mnohem spolehlivéjsi neZ predikce za-
loZena na poctu pleveld.

Kazdy plevelny druh se vyznaluje specifickou ris-
tovou dynamikou. Ball et al. (1995) uvadéji, Ze velikost
vzchazejicich rostlin je vétsi u druht s velkymi seme-
ny. Druhy s mensimi semeny se v8ak vyznaluji vy$si
relativni rychlosti rastu v ¢ase. Podobna charakteristika
ristové dynamiky mohla byt v naSich pokusech zazna-
mendna pro Apera spica-venti a Papaver rhoeas. Obec-
né jsou vsak rozdily v rustové dynamice mezi plevel-
nymi druhy mélo vyrazné.

Konkurenc¢né velmi silnym plevelnym druhem je
Galium aparine, ktery dosahuje v druhé poloviné vege-
tace nejvy$sich hodnot plodinovych ekvivalentd, pfi-
¢emz jejich pramér se blizi hodnoté 1. Vysoka konku-
renéni schopnost je ddna i vysokou rustovou rychlosti
JjiZz v po&atku vegetadniho obdobi, kterd umoZiiuje rychly
vzestup plodinovych ekvivalentl z hodnot kolem 0,3 na
troveii blizkou 1. Hodnota jeho plodinovych ekvivalen-
ti je do zna&né miry zavisla na hustot® plodiny a na
piistupnosti dusiku. Rooney et al. (1990) uvadéji, Ze pri
vy$§i drovni hnojeni dusikem produkuje Galium aparine
na jednotku dusiku vice suSiny neZ pSenice, ale vytvari
méné susiny, pokud je dostupnost dusiku niZsi.
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Redukce hmotnosti pleveld v dusledku zvySujici se
hustoty plodiny je proporciondlné vyrazn&jsi pfi niZsi
hustoté pleveli (Hakansson, 1986). Podobny efekt mo-
hou mit i jiné plevelné druhy, protoZe plevelné popula-
ce tvofené vice druhy maji tendenci k niz3i konkurencni
schopnosti neZ populace tvofené pouze jednim druhem
(Petry et al., 1993). RovnéZ v naSich pokusech u variant,
v nichZ byl ponechan jen Galium aparine (ostatni ple-
vele byly odstranény), bylo umoznéno konkurenéni pu-
sobeni Galium aparine a silny pokles vynosu. Samotny
Galium aparine tak mél vyssi konkurenéni efekt vici
ozimé p3enice neZ ve spolecenstvi ostatnich plevelu.

Ackoliv v ptipadé Apera spica-venti dochazi v zave-
ru vegetace k rychlému nartstu susiny, bylo zjisténo, Ze
jeji konkurenéni plsobeni je dano spiSe etnosti rostlin
na sledovanou plochu neZ pfevahou v nartstu biomasy
srovnatelného poctu rostlin, protoZe primérné hodnoty
plodinovych ekvivalenti Apera spica-venti v zavéru ve-
getace dosahuji hodnot okolo 0,3. Apera spica-venti se
vSak vyznaCuje velmi rychlou populaéni dynamikou,
coz muZe znamenat, Ze pfi sledu ozimé pSenice po pSe-
nici se hodnota potencialniho zapleveleni v nadchazeji-
cim roce zvyS$i proti poéatedni hodnoté téméf 40krat
(Landa, 1993).

Papaver rhoeas je plevelny druh s rozhodujicim narts-
tem suSiny ve druhé poloviné vegetace. Primérné hodnoty
plodinovych ekvivalenti v zavéru vegetace se pohybuji
kolem 0,75, coz svéd¢i o vysoké konkurencni schop-
nosti tohoto druhu. V piipadé s nizsi hustotou porostu
mohou plodinové ekvivalenty pfesdhnout hodnotu 1. Pa-
paver rhoeas patii rovnéz k plevelnym druhtim s velmi
rychlou popula¢ni dynamikou. V fadé porosti miZe byt
Papaver rhoeas dominujicim plevelem. V tomto piipadé
muze ovliviiovat biomasu plodiny vyraznéji nez napf.
Galium aparine (Wright et al., 1997), ackoliv Galium
aparine je obecné znam jako plevelny druh s vys§si kon-
kurenéni schopnosti nez Papaver rhoeas.

Matricaria sp. (pfevazujici Matricaria perforata Mérat
syn. Matricaria inodora, Tripleurospermum maritimum)
piedstavuje plevele s velmi rychlou ristovou dynamikou
ve druhé poloviné vegetace. Primérné hodnoty plodi-
novych ekvivalentl se ve druhé poloviné vegetace po-
hybuji okolo 0,5, pfi¢emZ v samotném zavéru mohou
dosahovat az hodnot kolem 0,7. RovnéZz Blackshaw,
Harker (1997) uvadéji, ze Matricaria perforata zvysuje
v po&ateénich rstovych fazich listovou plochu pomalu,
pfi¢emz po Sesti tydnech dochazi k vyraznému zvyseni
ristové rychlosti. Matricaria perforata rovnéz produ-
kuje vétsi mnoZstvi biomasy v oblastech s intenzivnéj-
§imi srazkami.

Stellaria media je plevelnym druhem s rozhodujicim
konkurenénim efektem v prvni poloviné vegetace, kdy
je dosahovano hodnot plodinovych ekvivalenta okolo
0,5. Prakticky vSak i v dal$im pribéhu vegetace dochd-
zi pouze k jejich malému poklesu. TakZe konkurencni
schopnost zlstdva ve vztahu k ozimé pSenici na stdlé
urovni. Vysoka konkurenéni schopnost Stellaria media
je podminéna intenzivni tvorbou biomasy pfi vysokém
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piijmu Zivin a dobré zasobenosti vodou (Keiser, Wahm-
hoff, 1986). Jornsgard et al. (1996) uvadéji, ze Stellaria
media vyuziva vice zvy$ené dostupnosti dusiku, nez je
potlacen zvySenou biomasou plodiny. Pfi vysokych
dédvkéch dusiku je vSak primérna biomasa Stellaria me-
dia redukovina, coZ je pravdépodobné duisledek nepfi-
mého efektu dusiku zvySenou biomasou plodiny.

Viola arvensis patii ve sledovaném souboru k ple-
velnym druhtm s nejniz8i konkurenéni schopnosti. Pri-
mérnd uroveti plodinového ekvivalentu se po celé vege-
tacni obdobi méni jen minimdlné a pohybuje se kolem
0,1. V poslednich desetiletich v§ak zejména v oblastech
s intenzivnim péstovanim obilnin a fepky dosahla drov-
né zapleveleni, ktera ji fadi k ekonomicky nejvyznam-
néjSim plevelam. Keiser, Wahmhoff (1986) uvadéji, ze
vynosové znaky ozimé pSenice jsou ovliviiovdny vice
Stellaria media nez Viola arvensis, pricemz redukce tvorby
biomasy zplsobena Vieola arvensis je vyssi v suchych
podminkach. Stupfiované davky dusiku neovliviiuji re-
lativni konkurenéni schopnost Viela arvensis, coZ zna-
mend, Ze dusik je rovnomérné rozdélen mezi plodinu
a plevel (Holzmann, Niemann, 1986).

Efekt zlepSujici predplodiny (hrach), coz se tyka vyssi
konkurencni schopnosti pSenice, Ize vysvétlit lepsim vy-
uzivanim piiznivéjSich podminek ozimou pSenici nez
plevelnymi druhy. V tomto piipadé mohou byt piizni-
véjs§i podminky dany piedevSim zlepSenou strukturou
pudy a zvySenou nabidkou dusiku. Z pribéhu rastové
dynamiky plevell je patrné, Ze po zlepSujici piedplodiné
maji Galium aparine i Stellaria media v po¢atku vege-
tace ¢asteCny predstih. Ozima pSenice vSak v nasledu-
jicim obdobi Iépe vyuziva dobrych podminek a z tohoto
davodu pusobi konkuren¢né na plevele, které dosahuji
niz§i hmotnosti susiny nez po obilni pfedploding, u niz
je konkurenéni efekt pSenice nizsi. Viola arvensis je
v rustové dynamice ovlivnéna jen minimalné, protoZe
na zlepSené podminky, pfedevsim zvySenou nabidku du-
siku, reaguje stejné jako ozimd pSenice (Holzmann, Nie-
mann, 1986).

Z grafu zavislosti mezi zaplevelenim, pfepoétenym
na plodinové ekvivalenty, a vynosem je patrny linearni
charakter. Tento typ zdvislosti mezi vynosem a hmot-
nosti susiny plevell byl zjistén jiz v diivejsich studiich
(Wilson, Peters, 1982). Podobny charakter zavislosti za-
znamenali Black, Dyson (1993). Rozdil proti jinym poku-
stim, ve kterych byl zjistén nelinedrni charakter zavislosti
(Cousens, 1985), je vysvétlovan oslabujicim vlivem her-
bicidi na prezivajici plevele. UrCitou roli miZe sehrat
i konkurence mezi pleveli navzajem, pficemz pfi poste-
mergentni aplikaci herbicidi jsou prezivajici plevele jiz
touto predchozi konkurenci oslabeny a ristovou ztratu
vzhledem k pSenici nedostihnou. ZjiStény linedrni cha-
rakter zdvislosti nejlépe odpovidd podminkam pfi niz-
kych hustotdch plevelt (Wilson, 1986), které viak z po-
hledu prahovych hodnot maji nejvétsi vyznam.

Zjistené rozdily v tésnosti zavislosti mezi vynosem
ozimé pSenice a zaplevelenim v plevelnych jednotkach,
pii pouziti plodinovych ekvivalentd z raznych termint
jako konverznich faktorti, byly velmi malé a neovlivnily
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prikaznost. Piesto se nejvhodnéjSim konverznim fakto-
rem zdaji byt plodinové ekvivalenty z druhé poloviny
vegetace (kvéten az Cerven), které vyraznéji rozliSuji
mezi jednotlivymi plevelnymi druhy. Ve druhé poloviné
vegetace dosahuji rozhodujici plevelné druhy maximum
tvorby biomasy a s vyjimkou nékterych druht s nizsimi
plodinovymi ekvivalenty toto maximum odpovida i ma-
ximdlnim hodnotam plodinovych ekvivalenti. Podobnych
vysledkl dosahl i Wilson (1986), ktery zaznamenal nej-
vysSi hodnoty plodinovych ekvivalentl v ¢ervenci.
Systém plodinovych ekvivalenti muaZe predstavovat
vhodny nastroj pro predikci vlivu plevelnych populaci,
tvofenych nékolika plevelnymi druhy. Tento model vSak
pocitd s urCitymi predpoklady, které plati jen pro urcité

situace (Wilson, 1986):

e Zavislost vynosové redukce zplsobené pleveli na
hmotnosti suSiny pleveld je linedrni. Tento predpo-
klad plati pri niz§ich hustotach plevela, avSak pro
§irsi Skalu hustoty ma charakter pravouhlé hyperboly
(Cousens, 1985). Pri vysSich hustotach plevelu totiz
dochéazi ke konkurenci mezi plevelnymi rostlinami
navzajem a $kodlivost jedné plevelné rostliny se sni-
zuje. Tuto skutecnost lze oviem respektovat korekei
vynosové ztraty pripadajici na plevelnou jednotku
(Klem, Vanova, 1997).

e Konkurenéni schopnost riznych plevelnych druhi lze
vyjadiit pomérem hmotnosti susiny plevelné rostliny
k hmotnosti suSiny plodiny. Tento piedpoklad je
splnén, pokud plevelné druhy i plodina reaguji na
rozdilné podminky péstovani shodné.

e Plevele vzchazeji ve stejném obdobi jako plodina.
Zpozdénim nebo pred¢asnym vzchazenim pleveli mu-
ze dochazet k vyraznému ovlivnéni jejich konkurencni
schopnosti (Hakansson, 1986).
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PROPERTIES OF HUMIC ACIDS PRODUCED DURING
DECOMPOSITION OF PLANT RESIDUES IN SOIL

VLASTNOSTI HUMINOVYCH KYSELIN VZNIKAJICICH BEHEM
ROZKLADU ROSTLINNYCH ZBYTKU V PUDE

S. S. Gonet, B. Debska

University of Technology and Agriculture, Department of Environmental Chemistry,
Bydgoszcz, Poland

ABSTRACT: The aim of the laboratory experiment was to determine properties of humic acids developed during decompo-
sition of post-harvest residues of wheat, lucerne and corn in soil. Humic acids were extracted prior, and after 30 and 360 days
of incubation according to the IHSS method. It was found that application of post-harvest plant residues to soil significantly
modified properties of humic acids. These findings have indicated the necessity of considering crop rotation scheme in
determining properties of soil humic substances.

Keywords: humic acids; post-harvest residues; elemental composition; spectrometric parameters

ABSTRAKT: Cilem laboratorniho pokusu bylo uréeni vlastnosti huminovych kyselin, které vznikaji béhem rozkladu poskliz-
fiovych zbytku pSenice, vojtésky a kukufice v pidé. Huminové kyseliny byly extrahoviny metodou IHSS pied inkubaci a po
30, resp. 360 dnech inkubace. Zjistili jsme, Ze aplikace poskliziiovych rostlinnych zbytk vyznamné ménila vlastnosti humi-
novych kyselin. Tyto poznatky naznalily potfebu vzit pfi urfovéni vlastnosti piidnich humusovych liatek v Gvahu osevni

postup.

Kli¢ova slova: huminové kyseliny; poskliziiové zbytky; zdkladni sloZeni; spektometrické ukazatele

INTRODUCTION

The content and quality of soil humus is a funda-
mental parameter of soil fertility. Many processes of
humus substances decomposition and input of fresh or-
ganic matter affect the humus content. Under the con-
ditions of convential agricultural production a continuous
input of post-harvest residues is an important compo-
nent of the balance of soil organic matter (Zaujec, 1980;
Gonet et al., 1992; Mazur, 1995; Jurcova, Bielek, 1996).
That is why a proper system of crop rotation can secure
an optimum humus status or even cause a balance sur-
plus of organic matter, improving soil fertility in this
way. However, it is necessary to remember that agricul-
tural and ecological roles of humus substances result
not only from their presence in soils, but they also af-
fect their physico-chemical properties. Therefore, a ra-
tional use of post-harvest residues requires both deter-
mination of their amount left behind in soil, and assaying
their chemical composition. The latter factor is one of
the most important parameters determining the course
of development of humus substances and their physico-
chemical properties.

General characteristic of humic substances is often
done by determining their elemental composition and
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spectrometric properties. Among others, elemental com-
position is useful for evaluation of the degree of aroma-
ticity and oxidation, and combustion heat of humic sub-
stances, concluding on this basis about their maturity
(Orlov, 1975; Gonet, 1989).

One of the main criteria characterising humic sub-
stances of various kinds is their absorbance at the wave-
length 465 nm, and the value of the E,q ratio (Orlov,
1975; Kumada, 1987; Gonet, 1989). These parameters
are used also for characterisation of newly formed hu-
mic substances. It was found that absorbance of humate
solutions in the UV-VIS range increases with the car-
bon content in the humic acids molecules (Kumada,
1987). The E4q ratio value is positively correlated with
the one of the H : C ratio (calculated form elemental
composition), and negatively with that of the O : H
ratio (Kumada, 1987). It is also commonly accepted
that the smaller is the Eyy ratio value, the higher is
molecular weight of humic acids. Kumada (1975) has
determined maturity of humic acids on the basis of the
Alog K parameter value. The author classified humic
acids (HA) into three basic categories according to their
spectra in the UV-VIS range, i.e. type A, includes HAs
of very high humification degree, having Alog K values
up to 0.6; type B, HAs of Alog K within the range 0.6 to
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. Chemical composition of post-harvest residues (g/kg)

Post-harvest residues | Saccharides Proteins Hemicellulose and starch Cellulose Lignin C N
Lucerne 43.6 164.4 148.5 3225 296.0 14.5
Maize 67.2 475 426.1 2329 182.7 529
Wheat 46.8 43.1 233.0 421.2 230.0 57.0

0.8; and type Ry, comprising of HAs having the Alog K
parameter ranging 0.8 to 1.1. Moreover, Kumada (1987)
obtained negative correlation coefficients between the
values of the Alog K parameter and carbon content, and
the O : H ratio. He also found a positive correlation
between Alog K and the H : C ratio.

The objective of this study was to determine elemen-
tal composition and spectrometric properties of humic
acids developed during decomposition of post-harvest
residues of corn, alfalfa, and wheat in soil. Statistical
relations between the parameters under study were also
assessed.

MATERIAL AND METHODS

The studies were carried out as a pot experiment.
Post-harvest residues of maize, lucerne and wheat were
used as a source of organic matter. Chemical composi-
tion of the examined plant material residues is given in
Tab. I. The samples were incubated at 25 °C and con-
stant humidity of 60% for periods of 1 to 360 days.
Incubation of a sample taken from arable layer of brown
soil was the control. The soil was incubated with plant
post-harvest residues at a ratio 10 : 1. The residue ma-
terial was composed of straw and roots mixed at a spe-
cific ratio. The experiment was realised in plastic pots
according to the following scheme:

X;Ir::g];l) Incubated material

S soil (control)

SMa soil + maize (mixture of straw and roots in 2 : | w/w
ratio)

SLu soil + lucerne (mixture of hay and roots in 1 : 1.5 w/w
ratio)

SWh soil + wheat (mixture of straw and roots in 4 : 1 w/w
ratio)

Humic acids were extracted from incubated materials
according to the IHSS standard method. The extracted
humic acids were analysed for elemental composition
(Perkin Elmer 2400 CHN analyser). On the basis of
elemental composition the values of atomic ratios: H : C,
O:C,0:H,N:Cand o - internal oxidation degree
were calculated according to the formula:

0w=(20+3N-H):C
where: O, N, H, C - content in atomic percentage

The spectra in the UV-VIS range were recorded for
0.2% HA solutions in 0.1 M NaOH (Hewlett Packard —
UV-VIS spectrometer). Absorbance measured at the
wavelengths 280 nm (Apgg), 400 nm (Ayq), 464 nm

456

(A464), 600 nm (Aggg) and 664 nm (Agg4) were used for
calculation of coefficient values:

Ay — 280 nm and 464 nm absorbances ratio

Ay — 280 nm and 664 nm absorbances ratio

Ay — 464 nm and 664 nm absorbances ratio

Alog K =log A0 — log Agpo

The results were evaluated statistically with vari-
ation analysis with the use of the Tukey r-test at signifi-
cance level of o = 0.01. Additionally, orthogonal contrast
method with the Scheffe test was used to analyse the
differences between the properties of humic acids iso-
lated from soil samples without amendments with those
of humic acids of soil incubated with post-harvest resi-
dues.

RESULTS AND DISCUSSION

The results of elemental composition of humic acids
separated from soil samples before incubation (0) and
incubated for 30 and 360 days with post-harvest residues
demonstrated a modification effect of these plant mate-
rials (Tab. II). Humic acids isolated from the variants
SMa-0, SLu-0 and SWh-0 had a lower content of car-
bon and oxygen, and higher hydrogen content than the
acids of the soil without amendments. Nitrogen content
was determined by its occurrence in the initial material,
therefore the highest amount of nitrogen was found for
HAs of the variant SLu-0, while the smallest for the
acids isolated from the samples with wheat plant mate-
rial. Results from the studies of other authors (Gomah
et al., 1978; Aleksandrova, 1980) show that the process
of post-harvest residue decomposition is connected with
an increase of carbon and oxygen contents, and a de-
crease of hydrogen content. This is in part in discrep-
ancy with our findings, because no significant changes
in carbon content in HAs samples were found during
the incubation process. A decrease of hydrogen content
was observed in the samples of the variants SLu. and
SMa, while in case of oxygen content the opposite ten-
dency was noted only for soil samples incubated with
post-harvest lucerne residues. Nitrogen content in HA
samples on the variant SLu decreased significantly,
while it increased in samples of SWh. This corroborated
the observations reported by Aleksandrova (1980), who
has demonstrated that in the humification of plant resi-
dues rich in nitrogen its content in humic acid mole-
cules diminished, while the corresponding nitrogen
concentration was higher after decomposition of resi-
dues poor in this element. The obtained results of ele-
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II. Elemental composition of humic acids

111. Atomic ratios and their degree of internal oxidation of humic acids

“no significant differences with soil humic acids (analysis of or-
thogonal contrasts)

mental composition allowed to speculate that the con-
tent of specific elements and changes in their concen-
tration occurring during the humification process de-
pended on the kind of post-harvest residues introduced
into soil, as well as on the conditions of this process
(Gonet, Debska, 1998).

Changes in elemental composition are usually ac-
companied by corresponding changes in atomic ratio
values. This ratio assessed for humic acids isolated from
samples containing plant material was significantly higher
than that determined for HAs of soil without additives
(Tab. III). Therefore, introduction of post-harvest resi-
dues into soil caused an increase of the aliphatic struc-
tures content in humic acids molecules. Process of maize
and lucerne post-harvest residues decomposition was con-
nected with a decrease of the H : C ratio. No such
relationship was found for the SWh variant. Two other
ratios O : H and O : C were also almost unchanged in
case of the same SWh and SMa variants, whereas both
kinds of values were significantly higher in soil samples
incubated with lucerne post-harvest residues. The higher
values of the O : H ratio were connected with humifi-
cation degree of humic acids molecules (Gomah et al.,
1978). The O : C ratio is an indicator of HAs oxidation

ROSTLINNA VYROBA, 45, 1999 (10): 455-460

Saniple Weight percentage Atomic percentage Sample H:1 € O:H 0:¥C N:C [0}

& H N (o} c H N o S-0 1.01 0.47 0.47 0.061 0.117
S-0 559 (4.7 |4.0 |354 (392 |39.8 |24 [18.6 S-360 0.96 0.47 0.45 0.064 0.134
S-360 547 |48 |41 |364 |404 |38.8 [26 (182 SMa-0 1.34 0.32 0.42 0.071 -0.275
SMa-0  [569 |63 |47 [321 (353 [47.2 |25 [15.0 SMa-30 1.32 0.35 046" | 0.057 | -0.233
SMa-30 [55.9 | 6.2 [3.6 |343 [35.2 |46.6 | 2.0 [16.2 SMa-360 1.26 0.34 0.42" 0.072 -0.196
SMa-360 |57.1 | 6.0 |4.7 [322 (363 [457 |26  |154 SLu-0 1.39 0.30 0.41° 0.101 -0.223
SLu-0 56.1 | 6.5 | 6.5 |309 (345|478 |35 (142 SLu-30 1.35 0.34 0.46° 0.087 -0.168
SLu-30 547 |62 |56 |33.5 (345|466 |3.0 (159 SLu-360 1.24 0.44* 0.55 0.078 0.095
SLu-360 |51.8 | 5.4 |47 |38.1 [34.8 |432 277|192 SWh-0 1.21 0.35 042" 0.043 -0.239
SWh-0 58.2 |59 |29 |329 (373|453 |16 (158 SWh-30 1.24 0.35 043" 0.041 -0.255
SWh-30 [57.9 | 6.0 |27 |334 (369 |457 [ 1.5 |159 SWh-360 | 1.21 0.36 043" 0.065" | -0.154
SWh-360 |57.2 | 5.7 |44 (327 [37.0 [447 | 24" | 159 Means for kind of residues (factor I)

Means for kind of residues (factor I) SMa 1.31 0.34 0.43 0.067 -0.235
SMa 56.6 | 6.2 | 4.3 [32.9 |35.6 |46.5 (24 [155 SLu 1.33 0.36 0.47 0.089 -0.099
SLu 542 | 6.0 |56 (342|346 |459 3.1 [164 SWh 1.22 0.35 0.43 0.049 -0.216
SWh 578 159 (33 [33.0|37.1 |452 |18 |159 Means for analysis time (factor II)

Means for analysis time (factor II) X-0 1.31 0.32 0.42 0.072 -0.246
X-0 57.1 | 6.2 |47 |32.0 (357 |46.8 |25 |15.0 X-30 1.30 0.35 0.45 0.062 -0.218
X-30 562 | 6.1 |40 |33.7 (355 (463 |22 |[16.0 X-360 1.24 0.38 0.47 0.072 -0.085
X-360 554 |57 |46 |343 [36.0 |445 |26 |168 LSD at o = 0.01

LSD at o = 0.01 Factor 1 0.034 ns 0.026 0.003 0.027

Factor 1 0.77( 0.27 | 0.08 | 0.72| 0.73| 0.72( 0.08 | 0.61 Factor 11 0.034 0.027 0.026 0.003 0.027
Factor Il | 0.77| 0.27 | 0.08 | 0.72| ns | 0.72] 0.08 | 0.61 Ix1I 0.059 0.046 0.045 0.006 0.047
IxII 1.33] 047 [ 0.13 | 1.16/ ns [ 1.25/0.15| 1.06 mx1 0.059 0.046 0.045 0.006 0.047
L LB 0] Lie xs | 12 043] 106 * no significant differences with soil humic acids (analysis of or-

thogonal contrasts)

degree (Orlov, 1975). Introduction of plant residues into
soil caused a decrease of the O : H ratio, while it did
not affect the O : C value. In the process of humifica-
tion of maize and wheat plant residues in soil no in-
crease of the O : H and O : C ratios was noted. There-
fore it can be assumed that decomposition process of
maize and wheat plant residues was not linked with an
increase of humification degree of humic acids mole-
cules. However, the O : C ratio assayed for HAs sepa-
rated from soil samples mixed with lucerne plant resi-
dues after 360 days of incubation indicated that the
obtained humic acids had a higher oxidation degree that
the acids of brown soil. That is why the hypothesis
worked out by Orlov (1975) that the ® value calculated
from the Zdanov (1965) equation is a more objective
measure of internal oxidation degree of humic acids
molecules. The equation takes into consideration not
only bonds of carbon with oxygen, but also with hydro-
gen and nitrogen. Introduction of post-harvest residues
into soil caused a significant decrease of internal oxi-
dation degree. The process of post-harvest residue de-
composition was related to an increase of the w parameter.
What is more important, after 360 days of incubation
only humic acids of the SLu variant (soil + lucerne
post-harvest residues), similarly to HAs of soil without
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additives, had a positive value of internal oxidation de-
gree.

Although elemental composition is considered one
of the basic features of humic substances, useful for
identification and concluding on their structure, identi-
fication of young humic acids with help of elemental
composition should be done with a lot of caution. They
can contain large amounts of lignin and cellulose, the
compounds of elemental composition very similar to
typical humic acids (Flaig et al., 1975). Therefore the
opinion expressed by Zigunov, Simakov (1977) that de-
termination of newly formed humic acids only by ele-
mental composition can result quite often in wrong con-
clusions. Instead, calculation of internal oxidation
degree from elemental composition seems a good idea
because it can be an indication of the extend of the plant
materials decomposition processes. The obtained values
of internal oxidation degree showed that humification
processes were the fastest in case of lucerne post-harvest
residues. This finding seems logical with the assump-
tion that the plant residues decomposition process is
determined by the C : N ratio value. A plant material
containing a high percentage of proteins, therefore hav-
ing a low C : N value, decomposes most easily.

The occurrence of lignin and cellulose structures in
humic acid molecules was confirmed by UV-VIS analy-
sis. It is well known that no maximum can be observed
on a UV-VIS spectrum of typical humic acids, it looks
like a steadily decreasing line. Humic acids separated
from soil samples incubated with post-harvest residues
had a clear band with a maximum of about 280 nm
(Fig. 1). The highest intensity of this band was noted

for HAs of soil samples amended with the material of
the highest total content of lignin and cellulose (wheat
post-harvest residues, Tab. I). It is very important that
the intensity of this band decreased with the course of
humification process. The smallest drop of the band
intensity was observed for the SWh variant, what pointed
out a very slow decomposition of wheat post-harvest
residues.

The absorbance values obtained for humates of soil
samples incubated with post-harvest residues were signifi-
cantly lower than humates of soil without them (Tab. IV),
while the corresponding absorbance coefficients (A,4,
Ays, and Alog K) were significantly higher. The process
of plant materials decomposition resulted in a decrease
of these coefficients. Their highest values were recorded
for humates after 360 days of soil incubation with wheat
post-harvest residues, while the lowest absorbance co-
efficients were observed for the SLu variant extract.
The values of the Ay ratio assessed for the SMa and
SWh samples, like the other coefficients, were signifi-
cantly higher as compared with humates of soil without
additives. No significant differences were found be-
tween the values calculated for the S and SLu variants.
What is also important, in general the changes noted for
the Ay ratio during decomposition of plant materials
were negligible. The results showed that spectrometric
parameters (absorbances and absorbance coefficients)
were related to the kind of post-harvest residues intro-
duced into soil, therefore also to their chemical compo-
sition.

Some interesting information were collected from
the correlation analysis of spectrometric parameters and
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elemental composition of the humic acids studied (Tab. V).
It was found that not all the relationships between humic
acids qualitative parameters are reliable for humic acids
isolated from soil supplemented with fresh plant mate-
rial. No significant relationship was found between ab-
sorbance values within the VIS range and carbon content.
The only exception was absorbance at 280 nm (Asg()
correlated positively with carbon content. A negative re-

IV. Spectrometric parameters of humic acids alkali solutions

Sample | Ay | Aaoo | Aaga | Ao | Avg | Aws | Alog K
S-0 575 |2.16 |1.38 |4.17 [159 [3.81 | 0.577
S-360 556 [2.05 [1.30 |428 (163 [3.80 | 0.577
SMa-0 4.53 | 1.57 |0.841 (539 |227 |42]1 | 0.693
SMa-30 |[4.39 |1.54 |0.817|5.37 |23.0 |4.28 0.692
SMa-360 | 4.57 | 1.65 |0.934 | 4.89 | 20.4 |4.17 | 0.661
SLu-0 3.76 | 1.41 [0.770|4.88 |18.4 [3.77°| 0.664
SLu-30 391 [1.46 |0.782|5.00 | 20.5 |4.09 0.694
SLu-360 | 4.58 | 1.75 |1.02 |4.49"|17.8 [3.95"| 0.637
SWh-0 | 453 [1.41 |0.695(6.52 |30.0 |4.60 | 0.764
SWh-30 | 4.67 | 1.47 |0.713|6.55 |30.9 |4.72 0.771
SWh-360 | 4.73 | 1.61 |0.870 | 5.44 |24.3 |4.46 0.696
Means for kind of residues (factor I)
SMa 4.50 [1.58 |0.864|5.22 | 22.0 |4.22 0.682
SLu 4.08 [1.54 |0.857|4.79 |18.9 [3.94 | 0.665
SWh 4,64 | 1.50 |0.759 [ 6.17 |28.4 | 459 | 0.744
Means for analysis time (factor II)
X-0 427 | 1.46 (0769 | 5.60 |23.7 |4.19 0.707
X-30 432 | 1.49 |0.771[5.64 | 248 |436 | 0.719
X-360 4.63 | 1.67 [0.941|4.94 | 208 |4.19 0.665
LSD at oo = 0.01
FactorI | 0.119( ns |0.013]0.229| 1.11|0.112| 0.012
Factor IT | 0.119(0.122]0.013 | 0.229| 1.11]0.112| 0.012
IxII 0.206( ns |0.023 (0.397| 1.93| ns 0.021
IIxI 0.206| ns |0.023 0397 1.93| ns 0.021

" no significant differences with soil humic acids (analysis of or-
thogonal contrasts)

lationship was noted for this absorbance value and the
H : C and N : C ratios. However, no significant (posi-
tive) correlation was found between absorbance coeffi-
cients (Ayy4, Ay and Alog K) and the H : C ratio.
Nevertheless, these coefficients were significantly
negatively correlated with the N : C ratio. A special
attention should be given to correlation observed for
internal oxidation degree. The values of the w parame-
ter were significantly related positively to absorbance
values within the VIS range and negatively with Alog K
the coefficient values.

The obtained results of correlation analysis indicated
a necessity for a very careful interpretation of the data
collected in the humic acid studies. It is particularly
important because it is generally accepted to evaluate
properties of newly formed humic acids with the help
of commonly accepted qualitative parameters used in
relation to soil humic substances. Their interpretation is
being done also on relationships found for this group of
compounds. However, as shown here, such an approach
can result in very wrong conclusions. This was addi-
tionally confirmed by the studies carried on with humic
acids developed during decomposition of pure post-har-
vest residues (under non-soil conditions), for which cor-
relation analysis disclosed a reverse tendencies as com-
pared with typical humic acids (Gonet, Debska, 1998).
Introduction of post-harvest residues into soil modifies
properties of humic acids to a great extend, and that is
why this must be taken into consideration during their
characterisation.

CONCLUSIONS

Humic acids isolated from soil samples incubated
with plant post-harvest residues had a lower content of
carbon and oxygen, a higher content of hydrogen (ni-
trogen content depended on its concentration in the stud-
ied material), lower absorption values in the UV-VIS
range, and higher values of absorbance coefficients:
Alog K, Ay, and Ay than those from soils without
additives.

V. Correlation between elemental composition and spectrometric properties of humic acids separated from soil samples incubated with plant

residues
c H o) H:C N:C 0:C O:H )
Bssg 0.725° -0.647 0.392 -0.838"" -0.671" 0.117 0.485 0.193
Adoo -0.081 -0.657 0.668" -0353 0.208 0.627 0.700" 0.733"
Aige -0.420 ~0.485 0.571 -0.033 0.634 0.648 0.583 0.791"
Adga -0.566 -0.332 0.486 0.144 0.727" 0.617 0.473 0.723"
A 0.755™" 0.038 -0.252 -0.439 -0.889"" -0.470 -0.210 -0.547
Asji 0811 -0.070 -0.167 -0.539 -0.930" -0.409 -0.115 -0.470
A 0.871"" -0.232 -0.037 -0.676" -0.958"" -0.309 0.029 -0.339
Alog K 0.682° 0.084 -0.263 -0.367 -0.839"" -0.454 -0.237 -0.667"

:_ significance at o = 0.05
significance at o = 0.01
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It can be concluded that the process of decomposi-
tion of plant materials is connected with an increase of
the internal oxidation degree of humic acids molecules
and a decrease of Alog K, Ay, and A, absorbance
coefficients.

The humification rate depends most of all on the C : N
ratio, therefore the residues rich in nitrogen decompose
most rapidly on the other hand, the process is related to
the content of compounds providing carbon easily ac-
cessible to microorganisms.

The results of the study have indicated that proper-
ties of humic acids, obtained in the process of plant
material decomposition in soil, differ distinctly from
those of soil humic substances. These findings must be
considered while interpreting results obtained by various
generally accepted physico-chemical research methods
concerning soil humic substances.
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TESTOVANI JILKU A KOSTRAVY NA REZISTENCI VUCI
DRECHSLERA SPP. METODOU DVOUVRSTEVNEHO MEDIA

TESTING OF RYEGRASS AND MEADOW FESCUE FOR RESISTANCE
TO DRECHSLERA SPP. WITH METHOD OF DOUBLE-LAYER MEDIUM

A. Drozdova

OSEVA PRO, s. r. o., Grassland Research Station, Roznov-Zubri, Czech Republic

ABSTRACT: Selected varieties of perennial ryegrass and meadow fescue have been checked for resistance to Drechslera
spp. in vitro conditions. Extirpated embryos of matured caryopses were the source of calluses. Pathogen cultures were obtained
from fresh leaves collected in the locality of Zubii (North Moravia). The modified method of double-layer medium by Lepoivre
et al. (1986) was used to test resistance against toxic metabolites of the pathogen. On the basis of weight gains of treated and
control calluses no influence of toxins Drechslera dictyoides in meadow fescue was proved when a two weeks old pathogen
culture on PCA (potato carrot agar) and the half volume medium (20 ml) of upper layer was used. Neither changes of colours,
nor consistence of calluses was observed. The biochemical substance of the toxins of this pathogen is still not well known.
Engstrom et al. (1993) refer only that D. dictyoides produces catenarin. One possible reason could be a low membrane
permeability of calluses cells for the toxin of this fungi, as follows from the results of a study by Plazek, Filek (1998). The
effect of toxins of D. siccans on calluses of meadow fescue was pronounced under conditions of higher age (six weeks) of
pathogen culture on PDA with half volume (20 ml) of upper layer of medium. These conditions initiated necrosis in all 120 treated
calluses of four origins (Tab. I). Three unaffected sectors (Tab. II) on two calluses were selected from 160 treated calluses of
four varieties of perennial ryegrass under similar conditions (four weeks age of pathogen). Only one of them continued growing
and created some roots on regeneration medium. None of them reached the stage of a mature plant. Pure cultures of both
pathogens were statistically significantly different after investigation in growth speed (Tab. III) and exhibited different
characteristics of mycelium. It was difficult to obtain a colony with smooth surfaces in D. dictyoides, which is necessary for
ensuring conformable conditions for all tested calluses. It creates pile-like shape of mycelium exceeding the surface area which
makes the application of small volumes of upper layer of the medium impossible. Assuming the use of image analysis to
determine the size of calli, it is possible to consider the method of double-layer culture as a suitable one for D. siccans.
Regulation of the upper layer of medium and age of culture are practicable as well. Perhaps partially purified culture filtrate
in D. dictyoides would be preferable for testing.

Keywords: perennial ryegrass; meadow fescue; Drechslera siccans; Drechslera dictyoides; in vitro tests

ABSTRAKT: Byla ovéfovana moZnost testovani vybranych odrud jilku vytrvalého a kostfavy luéni na odolnost vaci Drech-
slera spp. v podminkdch in vitro modifikovanou metodou dvouvrstevného média (Lepoivre et al., 1986). Zdrojem kalusi byla
embrya ze zralych obilek. Na zdklad€ srovnani pfiristki hmotnosti testovanych a kontrolnich kalusi nebyl prokdzén vliv
toxinll Drechslera dictyoides u kostfavy lu¢ni. Nebyla zaznamendna ani zména barvy a konzistence kalusi. U D. siccans byla
plsobnost toxinll na kalusy kostfavy lu¢ni velmi vyraznd za podminek vyssiho stafi kultury patogena na bramborovo-dextro-
zovém agaru (PDA), pfi poloviénim objemu (20 ml) horni vrstvy média. Tyto podminky vyvolaly nekrotizaci viech 120 testovanych
kalusu &tyf pivodu. U jilku vytrvalého byly ze 160 kalust od étyf odriid vyselektovény tfi nezasaZené sektory, pouze jeden
z nich pokracoval na regeneratnim médiu v rustu. Pro D. siccans lze metodu dvouvrstevného média povaZovat za vhodnou.
Regulace objemu horni vrstvy média a staii kultury je redlna. U D. dictyoides bude pro testovani pravdépodobné vhodnéjsi
uZiti napf. ¢asteéné Citéného filtrtu.

Kli¢ovi slova: jilek vytrvaly; kostfava luéni; Drechslera siccans; Drechslera dictyoides; testy in vitro

UvoD vicelety druh zafazovany téméf do v3ech typt luénich
a pastevnich smési, domaci i svétovy sortiment odrad

Jilek vytrvaly (Lolium perenne L.) je viceletd trdva  je velmi tizky. Oba druhy patii v podminkach RoZnov-
ozimého charakteru. V ramci druhu existuji odridy vy-  ska (severni Morava) mezi travy s nejsiln&j§im vysky-
Slechténé jak pro picninafské vyuZiti, tak pro technické tem listové skvrnitosti. Helmintosporiovéa skvrnitost je
travniky. Kostfava luéni (Festuca pratensis Huds.) je  zplsobena houbovymi parazity Drechslera spp. Pato-
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gen zpusobuje skvrny na listovych &epelich, nékdy i stéb-
lech. U pastevnich a lunich porostd ma negativni vliv
na vynos a kvalitu pice (Burhenne, 1992; Jénsson, Eng-
qvist, 1996). Na travnikovych plochach sniZuje skvrni-
tost jejich estetickou hodnotu. Plochy extenzivné vyuZi-
vané jsou v pfipadé napadeni patogenem piinejmensim
rezervoarem inokula pro ostatni porosty.

Utinna ochrana chemickymi piipravky vii Drech-
slera spp. na travdch neni pfili§ znama (Cagas, 1998).
Usili $lechtitelii je zaméfeno na ziskdvani materidla se
zvy$enou odolnosti. MoZnosti vyuziti biotechnologic-
kych metod ve Slechténi na rezistenci shrnul Lebeda
(1995). Rozsahly prehled rostlin se zvySenou rezistenci
vaci virovym, houbovym i bakteridlnim chorobdm, zis-
kanych od raznych plodin metodou in vitro, uvadi Bulk
(1991). Pouze v nékolika malo piipadech viak byla zkou-
mana genetickd podstata rezistence téchto materiald.
Posselt (1991) a Posselt, Altpeter (1994) vyselektovali
v kalusové kultufe genotypy jilku vytrvalého se zvySenou
rezistenci viaci Microdochium nivale. Podobné Msikita,
Wilkinson (1994) informuji o formach lipnice lu¢ni odol-
nych vaéi Erysiphe graminis, ziskanych v podminkéch in
vitro. V obou pfipadech bylo prokdzéno, Ze u pievaziné
¢asti materiadlu byla tato vlastnost dédi¢na. Cristaldo et
al. (1997) zjistili, Ze mladé kalusy pSenice jsou vhod-
néjsi pro testovani na rezistenci vuci Helmintosporium
sativum, ponévadZ nejsou prikazné ovlivnény soma-
klonalni variabilitou.

Cilem prace bylo ovéfeni metody dvouvrstevného
média pro testovani rezistence vici toxickym metaboli-
tim Drechslera spp. v kalusové kultufe jilku vytrvalé-
ho a kostfavy lu¢ni.

MATERIAL A METODA

Kalusova kultura byla ziskdna z embryi vypreparo-
vanych ze zralych obilek. Metodicky postup pro jilek
vytrvaly publikovali Drozdovd, Caga$ (1997). U kos-
tfavy luéni bylo pouZito stejného postupu, pouze em-
brya byla nasazovana na médium, které popsali Gyulai
et al. (1992). Byla pouZita varianta F, doplnéna o 5 mg/l
2,4-D (kyselina 2,4-dichlorfenoxyoctovd), pficemz sa-
char6za byla nahrazena maltézou.

Kultury Drechslera spp. byly ziskavany z Cerstvych
listd z lokality Zubfi. Postup vyvolani sporulace: Casti
napadenych listi byly po povrchové sterilizaci 2% chlor-
nanem sodnym po dobu 3 min a proplachnuti v desti-
lované vodé umistény do Petriho misek na 1,5% vodni
agar s pridavkem glukozy. Inkubace probihala pfi tep-
loté 20 °C a stfidani NUV svétla a temna 12 h/12 h. Po
5 az 12 dnech byly ze sporulujicich 1ézi zakladany Cisté
kultury na bramborovo-mrkvovém (PCA) nebo bram-
borovo-dextrozovém agaru (PDA).

K testovani na odolnost vuci toxickym metabolitim
patogena byla pouZita modifikovana metoda dvouvrs-
tevného média (Lepoivre et al., 1986). Spodni vrstvu
v misce o praméru 9 mm tvofila kultura patogena. Po
aplikaci druhé vrstvy média s pridavkem fungicidu (Tilt)
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byl zastaven rist mycelia, pfiCemZ toxické metabolity
pronikly do této vrstvy, kde ovliviiovaly kalusové buiiky.
Kultivace probihala v termostatu pfi teploté 25 £ 1 °C
po dobu dvou tydni. Kultura D. siccans byla zakladéna
tak, ze disk mycelia o priméru 5 mm byl poloZen na
povrch média, zatimco u D. dictyoides byl disk vloZen
na dno misky a zalit médiem.

Zptsobem rozdéleni kalust (o vy§§i hmotnosti), tj.
polovina kalusu byla po zvédZeni kladena na testovaci
médium (stafi kultury patogena dva tydny) a druhé po-
lovina na médium kontrolni, byly zaloZeny dva pokusy,
které byly vyhodnoceny po dvou tydnech kultivace va-
Zenim a zaznamenanim stavu kalusové tkané:

Pokus I. Objekt: jilek vytrvaly — odrida Jakub (Sest
genotypu, (i opakovani) a Barlatra (Sest genotypt, pét
opakovini). Patogen: D. siccans. Médium PCA (polo-
viéni koncentrace). Objem horni vrstvy média stejny
jako spodni, tj. 40 ml.

Pokus II. Objekt: kostfava luéni — n$l. BuRZ86, odriida
RoZnovské a dva rozpracované materidly z mutaéniho
Slechténi — MUII44 a MUII40 (kaZzda pét genotypu, tfi
opakovini). Patogen: D. dictyoides. Médium PCA. Ob-
jem horni vrstvy média polovi¢ni, tj. 20 ml.

Zpusobem testovani celych kalust vech hmotnostnich
kategorii s vylou¢enim pouze ojedinéle se vyskytuji-
cich vodnatych kalust byly zaloZeny pokusy IIT a IV.
Pokus III. Objekt: kostfava luéni — BuRZ86 (pét geno-
typi, pét opakovani), RoZnovska (pét genotypl, osm
opakovéni), MUII44 (pét genotypl, Sest opakovini)
a MUII40 (pét genotypu, pét opakovéni). Patogen:
D. siccans, staii kultury Sest tydni. Médium PDA. Ob-
jem horni vrstvy média polovi¢ni, tj. 20 ml.

Pokus IV. Objekt: jilek vytrvaly — Ahoj (35 genotypi),
Algol (25 genotypt), Jakub (50 genotypi), Sport
(30 genotypu). Patogen: D. siccans, staii kultury Ctyfi
tydny. Médium PDA. Objem horni vrstvy média polo-
viéni, tj. 20 ml.

U izolata D. siccans a D. dictyoides byla zjistovana
dynamika rustu a charakter kolonie na médiu PCA, pfi
teplot& 20 °C pod NUYV svétlem na Petriho misce o pri-
méru 90 mm.

Vysledky pokusu I a II (rozdily pfiristki testova-
nych a kontrolnich kalust) byly zpracovany analyzou
variance. Tésnost vztahu mezi pfiristkem kontrolnich
a testovanych kalust pro odridu vyjadfuji korelacni
koeficienty. O prikaznosti rozdild ristu kolonie mezi
obéma izolaty vypovidaji konfiden¢ni intervaly praméri.

VYSLEDKY

Pokus I a II. Na zédkladé zjisténého ubytku hmotnos-
ti kalusti vystavenych pasobeni toxickych latek ve srov-
nani s kontrolou nebyl v nafich pokusech prokéazan je-
jich vliv ani u jilku vytrvalého, ani u kostfavy lu¢ni.
Vztah mezi pfirtstkem kontrolnich a testovanych kalu-
st vyjadiuji korela¢ni koeficienty. Jejich nizka kladna
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hodnota, nevyznamné na 1% hladiné pravdépodobnosti
u kostravy lu¢ni (BuRz86 r = 0,37, Roznovskd r= 0,13,
MUII44 r = 0,12, MUII40 r = 0,24) a jilku vytrvalého
(Barlatra r = 0,37, Jakub r = 0,16), naznacuje, Ze od-
chylky hmotnosti v obou smérech se vyskytovaly u kon-
trolnich i testovanych kalusi. Nebyla pozorovana ani
zména barvy nebo konzistence kalusui.

Pokus III. UZ po tydnu plisobeni zcela nekrotizovaly
kalusy o nejniZ8i hmotnosti a béhem dvou tydni i vSech-
ny ostatni. Nebyl vyselektovan Zadny kalus s nezasaze-
nym sektorem (tab. I).

Pokus IV. Byly vyselektovany tfi nezasaZené sektory
na dvou kalusech, Zadny z nich se v§ak nepodafilo do-
péstovat v rostlinu (tab. II). Jeden u odridy Jakub (mé-
lobuné&ény) byl umistén na horni strané kalusu. Na re-
generacnim médiu do dvou tydnl rovnéZ nekrotizoval.
Z jednoho kalusu odriidy Ahoj byly oddéleny dva po-
mérné velké (nevazeno) sektory po stranach kalusu, za-
timco stfedni Cast byla jiZ v pokrocilém stadiu nekroti-
zace. Na jednom z nich byla na regeneraénim médiu asi
po tfech tydnech zaznamenana slaba tvorba korinku,
u druhého se nevytvorily ani kofinky, ani pryty.

Variabilita jednotlivych genotypt v ramci populace
ve stupni kalogeneze je patrnd z tab. I a II. Z tab. II
dale vyplyva, Ze pro testovani pouZitou metodou je opod-
statnéné uziti kalusa vSech hmotnostnich kategorii, véetné
téch o niZ§i hmotnosti.

Cisté kultury D. siccans a D. dictyoides se statisticky
vyznamné liSily v dynamice ristu a vykazovaly odli§ny
charakter mycelia. Primérné hodnoty velikosti kolonie
a jejich konfidence udava tab. III. Na médiu PCA pri
teploté 20 °C byl zaznamendn mnohem pomalejsi rist
mycelia D. dictyoides. Vzdu$né mycelium olivové ze-
lené barvy v rovnomérné vrstvé na celé ploSe vytvarela
D. siccans; u D. dictyoides bylo vzdu$né mycelium bilé,
pozdégji tmavé Sedé barvy, ve tvaru kupek vyvySenych
nad povrch.

DISKUSE

Po technické strance je extirpace embryi snadné&jsi
u jilku vytrvalého neZ u kostfavy luéni. Embrya u kos-
tfavy lucni byla celkové slabg&ji vyvinuta. Zda se, Ze

I. Testovani kalusi kostfavy lucni na metabolitech D. siccans (stafi kultury Sest tydni) — Calluses of meadow fescue tested on metabolites

of D. siccans (age of culture six weeks)

& Vihovi kategorie?
Odrida’ Puwl.z OVA kikgosic: Gng) Pocet sektor?
genotypi > 200 20-400 401-600 | <600
relativni Getnosti® (%)
BuRZ86 25 36 24 28 12 0
RoZnoyska 40 18 15 47 20 0
MUII44 30 17 37 33 13 0
MUII40 25 16 56 20 8 0

'cultivar, *number of genotypes, 3weight category, “number of sectors, “relative frequency

II. Testovani kalust jilku vytrvalého na metabolitech D. siccans (stifi kultury Etyfi tydny) — Calluses of perennial ryegrass tested on

metabolites of D. siccans (age of culture four weeks)

Odrida! Poget . Syt ategonde T} Poget sektord®
genotypii > 200 20-400 401-600 | < 600
relativni &etnosti® (%)
Ahoj 35 17" 32 34 17 1
Algol 25 12 32 48 8 0
Jakub 50 8 38" 36 18 2
Sport 30 27 23 37 13 0

" vihovd kategorie, z niZ byly vyselektoviny kalusy s nezasaZenymi sektory — weight category from which unaffected sectors were selected

For 1-5 see Tab. 1

1. Dynamika ristu izolatd Drechslera spp. (praméry kolonii v mm, m&feno ve tfidennich intervalech; primérné hodnoty a jejich konfiden&ni
intervaly) — Growth rate of Drechslera spp. isolates (diameter of colony in mm, measured in three day intervals; mean values and their

confidence interval) (x £ 7y s . 5,)

Dny' 3 6 9 12 15
D. siccans 30,9 + 1,55 60,8 + 2,07 89,2 + 0,77
D. dictyoides 19,1 + 0,81 38,8 + 2,23 60,2 + 1,17 73,8 + 0,99 88,9 + 0,65

ld.—xys
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hlavni pfi¢inou kontaminace po viech procedurach po-
vrchové sterilizace obilky je samotné embryo (vnitfni
infekce obilek). Prokédzani této domnénky vSak piesa-
hovalo ramec této prace. Podobné zji§téni, s ¢im souvisi
a zda je genetického pivodu ojedinély vyskyt kalusi
o nékolikandsobné vys8i (sedmkrit) hmotnosti, neZ je
primér, by bylo pfinejmens$im zajimavé.

Pro zaloZeni &istych kultur D. siccans a D. dictyoi-
des byly pouZity Cerstvé listy s lézemi, sebrané na lo-
kalité¢ Zubfi. Kromé obou druhi patogena byl v pribé-
hu let 1997 a 1998 zaznamendn na listovych Cepelich
jilku vytrvalého (Drozdové, 1998) a kostiavy luéni jes-
té slabsi vyskyt Bipolaris sorokiniana. Nejcetnéji za-
stoupenym parazitem na kostfavé i jilku byla D. siccans.

Dvouvrstevné kultury jsou jednoduchou metodou zis-
kavani Sirokého spektra metabolita vytvarenych patoge-
nem, na rozdil od ¢istych toxind, pfi jejichZ filtraci ma-
Ze dochazet k destrukci nékterych proteinovych sloZek
(Plazek, 1997). Pro vysvétleni nedspésného testoviani
kalust kostfavy lucni na metabolitech D. dictyoides se
nabizi nékolik moZnosti: Bud byly toxiny produkovany
v nizké koncentraci a nedochazelo k jejich difuzi pres
vrstvu média k embryim, nebo miZe byt pfi¢inou nizky
koeficient propustnosti membran kalusovych bunék pro
toxiny této houby (Plazek, Filek, 1998). Pravdépodob-
nost, Ze vSechny uZité materialy byly rezistentni, je ma-
1a. Dosud nebyla jednozna¢né prokazana podstata toxinl
u tohoto druhu patogena. Pouze Engstrom et al. (1993)
uvadéji, Ze D. dictyoides produkuje katenarin (anthra-
quinone catenarin). Horodecka (1994) popsala izolaty
D. dictyoides, jeZ vytvorily velké mnoZstvi ¢erveného
pigmentu, ktery se na rozdil od toxini produkovanych
B. sorokiniana nepodafilo bliZe ur¢it. Nevyhoda tohoto
patogena pro uvedeny zpusob testovani spoCiva také
v rastovych charakteristikich. Na médiu bohatém na
Ziviny vytvari snadno vzdu$né mycelium a nelze doséh-
nout rovného povrchu média, nezbytného pro zajisténi
stejnych podminek pro viechny testované kalusy, a za-
branit tak chybnym vybérim. Zaroveii je znemoZnéna
aplikace malych objemi horni vrstvy média. Na médiu
o nizké koncentraci Zivin kultura neprodukuje dostate¢-
né mnozstvi toxina.

U D. siccans byla plisobnost toxint v naSich poku-
sech velmi vyrazna za podminek vys$siho stari kultury
vypéstované na médiu bohatém na Ziviny a aplikace
horni vrstvy média o poloviénim objemu. Pii pouZiti
stejného objemu spodni a horni vrstvy média v mladé
kultufe patogena se u jilku vytrvalého ucinek po dvou
tydnech neprojevil, zatimco kultura o stafi Ctyf tydna
a pii polovi¢nim objemu horni vrstvy média vyvolala
nekrotizaci. Plazek (1993) pozorovala u kostravy luéni
vyrazné rozdily prirtstku kontrolnich a testovanych ka-
lusti, ale zaroveil u vyselektovanych kalusi zazname-
nala totalni inhibici procesu embryogeneze. Vysledky
naSich pokusii naznacuji, Ze intenzita plisobeni toxini
D. siccans je v pozitivni korelaci se stafim kultury pa-
togena a rustové charakteristiky izolati umoziuji apli-
kaci mensSich objemu horni vrstvy média. U D. siccans
jsou dosud zndmy dvé toxické latky: de-o-methyldia-
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porthin a siccanin (Burhenne, 1992). Tteti, dosud ne-
znamy a bliZe neidentifikovany termostabilni toxicky
metabolit vyizoloval Burhenne (1992).

Metoda hodnoceni ristu kalusti nedestruktivni meto-
dou, kterou pouZili Nyange et al. (1995) pro selekci
kalust in vitro na rezistenci vuci Colletotrichum, by
umoznila vyhodnotit rozsahlejsi soubory genotypt
a zarovef ziskat vyS$si pravdépodobnost vyselektovani
rezistentnich jedincu.

Za piedpokladu hodnoceni pfirastkd kalusi nedes-
truktivnim zpisobem lze metodu povaZzovat pro D. sic-
cans za vhodnou. Regulace objemu horni vrstvy média
a stafi kultury je redlna. U D. dictyoides bude pro tes-
tovéni pravdépodobné vhodnéjsi uziti napfiklad castec-

né CiSténych filtratd.
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HYBRID MAIZE SEED YIELD IN CORRELATION
WITH DISTANCE OF MOTHER AND FATHER PARENT
COMPONENTS

VYNOS ZRNA HYBRIDNI KUKURICE V KORELACI SE VZDALENOSTI
MATERSKYCH A OTCOVSKYCH KOMPONENT

V. Guberac, J. Martincié, S. Marié, D. Banaj

University of J. J. Strossmayer, Faculty of Agriculture, Osijek, Croatia

ABSTRACT: Experimental work conducted during 1996 and 1997 in the field trial of Agricultural Institute in Osijek showed
connection between some yield components of single cross maize hybrids with distance between mother and father components
during pollination. The investigations were conducted with three different hybrids in the first, second and third row of mother
components distant from father components. Results of investigation showed that years of investigation (A) had statistically
high significant influence (P < 0.01) on the number of seed per row of ear in hybrid OSSK 247, and statistically significant
influence (P < 0.05) in hybrids OSSK 382 and OSSK 553. In all three hybrids in the second year of investigation greater
number of seed per ear row than in the first year was achieved. Years of investigation (A) had statistically high significant
influence (P < 0.01) on seed yield per ear in all examined hybrids. In the second year of investigation average seed yield per
ear was greater than in the first year for 1.3 to 3.0 g of seed per ear. Distance between mother and father components (B) had
statistically high significant influence (P < 0.01) on number of seed per row in all examined hybrids. Number of seed in ear
row was the highest in the first mother’s row, closest to father component (24.75 seeds in hybrid OSSK 247, 30.90 seeds in
hybrid OSSK 382 and 30.97 seeds in hybrid OSSK 553). The lowest number of seeds had mother’s row that had greatest
distance from father component (10.14 seeds in hybrid OSSK 247, 10.65 seeds in hybrid OSSK 382 and 15.45 seeds in hybrid
OSSK 553). Distance between mother and father component (B) influenced the seed yield per ear. The greatest yield per ear
had mothers row closest to father (105.43 g of seed in hybrid OSSK 247, 107.01 g of seed in hybrid OSSK 553 and 111.31 g of
seed in hybrid OSSK 382). The lowest seed yield per ear had mothers row that had greatest distance from father component
(34.58 g of seed in hybrid OSSK 247, 45.07 g of seed in hybrid OSSK 382, and 57.27 g of seed in hybrid OSSK 553).
Differences in seed yield per ear between mothers rows in all three hybrids was statistically high significant (P < 0.01).

Keywords: maize (Zea mays L.); seed production; single cross; distance; ear; yield components; yield

ABSTRAKT: V letech 1996 a 1997 probéhl v Zemé&délském ustavu v Osijeku polni pokus, jehoZ vysledky naznacily souvislost
mezi nékterymi vynosovymi prvky kukufi¢nych hybridi z jednoduchého kfiZeni a vzdalenosti mezi matefskymi a otcovskymi
komponentami b&hem opyleni. Byly sledovény tii rozdilné hybridy v prvnim, druhém a tfetim fddku matefskych komponent
ruzné vzdalenych od otcovskych. Vysledky pokusu ukazaly, Ze jednotlivé roéniky (A) mély u hybridu OSSK 247 statisticky vysoce
vyznamny vliv (P < 0,01) na pocet zrn v fadce klast, u hybridi OSSK 382 a OSSK 553 byl tento vliv statisticky vyznamny
(P < 0,05). Ve druhém pokusném roce bylo u viech tii hybridi dosaZeno vy3siho poétu zrn z fadku klast neZ v prvnim roce.
U viech sledovanych hybrida byl zjidtén statisticky vysoce vyznamny vliv (P < 0,01) roénikd (A) na vynos zrna z klasu.
V druhém roce byl primérny vynos zrna z klasu vy3§i o 1,3 az 3,0 g zrna na klas ve srovnani s prvnim rokem. Vzdélenost
mezi matefskymi a otcovskymi komponentami (B) méla u v3ech sledovanych hybridu statisticky vysoce vyznamny vliv (P < 0,01)
na pofet zrn z fadku. Polet zrn z fadku klasi byl nejvy$si v prvnim matefském fadku nejbliZze otcovské komponenty (24,75 zrn
u hybridu OSSK 247, 30,90 zrn u hybridu OSSK 382 a 30,97 zrn u hybridu OSSK 553). NejniZ§i pocet zrn jsme zjistili
v matefském Fadku nejvice vzddleném od otcovské komponenty (10,14 zrn u hybridu OSSK 247, 10,65 zrn u hybridu OSSK
382 a 15,45 zrn u hybridu OSSK 553). Vzdalenost mezi matefskou a otcovskou komponentou (B) méla vliv na vynos zrna
z jednoho klasu. Nejvy3si vynos z klasu mély matefské fadky, které se nachézely nejbliZze otcovskym (105,43 g zrna u hybridu
OSSK 247, 107,01 g zrna u hybridu OSSK 553 a 111,31 g zma u hybridu OSSK 382). NejniZ§i vynos zrna na klas mély mateiské
fadky nejvice vzdélené od otcovské komponenty (34,58 g zrna u hybridu OSSK 247, 45,07 g zrna u hybridu OSSK 382 a 57,27 g
zrna u hybridu OSSK 553). Rozdily ve vynosu zrna mezi matefskymi fadky byly u v3ech tfi hybrida statisticky vysoce
vyznamné (P < 0,01).

Klicova slova: kukufice (Zea mays L.); produkce zrna; jednoduché kfiZeni; vzdalenost; klas; vynosové sloZky; vynos
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INTRODUCTION

Achieving higher yield of hybrid seed per unit, we
need to prepare the best possible variation of mother
and father rows for every hybrid. The latest research
shows that during production single cross, where nearly
always the amount of pollen from the fathers line is not
big, rows from mother parents rarely are bigger than
two middle row spacing (1.4 m) apart from the rows of
father parent (Pucari¢, 1992). Therefore the most common
sowing rate between mother and father rows are 4 : 2,
2:1,3:1very few 6 : 2 or 4 : 1. Distance from the
mothers to fathers parent determine the presence of dif-
ferent amounts of pollen needed for fertilization of the
mother parent.

A moderate feeling on a wide space between seed-
ling yield minified single cross Bc 468 has been shown
during research which undertook Pucarié et al. (1988).
At the same mass which processed mothers component
in the seedling yield (66.6%) wider distance between
rows 6 : 2 because of lower fertility by middle and
inside rows it gave a significantly smaller yield of seed
than the narrower spacing of rows 3 : 1. Because of
these reasons increase in the yield of seed per unit, in
the recent times we begin to use the so-called modified
method of sowing; decreasing the fathers component on
the row space of 70 cm, or so that the rows of the
fathers component are sown in the middle between the
mothers row, this should be applied in every second or
third interval (Pucari¢, 1992). Benefits of modified sow-
ing have been shown by the research which undertook
Pucari¢ (1977) on a seedling yield single cross
Bc 66-25. Three years’ research has shown that space
between rows 4 : 2 gives an increase in the yield by
21.4% from the standard relation of 6 : 2, which was
recommended for the production of this hybrid (Pucaric,
1977). Similar results on the benefits of the modern way
of sowing have been gathered by Curtis (1978). There-
fore the goals of our research are to uncover whether
there is any and how to determine what significance the
distance mother component from the pollinator has on
the yield of seed hybrid, to be more exact on the three
seed hybrids with different length of vegetation (differ-
ent FAO groups). Then on the basis of gathered results
uncover the best combination of rows best suited for
sowing our three hybrids with the goal to achieve more
unit per unit.

MATERIAL AND METHODS

Experiments were performed with three seedling
crop of maize hybrids type single cross during 1996 and
1997 in the localities of Osijek (Eastern Croatia). Hy-
brids belong to a well known producer, the Agricultural
Institute in Osijek, their major characteristics are as
follows:
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— hybrid OSSK 247, belongs to FAO group 300; for-
med by crossing father line OS 77-9 (average polli-
nator with height of plants from 130 to 150 cm) and
mother line OS 138-9 (height of plants from 110 to
130 cm); optimum plant density 71 000 plants/ha

— hybrid OSSK 382, belongs to FAO group 400; for-
med by crossing father line OS 84-24 (good pollina-
tor with height of plants from 120 to 140 cm) and
mother line OS 87-24 (height of plants from 120 to
150 cm); optimum plant density 60 000 plants/ha

— hybrid OSSK 553, belongs to FAO group 500; for-
med by crossing father line OS 1-44 (weak pollinator
with height of plants from 190 to 210 ¢cm) and mother
line OS 36-16 (height of plants from 170 to 200 cm);
optimum plant density 60 000 plants/ha

The field trial was conducted during 1996 and 1997
years on euteric cambisol with a normal degree of soil
fertility. Standard agricultural applications were used
for the seed production of corn in the eastern parts of
Croatia (400 kg/ha N-P-K, 10 : 20 : 30 in the autumn
preparation, 400 kg/ha N-P-K, 15 : 15 : 15 as fertilization
before sowing and in fertilization 200 kg/ha 27% KAN).
Standard (identical) fertilization was undertaken for all
the three hybrids as well as care for the crop, in all
investigated years.

Sowing for the production of seed for all three hybrids
was done in a space of 70 cm, in the relation of rows
mother and father component 6 : 2. Direction of the row
was west-north to south-east. For hybrid OSSK 247 the
sowing of mothers component was completed on the
24th of April, and the sowing of the fathers line was
completed on the Ist of May in the first sowing date,
and on the 8th of May in the second sowing date. For
hybrid OSSK 382 sowing of mothers line concluded on
the 18th of April and the fathers line was completed on
the 2nd of May. For hybrid OSSK 553 sowing of the
fathers component was completed on the 15th of April
for the first, and on the 22nd of April in the second
sowing date, together for the mothers line. Sowing dead-
lines are identical for both years of research. Beginning
of pollination varied according to the hybrid. Because
of this hybrid OSSK 247 began pollinating on the 30th
of June, hybrid OSSK 382 on the 4th of July and hybrid
OSSK 553 on the 6th of July.

In the first, second and third mother row away from
the father component there were harvested 20 ears, in five
replications (space between overlapping around 80 cm).
There were 100 ears analyzed for each row of a certain
hybrid. On the harvested ear an analysis of the number
of seeds in a row and the mass of the seed were deter-
mined. After this was performed, on the basis of optimum
texture for every hybrid, the yields of seed per hectare
were determined, on the basis of adopted relation of
rows 6 : 2 and after that on the basis of rows 4 : 2.
Gathered results were statistically refined with analysis
of variance and with the LSD-test.

ROSTLINNA VYROBA, 45, 1999 (10): 467-472



RESULTS AND DISCUSSION
Number of seeds in a row

Experimental results on the effect of years research
(A) on the number of seeds in a row are shown in Tab. L.
From already mentioned table it can be seen that a large
number of seeds in a row has been reported in the second
year of research, for all three hybrids. Differences in the
amount of seeds on average went from 0.2 to 0.5 seeds,
more significant in the second year of research were
there is statistically high significance (P < 0.01).

Distance of the mothers rows from the fathers had
a statistically high significant influence (P < 0.01) on
the number of seeds in a row (Tab. I). The largest num-
ber of seeds in a row was uncovered in the first row of
the mothers parent (row closest to pollinator). These
results appeared for all three research hybrids so that
the number of seeds in a row for the first mothers row in
the first year was somewhere from 24.46 for OSSK 247 to
30.66 for hybrid OSSK 553. First mothers row in the
second year had 25.04 seeds for hybrid OSSK 247 and
the largest number of seeds (31.28) for hybrid OSSK 553.

The second mothers row from the father had a smaller
number of seeds per row in response to the first mothers
row, for all three hybrids. An average result in the first
year ranged from 16.08 hybrid OSSK 247, 23.12 for
OSSK 553. In the second year of research again the
smallest number of seeds had hybrid OSSK 247
(16.58 seeds in a row) and the biggest had hybrid
OSSK 553 (23.32 seeds in a row).

The least number of seeds in a row had the third
mothers row, which is furthest away from the father
component. In the first year of research from 9.74 seeds
for hybrid OSSK 247 to 15.22 seeds in a row for hybrid
OSSK 553. In the second year of research again the
lowest value was uncovered for hybrid OSSK 247
(10.54 seeds in a row), the most had the hybrid OSSK 553

(15.68 seeds in a row). On the basis of statistical refin-
ing of the gathered results expressed differences in the
number of seeds found at different hybrids, statistically
of high significance (P < 0.01).

Yield of seed per ear

Research results on the effect of years of research
(A) on the yield of seed per ear are shown in Tab. IL
From already mentioned table it can be seen that the
biggest yield of seed per ear was achieved on the first
row of mother parent (row closest to the fathers com-
ponent). These results are shown to be for all three
research hybrids so that the yield of seed per ear in the
first mothers row (in the first year of research moved
from 103.56 g for hybrid OSSK 247 to 110.60 g for
hybrid OSSK 382). In the second year, the smallest
yield had the hybrid OSSK 247 (107.30 g of seed per
ear) and the biggest one hybrid OSSK 382 (112.02 g of
seed per ear).

The second mothers row from the father had a smaller
yield of seed per ear in response to the first mothers
row, for all three hybrids (average yield of seed in the
first year of research moved from 66.10 g for hybrid
OSSK 247 to 84.40 g for hybrid OSSK 553). In the
second year the lowest yield once again was recorded
for hybrid OSSK 247 (68.73 g of seed per ear), the
highest yield had hybrid OSSK 553 (85.60 g of seed
per ear).

As we may foresee in the second year in the third
mothers row hybrid OSSK 247 had the lowest yield
(35.96 g of seed per ear), the highest OSSK 553 (57.94 g
of seed per ear). On the basis of statistical analyses
gathered results expressed differences in the yield of
seed per ear were formed as a result in the differences
in distances between mother and father rows (B), for all
three hybrids have shown to be of high statistical sig-
nificance (P < 0.01).

I. Influence of distance between mother and father component on seed number per row

Seed number per row
Hybrid Ist seed row (B) 2nd seed row (B) 3rd seed row (B)
Ist year (A) 2nd year (A) Ist year (A) | 2nd year (A) Ist year (A) | 2nd year (A)
24.46 25.04 g : 3 .
OSSK 247 16.08 16.58 9.74 10.54
(100%) (100%) (65.74%) (66.21%) (39.82%) (42.09%)
Years (A) LSDy 45 = 0.2331 LSD,;,, = 0.3866
Rows (B) LSDg 45 = 1.1271 LSD,,, = 1.5529
30.60 1.20 22. 2: K :
OSSK 382 3 36 22.62 10.06 11.24
(100%) (100%) (73.07%) (72.50%) (32.88%) (36.03%)
Years (A) LSDy s = 0.8178 LSD,,; = 1.3563
Rows (B) LSD, s = 1.7229 LSD, ), = 2.3738
30.66 4 L 18 3.3 5. i
OSSK 553 31.28 23.12 23.32 15.22 15.68
(100%) (100%) (75.21%) (74.55%) (49.64%) (48.66%)
Years (A) LSDy 45 = 0.2648 LSD,,; = 0.4391
Rows (B) LSDy s = 1.3861 LSD,,; = 1.9097
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II. Influence of distance between mother and father component on seed yield per ear

Seed number per row
Hybrid Ist seed row (B) 2nd seed row (B) 3rd seed row (B)
Ist year (A) 2nd year (A) | Istyear (A) | 2nd year (A) | Ist year (A) | 2nd year (A)

103.56 107.30 66.10 68.73 33.20 35.96
OSSK 247

(100%) (100%) (63.83%) (64.05%) (32.06%) (33.51%)
Years (A) LSDy o5 = 1.4026 LSDy, = 2.3262
Rows (B) LSDy 5 = 6.6465 LSD,y o, = 9.1577

110.60 112.02 8.90 81.74 4430 45.84
OSSK 382

(100%) (100%) (73.15%) (72.97%) (40,05%) (40.92%)
Years (A) LSDy o5 = 0.2399 LSD,, = 0.3978
Rows (B) LSD,y s = 5.6708 LSD,, ), = 7.8134

106.20 107.82 84.40 85.60 .60 7.94
OSSK 553 3 366 579

(100%) (100%) (79.47%) (79.39%) (53.30%) (53.74%)
Years (A) LSDyy s = 0.2017 LSDy 5, = 0.3345
Rows (B) LSDyy o5 = 9.3689 LSD ), = 12.9088

I1I. Average temperature, rainfall and wind speed in July decades
during pollination

Period Temperature | Rainfalls Wind
(°C) (mm) [speed (m/s)
Ist decade of July, 1996 19.7 21.2 2:1
Ist decade of July, 1997 183 20.2 24
2nd decade of July, 1996 19.4 12.9 1.9
2nd decade of July, 1997 19.1 14.1 2.5
3rd decade of July, 1996 20.6 60.8 22
3rd decade of July, 1997 21.0 54.1 2.4

Yield of seed of maize is a complex quantitative
characteristic which is determined by the number of
genes. Besides genetic basis on the yield a considerable
role plays the environment (temperature, water, vegeta-
tion and fertilization) this confirms the results of the
experiments which were performed by a large number
of authors for example (Brogila, Brunori, 1994; Ogivara
et al., 1994, 1995; Pinter et al., 1994; Singletary et al.,
1994; Stockbury, Michaels, 1994; Cheikh, Jones, 1995;
Roy et al.,, 1995; Azanza et al., 1996; Guberac et al.,
1996; Palagyi, Nemeth, 1996; Vasilas, Taylor, 1996;
Martinéi¢ et al., 1997).

Well aware of the effect the environmental factors
play during flowering, pollination and fertilization and
analysis of temperature, rainfall and wind speed (Tab. III)
were performed during the first, second and the third
decade of July. During this time fertilization went on,
in other words conception of the seeds on the ear and
the formation of the oncoming yield. According to the
data shown in Tab. IIT all the recorded values did not
negatively influence fertilization whatever the distance
the rows of the mother component was from the father
which serves as the pollinator.

Considering that the wind is a very important factor
in the spreading of pollen, in our case it affected our
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fertilization, wind speed of 2.1 m/s which is considered
as a mild wind, contributed in the spreading of pollen
to greater distances from the first row. In the second
year of research wind speed was somewhat quicker (for
about 0.2 to 0.6 m/s) this more likely resulted in a big-
ger fertilization percentage in the second year of re-
search. More likely the result brought by the fertiliza-
tion resulted in a bigger number of seeds in a row and
a higher yield of seeds per ear. Because of this we have
regarded our theory that the distance of the mother com-
ponent from the pollinator is one of the major contributors
in the fertilization and the conception of the maize seeds.

Next to already mentioned the genetic principal lines
can have a negative effect on the fertilization, especially
in two cases; when the plants from the mothers are
higher than those of the fathers and when the fathers
line does not pollinate or pollinates at a lesser rate. In
the first case for all three tested hybrids the mothers
components are lower than those of the father compo-
nents and like these do not propose a problem during
fertilization. In the second case there are present vari-
ations in the strength of the pollinator from the fathers
component of the tested hybrids. According to the data
derived from the Agricultural Institute of Osijek, hybrid
OSSK 247 has a line of the fathers component which
is an average pollinator, hybrid OSSK 533 is a weak
pollinator and hybrid OSSK 382 is a good pollinator.
Because of this on the research parameters (number of
seeds in a row, yield of seed per ear) an important role
played the genotype in other words every tested hybrid
for itself, this was expressed by the differences shown
in Tabs. I and II.

Yield of seeds per unit of surface mass
The yield of seed is calculated on the unit of surface

each individual row of the mothers component showed
similar laws as the yield of seed per ear (Tab. IV, Fig. 1).
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IV. Calculated seed yield of three maize single crosses in 4 : 2 and 6 : 2 female : male row ratio

Plant density Yield in row ratio female : male (kg/ha)
Hybrid (number 4:2 6:2

of planer/l) Ist year 2nd year Ist year 2nd year
OSSK 247 71 000 4 015.27 4165.53 3 600.77 3 762.83
OSSK 382 60 000 3 830.00 3 875.20 3 537.10 3 594.00
OSSK 553 60 000 3 812.00 3 868.40 3 708.40 3 770.40

Seed yield (kg/ha)

OSSK 247

OSSK 382

OSSK 553

The highest yield per hectare was achieved on the first
row from the father and the lowest by the third mother
row. However the sowing of the mothers and fathers
parents in a relation of 4 : 2 would have achieved
a higher yield of seed per unit of surface mass in re-
sponse to the sowed relation of 6 : 2, never mind that by
sowing 6 : 2 we can achieve a higher number of the
mother plants per unit of surface mass (Tab. IV). These
results confirm research undertaken by Pucari¢ et al.
(1988), where they recorded that all the surface which
was occupied by the mothers component in the seedling
crop (66.6%), a wider relation between rows 6 : 2 be-
cause of a lesser fertilization of the middle and the in-
ner rows gave a significantly lower yield of seed than
a narrower relation of rows 3 : 1. Because of this it
would be appreciated that the line of pollinators of rows
would need to be moved in the interest of the pollinator
(Pucari¢, 1992).

CONCLUSION

Research results gathered during two years on the
effect of distance of mother line from the line of polli-
nator in the production of seeds, three single cross hy-
brids of maize have shown to be statistically highly
significant (P < 0.01) on the research parameters. Years
of research (A) has had a statistically high significant
influence (P < 0.01) on the number of seeds in a row,
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1. Influence of parent distance on seed yield
of three single-cross maize hybrids (two-year
average)

Female: male ratio
6:2

yield per ear and yield of seed per hectare. Thanks to
a better than average climatic conditions in the second
year of research (bigger wind speed) an increase in yield
of seed was recorded comparing with the first year.

Number of seeds in a row and on the ear decreased
with statistically high significance (P < 0.01) as the
distance of the mother line rows increased from the
rows of the pollinator (B), for all three research hybrids.
A decrease totaling 7 to 8 seeds or 25 to 34% in the
second and 15 to 21 seeds or 50 to 67% in the third row
in response to the first mothers row.

Yield of seed per ear was also statistically significant
(P < 0.01) with the distance of mother component in-
creasing from the pollinator. This way the biggest yield
of seed per ear was gathered on the ears which was in
the first mothers row away from the father, the smallest
yield was recorded on the third mothers row. Decrease
in the yield of seed per ear in the third mothers row
totalled 50 to 50 g or 47 to 68% in response to the first
row. Working out the yield of seed per unit showed that
all three researched hybrids when sowed in a relation
of rows 4 : 2 gave a higher yield in the second year.
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INTRASPECIFIC TOLERANCE OF SOME HERBS
TO THE COPPER EFFECT

VNUTRODRUHOVA TOLERANCIA NIEKTORYCH BYLIN
NA VPLYV MEDI

E. Masarovicova, M. Holubova
Comenius University, Faculty of Natural Sciences, Bratislava

ABSTRACT: The intraspecific tolerance of some herbs to the effect of different copper concentrations was studied. Seeds of
the Agrostis stolonifera L., Melandrium rubrum L. and Rumex acetosela L. were collected from the region with contaminated
(tolerant population) and not-contaminated (sensitive population) soils. Seedlings of the above-mentioned herbs were treated
with different Cu concentrations and cultivated under laboratory conditions. Genotype frequency was estimated on the basis
of the index of tolerance. Using this methodical approach a survey of the frequency of individuals in different stage of tolerance
was determined. In the plants of tolerant population the genotype frequency of the individuals with the high values of the
index of tolerance showed that the genetical structure was changed in favour of this population. The use of the seeds of
F, generation confirmed that tolerance is not only a dominant but also an inheritable feature for the further generation.
Therefore it could be concluded that the seeds from the studied plants of the tolerant population are suitable for phytoreme-
diation as an effective application in the decontamination of metal-polluted soils.

Keywords: copper; genotype frequency; herbs; intraspecific tolerance; tolerant and sensitive populations

ABSTRAKT: Intenzivny a dlhotrvajici selek&ny tlak vysokého obsahu medi v haldovom substrite (lokalita Piesky pri Starych
horach, kraj Banské Bystrica, Slovensko) umoZnil ziskat vysoky stupefi tolerancie vyskytujiicich sa druhov Agrostis stolonifera
L., Melandrium rubrum L. a Rumex acetosela L. Hodnoty indexu tolerancie (IT) u druhov rasticich na haldovom substréte
boli vyssie ako u druhov populacie z nekontaminovanej oblasti, o potvrdilo existenciu ich vnitrodruhovej tolerancie. Vyhod-
notenim Udajov IT sa stanovila genotypova frekvencia, ktord sa v pripade vietkych troch druhov menila v prospech jedincov
tolerantnej populdcie. Ukazalo sa, Ze tolerancia je dedi¢na a geneticky determinuje adaptaéné zmeny biochemickych a fyzio-
logickych procesov. Na zdklade ziskanych vysledkov moZno kon3tatovat, Ze semend adaptovanych populécii so ziskanou
toleranciou k fazkym kovom st vhodné pre fytoremedidciu, ako perspektivny a efektivny spdsob biologickej rekultivacie

kontaminovanych a degradovanych pdd.

KIicové slova: med; genotypovd frekvencia; byliny; vnitrodruhovi tolerancia; tolerantné a citlivé populacie

INTRODUCTION

There were developed the specific mechanisms at the
plants to enable them to grow and reproduced under
contaminated conditions. The ability of plant popula-
tion to tolerate intoxicated substrate depends on their
biochemical and physiological adaptation to the environ-
mental conditions (in detail Masarovi¢ové et al., 1998).
The basis of this adaptation is avoidance (barrier
against ion uptake) or tolerance (accumulation and im-
mobilization of uptaken ions). According to the theory
of tolerance, it is the ability of some species to absorb
and then to immobilize uptaken ions by specific proteins
(metallothioneins) and stress-proteins (e.g. Guy, 1990;
Punz, Sieghardt, 1993). Plants can concentrate metals in
their roots and shoots to levels far exceeding those present
in either soil or water. The value of metal-accumulating
plants for environmental remediation is now being realiz-
ed with phytoremediation (Ensley, 1995). This is a new and
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promising approach to the difficult problem of reme-
diating heavy or toxic metal-polluted soils. Fundamental
to the environmental and economic success of phytoreme-
diation is the existence of plants which hyperaccumulate
metals. These are so-called metal hyperaccumulators or
hyperaccumulator plants, of which about 400 taxa have
been described so far from 35 families of angiosperms
(Baker, 1995). In general, extensive biotransformation
of pollutans by plants is known to occur, which includes
methylation, conjugation, reduction/oxidation, and de-
gradation. The fate of the biotransformation products
ranges from incorporation into cellular components, de-
position into specialized organs, to excretion and volati-
lization (Fan, Higashi, 1995).

In our earlier paper (Masarovicova, Holubova, 1998)
the effect of different concentration of copper on growth
and leaf chlorophyll content of three wild herbs (Agrostis
stolonifera L., Melandrium rubrum L. and Rumex ace-
tosela L.) originating from tolerant and sensitive popu-
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lations was studied. In this paper the intraspecific tol-
erance of the above-mentioned herbs to the effect of
copper was investigated.

MATERIAL AND METHODS

Herb species Agrostis stolonifera L., Melandrium rub-
rum L. and Rumex acetosela L. were investigated. Seeds
were sampled from the following localities:

— Piesky pri Starych horach (region Banska Bystrica,
Central Slovakia, tolerant population), piles with heavy
metals contaminated soils,

— Staré hory and Borinka (Little Carpathians, SW Slo-
vakia, sensitive population), region with not-conta-
minated soils.

Plant cultivation and root test

Seeds of the plants sampled from contaminated lo-
cality were disinfected with 10% H,0, and germinated
in Petri dishes (cotton wool and filter paper with solu-
tion of 0.5 g Ca(NO3)2.l'l water) in growth chamber
under standard conditions: 25 °C, 80% relative air humid-
ity and 125 umol.m’z.s'l photosynthetic photon flux
density. Seeds of both variants (contaminated and not-
contaminated) were treated with four increasing con-
centrations of CuSO4.5 H,0: 0.6, 4.0, 8.0 and 12.0 pM,
resp. As a control variant the seeds germinated in Petri
dishes with Ca(NO3), solution were used. After 10 days
of cultivation, 90 seedlings of all variants were picked
up and 14 days cultivated in paper rolls under the same
conditions. Thereafter the root length was estimated.

Index of tolerance (IT expressed in %) was calcu-
lated as follows (Symeonidis et al., 1985):

T = foot lenght of the plants treated with Cu 100
~ root lenght of the plants without Cu

Cu0s [ uM]

Genotype frequency estimation

Genotype frequency was estimated on the basis of
the found IT values (Masarovi¢ova, Holubova, 1998),
which were filed to the defined intervals (1-10, 11-20,
21-30, ..., 91-100). The number of individuals with the
same IT values in correspondent interval was found.
Using this methodical approach (Symeonidis et al., 1985),
a survey of the frequency of individuals in different
stage of tolerance (genotype frequency) was determined.

RESULTS AND DISCUSSION

The ability of plant population to tolerate intoxicated
substrate depends on its physiological and biochemical
adaptation to the present ecological conditions. The ba-
sis of this adaptation is avoidance (barrier against ion
uptake) or tolerance (accumulation and immobilization
of uptaken ions) (e.g. Baker, 1987; Punz, Sieghardt,
1993). Both our earlier (Masarovi¢ova, Holubova, 1998)
and presented results confirmed the tolerance as the
principle for plant adaptation. Tolerance of the plants
to heavy metals is either genetically fixed or developed
through adaptation processes. Species of genus Agrostis,
Deschampsia or Silene have produced ecotypes with the
tolerance to higher concentration of metals in substrate,
mainly copper, lead and zinc (e.g. Banasova, 1976;
Bandsova et al., 1987).

In our earlier paper (Masarovi¢ovd, Holubov4, 1998)
the effect of different Cu concentration on the growth
and chlorophyll content in three herb species (Agrostis
stolonifera L., Melandrium rubrum L., and Rumex ace-
tosela L.) of the tolerant and resistant populations was
studied. The plants (hyperaccumulators) of both toler-
ant and sensitive populations accumulated higher Cu
content in the leaves and roots. However, higher Cu
content was in the roots than in the leaves as well as in
the seedlings of tolerant than sensitive populations.
Growth of the roots and shoots was reduced, but the
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1. Genotype frequency of the Agrostis stolonifera plants of sensitive (filled) or tolerant (unfilled) populations cultivated under different Cu

concentration
Explanations to Figs. 1 to 3:

x axis: index of tolerance
y axis: genotype frequency
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first one was reduced faster. The IT values were higher
for the plants of tolerant population as the results of
their adaptation to the higher metal content in the soil.

Presented results confirmed the intraspecific toler-
ance of studied herbs to the heavy metals. Sensitive
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2. Genotype frequency of the Rumex acetosela plants of sensitive
(filled) or tolerant (unfilled) populations cultivated under different
Cu concentration
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3. Genotype frequency of the Melandrium rubrum plants of sensitive
(filled) or tolerant (unfilled) populations cultivated under different
Cu concentration
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population of R. acetosella and M. rubrum possessed
the higher number of individuals with higher values of IT
(genotype frequency) (Figs. 2 and 3) than those of A. sto-
lonifera (Fig. 1). In sensitive population of the species
R. acetosella the individuals in interval IT = 161 to 170%
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(Fig. 2A) and M. rubrum in interval IT = 131 to 140%
occurred (Fig. 3A). For both populations with increas-
ing Cu concentration whole field of the number of in-
dividuals shifted to the lower values of IT. These find-
ings confirmed the existence of different intraspecific
tolerance of the studied species to the different Cu con-
centrations. Higher genotype frequency found for the
sensitive population of R. acetosella and M. rubrum in
intervals with the higher values of IT is the basis for
potential arise of tolerant population under higher pollu-
tion stress (higher concentration of the metals).

In sensitive populations of a studied species the in-
dividuals with the high values of IT occurred (Figs. 1 to
3). These individuals are the basis for selection process
being allow the adaptation of populations. Intensive and
long-term selective strength of high Cu concentration
in the pile substrate tend to cause the high degree of
tolerance in the plants covered the piles. This tolerance
is inheritant and genetically determines adaptation on
the level of biochemical and physiological processes
(Baker, 1987). The use of the seeds of F; generation of
studied herbs confirmed that tolerance is not only domi-
nant but also inheritable feature for the further genera-
tions. According to Gardside, McNeilly (1974) toler-
ance arise in evolution process through the adaptation
processes and its measure is determined by genotype
frequency in sensitive populations, which is the basis
for selection process under stress condition (higher con-
centration of the metals). Within the adaptation processes
the genotype frequency is gradually changed and tended
to the tolerant population (Baker, 1987; Ernst et al., 1992).

In the plants of tolerant populations the genotype
frequency of the individuals with the high values of IT
was higher which confirmed that the genetical structure
was changed in favour of these populations. On the
basis of found results it could be concluded that the
seeds from the plants of the tolerant populations are
suitable for biological recultivation of contaminated and
degraded soils. These plants could adapt on the high metal
content in the soil and then cover anthropic substrates.

Apart from the interest in elucidating the underlying
biochemical mechanism of metal tolerance, metal hy-
peraccumulators are attracting increasing attention be-
cause of their potential application in the decontamina-
tion of metal-polluted soils. The use of roots of
terrestrial plants to remove heavy or toxic metals from
the soils may provide the foundation for a novel soil-
treatment technology. Phytoremediation, although still
in its infancy, may one day become an established en-
vironmental clean-up technology (Ensley, 1995).
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