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RESISTANCE TO IMAZAPYR AND CROSS RESISTANCE
TO SELECTED SULFONYLUREA HERBICIDES IN KOCHIA
(KOCHIA SCOPARIA S. L.)

REZISTENCE VUCI IMAZAPYRU A KRIZOVA REZISTENCE VUCI
VYBRANYM SULFONYLMOCOVINAM U BYTELU METLATEHO
(KOCHIA SCOPARIA S. L.)

D. Chodova, J. Mikulka

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

ABSTRACT: Percentage of resistant plants of imazapyr-resistant Kochia scoparia s. 1. was determined in four populations
occurring in railroad areas in the territory of the Czech Republic: standard susceptible populations and cross resistance to
some acetolactate synthase inhibitors were also investigated. Resistance was verified in four different ecotypes of kochia. More
than 30% of resistant plants were identified in these populations: Kolin, Praha-VrSovice, Praha-HoleSovice and Dlouha
Tiebova. Kochia was found to show cross resistance to imazapyr, nicosulfuron, methyl triflusulfuron, prosulfuron + primisul-
furon and chlorsulfuron. Dlouhd Tfebovi and Praha-HoleSovice populations contained the highest percentage of resistant plants
after applications of all herbicides. The lowest level of resistance was observed with respect to tribenuron and imazapyr, the
highest to methyl triflusulfuron. Dry matter content of above-ground parts in susceptible standard and Kolin population was
reduced significantly in comparison with untreated control after the application of all tested herbicides. A reduction in dry
matter content in three populations Dlouhd Tfebova, Praha-VrSovice and Praha-HoleSovice was insignificant after chlorsulfu-
ron and nicosulfuron applications. A significant reduction in dry matter content against the control was observed in all
populations following tribenuron and imazapyr applications (except Dlouhd Trebova locality in this case).

Keywords: Kochia scoparia s. 1.; resistance; imazapyr; sulfonylureas

ABSTRAKT: Bylo sledovdno procento rezistentnich jedinct bytelu metlatého (Kochia scoparia s. 1.) vici imazapyru ve
tyfech populacich z oblasti s provozem Zeleznic na tzemi CR a standardni citlivé populace a cross rezistence vici vybranym
inhibitorim acetolaktat syntazy. Rezistence byla potvrzena u ¢tyf riznych ekotypi Kochia scoparia. Vice nez 30 % rezistent-
nich jedinci bylo prokazano v populacich: Kolin, Praha-VrSovice, Praha-HoleSovice a Dlouhd Trebovi. Byla nalezena cross
rezistence kochia viéi imazapyru, nicosulfuronu, triflusulfuron-methylu, prosulfuronu + primisulfuronu a chlorsulfuronu.
Nejvy3si procento rezistentnich jedincl po oSetfeni v8emi herbicidy bylo zaznamendno v populacich Dlouhad Tiebova a Pra-
methylu. Po aplikaci viech testovanych herbicidd byla sniZena prikazné susina nadzemnich Casti oproti neoSetiené kontrole
u citlivého standardu a populace Kolin. Po ofetieni chlorsulfuronem a nicosulfuronem byla sniZena sudina u tii populaci
(Dlouha Tfebovd, Praha-VrSovice a Praha-HoleSovice) nepriikazné. Prikazné snizeni suSiny vzhledem ke kontrole bylo za-
znamendano u viech populaci po oSetieni tribenuronem a imazapyrem (v tomto pripadé kromé Dlouhé Trebové).

Klicova slova: Kochia scoparia s. 1.; rezistence; imazapyr; sulfonylmo&oviny

INTRODUCTION

Acetolactate synthase (ALS) inhibiting herbicides (sul-
fonylureas, imidazolinones) are widely used because they
effectively control a broad spectrum of weed species
and are highly active inhibitors of a single target en-
zyme. The weeds are selectively killed in crops where
these herbicides are applied because tolerant crops rap-
idly metabolize the herbicide to nonherbicidal com-
pounds and weeds are unable to do the same (Shaner,
Mallipudi, 1991; Manley et al., 1998).
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Kochia (Kochia scoparia) is classified among for-
eign expansive weeds. Its distribution in this country
was described by Jehlik (1998). This weed causes great
damage in the USA and in Canada, particularly in grain
crops, where a biotype resistant to sulfonylureas was
identified in 1987 (Primiani et al., 1990). The bulk of
the authors report the occurrence of resistant popula-
tions only after several-year applications of herbicides
(Al-Khatib et al., 1998).

The occurrence of imazapyr-resistant kochia was iden-
tified in this country in 1997, in railroad areas (railroad
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stations and trackage) following irregular applications
of herbicides imazapyr and atrazine (Chodova,
Mikulka, 1998; Mikulka et al., 1999). It is alarming that
it was the first identification of kochia with resistance
to ALS inhibitors in Europe (Claude, Cornes, 1999;
Chodova, Mikulka, 1999). This is the reason why bi-
ology and herbicidal effects on this weed are inten-
sively studied. For instance both susceptible and resis-
tant populations of kochia were found to show high
susceptibility to cyanazine, an active ingredient of her-
bicide Bladex 50 SC (Chodovd, Mikulka, 1998). Her-
bicidal effects were higher in young plants, similar find-
ings about kochia treated with other herbicides were
reported by Tonks, Westra (1997).

ALS is the first enzyme common to the biosynthesis
of the branched-chain amino acids leucine, valine and
isoleucine (Eberlein et al., 1997). Differences in the
contents of branched-chain amino acids after imazapyr
and chlorsulfuron applications between kochia popula-
tions with various proportions of resistant plants con-
firmed disturbances of ALS activity in susceptible
plants (Chodovd, Mikulka, 2000). It is the mechanism
of resistance implying an altered target site, it may
mean that the herbicide no longer binds to its normal
site of action. It is usually due to a change in the struc-
ture of the target site at the molecular level (Wright, Pen-
ner, 1998).

The objective of the present paper was to identify
resistant plants of kochia in five populations in the ter-
ritory of this country and cross resistance to some her-
bicides. The effect of some ALS-inhibiting herbicides
on fresh weight and dry matter content was investigated
in these populations.

MATERIAL AND METHODS

Experimental plants. Seeds of experimental plants
of kochia (Kochia scoparia s. 1.) were collected at five
railway stations especially along railroad tracks and be-
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tween rails (Fig. 1): Praha-HoleSovice (hereinafter
Holesovice), irregular applications of imazapyr for sev-
eral years; Praha-VrSovice (hereinafter VrSovice), ir-
regular applications of imazapyr and atrazine for sev-
eral years; Kolin, irregular and limited applications of
imazapyr; Dlouhd Tiebova (hereinafter Tiebova), ir-
regular applications of imazapyr for several years; sus-
ceptible biotype, commercial seed of Kochia scoparia var.
trichophylla.

Plant growing. Seeds were sown into plastic con-
tainers 15 x 15 cm in size, 0.1 g seeds per container,
the number of plants was thinned to ten individuals
after their emergence. Standard growing conditions
were used: temperature 22 to 24 °C, illumination with
fluorescent lamps 130 umol/mzls, humidity 65 to 80%,
photoperiod of 12-hour darkness.

Herbicide applications. Plants were 2 to 5 cm high
in two weeks after sowing. Herbicides were applied
with a hand sprayer, using 50 ml water per 1 m? and
doses of active ingredients as indicated. Tab. I shows
the herbicides used and their active ingredients.

Evaluation of resistant plants. Plants that did not
show any signs of wilting or drying within two weeks
after treatment were evaluated as resistant individuals.
A total of 50 plants were evaluated per experiment, the
experiment was repeated three times (1997, 1998, 1999).

1. Herbicides used and their active ingredients

Active ingredient Herbicide

Nicosulfuron Milagro

Triflusulfuron-methyl * Safari 50 WG

Tribenuron Granstar 75 WG
Prosulfuron + primisulfuron * Ring 80 WG
Chlorsulfuron Glean 75 DF
Imazapyr Arsenal

* wetting agent Trend 0.05% was added to these herbicides

1. The locality with occurrence of re-
sistant biotypes of Kochia scoparia in
the Czech Republic

| = Praha-Vr3ovice, 2 = Praha-Hole-

Sovice, 3 = Kolin, 4 = Dlouhid Tre-
bova

ROSTLINNA VYROBA, 46, 2000 (2): 49-54



Fresh weight and dry matter. Fresh weight and dry
matter content (at 78 °C) of above-ground parts were
determined in two weeks in plants treated with herbi-
cides and in plants without any treatment (controls).
A total of 50 plants were evaluated per experiment, the
experiment was repeated three times.

RESULTS AND DISCUSSION

Three gradated doses of herbicides were used to de-
termine the number of resistant plants of kochia while
the lowest dose roughly corresponded to a standard dose
recommended for weed killing. Thomson et al. (1994)
documented that after application of the dose 52 g a.i.
chlorsulfuron per | ha 70 to 80% of plants in kochia
populations from Kansas and North Dakota did not show
“any signs of damage. Kwon, Penner (1995) reported
that the dose of 28 g chlorsulfuron per 1 ha damaged
96% of susceptible plants in greenhouse experiments.

The number of plants without any signs of damage
after applications of selected sulfonylureas and
imazapyr shows Tab. II.

If the generally accepted opinion of Gressel, Segel
(1978) that resistant are the populations containing 30%
of resistant plants is taken into account, then it is to
state that the populations VrSovice, Tiebova,
HoleSovice and Kolin (except the herbicide tribenuron
in this case) complied with this criterion after applica-
tions of the lowest doses of all herbicides. Plants from
HoleSovice and Trebova populations showed total resis-
tance after applications of 14.5 g/ha of tribenuron, the
effect on Kolin population was very low (only 8% of

I1. The number of resistant plants Kochia scoparia expressed as the

plants were without damage). Empirically 100% of all
plants were without any signs of damage after applica-
tions of the lowest dose of all herbicides at the localities
Trebova and HoleSovice.

The number of resistant plants in our experiments
was not directly proportional to herbicide doses as also
observed e.g. by Friesen et al. (1993) after tribenuron
applications at doses 4, 8 and 16 g/ha: the respective
numbers of resistant plants were 83, 64 and 24.

Kochia plants, resistant to imazapyr, showed cross
resistance to other sulfonylureas: chlorsulfuron, nico-
sulfuron, triflusulfuron-methyl and tribenuron. Resis-
tance to herbicides prosulfuron + primisulfuron was also
demonstrated: i.e. to the combination of two sulfony-
lureas (herbicide Ring 80 WG). Resistance to
tribenuron and imazapyr was found to be at the lowest
level.

The highest level of resistance of Czech kochia
populations was determined in methyl triflusulfuron. Fol-
lowing applications of this herbicide, kochia plants ex-
cept the standard susceptible biotype were empirically
intact in all populations, even after a dose of 30 g/ha
(Fig. 2). Similarly, the highest level of resistance of
kochia populations from Idaho (USA), which were re-
sistant to chlorsulfuron, was reported by Kwon, Penner
(1995) in triflusulfuron, followed by resistance to chlor-
sulfuron while their resistance to nicosulfuron was at
the lowest level.

Total resistance was observed in plants from the
populations HoleSovice and Trebova after applications
of 14.5 g/ha tribenuron, the effect on Kolin population
was very low (only 8% of plants were without any signs
of damage).

percentage of plants before treatment

Active ingredient Dose (g/ha) Susceptible biotype Kolin Vriovice Holesovice Trebovi
40 0 58 80 100 100
Nicosulfuron 80 0 33 70 92 86
120 0 18 53 83 69
10 43 100 100 100 100
Tiflusulfuron-methyl 20 33 93 100 100 100
30 30 84 100 100 100
14.5 0 8 64 100 100
Tribenuron 29 0 0 37 100 92
43.5 0 0 17 89 92
125+75 0 80 78 100 91
Prosulfuron + primisulfuron 25+ 15 0 75 77 98 77
37.5 +225 0 70 12 98 69
225 0 80 87 100 100
Chlorsulfuron 45 0 75 75 94 93
67.5 0 30 67 72 87
1000 0 40 64 93 98
Imazapyr 2000 0 12 60 76 79
3000 0 0 27 47 50
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Saari et al. (1994) demonstrated kochia resistance to
these herbicides: chlorsulfuron, imazapyr, methyl sulfo-
meturon, methyl metsulfuron, ethyl chlorimuron and tri-
asulfuron. Cross resistance to imazapyr and triflusul-
furon in the activity of acetolactate synthase was proved
in commercial corn hybrids (Wright, Penner, 1998).

Manley et al. 1998 reported cross resistance to
imazapyr and imazethapyr, low level of resistance to
chlorimuron and rimsulfuron in Amaranthus hybridus
after six-year applications of imazaquine in combination
with trifluralin or pendimethalin. Our assumption that
kochia biotypes from the Czech Republic will also be
resistant to other active ingredients from the group of
sulfonylureas and imidazolinones is currently verified.

With respect to further potential spread of resistant
weeds onto arable land in practical conditions it is nec-
essary to know their fitness.

It was the reason why differences in fresh weight and
dry matter content between the populations were studied:
results are shown in Tab. III.

The five populations of kochia in our experiments
grown at a temperature 22 to 24 °C. with different sus-
ceptibility to imazapyr and chlorsulfuron, did not show
any significant differences in dry matter content ol
above-ground parts; fresh weight and dry matter were
highest in populations with a high proportion of resis-
tant plants (HoleSovice and Tiebova).

2. Effect of triflusulfuron-methyl
(30 g/ha) on populations of Ko-
chia ycoparia from different lo-
calities two weeks after treat-
ment (plants were treated when
1 to 5 cm high)

Susceptible standard (6), Kolin (7),
Praha-VrSovice (8). Dlouhd Tre-
bovi (9). Praha-HoleSovice (10)

Thompson et al. (1994) stated that resistant biotype
of kochia had the same or higher fresh weight than the
susceptible one. Christoffoleti et al. (1997) did not ob-
serve any significant differences in the biomass and net
assimilation of above-ground parts in kochia popula-
tions resistant and susceptible to sulfonylureas.

In our previous communication (Chodova, Mikulka,
1998). we did not report any differences in dry matter
contents between two kochia populations with different
susceptibility to imazapyr grown in natural climatic
conditions. When grown at a temperature of 30 °C, re-
sistant population had significantly lower dry matter
content than the population with a high proportion of
susceptible plants. This fact is explained by our finding
that the resistant population shows cross resistance to
atrazine (Chodova, Mikulka, unpubl.). Biological al-
terations in atrazine-resistant plants (not in ALS inhibi-
tors) are a result of alterations in their chloroplasts and
disorders of their photosynthetic function. These altera-
tions are evident mainly at higher temperatures (30 °C)
due to the photosensitivity of resistant biotype (Cho-
dova et al., 1993; Kérnerova et al., 1998).

Tab. IV shows dry matter contents of five kochia
populations studied for their cross resistance after ap-
plications of some herbicides, Tab. V documents these
values as the percentage of untreated control, and evalu-
ation of significance of differences is also given.

I11. Dry matter content and fresh weight in above-ground parts of live Kochia scoparia populations

Dry matter Fresh matter
Biotype mg per plant significance of differences of the % of susceptible % of susceptible
- biotypes from the susceptible one biotype biotype
Susceptible standard 879 134 100 100
Kolin 94.0 8.0 107 115
Vrsovice 79.6 9.2 91 11
Tiebova 96.0 6.7 109 129
HoleSovice 1057 10.6 120 135

— insignificant dilference
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IV. Dry matter contents in above-ground parts of Kochia scoparia from five localities after their treatment with herbicides (the values are

given in mg per plant)

Nicosulfuron Triflusulfuron Tribenuron ﬁ:ﬁf::&;;ﬁa): Chlorsulfuron Imazapyr

Biotype (40 g) (10 g) (145 g) “2‘5; 7.5 g) (22.5g) (1000 g)
¥ Ex X oE o5 x & o5 X ka5 X Eoss x g

Susceptible standard 154 09 134 0.6 123 0.8 128 08 186 1.0 13 0%
Kolin 240 22 577 1.9 18.6 0.3 632 08 23 32 240 1.6
Vriovice 579 7.1 775 35 190 23 36.8 57 2 23 255 28
Tiebovi 85.1 8.5 1222 104 46.8 37 702 5.0 90.3 6.8 84.7 6.7
Hole3ovice 80.7 10.2 982 56 766 63 106.5 8.5 202 7.2 626 3.6

V. Dry matter contents in above-ground parts of Kochia scoparia from five localities after their treatment with herbicides (expressed as the

percentage of untreated control)

. Significance of difference treatments to untreated
Locality
— " control
Active ingredient
susceptible £ i | i v tnuiea | SUSCEPLible i e L o i

stanidatd Kolin | Vriovice | Tfebovi | HoleSovice standard Kolin | VrSovice | Tiebova | HoleSovice
Nicosulfuron 17.5 255 723 88.6 76.3 o+ ++ - - -
Triflusulfuron 15.2 61.3 97.3 127.2 92.9 ++ ++ - + -
Tribenuron 13.9 19.7 23.8 65.8 63.5 ++ ++ ++ ++ +
Prosulfuron + primisulfuron 14.5 67.2 46.2 70.2 100.7 ++ ++ ++ ++ -
Chlorsulfuron 21.0 343 96.9 90.3 85.4 ++ ++ - - -
Imazapyr 149 25.5 32.0 84.7 59.2 ++ ++ ++ - ++
Control (%) 100 100 100 100 100

++ highly significant difference, + significant difference, - insignificant difference

A significant reduction in dry matter content to 14 to
21% of the control was determined in susceptible stan-
dard, and dry matter content was significantly lower (25 to
67% of the control) in Kolin population after applications
of all tested herbicides. Three populations (VrSovice, Tre-
bovéa and HoleSovice) had significantly lower contents of
dry matter after tribenuron application, similarly like after
imazapyr application (except Tfebové). Chlorsulfuron ap-
plication resulted in an insignificant decrease in dry matter
content against the control. Friesen et al. (1993), who
conducted experiments with chlorsulfuron-resistant ko-
chia from Manitoba (Canada) treated with four sulfony-
lureas, reported the lowest dry matter content after
tribenuron application. It amounted to 7% of the control
at a dose of 16 g/ha, and 22% of the control at a dose of
4 g/ha.

To achieve 90% reduction in the growth of chlorsul-
furon-resistant kochia it was necessary to apply three
and six times higher doses of imazapyr (pre- and post-
emergence application) than to susceptible kochia
(Primiani et al., 1990). Kwon, Penner (1995) reported
that less than 10% of resistant kochia plants were dam-
aged by a chlorsulfuron dose twice higher than the com-
monly recommended dose. ALS inhibitors have been
classified in accordance with decreasing susceptibility
of kochia: triflusulfuron, thifensulfuron, halosulfuron,
imazamethabenz, chlorsulfuron, nicosulfuron, chlor-

ROSTLINNA VYROBA, 46, 2000 (2): 49-54

imuron, primisulfuron, imazaquine and imazethapyr.
Following chlorsulfuron application at a dose of 22 g/ha
dry matter contents in susceptible biotype and fully re-
sistant biotype (Trebova and HoleSovice) were reduced
al an approximate ratio | : 4.

Primiani et al. (1990) reported that chlorsulfuron-re-
sistant biotypes can show different levels of resistance.
Subramanian et al. (1990) stated that the level of resis-
tance and cross resistance can vary in kochia populations,
as a result of the type of mutation in ALS-coding gene.

Experimental results document that the studied ko-
chia populations are resistant to several ALS inhibitors.
These populations were found to show the lowest level
of resistance to tribenuron and imazapyr by evaluating
the number of dead plants and dry matter content. Popu-
lations from Holefovice and Tiebovd localities con-
tained the highest number of resistant plants. These
populations appeared after applications of herbicides,
acetolactate-synthase inhibitors, or resistant biotypes
could be introduced through railroad activities.
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BIOLOGICKA AKTIVITA ANTROPOGENNICH PUD

BIOLOGICAL ACTIVITY OF ANTHROPOGENIC SOILS

R. Si%a, J. Sixta, L. RazZek, G. Storkénova

Czech University of Agriculture in Prague, Czech Republic

ABSTRACT: In three-year period 1995 to 1997 the set of selected tests was used to study the biological activity of anthropogenic
soils. The selected localities in the region of North Bohemian brown coal basin were represented by the undisturbed soils as
well as anthropogenic soils, newly forming soils during recultivation. Enzymatic soil activities (phosphatase, invertase, cata-
lase), basal and potential respiration and microbe communities of topsoil through C-biomass of soil microflora were investi-
gated. C,, various forms of phosphorus (total, water-soluble, mobile and available) and soil reaction (pH of water extract)
were determined. In view of these indicators the biological soil activity is the highest in recultivation by topsoil overlap at
“Uzin (locality 2). This is testified by a high level of hydrolytic processes, high microbial population of topsoil profile and
high potential activity of microflora and in addition also a good saturation of microflora by available organic matter in soil.
This recultivation seems to be the most successful, it is comparable by its parameters with the undisturbed Cambisol at Brafiany
(locality 4). Biological activity in this soil is also very high, with high level of hydrolytic processes and high potential activity
of soil microflora. Microbial population of topsoil profile is also high, though the content of soil organic matter is lower in
the mentioned recultivation at UZin (locality 2), despite the saturation of soil microflora is good. Biological activity of soils
is on lower level in other two recultivations, that is direct recultivation at UZin (locality 1) and by overlap of bentonite layer
and topsoil layer at Svoboda (locality 3). The level of hydrolytic processes is slightly lower in them but potential microflora
activity in the utilization of easy available sources of nitrogen and carbon is on the same level like Cambisol at Branany
(locality 4). The content of soil organic matter was high in direct recultivation at UZin (locality 1), despite it microbial population
of topsoil profile was lower compared with the undisturbed Cambisol at Braiiany (locality 4). The contents of C,, and biomass of
soil microflora were lower in the soil of Svoboda recultivation (locality 3). Lower biological activity, assessed by the above
standpoints, was in other two undisturbed soil, as in Chernozem at Havran (locality 8), as in Pelosol of vineyard at Rudolice
(locality 5). The lowest biological activity was in anthropogenic soil of the vineyard recultivation at Cepihory (locality 6) and
recultivation by overlap of topsoil at Triskolupy (locality 7). Though catalase activity was high, the level of hydrological
processes was on low level, together with microbial population of potential activity of microflora, what indicated passivity
and low capacity of microflora to mineralize existing organic matter, even when this is not in stable, hardly mineralizable
form. The results demonstrate the fact that resulting quality of recultivation much depends on the technology used and the
quality of the used soil-forming substrate. The set of tests selected by us seems to be suitable to judge the quality and
successfulness of recultivations.

Keywords: biological activity; undisturbed soil; recultivated soil; enzymatic activity of soil; phosphatase; invertase; catalase;
basal and potential respiration; organic carbon content C: soil microbial biomass carbon; pH

ABSTRAKT: V tiiletém obdobi 1995 az 1997 jsme pomoci souboru vybranych testi sledovali biologickou aktivitu antropo-
gennich ptd. Sledované lokality v oblasti Severoceské hnédouhelné panve reprezentovaly jak pudy rostlé, tak i antrozemé,
nové se vytvarejici pady v procesu rekultivaci. Sledovali jsme enzymové aktivity pudy (fosfatizovou, invertizovou a katald-
zovou), bazdlni a potencidlni respiraci a oZiveni orni¢niho profilu mikrobnimi spole¢enstvy prostiednictvim C-biomasy pldni
mikrofléry. Jako dopliiujici idaje jsme stanovili C, a riizné formy fosforu (totdlni, vodorozpustny, pohyblivy a pfistupny)
a reakci pudy (pH vodniho vyluhu). Z hlediska téchto ukazatelu je biologicka aktivita pady nejvy3si u rekultivace prekryvem
ornici v Uzing (lokalita 2). Sv&di o tom vysokd droven hydrolytickych procest, vysoké oZiveni orni¢niho profilu a vysokd
potencidlni aktivita mikroflory i dobra saturace mikroflory piistupnou organickou hmotou v padé. Tato rekultivace se ukazuje
aktivita vysokd, s vysokou tdrovni hydrolytickych procest a vysokou potencidlni aktivitou pudni mikroflory. Rovnéz ozZiveni
orniéniho profilu je vysoké, i kdyZ obsah padni organické hmoty je niZsi neZ u zminéné rekultivace v UZing (lokalita 2), presto
(lokalita 1) a pfekryvem vrstvou bentonitu a vrstvou ornice ve Svobodé (lokalita 3). Mirné niZ8i je u nich droveii hydrolytic-
kych procest, ale potencidlni aktivita mikroflory ve vyuzivani lehce dostupnych zdroju dusiku i uhliku je na stejné Grovni
s kambizemi z Braiian (lokalita 4). Obsah piidni organické hmoty byl vysoky u piimé rekultivace v Uziné (lokalita 1), presto
oziveni orni¢niho profilu ve srovnani s rostlou kambizemi v Brafianech (lokalita 4) bylo niZsi. U rekultivace ve Svobodé
(lokalita 3) byly obsah C,, i C-biomasy pidni mikrofléry niZ&i. NiZsi biologickd aktivita, posuzovand uvedenymi hledisky,
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byla i u obou dal3ich rostlych pid, jak u ¢ernozemé v Havrani

(lokalita 8), tak u pelozemé vinice v Rudolicich (lokalita 5).

Nejnizsi biologickd aktivita byla u antropogennich pid rekultivace vinice v Cepirohédch (lokalita 6) a rekultivace prekryvem
ornici v Triskolupech (lokalita 7). Kataldzov4 aktivita byla sice vysokd, ale droven hydrolytickych procesii byla na nizké

drovni, rovnéZ oziveni a potencidlni aktivita mikrofléry byly

nizké, coz svédéi o pasivité a malé schopnosti mikroflory

mineralizovat stavajici organickou hmotu, i kdyZ neni ve stabilni, obtiZné mineralizovatelné formé. Vysledky prokazuji fakt,
7e vysledna kvalita rekultivaci do znaéné miry zavisi na pouZité technologii a kvalit¢ puidotvorného substritu. Soubor nami
vybranych testii se zda byt vhodny pro posuzovani kvality a Gspé3nosti rekultivaci.

Klicova slova: biologicka aktivita; neporudené piidy; rekultivované pidy; enzymovd aktivita pid; fosfatiza; invertaza; kata-

laza; bazdlni a potencidlni respirace; obsah oxidovatelného uhliku C

UvoD

Rozvoj energetiky, t€Zkého primyslu a téZba suro-
vin maji za nasledek vznik rozsahlych dzemi, jejichZ
puvodni krajina byla téméf dplné degradovidna. Té€Zbu
provazi tzv. technogenni transformace krajiny, pfi které
dochazi k destrukci v oblasti litosféry, hydrosféry, pe-
dosféry, troposféry i biosféry a k naslednému naruSeni
funkce vSech ekosystémi krajiny.

Cestu k obnové ekologické rovnovihy prostiedi
piedstavuje rekultivace zdevastovanych ptd. Problema-
tikou rekultivaci uzemi postizenych tézbou nerostnych
surovin se zabyva Stys (1981). Tvorba ptd na zrekulti-
vovanych plochdch je proces dlouhodoby a uplatiiuji se
pii ném vzdjemné se ovliviiujici ptdotvorné faktory
a procesy pusobici na ptidotvorné substraty (Jonas, 1970,
1975, 1985). Vedle tvorby novych pid je vyznamné
i hospodareni s pidotvornymi substraty, které jsou na-
konec vyuZitelné pfi biologické (zemédélské, lesnické)
rekultivaci, tj. jejich selektivni skryvani a skladovéni
v deponiich (Stys, 1981).

Zasah Clovéka do biosféry u nas je nejmarkantnéjsi
pii té€zbé nerosti, ktera je doprovdzena znacnou devas-
taci puvodni pfirodni zalesnéné a zemédélsky uZzivané
krajiny. V CR je svym rozsahem nejvice postiZena po-
vrchovou téZbou hnédého uhli oblast Severoceské pod-
krusnohorské panve. Vétsina dfive zrealizovanych re-
kultivacnich projektd smérovala k navratu devastované
krajiny jejimu pivodnimu urceni, tj. k zemédélské re-
kultivaci. V soucasné dobé se vSak vyrazné omezuji
investice, coZ vede k preferenci lesnickych zpisobu re-
kultivaci. AZ dosud bylo v této oblasti téZbou postizeno

—

. Piehled rekultivaci — Survey of recultivations (Stys, 1997)

uhlik biomasy pidni mikroflory; pH

ox?

zhruba 20 tisic ha a po vytéZeni Severoceského hnédo-
uhelného reviru se predpoklada celkovy zabor asi 70 tisic
ha (tab. I).

Cilem zemédélské rekultivace devastovanych ploch
Jje vytvateni antropogennich pid, schopnych plnit vedle
své ekologické funkce v krajiné i funkce produkéni (Ko-
hel, 1997). Pro znacnou diverzitu podminek neni mozné
rekultivacni postup obecné generalizovat na urovni obo-
rové nebo statni normy, ale k rekultivaci kazdé lokality
je nutno pfistupovat individualné. Pfi vytvareni antro-
pogennich pid na vysypkéach urcenych k zemédélské-
mu vyuZiti se uzivaji razné technologické postupy, a to
od pfimé rekultivace vysypkovych substrita (ojedinélé
piipady) k jejich pfekryvam ornici (selektivné skrytymi
A horizonty) v mocnosti cca 0,5 m. Na mineralné defi-
citnich az fytotoxickych vysypkovych substritech (za-
jilené tercierni pisky s primési uhelné substance, obsa-
hujici hlavné pyritickou siru) se pouZivaji kombinované
piekryvy s pouZitim spraSovych zemin, bentonitu ¢i sli-
nitych hornin, s kone¢nym ptevrstvenim humdéznimi ze-
minami (A horizonty) v mocnosti 0,3 az 0,5 m. Zptsob
zemédélské rekultivace vysypkovych substrati zavisi na
predpokladaném cili vyuziti vytvarené antropogenni pudy
a na technickych moZnostech rekultivace, zejména na
dostupnosti vhodnych melioracnich zemin (Kohel, 1997).

Soucasnym prioritnim tikolem pro hodnoceni vytvore-
nych antropogenich pud je realizace komplexniho zaklad-
niho pedologického prazkumu, ktery zahrnuje podrob-
ny popis stratigrafic a morfologie jednotlivych pudnich
horizontt (vrstev), véetné pripadnych znakl probihaji-
cich padotvornych procesi. Na zakladé takového kom-
plexniho hodnoceni bude mozné provést koneéné hod-

Rekultivace' Typ* Zemédélské® | Lesnické® | Hydrologické’ | Ostatni® Celkem” Podil' (%)
celkem CR | 6002 5298 280 616 12 196 100

Dokonéené o 492 434 2.3 5.1 100

v letech? 1952-1996 | gpp 3368 2989 165 452 6974 57.2
% 48,29 42,86 2,37 6.48 100
celkem CR 1477 5 642 231 1968 9318 100

Rozpracované %o 15,9 60,5 2,5 21,1 100

k111997 SHR 769 4250 129 1 699 6 847 73.5
% 11,23 62,07 1,88 24,81 100

'recultivation, *finished in the years, Jelaborated to, 4lype. 5ngri&:ulluml
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iy (’foreslry. 7hydrologicnl. Sthe others, “total, 1"ru:rct’.nlngc
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111. Zakladni fyzikalni a chemické charakteristiky pad vybranych lokalit — Basic physical and chemical characteristics of soils of selected

localities
waie' | TG | W | @ | @ | @ e |
1 28,12 37,68 34,21 2,8 0,26 10,67 4,83
2 36,28 37,74 2598 2,77 0,26 10,55 4,78
3 36,73 33,87 29,40 1,65 0,15 10,75 2,84
4 26,29 30,33 43,39 211 0,20 10,37 3,64
5 36,95 22,18 40,88 1,36 0,12 11,24 2,34
6 34,51 25,03 40,47 1.08 0,09 12,20 1.86
7| 17,69 45,66 36,660 1,25 0,12 10,55 2,16
8 16,28 44,22 39,51 1,52 0.17 9.21 2,62

Ilocalily. %sand, “dust, "clay. Shumus

« katalazové (AmbroZz, 1956) v ml 0,IN KMnO,/1 g
suché pidy/15 min (titraéné manganometricky)

— respirometricky test (Novak, Apfeltaler, 1964) bazalni
(B) a potencidlni (N — s pfidavkem dusiku, G — s pri-
davkem glukdzy, NG - s pridavkem dusiku a gluko-
zy), v mg CO,/100 g suché pidy/1 h (interferomet-
ricky)

— stanoveni C-biomasy pidni mikrofléry (Blagodat-
skiy et al., 1987) v mg C-biomasy/1 kg suché pady
(spektrofotometricky)

— stanoveni C,, (Sims, Haby, 1971) v % (spektrofoto-
metricky)

— méfeni padni reakce (pH vodniho vyluhu)

— stanoveni riznych forem fosforu (Kalcik, Machacek,
1995) v mg P/1 kg suché pudy (spektrofotometricky)

VYSLEDKY A DISKUSE

Pii povrchové t€zbé hnédého uhli dochazi k zasadnimu
naruseni piirozeného vyvoje ptd. Rekultivace zahrnuji
procesy od zaboru a skryvky pies transport a deponovani
az po zakladani a ukon&eni riiznych typt rekultivaci.
Jejich tcelem je postupny navrat téZbou postizenych
ploch jejich pivodnimu ucelu.

Pri pudotvorném procesu technogennich pad dochazi
k fadé fyzikalnich, chemickych a biologickych procesi.
Studium téchto zmén a procesa by mélo prispét k po-
souzeni, zda dochazi k postupnému navratu k ekologic-
ké rovnovize prostiednictvim raznych typt rekultivaci.

K charakterizovani biologické aktivity pudy, mezi
niz a drodnosti pudy existuje nesporné pozitivni vztah,
byla vypracovina fada metod (Alef, Nannipieri, 1995).
Tyto metody sleduji napf. oZiveni, tj. poéetnost a za-
stoupeni, daleZitych fyziologickych skupin pidni mikro-
fléry, biomasu mikroorganismi, potencialni respiromet-
rické testy, enzymové aktivity pudy a dalsi biologické
charakteristiky. Nejvétsi pozornost se soustieduje na
povrchovy horizont, pfevdzné orni¢ni profil, a to jak
u ornych pud rostlych, tak u antropogennich. Na zikla-
dé téchto poznatki jsme vybrali vhodny soubor testa,
jejichz vypovidaci schopnost jsme ovéfili (Sisa et al.,
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1997; Vofiisek et al., 1997). Ziskané hodnoty souboru
vybranych testd jsou sumarizoviny v tab. IV.

Veskeré biotransformace v padé probihaji za aktivni
Gcasti enzym jako biokatalyzatord, proto je vénovina
Casto pozornost vyzkumu enzymovych aktivit techno-
gennich pad (Sisa, Belatkovd, 1991; Kiss et al., 1993,
1996). Enzymové aktivity ptedstavuji citlivé ukazatele
biologické aktivity pidy (Sisa, 1993), a tak jsme do
studia antropogennich pud zatadili sledovani (i vybra-
nych enzymovych aktivit pid. Pro posouzeni tGrovné
hydrolytickych procestt probihajicich v pudich jsme vy-
brali stanoveni fosfataizové a invertazové aktivity pudy,
pro informaci o oxidoredukénich procesech jsme zvolili
katalazovou aktivitu pady.

Uroveii hydrolytickych procest byla nejvyssi u pad
obou rekultivaci v UZiné (lokality 1 a 2) a prakticky na
stejné drovni u rostlé kambizemé v Brananech (lokali-
ta 4). Nejvyssi naméfené (rileté vysledky invertdzové
aktivity pidy byly zjistény u rekultivace prekryvem or-
nici v UZiné (lokalita 2) a u rostlé kambizemé v Braia-
nech (lokalita 4). Témér stejnych hodnot dosahovala
tato aktivita u piimé rekultivace v Uziné (lokalita 1)
a u rekultivace piekryvem vrstvou bentonitu a ornice ve
Svobodé (lokalita 3). O mélo niZ$i byla invertizova ak-
tivita pudy u rostlé ¢ernozemé na spraSich v Havrani
(lokalita 8) a u rostlé pelozemé vinice v Rudolicich (lo-
kalita 5). Nejnizsi invertizova aktivita byla u rekulti-
vaéni vinice v Cepirohach (lokalita 6) a u rekultivace
piekryvem ornici v TFiskolupech (lokalita 7).

K podobnym vysledkiim jsme dospéli i u fosfatazo-
vé aktivity pudy. Nejvyssi byla naméfena u piimé re-
kultivace v UZiné (lokalita 1) a téméF na stejné Grovni
u rekultivace piekryvem v UZiné (lokalita 2) a u rostlé
kambizemé v Brananech (lokalita 4). Nizsi byla u rost-
Ié Cernozemé v Havrani (lokalita 8) a u rekultivace ve
Svobodé (lokalita 3). NejniZsi byla u obou vinic (jak na
rekultivacni, tak i na rostlé pelozemi) a u rekultivace
v Triskolupech (lokalita 7).

Opacné vysledky jsme ziskali u katalazové aktivity.
Nejvyssi byla naméfena u vzorkt pud obou vinic a té-
mér na stejné trovni byla u rekultivace prekryvem or-
nici v Triskolupech (lokalita 7). Niz§i byla na ostatnich
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IV. Vysledky vybranych testi (15 odbéri ze tii pokusnych let 1995 az 1998) — Results of selected tests (15 samplings from three experimental

years 1995 to 1998)

P Lokalita?
I 2 3 4 5 6 7 8

Invertizova aktivita® 5,11 595 5,15 5.75 3.87 2,33 3,02 4,63
s 1.30 1,24 0,67 1.24 0.71 0.42 0.41 0.66
Fosfatdzovi aktivita* 28,57 25,06 14,90 23.86 5.83 4,58 7.04 16,02
s 7.19 5.74 3.50 5.88 2,29 133 2.66 8,32
Katalizova aktivita® 0,80 0,94 0.85 0.74 1,51 1.54 1.31 0,78
s 0,36 0,46 0.45 0,56 0.84 0.64 0.76 0.56
Respirace” B 0.41 0.53 0.39 0.41 0.33 0.29 0.31 0.37
s 0.15 0,14 0.11 0.12 0.07 0,09 0.08 0.13
Respirace N 0.58 0.78 0.48 0.47 0.69 0.54 0,64 0.42
5 0,13 0,25 0,07 0,11 0,10 0,10 0,08 0,06
Respirace G 4,29 5.89 4.11 5.54 3.43 2.16 351 371
s 1.49 1.62 1,18 1.44 137 0,93 0.87 1,58
Respirace NG 13,30 22,06 17.51 13,85 13,97 5.54 6.25 10,34
s 523 7.46 4,40 4.29 5.05 1.80 2,05 4.45
Respirace N : B 1.53 1.47 1.43 1.32 2,30 2,15 2,27 1,38
5 0,40 0,42 0.39 0.42 0.50 0.40 0,44 0,22
Respirace G : B 10.54 1173 11,35 14.39 10.60 7.98 11,96 10,94
s 3,85 3.66 4,17 4.72 4.18 3.84 4,14 5,09
Respirace NG : B 35,51 4324 48.56 36,55 44,54 20,23 20,97 30,87
s 13.51 13,28 17.41 15,08 19,52 7.61 7.00 15,18
C-mikrobni biomasy’ 439,84 644,03 388,16 655,70 459,78 402,97 493,49 421,07
s 116,58 90.11 87.17 77,09 73,00 74,62 69.30 41,62
P celkovy® (P) 128778 | 1677.86 955,86 147076 | 152001 630.57 688,36 769,11
s 109,28 232,45 163.49 146.80 227,00 69.30 75.43 87.90
P vodorozpustny” (Py) 20,45 56,65 29,19 26,42 10,79 5.85 5.80 15.62
5 11,41 7.16 10,97 5.70 4.08 2,99 245 5.82
P pohyblivy!" (Py) 155,53 209.89 168,53 197.41 281,22 27.85 46,17 78.55
s 39,04 34,35 33,51 46,18 67,12 9.88 11,55 19.96
P pristupny'! (Py + Py) 175,98 266,54 197,72 223,82 292,01 33,70 51.97 94.17
s 40,77 34,71 41.36 48.13 67.31 9.93 12,07 2237
pH 6.75 6.92 6.82 6.11 8.33 8.58 8.52 7.19
5 0,27 0,33 0,12 0,15 0,23 0,17 0.20 0.51

s = smérodatni odchylka — standard deviation

1 2 . 3. P 4 4o 5 o . v « & 3 Y
tests, “locality, “invertase activity, “phosphatase activity, “catalase activity, ('resplmuun, "C-microbial biomass, “total. *water-soluble, “mo-

bile, 'available

lokalitdch, nejnizsi u rostlych pud, kambizemé a ¢erno-
zeme.

Jako dalSi jsme zatadili respirometrické testy, které
informuji o intenzité ¢innosti mikrobnich spolecenstev.
Vysledky bazilniho respirometrického testu prokazaly
vyrazné nejvyssi hodnoty u rekultivace prekryvem or-
nici v UZiné (lokalita 2). Nasledovaly ponékud nizsi
hodnoty u piimé rekultivace v UZiné (lokalita 1), u rostlé
kambizemé v Brananech (lokalita 4), u rekultivace pie-
kryvem ornici ve Svobodé (lokalita 3) a u rostlé ernoze-
mé v Havrani (lokalita 8). Nejnizsi hodnoty byly zjistény
u obou vinic a u rekultivace prekryvem ornici v Tis-
kolupech (lokalita 7).

ROSTLINNA VYROBA, 46, 2000 (2): 55-61

Co se tykd potencialni aktivity padni mikroflory, tj.
schopnosti reagovat na lehce dostupné zdroje dusiku
a uhliku, na pridavek dusiku nejvice zareagovala pudni
mikroflora vinice v Rudolicich (lokalita 5), rekultivace
v Triskolupech (lokalita 7) a rekultivacni vinice v Cepiro-
hach (lokalita 6), nejméné pak mikrobni spolecenstvo
rostlé ¢ernozemé v Havrani (lokalita 8) a kambizemé
v Brananech (lokalita 4). Reakce na piidavek snadno
dostupného dusiku byla mala.

Na piidavek lehce dostupného zdroje uhliku nejvice
reagovala mikrofléra rostlé kambizemé& v Braianech (lo-
kalita 4), ponékud nizsi byla reakce u ostatnich lokalit,
s vyjimkou lokality rekultivované vinice v Cepirohich
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(lokalita 6), u niz byla reakce na pridavek gluk6zy nej-
niZsi.

Obsah oxidovatelného uhliku C,, ddva obraz 0 mnoZz-
stvi piidni organické hmoty a pomér respirace NG : B
o jeji stabilité. Nejvyssi obsah C,, byl zjidtén u obou
rekultivaci v Uziné (lokality 1 a 2) a o néco niZsi u rost-
|é kambizemé v Brafianech (lokalita 4). Jesté nizsi byl
obsah C,, u rostlé ¢ernozem& v Havrani (lokalita 8),
u rekultivace ve Svobodé (lokalita 3) a u pelozemé vi-
nice v Rudolicich (lokalita 5). Nejnizsi pak byl u rekul-
tivaéni vinice v Cepirohach (lokalita 6).

Vysoka hodnota respiraci NG a B u pravdépodobné
kalita 2) sv&d¢i o znaéné potencidlni schopnosti mikro-
fléry mineralizovat lehce pfistupnou organickou hmotu
a zdrovefi o tom, Ze pidni mikrofléra je saturovana pii-
stupnou organickou hmotou. Na rekultivaci vinice
v Cepirohach (lokalita 6) dokazuji nizké hodnoty respi-
raci NG i B pasivitu a malou schopnost mikrofléry mi-
neralizovat stavajici organickou hmotu, i kdyZ se nena-
chdzi ve stabilni, obtizné mineralizovatelné formé
(respirometricky pomér NG : B). Pidni organicka hmo-
ta byla v nejstabiln&jsi formé na rekultivacich vysypky
ve Svobodé (lokalita 3), vinice na pelozemi v Rudoli-
cich (lokalita 5) a dale u rekultivace piekryvem ornici
v Uziné (lokalita 2). Pomérn& nizka byla u &ernozemsé
v Havrani (lokalita 8) a v nejméné stabilni formé se
nachazela u pidy rekultivaéni vinice v Cepirohach (lo-
kalita 6) a u rekultivace prekryvem ornici v Triskolu-
pech (lokalita 7).

Charakter a troven mikrobidlnich procesi probihaji-
cich v padé se meéni soucCasné s jejim oZivenim. Byla
prokdzéina i odli§nost sledovanych lokalit v oZiveni or-
ni¢niho profilu pidnimi mikrobnimi spolecenstvy. Nej-
vy$&i hodnota obsahu uhliku biomasy ptdnich mikrobt
byla zji$téna u rostlé kambizemé v Brananech (lokalita
4) a u rekultivace piekryvem ornici v UZing (lokalita
2). U ostatnich lokalit jsme zjistili niZsi obsah C-bio-
masy pudnich mikroorganismi, nejchudsi oZiveni or-
ni¢niho profilu bylo u antrozemé rekultivace ve Svobo-
dé (lokalita 3).

Jako dal8i dopliujici faktory jsme stanovili obsah
raznych forem fosforu, a to celkového (Pp), vodoroz-
pustného (Py) pohyblivého (Py) a pfistupného (Py +
Py). Nejvyssi obsah Py jsme zaznamenali u rekultivace
piekryvem ornici v UZiné (lokalita 2), u rostlé kambi-
zemé v Brafanech (lokalita 4) a u rostlé pelozemé vi-
nice v Rudolicich (lokalita 5), nejniz§i opét u rekulti-
vaéni vinice v Cepirohach (lokalita 6) a na rekultivaci
vysypky v Triskolupech (lokalita 7). Na obou téchto
lokalitach byly zjiStény i nejmensi hodnoty ostatnich
forem fosforu. Nizké hodnoty vSech forem fosforu byly
zjiStény i u ¢ernozemé v Havrani (lokalita 8). U rostlé
pelozemé vinice v Rudolicich (lokalita 5) jsme ve srov-
ndni s ostatnimi lokalitami stanovili pomérné vysoky
obsah jak celkového, tak pohyblivého fosforu, i kdyz
obsah vodorozpustného fosforu byl maly.

Stanovili jsme rovnéz pH vodniho vyluhu. Reakce
byla na vétSiné lokalit v oblasti slabé kyselé aZ neutral-
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ni (pH 6,10 az 7,20), pouze u obou vinic (lokality 5 a 6)
a u rekultivace vysypky v Ttiskolupech (lokalita 7) by-
la v alkalické oblasti (pH 8,25 aZ 8,60).
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VLIV NIKLU A ARZENU NA VYSKYT A SYMBIOTICKE
SCHOPNOSTI NATIVNICH RHIZOBII

THE EFFECT OF NICKEL AND ARSENIC ON THE OCCURRENCE
AND SYMBIOTIC ABILITIES OF NATIVE RHIZOBIA

T. Simon

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

ABSTRACT: Contaminated soils by Ni and As (Simon, 1999) were used for evaluation of the occurrence and symbiotic
properties of native rhizobia. Two soils were used (heavy soil: clay-loam from Ruzyné, light soil: sandy-loam from Lukavec)
_and four levels of contamination were selected, based on the natural abundance of the elements in the soil used: no addition
(0), addition to the limit (L) allowed by Czech standards, twice (2L), five (5L) and ten (10L) times the limit for Ni and As,
respectively (Tab. I). Microbiological analyses determining numbers of rhizobia (colony forming units CFU/g soil) in soils
samples (Vincent, 1970) were realised 10 (1998) and 22 (1999) months after contamination. At the same time the hydroponic
experiments with pea were prepared. As native inoculum, | g of soil from each treatments was used. Plants were grown in
plastic pots in perlite and supplied by nutrient nitrogen-free solution. At the onset of anthesis total nitrogenase activity (TNA)
of nodules (Hardy et al., 1973) was measured. Simultaneously, nodule numbers, nodule dry weight and shoot and root dry
weight were determined. The values from experiments were processed by analysis of variance. Figs. 1 to 4 show numbers of
rhizobia in soil samples in 1998 and 1999. First of all, reduction of rhizobia due to increased Ni concentration in light soil is
evident in both the years. Plant biomass and nodule numbers and their weights are shown in Tab. II. TNA is shown in Figs. 5 to 8.
TNA of root nodules approximately copied the rhizobia numbers in soil samples. Significant decrease of TNA (Figs. 5 to 6)
and nodule dry weight (Tabs. II, III) was found using soil samples with high Ni concentrations as inoculum. A lot of nodules
were of white or green colour that cofirmed the lack of leghaemoglobin and the lose of their effectiveness. Pea plants were
therefore poorly supplied by nitrogen and their growth was limited. It seems that due to prolonged Ni presence in the soils
tolerant rhizobia prevailed, but these rhizobia lose their intrinsic abilities. Similar situation was described by McGrath (1987).
The negative effect of As on symbiotic a growth characteristic of pea in 1998 was not found, but in 1999 it was obvious in
heavy soil (Fig. 7, Tab. II). The effect of As in light, more acid soil was poor. Results from experiments confirm that the
monitoring of rhizobia occurrence and evaluation of symbiosis with legumes can help the indication of soil pollution.

Keywords: nickel: arsenic; rhizobia; pea; symbiosis

ABSTRAKT: Pro pokusné dcely byly pouZity vzorky pid zatiZené zvySujicimi se hladinami Ni a As (Simon, 1999). Slo
o tyto hladiny kontaminace: a) bez pridavku (0), b) dopIn&ni na povoleny limit (vyhlaska MZP CR 13/1994 Sb.) (L), ¢) 2L,
d) 5L, e) 10L a o dva druhy pud: téZka pida — stanovi§té Praha-Ruzyné (Ru) a lehkd ptida — stanovisté Lukavec u Pacova
(Lu). Za 10 mésicu (leden 1998) a 22 mésica (leden 1999) od kontaminace byl ve vzorcich pud stanoven pocet rhizobii
(Vincent, 1970). V obou uvedenych terminech byl zalozen stejny hydroponicky pokus s hrachem (odrida Tyrkys). Rostliny byly
péstoviny v nddobkich s perlitem a vyZivoviny roztokem Zivin bez dusiku. Jako pfirozené inokulum byl pouZit | g odpovi-
dajiciho vzorku ptdy. Na za¢dtku kveteni rostlin byla stanovena celkova nitrogendzové aktivita (TNA) (Hardy et al., 1973).
Soucasné byla zjisfovana hmotnost sudiny kofent (K) a nadzemni hmoty (NH) rostlin a podet a sudina hlizek. Statistické
zpracovani vyslednych hodnot bylo provedeno analyzou variance. Po¢ty rhizobii ve vzorcich pud v letech 1998 a 1999 jsou
zachyceny na obr. | az 4, kde je zaznamendna pfedeviim redukce pocta rhizobii v lehké pudé pfi vysokych koncentracich Ni
v piidé. Biomasu rostlin, pocty hlizek a jejich hmotnost uvidi tab. II. TNA je zndzornéna na obr. 5 aZ 8. TNA hlizek kopirovala
piiblizné pocty rhizobii ve vzorcich pud. Signifikantni snizeni TNA (obr. 5, 6) a suSiny hlizek (tab. II, III) bylo zji§téno pfi
inokulaci hrachu vzorky pid s vysokou koncentraci Ni. U téchto variant pokusu bylo nalezeno mnoho bilych neefektivnich
hlizek. Negativni efekt As na symbiotické charakteristiky a rist hrachu se projevil u 1€zké pudy az v roce 1999 (obr. 7, tab. II).
U lehké pudy byl nizsi. Vysledky pokusi ukdzaly, Ze jiz relativné kratkd doba pfitomnosti zvySenych koncentraci Ni (od 2L)
v pouZitych piddch sniZila poetnost nativnich rhizobii a v pidach pod timto tlakem zacaly prevlddat méné efektivni skupiny
hlizkovych bakterii. V pfipadé pfitomnosti As se negativni efekt na rhizobia projevil za del3i ¢asové obdobi aZ pfi nejvyssi
koncentraci (odpovidajici 10L).

Klicova slova: nikl; arzen; rhizobia; hrich; symbiéza
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UvoD

Vlivem lidské ¢innosti dochazi k zatéZovani pud lat-
kami anorganického i organického pivodu. Pida se tak
stava pfijemcem mnoha odpadnich produkti a chemi-
kalii, které pfi svém hromadéni zplsobuji zmény v jeji
chemické struktufe a negativné ovliviiuji i biologické
procesy. Vyznamna je z tohoto pohledu kontaminace
pud tezkymi kovy, kterd obecné zpiisobuje pokles celkové
biomasy mikroorganismi a sniZuje diverzitu mikrobial-
nich populaci (Atlas et al., 1991), ¢imZ dochézi k po-
stupnému zvySovéni zastoupeni mikroorganismi rezis-
tentnich ke koviim na tdkor téch citlivych. Nepfiznivy
vliv kontaminace tézkymi kovy se zdroveii ve vétsi ¢i
men§i mife projevuje zménou enzymové aktivity pad.
Kandeler et al. (1996) uvadéji, Ze vyrazny pokles akti-
vity vlivem zvySeného zatiZeni pid tézkymi kovy byl
zaznamendn u enzymu kolobéhu N, P a S, naopak en-
zymy kolob&hu C byly méné ovlivnény. Nejvetsi pokles
aktivity byl pozorovan u arylsulfatazy a fosfatazy.

Kontaminace pud tézkymi kovy se projevuje i nega-
tivnim ovlivnénim aktivity nitrogendzy, at jiz volné Zi-
jicich heterotrofnich bakterii a modrozelenych fas, ne-
bo symbiotickych hlizkovych bakterii. Bylo zjisténo, Ze
acetylen-redukéni aktivita, pouZivand obecné jako me-
toda pro zji§téni aktivity nitrogenazy, je proces silné
senzitivni k puasobeni toxickych kovi (Skujins et al.,
1986). McGrath et al. (1988) porovnavali dva systémy
fixujici N, (volné Zijici modrozelené fasy a symbiézu
jetel — Rhizobium) a zjistili, Ze na pritomnost vysokych
koncentraci Zn, Cu, Ni, Cd, Pb a Cr (pochazejicich z od-
padnich kald) byly citlivéjsi fasy nez symbioza jetel —
Rhizobium, coZ pravdépodobné souvisi s ochranou bak-
teroidi rhizobii v hlizkach pred pifimym pisobenim to-
xickych prvku. Z vysledkii zminénych autora vsak dale
vyplyva, Ze potlaCeni symbiotické fixace N, nebylo
zpusobeno selhdanim nativnich populaci rhizobii v tvor-
bé hlizek, ale spie tim, Ze bakterie uvniti hlizek byly
neefektivni. Giller et al. (1989) uvadéji dvé moZnosti,
kterymi zvySujici se koncentrace toxickych kovt elimi-
nuji fixaci N,: a) jeden nebo vice t&Zkych kovi zabra-
fiuji v tvorbé efektivné fixujicich hlizek, i kdyZ jsou
efektivni rhizobia pfitomna v pudé, b) kontaminace ptd
kovy eliminuje efektivni kmeny Rhizobium z puidy.
Druhé mozZnosti odpovidaji i vysledky, které uveiejnili
McGrath et al. (1988).

Cilem na$i priace bylo provéfit vliv zvySujicich se
koncentraci Ni a As na vyskyt nativnich rhizobii v padé
a na cfektivitu symbiézy hrach — Rhizobium za pouZiti
modelového hydroponického pokusu.

MATERIAL A METODY

K pokusnym tcelim byly pouzity vzorky pud z dlou-
hodobého nadobového pokusu, sledujiciho vliv zatizeni
pid Ni a As na rast fedkvicky a pidni mikrofléru (Si-
mon, 1999). Pady byly pred zaloZenim pokusu (biezen
1997) oddélené doplnény roztoky soli (Ni ve formé
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NiCl,.6 H,0, As ve formé NaAsO,) tak, aby po svém
piidani do pudy byly dosaZzeny tyto hladiny kontamina-
ce: a) bez pridavku (0), b) doplnéni na povoleny limit
(L), ¢) 2L, d) 5L, e) I10L. Za limit byla povaZovana ma-
ximdlné piipustnd hodnota obsahu rizikovych prvkua
v padach podle vyhlasky MZP CR 13/1994 Sb., § 2 (Ni:
80 mg/kg — tézké pudy, 60 mg/kg — lehké pudy, As:
30 mg/kg — viechny pidy). Slo o dva typy pud: t&7ka
puda — stanovi§té Praha-Ruzyné [Ru] (Cernozem luvicka,
jilovitohlinitd) a lehka puda — stanovisté Lukavec u Pacova
[Lu] (kambizem, pis€itohlinitd). Za 10 mésicu (leden 1998)
a 22 mésicu (leden 1999) od umélé kontaminace solemi
kovil byly odebrany vzorky pud pro stanoveni poc¢tu CFU
(jednotek tvoficich kolonie) rhizobii mikrobiologickym
rozborem (Vincent, 1970). Dalsi ¢ast vzorku pud byla
potom sudena v tenké vrstvé pri teploté 25 °C béhem dvou
dnii a prosdta na situ s otvory o praméru 1 mm. V obou
uvedenych terminech byl zaloZen stejny hydroponicky po-
kus. Semena hrachu setého (Pisum sativum L., odrida
Tyrkys) byla povrchové sterilizovana roztokem 0,2%
HgCl, (Vincent, 1970) a tfi dny predkliena. Pro pésto-
vani rostlin byla pouZita sestava dvou nadobek z umélé
hmoty, sterilizovanych v autokliavu, spodni nddobka
obsahovala Zivny roztok bez dusiku (Simon, 1991), vrch-
ni nddobka o objemu 500 ml byla plnéna expandovanym
perlitem. Rostliny byly zdsoboviny Zivnym roztokem
prostfednictvim knotu ze skelnych vliken, ktery byl
umistén do dna horni nadobky a zasahoval do Zivného
roztoku ve spodni nadobce. Roztok byl pravidelné do-
pliovan. Pred sazenim nakli¢enych rostlin byl pod povrch
perlitu (2 az 4 cm) pfidan vzdy 1 g odpovidajiciho
vzorku pudy jako pfirozené inokulum. Povrch niadobek
byl potom navlhéen Zivnym roztokem a byla zaseta na-
klicend semena (vZdy jedno na nadobku). Kazda varianta
méla (i opakovani. Rostliny byly péstoviny ve skleniku
s fizenym programem osvétleni a regulaci teploty (16h
fotoperioda, teploty: 22 °C den, 16 °C noc). Na zacatku
kveteni byla stanovena celkova nitrogenazova aktivita
(TNA) acetylen-etylen reduk¢éni metodou (Hardy et al.,
1973). Soucasné byla zjiStovana hmotnost suSiny korenu
(K) a nadzemni hmoty (NH) rostlin a pocet a suSina
hlizek. Statistické zpracovani vyslednych hodnot bylo
provedeno analyzou variance a ndslednym Tukey testem.

VYSLEDKY A DISKUSE

Skutecné koncentrace Ni, resp. As pred zaloZenim
druhého pokusu (mineralizace v lucavce kralovské, ana-
lyza na spektrometru ICP) v pouzitych vzorcich pad
jsou uvedeny v tab. I. Naméfené hodnoty pfiblizné od-
povidaji pivodné zvolenym koncentracim kovu v padach.
Obr. 1 az 4 uvadéji pocty rhizobii v jednotlivych vzor-
cich pad po 10 mésicich (1998) a 22 mésicich (1999)
piitomnosti kovi. V piipadé pridavka Ni do t€zké pudy
nedoSlo po 10mési¢nim pusobeni k redukci celkovych
poctl rhizobii, naopak u variant do 5L je viditelny nd-
rist. Redukee poétl je patrnd az v roce 1999 od hladiny
kontaminace 2L. U lehké pidy byly pocty rhizobii vli-

ROSTLINNA VYROBA, 46. 2000 (2): 63-68



1. Koncentrace Ni a As ve vzorcich pud — Concentration of Ni and
As in soil samples

Varianta' Konce(:l/rga)c e? Ni Varianta Koncg(:;;rga)ce A
RuNi0 24,26 RuAsO 13,48
RuNiL 68,04 RuAsL 28,33
RuNi2L 144,48 RuAs2L 55,81
RuNi5L 413,10 RuAs5SL 136,11
RuNilOL 819,55 RuAsl10OL 276,19
LuNi0 23,33 LuAs0 7,88
LuNiL 54.87 LuAsL 30,78
LuNi2L 107,31 LuAs2L 53,98
LuNi5L 311,72 LuAsSL 141,89
LuNilOL 647,87 LuAsIOL 274,51

2 s
4 treatment, “concentration

vem pritomnosti Ni redukovany v obou letech od kon-
taminace rovnajici se dvojnasobku pfipustné hodnoty,
s vykyvem hladiny L v roce 1999. Pridavek As se na
pfitomnosti rhizobii neprojevil negativné (s vyjimkou
hladiny L) a v pfipadé lehké pidy mél na pocet rhizobii
v roce 1998 znatelny stimulacni ucinek. Vyskyt a po-
Cetnost rhizobii souvisi s biodostupnosti uvedenych ko-
vl béhem jejich pfitomnosti v padé, a tim i s moznosti
negativniho ovlivnéni. Pfi stanoveni obsahu mobilnich
frakei téchto kovl béhem roku 1998 (pfi pouziti slabé-
ho extrakéniho Cinidla CaCly) byla v lehké pidé zjisté-
na zna¢né vy$§i mira extrahovatelnosti Ni nez As (Simon,
1999). Vytvoreni pevnéjsich vazeb As sniZilo jeho to-
xické ucinky na preZivani mikroorganismu, vcetné rhi-
zobii. Naopak, extrahovatelnost Ni se zvlasté v kyselej-

Ni  tézka plida - heavy soil
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§i lehké pudé u variant s vysoky pocatecnim pridavkem
(5L a 10L) s postupujicim ¢asem zvySovala. Rhizobia
tak byla vystavena jeho nepfiznivému pisobeni béhem
celé doby, a tim doslo i k jejich vyraznéjsi pocetni re-
dukci. Pravé lehké pudy s niz§im obsahem organické
hmoty a niz§im pH jsou vice negativné ovlivnény pri-
davky soli tézkych kovi nez pudy tézké (Doelman, Ha-
anstra, 1984; Maliszewska et al., 1985). Negativni efekt
pridavku kovl je zdvisly na délce jejich pusobeni.
Chaudri et al. (1992) sledovali piezivani Rhizobium le-
guminosarum bv. trifolii v pudé doplnéné jednotlivé raz-
nymi koncentracemi Zn, Cd, Cu a Ni a zjistili, Ze teprve
18mésicni plisobeni sniZuje nebo eliminuje (v piipadé
Zn a Cd) pii vysokych koncentracich pocet rhizobii.
Citlivost jednotlivych druhl rodu Rhizobium je razna
(Giller et al., 1993) a v pudich dlouhodobé vystave-
nych pusobeni t&Zkych kovu se objevuji tolerantni kme-
ny rhizobii (Purchase et al., 1997). Giller et al. (1998)
uvadéji jako zakladni mechanismy tolerance bakterii
a hub vazani kovli pomoci proteinti, extracelularnich
polymert nebo vazani na bunécnou sténu, kompartmen-
taci uvniti bunék, produkci nerozpustnych sulfidt kova,
sniZeni pfijmu, zvy$eni exportu z bunék a volatilizaci.

Produkce biomasy testa¢nich rostlin a tvorba hlizek
a jejich hmotnost jsou uvedeny v tab. II. Celkova ni-
trogendzova aktivita hlizek jé znazornéna na obr. 5 az 8.
Hodnoty TNA hlizek pfiblizné kopiruji celkové pocty
rhizobii ve vzorcich pid. Pfi vysokych koncentracich
Ni v obou ptdéch v obou letech doslo soucasné s po-
klesem pocti rhizobii v 1 g pudy pouZité jako inokulum
k poklesu TNA, pii sou¢asném sniZeni hmotnosti suSiny
hlizek (tab. II). Tyto poklesy byly signifikantni (tab. III).
Pokles az na minimalni hodnoty je zvlasté patrny u leh-
ké pudy zatizené nejvy$si davkou Ni (10L). Vlivem
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1.-4. PieZivani rhizobii v ptidich po 10 (1998) a 22 (1999) mésicich od pfidavku soli Ni a As — Survival of rhizobia in soils amended with

Ni and As salts after 10 (1998) and 22 (1999) months

osa x: koncentrace Ni a As (ug/g pady) — x axis: concentration of Ni and As (ug/g of soil)
osa y: log 10 bunék rhizobii/g pidy — y axis: log 10 rhizobia cells/g of soil
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II. Primé&mé hodnoty produkce biomasy a nodulacnich charakteristik u hrachu (pfepocteno na rostlinu) — Average values of the biomass
production and nodule characteristics of pea (calculated per plant)

) . Po&et hlizek na rostlinu? Suina hlizek? (mg) Sus$ina nadzemni hmoly5 (g) Sugina kofeni® (g)
Piidavek! | Varianta?
1998 1999 1998 1999 1998 1999 1998 1999
Ru0 78b Slns 148,0¢c 129,5ab 0.88bc 0,82ab 0,15abc 0,12ns
RuL 93b 55 148,7¢c 134,3b 0,83bc 1,15b 0,13abc 0,23
Ru2L 77b 63 150,7¢ 94,0ab 0,86bc 1,11b 0,11ab 0,16
RuSL 56ab 54 154,7¢ 106,3ab 0,93¢ 0,51ab 0,13abc 0,10
Ni RulOL 45ab 71 40,0ab 61,3ab 0,41ab 0,39ab 0,17bc 0,11
Lu0 96b 60 91,0ab 64,7ab 1,04¢ 0,97ab 0,15abe 0,14
LuL 74b 88 85,5bc 82,5ab 1,10¢ 1,12b 0.15abc 0,17
Lu2L 83b 48 94,0bc 94,0ab 1,17¢ 1.15b 0.08a 0,16
LuSL 52ab 109 67,0ab 60,0ab 0.85bc 0,23ab 0,12abc 0,15
LulOL 5a 88 5.3a 29,0a 031a 0,20a 0,20c 0,19
Ru0 78ns Slns 148,0bc 129,5abc 0,88ns 0,82ns 0,15ab 0,12ns
RuL 91 57 196,3¢c 163,3abc 1,42 1,23 0,15ab 0,15
Ru2L 81 83 205,3¢ 154,0abe 1,30 0,72 0,11a 0,11
RuSL 67 40 144,3bc 108,3abc 1,07 1,00 0,10a 0,15
As RulOL 78 47 174,7¢ 45,5a 1,17 0,31 0,17ab 0,20
Lu0 96 60 91,0ab 64,7abc 1,04 0,97 0,15ab 0,14
LuL 87 51 63,0a 73,0abe 0,97 115 0,14ab 0,16
Lu2L 93 72 85,7ab 65,0abe 1,32 1,21 0,19b 0,18
LuSL 83 48 87.0ab 63,0abc 0,95 0,77 0.13ab 0,14
LulOL 75 82 83,7ab 50,0ab 0,84 0,66 0,13ab 0,10

Hodnoty ve sloupcich oznacené stejnymi pismeny se nelisi signifikantné, Tukey test (p = 0,05) — Means within the column followed by the
same letter do not differ significantly, Tukey test (p = 0.05)
ns = nesignifikantni rozdily — nonsignificant differences

'addition, *treatment, >nodule number per plant, *nodule dry weight, Sshoot dry weight, froot dry weight
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5.-8. Celkovi nitrogenizovi aktivita (TNA) hlizek hrachu inokulovaného vzorky piid se zvysujicimi se koncentracemi Ni a As — Total
nitrogenase activity (TNA) of root nodules of pea inoculated by soil samples with increased Ni and As concentrations

osa x: koncentrace Ni a As (ig/g pudy) — x axis: concentration of Ni and As (ug/g of soil)
osa y: TNA (umol/rostlina/h) — y axis: TNA (pmol/plant/h)

nizké fixace dusiku doSlo zdkonit& i k signifikantni re- nejen celkovy pocet rhizobii, ale i jejich nodula¢ni
dukci tvorby nadzemni hmoty (tab. II). Vysledky poku-  schopnosti a efektivitu. Tento vliv je moZné demonstro-
st ukdzaly, Ze vysoké koncentrace Ni v piidé ovlivnily  vat na vzhledu hlizek. Jejich pocty se s vyjimkou roku
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111. Hodnoceni parametrii pokusu analyzou variance (F-hodnoty) — Evaluation of the experiment parameters by analysis of variance (F-values)

Hhranigich TNA Pocet hl_ize;( na Sl}ﬁin.:; Susina nudﬁemni Su§inlnS
rostlinu hlizek hmoty kofent
Kontaminace® 1998 1999 1998 1999 1998 1999 1998 1999 1998 1999
Ni 5,65 2,55 454" 055ns | 1539 2,50" 7,54" 501" 407" 1,39 ns
As 1,90 ns 1,66 ns | 042ns | 0,52ns 10,08 3,97 2,11 ns 1,80 ns 2,75° 0,67 ns

' signifikantni rozdily mezi variantami (p = 0,05) — significant differences among treatments (p = 0.05)

ns = nesignifikantni rozdily — nonsignificant differences

2 < : h) . 6 . .
lp:xrumcler, “nodule number per plant, *nodule dry weight, 4shoot dry weight, “root dry weight, “contamination

1998 signifikantné neli$ily (tab. III), av8ak u variant se
zvySenym obsahem Ni (od varianty 5L) stoupal podil
hlizek zelenych a bilych, které byly umistény na spodni
_Casti kofene. Barva téchto hlizek sv&d¢i o tom, Ze v hliz-
kéch chybi leghemoglobin, ktery u normdlné vyvinutych
hlizek zprostfedkovava zasobovani bakteroidi kyslikem
a zaroven chrani nitrogenazu pied inhibi¢nimi hladina-
mi O, (NaSinec, Skrdleta, 1981). Pi tvorbé takovych
hlizek je naruSena spravni funkce symbiézy, hlizky
jsou neefektivni, a tim je vyrazné sniZena nitrogenazo-
va aktivita a zasobovani rostlin dusikem, coz se nega-
tivné odrazi na produkci biomasy rostlin. Vysoké kon-
centrace Ni ziejmé podporuji prevladnuti tolerantnich
rhizobii, av8ak tyto populace ztraceji svoje vlastnosti
a stavaji se neefektivni. Vysledky odpovidajici témto
zavéram byly ziskany pfi rozsahlém vyzkumu symbio-
zy jetel — Rhizobium leguminosarum bv. trifolii (Market
Garden Experiment, Woburn; McGrath, 1987) a nasled-
nych studiich tohoto jevu (McGrath et al., 1988). Pri
tomto vyzkumu bylo v konkrétni situaci zjisténo, Ze na
dlouhodobé kontaminovanych parcelkdch (Cd, Zn, Cu,
Ni, Pb) piezil pouze jeden kmen Rhizobium, ktery byl
pfi tvorbé bilych hlizek neefektivni v symbidze s jete-
lem bilym (Giller et al., 1989). Tento izolat viak poz-
déji tvoril efektivni symbiozu s Trifolium subterraneum
(Hirsch et al., 1993). Giller et al. (1998) upozoriiuji na
to, Ze nelze predpokladat spojeni mezi toleranci ke ko-
vim a efektivitou ve fixaci dusiku, a spise se pfiklangji
k zavéru, Ze prezivajici tolerantni kmeny budou efek-
tivni pii N, fixaci. Podle vysledki naSich pokusi se
viak zda, Ze pfipad, ktery popsali Giller et al. (1989),
muZe platit i pro jiné biovary druhu Rhizobium legumi-
nosarum.

Vliv vysokych koncentraci As se na symbiotickych
a ristovych charakteristikdch hrachu v roce 1998 nega-
tivné neprojevil ani pii jejich nejvyssich hodnotéich v po-
uzitych pudach (tab. IT). V roce 1999 byl viak jiz zv1asté
v t€Zké pidé zfejmy negativni vliv nejvysSi koncentrace
As (10L) na vSechny sledované parametry pokusu (obr. 7,
tab II). V kyselejsi lehké pudé byl negativni efekt piidav-
ku As niz$i, coz mize souviset se skutednosti, Ze vazbami
As na Fe a Al se tvori arzenitany a arzeni¢nany, které jsou
v kyselejsich pidach mélo rozpustné (Bene§, 1994). Vy-
sledky pokust ukazaly, Ze jiZ relativng kratkd doba pii-
tomnosti zvySenych koncentraci Ni (od 2L) v pouZitych
pidéich sniZila pocetnost nativnich rhizobii a pod timto
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tlakem v nich zacaly prevladat méné efektivni skupiny
hlizkovych bakterii. V pfipadé pritomnosti As se nega-
tivni efekt na rhizobia projevil za delSi Casové obdobi
az pii nejvy$si koncentraci (odpovidajici 10L).
Sledovanim ptezivani rhizobii v pudach zatiZenych
raznymi tézkymi kovy nebo jinymi polutanty a hodno-
cenim riznych typt symbiéz s legumindzami z hlediska
efektivity procesu fixace dusiku je tak mozné ziskat
dilezité dopliiujici informace o vlivu polutantii na ptdu.
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PEDOTRANSFER FUNCTIONS AS A TOOL FOR
ESTIMATION OF PESTICIDES BEHAVIOR IN SOILS

PEDOTRANSFEROVE FUNKCE JAKO PROSTREDEK PRO ODHAD
CHOVANI PESTICIDU V PUDACH

J. Kozak, O. Vacek
Czech University of Agriculture in Prague, Czech Republic

ABSTRACT: Soil Informatics, a new discipline makes possible to interpret the results of research in a new way. Possibility
for interpretation of adsorption characteristics of atrazine in soils of the CR was studied. Our approach was based on
exploitation of pedotransfer functions. As a pedotransfer function we used multivariate statistical methods. K,
atrazine estimation was based on the knowledge of data on humus content, soil texture, pH and CEC values, respectively. The
results were interpreted in the GIS environment exploiting the digitized soil map of the CR at scale 1 : 200 000 and the

value for

corresponding database of soil characteristics. The spatial distribution of K, values for the topsoil and the subsoil were
computed and presented as soil vulnerability maps. The results have shown that there was a substantial decrease in K, values
in subsoil. For better assessment of that decrease the ratio of K; values for atrazine in topsoil and in subsoil was computed.
Under the field conditions it means that once atrazine reaches the subsoil layer it is less bound on the soil particles and the
possible leaching by water-flow in soil profile is accelerated. This example of exploitation shows how can be sorption data
together with digitized soil database exploited in evaluation of ecological function of soil. The higher are the values of ratio,
the more realistic is the transport of pesticide under study towards the ground water table. The application of atrazine in the
areas of the ratio equal or higher than two thus represents potential ecological hazards.

Keywords: pedotransfer function: application of soil GIS: atrazine adsorption

ABSTRAKT: Pudni informatika jako novy obor umoziiuje netradiéni interpretaci vysledk vyzkumu. Byla studovina moZnost
takové interpretace pro adsorpéni charakteristiky atrazinu v pidach CR. Zvoleny pristup vyuzivi pedotrasterovych funkci.
které umoziiuji kvalifikovany pfenos experimentilnich dat ze studované lokality na jinou, a to na zakladé znalosti vztahu mezi
prendsenymi daty a vhodné zvolenymi obecné dostupnymi charakteristikami. V naSem pripadé bylo pouZito metody viceroz-
mérné statistické analyzy, umoziujici odhad distribu¢niho koeficientu pro atrazin K; mezi pevnou a kapalnou fazi pidy na
zidklad€ znalosti obsahu humusu, jilnatych ¢astic, hodnot pH a KVK. Vysledky byly interpretoviny v prostiedi GIS (Geogra-
fického informacniho systému) pti vyuziti digitalizované ptidni mapy CR v méfitku 1 : 200 000 a pfislu§né databize pidnich
charakteristik. Bylo vytvofeno prostorové rozmisténi hodnot K, ve svrchni a vnitini vrstvé pid CR a stanoven vzdjemny pomér
téchto hodnot. Vysledky jsou prezentoviny ve formé map zranitelnosti pad vici kontaminaci atrazinem. Pro vnitini vrstvu
pid CR byly ziskdny podstatné niz$i hodnoty K, coz indikuje moZnost zvySeného vymyti studované pesticidni latky do
podzemnich vod, jakmile pronikne do vnitinich vrstev pidniho profilu. Vysledky mohou byt cennou pomuckou pro legislativni
ticely, tykajici se pesticidnich lditek.

Klicovi slova: pedotransterové funkcee: aplikace GIS o pudé: adsorpce atrazinu

INTRODUCTION

Soil Informatics, a new discipline has a place be-
tween soil and computer science. Amerskamp, Lamp
(1998) summarized the main topics of Soil Informatics:
methodology and control of information transfer process
guided by criteria of effectiveness (predicting the most
relevant soil functions); safety (minimum information
loss, best possible correlation); efficiency (the most simple
and practical methods in relation to effort). Translating
information about soil characteristics and qualities across
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different spatial and temporal scales has emerged as
a major theme in soil science.

Pesticides are applied at large quantities at regional
scales. The assessment ol environmental fate and envi-
ronmental impact has therefore to take into account the
macroscale variation of soil types in connection with
land-use patterns and application habits of the farmers,
and meteorological data. The necessary link between
spatial information and pesticide environmental fate mod-
cls can best be achieved in the frame of a geographical
information system (GIS) (Richter et al., 1996).
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Wagenet (1996) indicated that the development of
GIS has been a significant step forward in the ability to
achieve integrated assessment of environmental issues.
On a large territory (nearly 300 000 km?) results from
the regional scale modelling methodology were mapped
using GIS, with four map classes of pesticide leaching
displayed. According to Tim, Jolly (1994) the simplest
way to couple a GIS with a model is the ad hoc inte-
gration. This means that process models and GIS are
developed separately each with its own operating sys-
tem. Interaction is solely mediated by file exchange.

Liicke et al. (1995) implemented successfully the her-
bicide model FLOWCONC into GIS ARC INFO to assess
the re-cropping risk of winter wheat following sugar
beet in crop rotation. Tiktak (1999) has successfully
incorporated a one-dimensional pesticide-leaching model
into GIS environment recently. Regional patterns of four
pesticides with contrasting behavior were calculated us-
ing mega-plot approach. Mega-plots were obtained by
overlaying in the GIS maps of soil structure, organic
matter content, ground — water — depth — class, land-use
and climate.

Sorption is generally recognized as one of key proc-
esses influencing behavior of pesticides in soils. Ac-
cording to Jones (1996) predictions of sorption in field
scale models are often based on average K. (organic
carbon partition coefficient) values from a range of soils
or K, (distribution coefficient) value measured for the
specific soil. Sometimes sorption is described using
Freundlich or Langmuir isotherm. For the practical ex-
ploiting of sorption data there is a problem laying in
both its obtaining (mainly under laboratory conditions)
and interpretation. In similar cases, where the needed
data are missing, they could be in soil science derived
indirectly from available information on the other soil
characteristics, if a close relationship between them was
proved.

Originally the pedotransfer functions (PTFs) were
designed as algorithms for estimating soil properties
(mostly regression functions) which compute saturated
hydraulic conductivity and retention data or parameters
of the retention curve according to Genuchten’s (1980)
or Brooks, Corey’s (1964) relation from particle size
distribution, organic carbon content and pore volume.
Ranst et al. (1995) introduced the term Pedotransfer
Rules, which are based on Boolean or other logic. They
are used to predict ranges of classes of not easily deter-
mined soil qualities such as soil fertility, vulnerability
and potential productivity. Finke et al. (1998) defined
pedotransfer functions as mathematical functions which
translate basic, easily available soil data to model pa-
rameters or, more general, to less easy to obtain soil
data. Kozdk, Vacek (1996) suggested exploiting the same
principle for estimation of K; values from soil charac-
teristics.

The aim of present study was to show the possibility
of regional scale estimates of pesticide sorption by mean
of GIS.
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MATERIAL AND METHODS

Adsorption of pesticide atrazine was studied. Ad-
sorption experiments were evaluated by means of
Freundlich adsorption isotherm:

e 1/n
C=K. Cy (1)
where: €, - the amount ol substance sorbed by soil
C,. - the equilibrium concentration of sorbate
K, - Freundlich sorption coefficient

I/n - constant

If the concentration C,, = 1, the isotherm becomes
a straight line and K represents the distribution coeffi-
cient K. Experimental details are given in Kozdk et al.
(1992).

The effect of soil properties on atrazine adsorption was
described by means of multivariate statistical methods, i.c.
regression and correlation analyses. As a selective esti-
mation of linear regression, a model based on the data
of a sample with n values was applied:

Y=X,+¢ (2)

where: Y - column vector of observed values of the dependent vari-

able of a sample with n (n.1) values

X — matrix for n values of factors connected to the regres-
sion function (n.k)

b - column vector of estimation of bj linear parameters (k.1)
e =Y - X, - column vector of deviations ¢; of observed
values of the dependent variable

The values of the calculated regression coefficients
were used for the following equation:

E(YIX}, Xo, X3, X9 = by + b, X, + byXy + X +b,X, ()

The by value is called the absolute member, b rep-
resents the regression coefficient for clay content, b, for
CEC, b3 for pHgcy and by for C,, content, respec-
tively. E represents the estimation of the value under
study, i.e. K, value. Details are given in Kozdk et al.
(1992).

For the evaluation of the extent of atrazine sorption
in the GIS system, the digitized soil map at scale
1 : 200 000 was used. The map was connected with the
database of soil mapping units, containing the necessary
data, i.c. data on Cy, (soil humus content was obtained
by multiplication by coefficient 1.724), pHg . clay par-
ticles content and CEC values, respectively. The digital
soil map and the above-mentioned database were pre-
pared in the GIS environment using ARC INFO for
Windows NT software (a product of ESRI comp.). In
the GIS environment the parameters of pedotransfer func-
tions were computed exploiting the above-mentioned
equations. The database of soil characteristics and ana-
lytical data was structured according to soil horizons.
In the present study A horizons were denoted as topsoil
and the B- or C-horizons, respectively as a subsoil.

RESULTS AND DISCUSSION

At first the sets of soil-related input-data in a form
of digitized soil maps were prepared. In Figs. 1 to 4 are
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6. Distribution of K, values for Atrazine in the territory of Czech Republic (Topsoil)
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I. Soil type grouping in accordance with the value of K,

Soil type. ) o
g |t cmn | Commondng e
for Soil Resources FAO
classification
kambizem arenicka areni-eutric Cambisol
e kambizem arenicki areni-haplic Chernozem
12 luvizem modalni glossalbic Luvisol
sedozem modalni greyic Phacozem
5.5 hnédozem modalni orthic Luvisol
pseudoglej luvicky luvic Stagnosol
cernozem modalni calcic Chernozem
34 gernozem luvicki luvic Chernozem
¢ernozem Cernicova gleyic Phacozem
kambizem modalni eutric Cambisol
4-5 kambizem pelickd peli-stagnogleyic
oglejend Cambisol
gernice modalni haplic Phacozem
cernice pelickd peli-haplic Phaecozem
5-6 fluvizem modalni eutric Fluvisol
pseudoglej modalni orthic Stagnosol
kambizem oglejena stagnogleyic Cambisol
kambizem kysela eutri-dystric Cambisol
61 kambizem oglejend dystri-stagnogleyic
kyseld Cambisol
fluvizem glejova gleyic Fluvisol
cernozem pelickd peli-haplic Phacozem
7-10 smonice modalni Vertisol
Cernice glejovi gleyic Phacozem
kambizem dystricka hyperdystric Cambisol
podzol kambicky cambic Podzol
10-15 glej modalni eutric Gleysol
pseudoglej histicky histic Stagnosol
rendzina melanicka rendic Leptosol
505 glej histic Gleysol
organozem Histosol
water tables
Not
evaluated urban areas
mining areas

shown maps of soil humus content, clay particles con-
tent, pH values and CEC values, respectively. Both ag-
ricultural and forest soils were included, because
triazine pesticides could be applied even in forests. On
the map in Fig. | it is apparent, that on the majority of
the territory of CR humus content reaches values be-
tween 2 and 3 (%). The higher values could be found
in mountainous forest regions and in soils formed on
the alluvial deposits. In Fig. 2 is shown clay — particles
spatial distribution on the territory of CR. The regions
of high clay particles content were found in soils
formed on sedimentary and metamorphic parent mate-
rials. The fact, that also forest soils were included in-
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fluenced, substantially the values of soil pH, as it is
apparent from Fig. 3. Fig. 4 shows the spatial distribu-
tion of CEC values, which partially reflects both humus
and clay particles content distribution.

In accordance with the procedure described in sec-
tion methods the soil vulnerability map based on distribu-
tion of K, values for herbicide atrazine in topsoil was
derived. The results are shown in Fig. 5. It could be
observed that values of K, varied substantially. On the
diagram in Fig. 6 is the extent of the territory of CR
showing different ranges of K, for atrazine presented. The
most frequently found values were in the range 4 to 15.

It was also possible to group the soil types in accor-
dance with the K; values. The results of such grouping
are given in Tab. I. The highest K, values were found
in soil types known to have the high content of humus
in humic horizons which is mainly composed of less
humified organic matter with fulvic acids prevailing in
its extractable part. Soil types like histic Gleysol, Histosol,
hyperdystric Cambisol, cambic Podzol, eutric Gleysol,
histic Stagnosol and rendic Leptosol. Pelic-haplic
Phaeozem, Vertisol, and gleyic Phacozem which have
also shown high values of K, are known to be high in
humus content and or clay particles content, respec-
tively. The lowest K, values were found in soil types
in which the top parts of soil profiles are leached or
which are formed on sandy parent materials. The humic
horizons of those soil types are also known to have low
content of humus in humic horizons. These findings are
in accordance with Tiktak (1999) also included atrazine
in his study and who found a clear effect of soil type
on both the magnitudes of the concentration and the
time that this concentration was reached during leach-
ing of pesticides through the soil profile. The author
also emphasized the importance of soil organic matter
and soil texture on leachibility of pesticides in soil pro-
files.

The K, values were also computed for the subsoil
(i.e. B- or C-horizons respectively). The results are
shown in Fig. 7 in which the same legend was applied
as in Fig. 5. It is clearly apparent that there was a sub-
stantial decrease in K, values in subsoil. For better as-
sessment of that decrease the ratio of K, values for
atrazine in topsoil and in subsoil was computed. The
results are shown in Fig. 8. It could be concluded that
generally there was observed the decrease of K ; values
in subsoil. Under the field conditions it means that once
atrazine reaches the subsoil layer it is less bound on the
soil particles and the possible leaching by water-flow
in soil profile is accelerated.

CONCLUSION

It was possible to interpret the adsorption data on
atrazine in a non-traditional way in a GIS environment
and to produce a spatial distribution of the ratio of K,
values for atrazine in the topsoil and subsoil at scale
1 : 200 000. In that case the advantage of existing pro-

75



file databases of soil characteristics was exploited. This
example shows how can be sorption data together with
digitized soil database exploited in evaluation of eco-
logical function of soil. The higher are the values of the
ratio, the more realistic is the transport of pesticide
under study towards the ground-water table. The appli-
cation of atrazine in the areas of ratio equal or higher
than two represents a potential ecological hazard.
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ZAVISLOST OBSAHU BETAINU V CUKROVCE
NA SRAZKACH A TEPLOTACH VZDUCHU BEHEM
VEGETACE

DEPENDENCE OF BETAINE CONTENT IN SUGAR BEET
ON THE RAINFALL AND AIR TEMPERATURE DURING
THE VEGETATION PERIOD

V. Svachula, J. Pulkrabek

Czech University of Agriculture in Prague, Czech Republic

ABSTRACT: One of the most effective nitrogen compound in sugar beet is the betaine. In sugar beet onthogenesis betaine
plays a very important role as a component of the so-called harmful nitrogen. Relatively high betaine concentration in plant
tissues is the taxonomic character mainly in the species from the family Chenopodiaceae. Betaine is not a waste product or
a compound of ammonium detoxication, but a molecule with a distinct physiological function in osmotic adaptation. Betaine
content is increasing in leaves during onthogenesis (in contrast to free amino acids and amides) and is decreasing in roots and
it can be found anywhere in plants, where new tissues are built. In this paper the influence of rainfall and air temperature on
the betaine content in leaves and roots of sugar beet was examined. The broadly directed experiments were realized at the
Experimental Station of the Czech University of Agriculture in Prague on small plots with regard to the weather of different
years 1993, 1994, 1995. In the file of 20 variations with six cultivars and with application of four biologically active compounds
the dependence of betaine content before harvest on monthly values of hydrothermic coefficient (K}) was established. The
average betaine content in per cent of dry matter of leaf blades was in studied variants 3.44 in 1993, 5.73 in 1994 and 4.67 in 1995.
The average betaine content in per cent of dry matter of roots as the average of all variations was 2.18 in 1993, 1.77 in 1994
and 1.93 in 1995. The narrowest dependence of betaine content on the K, value in the blades and roots was proved in the
months August and April. Relative insufficiency of moisture in August 1993 (K, = 0.97) influenced lowest mean value of
betaine in blades and highest in roots. In the opposite relative over-supply of moisture above all in August 1994 (K, = 1.41)
evoked growth of betaine content in blades and fall in roots. It was demonstrated, that influence of years and especially
distribution of rainfall and air temperature during the vegetation period manifested on the betaine content most expressively.
The knowledge about the betaine accumulation in sugar beet gives the possibility of wider exploitation, for example in fodder
or pharmaceutical industry and so sugar beet could be considered as a fodder or energetic crop.

Keywords: sugar beet; betaine; rainfall; air temperature; hydrothermic coefficient

ABSTRAKT: V povétrnostné rozdilnych roénicich 1993, 1994 a 1995 byl v ramci viceicelovych maloparcelovych pokusi
CZU v Praze zkoumin vliv povétrnostnich &initelil na obsah betainu v listech a bulvich cukrovky. V souboru 20 variant s esti
odridami a s aplikaci Ctyf biologicky aktivnich litek byla zjiStoviana zavislost predskliziiového obsahu betainu na mési¢nich
hodnotach hydrotermického koeficientu (K)). Praimérny obsah betainu v susiné listovych Cepeli ¢inil v roce 1993 3,44 %,
v roce 1994 5,73 % a v roce 1995 4,67 %. V sudiné bulev bylo v roce 1993 naméieno 2,18 %, v roce 1994 1,77 % a v roce
1995 1,93 %. Nejtésnéjsi zavislost hladiny betainu na K, byla zji§téna v listech i bulvich v mé&sicich srpnu a dubnu. Relativni
nedostatek vldhy v srpnu 1993 (K, = 0,97) mél za ndsledek nejnizsi pramérnou hodnotu betainu v ¢epelich a nejvyssi v bulvich.
Naopak, relativni nadbytek vldhy predevsim v srpnu 1994 (K, = 1,41) zplsobil narist obsahu betainu v epelich a pokles
v bulvach. Ukazalo se, Ze vliv ro¢niki a zejména rozdéleni sriZek a teplot vzduchu b&hem vegetace se na obsahu betainu
projevuje velmi vyrazné a Ze tato latka ma v cukrovee zfetelnou fyziologickou funkci. Poznatky o akumulaci betainu v cukrovce
mohou mit $irdi vyuZiti v krmivarském ¢&i farmaceutickém primyslu pfi eventudlnim péstovini cukrovky jako krmné nebo
energetické plodiny.

Klicova slova: cukrovka; betain; sraZky; teploty vzduchu; hydrotermicky koeficient
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Betain neboli trimetylderivat glycinu
(CH3);N*CH,COO™ s molekulovou hmotnosti 117,146
a obsahem N 11,05 % je jednou z nejvyznamnéjsich
dusikatych litek v cukrovce a je soucdsti tzv. Skodlivé-
ho dusiku (Bretschneider et al., 1974). Relativné vysoka
hladina betainu je taxonomickym znakem rostlinnych
druht z Celedi Chenopodiaceae, tedy i cukrovky. Lokali-
zaci a dynamikou betainu v cukrovce se zabyvalo mno-
ho autord, v posledni dobé napt. Beiss (1994), ktery
zjistil, Ze v listech je vétsi obsah betainu nez v bulvach.
Béhem ontogeneze jeho obsah v listech zpravidla vzriista
(na rozdil od volnych aminokyselin a amida) a v bul-
vach klesa. V prvnim roce vegetace cukrovky je betain
dopravovin z kofene do listd, v mladSich listech vniti-
nich je ho vice neZ v listech starSich a jeho obsah klesd
az pri jejich odumirdni. Uvnitf fepné bulvy ma betain
stoupajici gradient smérem k fepné hlavé. Molekula be-
tainu neni odpadovym metabolickym produktem, ale
ma zfetelnou fyziologickou funkci v osmotickém pfi-
zplsobovani rostliny (Jefferies, 1980). Obsah betainu se
lii podle odrid. Neni latkou zdsobni jako napf. sachardza,
ale spiSe stavebni a transportni. Nachéazi se vSude tam,
kde se stavi nova pletiva (Stehlik, 1982). Jak uvadi
Beiss (1994), nebyly prokazany signifikantni vztahy mezi
obsahem betainu a ostatnimi technologickymi ukazate-
1i, predev§im vynosem. NiZz§i obsah betainu neni spojen
s vysokym vynosem, nybrZz spi$e s obsahem pramérnym,
resp. optimalnim (Svachula, 1978). Vliv ekologickych
faktord, zejména pocasi, prokdzala fada autori (napf.
Pavlas, 1957; Niemann, 1964; Svachula, 1979; Svachu-
la, Pulkrabek, 1995; Svachula et al., 1996; Pacuta ct al.,
1999). V suchych rocnicich obsah betainu v cukrovce
(Stehlik, 1982) vzrustd (bulva chutnd nahoikle).

MATERIAL A METODY

Charakteristika polnich pokust: Maloparcelkové po-
kusy byly zaloZeny v letech 1993, 1994 a 1995 na Po-
kusné stanici katedry rostlinné vyroby AF CZU v Praze-
-Uhfinévsi, na hlubokych hnédozemnich padach obvyklou
péstitelskou technologii. Pokusné parcely cukrovky 8,4 x
3,0 m byly vysety na vzdalenost 4 az 6 cm v fadcich
50 cm a po vzejiti runé dojednoceny. Varianty byly
Ctyrikrat opakovany. Do pokust bylo zahrnuto Sest od-
rid, z toho tfi cukernaté odridy ze SRN (Ibis, Edda
a Perla) a tfi odrdy od firmy Hilleshog (Svédsko, CR):
Jitka (vynosovy typ), Petra (normalni aZ cukernaty typ)
a Hilma (normalni aZ cukernaty typ).

Po zapojeni porostu a $est tydni pied sklizni byly
aplikovany ristové reguldtory Rastim 30 DKV, Atonik,
synteticky cytokinin a alginat Bioalgeen S-90 (Svachu-
la et al., 1996).

Ve vegeta¢nim obdobi 1993 po velmi suchém a tep-
Iém dubnu nasledoval srazkové normadlni, velmi teply
kvéten. Cerven, Cervenec a zati byly charakterizoviny
Jjako vlhké mésice, pficemz zifi bylo teplotné velmi
studené. Srpen byl sraZkové i teplotné normalni. Vege-
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tacni obdobi 1994 bylo poznamenano srazkové silné
podnormdlnim ¢ervnem s nadnormalnimi teplotami.
I v Cervenci byly srazky podnormadlni a teploty nadnor-
malni. Srpen byl srdZkové i teplotné nadnormalni, coz
mélo za nésledek silnou retrovegetaci fepnych rostlin
v druhé poloviné vegetacniho obdobi. Ve vegeta¢nim
obdobi 1995 byl srazkové nadnormalni kvéten a Cerven
(nerovnomérné vzeslé porosty trpély hypoxii), pficemz
cerven byl naopak teplotné podnormalni. Extrémné nad-
normalni teploty byly zaznamenany v Cervenci a nadnor-
malni v srpnu. V ostatnich mésicich se sraZzky a teploty
vzduchu pohybovaly kolem normalu.

Rostlinny materiél byl ziskan pied sklizni pokusnych
parcel. Po ususeni byly vzorky z jednotlivych opakovi-
ni smichdny, jemné rozemlety a pouZity ke stanoveni
betainu.

Obsah betainu byl zjistovan modifikovanou metodou
(Bretschneider, Hordlek, 1968; Lukovnikovd, Jaro§,
1972; Prey et al., 1974), spoéivajici ve sraZeni betainu
ve vodnim extraktu ze suchého vzorku rostlinného ma-
teridlu Reineckovou soli (tetrarhodano-diamo-chromi-
tan amonny) NH4[Cr(NH3),(SCN)4] s ndslednym mé-
fenim vzniklych barevnych roztokt na spektrofotometru
Spekol-220 (Carl Zeiss Jena) pii vinové délce 525 nm
(Svachula, 1978, 1979; Svachula, Pulkrdbek, 1995;
Svachula et al., 1996).

Jako kritérium vlivu pocasi byl pouzit hydrotermic-
ky koeficient (K},) podle Seljaninova, pocitany pro jed-
notlivé mésice podle vzorce:

Z

K=t
kde: Z — mési¢ni dhrn srazek (mm)

It — mésicni suma pramérnych dennich teplot vzduchu (°C)

Hodnoty Kj, < 1,0 znamenaji nedostatek vléhy, Kj, =
1,0 predstavuji vyrovnanou vlihovou bilanci a pfi Kj, >
1,0 ma oblast dostatek az nadbytek vlahy (Havlicek et
al., 1986).

Koeficienty korelace (hodnoty spolehlivosti R) zé-
vislosti obsahu betainu na hodnotach hydrotermického
koeficientu (K,) byly zjiStény statistickym Setfenim po-
moci programu Microsoft Excel.

VYSLEDKY A DISKUSE

Primérny obsah betainu v listovych &epelich ze viech
20 sledovanych variant byl nejvy3si v roce 1994 a v bul-
vach v roce 1993. Hladiny betainu v listech byly v pra-
béhu tii sledovanych let zhruba 2,4krét vyssi nez v bul-
vich (tab. I). Vliv odrid, ucinek pouZitych biologicky
aktivnich latek a vztahy mezi hladinami betainu a vy-
nosy chréstu a bulev zhodnotili Svachula et al. (1996).

Vyznamny vliv na obsah betainu mél povétrnostni
charakter vegeta¢niho obdobi, zvI&sté rozdéleni srizek
a teplot vzduchu. Pokusné roc¢niky se mezi sebou znag-
né lisily, jak vyplyva z mésicnich hodnot hydrotermic-
kych koeficientl (tab. II). K posouzeni vlivu pocasi byl
zvolen K, proto, Ze piesnéji vystihuje Gc¢inek sraZek, jez
se méni podle vyse teplot.
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I. Primérny obsah betainu z 20 pokusnych variant cukrovky (v %
suSiny) — Average betaine content from 20 experimental variants of
sugar beets (in % of dry matter)

Rok! Cepele? Bulvy?
1993 3,44 2,18
1994 5,73 1,77
1995 4,67 1.93

3
'year, “blades, “roots

I11. Sestupné sefazené koeficienty korelace (R) zivislosti obsahu be-
tainu v listovych epelich a bulvich cukrovky na hydrotermickém
koeficientu (K},) v jednotlivych mésicich vegetaci 1993, 1994 a 1995 -
Descendently arranged correlation coefficients (R) of dependences of
betaine content in leaf blades and roots of sugar beet on hydrothermic
coefficient (K},) in different months of vegetation of 1993, 1994 and
1995

Meésic! Cepele? Bulvy?
8. 0,9998 0,9950
4. 0,9995 0,9935
7. 0,9728 0,9887
9. 0,7031 0,7597
6. 0,6138 0,5471
5H 04710 0,5426

5
"month, *blades, “roots

Zavislosti obsahu betainu v listech a bulvach cuk-
rovky na hodnotich hydrotermického koeficientu v jed-
notlivych mésicich vegetaci 1993 az 1995 uvadi tab. III,
v niz jsou hodnoty korelacniho koeficientu R sefazeny
sestupné. Z tab. III vyplyvi, Ze jak v listech, tak i v bulvich
cukrovky je nejtésnéjsi vztah v mésicich srpnu a dubnu,
zatimco kvéten a Cerven maji zavislost nejnizsi.

V srpnu byla v listech u zkoumanych ro¢niki patrna
vzestupna tendence regresni pfimky. S rostouci hodno-
tou K, byl obsah betainu vyssi. U bulev byla situace
opacnd. S rostoucimi hodnotami K, hladina betainu tech-
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4 | | TR=09998
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09 1 11 12 13 14 15
Ks (Vi)

1. Zavislost obsahu betainu v listovych &epelich cukrovky (% susiny)
na hodnotéich hydrotermického koeficientu v srpnu — Dependence of
betaine content in leaf blades of sugar beet (% of dry matter) on
values of hydrothermic coefficient in August

ROSTLINNA VYROBA, 46, 2000 (2): 77-80

1. Mési¢ni hodnoty hydrotermického koeficientu — Monthly values
of hydrothermic coefficient

Mésic?
Rok!
4, 5. 6. 7. 8. 9.
1993 | 023 0,79 1,68 1.79 0,97 1,01
1994 1,68 1,25 0,45 0,57 1,41 1,12
1995 | 0,97 1,85 2,32 0,88 1,20 1,17

1 2
year, “month

nologicky priznivé klesala (obr. 1 a 2). Nejniz§i pra-
meérny obsah betainu v bulvach byl zjistén v roce 1993,
ziejmé vlivem nedostatku vldhy v dubnu a srpnu.

Vysoké hladiny betainu v listovych epelich v roce
1994 (vyvolané mj. nadbytkem vlahy v srpnu a zafi)
byly zplisobeny pravdépodobné silnou retrovegetaci, jez
byla pozorovana v zavéru vegetaéniho obdobi. Potvrdi-
la se domnénka fady autord, Ze betain v cukrovce je
latkou stavebni a transportni (Cromwell, Rennie, 1953,
1954; Delwiche, Bregoff, 1958; Stehlik, 1982; Beiss,
1994). Ukazalo se také, ze betain byva casto spojen
s osmotickym stresem, jak vyplyva z praci nékterych
autori (napf. Gareth Wyn Jones, 1980; Saxton et al.,
1980). Tato latka je nejenom vyznamna z hlediska tech-
nologického (slozka tzv. Skodlivého dusiku, jez zhorSu-
je vytéznost cukru), ale ma nepochybné i funkei fyzio-
logickou v osmotickém pfizpusobeni rostlin vldhovym
podminkdm prostiedi, jak na to poukazuji Rains et al.
(1980). Nejvyraznéji se to projevilo v roce 1994, kdy
byla zjisténa vlivem povétrnostnich Ciniteld v ramei zkou-
manych tfi let nejvyssi hladina betainu v listech a nej-
nizsi v bulvach.

Ziskané vysledky koresponduji s udaji v literatuie
(Sommer, 1957; Prey et al., 1974; Hanson et al., 1982).
Obsah betainu lze pouzit jako jedno z kritérii ekologic-
kych, zejména vSak povétrnostnich vlivi. Pouziti hydro-
termického koeficientu se osvédcilo jako piesnéjsi vy-
jadreni vlivu pocasi, nez je oddélené sledovani srazek
¢i teplot vzduchu.

22 n

21 I

\ y=-09343x + 30749
5 R = 09950

=

19 —

18 f-—

17 ‘

09 1 11 12 13 14 15

Ky, (VI

2. Zavislost obsahu betainu v bulvich cukrovky (% sufiny) na hod-
notdch hydrotermického koeficientu v srpnu — Dependence of betaine
content in sugar beet roots (% of dry matter) on values of hydrother-
mic coefficient in August
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Poznatky o hromadéni betainu v cukrovce mohou mit
i $ir¥i pouziti napf. v krmivarském Ci farmaceutickém
priamyslu, coz by bylo mozné uplatnit pii eventudlnim
vyuZiti cukrovky jako krmné &i energetické plodiny
(Steinmetzer, 1972; Bretschneider et al., 1974).
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GRAIN FILLING IN TWO-ROWED WINTER BARLEY

NALEVANI ZRNA U DVOURADEHO OZIMEHO JECMENE

N. Przulj, V. Mom¢ilovié, N. Mladenov

Institute of Field and Vegetable Crops, Novi Sad, Yugoslavia

ABSTRACT: Kernel weight depends on the rate and duration of grain filling (GF). Rate of GF presents the rate of dry matter
accumulation per kernel and GF period duration from anthesis to physiological maturity. In this paper two two-rowed winter
barley cultivars were used to investigate the rate and duration of GF and rate of kernel water release during the GF period.
Accumulated growing-degree days (GDD) from anthesis were used as a time scale. The relation between kernel weight and
accumulated GDD was presented by fitting a quadratic polynomial and the relation between kernel water content and accu-
mulated GDD by fitting a linear equation. Depending on the cultivar and year, rate of GF ranged from 0.068 to 0.082 mg/kernel/GDD
and the duration of GF from 572 to 778 GDD. Both the rate and duration of GF were influenced the most by environmental
factors. Yield was positively correlated with rate of GF, while between yield and duration of GF there was no significant
correlation. The phenotypic correlation between rate and duration of GF was negative. Rate of GF had positive and duration
of GF negative indirect effects on yield through yield components. The positive correlations between the rate of GF and kernel
weight as well as kernel weight and yield enable indirect selection for yield and a high rate of GF via breeding for a larger
kernel.

Keywords: winter barley (Triticum vulgare L.); grain filling; yield: correlation

ABSTRAKT: Hmotnost zrna zavisi na intenzité a délce nalévdni zrna (NZ). Intenzitu NZ vyjadfuje akumulace sufiny v zrnu
a délka NZ odpovidd obdobi od zacditku kveteni do fyziologické zralosti. V této praci jsme ke sledovini intenzity a délky NZ
a rychlosti uvoliiovdni vody ze zrna v obdobi NZ pouZili dvé odridy dvoutradého ozimého je¢mene. Za soufadnici ¢asu jsme
povazovali sumu aktivnich rostoucich teplot (GDD) od zadidtku kveteni. Zavislost mezi hmotnosti zrna a sumou GDD jsme zndzornili
proloZenim kvadratického polynomu a vztah mezi obsahem vody v zrnu a sumou GDD proloZenim linedrni rovnice. Intenzita
NZ se v zdvislosti na odriidé a ro¢niku pohybovala v rozmezi 0,068 az 0,082 mg/zrno/GDD a délka NZ od 572 do 778 GDD.
Intenzitu i délku NZ nejvice ovliviiovaly ekologické faktory. Vynos byl v pozitivni korelaci s intenzitou NZ, zatimco mezi
vynosem a délkou NZ jsme nezjistili vyznamnou korelaci. Fenotypova korelace mezi intenzitou a délkou NZ byla zaporna.
Intenzita NZ méla prostiednictvim vynosovych slozek kladny nepfimy vliv na vynos, zatimco délka NZ vykazovala zaporny
nepfimy vliv. Kladné korelace mezi intenzitou NZ a hmotnosti zrna, jakoZ i hmotnosti zrna a vynosem umoZiiuji nepfimou
selekci na vynos a vysokou intenzitu NZ prostfednictvim $lechténi na vétsi zrno.

Klicova slova: ozimy je¢men (Triticum vulgare L.); nalévani zrna; vynos; korelace

INTRODUCTION

After spike number and kernel number per spike
have been determined during the vegetative phase, cereal
grain yields become proportional to kernel weight (Wie-
gand, Cuellar, 1981), which is a function of the rate and
duration of grain filling (GF). The GF is the result of
the translocation of photosynthate from source to ker-
nels. Rate of GF represents the rate of dry matter accu-
mulation per kernel during the period of GFE. The GF
period represents the duration from anthesis to physio-
logical maturity. Physiological maturity represents the
point at the end of GF beyond which there is no signi-
ficant increase in kernel dry matter.

Rate of GF depends on the number of endosperm
cells formed during the first two weeks after anthesis
(Brocklehurst, 1977) and, to a lesser extent, on increased
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temperature in that period (Sofield et al., 1977a, b).
Duration of GF is in strong negative correlation with tem-
perature (Spiertz, 1977; Wardlaw et al., 1980; Wiegand,
Cuellar, 1981; Wych et al., 1982; Sanford, 1985; Stap-
per, Fischer, 1990). Lengthening of the duration of GF
can be achieved through the selection of genotypes that
have earlier anthesis (Metzger et al., 1984) or genotypes
that are relatively insensitive to high temperatures and
continue photosynthesis under high temperature condi-
tions (Sanford, 1985). Genetic factors to a large extent
determine the rate of GF, and environmental factors,
first of all temperature to a large extent determine the
duration of GF (Sanford, 1985; Bruckner, Frohberg, 1987,
Campbell et al., 1990; Triboi, 1990; Hunt et al., 1991).
An increase in temperatures up to a certain point does
not negatively affect the yield, since the intensification
of physiological processes can compensate for the short-
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ening of GF (Sofield et al., 1977b). Longer duration of
high temperature reduces GF period to such a large ex-
tent that faster rate of GF cannot prevent yield losses
(Wardlaw et al., 1980). When duration of GF is se-
verely limited by temperature, final kernel weight is
proportional to the rate of GF (Wiegand, Cuellar, 1981).

Investigations have shown the existence of genetic
variation for both the rate and duration of GF within
different species (Daynard ct al., 1971; Nass, Reiser,
1975; Sofield et al., 1977a; Gebeyehou et al., 1982;
Dofing, Knight, 1994). Sofield et al. (1977a), Fussell,
Pearson (1978) and Darroch, Baker (1990) found that
high kernel weight is associated with intensive rate of
GF, while Wiegand, Cuellar (1981), Sayed, Gadallah
(1983), and Wong, Baker (1986) emphasized the impor-
tance of duration of GF. Wiegand, Cuellar (1981) found
that each 1 °C increase in mean daily temperature dur-
ing GF decreased the period of filling by 3.1 days and
reduced kernel weight by 2.8 mg.

Researchers have established that linear (Housley et
al., 1982; Sanford, 1985; Hunt et al., 1991; Gouis, 1993;
Takahashi et al., 1993), quadratic (Nass, Reiser, 1975;
Bruckner, Frohberg, 1987) or cubic (Gebeyehou et al.,
1982; Bauer et al., 1985) polynomial equations can de-
scribe GF. Suitable growth curve can be used to calcu-
late the rate and duration of GF. The objectives of this
study were to examine (i) effect of cultivar and year on
rate and duration of GF, (ii) association between kernel
growth characters and yield components and (iii) kinetics
of water during the GF process in two-rowed winter
barley.

MATERIAL AND METHODS

Two two-rowed winter barley cultivars, Novosadski
183 and Astrid, were used for investigations. The cul-
tivar Novosadski 183 was selected from the cross
Ager/Emir and released by the Institute of Field and
Vegetable Crops, Novi Sad, Yugoslavia. The cultivar
Astrid was selected from the cross Weih.8264 (Malta-
Emir-818-Tria) x Weih.5907 (4095-Malta) and released
by BPZ/Dorfler, Germany. Novosadski 183 is the lead-
ing winter malting barley cultivar in Yugoslavia and it
is grown on more than 50% of acreage sown with this
crop. Astrid is a German cultivar with good agronomic
performances in the Yugoslavian environmental condi-
tions. The trials were sown on calcareous chernozem
soil at Novi Sad (45° 20° N, 15° 51" E, 86 m asl) on
15 Oct 1994, 20 Oct 1995, 12 Oct 1996 and 17 Oct
1997 at a planting rate of 350 viable seeds per 1 m?, in
two identical trials with three replications. Plots were
5 m long and consisted of six rows 20 cm apart. The
first trial was used for GF parameters determination and
the second for yield and yield components determi-
nation. Rate and duration of GF and the yield parame-
ters were estimated for each replication in four years.
Each experiment followed a fertilized crop of soybean
and received 300 kg/ha N 5P| 5K 5 as preplant. The cul-
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tural practices applied were those regularly used for large-
scale winter malting barley production (Przulj,
Momcilovi¢, 1998).

At anthesis DC 60 main spikes from each plot of the
first trial that flowered on the same day were tagged.
Samples of four tagged spikes were collected from each
plot at three to four days intervals beginning about five
to ten days after anthesis and continuing past harvest
maturity. Spikes were weighed immediately after sampl-
ing, oven-dried at 70 °C for 48 h to water content de-
termination, then hand trashed in bulk to determine aver-
age kernel dry weight. Accumulated growing-degree
days (GDD) from anthesis were used as the time scale.
Daily degree-days were calculated as T, = (T7 + T4 +
2T5))/4, where T, T4, and T, are temperatures at 7 a.m.,
14 p.m. and 21 p.m. Rate of GF was expressed as
mg/kernel/GDD.

The relation between kernel weight and accumulated
GDD from anthesis for each plot was presented by fit-
ting a quadratic polynomial W = a + bt + cf?, where W
is kernel dry weight (mg), ¢ is time (GDD) from anthe-
sis and a, b, and ¢ regression coefficients. The instan-
tancous rate of GF dW/dt can be calculated from the
derivative of the polynomial dW/dt = b + 2¢r (Nass,
Reiser, 1975; Gebeychou et al., 1982). When kernel
weight has reached its maximum, then dW/dt = 0. Solv-
ing for ¢ in dW/dt = 0 gives , as the estimated point of
the end of duration of GF. Anthesis, i.e. beginning of GF
(ty) calculated for W = 0 and predicted duration of GF
obtained as t, — t;. The average of rate of GF in the
interval from 7; to t, can be defined as 1/(t, — 1)

2
J (dW/dr) dit = (W, — W)/(t, — 1)) (Radford, 1967), where
11

W, and W, are the predicted kernel weights at times 7,
and t,. Mean GF rates were estimated as predicted
maximum kernel dry weight divided by GF duration.
The relation between kernel water proportion and accu-
mulated GDD from anthesis for each plot was presented
by fitting a linear equation M = a + bt, where M is
percentage of kernel moisture content, ¢ is time (GDD)
from anthesis and @ and b regression coefficients. For
percentage of kernel moisture content arcsinVpercentage
transformation was used.

Grain yield, number of productive tillers per square
meter, kernel number per spike, and kernel weight were
determined for each plot and year in the second trial.
Analysis of variance for each character was conducted.
Phenotypic and path correlation coefficients among the
estimated GF parameters and associated agronomic
characters were calculated.

RESULTS AND DISCUSSION

The quadratic polynomial, used to describe kernel
growth from anthesis to physiological maturity, pro-
vided a good description of GF for these cultivars and
years. Kernel weight and GDD data have fit the model
well and r? values exceeded 0.97 in all cases.
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. Date of anthesis and mean 10-day temperatures during grain filling period

Date of anthesis Deviation Deviation Deviation Deviation

Sear NS. 183 | Astrid 1-10:May lor:.;::rm 11-20 May lo:fg-){:rm 21=31-May lonf;(-)tnc:nn 1=1030une lonf;tnc]rm

average average average average
1995 May 3 May 5 14.1 -1.3 19.2 -3.1 24.1 +1.2 19.0 +0.6
1996 May 10 May 13 18.9 +3.6 20.0 +3.6 16.3 -0.8 225 +4.1
1997 May 12 May 13 16.8 +1.5 21.2 +4.9 14.9 =22 17.6 -0.8
1998 May 5 May 5 154 +0.1 15.8 -0.5 16.8 -0.3 23.0 +4.6

In the cultivar Novosadski 183, the rate of GF
ranged from 0.071 mg/kernel/GDD in 1995 and 1996
to 0.080 mg/kernel/GDD in 1997 (Tab. II). The dynam-
ics of GF in 1995 and 1996 were approximately the
same up to the kernel weight of about 20 to 25 mg, or
300 GDD (Fig. 1) despite the difference of 6.7 °C
(=3.1 °C in 1995 and +3.6 °C in 1996) in mean daily
temperatures during the period (Tab. I). The reason for
the equal rates of GF in the first half of the GF in these
two environmental different years was that in 1996 the
initial GF phase was shortened due to high tempera-
tures, and the plants entered the early phase of GF
quickly, whereby later anthesis was compensated for.
The increase of kernel weight in the second half of the
GF was more rapid in 1996 than in 1995, so the yield
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and kernel weight were larger in the former than in the
latter year (Tab. II). The GF curves for the cultivar
Novosadski 183 were almost identical in 1997 and 1998
(the duration of GF was 568 GDD in 1997 and 626
GDD in 1998). High mean daily temperatures in the
second ten-day period of May 1997 (+4.9 relative to the
long-term average) speeded up the GF, which is why in
this cultivar the rate of GF was higher in 1997 than in
1998. In 1997, anthesis started seven days later, so the
sum of GDD was lower and the GFR about 10% higher
than in 1998. The yield in the year with later anthesis
and faster GF was higher than in that with earlier an-
thesis and slower GF, although the difference was not
statistically significant (Tab. II).
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1. Means of yield components and grain filling parameters in four years
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Explanations to Tabs. II to IV:

GFR = rate of grain filling (mg/kernel/GDD)

1000-kernel weight (g)

yield (t/ha)

KW =
Y

2

SN = number of spike per | m
KN = kernel number per spike

duration of grain filling (GDD)

GFD

In the other cultivar, Astrid, the rate of GF ranged
from 0.068 mg/kernel/GDD in 1996 to 0.082 mg/ker-
nel/GDD in 1997. The patterns of GF in 1995 and 1998
were identical (Fig. 1), although the two years differed
with regard to the temperature deviation from the long-
term average (Tab. I). In both years, anthesis occurred
on May 5 and there was no significant difference be-
tween the rates of GF, durations of GF, yields, and
numbers of spikes per 1 m? (Tab. II). The larger kernel
size in 1998 than in 1995 was a result of the compen-
satory relations between kernel weight, spike number,
and kernel number per spike (Rasmusson, Cannell, 1970).
In 1996, the rate of GF was the slowest and the duration
of GF the longest (778 GDD). In 1997, on the other
hand, rate of GF was the fastest but duration of GF the
shortest, with the highest yield and largest 1000-kernel
weight (Tab. II).

Kernel water content and GDD data fit the linear
model well, and the r* values generally ranged from
0.91 to 0.99. Only in two replicates 12 was low (0.74 and
0.82). The cultivars differed significantly in the rate of
water release (WR) in all four years (data not shown).
In all years, the cultivar Novosadski 183 released kernel
water content faster (with an average of 0.057%/ker-
nel/GDD) than the cultivar Astrid (an average of
0.053%/kernel/GDD). The cultivar Novosadski 183 also
had a shorter duration of GF than Astrid in all investi-
gated years (Tab. II). The rate of WR depended on the
cultivar, year and specific behavior of cultivar in a par-
ticular year (Tab. III).

The fastest rate of GF and the shortest duration of
GF were recorded in 1997 in both cultivars. In that year
rate of GF was around 0.080 mg/kernel/GDD and du-
ration of GF about 570 GDD. Compared with the other
years, 1997 was characterized by the highest mean daily
temperatures in the early phases of GF. High tempera-
tures at anthesis shortened the initial GF phase in both
cultivars, while moderate temperatures in the relatively
short remainder period of the GF enabled an even and
rapid GF.

Of all the components of variance, it was the year
that contributed the most to the rate and duration of GF
(Tab. III), indicating that GF was controlled to the larg-
est extent by environmental conditions, primarily tem-
perature. Many authors (Bruckner, Frohberg, 1987;
Campbell et al., 1990; Hunt et al., 1990), however, re-
port that the cultivar had the largest influence on the
rate of GF. In our study, there were differences between
the replicates regarding the rate of GF, probably as a re-
sult of an inadequate choice of spikes as well as because
of the fact that a relatively small number of them was
analyzed. The spike number per 1 m’ responded to year
and genotype x year interaction. The kernel number and
kernel weight per spike were influenced by the cultivar
and year, while yield, in addition to the main factors,
was influenced by genotype x year interaction as well
(Tab. III).

Yield was positively correlated with the rate of GF,
so the highest yield in both cultivars was recorded in
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I11. Square means for yield components, rate of grain filling, duration of grain filling and rate of water release

3::::‘60? fofgzglgf SN KN KW Y GFR GFD WRR

Replicate 2 15 1.63 0.07 245 817 0.000067" 2962 0.000125
Cultivar 1 121 16.67"" 10.94" 4133400"° | 0.00000 3227 0.000248
Year 3 58197 31617 39.96" 57923117 | 0.000151™" 33 084" 0.000123
cxY 3 13 112" 0.56 0.91 1893533 | 0.00001 1335 0.000124
Error 14 291 0.72 0.31 95 855 0.000012 1811 0.000124

P <0.05 P <001

1V. Correlations (r) between yield and yield components, and path coefficients for direct effects of yield components on yield and for indirect
effects of rate of GF and duration of GF on yield via other yield components (data shown are for two cultivars, four years, and three replicates

with the total n = 24)

Yield Direct effect of Indirect effect of GFR and GFD on
compo- KN KW GFR GFD Y yield components yield via yield components
nent on yield GFR GFP

SN -0.23 0.33 -0.03 0.23 0.60"" 0.52" -0.06 0.12

KN -0.10 0.32 —0.59%* 0.21 0.29° 0.10 -0.17

KW 0.39" 0.04 0.74" 0.56" 0.13 -0.02
GFR -0.79™" 0.54"" 0.16 0.16 -0.13
GFD -0.27 -0.07 0.05 -0.07

P <0.05 P <00l

the year with the highest rate of GF and at the same
time the lowest duration of GF. There was no correla-
tion between yield and duration of GF. Sofield et al.
(1977a, b), Gebeyehou et al. (1982), Sanford (1985)
and Darroch, Baker (1990) pointed out that high kernel
weight is associated with a rapid rate of GF, while Nass,
Reiser (1975), Gebeyehou et al. (1982) and Wong,
Baker (1986) reported positive correlations between an
effective filling period and grain yield. In the present
study, as expected, yield was positively correlated with
spike number per 1 m? and kernel weight. Path coeffi-
cient analysis revealed significant direct effects on yield
of the three main yield components and no significant
direct effects of rate and duration of GF (Tab. IV). Rate
of GF had positive and duration of GF negative indirect
effects on yield via the components of yield. The rate
of GF was correlated positively and duration of GF
negatively with kernel weight. As the phenotypic cor-
relation between the rate of GF and kernel weight is
considerably higher than the correlation between dura-
tion of GF and kernel weight, it is possible to select
simultaneously for a larger kernel and a higher rate of
GF without changing the duration of GF. The positive
correlation between rate of GF and kernel weight en-
ables indirect selection for a higher rate of GF via the
breeding for a larger kernel size.

Although kernel number per spike forms during the
vegetative stage and depends on the sensitivity of mor-
phogenesis of generative organs during the process of
ontogenesis, the final number of kernels is still deter-
mined at GF, since poorly filled kernels are lost during
harvesting and in fact do not represent yield at all. If
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the GF period lasts longer, the less well-developed ker-
nels may not complete the filling process due to a strong
rise in temperatures and disease attacks, which could
explain the negative correlations between duration of
GF and kernel number per spike.

Metzger et al. (1984) and Wong, Baker (1986) stated
that the GF period can be prolonged by choosing geno-
types with a shorter vegetative period. In our study
a longer predicted period of GF was associated with
later anthesis and a longer vegetative period. In years
when anthesis occurs earlier, there is a possibility of
a longer duration of GF but shortening of that period
may occur as a result of an earlier disease attack,
drought, etc.

In our investigation the phenotypic correlation be-
tween the rate and duration of GF was negative, although
many authors (Sofield et al., 1977a; Wardlaw et al., 1980;
Sayed et al., 1983; Sanford, 1985) report a lack of as-
sociation. Brukner, Frohberh (1987) found a strong nega-
tive environmental correlation between these two charac-
ters, which indicates that the environmental conditions
favor a high GF rate and short GF duration. Conse-
quently, the relationships we obtained in the present
study can be attributed to the strong negative environ-
mental correlation. The breeding program on two-rowed
winter barley for the environmental conditions of south-
east Europe should favor genotypes with a large kernel,
a high rate of GF, and a moderate duration of GF. Dur-
ing the latter and final phase of GF, genotypes with
a long duration of GF may enter a period of high tem-
peratures (Przulj, Momcilovié, 1998), which may sig-
nificantly reduce yields and grain quality. The duration
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of the vegetative and generative phases should be bal-
anced, since neither genotypes with too early nor too
late an anthesis will bring maximum yields. The choice
of genotypes with a high rate of GF whose developmen-
tal dynamics are suitable for particular environmental con-
ditions represents a more certain way of developing
stable, adaptable, and high-yielding cultivars.

REFERENCES

Bauer A., Frank A. B., Black A. L. (1985): Estimation of
spring wheat grain dry matter assimilation from air tem-
perature. Agron. I., 77: 743-752.

Brocklehurst P. A. (1977): Factors controlling grain weight
in wheat. Nature, 266: 348-349.

Bruckner P. L., Frohberg R. C. (1987): Rate and duration of
grain fill in spring wheat. Crop Sci., 27: 451-455.

Campbell C. A., Cutforth H. W., Selles F., DePauw R. M.,
Clarke J. M. (1990): Dynamics of dry matter N and P
accumulation in the developing kernels of four spring wheat
cultivars for irrigation and dryland. Can. J. Pl. Sci., 70:
1043-1056.

Darroch B. A., Baker R. J. (1990): Grain filling in three
spring wheat genotypes: Statistical analysis. Crop Sci., 30:
525-529.

Daynard T. B., Tanner J. W., Duncan W. G. (1971): Duration
of the grain filling period and its relation to grain yield in
corn, Zea mays L. Crop Sci., 11: 45-47.

Dofing S. M., Knight C. W. (1994): Variation for grain fill
characteristics in northern-adapted spring barley cultivars.
Acta Agric. Scand. Sec. B. Soil Pl. Sci., 44: 88-93.

Fussell L. K., Pearson C. J. (1978): Course of grain develop-
ment and its relation to black region appearance in Penni-
setum americanum. Fld Crop Res., 1: 21-31.

Gebeyehou G., Knott D. R., Baker R. J. (1982): Rate and
duration of grain filling in durum wheat cultivars. Crop
Sci., 22: 337-340.

Gouis J. L. (1993): Grain filling and shoot growth of 2-row
and 6-row barley varieties. Agronomie, /3: 545-552.
Housley T. L., Kirleis A. W., Ohm H. W., Patterson F. L.
(1982): Dry matter accumulation in soft red winter seeds.

Crop Sci., 22: 290-294.

Hunt L. A., Poorten G. van der, Pararajasingham S. (1991):
Postanthesis temperature effects and rate of grain filling
in some winter and spring wheats. Can. J. Pl. Sci., 7I:
609-617.

Metzger D. D., Szaplewski S. J., Rasmusson D. C. (1984):
Grain-filling duration in spring barley. Crop Sci., 24:
1101-1105.

Nass H. G., Reiser B. (1975): Grain filling period and grain
yield relationships in spring wheat. Can. J. Pl. Sci., 55:
673-678.

Przulj N., Mom¢ilovié V. (1998): Novosadske sorte pivskog
je¢ma za proizvodne uslove Jugoslavije. Zbor. Rad. Inst.
Ratar. Povrtar. Novi Sad, 30: 453-462.

Radford P. J. (1967): Growth analysis formulae — their use
and abuse. Crop Sci., 7: 171-175.

Rasmusson D. C., Cannell R. Q. (1970): Selection for grain
yield and components of yield in barley. Crop. Sci., 10:
51-54.

Sanford D. A. van (1985): Variation in kernel growth characters
among soft red winter wheats. Crop Sci., 25: 626-630.

Sayed H. L., Gadallah A. M. (1983): Variation in dry matter
and grain filling characteristics in wheat cultivars. Fld
Crop Res., 7: 61-71.

Sofield 1., Evans L. T., Cook M. G.., Wardlaw I. F. (1977a):
Factors influencing the rate and duration of grain [illing
in wheat. Austral. J. PL. Physiol., 4: 785-797.

Sofield I., Wardlaw 1. F., Evans L. T., Zee S. Y. (1977b):
Nitrogen phosphorus and water contents during develop-
ment and maturation in wheat. Austral. J. Pl. Physiol., 4
799-810.

Spiertz J. H. J. (1977): The influence of temperature and light
intensity on grain growth in relation to the carbohydrate
and nitrogen economy of the wheat plant. Netherl. J. Ag-
ric. Sci., 25: 182-197.

Stapper M., Fischer R. A. (1990): Genotype sowing date and
plant spacing influence on high-yielding irrigated wheat in
Southern New Wales. I11. Potential yields and optimum
flowering dates. Austral. J. Agric. Res.. 47: 1043-1056.

Takahashi T., Takahashi N., Nakaseko K. (1993): Grain fil-
ling mechanism in spring wheat. Jap. J. Crop Sci., 62:
560-564.

Triboi E. (1990): Modcle d’elaboration du poids du grain
chez le blé tendre (Triticum aestivin Thell). Agronomie,
10: 191-200.

Wardlaw 1. F., Sofield 1., Cartwright P. M. (1980): Factors
limiting the rate of dry matter accumulation in the grain
of wheat grown at high temperature. Austral. J. Pl. Physiol.,
73: 387-400.

Wiegand C. L., Cuellar J. A. (1981): Duration of grain [illing
and kernel weight of wheat as affected by temperature.
Crop Sci., 21: 95-101.

Wong L. S. L., Baker R. J. (1986): Developmental patterns
in five spring wheat genotypes varying in time (o maturity.
Crop Sci., 26: 1167-1170.

Wych R. D., McGraw R. L., Stutham D. D. (1982): Genotype X
year interaction for length an, rate of grain filling in oats.
Crop Sci., 22: 1025-1028.

Received on September 9. 1999

Corresponding author:

Prof. Dr. Novo Przulj, Institute of Field and Vegetable Crops, Maksima Gorkog 30, 21000 Novi Sad, Yugoslavia,
tel.: +381 21 41 18 88, fax: +381 21 41 18 88, e-mail: przulj@ifvens.ns.ac.yu

86

ROSTLINNA VYROBA. 46, 2000 (2): 81-86


mailto:przulj@ifvcns.ns.ac.yu

BIOLOGICKA INDIKACE ZNECISTENI PUD TEZKYMI
KOVY INKUBACNI METODOU

BIOLOGICAL INDICATION OF HEAVY METAL CONTAMINATION
OF SOILS BY THE INCUBATION METHOD

G. Miihlbachova, P. Riazek

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

ABSTRACT: The incubation with glucose as the possible biological indication of heavy metal contamination was studied in
arable and grassland soils from vicinity of a secondary smelter operating for more than 200 years. The significant correlations
between total organic carbon, native microbial biomass, basal respiration and specific respiration (Figs. 1, 2, 3) showed that,
irrespective to strong heavy metal contamination, the soil microbial properties well corresponded to the organic matter content
under steady-state conditions. The treatment of soils with glucose showed that the microbial biomass in contaminated arable
soils reached only about 42 to 43% of the content of microbial biomass found in less contaminated soils (Tab. III). The soil
respiration increased significantly in contaminated soils compared to less polluted soils during the first day of incubation with
glucose (Tab. 1V). The comparative study, where the microbial biomass was killed by chloroform fumigation and thereafter
incubated with glucose, showed that in comparison to polluted soils in less contaminated soils the ability to synthesise new
microbial biomass was greater. The measures of respiration activity (Tab. IV) in arable soils after fumigation showed a similar
trend as the incubation with glucose, whereas the results of grassland soils were not significant, probably because of the
different organic matter content. The glucose incubation as the biological measure of heavy metal contamination could be an
appropriate method for the soils with similar physical-chemical properties.

Keywords: incubation of soil with glucose; heavy metals; soil microbial biomass; soil respiration

ABSTRAKT: V dlouhodobé kontaminovanych ornych a zatravnénych ptidach z blizkosti kovohuté byla posuzovina inkubace
pud s glukézou jako jedna z moZnosti biologické indikace kontaminace tézkymi kovy. V pfirozenych pudnich podminkach
nebylo zjisténo ovlivnéni obsahi organického uhliku, mikrobidlni biomasy ani respiracni aktivity kontaminaci tézkymi kovy.
Béhem inkubace pud s glukozou se obsah mikrobidlni biomasy v kontaminovanych ornych pudach zveétsil jen na 42 az 43 %
obsahu v pidé nekontaminované. Respiracni aktivita v kontaminovanych pudédch béhem prvniho dne inkubace byla statisticky
vyznamné& vy$$i. Ve srovndvacim pokusu, v némz byla mikrobidlni biomasa nejprve usmrcena chloroformem a poté inkubo-
vana s pridavkem glukozy, byl nartst nové mikrobialni biomasy vyznamné vétsi v nekontaminovanych pidach. Respirace ve
fumigovanych ornych padich podobné jako v pidiach nefumigovanych byla vétsi v pidach kontaminovanych. Podle dosaZe-
nych vysledkli miZe byt inkubace s glukézou vhodna jako biologicky ukazatel kontaminace pid téZkymi kovy u pid s podob-
nymi fyzikdlné-chemickymi vlastnostmi.

Klicova slova: inkubace pud s glukdézou; tézké kovy; padni mikrobidlni biomasa; pudni respirace

UVOD

Mezi nejvétsi a Casto i nejstarsi zdroje zneCisténi téz-
kymi kovy patii kovohuté a doly. Tézké kovy, pokud se
vyskytuji ve vét§im mnoZstvi, jsou pro Zivé organismy
toxické. Mezi jinymi metodami je doporucovino také
vyuzivani mikrobialnich vlastnosti jako biologickych in-
dikdtort pidniho zneliSténi (Brookes, 1995; Giller et
al., 1998). Obsahy téZkych kovi se mohou v pudich
postupné kumulovat po stovky let, a proto mnozstvi a ak-
tivita padnich mikroorganisma mohou byt jejich piso-
benim zdvazné ovlivnény. Z tohoto hlediska muZe byt
stanoveni pudni mikrobidlni biomasy velmi vhodnym
prostifedkem k biologickému uréovéni Grovné kontami-
nace. PrestoZe mikrobidlni biomasa pfedstavuje pouze
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1 az 4 % organické hmoty v pudé, acCastni se aktivné
vétSiny mineralizaCnich a imobilizacnich procest v pudé.
Méieni mikrobidlni aktivity, jako je napf. mikrobidlni
respirace, resp. obsah mikroorganisma v pudé, a prede-
v§im kombinace téchto méfeni patii mezi nejvice sledo-
vané biologické parametry u kontaminovanych pud.
Pravé pomér mikrobidlni biomasy k celkovému orga-
nickému uhliku a specificka respirace, ktera vyjadfuje
respiraci na jednotku mikrobialni biomasy, jsou casto
doporucoviny jako indikdtory pudniho zneciSténi (Ander-
son, Domsch, 1990; Brookes, 1995; Wardle, Ghani,
1995).

Cilem této priace bylo posoudit moZnosti inkubace
dlouhodobé kontaminovanych pud s gluk6zou jako je-
den ze zpisobu biologické indikace kontaminovanych
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pid a dale vliv t&Zkych kovii na mikrobidlni biomasu
a jeji respiradni aktivitu v dlouhodobé kontaminovanych
pudéch s riznym systémem hospodaieni.

MATERIAL A METODY
Stanovisté a pudy

Stanovisté se nachazi v blizkosti Kovohuté Pfibram,
kterd je v ¢innosti od roku 1789. Pivodné v ni byly
zpracovaviny vytéZené olovéné rudy, od roku 1972 ko-
vohut upravuje pouze druhotné zdroje olova. Od roku
1982 jsou emise pohlcovany vysoce uCinnym odluco-
vadem ve 150m kominé (Kalac et al., 1991; Riuwerts,
Farago, 1996; Vrubel et al., 1996).

Vzorky piséito-hlinitych ornych (A, B, C) a zatrav-
nénych pud (D, E, F) byly odebrany v riznych vzdale-
nostech od kovohuté podle odlisné drovné kontaminace,
jak ji zaznamenali Vrubel et al. (1996). Pfed odbérem
vzorkl byly na ornych pidéach A, B a C péstovany obil-
niny. Pdda D byla dlouhodobé zatravnéna, pidy E a F
byly pro vysoké obsahy tézkych kovi zatravnény v ro-

ce 1995. Pudni vzorky byly na kazdém stanovisti ode-
briny z pudniho profilu 0 az 20 cm. Po manudlnim
odstranéni kofenovych zbytkii a makroedafonu byly pidy
piesaty na situ (< 2 mm) a uchovavany pfi teploté 4 °C
aZ do pocatku pokust. Charakteristiky pid jsou uvede-
ny v tab. I a IL

Inkubacni pokus

Kazda odebrand zemina o hmotnosti 1 kg byla dosy-
cena vodou na 50 % své kapilarni vodni kapacity. Zeminy
v plastikovych miskach pak byly uloZeny do uzavie-
nych niadob a ponechdny v termostatu pii 27 °C. Pred
zapocCetim pokust byly jeden tyden preinkubovéany. Na
dno nadob byla pifidana destilovana voda pro udrzeni
stabilni vlhkosti a kadinka s 25 ml 1M NaOH pro sorpci
uvolnéného CO,. Nadoby byly pravidelné otevirany,
aby byl zajistén dostateény pfisun kysliku. Poté byla
pfidina glukéza v davce 1000 pg C.g‘l zeminy
a (NH4),SO4 v poméru C : N = 10 : 1. Nasledné bylo
z kazdé zeminy oddéleno 3 x 50 g a zvIast ve special-
nich lahvich byl méfen uvolnény CO,. Inkubace probi-

I. Charakteristiky a celkové obsahy t&zkych kovi (£ smérodatnd odchylka) u pouzitych pid — Characteristics and total contents of heavy

metals (+ standard deviation) in soils

Pada' | Pisek® | Prach® | Jil KVK® | pHyo | pHke Pb cd Zn As
% % % mmol.kg™! mg.kg™!

A 48 42 10 96.30 528 435 587%£7.36 | 020£0,14 | 504 +4,43 9,0 £ 1,45
B 52 39 9 116,72 7,21 6,45 5957 £ 13,44 | 331 £0,47 | 2959 £ 3031 | 599916
C 38 45 17 127,90 7,00 6,00 1363,6 £5295 | 545+ 0,15 | 287.1 £ 13,96 | 90.5 £ 5,04
D 52 34 14 172,21 5,75 4,82 3594 £ 19,72 | 2,24 £ 0,24 | 939 £3,52 64,9 + 6,59
E 37 50 13 150,25 6,31 5,25 1162,6 +£43,97 | 4,99 £ 0,33 | 240,6 £ 32,81 | 99,7 £ 5,88
F 32 51 17 161,81 6,98 5.89 |2204,5+ 21,46 | 8.34£046 | 3152+ 27,80 | 201.8 £ 10,04

A, B, C = orné pudy — arable soils

D, E, F = zatravnéné pudy — grassland soils

'soil, %sand, “silt, dclay. SCEC

I1. Biologické charakteristiky v pudich — Biological characteristics of soils

Pida! Chat l}f " Baz:ilni_lrcspirucf BJ/Cy, Specit"u:k.'f\_ll'espir;:cl'l:3
(%) (ng C.g™" pady”) (ug C.g”" pady.h™) (%) (Mg Cug™ B .h™)

A 141 f 163,24 ¢ 0512 ¢ 1,24 cd 0,00299 a
B 1,63 d 177,78 ¢ 0,504 ¢ 1,16 cd 0,00258 b
C 1.5le 169,18 ¢ 0,456 d 1.12d 0.00270 b
D 3,50 a 101841 a 0,819 a 291 a 0,00080 d
E 2,10 ¢ 312,59 b 0,625 b 1,49 b 0,00200 ¢
F 223 b 299,38 b 0,600 b 1,34 be 0,00201 ¢

C, = celkovy organicky uhlik — total organic carbon
B, = mikrobidlni biomasa — microbial biomass

B/C,, = pomér mikrobidlni biomasy k celkovému organickému uhliku - ratio of microbial biomass to total organic carbon
Hodnoty ve sloupcich, které nejsou oznaceny stejnym pismenem, jsou statisticky vyznamné odlisné podle Duncanova testu analyzy rozptylu
jednoduchého tfidéni na hladiné vyznamnosti £ < 0,05 — Results within a column not followed by the same letters indicate significant

differences determined by Duncan’s multiplate range test (P < 0.05)

A ST e .
soil, “basal respiration, “specific respiration, 4of soil
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hala po dobu deseti dnt, kdy byly ptdy ve trojim opa-
kovani analyzovéany prvni, druhy a desaty den na obsah
mikrobidlni biomasy. Respirace v pudach ve trojim opa-
kovani byla stanovena prvni, druhy, Ctvrty a desaty den
inkubace. Ve srovndavacim pokusu byly zeminy nejprve
fumigovany 24 h chloroformem stabilizovanym amyle-
nem a po jeho odstranéni byla piidana glukéza
a (NH4),SOy, poté byly zeminy inkubovény a analyzo-
vény stejnym zpusobem jako v prvni ¢asti pokusu.

Analytické metody

Pudni mikrobidlni biomasa (Bc) byla stanovena fu-
miga¢né-extrakéni metodou (Vance et al., 1987). Orga-
nicky C v extraktech byl stanoven mokrym rozkla-
dem s K,Cr,O; a titraci pfebytku dvojchromanu
s (NHy),Fe(SOy) .6 H,O. Mikrobidlni biomasa byla vy-
pocitana ze vztahu: biomasa C = 2,64.E,, kde E,. pred-
stavuje rozdil mezi organickym C extrahovanym z fu-
migovanych a nefumigovanych ptd, oboji vyjadfeno
jako pg C.g_l suché pudy.

Pro stanoveni celkového organického uhliku (C,y)
byly vzorky pud rozloZzeny s IN K,Cr,05 a koncentro-
vanou H,SO, pfi 125 °C. Organicky uhlik byl stanoven
titraci 0,05N Na,S,05 s pfidavkem 20% KI.

Mnozstvi organického C uvolnéného jako CO, po
absorbci v NaOH a nésledném vysrizeni s BaCl, bylo
stanoveno titraci se standardizovanou HCIL. Specificka
respirace  (qCO,) byla vyjddiena vztahem:
qCO,=pngC.ug Cglc .h™! (Anderson, Domsch, 1990).

Celkové obsahy tézkych kovi byly stanoveny na
ICP Trace Scan fy Thermo Jarrel Ash po celkovém
rozkladu 1 g zeminy ve smési koncentrované HNO;,
HCl a H,O, v mikrovinném zafizeni Milestone
MLS 1200.

VYSLEDKY A DISKUSE

Ve vsech sledovanych ornych padach byly pred po-
Catkem inkubace bez ohledu na tdroven kontaminace
t€zkymi kovy nalezeny srovnatelné obsahy mikrobidlni
biomasy (tab. II). Vyznamné vyssi obsahy byly pozo-
rovany ve statisticky vyznamné zavislosti na vys$im
obsahu organické hmoty v zatravnénych padéch (obr. 1).
Z této zavislosti je patrné, Ze kontaminace téZkymi ko-
vy zde nepfedstavovala limitujici faktor pro celkové
obsahy mikrobidlni biomasy v pudé a nezavisle na ob-
sahu rizikovych prvkt v pudach velmi dobie odpovida-
la obsahu organické hmoty v padach. Podobné i respi-
racni aktivita korelovala s obsahem jak mikrobidlni
biomasy, tak i celkového organického uhliku (obr. 2).
Nase vysledky ziskané u téchto pid neodpovidaji po-
znatkim z literatury. Baath (1989) napf. popisuje vy-
razné sniZeni respiracni aktivity kontaminovanych pud.
Brookes (1995) naopak uvadi zvySeni pidni respirace,
které vyplyvé z vétsi energetické potieby mikrobidlni
biomasy v kontaminovanych padéch.
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Jednim z doporuc¢ovanych indikatort pidniho zne-
Cisténi je i pomér mikrobidlni biomasy k celkovému or-
ganickému uhliku (B./C,,). Brookes (1995) v kontami-
novanych ptidéach udava tento pomér nizsi nez v pudéch
neznecisténych. Ve sledovanych kontaminovanych or-
nych puadach byly hodnoty B./C,, pouze mirné niZsi
(tab. II), neklesly vSak pod 1 %, které je povaZovano za
hrani¢ni hodnotu mikrobidlni biomasy v nenarusenych
pudach (Brookes, 1995). Za fyziologickou charak-
teristiku mikrobidlni biomasy v pidnim prostiedi je ve
stabilnich podminkdch povaZovana i specificka respira-
ce (Giller et al., 1998). Ve sledovanych padach se spe-
cifickd respirace sniZovala v zdvislosti na vét§im obsa-
hu jak celkového organického uhliku, tak i mikrobidlni
biomasy (obr. 3). Mikrobialni biomasa v kontaminova-
nych pudach tak nevykazovala vétsi energetické naro-
ky, které by se mohly projevit pravé zvySenim hodnot
specifické respirace.

Dosazené vysledky naznaCuji, Ze béhem dlouhodo-
bé, postupné se zvySujici kontaminace pid mohlo dojit
k urcité adaptaci ptdnich mikroorganisml na zatéz ri-
zikovymi prvky. Tolerance mikroorganismi vuci toxic-
kym a¢inkam tézkych kovi neni dosud plné objasnéna,
ale pii velkém znecisténi ptid se miZe zvySovat (Giller
et al., 1998), coz by mohlo byt divodem, pro¢ v porov-
nani s bézné uvadénymi udaji (Fliessbach et al., 1994;
Brookes, 1995; Giller et al., 1998) nebylo pozorovano
snizeni obsahu pdni mikrobidlni biomasy ani vliv na
jeji respiracni aktivitu.

Vzhledem k tomu, Ze v pfirozenych podminkach ne-
byly prokdzany statisticky vyznamné rozdily v biolo-
gickych aktivitich dlouhodobé rizné kontaminovanych
pud, byla testovana schopnost pidni mikrobidlni bio-
masy vyuzivat pfidavek glukézy. Prvni den inkubace se
obsah mikrobialni biomasy v kontaminovanych ornych
pidach B a C oproti jejimu narastu v nekontaminované
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I. Korelace mezi obsahem celkového organického uhliku (C) a
padni mikrobidlni biomasy — Correlation between content of total
organic carbon (C,,) and soil microbial biomass

osa y: mikrobidlni biomasa — y axis: microbial biomass
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3a. Korelace mezi obsahem celkového organického uhliku (C,)
a specifickou respiraci v pidich - Correlation between content of
total organic carbon (C,,,) and specific respiration of soils

Vysvétlivky k obr. 2 a 3 — Explanations to Figs. 2 and 3:
osa x: mikrobidlni biomasa - x axis: microbial biomass
osa y: respirace — y axis: respiration

orné pidé A zvysil pouze o 41,8 a 42,9 % (tab. III).
Druhy den obsah mikrobidlni biomasy u orné pidy A
poklesl asi 0 80 %, zatimco v pidach B a C byl pokles
pouze tietinovy, pficemz vyznamné vyssi obsah mikro-
bidlni biomasy byl pozorovin u nejkontaminované;si
pudy C. U zatravnénych pud byl nejvétsi nartst mikro-
bialni biomasy béhem prvniho dne inkubace pozorovin
u pidy D s nejvy§im obsahem organické hmoty, ale po-
dobné jako u ostatnich zatravnénych pid E a F jeji ob-
sah vzrostl jen celkem Ctyfikrat (tab. III). Jak uvadéji
Chander, Brookes (1992), miZe byt pri vétSim obsahu
téZkych kovl v pudach pro syntézu nové mikrobidlni
biomasy vyuZito méné glukézového substrtu. Potvrzu-
ji to vysledky predev§im u kontaminovanych ornych
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respiraci v pudich — Correlation between content of soil microbial
biomass and specific respiration of soils

pud, u nichZz mohla mikrobidlni biomasa ¢ast glukézy
vyuZit jesté druhy den inkubace.

Ve srovnavacim pokusu, v némz byly pudy fumigo-
vany chloroformem a poté inkubovany s glukozou, byl
narast mikrobidlni biomasy vétsi v méné kontaminova-
nych pidach A a D (tab. III). Maximalni obsahy mik-
robidlni biomasy v kontaminovanych pudach dosaho-
valy pouze tfetinovych obsahl ve srovnani s pudami
méné kontaminovanymi. Tyto vysledky potvrzuji. téZ
Chander, Brookes (1992) zjisténim, ze schopnost syn-
tetizovat novou mikrobidlni biomasu nemusi byt v zi-
vislosti na pivodnim obsahu mikrobidlni biomasy, ale
muZe byt negativné ovlivnéna kontaminaci tézkymi kovy.

Vyznamné vysSi respiracni aktivita byla béhem prv-
niho dne zaznamendna v kontaminovanych ornych i za-
travnénych padach (tab. IV). Respiracni aktivita byla
v zatravnénych padéch niZzsi, jeji vyvoj vSak byl podob-
ny jako v pudach ornych. Béhem druhého dne inkubace
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[1I. Obsah mikrobidlni biomasy (Lg Cg" pudy) béhem inkubace pud s glukozou — Content of microbial biomass (g C.g‘I of soil) during

incubation of soils with glucose

- Pida?
A B D E F

0 163,24 ¢ 177,78 ¢ 169.18 ¢ 101841 a 312,59 b 299,38 b
of 1 1 659,07 b 700,72 d 71893 d 4 138,30 a 1 218,67 ¢ 121944 ¢

2 436,24 ¢ 484,59 d 584,64 ¢ 1 908,37 a 707,97 b 711,67 b

10 34742 e 353,08 ¢ 382,05d 153771 a 564,24 b 497,73 b

0 4,05 a 2,22 ab 1,47 ab 0,00 ¢ 0,00 ¢ 0,00 ¢
f 1 158,96 b 106,98 ¢ 17,60 d 261,28 a 138,58 be 33,87 be

2 44441 a 63,02 d 78,23 d 32923 b 82,31 cd 128,03 ¢

10 33,29 ab 33,17 ab 36,62 ab 42,11 a 13,44 ¢ 23,13 be

A, B, C = omné pudy - arable soils
D, E, F = zatravnéné pudy — grassland soils

. nf = pudy nefumigované — non-fumigated soils

f = pudy fumigované — fumigated soils

Hodnoty v fadku, které nejsou oznaceny stejnym pismenem, jsou statisticky vyznamné odlisné podle Duncanova testu analyzy rozptylu
jednoduchého tiidéni na hladiné vyznamnosti P < 0,05 — Results within a row not followed by the same letters indicate significant differences

determined by Duncan’s multiplate range test (P < 0.05)

lday. %s0il

IV. Respiracni aktivita pad (pg C.g“I pudy) béhem inkubace s glukozou — Respiration activity of soils (ug C‘g'l of soil) during incubation

with glucose

- Puda?

A B D E F

0 0,50 ¢ 0.50 ¢ 0,46 d 0,84 a 0,62 b 0,61 b

1 9,41 d 14,69 a 13,68 b 6,76 ¢ 11,00 ¢ 11,24 ¢

nf 2 6.81 a 3,17d 3,59 cd 6.12b 377 ¢ 4,03 ¢

4 2,07 a 1,57 ¢ 1,86 ab 1,86 abc 1,70 be 1,82 abc

10 0,77 a 0,96 b 1,19 b 1,12b 0,87 b 0,93 b

0 2,488 ¢ 4,69 b 478 b 11,2a 471 b 481 b

1 35e 33,64 a 30,73 b 20,81 d 22,18 ¢ 2242 ¢

f 2 15,56 a 6,95 b 821 b 159 a 7,18 b 7,02 b
3 19,97 a 2,36 cd 3,03 ¢ 423 b 8,18 d 2,45 cd

10 1,82 a 0,99 b 1,16 b 1,65 a 1,06 b 1,16 b

A, B, C = orné pidy - arable soils

D, E, F = zatravnéné pudy — grassland soils
nf = pidy nefumigované — non-fumigated soils
f = pudy fumigované — fumigated soils

Hodnoty v fidku, které nejsou oznaceny stejnym pismenem, jsou statisticky vyznamné odlisné podle Duncanova testu analyzy rozptylu
jednoduchého tiidéni na hladiné vyznamnosti P < 0,05 — Results within a row not followed by the same letters indicate significant differences

determined by Duncan’s multiplate range test (P < 0.05)

'dny, %s0il

byl v méné kontaminovanych pidach pozorovén vyznam-
né niz8i pokles respirace nez v pudach kontaminova-
nych. U fumigovanych pid byla zaznamendana respirace
vy88i neZ v padach inkubovanych pouze s pfidavkem
glukézy. Vyssi hodnoty respiraini aktivity v pudach,
naméfené bezprostfedné po fumigaci, mohly byt zptso-
beny napf. uvolnénym C pochdzejicim z mikrobidlnich
bunék rozloZenych b&éhem fumigace pud (Giller et al.,
1998), piesto byla v ornych kontaminovanych padach
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zjiSténa vy§§i respiracni aktivita; v zatravnéné padé D
vysledek ovlivnila vyssi hodnota respirace ihned po fu-
migaci (tab. IV). Vysledky respiracni aktivity z inku-
bacniho pokusu tedy souhlasily s poznatky, které pub-
likovali Brookes (1995) a Giller et al. (1998), podle
nichZ respiraéni aktivita v kontaminovanych puadach
muZe byt vétsi, protoze mikroorganismy v téchto pidéch
spotiebovavaji vétSi mnoZstvi energie pro svij metabo-
lismus.
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ZAVER

V pfirozenych pidnich podminkdch nelze vZdy jed-
noznacné urdit nejvhodng&jsi metodu pro biologickou in-
dikaci pid kontaminovanych téZkymi kovy. Analyzy
mikrobidlni biomasy a respiracni aktivity, provedené
v pivodnich dlouhodobé kontaminovanych i nekonta-
minovanych padach, neprokdzaly negativni vliv vyso-
kych koncentraci té€Zkych kovii na pidni mikrobidlni
biomasu. Z tohoto hlediska se jako mnohem vhodnéjsi
ukézala inkubace pid s glukozou, ktera predevsim v or-
nych ptdach velmi rychle v porovnini s nekontamino-
vanou pudou zvyraznila negativni G¢inek téZkych kovi
na syntézu nové mikrobidlni biomasy a zvySila respi-
raéni aktivitu v kontaminovanych ptadach.
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VARIABILITY AND CORRELATIONS OF YIELD
COMPONENTS, HARVEST INDEX AND YIELD
OF CHAMOMILE FLOWER HEADS

VARIABILITA A KORELACE VYNOSOTVORNYCH PRVKU,
SKLIZNOVEHO INDEXU A VYNOSU KVETU HERMANKU

S. Drazi¢
Institute for Medicinal Plant Research Dr. Josif Pancic, Belgrade, Yugoslavia

_ABSTRACT: The trial with the following four varieties of chamomile [Chamomilla recutita (L.) Rausch.] was conducted
under semiarid conditions of Vojvodina: Banatska, Bona, Novbona. and Lutea. The aim of the present study was to observe
variability of quantitative traits (plant height, number of secondary stems, number and diameter of flower heads, yield and
harvest index). The highest variability was detected in the number of flower heads. Significant differences, found for both
flower head diameter and harvest index, affected yield (1.46 and 2.04 t.ha™" in varicties Banatska and Lutea, resp.). Correlations
at 0.05 and 0.01 probability levels were detected between plant height and the number of secondary stems. yield and flower
head diameter. harvest index and flower head diameter, as well as between yield and harvest index.

Keywords: chamomile; variability; correlation; yield components; yield; harvest index

ABSTRAKT: V semiaridni oblasti Vojvodiny byl realizovan pokus se ¢tyfmi odradami hefmanku [Chamomilla recutita (L.)
Rausch.]: Banatska, Bona, Novbona a Lutea. Byla sledovina variabilita kvantitativnich znaki (vyska rostliny, pocet vedlejsich
stonk, podet a prumér kvétnich dbort, vynos a skliziiovy index). Nejvy§§i variabilita byla zjisténa v poctu kvétnich tbort.
Vyznamné rozdily, zaznamenané pro prameér kvétnich dboru a skliziovy index, mély vliv na vynos (1,46, resp. 2,04 tha™
u odriid Banatska, resp. Lutea). Korelace na hladiné pravdépodobnosti 0,05 a 0,01 byly zjiStény mezi vyskou rostliny a poctem
vedlejSich stonku, resp. mezi vynosem a primérem kvétnich ubort, dile mezi skliziiovym indexem a primérem kvétnich

ibort, resp. mezi vynosem a skliziovym indexem.

Klicova slova: hefmdnek: variabilita: korelace: vynosotvorné prvky: vynos: sklizilovy index

INTRODUCTION

Genetic improvements of yield, as a complex trait,
should be aimed at the modifications of phenotypes,
developmental and growing stages and tolerance to envi-
ronmental stresses (Drazié, 1997).

It was observed that a high stem was a disadvantage,
as vegetative parts did not present an economic yield.
Moreover, plant lodging often occurred. Stem shorten-
ing would mean a redistribution of the total organic
matter in favour of flower heads, what would alter harvest
index. Furthermore, greater resistance to lodging would
be accomplished in thick stand (DraZié¢, 1997).

Besides shorter (and strong) stem, the number of
secondary stems and side branches are also important,
as they can affect the degree of lodging and the number
of flower heads. Large and firm flower heads are desir-
able. Uniform growth and development, as well as. uni-
form flowering in the short period of time, are also
important yield components (Drazi¢, 1997).

ROSTLINNA VYROBA, 46, 2000 (2): 93-96

It is considered that high yields can be obtained in
thick stand per area unit, but with optimal nutrition and
protection against weed and pathogens. According to
data presented by KiSgeci et al. (1982), seed rates, al-
though affect crop density, do not affect the total yield
of the bitter medicinal principle.

The aim of this study was to observe variability of
more important quantitative traits (plant height, number
of secondary stems, number and diameter of flower
heads, yield and harvest index) and to evaluate their
interrelationship in genetically divergent genotypes of
chamomile.

MATERIAL AND METHODS

The trial was set up on marshy black soil in the
experimental field of the Institute for Medicinal Plants
Dr. Josif Panci¢ under conditions of semiarid climate of
Vojvodina in the period 1997 to 1998.
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I. Mean values and variability for analysed traits
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significant at 0.05 and 0.01 probability level, resp.

and
1 = Banatska,

Bona, 3 = Novbona, 4 = Lutea

q=

The trial, set up according to a four-replicated random-
ised complete-block design, was conducted with a local
variety Banatska (Drazi¢, 1997) and the three intro-
duced varieties: Bona, Novbona and Lutea (Oravec,
1996; Salomon, 1998). Planting with 4 kg seeds.ha™! was
done during the 2nd decade of September on well pre-
pared soil, while harvest was performed in the 3rd dec-
ade of May. The common cropping practices were ap-
plied during the growing season. Soil on which the
experiment was performed was supplied with bio-
genous elements. Nutritive elements were added during
neither land preparation, nor growing season.

The elementary plot size amounted to 4 m?, while
the size of the actual plot, used to analyse variability of
yield and its components [plant height, number of sec-
ondary stems, number and diameter of flower heads and
harvest index (Hi)], amounted to 1 m>.

The following principal biometrical parameters were
evaluated: means (x), standard error of arithmetic mean
(87 and coefficient of variation (CV).

Obtained results were processed by the analysis of
variance (ANOVA), while the evaluation of significance
was performed by F and LSD tests. Rank correlation,
used as a test of interrelationships of studied traits, was
estimated by the use of values obtained from a sample.
It was performed following Spearman’s formulae:

6x X d* n-2

REl e [=r X >

nn=-0n+1) i 1=

N

Obtained results are tabularly presented.

RESULTS AND DISCUSSION
Means and variability

In respect to mean values, significant differences were
obtained for flower head diameter and harvest index,
while other traits did not express any significant differ-
ence (Tab. I).

The analysis of variance indicated significant differ-
ences for flower head diameter (MS — significant at
0.05 probability level) and statistically significant dif-
ferences for harvest index (MS — significant at 0.01 prob-
ability level) (Tab. II).

The highest variability was detected for the number
of flower heads (CV = 16.6-36.8%), while the lowest
one was determined for their diameter (CV = 1.8-6.6%).

The uniform plant height ranged from 66 cm (Banat-
ska) to 77 cm (Lutea), while variability ranged from 1.1 to
12%. These results are not in accordance with those
obtained by Adamovic et al. (1982) by which means for
plant height of 15 genetically divergent genotypes
greatly differed and ranged from 15 to 69.4 cm.

The average number of stems did not express statis-
tical significance in observed genotypes, although
means ranged from 511 to 596 stems.m ™2 (Tab. I). Vari-
ability of this trait ranged from 5.2 to 26.7% in the local
variety Banatska and the introduced one Novbona, resp.
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II. ANOVA for analysed traits

. MS
Source of variance df
| 2 3 4 5 6
Replication 3 6.17 3.907 2.107 0.089 0.035 0.002
Variety 3 80.67 2457 3.074 1.724" 0.269 0.0126"
Error 9 25.5 2.536 4.119 0.274 0.106 0.0012

“and 7 significant at 0.05 and 0.01 probability level, resp.

1 = height (cm), 2 = number of secondary stems (.m‘z), 3 = number Qf flower heads (.uf:), 4 = diameter of flower heads (mm), 5 = yield

(Lha'l). 6 = harvest index (Hi)

III. Rank correlations (r,) among analysed traits

Trait 6 5 4 3 2 1
Height (cm) -0.188 -0.306 -0.232 -0.082 0.500° -
Number of secondary stems (m2) -0.262 -0.159 -0.062 0.192 -

Number of flower heads (.m™2) -0.124 -0.409 -0.309 -

Diameter of flower heads (mm) 0.503" 0.585" -

Yield (tha™) 0659

Harvest index (Hi) -

“and "' significant at 0.05 and 0.01 probability level, resp.

The variety Lutea had relatively the lowest number
of flower heads (4330.m™2), but they were significantly
larger than flower heads of other genotypes. Furthermore,
the varicty Bone had flower heads significantly larger
than Banatska and Novbona, but the latter had a rela-
tively greater number of flower heads.

Studies on the contribution of genetic and non-ge-
netic factors to the development of phenotypic variabil-
ity of chamomile yield, point out to a significant effect
of genetic variance on this trait expression (Drazié, 1990).

However, results on rank correlation showed that yield
could depend on effects of a year (DraZi¢, Surlan, 1991).

Although it is difficult to distinguish impacts of cli-
matic conditions, cropping practices and genotypes,
there is an opinion that the variety has a leading role
(Drazi¢, 1997).

The highest yield (x = 2.04 tha™') was detected in
the tetraploid variety Lutea (other varieties were dip-
loid), while the lowest yield (x = 1.46 t.ha']) was de-
termined in the variety Banatska. However, the lowest
variations (7.2%) were found, as expected, in the variety
Banatska. On the other hand, the greatest variations
(26.3%) were detected in the variety Novbona.

Besides mentioned traits, the chamomile harvest index
was also observed. Although this trait is important, little
work has been done to study it in medicinal plants in
contrast to other plant species, especially major field
crops (Kraljevi¢-Balali¢, Borojevi¢, 1988; Singh, Sharma,
1994; Balali¢, Kobiljski, 1996, and others).

Interrelationship of studied traits
Results on rank correlation point out that a negative

and low correlation prevails among investigated traits
(Tab. III).
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As it was logical and expected, the correlation between
plant height and the number of secondary stems was
significantly positive (r, = 0.500"). Likewise, a signifi-
cantly positive correlation, detected between yield of
flower heads and their size (r, = 0.585*) is in accordance
with results obtained by Adamovi¢ et al. (1982). Further-
more, a significantly positive correlation (ry = 0.503")
was detected between the size of flower heads and har-
vest index, indicating the possibility that higher yield
could be obtained by the enlargement of flower head
size, which should be an important task in chamomile
breeding. Statistically significant positive correlation
was detected for yield and harvest index (r, = 0.659**).

CONCLUSION

According to investigations carried out with four
chamomile varieties, the following conclusions can be
drawn:

Variability for several traits was detected among ob-
served varieties. Of six quantitative traits, the greatest
variability was determined for the number of flower
heads (CV = 16.6-36.8%).

Statistically significant differences estimated for
flower head diameter (MS = l.724*) and harvest index
(MS = 0.0126**), affected yield and it varied from 1.46 to
2.04 tha ! in varieties Banatska and Lutea, resp.

Correlations at 0.05 and 0.01 probability levels were
detected between plant height and the number of sec-
ondary stems, yield and flower head diameter, harvest
index and flower head diameter, as well as, between
yield and harvest index. Weak and negative correlations
were established for other traits.

Determined variability and interrelationship of quan-
titative traits can be used in chamomile breeding.
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