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TRACE METAL INTERACTIONS EXPRESSED THROUGH
PHOTOSYNTHETIC PIGMENT CONTENTS IN SINAPIS ALBA
SEEDLINGS

INTERAKCIE STOPOVYCH KOVOV VYJADRENE POMOCOU OBSAHU
FOTOSYNTETICKYCH PIGMENTOV V SEMENACKACH SINAPIS ALBA

A. FargaSova

Faculty of Chemical Technology, Slovak Technical University, Bratislava, Slovak Republic

" ABSTRACT: Seedlings of Sinapis alba were grown in the presence of five trace metals Cu, Ni, Mo, Mn and V and their
combinations to evaluate how metals and their pairs influence photosynthetic pigments production. When metal ions were
tested alone Mn, V and Cu significantly decreased in comparison with the control production of chlorophyll a, chloro-
phyll b and carotenoids. Mo and Ni had not unfavorable effect on chlorophyll @ and carotenoids production. For major
metal-metal combinations an unfavorable effect of single metals was reduced or unchanged. The metals had primarily an
antagonistic or indifferent effect mutually. For all three determined pigments production synergism indicated only combi-
nations Ni + Mn, Mo + Cu and Mo + Mn with aspect to Ni and Mo. In combination Mn + Mo the decrease in chloro-
phyll @ and chlorophyll b content was reciprocally confirmed. Mn enhanced Mo and Ni unfavorable effect on all pigments
production. V resulted in no interactions with Mo and Ni to all pigments content, but it was introduced as antagonist to
Mn. In relation to Cu, V enhanced Cu inhibitory effect on carotenoids production, decreased Cu unfavorable effect on
chlorophyll b production, and in Cu presence had an indifferent effect on chlorophyll a content.

Keywords: photosynthetic pigments; metal combinations; interactions; Sinapis alba; copper; molybdenum; nickel; vanadium;
manganese

ABSTRAKT: V praci sa stanovoval a¢inok piatich stopovych kovov Cu, Ni, Mo, Mn a V na produkciu fotosyntetickych
pigmentov v semenackach hor¢ice bielej Sinapis alba. Kovy sa testovali tak jednotlivo, ako aj vo vzajomnych parovych
kombinacidch. Pri raste semenadick len v pritomnosti Mn, V a Cu sa preukazne zniZovala tvorba chlorofylu a i chlorofylu b
a karotenoidov. Mo a Ni naopak nemali v pouzitej koncentracii nepriaznivy vplyv na tvorbu chlorofylu a a karotenoidov
a preukazne zniZovali len obsah chlorofylu b. Pri vd&8ine parovych kombindcii sa nepriaznivy a&inok jednotlivych kovov na
tvorbu pigmentov bud’ zniZoval, alebo sa v porovnani s t¢inkom jednotlivych kovov nemenil. Na zaklade tychto zisteni sa
da kon3tatovat, ze medzi kovmi prevladal vzajomne antagonisticky alebo indiferentny G&inok. Synergicky uinok na tvorbu
vietkych troch stanovovanych pigmentov sa potvrdil len v kombinacidch Ni + Mn, Mo + Cu a Mo + Mn vzhl'adom na Ni
a Mo. Kombinédcia Mn + Mo recipro¢ne zvySovala nepriaznivy G¢inok obidvoch kovov na tvorbu chlorofylu a i chlorofylu b.
Z uvadzanych vysledkov sa da konstatovat, Ze Mn zvySoval nepriaznivy G¢inok Mo a Ni a vystupoval vzhl'adom na tieto
kovy synergicky. V vzhl'adom na tvorbu fotosyntetickych pigmentov nevchddzal do interakcii s Mo a Ni, ale vystupoval
ako antagonista Mn. Vo vzt'ahu k Cu zvy3oval V jej inhibi¢ny u¢inok na tvorbu karotenoidov, znizoval nepriaznivy a¢inok
Cu na tvorbu chlorofylu b a bol indiferentny vo vzt'ahu k Cu a tvorbe chlorofylu a.

KPicové slova: fotosyntetické pigmenty; kombinacic kovov; interakcie; Sinapis alba; med’; molybdén; nikel; vanad; mangan

INTRODUCTION (Masarovicova et al., 1998). Physiological response of

plants to a toxic metal treatment is not only growth inhi-

Over the last few years heavy metals had received con-
siderable attention as a consequence of the increased
environmental pollution from industrial, agricultural, en-
ergetic and municipal sources. They function in the soil
as stress factors causing physiological disorders after
having been absorbed by the root system which results
in decreased vigor of a plant and retardation of its growth
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bition, but also changes in various biochemical charac-
teristics (Cook etal., 1997; Vassilev etal., 1998). Long-term
exposure of whole plants to enhanced metal concentra-
tions may affect chlorophyll synthesis and thus have an
important role in both the chloroplast development in
young leaves and in the inhibition of photosynthesis
(Boddi et al., 1995). Decrease in production of photosyn-
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thetic pigments is an early symptom of metal toxicity
(Singh et al., 1996; Masarovicové, Holubova, 1998). The
chlorophyll content is one of the most investigated
physiological (but not specific) characteristics used for
identification of physiological disturbation owing to the
consequence of emission impact (Masarovigova et al.,
1998). It was established that some metals decreased
chlorophyll content in many plant species (Cook et al.,
1997; Vassilev et al., 1998; Masarovi¢ova, Holubova,
1999).

The majority of toxicity studies involve only one sub-
stance at a time. However, toxic occurrences in the real
world usually involve combinations or mixtures of chemi-
cals. Reasons for toxicity studies being performed as
singular compounds are due to simplicity, ease of experi-
mentation methodology and cost, compared to mixture
studies. Resultant outcomes from multiple toxicants can
have a dramatically varying influence on an ecosystem
or organism compared to the individual components
alone (FargaSové, Beinrohr, 1998). Elements with similar
physico-chemical properties compete for absorption,
transport and accumulation processes. They replace each
other in enzymatic pathways and receptor proteins (Fri-
bergetal., 1986). Interactions between toxic elements and
essential elements in biochemical steps cause crop losses,
accumulation in plant tissues and food chains, and exert
harmful effects on human health.

The purpose of this study was to examine whether sen-
sitive reactions in chlorophylls and carotenoids biosyn-
thesis could be considered as primary events in the
general toxicity of metals and their combinations to
plants.

MATERIAL AND METHODS

Seeds of mustard (Sinapis alba) were germinated in
Petri dishes with 14-cm diameter and filter paper on the
bottom. The paper was sacked with tap water and
50 healthy looking and similar size seeds were evenly
spread on the surface of the filter. Petri dishes were situ-
ated in the dark thermostat (r =25 °C; air humidity 80%).

After 72 h period the germinated seeds were transferred
on the plastic nets and the seedlings were grown in 500 ml
dark plastic containers flushed with hydroponic solu-
tion (distilled water) with the following chemical sub-
stances (mg.l™'): Ca(NO,), 0.8; KH,PO, 0.2; KNO, 0.2;
MgS0,.7H,0 0.2; KC10.2; FeSO, 0.01; pH = 5.2. Experi-
ments were conducted under standard conditions: 25 °C,
80% relative air humidity and light intensity 2000 cd.m2.,
Each container contained 50 seedlings. Pigment analysis
has been done in cotyledonous leaves after 8-day growth
period. Pigment content (chlorophyll a, chlorophyll 4 and
total carotenoids x + ¢) was determined in 95% ethanol
extract measuring absorbance at 665, 649 and 470 nm by
spectrophotometer (Fargadova, 1998b). Chlorophyll a, b,
a + b and carotenoids x + ¢ contents were calculated ac-
cording to Lichtenthaler, Wellburn (1983).

The tested metals were: Cu — CuSO,.5 H,0; Ni -
NiSO,.7 H,0; Mn — MnSO,.H,0; Mo - (NH,),Mo,0,,.
4H,0;V -V,0, (MERCK, Darmstadt, FRG) and their fol-
lowing combinations: V +Ni,V +Mo, V + Cu,V + Mn, Ni +
Mo, Ni+ Cu, Ni+Mn, Mo + Cu, Mo + Mn, Mn + Cu. Each
metal was used in the concentration corresponding with
calculated EC value for root growth inhibition (Farga-
Jovd, 1998b) (mg.I""): Cu—4.3, Mn—13.0, Mo—6.1,Ni—
11.5,V-158.

All experiments were set up in a completely random-
ized design with three replicates. For statistical evaluation
of the results ADSTAT 2.0 program has been used.

RESULTS

Pigment analysis confirmed that photosynthetic pig-
ment content in cotyledonous leaves decreased after the
treatment with individual metals (Tab. I). The greatest
decrease was found in Chl b content. Very strong inhib-
itory effect on production of all three determined pig-
ments had in used concentration, especially Mn. No
significant differences in comparison with control were
determined for Ni and Mo and Chl a, Chl a + b and caro-
tenoids content (Tab. I). In the presence of Ni and Mo
only Chl 5 amount rapidly decreased. Because Chl 4 con-

[. Changes in the levels of chlorophylls and total carotenoids and pigment ratios in cotyledonous leaves of Sinapis alba scedlings treated
with individual metal ions; mean of three determinations, standard deviation 6% or less; pigment content in pg.mg™ dry weight

Pigment Control Mn | A% Cu { Ni : Mo
Chlorophyll a [ 1405 8710 | 1044 103.5° 1340 | 1311
Chlorophyll & | 50.2 29| 284° | 233 | 416 | 37.83°
Chlorophyll a + b | 190.7 103.0° | 1328 | 126.8° 175.53 ~ 168.9
Carotenoids x + ¢ 28.0 ) 716.7'7 | 20.7 ) 20.8° i 2752 | 297
Pigments ratios
a2 [ s [ 3T | s | 32 | 36
(@+b)i(x+c) { 6.81 62 | 6.4 6.1° | 6.4 | 57"

* significant differences between the control and metal treated seedlings (P < 0.05)
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tent decreased after metal treatment faster than Chl
a content, the values for Chl a/Chl b ratio were higher
than those for the control. The carotenoids content de-
creased nearly on the same level as Chl a + & content and
so no great differences in (a + b)/(x + ¢) ratio in compar-
ison with control were confirmed. Only Mo slightly in-
creased production of carotenoids in comparison with
the control and that was resulted in significant decrease
of (a + b)/(x + ¢) ratio.

Changes in the levels of photosynthetic pigments in
cotyledonous leaves of seedlings grown in hydroponic
solution with metal combinations are introduced in
Tab. II. When these results are compared with pigment
amounts in cotyledones from seedlings treated only with
individual metals (Tab. I), the differences were confirmed.
Metal-metal interactions could be expressed as antago-
nism, synergism or indifference. What kind of relation be-
tween metals could be introduced depends on metal to
which statistic evaluation is done. For example, Cu came
up antagonistic with regard to Mn and synergistic to Mo
for all determined pigments. But Mn appeared to have an
indifferent effect on Cu and Chl « and carotenoids con-
tent and enhanced (synergistic effect) Cu inhibitory ef-

fect on Chl 4 production. However, Mo had to Cu an in-
different effect on Chl @ and Chl b production and antag-
onistic effect on carotenoids content (Tab. II1). In
general, it can be stated that in major combinations an
unfavorable effect of single metals was reduced or un-
changed. In the combinations primarily an antagonistic
or indifferent effect between metals was confirmed mu-
tually (Tab. III). For all three determined pigment contents
indicated synergism only combinations Ni + Mn, Mo +
Cu and Mo + Mn with aspect to Ni and Mo.

Whereas metal pairs Mo + Mn, V + Mn, Mn + Cu and
Ni+ Mn decreased Chl b content faster than Chl a content
the values for Chl a/Chl b ratio were higher than that for
control seedlings. For other combinations the inhibition
of Chl b production was lower or on the same level as
that for Chl a and the ratio Chl a/Chl b was lower or nearly
the same as for the control. That indicates indifferent or
antagonistic effect of metals in combinations on Chla + b
production. Because production of chlorophylls was not
retarded to a higher extent than that of total carotenoids
for majority combinations, no significant differences were
confirmed in the ratio (a + 6)/(x + ¢). This pigment ratio
exhibited values by about 6.8, which is normal for fully

1. Changes in the level of chlorophylls and total carotenoids and pigment ratios in cotyledonous leaves of Sinapis alba seedlings treated
with metal combinations; mean of three determinations, standard deviation 6% or less; pigment content in pug.mg"' dry weight

Pigment ‘ Control | V+Ni \ V+Mo| V+Cu : V+Mn I YEJ ] :I;v;; Ni+Cu rjll\/i; ‘ T%J 1\‘4&:‘
Chla ' 1405 1302 1273 1126 1108 96.7 130.6 129.0 99.7 102.9 77.8
1, (%) » 74 | 94 19.8° 217" 32" | 8.2 292 | 267 446
1, (%) [ +247° | +220° +79 | +62 +11.0" f 25 3.7 256" | 215 40.6'
15 (%) 28 | 29 +8.8 +212° 6.6 04 247 | +145° 0.5 106"
chb | 502 | 488 | 524 | 448 } 347 | 270 | 503 524 | 319 | 431 210
1 (%) 28 5.8 108 | 308 462" | 401 44 | 364 ; 142° 582"
5L (%) 42707 | 4364° | 41667 | +222° +8.4 +20.8" | +26.0" 232" 25.5° 444’
1 (%) | #73° | 95 | 4134 | 4365 | 159" | 130" | 4327 | +64 | 490 | 157
Chla+b 190.7 | 1790 | 1797 | 1574 | 1455 | 1237 | 1818 | 1815 | 1316 | 1460 | 988
1, (%) | 6.1 y 5.8 17.5° | 23.7° 35.17 ' 4.7 4.9 31.0° ‘ 23.4° 48.2°
1, (%) +259" | +259" | +102" | +96 +200° | +36 +34 25.0° 227" 414

| B | +1.9 [ 49 +10.1° 1 +41.3° 25 38 +269" | +124" | 21 4.1
fi";“mids 20 269 283 240 [ 238 04 | 277 283 20.4 ‘ 238 186
1 (%) ! 4.0 +12 143" | 150 27.1° | 41 +1.1 272" 18.5° 408"
5 (%) 3 4297 | +368° | +158" | +15.0" | 4219 { +0.7 +29 259" 233" 376"
neo | [ 23 | ar | su | west| a6 | 67 | 4367 | s217 | 4100° | 4109

Pigments ratios

| chiacnis [ 280 | 27 | 24 25 | 32 | 36 | 26 a8 | af [ 28 [ 377
(@+b)x+c) | 680 67 | 63 66 | 61" | 60" | 66 6.4 6.5 6.4 53"

1, - percentage of inhibition in comparison with the control

I, — percentage of inhibition in comparison with the first metal in combination

I; — percentage of inhibition in comparison with the second metal in combination

+ enhancement of pigments content

“ significant difference in comparison with the control, first or second metal in combination (P < 0.05)
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H1. Interactions between metals expressed through the photosyn-
thetic pigment content in Sinapis alba seedlings

Interactive ions

Metal }l Eﬂ"ect: chlorophyll @ | chlorophyll b | car(ztin:)ids
S o L e
V. | 4 | Ni,Mo | Ni,Mo,Cu [ Ni, Mo, Cu, Mn
’ I ’ Cu, Mn Mn |
S Mn Mn ‘ Mn
Ni |4 Mo, Cu |
I | Mo,CuV v Mo, Cu, V
i 3 ; Cu, Mn Cu, Mn, Ni | Cu, Mn
Mo | 4 |
: I N,V | v ‘ Ni, v
| 8 | Mo Mo ;
Mn A V, Ni, Cu Vv, Cu Ni, V, Cu, Mo
| 1| Ni |
S | Mn \Y%
Cu | 4| Ni NVl Ni Mo
[ Mn, Mo, V Mo | Mn

S — synergism (the interactive ion increased the inhibitory effect
of metal introduced in the first column)

A — antagonism (the interactive ion decreased the inhibitory effect
of metal introduced in the first column)

I - indifference (the interactive ion did not influence the inhibitory
effect of metal introduced in the first column)

Interactive ion—ion which influence the effect of metal introduced
in the first column of the table

green plant tissue. Carotenoids production was stron-
ger inhibited only in combinations Mo + Mn, Ni + Mn
and Mn + Cu on 40.8, 27.2 and 27.1%, respectively. The
(a + b)/(x + ¢) ratio was significantly decreased only for
combinations Mo + Mn, Mn + Cuand V + Mn.

DISCUSSION

The effect of metals on physiological activity of plants
is usually introduced as the effect upon the photosyn-
thetic apparatus (Serseii et al., 1997) and chlorophyllase
activity (Abdelbasset et al., 1995). In the presence of
some metals (Cd*, Pb?*, Mn*', Co*, Ni*') and their mix-
tures the activity of chlorophyllase enzyme increased
and decomposition of Chl a is more rapid than decom-
position of Chl b (Abdelbasset et al., 1995). However,
during our tests this statement was not confirmed as for
Mn as for Ni. Both these metals reduced more produc-
tion of Ch 4 than that of Chl @ in S. alba seedlings. From
the obtained results it can be concluded that Mo did not
influence the production of the determined photosyn-
thetic pigments. As described Singh et al. (1996), metals
affect generally chlorophylls more than carotenoids, and
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this statement agrees with our results obtained for Ni but
not for other tested metal ions. When the effect of Cu on
pigments production was compared with effects of other
metals tested, no significant differences were confirmed
between Cu and V effect. In comparison with Mn, Cu
unfavorable effect was significantly lower for all deter-
mined pigments, and in comparison with Ni and Mo sig-
nificantly stronger, except Chl b content.

The metal-metal interactions in biological systems are
focused especially on the joined influence on the growth
and survival (FargaSova, 1998a; FargaSovd, Beinrohr,
1998). Some combinations of metal ions can be synergis-
tic for one organism and antagonistic for another and
vice versa. Numerous studies have greatly increased the
present knowledge of Cu forms and behavior in plants
(Masarovi¢ova, Holubova, 1998, 1999). Very commonly
observed interactions are those of Cu-Zn (Graham,
1981). Cu—Mo interactions are closely related to N me-
tabolism. The mutual antagonism existing between these
elements is highly dependent on plant species and kind
of a nutrition (Olsen, 1972). For pigments production Mo
was determined during out tests as antagonist to Cu only
for carotenoids production. For chlorophyll contents
Mo effect to Cu was indifferent. In opposite Cu had
synergistic effect to Mo for production of all determined
pigments. Mo is an essential micronutrient, but the phys-
iological requirement for this element is relatively low.
Several complex interactions between Mo and other ele-
ments are observed within plant tissues and also in the
external root media. Mo—Mn antagonism resulting from
soil acidity influences the availability of these elements,
therefore, liming can correct both Mo deficiency and Mn
toxicity (Olsen, 1972). For photosynthetic pigments pro-
duction between Mo and Mn we confirmed interaction
resulting in mutual synergism. The only exception was
carotenoids production when Mo reduced Mn unfavor-
able effect and increased carotenoids content. Synergism
was also confirmed for Mo to Mn when accumulation of
these metals in combination was determined in the roots
and cotyledones of S. alba seedlings (Fargadova, Bein-
rohr, 1998). In opposite, Mn decreased Mo accumulation
in both plant’s parts and that resulted in antagonistic
interaction (FargaSova, Beinrohr, 1998). Mo—V metabolic
interactions are not precluded, since a substitution is
possible between these elements in biochemical process-
es (Olsen, 1972). For pigments production V effect was
on Mo indifferent and V did not increase low unfavor-
able effect of Mo on all determined pigments. In oppo-
site, Mo decreased strong inhibitory effect of V on
pigments production and acted as antagonist to V. As
described FargaSova, Beinrohr (1998), Mo enhanced ac-
cumulation of V in the roots of S. a/ba but decreased
V accumulation in above-ground parts of seedlings. On
the contrary, V decreased accumulated amount of Mo in
whole plant and indicated antagonistic effect.

All plants have a specific requirement for Mn and ap-
parently the most important Mn function is related to the
oxidation-reduction process. The functions of Mn in

ROSTLINNA VYROBA., 46, 2000 (8): 337-342
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plants have been widely reviewed by Mengel, Kirkby
(1978). Mn is known to be involved in both biological and
geochemical interactions. Interactions between Mn and
other heavy metals are not confirmed, although there are
reports of either antagonistic or synergistic effects of Mn
on the uptake of some metals (Loneragan et al., 1982).
During our tests Mn indicated antagonistic effect only
on V and carotenoids production. Synergism was con-
firmed in relation to Cu and Chl b production and to Mo
and Ni for production of all determined pigments.

There is no evidence of an essential role of Ni in plant
metabolism, although the reported beneficial effects of
Ni on plant growth have stimulated speculation that this
metal may have some functions in plants (Mengel, Kirkby,
1978). The interaction between Ni and other trace metals,
Fe in particular, is believed to be a common mechanism
involved in Ni toxicity. Both antagonistic and synergis-
tic interactions have been observed between Ni and sev-
eral trace metals (Khalid, Tinsley, 1980; Farga¥ova,
Beinrohr, 1998). During our tests the prevailing interac-
tion between Ni and other tested metals for pigments
production was antagonism. Synergism was confirmed
only in combination with Mo for Chl 4 and indifference
for Mo and Chl a and carotenoids content and for Mn
and Chl b content.

The effect of V on living organisms has received little
attention. The evidence that V is essential for the growth
of higher plants is not yet conclusive, while the essen-
tiality of this element for alga species is unquestionable
and V is known to stimulate photosynthesis in these or-
ganisms (Plispanen, Lidhdesmiki, 1983; FargaSova,
1998a). For plants phytotoxicity of V chlorosis and
dwarfing may appear in some plants (Davis et al., 1978).
FargaSova, Beinrohr (1998) introduced that accumula-
tion of V in S. alba cotyledones in the presence of Ni,
Mo, Mn and Cu increased. That indicates good penetra-
tion of V into the above-ground parts of S. a/ba from the
roots. However, the unfavorable effect of V on photosyn-
thetic pigments production in the presence of mentioned
metals during our tests decreased. That represents pre-
vailing metal-metal interaction as antagonism.

Presented results confirmed the existence of different
interactions between trace metals. What kind of interac-
tion will express depends as on observed parameter as
on used plant species. The study suggests that multiple
methodologies should be used to evaluate combination
data for determining the type and significance of interac-
tions. Further investigations of chemical interaction for
different types of chemicals are needed to clarify mixtures
and elucidate other interactive outcomes.
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DIGITONIN JAKO MODELOVY BIOLOGICKY AKTIVNi
SAPONIN VYTVAREJICI SPECIFICKE VLASTNOSTI
U DIGITALIS SP. V TESTECH IN VITRO

DIGITONIN AS A MODEL BIOLOGICALLY ACTIVE SAPONIN
FORMING SPECIFIC QUALITY OF DIGITALIS SP.
IN BIOASSAYS IN VITRO

M. Pavlik!, M. Viarnova?, V. Laudovail, J. Harmatha'

!Institute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech
Republic, Prague, Czech Republic
‘Faculty of Sciences, Charles University in Prague, Czech Republic

ABSTRACT: Polygenic system of heredity of resistance responds to production of broad complex of biological active
substances. These compounds have different effect against pathogens. Basic importance of digitonin is of course in its
participation in active defensive mechanisms of plants against pest organisms. Fungitoxicity of digitonin is well-known
when fungi are cultivated in vitro. Therefore digitonin was used as a model substance for investigation of its effect on
phytopathogenic fungi cultivated in vitro. At the same time we presented routine bioassay for testing of potential fungi-
cidal biologically active natural substances. The microscopic filamentous fungi Fusarium culmorum (FC), Fusarium
solani (FS), Cladosporium herbarum (CH), Alternaria alternata (AA) and Botrytis cinerea (BC) were used to bioassay of
toxicity. One ml of 2° liquid malt, 1 ml of suspension of the fungi and water solution of the tested substance (digitonin
and different pesticides) was successively added into test tubes. The fungi were cultivated in the dark in thermostat at
25 °C. The evaluations of a mycelial growth of the investigated clone fungal cultures by four level of scale were per-
formed in five days and then in 10 to 14 days for each treatment of the testing substances. Results are described in
Tabs. IT to VI. We used bioassay to test fungicidal attributes of natural substance in conditions in vitro in comparison
with pesticides. We used determined toxicity of substances to verify this investigated method, too. We selected among
insecticides Actellic 50 EC with an active ingredient (a. i.) pirimiphos-methyl (without important fungicide effect), of
fungicides Impact 125 EC with a. i. flutriafol, Tilt 250 EC with a. i. propiconazole, Tilt CB FW with a. i. carbendazim
and propiconazole and of biological active natural substances digitonin. We showed advantage to compare toxicity of
pesticides to determined toxicity of natural substances. We see advantage of comparison there, that commercial producer
already determined toxicity of used pesticides against fungi. These compounds, at which important fungicidal effect was
found, were used as fungicides. Concentration of 25 pg of digitonin on 1 ml of media manifested significant toxic effect on
tested fungi. The effective concentration of digitonin was lower than the usual concentration of digitonin in seeds of
Digitalis sp. (Bylka et al., 1976: Czabajska et al., 1980). This method demonstrated a higher sensitivity of the toxic
effect of digitonin on fungi comparing with the results described in papers by Wolters (1968). Toxicity of digitonin was
significantly higher in comparison with the toxicity of insecticide Actellic. Also the fungicide Impact showed a lower
toxicity than digitonin. The toxicity of digitonin was in a close relation with toxicity of Tilt 250 and Tilt CB. Triazole
fungicides, that inhibit the biosynthesis of sterols, were also compared with digitonin known to form a specific complex
with sterols. The negative interaction of these substances is thus expressed in the metabolism of sterols.

Keywords: pirimiphos-methyl; fungicides; triazoles; flutriafol; propiconazole: carbendazim; saponins; digitonin; Digitalis sp.;
fungi; in vitro; bioassay: toxicity

ABSTRAKT: Je prezentovana rutinni testovaci metoda pro potencialni fungicidni biologicky aktivni pfirodni latky. Meto-
dika umoziuje charakterizovat i pivodni rostlinné extrakty. Koncentrace 25 pg digitoninu na 1 ml média vykazuje toxické
a¢inky na testované houby. Digitonin v porovnani s fungicidy ma fungitoxické tc¢inky na testované houby. Efektivni kon-
centrace digitoninu pfi testech na houby byla niZsf neZ obvykléa koncentrace digitoninu v semenech rodu Digitalis sp.

Klitova slova: pirimiphos-methyl; fungicidy; triazoly; flutriafol; propiconazol; carbendazim; saponiny; digitonin; Digitalis
sp.; houby; in vitro; biozkousky; toxicita
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UvVOD

Sekundarnimi metabolity indukovana obrana rostlin
proti pfirozenym patogeniim je podminéna velkym po-
¢tem genti. Polygenné zaloZeny systém dédi¢nosti odpo-
vida za tvorbu velkého komplexu biologicky aktivnich
latek s nejrizn&jsimi u&inky v&etnd u€inkl proti patoge-
nim. A pravé tento velky komplex pfedevsim nespecific-
ky plsobicich biologicky aktivnich latek se podili na
provazané ekologické rovnovaze rostlin a patogent
v ptirod&. P¥i narudeni exprese gend, odpovidajicich za
produkci téchto biologicky aktivnich rostlinnych latek,
se snizi jejich hladina v rostlinné buiice. Nésledné pak
v dusledku adaptability patogenti miize dojit k negativnim
projeviim v ekologické rovnovaze rostlin s patogeny.
Nikoliv jedna biologicky aktivni rostlinna latka, ale cely
variabilni komplex t&chto aktivnich latek je dilleZity pro
vytvoreni provazaného vztahu rostlin a patogenii (spise
neZ gen x gen jde o vztah genotyp x genotyp).

S tim souvisi i regulace exprese daného genu odpovi-
dajiciho za tvorbu biologickych latek v rostliné. Tvorbu
téchto latek lze napt. rozdélit do dvou zékladnich skupin.
Prvni skupinu tvofi fytoalexiny. Uroveii jejich hladiny se
v buiice dramaticky zvysi po iniciaci jak biotickymi, tak
abiotickymi elicitory. Druhou skupinou jsou latky (jako
napf. vicin a digitonin), jejichZ biosyntéza je regulovana
nezavisle na vyskytu stresovych elicitori. Zajimavym
problémem je i stabilita biologicky aktivnich rostlinnych
latek, jez mohou pusobit proti potencialnim biotickym
patogeniim piimo, nebo neptimo, tj. pomoci svych pro-
duktd, které vznikaji v buiice oxidaci vzdusnym kyslikem
po porudeni buné¢né stény nebo plisobenim UV svétla.
Vsechny tyto aspekty je nutné brat v uvahu pfi vyzkumu
a praktické vyuzitelnosti téchto biologicky aktivnich 14-
tek u stavajicich odrid rostlin.

Nesmime v3ak zapomenout, Ze biologicky aktivni latky
maji Sirokou spektralni aktivitu. Na jedné strang je snaha
ziskat potraviny &i krmivo bez toxind, které snizuji jejich
nutriéni hodnotu, na druhé stran& chceme ziskat odridy
rezistentn{ proti patogentim (napr. bakteriim, houbam) ¢i
$ktidciim, tudiz obsahujici toxiny, které by vak nebyly
toxické vii¢i hospodarskym zvitatiim a ¢lovéku.

Digitonin se vyskytuje v 1é¢ivych rostlinach Digitalis
purpurea L. (ndprsnik erveny) nebo D. lanata Ehrh.
(néprsnik vinaty). Vyznam digitoninu pro rostlinu je zfej-
my (Harmatha, 2000). Studovéan je vak pfedevsim jeho

specificky vliv na metabolismus lipid a sterolii u Zivogi-
chi, napt. u krys (Kintja etal., 1981; Ulloa, Nervi, 1985)
a u ¢lovéka (Tabacik etal., 1983).

StéZejni vyznam digitoninu je oviem v jeho spolupo-
dileni se na obrannych schopnostech rostlin. Podili se
na polygenné zaloZenych obrannych vlastnostech
D. purpureanebo D. lanata. Chceme ukazat jeho vliv na
fytopatogenni houby kultivované in vitro. V biologickych
testech porovnavame fungitoxicitu digitoninu s toxicitou
pesticidnich xenobiotik. Zaroveii pfedstavujeme rutinni
testovaci metodu pro potenciélni fungicidni biologicky
aktivni ptirodni latky. Porovnanim s komerénimi latkami,
u kterych je jejich fungitoxicita jiz zjidténa a &asto i vy-
uzivana, chceme poukdzat na vyznam takovychto testl
pro ontogeneticky vyvoj rostliny, aniz by bylo nutné pro-
vadét naro¢né a v té€chto ptipadech i problematické pol-
ni zkousky.

MATERIAL AMETODA

Digitonin ((2c, 3B, 5a, 15B, 25R)-2,15-dihydroxyspi-
rostan-3-yl O-B-D-glukopyranosyl-(1-3)-O-3-D-galakto-
pyranosyl- | -2)-O-[3-D-xylopyranosyl-(1—3)]-O-B-D-gluko-
pyranosyl-(1—4)-3-D-galaktopyranosid) na obr. 1, ktery
jsme pouzili k testovani, jsme izolovali CC z komeréniho
digitoninu, ktery na TLC ukazoval skvry dvou latek. Ko-
lonu jsme naplnili silikagelem (firmy Herrmann) ve smési
chloroform + MeOH + voda (14 + 6 + 0,5). Digitonin jsme
detegovali jak standardem na TLC (silikagel se sadrou
firmy Stahl), tak fyzikaln& chemickymi metodami (IR, MS,
NMR). Pro TL.C jsme pouzili eluéni &inidlo chloroform +
MeOH + voda (14 + 6 + 1). Digitonin jsme detegovali
postiikem kyseliny sirové s naslednym pfimym ohtatim
plamenem. Digitonin pouZity v testech byl v €istoté vys-
3inez 96 %. Pouzité pesticidy (tab. I) jsme ziskali od za-
stupcti uvedenych firem.

CH,OH CH,0H
OH OH
HO
OH
Hy0H o
HOH  HO 1. Strukturni vzorec digi-
oH toninu — Structural formula

of digitonin

I. Charakteristika testovanych pesticidd a jejich aktivnich latek — Characterization of testing pesticides and their active ingredients

) Pesticidy' Actellic 50 EC Impact EC | Tilt 250 EC | TiltCB FW’ -
Vyrobee? Zeneca | Zeneca | Ciba-Geigy AG i Ciba-Geigy AG
Aktivni latka® pirimiphos-methyl flutriafol i propiconazol® | carbendazim a propiconazol
CAS RN 29232-93-7 ! 76674-21-0 | 60207-90-1 | 10605-21-7
Obsah' 50 % | 125 g/l | 250 g/l | 25%,12,5%

" udaje jsou uvedeny pouze pro prvni aktivni latku — data are described only for first active ingredient
CAS RN = chemické abstrakty registradni &islo — chemical abstract registry number

Ipesticides, 2producer, *active ingredient, “content, *propiconazole
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K testovani toxicity jsme pouZili mikroskopické vlakni-
té houby ze sbirky kultur hub (CCF) katedry botaniky,
Prirodovédecké fakulty UK: Fusarium culmorum, CCF
1839 (FC), Fusarium solani, CCF 1333 (FS), Cladospo-
rium herbarum, CCF 1699 (CH), Alternaria alternata,
CCF 2672 (AA), Botrytis cinerea, CCF 2361 (BC)
a Fusarium sp. (dale jako Fu).

Houby jsme kultivovali na 2% sladinovém agarovém
zivném médiu. Pro vlastni test jsme odebrali ur¢ité mnoz-
stvi mycelia nakultivované houby a zredili v 50 ml steril-
ni vody. Test byl provadén ve zkumavkéch, do kterych
jsme postupné odméfili 1 ml 2° (hustota cukru) tekuté
zelatiny, 1 ml houbové suspenze a uréité mnozstvi rozto-
ku testovaného pesticidu nebo piirodni latky, které byly
rozpustény v destilované vodé. Houby jsme kultivovali
ve tmé& v termostatu pfi 25 °C. Jednotlivé testované apli-
kované davky jsou uvedeny v tab. Il az VI.

Vlastni vyhodnoceni ristu hyf sledovanych kmeni
hub pro jednotlivé varianty koncentraci testovanych la-
tek bylo provadéno nejprve po péti a déle po 10 az
14 dnech, a to pomoci ¢tyiiroviiové stupnice.

VYSLEDKY A DISKUSE

Vysledky pokusu jsou uvedeny v tab. I az VI. Testo-
vani fungicidnich vlastnosti pfirodnich latek bylo reali-
zovano v podminkéch in vitro na zékladé srovnani
s pesticidy. Z pesticidi byly vybréany jak insekticidni
(bez vyznamnych fungicidnich vlastnostf), tak i fungicidni
piipravky a z biologicky aktivnich latek rostlinného pi-
vodu digitonin. Vyhodou vybrannych fungicida bylo, Ze
komer¢ni firmy jiz u téchto latek stanovily jejich fungi-
toxicitu, s niz bylo mozné pak porovnat toxicitu digito-
ninu. Metodika umoziuje charakterizovat pivodni
rostlinné extrakty, separované frakce i jednotlivé latky
z nich izolované a nasledné téz diskutovat potencialni
fungicidni vyznam latek pro danou rostlinu, ve které se
nalézaji. Koncentraci obsahové latky v rostling lze za-
rovefi porovnat s toxickou koncentraci testované latky
v testu in vitro.

1. Davky pirimiphos-methylu (Actellic 50 EC) a vysledky bio-
zkoudky — Doses of pirimiphos-methyl (Actellic 50 EC) and results
of bioassay

Actellic 50 EC 1 Davky pirimiphos-methylu v médiu’
Houby? ‘ 1000 pg 100 pg
FC l +- I ++
AA +- ++

CH | +- | +

BC +— ++

+- hyfy rostou slab& na dné& — hyphae slightly grow on the
bottom

++ hyfy rostou masivné — hyphae grow massively

‘doses of pirimiphos-methyl in medium, 2fungi
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II. Davky flutriafolu (Impact 125 EC) a vysledky biozkousky —
Doses of flutriafol (Impact 125 EC) and results of bioassay

Impact 125 EC| Davky flutriafolu v médiu'
Houby’ 2500 ne ] 250 ng 25 ug
FC :‘ * - : +
AA | * _ +
CH | - +- ++
BC | * - | +

~ hyfy nerostou — hyphae do not grow

+= hyfy rostou slab& na dn& — hyphae slightly grow on the
bottom

+ hyfy rostou slabé — hyphae grow slightly

++ hyfy rostou masivné — hyphae grow massively

* test nebyl proveden — test was not conducted

!doses of flutriafol in medium, 2fungi

Pro testy byl vybrén insekticid Actellic 50 EC s aktivni
slozkou (= active ingredients a. i.) pirimiphos-methyl,
ktery se pouzivé k ochrané rostlin proti hmyzu. Nepouzi-
va se komeréné k ochrang proti houbovym rostlinnym
patogenim, protoZe je relativné netoxicky pro houby.
Jeho potencialni fungitoxické tginky by mély byt proto
nizi, neZ maji testované ptirodni rostlinné latky s poten-
cidlnim fungicidnim vyznamem pro rostliny. Déle byly
pouzity triazolové fungicidy Impact 125 ECss a. i. flutria-
fol, Tilt250 EC s a. i. propiconazol, Tilt CB FW s a. i. car-
bendazim a propiconazol, které inhibuji tvorbu sterold.
V zahraniéi se tyto fungicidy pouzivaji pro o3etfeni riiz-
nych plodin vii¢i fadé potencialnich patogenti (Tomlin,
1994). Pro uvedené fungicidy jsme se rozhodli vzhiedem
k tomu, Ze v nadi zemedelské praxi jsou registrovany pou-
ze nanékolik plodin a proti uzké skuping rostlinnych pa-
togenti (Kuzma et al., 1997). Dalsi ditvod pro vybér téchto
fungicidnich triazolovych pripravki byl, Ze inhibuji bio-
syntézu steroll, tvofenych ve viech zivych buiikéch.
Svym ucinkem jsou proto triazoly relativné univerzalnimi
pripravky. U nas se v3ak aplikuji jen na velmi Gizky okruh
houbovych rostlinnych patogenti. Pfi §irokém pouZivan{
fungicidd muze teoreticky dojit postupné k rezistenci
houbového agens na tyto pripravky.

Digitonin s jeho relativné znamou fungitoxicitou by!
vhodny jako modelova pfirodni rostlinna latka. Toxicita
digitoninu ve srovnani s toxicitou vybranych pesticidi
poslouzila k ovéfeni pouzité metody. Velmi zajimavé je
srovnani toxicity digitoninu a triazolovych fungicida.
Podobné jako triazoly i digitonin ovliviiuje sterolovy
metabolismus buiiky. JestliZe triazoly inhibuji zédkladni
enzym ve sterolovém metabolismu, pak do digitoninu se
sorbuji sterolové slou¢eniny. Digitonin tvofi se steroly
specifické komplexy. Nejvice je znamy komplex s chole-
sterolem, ktery podrobné popisuji napf. Takagi et al.
(1982) a je vyuzivan jak pro stanoveni cholesterolu
z bungk, tak i v selektivni chromatografii (Jagobin etal.,
1987; Micich et al., 1992). Digitonin, ktery zasahuje do
metabolismu steroidnich latek, zptisobuje jejich relativni
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IV. Déavky propiconazolu (Tilt 250 EC) a vysledky biozkousky ~ Doses of propiconazole (Tilt 250 EC) and results of bioassay

Tilt 250 EC Davky propiconazolu v médiu'

Houby? s00pe | 50 ug Csug | oSupg 0,05 pg
FC o + * * *
AA * l - - + + 4+
CH ¥ E - - + +
BC ¥ - - ++ ++

— hyfy nerostou — hyphae do not grow

+ hyfy rostou slab&é — hyphae grow slightly

++ hyfy rostou masivn€ — hyphae grow massively
* test nebyl proveden — test was not conducted
'doses of propiconazole in medium, *fungi

V. Davky carbendazimu a propiconazolu (Tilt CB FW) a vysledky biozkoudky — Doses of carbendazim and of propiconazole (Tilt CB FW)
and results of bioassay

Tilt CB FW Davky carbendazimu a propiconazolu v médiu’

Houby? 500 a250 pug 50a25pg 5a25pug 0,520,225 ug 0,05a0,025 ug
FC +— +— +— ++ ++

AA * - +- + +

CH e - - + ++

BC ¥ - - - ¥

— hyfy nerostou — hyphae do not grow

+- hyfy rostou slab& na dn¢ — hyphae slightly grow on the bottom
+ hyfy rostou slab& — hyphae grow slightly

++ hyfy rostou masivné — hyphae grow massively

* test nebyl proveden — test was not conducted

!doses of carbendazim and of propiconazole in medium, *fungi

nedostatek v buiice. Nedostatek téchto Zivotné dilezi-
tych latek se nejprve projevi ve vétsi energetické naroc-
nosti metabolismu buiiky a vede az k odumfeni buriky.
Nicméné digitonin kromé tvorby jiZz zminénych komplexii
se vaze i na vnitini membrany buiiky. Kromé& zmény per-

VI. Davky digitoninu (rostlinna latka, saponin) a vysledky bio-
zkousky — Doses of digitonin (plant substance, saponin) and results
of bioassay

Saponin I
(rostlinna | Davky digitoninu v médiu’
litka) |
Houby> | 500pg | SOpg 10 pg ‘ 1pe
FC ’ +- + - o ++
AA * = $= +
CH ; * = PR | E—
BC | * = + ++

- hyfy nerostou — hyphae do not grow

+- hyfy rostou slab& na dn& — hyphae slightly grow on the
bottom

+ hyfy rostou slab¢ — hyphae grow slightly

++ hyfy rostou masivné — hyphae grow massively

* test nebyl proveden — test does not used

'doses of digitonin in medium, 2fungi, plant substance
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meability membréany ovliviiuje i mnoZstvi védzanych
a volnych enzymi v buiice. Nasledné proto zasahuje i do
celkového metabolismu buriky (Kauss, 1982; Eilenberg
etal., 1989; Cunningham et al., 1993). Zndmé je i ptisobe-
ni digitonin-sterolového komlexu v chemické interakci
rostlin a hmyzu, projevujiciho se v narudeni biosyntézy
svlékaciho hormonu ekdysonu u herbivorniho hmyzu
(Amault, Mauchamp, 1985).

Pilisobeni digitoninu bylo testovano i na samotnych
rostlinach. Bylo zji$téno, Ze digitonin spousti fytoalexi-
novou reakci u rostlin, ve kterych se nevyskytuje (Bon-
hoff, Grisebach, 1988). Jev je o to zajimavéjsi, Ze jako
elicitory fytoalexinové reakce jsou popisovény piede-
v3im Zivé fytopatogenni houby a bakterie nebo latky izo--
lované z hub, ale také mastné kyseliny vznikajici po
destrukci buné¢né stény. Méné znamé jsou elicitory abio-
tické (UV zéfeni, n&které ionty) a také vlastni rostlinné
latky (digitonin), které nejsou charakterizovany jako fy-
toalexiny.

Koncentrace 25 pg na 1 ml média vykazuje mykotoxic-
ké ucinky na testované houby. Podle nadich zjidténi ma
digitonin vyznamnéjsi fungicidni G¢inky na testované
houby v porovnani s vysledky z literatury (Wolters,
1968). Hyfy mycelia nerostouu AA, CHa BC. U Fu, FS
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a FC vyrostlo jen n&kolik hyf, které ve zkumavce zustaly
na dné, aniz doslo k dal$imu ristu. Efektivni koncentrace
digitoninu pfi testech na houby byla niz§i nez obvykla
koncentrace digitoninu v semenech Digitalis purpu-
rea L. (Czabajska et al., 1980). Tyto uc¢inné koncentrace
v semenech rodu Digitalis sp. se pohybuji v intervalu od
438+0,42%do 6,67+ 0,49 % (Bylkaetal., 1976).

Toxicita digitoninu ve srovnani s insekticidnim pfiprav-
kem Actellic byla fadové vyssi. Oproti tomu Impact vy-
kazoval niz3i toxicitu nez digitonin. Toxicita digitoninu
v porovnani s ostatnimi fungicidy (Tilt 250 a Tilt CB) je
relativné podobna.

Digitonin slouZi jako pfiklad, pro¢ nelze jednoduchym
zplisobem zkouget izolované pfirodni rostlinné latky
v polnich testech, jak to byva napf. u pesticidd. Digito-
nin je velmi $patné rozpustny ve vod€. Rozpustnost agly-
konu, ktery vznika po hydrolyze glykosidické vazby
digitoninu, je podobné jako u digitoninu nizka. Je proto
velmi problematické domnivat se, Ze by digitonin mohl
prochazet pies kutikulu nebo bunéénou sténu. Digitonin
je tvofen uvnitt rostlinnych bunék a neni diivod, aby pro-
chazel bun&¢nou sténou ven ¢i dovnitf buiiky. Jsou to
obranné latky tvofené vlastni buiikou a jsou ptipraveny
uvniti buriky reagovat vii¢i vnéjsim negativnim biotickym
faktorim. Domnivame se, Ze nas test umoziiuje dobie roz-
poznat specifické vlastnosti pfirodnich obsahovych la-
tek. Porovnanim jejich toxicity s pesticidnimi p¥ipravky
mizeme lépe charakterizovat jejich specifické ucinky.

Podékovani

Za identifikaci digitoninu fyzikalné chemickymi me-
tody dékujeme dr. Kohoutové (MS), dr. Vasi¢kové (IR)
a dr. Masojidkové (NMR).
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Zména publikac¢niho jazyka
ve védeckych ¢asopisech CAZV

Predsednictvo Ceské akademie zem&d&lskych véd piijalo na zasedani dne 6. 4. 2000 usnesent, kde mj.
doporuuje zménu publikaéniho jazyka ve védeckych ¢asopisech vydavanych pod gesci CAZV. Pred-
sednictvo navrhuje Vydavatelské radé CAZV zavést angli¢tinu jako jediny jazyk ve viech v&deckych
¢asopisech od 1. 1. 2001. Redakce ¢asopisu Rostlinna vyroba piijima od 1. 7. 2000 pfisp&vky psané

pouze v angli¢ting.

A change of publication language
in Scientific Journals of the Czech Academy
of Agricultural Sciences

At its session on the 6™ April 2000, the Presidium of the Czech Academy of Agricultural Sciences
adopted a resolution recommending, among other things, to change the publication language in sci-
entific journals published under the Academy patronage. The Presidium proposes to the Publishing
Board of the Academy to introduce English as the only language in all scientific journals from the
1t January 2001. The papers written exclusively in English are accepted by the editor’s office of the

journal Rostlinna vyroba (Plant Production) from the 1% July 2000.



ZATIZENI ZEMEDELSKYCH PUD POLYCHLOROVANYMI
DIBENZO-P-DIOXINY A DIBENZOFURANY

CONTAMINATION OF AGRICULTURALLY USED SOILS WITH
POLYCHLORINATED DIBENZO-P-DIOXINES AND DIBENZOFURANS

E. Podle$akova', J. Némedek?, R. Vacha'

!Research Institute for Soil and Water Conservation, Prague, Czech Republic
2Czech University of Agriculture in Prague, Czech Republic

ABSTRACT: We are publishing the first information concerning the polychlorinated-p-dioxines (PCDD) and dibenzo-
furans (PCDF) content in soils of rural areas in the Czech Republic. Because of high expenses analyses of only 20 sam-
ples were performed. In these samples 17 PCDD/F congeners and 12 PCB congeneres were determined. Samples were
selected on sites with indicated loads with hazardous trace elements, PAHs and PCBs in the vicinity of industrial and
combustion facilities, on flooded areas and on sites with sewage sludge disposal in comparison with clean regions. The
highest PCDD/F contents and toxic equivalents (PCDD/F + PCB) 2.5 ng.kg™ I-TEQ were found on sites with sewage
sludges disposal. Increased contents were detected in the neigbourghood of chlorine industry enterprises. No increased
values were found nearby combustion facilities. A special case is the site of increased PCDD/F content in the clean area
of Sumava mountains. The German I-TEQ limit of hazardousless agriculture 5 ng.kg™" has been never surpassed. For rural
areas the reference background limit 1 ng.kg ' I-TEQ can be recommended.

Keywords: PCDD/F; PCB: agriculturally used soils

ABSTRAKT: Jsou uvedeny prvni informace o zastoupeni polychlorovanych dibenzo-p-dioxini (PCDD) a dibenzofurant
(PCDF). Vzhledem k vysokym nékladiim na rozbory bylo dosud analyzovéno 20 vzorki. V téchto vzorcich bylo stanove-
no 17 kongenerit PCDD/F a 12 kongeneria PCB. Vzorky byly vybrany na stanovidtich s indikovanou vyraznéj3i zatézi
(stopové prvky, PAU, PCB) z prumyslu, spaloven a z oblasti zéplav a aplikace kalii do pidy. Takto zatizené stanovisté
byla porovnéna s ¢istymi lokalitami. Nejvy3si obsahy PCDD/F a toxické ekvivalenty PCDD/F spolu s PCB (2.5 ng.kg™
I-TEQ) byly nalezeny na lokalitach s aplikaci kalti do pudy. Zvy$ené obsahy byly zjistény i v okoli zavodu produkujicich
chlorované organické latky. ZvySeni nebylo identifikovano v okoli spalovny MaleSice. Zvlastnosti jsou zvysené obsahy na
lokalité v &isté oblasti Sumavy. Nikde nebyl ptekroten némecky limit 5 ng.kg™ I-TEQ pro bezrizikové zemé&délstvi. Pro
zemé&dé&lské oblasti je mozné doporuéit jako referenéni hodnoty pozadi 1 ng.kg™' I-TEQ PCDD/F.

Klicova slova: PCDD/F; PCB; zemédélské pudy

1)%0))] dioxinl a dioxifurani (PCDD/F). Na zakladé finan¢nich
prostfedkid poskytnutych MZe byla provedena prvni
V CR byla perzistentnim organickym latkam v piidé  série stanoveni vyznamnych kongenerii PCDD/F a PCB
vénovana znaéna pozornost. Soustfedila se hlavné na  na vybranych stanovistich ornych ptd. Stanovidté byla
monocyklické, zejména viak polycyklické, aromatické  zvolena na zékladé idaji Monitoringu zemé&d&lskych ptid
uhlovodiky a nepolarni latky, indikujici ropné uhlovodi- ~ CR ve vazbé na ochranu potravniho fetézce, provadéné-
ky. Z chlorovanych uhlovodikii byla vedle DDT ajeho  ho Ministerstvem zemédglstvi CR.
metabolitl sledovana suma vyznamnych kongenerti po- Dioxiny predstavuji spole¢ny nazev pro skupinu toxic-
lychlorovanych bifenylti (PCB). Pro tyto latky byly od-  kych latek, které vznikaji jako nezadouci vedlejsi produkt
vozeny (primé&mé a referenéni, tj. svrchni hranice pozadf)  spalovanim odpadl z nejriznéjSich chemickych vyrob,
antropicko-difuzni hodnoty pozadi. V relaci k témto hod-  ale i pfirozenou cestou v prirodnich podminkach. Pocet
notam pozadi zem&d&lské krajiny byla charakterizovana  chlori vazanych na molekule se miZe ménit od 1 do 8,
Zzaté7 nejkritictéjdich oblasti CR (Podlesdkové etal., 1998).  coz ddva moznost vzniku 75 izomertt PCDD a 135 izomerti
Vysoké naklady na analyzy uvedenych kontaminantli ~ PCDF. Jednotlivé izomery se lii svoji toxicitou. Obecné
branily rozifeni souboru o jesté nakladn&jsi stanoveni  plati, Ze slougeniny obsahujici 1 aZ 3 atomy chloru se
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vyznaduji nizsi toxikologickou vyznamnosti nez ty, které
obsahuji 4 az 8 atomii chloru. Za nejtoxictéjsi je povazo-
van tetrachlor dibenzodioxin (2,3,7,8-TCDD). V Zivotnim
prostiedi a v potravnich fetézcich se dibenzo-p-dioxiny
a dibenzofurany vyskytuji ve smésich (Beza¢insky et al.,
1991). Proto bylo pfistoupeno k vyjadfovani jejich toxi-
city pomoci toxického ekvivalentu, pfi¢emz za jednotku
byl vzat 2,3,7,8-TCDD. Pro 16 nejtoxittgjsich dibenzo-p-
-dioxint a dibenzofurani byla vypracovéna fada faktort
ekvivalentni toxicity, kterymi se nasobi koncentraéni za-
stoupeni jednotlivych kongenerii a jejichZ soucet pak
vyjadiuje hodnotu toxického ekvivalentu (TEQ). Plvod-
né byl koncept TEQ vypracovan pro odhad potenciélni
toxicity sm&si PCCD a PCDF, vztazenych ke kongeneru
TCCD, substituovanému v polohéch 2,3,7,8 pro biologic-
ky materidl. Nyni je v3ak tento ptistup rutinné vztahovan
i na ostatni matrice Zivotniho prostredi, jako je pida
a jako jsou kaly a emise, a stava se zakladem pro legisla-
tivni kontrolu. Je tfeba poznamenat, Ze riizné staty a me-
zindrodni agencie pfijaly rozli¢na schémata TEQ, v nichz
jsou faktoriim ekvivalentni toxicity pfisuzovéany rizné
hodnoty. Nejrozsifen&jsi je systém navrzeny komisi
NATO a CCMS, ktery je oznaovan jako I-TEQ (Inter-
national Toxic Equivalent Factor). Tento systém zahrnu-
je faktory ekvivalentni toxicity pro 17 kongeneri (Jones,
Sewart, 1995). Stejny faktor I-TEQ byl zvolen k hodnoceni
12 kongener PCB (non-ortho, mono-ortho a di-ortho),
u kterych byla zjist&na podobna toxicita jako u dibenzo-
dioxint a dibenzofurani.

Dioxiny a furany, které se vyskytuji ve viech slozkach
zivotniho prostiedi, vznikaji pfedeviim ze spalovani l4-
tek, a to i takovych latek, které je pivodné neobsahova-
ly. Za jejich hlavni zdroj je povaZovano spalovani
méstskych, nemocni¢nich a nebezpe¢nych odpadi, dale
pak chemicky primysl, jako je vyroba pesticidii, ochran-
nych prostiedkil na devo, textilni a papirensky priimysl|
a dali. Limitované mnoZzstvi studif prokazalo, Ze tiroven
dioxinli v pidé nedosahuje b&zné urovné vyvolavajici
zdravotnirizika. V ptid& jsou dioxiny méalo mobilni a jejich
vyplavovani je pod hranici detekce. Proto se dioxiny
mohou udrZovat na povrchu pidy po dlouhou dobu,
pokud nejsou orbou zapraveny do spodné&jsich vrstev
(EPA, 1997).

V piipadé€ expozice lidi dioxintim byly zjistény signaly
a symptomy dioxinové otravy, kteréd u lidi mize vyvola-
vat chlorakné a poSkozeni kiize, rakovinu (u lidi ne zcela
prokédzanou), poskozeni jater, zeslabeni imunitniho sys-
tému, deformace plodu, sniZzeni po¢tu spermii, bolesti hla-
vy, nervozitu, demenci, depresi, nespavost a impotenci.
PCDD, PCDF jsou povaZovany za aktualn& i chronicky
toxické, n¢které z nich jako latky karcinogenni, imunoto-
xické, endokrinni disruptory &i teratogeny (EPA, 1999).

Pti velké pozornosti, kterd jim byla vénovéna v posled-
nim desetileti, se ukazuje, Ze proklamované chovani neni
zcela jednoznacné podchyceno. Plati to i pro nejpodstat-
néjsi vlastnost, tj. toxicitu pro ¢lovéka, analyzovanou po
havarii v Sevesu. Nicméné denni davka 1 pg TCDD na
1 kg véhy ¢loveka za den piedstavuje limit zarucujici bez-
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pecnost. Verejnost je zatizena ndzorem, Ze nejnebezpet-
né&j$im zdrojem jsou spalovny. Proti tomu stoji Gidaje,
Ze dobré spalovny vyrazné& redukuji emise dioxinti a nej-
hor3i nepfekracuji svymi emisemi inputy ve spalovanych
slozkéch. Vazna je i skutenost, Ze napf. recyklovany
papir akumuluje vice dioxint nez bézny. Pro zemédélstvi
je nejzavazn&j§im poznatkem, Ze v kalech, které maji byt
aplikovany do ptidy, je nezanedbatelné mnozstvi dioxi-
nti. Vstupy do pidy &istirenskymi kaly jsou v zemé&dél-
skych oblastech daleko v&tdi nez z imisi. Casto
doporudované kompostovani kali mé za nasledek az
trojndsobnou akumulaci rezistentnich PCDD/F (Jones,
Sewart, 1995).

Byly vyvraceny nazory, ze PCDD/F jsou pouze produk-
tem civilizaéniho vyvoje. Byly produktem dédvnych les-
nich pozaru, lze je dokazat v kiife tisiciletych stromi,
byly prokdzany v lidské kostie staré 3est tisic let, byly
stanoveny v jilovych bfidlicich starych miliony let. Jsou
prokazovany biologické cesty tvorby PCDD/F pfi trouch-
nivéni stroml. Soudi se, Ze nékteré drevokazné houby
pouZivaji organochlorované slou¢eniny, ze kterych mo-
hou p¥i produkci H,0, bakteriemi vznikat dioxiny. Tim se
zdlvodiiuje vyrazné zastoupeni organochlorovanych
sloucenin v okoli zetlelych stromi v mife prevySujici
sedmkrat nizozemskou normu. Vysoké mnozstvi dioxini
v nadloznim humusu lesnich pid tedy neni disledkem
relativni koncentrace 3kodlivin v pouze nékolika cm moc-
ném horizontu Of a Oh, zvy$ovanym procesem specific-
ké kumulace imisi v lese (Aufkdmmung). Nicméné
antropicky vstup PCDD/F do pldy je dominantni
a obsahy > 1 ng.kg™' I-TEQ v plidach zemé&délskych ob-
lasti (pozadi) si vynucuji zabranéni umyslnych (kaly)
vstupti (Hagenmaier et al., 1992; Rappe et al., 1994; Han-
sen, O’Keefe, 1996; Rosa et al., 1997; Schuhmacher et al.,
1997; UNEP, 1999).

Vyznamna pozornost byla dioxinim a dioxifuranim
vénovana v Némecku (Schulz, 1993; B Bod Sch G, 1998;
Lenzetal., 1998; Bod Sch'V, 1998, 1999). Polychlorované
dibenzodioxiny (PCDD) a dibenzofurany (PCDF) byly
studovéany ve svrchnich horizontech piid rizného vy-
uziti, v rznych imisnich situacich a p¥i riznych vstupech
kontaminantl ze zaplav a z aplikace kali do ptidy v Ba-
vorsku (Joneck, Prinz, 1991) a v Baden-Wiirtembersku
(LfU, 1995). Uvedené prace ukazuji vSudypritomnost
t&chto kontaminantt v nizkych koncentracich. Byla od-
vozena limitni hodnota 5 ng.kg™' I-TEQ, umoziiujici ne-
omezené zemé&délské vyuziti. Zvyiené koncentrace
nalézdme na mensich plochach, ovlivnénych bezpro-
stiedni blizkosti vstupti. Primarnf{ vstupy pochazeji z fady
industrialnich procesi, zejména z tzv. chlorové chemie
a z termickych spalovacich procesi. Druhotnymi zdroji
kontaminace jsou hlavné ¢istirenské kaly, aplikované do
pld. Vykazovaly stfedni obsah 35 az 60 ng.kg™' I-TEQ.
Udaje z jinych zemi zaznamenévaji koncentra&ni rozpéti
20 az 80 (200) ng.kg™ I-TEQ, napf. Hagenmaier et al.
(1992), ktefi analyzovali 13 kall ze SRN, uvadéji rozmezi
¥ TEQ20az177 ng.kg's medianem 37 a primérem 47.
Rappe et al. (1994) analyzovali 30 vzorki §védskych kalt
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a zjistili, Ze koncentrace PCDD/F byla vyssi v kalech
z urbannich oblasti nez ze zemédeélskych a koncentrace
PCDD/F se pohybovala mezi 6 az 4100 ng.kg™ s media-
nem 54 a priimérem 357. Ve viech ptipadech dominovaly
octa- a hepta-CDD. Jones, Sewart (1995) uvadéji obsah
Z TEQ PCDD/F v rozmezi 10 az200 ng.kg .

PCDD a PCDF jsou v pidé jen velmi pozvolna rozkla-
dény. Pidni organismy jsou jimi ovlivnény az pfi vyso-
kych obsazich > 1000 ng.kg™ I-TEQ. Jejich transfer do
rostlin je velmi nizky. Vyznamnéjsi je kontaminace po-
vrchu rostlin (imise, zaplavy, aplikace).

Kritické hodnoty PCDD/F navrhované pro zem&delské
vyuziti (Schulz, 1993), tj. 5ng.kg™ I-TEQ pro neomezené
zemedelské vyuzitia 40 ng.kg™' I-TEQ pro omezené zemg-
delské vyuZiti, nebyly do zdkona o ochrané pidniho fon-
du SRN vélenény. V natizeni k zdkonu z roku 1999 jsou
zahrnuty tyto limity opatieni:

—100 ng.kg™" I-TEQ pro détska hFisté

— 1000 ng.kg™' I-TEQ pro obytné arealy

— 1000 ng.kg™" I-TEQ pro parky a rekreacni arealy
~10.000 ng.kg™ I-TEQ pro primyslové arealy

Pozadi zemédélskych oblasti v pidé ¢ini v Holandsku
5az 9 ngkg' [-TEQ, v UK 3 ng kg™ I-TEQ. Ve zpravé
UNEP (1999) jsou uvedeny kritické hodnoty (v ng.kg™!
I-TEQ sudiny) pro Némecko (viz vyse), Svédsko
(10 ng.kg™" I-TEQ pro senzitivni vyuZitia 250 ng. kg™ I-TEQ
pro nesenzitivni vyuziti) a Holandsko. V Japonsku byla
za kritickou hodnotu pro ptdy ptijata koncentrace
PCDD/F 1.000 ng.kg™. Tato hodnota je kritizovana jako
pFili§ vysoka.

MATERIAL A METODY
Analytické postupy, stanovené latky

Pro stanoveni POP byly odebrany ptdni vzorky z or-
niéni vrstvy (Ap horizontu). Reprezentativni vzorek se
skladal z pfiblizn& 10 samostatnych odbéri z plochy
200 m?. Analyzy perzistentnich latek provedla ekologic-
ka laboratof Axys Varilab, s. r. 0., metodami, které podrob-
né uvadgji Jech et al. (1999). Pro stanoveni PCDD/F a PCB
a non-orto substituovanych PCB byly na vzorky nane-
seny izotopové zna&ené vnitini standardy, organické lat-
ky byly ze vzorku extrahovany toluenem v Soxhletu.
Zjidtované latky byly z extraktu izolovany chromatogra-
fii na sloupcich silikagelu, aluminu a aktivniho uhli. Po
zkoncentrovani byla provedena GC-MS analyza —
v pfipadé& non-orto PCB na pfistroji Saturn 1, v pFipadg
PCDD/F na vysoko rozli$ujicim hmotnostnim spektrome-
tru Ultima 2. Stanoveni PCB 77, 126 a 169 bylo provede-
no metodou HR GC-MS na pfistroji VG Ultima 2. Pfesnost
vysledki je £20 % vysledné hodnoty + detekéni limit
vzorku. Byly stanoveny tyto vyznamné kongenery:
PCDD (2,3,7,8 TeCDD; 1,2,3,7,8 PeCDD; 1,2,3,4,7,8
HxCDD; 1,2,3,6,7,8 HxCDD; 1,2,3,7,8,9 HxCDD;
1,2,3,4,6,7,8 HpCDD; OCDD), PCDF (2,3,7,8 TeCDF;
1,2,3,7,8 PeCDF; 2,3,4,7,8 PeCDF; 1,2,3,4,7,8 HxCDF;
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1,2,3,6,7,8 HXCDF; 1,2,3,7,8,9 HxCDF; 2,3,4,6,7,8 HXCDF;
1,2,3,4,6,7,8 HpCDF; 1,2,3,4,7,8,9 HpCDF; OCDF), PCB
(PCB77; PCB 126; PCB 169; PCB 105; PCB 114; PCB 118 +
123; PCB 156, PCB 157; PCB 167; PCB 189; PCB 170; PCB
180). Byla vypoétena suma PCDD, PCDF, PCB a jejich
toxicky ekvivalent (I-TEQ).

V ptidach jednotlivych lokalit byly k identifikaci stano-
veny obsahy 13 vyznamnych rizikovych prvki (celkovy
obsah a vyluh v 2M HNO,) v centréalnich laboratofich
VUMORP. Perzistentni organické latky (PAU, MAU, ChlU,
nepolarni znegidténi) v piidach stanovila laboratof Aqua-
test, a. s., bézné pouzivanymi metodami.

Vybér vzorki

Vzhledem k vysokym nakladiim na rozbory byl vybér
vzorki proveden velmi pe¢livé na zakladé dosavadnich
poznatki o kontaminaci ptd perzistentnimi organickymi
polutanty (POP) a rizikovymi prvky (RP) a lokalizace sta-
novit aplikace kalti za pomoci UKZUZ. Podle potencil-
nich vstupl byla stanoviité predb&zné kategorizovana:
1. aplikace kal (Brno-Chrlice, Zlin)

2. imise primyslu (Neratovice, Brnan. L., Stéti, Kralu-
py n. V., Ostrava-Hluc¢in, Malé Zemoseky)

3. imise z dopravy velkomésta (Praha-Letné)

4. imise ze spalovny odpadii (Praha-Stérboholy)

5. gisté oblasti s historickou zatézi (Kubova Hut)

6. Cisté oblasti (Pfimda, Churériov, Trebétin, Horni Vidim,
Chlum, Dobtichov, Ceské Zleby, Cerna v Posumavi,
JeniSovice)

Pedologicka charakteristika stanovist' je uvedena
v tab. 1. Vysledky studia zatézi sledovanych stanovi3t
zjisténé v minulosti prokazuji zvySenou kontaminaci POP
u vySe uvedenych kategorii 1 az 5, charakterizovanych
zvysenym obsahem PAU, a navic u jednotlivych stano-
vidt' specifickou skladbou zatiZeni, a to DDT a metabolity
(Neratovice), monoaromatickymi uhlovodiky apod. Zaji-
mavé je stanovisté Kubova Hut' s vyznamnou historic-
kou zatézi PAU (a Cd).

VYSLEDKY A DISKUSE

Hodnoceni zatéze pid dioxiny a furany podle toxické-
ho ekvivalentu (I-TEQ PCDD/F) ukazuje (obr. 1), Ze nej-
vy33i hodnoty byly nalezeny:
~ na stanovisti, kde byly aplikovany do piidy &istirenské

kaly (¢ernozem, Brno-Chrlice), a to 2,5 ng.kg™" I-TEQ,

a na dal3im stanovisti s aplikaci kalt na fluvizemi ve Zli-

né 2,51 ng.kg! [-TEQ; tato stanoviité jsou charakteri-

zovana i nejvy33im obsahem dioxint i dioxifurant;
—na imisné zatizenych stanovistich v blizkosti Neratovic

(2,17 ng kg I-TEQ), Kralupn. V. (1,76), Bmén. L. (1,75)

a Ostravy-Hlu¢ina (1,58); na dal3ich lokalitach této ka-

tegorie se pfedpokladana zat&Z neprojevila a na lokalité

Malé Zernoseky a predeviim Stéti byla hodnota I-TEQ

PCDD/F nizka (0,79, resp. 0,18);
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— na lokalité Praha-Letnd zatiZené imisemi z dopravy
(0,92 ng kg™ I-TEQ) pfi nizkém toxickém ekvivalentu PCB.
Nejvyssi celkovy obsah PCB byl zjistén na lokalité

Bmo-Chrlice, Zlin a Kralupy n. V., pfi¢emZ nejvyssi toxi-

cita (I-TEQ PCB) byla stanovena na lokalitach Kralupy

n. V., Neratovice a Brnan. L. (obr. 1 a 2).

Paradoxné bylo zjiiténo zvy3ené zatizeni lokalit Su-
mavy na Primdé (1,32 ng.kg™ I-TEQ) a Churanoveé
(1,27 ng.kg' I-TEQ) a v zemé&dé&lské oblasti na lokalité
Ttebétin (1,08 ng.kg™ I-TEQ) s pfevahou PCDF nad
PCDD bez akumulace PCB a s nizkym toxickym ekviva-
lentem (I-TEQ PCB). Na ostatnich lokalitach se I-TEQ
pohyboval mezi 0,1 a 0,6 ng.kg™', a to dokonce na loka-
lit¢ Praha-Stérboholy v blizkosti spalovny odpadi
(0,21 ng.kg™" I-TEQ) ana lokalit¢ Kubova Hut
(0,55 ng.kg™' I-TEQ), kde byly nalezeny nejvy3si koncen-
trace PAU ze sledovaného souboru lokalit.

a L PCDD/F 48 ng.kg™. Z nevelkého poctu pozorovani
1ze zatim odvodit, Ze limit antropicko-difuzniho pozadi
PCDDV/F, vyjadreny v toxickém ekvivalentu, by mél lezet
kolem hodnoty 1 ng.kg™ I-TEQ, jak uvadéji holandské
materialy (EPA, 1999). V kazdém pripadé 1ze konstatovat,
ze nikde, véetné lokalit s aplikaci kalit COV, nebyl piekro-
¢en limit pro bezrizikové zemé&délské vyuziti némeckych
prament S ng kg™ I-TEQ PCDD/F (EPA, 1999).

Déle byla vénovéana pozornost jednotlivym kongene-
rim PCDD/F a PCB, jejich sumam, jakoz i vztahiim
k ostatnim POP. Srovnén{ kongeneri PCDD/F ukazuje
nejvyraznéjsi zvySeni kongenerti hexa-, a zejména hepta-
a okta-chlorovanych PCDD/F, predeviim na obou stano-
vistich s aplikaci kali do piidy a na industrialné silné&
zatizeném stanoviSti Ostrava. Tyto poznatky jsou
v souladu s Uidaji, jez publikovali Rapp et al. (1994), kte-
i uvadeji demonstraci uvedenych kongenert jako cha-

I. Lokality odbéru vzorkd zemédélskych piid — Sampling sites on agricultural lands

Lokalita' Okres® Puda’ Substrat®

| Zlin Zlin FLm eutric Fluvisol nivni sediment®
Brno-Chrlice Bmo CEm calcic Chernozem spra na slinu®
Neratovice FLq gleyic Fluvisol nivni sediment
Kralupy n. V. . FLm eutric Fluvisol nivni sediment
Horni Vidim B HNm orthic Luvisol spra3’
JeniSovice CEm calcic Chernozem sprad
Brnan. L. Ustin. L. KAe eutrophic Cambisol cedie®
Ostrava-Hlugin Ostrava . LMq glossaquic Luvisol spradova hlina’
Primda Tachov KAd hyperdystric Cambisol rula'®
Churanov PZk cambic Podzol rula
Kubova Hut’ Prachatice PZk cambic Podzol rula
Ceské Zleby KAg stagnic Cambisol polygenetické hlina""
Tiebétin Kutna Hora KAa dystric Cambisol rula
Praha-Letnd ANm Anthrosol antropicky material*
Praha-Stérboholy e CCp pelic Phacozem polygeneticka hlina
Malé Zernoseky ) ) KAr arenic Cambisol Stérkopiskova terasa”

Litométice

Steti CEm calcic Chernozem sprad
Chlum Benesov PGm orthic Stagnosol polygeneticka hlina
Dobrichov Kolin CEm calcic Chernozem sprad
Cerna v Posumavi Cesky Krumlov KMd dystric Cambisol rula

'site, Zdistrict, *soil, “parent material, *alluvial sediments, ®loess on marls, 7loess, ®basalt, ®loesslike deposits, '°gneiss, ''polygenetic

loams, '?anthropogenic material, '*sandy-gravelly terraces

Rozdilnd maxima a toxicita PCB, PCDD/F a PAU potvr-
dily vysledky (Jech et al., 1999), které prokazaly, ze tyto
latky nepochazeji ze stejného zdroje. Dlouhodobym mé-
fenim POP v ovzdusi se zjistilo, Ze obsah PCB je vy33i
v letnich mésicich nez v zimnich a Ze v pripadé PCDD/F
a PAH je tomu opacné.

Pfi hodnoceni souboru zatéze zeméde&lskych ptd
PCDD/F, s vylougenim lokalit, kde byly aplikovany kaly,
byl zjistén geometricky primér 0,68 ng.kg”' I-TEQ
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rakteristickou pro stanoviité zatizend vyrazné kaly
a primyslovymi imisemi. Zminé&na stanovisté se vyzna-
¢uji i nejvétsimi sumami PCDD/F. Vyznamné;j3i zastoupe-
ni vysoce chlorovanych PCDD/F se projevuje i v okoli
chemickych zavodii v Kralupech n. V. a Lovosicich. Vy-
razné&ji se uplatiiuje u PCDD nezu PCDF.

Pii sledovani zastoupeni PCDD/F a souboru jejich kon-
genert byla vénovana pozornost vztahiim k PCB a jejich
kongenertim (obr. 2). Z kongenerii PCB pfevladaji PCB
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170 a 180. Pfi srovnéni celkovych obsahl PCB se nejvét-
§i shoda v nejvy3§im zastoupeni PCB a PCDD/F uplat-
fiuje opét u obou stanovist' aplikace kald do pidy a na
lokalitach v blizkosti primyslového podniku v Kralu-
pechn. V., ale i Brané v okoli Usti n. L. Pfi srovnani TEQ
obou skupin latek (PCDD/F, PCB, obr. 1) zjidtujeme, ze
nejvyssi hodnoty TEQ PCB indikuji spife oblasti
s chemickym priimyslem, zatimco nejvy33i hodnoty TEQ

in investigated soils

PCDD/F aplikaci kali a spalovaci procesy (byt
i historické). Z posouzeni zastoupeni vybranych toxic-
kych kongenerti PCB vyplyva, Ze nejtoxi¢téjsi kongener
(P126 3,3’ 4,4’,5-PeCB) a I-TEQ PCB je relativné zastou-
pen vyraznéji ve vzorcich v blizkosti chemickych zavodii
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ZAVER

Sledovani z roku 1999 na omezeném souboru vybra-
nych 20 lokalit prokazalo potfebu dale se vénovat pro-
blematice PCDD/F ze zemédélského hlediska, nebot’
jejich nejvyssi obsahy i toxické ekvivalenty byly zjiste-
ny na stanovistich po aplikaci ¢istirenskych kali. Rov-
néz v blizkosti chemickych primyslovych zavodi byly
nalezeny zvy$ené hodnoty PCDD/F a vysoké hodnoty
I-TEQ, a to jak PCDD/F, tak i PCB. Zatimco vliv Male3ic-
ké spalovny se neprojevil, byly zjistény historické zatéze
v &isté oblasti Sumavy. Lze konstatovat, Ze nebyl prekro-
¢en némecky limit 5 ng kg™ I-TEQ, ktery vymezuje bezri-
zikové zemédélstvi. Za referenéni hodnotu pozadi ornic
zemédglskych piid CR se na zékladg sledovanych sou-
borii doporuuje stanovit hodnotu 1 ng.kg™" I-TEQ. Ten-
to Gdaj je nezbytné provéfit na 3ir§im souboru vzorku.
Vzhledem k prognéze zvySeného vyuZiti kali na zemédél-
ské ptdé a jejich potencialni zatéze PCDD/F (které se
kompostovanim zvy3uje) navrhujeme ve sledovani po-
kracovat.
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EXTRAKCIA VYMENNEHO DRASLIKA
Z MONTMORILLONITU

EXTRACTION OF EXCHANGEABLE POTASSIUM
FROM MONTMORILLONITE

A. Cumakov, K. Hrné¢iarova

Institute of Inorganic Chemistry, Slovak Academy of Sciences, Slovak Republic

ABSTRACT: Potassium saturated < 2 pm fraction of a bentonite was used in this study. Electro-ultrafiltration (EUF)
method was applied for potassium extraction. This method allows to extract separately various potassium fractions,
bound on the mineral with different strengths, by varying the extraction parameters (voltage and temperaturc). We have
found that appropriate modification of the extraction procedure allows to extract subfractions of exchangeable potassium
differently bound on the fine fraction of bentonite. Extractions were performed at various temperatures (20, 40, 80 °C)
and voltages (from 50 to 400 V). Over 85% of total potassium present in the sample was extracted within 105 min. We
have ascertained that potassium occurs in the < 2 pm fraction dispersed in water in at least two subfractions. The most
weakly bound potassium in position p is extracted at 20 °C in the voltage range from 50 to 350 V. Its amount extracted
after 105 min covers about 27% of total potassium determined in the sample. Increase of voltage upto 400 V causes
extraction of potassium from the position i requiring more aggressive extraction parameters. We have found that two sub-
fractions, differing in the bond strength, can be distinguished also in this position. Due to the layer charge distribution, no
sharp border exits between the potassium ions bound more and less strongly, thus potassium ions within the same sub-
fraction differ slightly in the bond strength. EUF method allows extraction of potassium from different positions and
consecutively then calculation of the amount of potassium released from these positions during a vegetation period,
which provides basis for more precise calculation of K-fertilizers.

Keywords: electro-ultrafiltration; fractions and subfractions of potassium; montmorillonite

ABSTRAKT: V pokuse sme pouZili frakciu bentonitu pod < 2 um nasytent draslikom a k extrakeii draslika sme vybrali
met6du elektroultrafiltracie. Tato metéda umoziuje zmenou extrakénych parametrov (napitia a teploty) oddelene extraho-
vat’ viaceré frakcie draslika, ktoré su viazané roznou silou. Zistili sme, Ze vhodnou upravou extrakéného postupu sa mozu
z pouzitej frakcie bentonitu vyextrahovat' aj subfrakcie vymenného draslika, ktoré si viazané réznou silou. Extrakciu drasli-
ka sme vykonali pri roznych teplotach (20, 40, 80 °C) a napitiach (od 50 do 400 V). Celkove sme po 105 min vyextrahova-
li viac ako 85 % draslika pritomného vo vzorke. Overili sme, Ze draslik sa vo frakcii bentonitu dispergovaného vo vode
nachddza minimélne v dvoch subfrakciach. Najslabsie viazany draslik v polohe p sa extrahuje pri teplote 20 °C v rozpiti
napitia od 50 do 350 V. Jeho mnoZstvo po 105 min extrakcie predstavuje asi 27 % z celkového analyticky zisteného mnoz-
stva. Po zvySeni napétia na 400 V sa uZ za¢ina extrahovat draslik z polohy 7, na uvolnenie ktorého st potrebné agresivnej-
Sic extrakéné parametre. Zistili sme, Ze aj v tejto vdzobnej polohe mézeme vy¢lenit’ dve Casti, ktoré sa od seba lisia silou
vizby. V dosledku distribucie ndboja neexistuje ostra hranica medzi slab$ie a silnejSic viazanym draslikom, preto v oboch
polohéch vizby sa mozu edte vyclenit’ mnozstva draslika, ktorych vizba sa mierne lisi. Metoéda EUF umoziuje vyextraho-
vat' draslik z jednotlivych vdzobnych pol6h a nasledne aj vypocitat mnozstvo draslika, ktoré sa bude uvolfiovat z tychto
poléh v priebehu vegetacie, €o umozni spresnit’ vypocet davok draselnych hnojiv.

Krlaéové slova: elektroultrafiltracia; frakcie a subfrakcie draslika; montmorillonit

UvoD

Analyzy ornice, ktoré v ramci agrochemického skisa-
nia pdd (ASP) Slovenska pravidelne vykondva UKSUP,
ukazali, Ze uz v 80. rokoch mnohé polia mali velmi vysoky
obsah draslika. Napriek tomu, Ze v niektorych pripadoch
bolo mnoZzstvo prijatelného draslika niekol'’konasobne
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vys§ie ako hranica vysokého obsahu, d’alej sa uz tato
kategdria ne¢lenila.

Miklog, Cicel (1993) zistili, Ze pri nadbytku draslika
v pdde dochadza k illitizacii montmorillonitu. V désledku
toho sa zniZuje sorpéna kapacita, zhor3uje sa Struktiira
pody, Castejsie sa objavuje prisusok, zniZuje sa retenna
schopnost’ pdd na vodu a nésledne sa zniZzuje aj troda.
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Zistili sme, Ze nadbytok draslika v pode bol aj pri¢inou
objavenia sa nedostatku boru u cukrovej repy, vzniku
srdieckovej hniloby, znizenia urody buliev a obsahu sa-
charézy v bul'vach (Hrngiarova, Cumakov, 1993).

V snahe spresnit’ vypocet davok K-hnojiv do komplex-
nej metodiky hnojenia rastlin sa zaradila korekcia davok
K-hnojiv v zavislosti od pédneho druhu. Pédny druh sa
vsak urCuje na zaklade sumarneho mnozstva ilového
podielu, ale o hodnote sorpcnej kapacity nerozhoduje
iba celkové mnoZstvo ilovych minerélov, ale aj minera-
logické zlozenie, predovsetkym podiel kaolinitu
k montmorillonitu. Preto tato korekcia nie vzdy spravne
vystihovala skuto¢nt potrebu K-hnojiva.

Nedostatky chemickych extrakénych metod si uvedo-
mil autor metody EUF (Németh, 1976, 1979; Németh,
Wiklicky, 1980), ktory zmenou extrakénych parametrov
(elektrického napéitia, teploty a doby extrakcie) navrhol
oddelenu extrakciu dvoch hlavnych frakeii Zivin, ktoré
tvoria rastlinami prijate'ni formu v pdde. Pri pouziti mier-
nejdich extrakénych parametrov sa extrahuje aktualna
zasoba draslika v pode, predovetkym frakcia vodoroz-
pustného draslika, ktora je pohybliva a rastlinami 'ahko
prijatel'nd. Pri agresivnej$ich extrakénych parametroch sa
extrahuje draslik z potencialnej zasoby, predovietkym
frakcia vymenného draslika, ktory je sorpéne viazany,
pripadne sa nachéadza v t'azSie rozpustnych anorganic-
kych zlu€eninéch.

Hlavnou prednostou metéddy EUF je to, Ze postupnym
zvySovanim agresivity extrakénych parametrov umoziu-
je v analyzovanom materidle rozdelit’ extrahovatel'né
mnozstvo draslika na frakcie, pripadne aj subfrakcie
podl'a pevnosti ich vizby. Vyhodou je tieZ to, Ze pri ex-
trakcii sa moze postupne zvySovat iba jeden alebo viac
parametrov — elektrické napétie, teplota alebo doba ex-
trakcie. Podobny postup nie je moZny pri pouziti chemic-
kych extrakénych metod, kde napr. pri zvyseni
koncentracie extrakéného roztoku sa sti¢asne meni pH,
podiel anionov a kationov. V priebehu extrakcie docha-
dza tiez k procesom rozpustania analyzovaného materia-
lu, do roztoku sa dostavaju d'aldie iény, ktoré menia
ionovu silu extrakéného roztoku apod. To pri metéde EUF
nenastava, lebo extrakénym roztokom je prevazne voda,
extrahované iény plynulo prechadzaju do eluéatu
a zvolené extrak&né parametre sa udrZuju na rovnakej
hodnote pocas celej analyzy. Meni sa iba elektricky prud,
ktory v désledku zniZovania vodivosti extrahovaného
roztoku (i6ny prechddzaji do eluatov) postupne klesd.

Rastlinami prijateI'nd forma draslika nepredstavuje
v péde homogénne viazan Zivinu, ale tvoria ju minimal-
ne dve frakcie zivin. Ich pohyblivost’, a tym aj prijatel’-
nost' rastlinami sa zna¢ne lisia. Pri chemickych
extrakénych metddach (Schachtschabel, Mehlich II) sa
viak tieto frakcie extrahuji stucasne.

Summer, Bolt (1962) zistili, ze vymenitel'ny draslik, kto-
ry sanachddza v medzivrstviach illitu, analogicky aj mont-
morillonitu, t. j. dvoch najbeznejsich pddnych ilovych
minerélov, nie je viazany rovnako pevne. Citovani autori
uvéadzaju, ze draslik sa moze viazat' v troch réznych po-
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lohéch, ktoré sa vzajomne |{§ia mnoZstvom a silou vézby.
MobZe sa viazat v polohe p (na povrchu minerélov),
v polohe e (na zlomovych plochach) a v polohe i (v me-
dzivrstvovych priestoroch).

Z toho vyplyva, Ze interpretacia analyz p6d pre tcely
vyzivy rastlin nie je jednoducha. K vypoctu pozadova-
ného mnozstva K-hnojiva nestaci poznat’ iba celkové
mnozstvo rastlinami prijatelného draslika, ale je ziaduce
poznat’ aj rozdelenie tohto mnoZstva na frakcie (vodoroz-
pustni a vymenni), pripadne aj subfrakcie.

Ciel'om nasej prace bolo zistit’ extrak&né parametre pre
EUF experimenty, ktoré by umoznili vyextrahovat z K-frak-
cie bentonitu subfrakcie draslika viazané v jednotlivych
polohach.

MATERIAL A METODY

Pouzili sme frakciu ilu pod <2 pm, ktory sme vyseparo-
vali z bentonitu. Prevaznu ¢ast’ tejto frakcie tvoril mont-
morillonit, ktory bol stanoveny réntgenovou analyzou.
Této frakcia bentonitu mala prirodzeny obsah draslika
0,16 %. Po jej nasyteni draslikom a vymyti jeho nadbytku
vzréstol obsah draslika na 4,18 %.

K extrakcii draslika sme pouZili model pristroja EUF 724
firmy VOGEL (SRN), ktory sme upravili tak, aby bolo
mozné plynule odoberat’ eludty v 'ubovol'nom ¢&ase po-
¢as neobmedzenej doby extrakcie bez priddvania pre-
myvacej vody, ktord zniZuje koncentraciu draslika
v eludtoch a stazuje jeho néasledné analytické stanove-
nie. Miesto mechanického pocitadla doby extrakcie sme
pouzili elektronické pogitanie. Draslik sme extrahovali pri
teplotach 20, 40 a 80 °C pri postupne vzrastajucom elek-
trickom napiti od 50 do 400 V v intervaloch po 50 V. Ex-
trakcie trvali 105 min a eluaty sme odoberali kazdych
5 min.

Po kazdej zmene extrakénych parametrov (napitia
a teploty) sme pouzili nova navazku 0,5 g. Pocet opa-
kovani bol 5. Strednd chyba bola mensia ako +5 %
a zmengovala sa vo smere od vy33ich extrakénych para-
metrov k niz§im.

Obsah draslika v eluatoch sme stanovili emisnou ato-
movou spektrometriou na pristroji AAS-3 (Zeis Jena,
NDR). ;

K vypoétu maximdalne desorbovatelného mnoZstva
draslika d sme pouzili matematicky model, ktory navrhol
Grimme (1979, 1980).

VYSLEDKY A DISKUSIA

Zistili sme, Ze s postupnym zvySovanim elektrického
napdtia a teploty prechddza postupne do vyluhu stile
vacsie mnozstvo draslika, ktoré po 105 min extrakcie pri
teplote 40 °C mdze dosiahnut’ az 85 % celkového mnoz-
stva vymenného draslika pritomného vo vzorke. Zvy3o-
vanie mnoZstva extrahovaného draslika viak nie je
pravidelné, ale prebieha vo vi&sich alebo men3ich kvan-
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titativnych skokoch, ktoré mézu naznacovat pritomnost’
viacerych frakcii, pripadne subfrakcif draslika.

Vysledky extrakcie draslika z montmorillonitu pri napa-
tiach od 50 do 400 V a teplotach 20, 40 a 80 °C st uvede-
né v tab. I. Sticasne su uvedené hodnoty ziskané po
105 min extrakcie, idaje o maximalne desorbovateI'nom
mnoZstve draslika a percentudlne vyjadrenie hodnoty d
k celkovému analyticky stanovenému mnozZstvu draslika
v montmorillonite.

Nakol’ko rozloZenie zaporného naboja nie je rovnaké,
existuje distribucia pevnosti vézieb, preto sa subfrakcie
draslika z jednotlivych pol6h neextrahovali naraz pri jed-
nom napiti, ale v priebehu $ir§ieho rozpitia napitia.
Subfrakciu méZeme teda definovat’ ako mnoZstvo drasli-
ka (v naSom pripade), ktoré sa v désledku distribucie
naboja v danej polohe extrahuje pri rovnakej teplote ex-
trakcie, ale v 3irSom rozpiti elektrického napitia.
V désledku toho sa extrakcia draslika z jednotlivych po-
16h prekryva. Predpokladame, Ze pri rovnakych extraké-
nych parametroch méZe konéit' extrakcia draslika
z polohy, kde sila vdzby je nizsia, a sucasne sa zacina
extrahovat’ draslik z polohy, kde sila vizby je silnejsia.
Rozpitie napitia, pri ktorom sa sicasne extrahuji dve
subfrakcie podla nasich vysledkov, moZze byt' v rozmedzi
50az100 V.

Vysledky, ktoré siiuvedené v tab. I, ukazali, Ze pri teplo-
te 20 °C a 105 min extrakcie sa najvaésie mnozstvo draslika
extrahuje uZ pri po¢iatoénom napiti 50 V (6,61 mg K.g™).
Po d’alSom zvySovani napitia sa uz mnoZstvo extrahova-
ného draslika zmenSuje. V rozpiti od 100 do 300 V sa
vyextrahuje uz iba 4,85 mg K.g"' a rozdiel v extrahovanom
mnozstve draslika rozmedzi 300 az350 V je minimalny.
Predpokladdme, Ze pri tychto extrakénych parametroch sa
konéi extrakcia draslika s najslab3ou silou vizby

z polohy p. Po zvySeni napitia na 400 V sa uz za&ina
mnozstvo extrahovaného draslika opét’ zvy3ovat, ¢o
poukazuje na to, Ze sa za¢ina extrahovat’ draslik z polohy
so silnejSou vézbou.

Po pouziti matematického modelu, ktory navrhol Grim-
me (1979, 1980), sme zistili, Ze pri teplote 20 °C v rozpti
napiti od 50 do 400 V sa mnozZstvo maximalne desorbo-
vaného draslika pohybuje od 11,09 do 14,91 mg K.g't. j.
od 26,5 do 35,7 % z celkového desorbovateného mnoz-
stva draslika. Aj z tychto vysledkov vyplyva, Ze extrak-
cia draslika z polohy s najslabSou silou vizby konéi pri
napiti 350 V. Preto méZeme povaZovat hodnotu d vy-
pocitanu pre toto napitie za udaj, ktory zodpoveda cel-
kovému mnoZstvu draslika, ktory sa nachadza v polohe p.
Po zvy3eni napétia z 350 na400 V sa pozoruje vacsi kvan-
titativny skok, zvy3enie extrakcie o 1,13 mg K.g', t. j.
0 2,7 %, preto predpokladédme, Ze do eluatu za&ina uz pre-
chadzat’ draslik z polohy, kde jeho vizba je silnejsia.
K extrakcii draslika z tejto polohy uz bolo potrebné zvy-
sit’ teplotu extrakcie, lebo pouZity pristroj EUF umoziiuje
zvySovat napitie iba po 400 V.

Summer, Bolt (1962) vo svojej praci s illitom uvadzaju
subfrakciu e, ktord je silnejie viazana ako subfrakcia p.
Pomer medzi frakciami p a e je zavisly od jemnosti analy-
zovaného materidlu. Ak su krystaly vdcsich rozmerov,
prevldda mnoZzstvo draslika v polohe p nad polohou e.
Ak je analyzovany material vel'mi jemny, potom méze byt
pomer draslika v oboch subfrakciach priblizne rovnaky.
Ak je analyzovany material zrnitostne nevyrovnany, po-
tom prechod medzi tymito polohami je nezretelny.

V nasej vzorke sa subfrakcia draslika v polohe e (Sum-
mer, Bolt, 1962) nachadza na zlome medzivrstvového
priestoru. To znamena, Ze tento draslik je prakticky sa-
¢astou predovsetkym drasiika v polohe i. Preto sila viz-

I. Extrakcia draslika z montmorillonitu — Extraction of potassium rom montmorillonite

Napatie! 20°C 40°C ‘ 80 °C

W | de | d | % | de | % | d do | %
50 66l 11,09 26,5 23,58 52,08 1246 24,83 43,40 103,8
100 805 1221 292 26,38 53,05 126,9 30,06 3950 | 945
150 923 | 12,32 294 28,48 44,68 106,9 3127 38.50 92,1
200 9,66 | 12,54 30,0 3472 43,16 103,3 32,68 37,69 ’ 90,2
250 L ow030 | 1293 30,9 35,60 2,83 1025 | 3312 36,78 ! 88,0
300 1130 | 13,57 325 3540 44,84 1073 |‘ 31,59 34,12 81,6
350 11,46 ‘ 13,78 330 35,98 4376 1047 | 3162 36,20 ’ 86,6
400 1269 | 1491 357 35,30 4587 1007 | 3308 35,30 84,4

d, s = mnoZzstvo draslika v mg K.g™' extrahované po 105 min — amount of potassium in mg K.g ! extracted after 105 min

m

inmg Kg!

d_ = maximalne desorbovatené mnoZstvo draslika v mg K.g"! — maximum desorbic amount of potassium

% = d, v pomere k celkovému mnoZstvu draslika (41,8 mg K.g™') - d,, in ratio to total analytically determined amount of

potassium (41.8 mg K.g")

'voltage
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1. Priebeh extrakcie draslika z montmorillonitu — The course of potassium extraction from montmorillonite

by draslika v polohe e a i/ by sa nemala vo vé¢$om rozsa-
hu menit’. N&3 predpoklad potvrdili aj ziskané analytické
vysledky.

Po zvy3eni teploty extrakcie z20 na 40 °C sa pri
50 V a dobe 105 min vyextrahovalo 23,58 mg K.g !. Nakol-
ko sme pri kazdej zmene napitia a teploty extrakcie pou-
zili novi navazku montmorillonitu, do vyluhu prechadza
mnozstvo draslika, ktoré sme stanovili pri niz§ich para-
metroch, a k tomu aj mnozZstvo draslika, ktoré sa extrahu-
je pri zvy3enych parametroch. Predpokladame preto, ze
do vyluhu pre3lo celé mnozstvo draslika z polohy p
a Cast draslika z polohy i. Po odpocitani d draslika, kto-
ry sanachadzal v polohe p, sme zistili, Ze z polohy i sme
vyextrahovali 8,67 mg K.g* (23,58 — 14,91 = 8,67).

Extrakcia draslika z polohy i/ v mensej miere pokracuje
aj prinapiti 100 a 150 V. Extrahované mnoZstvo sa viak
postupne zniZuje. Po zvy3eni napitia na 200 a 250 V sa
mnozstvo draslika v eluate opét’ mierne zvysuje. Po zvy-
3eni napitia na 300 V a vy33ie sa uz extrakcia draslika
prakticky nezvysuje.

Vysledky ziskané pri teplote 40 °C ukazali, Ze pri zvy-
Sovani napitia sa mnozstvo extrahovaného draslika zvy-
Suje v dvoch kvantitativnych skokoch. To sved¢i o tom,
Ze aj v medzivrstvovom priestore, podobne ako na povr-
chu kry3talu, nie je distribucia naboja rovnaka. Preto sme
draslik, ktory do eluatu presiel pri napiti od 50 do 150 V,
oznatili ako draslik v i a draslik, ktory presiel do eluatu
v rozpdti napiti 150 az 200 V, ako draslik /.. Aj tu sa da
predpokladat, Ze medzi jednotlivymi vizbami neexistuje
presné rozhranie, preto extrakcia draslika z 7, a 7, samoze
prelinat.

Vypocet hodnoty d pri teplote 40 °C ukézal, ze pri na-
péti 50 a 100 V je tato hodnota zna¢ne vy33ia ako skutoc-
né, analyticky zistené mnoZstvo draslika. Predpokladame,
ze vyssie vysledky boli sposobené tym, Ze autor mate-
matického modelu vypoétu & (Grimme, 1979, 1980) uva-
zoval s extrakciou draslika iba z jednej frakcie, pripadne
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polohy. V nadich experimentoch sa viak draslik extraho-
val sicasne z dvoch poléh (subfrakcii), v ktorych bol
viazany réznou silou. Preto matematicky ziskané vysled-
ky nevystihovali skutoénost’. Potvrdili to aj vysledky,
ktoré sme ziskali pri napdtiach, kedy sa uz extrahuje dras-
lik prevazne iba z jednej subfrakcie. V tych pripadoch
sme vypoctom ziskali hodnoty d , ktoré sa priblizovali
analyticky zistenému celkovému mnozstvu vymenného
draslika.

Po zvySeni extrakénej teploty na 80 °C sa mnoZstvo
extrahovaného draslika pri napétiach od 50 do 400 V uz
nezvy3uje, ale naopak zniZzuje. Pri vysokej teplote
a spolupdsobeni elektrického napitia dochadza ku ko-
lapsu medzivrstvového priestoru, v désledku ¢oho sa
zmensuje prechod draslika do eluatu.

Vypocet hodnoty d pri teplote extrakcie 80 °C
s vynimkou napétia pri 50 V tiez potvrdil, Ze tato hodnota
vo vsetkych sledovanych variantoch napétia sa vyrazne
zniZuje, ¢im sa potvrdzuje na3 predpoklad o kolapse me-
dzivrstvového priestoru.

Po vyhodnoteni analytickych vysledkov sme prisli
k zdveru, Zze ako Summer, Bolt (1962), ktori pracovali
s illitom, méZzeme aj my u montmorillonitu vy&lenit viacero
poléh vizby draslika.

Aby bolo mozné sumarne posudit’ vietky ziskané ana-
lytické vysledky, zostavili sme grafna obr. 1. Na osi x st
uvedené jednotlivé sledované napitia, rozdelené podl'a
teplot. Na osi y st uvedené mnozstvé draslika, ktoré pri
danych extrakénych parametroch presli do eluatu, ziska-
né v Smin intervaloch odberu eluatu. Ziskali sme 21 spoj-
nic bodov, reprezentujiucich rozne casy extrakcie
v intervale po 5 min, ktorych priebeh umoznil presnejsie
vysvetlenie desorpcie draslika v ¢ase v zavislosti od tep-
loty a napitia.

Rozdiely v sile vizby draslika medzi jednotlivymi
subfrakciami st natol’ko rozdielne, Ze je moZné na grafe
vy¢lenit' oblasti napdtia a teploty extrakcie, v ktorych
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dochadza k prechodu jednotlivych subfrakcii draslika do
eludtu, a vy¢lenit oblasti (napétia a teploty), kedy docha-
dza k dokoncovaniu extrakcie subfrakcie so slabSou si-
lou vizby a zacina extrakcia subfrakcie so silnejSou silou
vdzby. Tieto vysledky potvrdili, Ze sme spravne vy¢&lenili
oblasti napétia a teploty, kedy dochadza k extrakcii jed-
notlivych subfrakcii draslika.

Z udajov uvedenych na obr. 1 je zrejmé, Ze extrakcia
draslika z polohy p pri 20 °C sa kon¢i priblizne pri napéti
350 V. Pri 400 V uz zacina extrakcia draslika z d’al3ej polo-
hy so silnej$ou vizbou. K extrakcii draslika v polohe so
silnejSou vézbou je potrebné pdsobenie agresivnejich
parametrov.

Po zvy3eni teploty extrakcie na 40 °C sa v rozpiti na-
pitia od 50 do 200 V pozoruju dva kvantitativne skoky.
Ide o draslik z polohy 7, ale v désledku réznej distribiicie
naboja na vrstvach sa mnozstvo draslika rozdelilo na dve
Casti. Extrakcia slabSie viazaného draslika sa pozoruje uz
pri napiti 50 V, tito polohu vizby sme oznagili ako i,. Sil-
nejsie viazany draslik prechadza do eluétu v rozpiti na-
pitia od 150 do 200 V. Tito polohu vdzby sme oznadili
ako /,. Pri napiti nad 200 V sa extrahované mnozstvo
draslika uz nezvy3uje.

Ziskané vysledky ukazali, ze pouzita extrakéna metoda
umoziiuje presnejsie rozdelit mnozstvo draslika, ktoré je
sorbované montmorillonitom. Zistili sme, Ze metodika
extrakcie sa moze aplikovat’ aj pri §tadiu desorpcie d’al-
Sich kationov. Sucasne sa ukazalo, Ze je potrebné upra-
vit metodiku extrakcie pre pol'nohospodarske ucely, lebo
pri teplote 80 °C dochadza ku kolapsu medzivrstvového
priestoru.
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RECENZE

GRASS - ITS PRODUCTION AND UTILIZATION

TRAVY — ICH PRODUKCIA A VYUZITIE

A. Hopkins (ed.)

Oxford, UK, Blackwell Science 1999. 440 s., 70 tab., 64 obr.

Uz pri prvom pohlade na tretie vydanie jednej
z najpopularnejsich publikacii o travach v anglosaskych
krajinach je zrejmé, Ze ide o nové a prepracované vyda-
nie. Zmenil sa jednak editor (A. Hopkins miesto prof.
W. Holmesa), ako aj kolektiv spoluautorov. Oproti pred-
chédzajicim dvom vydaniam (a dvom reedicidm) je pub-
likdcia doplnena o nové kapitoly, resp. problematiky,
ktoré sa stali aktudlnymi v poslednych dvoch desatro-
¢iach.

Publikécia obsahuje celkove pétnast’ kapitol, pricom
z povodnych vydani st prepracované kapitoly o klasifi-
kécii travnych porastov (na podmienky Velkej Britanie),
d’alej o produkecii travnej hmoty, nutri¢nej hodnote
a konzervacii trav a tieZ asti tykajilice sa aspektov pase-
nia hospodarskych zvierat.

Za zékladnu sa da povazovat' kapitola o rastu a pro-
dukénych procesoch trdv a d’atelinovin, s dérazom na
podmienky pasenia. Uplne nové sii kapitoly o semenr-
stve krmovin, burinach, chorobéach a 3kodcoch travnych
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porastov. (Tato problematika u nas v podstate absentu-
je.) Za vel'mi aktualne sa daju povazovat’ ¢asti o hospo-
déreni na trdvnych porastoch s dérazom na zachovanie
Zivotného prostredia. Zaujemcov o mimoprodukéné vy-
uzitie trav potesi kapitola venovana travnikom (zaklada-
nie, udrziavanie).

Na sucasné trendy v zapadoeurépskom lukarstve
a pasienkérstve poukazuju dve &asti publikécie, venova-
né pouzivaniu organickych hnojiv Zivo¢idneho charakte-
ru a aspektom vyuzZivania travnych porastov v organickom
hospodéreni.

O uspednosti tejto publikacie svedéf uz jej tretie vyda-
nie, priom novy obsah odréZa najnoviie pohl'ady na
vyuzivanie trdv a travnych porastov v sucasnosti. Této
kniha je bezpochyby nevyhnutnou u¢ebnou poméckou
$tudentom univerzit a rukovdtou zaéinajicim vy-
skumnym pracovnikom likdrskeho vyskumu a predsta-
vuje aj nepostradatel'nu prirucku pre farmarov.

Doc. Ing. Norbert Gaborcik, CSc.
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EFFICIENCY OF INOCULATION AND DIFFERENT
NITROGEN FERTILIZATION ON SMALL-GRAINED BEAN
QUALITY AND YIELD

UCINNOST INOKULACE A DUSIKATEHO HNOJENI NA KVALITU
A VYNOS DROBNOZRNEHO BOBU

Z. Milakovié, S. Brki¢, Z. Bukvié, 1. Bogut, D. Horvat

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

ABSTRACT: Influence of seed inoculation by nodule bacteria biopreparation Rhizobium leguminosarum bv. phaseoli
and fertilization of 0, 20 and 60 kg N/ha on grain yield, dry matter yield, thousand-grain weight, nodules dry weight,
protein content in above-ground weight of plants and grains as well as bean grain concentration of phosphorus and potas-
sium were observed on two soil types (meadow-loessive and cambisol; humogley) during three investigation years. The
highest values with all investigated indicators were achieved in inoculated variants. Influence of nitrogen fertilization de-
pended on locality, i.e. chemical soil properties. Most of the investigated indicators obtained highest values at fertiliza-
tion with 60 kg N/ha on meadow-loessive and cambisol soil where humus amounted to 1.78%. The highest values on
humogley (humus content 2.25%) were achieved with fertilization of 20 kg N/ha.

Keywords: inoculation; nitrogen fertilization; Rhizobium leguminosarum bv. phaseoli; bean; Phaseolus vulgaris; grain yield;
protein content; nodules dry weight

ABSTRAKT: V pribé&hu tfi let jsme na dvou pudnich typech (lu¢ni spraSova a hnéda pida; humoézni glej) sledovali vliv
inokulace osiva biopreparatem z hlizkotvornych bakterii Rhizobium leguminosarum bv. phaseoli a hnojeni ddvkami 0, 20
a 60 kg N/ha na vynos zrna, vynos su$iny, hmotnost tisice zrn, hmotnost sudiny hlizek, obsah bilkovin v nadzemnich
tastech rostlin a v zrnech, jakoZ i na koncentraci fosforu a drasliku v zrnech bobu. Nejvy3si hodnoty viech sledovanych
ukazatelll jsme zaznamenali na inokulovanych variantach. Vliv dusikatého hnojeni zavisel na lokalité, tj. na chemickych
vlastnostech pudy. VétSina sledovanych ukazateli vykazovala ncjvy$si hodnoty pfi hnojeni ddvkou 60 kg N/ha na lu¢ni
sprafové a hnédé pudé, kde mnoZstvi humusu &inilo 1,78 %. Nejvy3sich hodnot na huméznim gleji (obsah humusu 2,25 %)
bylo dosazeno po aplikaci davky 20 kg/ha.

Klicova slova: inokulace; dusikaté hnojeni; Rhizobium leguminosarum bv. phaseoli; bob; Phaseolus vulgaris; vynos zrna;
obsah bilkovin; hmotnost sudiny hlizek

INTRODUCTION

The main goal in our country is to produce food as
much as possible with least energy use. Thus fossil fertil-
izers are replaced by renewed energy sources wherever
it is possible. Nitrogen presents a special problem since
it has been a restrictive factor in achieving crops high
yields and the most expensive energy at the same time.
Leguminose seed inoculation by compatible nodule bac-
teria strains enables preserving such precious yield-mak-
ing element. Thus nitrogen fertilizers application is
reduced to the lowest extent.

From ecological aspect it is very important since
ground water eutrophication occurs due to nitrogen ni-
trate forms leaching which is not the case with biologi-
cally fixed atmospheric nitrogen.
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Numerous authors claim that incculation of legumi-
nose seed succeeds to preserve and even increase yield
compared to the variant fertilized by mineral nitrogen fer-
tilizers (Kalalova, Simon, 1993; Dobereiner et al., 1995).
Nutman (1976) stated that bean fixes 25 to 120 kg N/ha in
symbiosis with compatible nodule bacteria strains.

It was determined that less amount of applied nitrogen
had positive effect on nodulation and nitrogen fixation
which is reflected to yield whereas larger amounts of ni-
trogen with soil richer in humus decreased nodules
weight.

Lie (1974) stated that small amount of nitrate (20 to 30 kg
N/ha) support nodulation in early phases of a plant
growing. Above these concentrations nodules weight
is inversely proportional to nitrate level in the middle
(McNeil, 1982).
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However, series of factors affect nodulation. Sangakka-
ra et al. (1996) determined positive potassium effect on
bean nitrogen nodulation and fixation, whereas Scherer,
Lange (1996) determined the same for sulphur.

It is very important to mention that nodule bacteria
R. leguminosarum are able to release phosphorus from
hard-soluble compounds (Mikanova et al., 1995). Thus,
phosphorus fertilization was slightly lower compared to
bean conventional fertilization that was not inoculated
by nodule bacteria biopreparation.

MATERIAL AND METHODS

The experiment was set up by completely randomized
design in four replicates and six various variants of inoc-
ulation and fertilization. Variety of small-grained bean
Biser was used on both soil types in three investigation
years (1996, 1997 and 1998).

Elements of the investigation were as follows: seed
inoculation (control + seed inoculation; 20 kg N/ha +
seed inoculation; 60 kg N/ha + seed inoculation), nitro-
gen fertilization (control; 20 kg N/ha; 60 kg N/ha) and
locality (meadow-loessive and cambisol soil 1.78% of
humus; humogley 2.25% of humus).

An experiment on influence of small-grained bean seed
inoculation by a nodule bacteria biopreparation Rhizo-
bium leguminosarum bv. phaseoli D-344 (produced by
the Faculty of Agronomy in Zagreb; counts of rhizobium
cells per 1 g inoculant = 1.10'°) and various nitrogen fer-
tilization on bean grain yield and quality was set up on
two soil types (meadow-loessive and cambisol soil; hu-
mogley). Chemical properties of the above quoted soils
were presented in Tab. L.

The bean was sown by hands with row spacing of
40 cm and a space within a row of about 8 cm. Stand den-
sity was 30 plants/m?, i.e. 300 000 plants per hectare. Sow-
ing depth was 4 to 6 cm. The experimental plot was
sprayed by a herbicide Galex 500 EC (51/ha) after sowing
but prior to crops emerging. The basic plot was 4 m?

Seed inoculation was carried out by nodule bacteria
biopreparation Rhizobium leguminosarum bv. phaseoli
by dry treatment during the sowing which was the main
reason why sowing was performed out by hand.

Nitrogen was applied in urea form. Apart from nitrogen
fertilization, phosphorus and potassium fertilizations
were carried out in doses of 100 kg P,O, and 80 kg K,O
per hectare. Phosphorus was applied in triplex form
(threefold superphosphate in concentration 0of 45% P,O,)
and potassium in form of 60% KCl.

Hoeing was done three times in the growing season
period. First hoeing was carried out in 2 to 3 real leaves
phase with thinning at the same time in order to achieve
favourable stand. Insignificant thinning aimed to achieve
complete identical number of plants per 1 m?. The sec-
ond hoeing was performed two weeks after the first one
whereas the third one had been done before plants cov-
ered inter-row space.
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I. Chemical soil properties per localities

Investigated properties ;
in a field l Logality
meadow,

Layer (0-30 cm) loessive humogley
and cambisol

pH (H:0) f 6.24 7.25

pH (KCI) ‘ 5.60 6.28

Humus (%) I 1.78 225

P,0s (mg/100 g soil) 31.7 22.75

K;O (mg/100 g soil) 343 21.65

Fungicide protection by Sandofan M-8 in a dose of
2.5 kg/ha was carried out at the very beginning of bloom-
ing in order to control bean rust. Insecticide Sonet 100 EC
(0.2 I/ha) was applied for bean weevil control. Nodule
weight per 10 plants and dry matter yield were determined
in the blooming stage. Dry matter yield, in this case,
means above-ground portions yield taken in the bloom-
ing phase and dried in a drier at a temperature of 105 °C
until reaching constant weight.

Bean harvesting was carried out by hand whereas grain
yield and thousand-grain weight were also determined.
Protein concentrations of above-ground portions and of
grain were determined by Kjeldahl method. Phosphorus
was determined spectrophotometrically-by a blue meth-
od and potassium by emission at atomic absorbing spec-
trophotometer with 404.4 nm. Obtained experiment results
were processed by a computer applying common statis-
tical methods (Tab. II).

RESULTS AND DISCUSSION

All investigated indicators achieved the highest val-
ues in inoculated variants. The highest grain yield was
achieved in inoculated seed variants on a humogley soil
(humus 2.25%) type with fertilization of 20 kg N/ha
(Tab. III) in all three years. All other variants achieved
very significantly (P < 0.01) lower grain yield at this lo-
cality.

In the first investigation year the highest grain yield
was also achieved in the variant of inoculated seed with
fertilization of 20 kg N/ha on meadow, loessive and cam-
bisol soil (humus 1.78%) whereas in the second and third -
years the highest yields were accomplished in inoculat-
ed variant with fertilization of 60 kg N/ha.

The achieved results are in accordance with investiga-
tion results of numerous authors who claimed that bean
seed inoculation increased grain yield of compatible
strains Rhizobium leguminosarum bv. phaseoli consid-
erably (Uribe et al., 1990; Salezetal., 1992; Dobereiner et
al., 1995; Thies etal., 1995).

As for non-inoculated variants in the three investigat-
ed years, the highest yields were achieved with fertiliza-
tion of 60 kg N/ha on both soil types. Similar results were
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1. LSD test values at investigated indicators

! Seed inoculation

e 1996 1997 T 1998

, [ a=005 =001 =005 | =001 | =005 a=001 |
A 56,840 78.320 61190 | 84310 | 48500 60.160
B 40230 55.430 32300 44510 39.180 51.210
c | 14.880 20,500 8950 | 12330 | 11.620 17.500
D 0.130 0.180 0.110 | 0.150 | 0.140 0.190
E 0.500 0.690 0.350 0.480 0310 0.520
F | 0.410 0.570 0320 | 0440 0.340 0.590
G " 0.008 0.011 0.006 0.009 | 0.009 0.013
H 0.035 0.048 0038 | 0.053 0.041 0,057

stated by Uribe et al. (1990) who obtained yield of 1290
kg/ha with fertilization of 70 kg N/ha, whereas non-inoc-
ulated variants yield ranged from 590 to 950 kg/ha. Simi-
lar to grain yield, considerable higher dry matter yield was
attained by inoculated plants.

Inoculation is known to stimulate plant organic matter
synthesis, thus, some plant parts weight as well as com-
plete plant differentiate in inoculated plants compared to
non-inoculated ones.

It is evident that grain yield and dry matter yield were
in high positive correlation in all three investigation years
that is in accordance with the investigations carried out
by Salisbury, Ross (1991).

However, dry matter yield is in positive correlation with
nodules dry matter. Above-ground portions weight pro-
vide photosyntates for normal nodules nitrofixation pro-
cess which in turn stimulates above-ground portions
growth. Arrangement of photosyntates in successful
symbiotic communions enables successful nitrofixation
that directly affect above-ground portions weight.

The highest dry matter yields were accomplished on
humogley in inoculated seed variants with fertilization of
20 kg N/ha in all investigation years. They were statisti-
cally significantly higher (P <0.01) compared to dry mat-
ter yield of all other experiment variants.

The highest dry matter yields were also achieved in
inoculated seed variants with 60 kg N/ha on meadow,
loessive and cambisol soil in all three investigation years.
In 1996 and 1998 the above mentioned variants as well as
inoculated seed variants did not vary statistically signif-
icantly (P> 0.05) with 20 kg N/ha. However, all other vari-
ants achieved significantly (P <0.01) lower grain yields.

Obtained results are in accordance with Drevon et al.
(1986) and Fuhrmann (1990) statements who claimed that
dry matter yield was always higher than dry matter yield
of non-inoculated plants in successful symbiotic com-
munities.

As for non-inoculated plants in all three investigated
years the highest yield was accomplished in nitrogen
fertilization variants in a dose of 60 kg N/ha being in
accordance with the investigations conducted by the
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authors (Uribe et al., 1990; Babiker et al., 1995) who point-
ed out stimulative nitrogen fertilization effect on dry
matter yield.

All inoculated seed variants had significantly (P <0.01)
higher thousand-grain weight averages compared to non-
inoculated variants, whereas fertilization depended on
soil type.

Thousand-grain weight with inoculated plants was on
the average by 12 to 15% higher compared to thousand-
grain weight obtained in non-inoculated plants which is
in accordance with statement that thousand-grain weight
is always higher with inoculated plants stated on soy-
bean by Redzepovic et al. (1985).

In all three investigation years the highest yields of
nodule dry weight on meadow, loessive and cambisol soil
(1.78% of humus) were achieved in inoculated seed vari-
ants with fertilization of 60 kg N/ha. However, the high-
est nodule dry matter yields on humogley (2.25% of
humus) were accomplished in inoculated seed variants
with fertilization of 20 kg N/ha.

Presumable reason for that is higher organic matter
content on humogley, thus high dose nitrogen fertiliza-
tion did not give positive effect. El Behidi et al. (1985) and
Redzepovi¢ et al. (1985) stated that small nitrogen doses
stimulate nodulation, whereas large ones have negative
effect on nodulation and nitrogen fixation.

Average nodule dry matter in inoculated variants was
by 62.5% higher compared to average nodule dry matter
in non-inoculated variants in the first investigation year.
This difference amounted to 84% in the second investi-
gation year and 61.1% in the third one.

Numerous authors proved, by results of their investi-
gations, that inoculation stimulated nodulation (Red-
zepovic etal., 1985; Uribe et al., 1990; Vargas etal., 1991;
Salezetal., 1992).

The highest average values of protein concentrations
in above-ground plant weight were achieved in inoculat-
ed seed variants with fertilization of 20 kg N/ha in all three
investigation years. However, the highest values were
accomplished in inoculated variants with fertilization of
60 kg N/ha on meadow, loessive and cambisol soil in the
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[1I. Average values of investigated parameters

1996 1997 1998

. S seed inoculation ]

L.P; tsy(;:zla b non-inoculated seed L inoculated seed non-inocﬁl;}c_d};cd inoculingd seed non-inoculated seed inoculated seed
nitrogen fertilization
0 20 60 0 20 60 0 20 60 0 20 60 0 20 60 0 20 60

i 1| 1125.00 | 1210.00 | 1547.50 | 1577.50 2147.50 | 1497.50 | 895.00 | 1010.00 | 1177.50 | 1167.50 1197.50 | 1357.50 | 1080.50 | 1128.20 | 1360.00 | 1370.40 | 1490.60 | 1510.80

2 | 1111.30 | 1581.00 | 1696.30 | 2027.50 | 2332.50 | 1823.80 | 1008.80 | 1092.50 | 1312.50 | 1347.50 | 1635.00 | 1510.00 | 1318.10 | 1420.50 | 1508.00 | 1560.70 | 1750.00 | 1580.20
B 1 337.50 | 420.00 | 483.80 | 570.00 [ 722.50 | 723.80 | 43500 | 471.30 | 557.50 | 635.00 | 773.80 | 792.50 | 415.50 | 47820 | 550.70 | 670.00 | 798.10 | 830.40

2 | 450.00 | 585.00 | 731.30 | 952,50 | 1173.80 | 743.80 | 415.00 | 480.00 | 488.80 | S81.30 | 766.30 | 743.80 | 605.50 | 714.15 | 808.00 | 991.40 | 1195.50 | 1009.10

1 269.75 | 27925 | 29475 | 306.50 | 328.75 | 315.50 | 245.00 | 24850 | 250.75 | 292.50 | 300.25 | 304.00 | 276.15 | 294.30 | 299.80 | 31860 | 333.50 | 351.00
¢ 2 | 26175 | 282.00 | 29325 | 306.50 | 311.00 | 34375 | 23550 | 24825 | 253.25 | 29125 | 302.00 | 289.25 | 219.50 | 23820 | 264.50 | 291.00 | 32840 | 32595

1 1.09 1.42 1.78 221 2.62 2.74 0.84 1.13 1.66 2.01 2.67 2.79 1.26 1.38 1.61 2.19 2.30 2.55
B 2 1.41 1.80 1.98 2.39 297 2.68 1.26 1.56 1.74 2325 2.76 2.61 1.81 1.96 2.14 2.56 2.89 2.87

1 18.53 20.88 2351 24.06 25.01 24.66 17.53 18.18 18.76 20.34 20.79 2293 17.95 18.19 19.65 21.85 23.05 24.90
£ 2 18.18 20.58 21.18 23.05 25.00 20.58 18.27 19.28 21.62 21.54 23.76 20.85 17.80 19.90 21.10 23.15 25.10 24.85

1 26.30 29.23 30.74 30.56 3247 31.64 24.62 25.03 25.72 26.04 29.50 29.77 24.10 25.80 28.60 29.90 31.20 31.45
§ 2 25.65 28.70 30.04 30.05 32.93 30.66 25.42 26.52 27.75 28.75 30.45 27.75 26.40 27.35 28.10 29.20 32.60 30.80

1 0.73 0.74 0.72 0.73 0.74 0.74 0.71 0.72 0.72 0.72 0.74 0.73 0.71 0.73 0.74 0.73 0.73 0.74
“ 2 0.61 0.62 0.59 0.62 0.63 0.65 0.58 0.62 0.63 0.61 0.63 0.64 0.61 0.63 0.62 0.67 0.65 0.69

1 1.51 1.72 1.76 1.83 1.87 1.74 1.44 1.48 1.57 1.80 1.79 1.90 1.65 1.79 1.78 1.82 1.88 1.91
H 2 1.38 1.44 1.66 1.75 1.78 1.68 1.40 1.58 1.51 1.73 1.76 1.78 1.49 1.54 1.61 1.62 1.65 1.79

Investigated parameter (I.P.):

A= grain yield (kg/ha)
B = dry matter yield (kg/ha)

C = thousand-grain weight (g)

D = nodules dry weight (g/10 plants)

1 =m
2 = humogley

cadow, loessive and cambisol soil

E = % of proteins in above-ground plant weight

F = % of grain proteins

G = % of grain phosphorus
H = % of grain potassium




second and third investigation year. In all investigation
years protein concentration in inoculated plants was
higher by 14.5 to 24.7% compared to protein content in
non-inoculated plants.

By analogy with above-ground plant weight protein
concentration, considerably higher grain protein con-
centration was achieved by variants inoculated with
biopreparation Rhizobium leguminosarum bv. phaseoli
(Tab. I11). The highest values on both soil types were
obtained by fertilization variants of 20 kg N/ha.

There were no statistically significant differences (P>
0.05) between inoculated variants fertilized with 20 and
60 kg N/ha on meadow, loessive and cambisol soil (1.78%
of humus) in the second and third investigation year.
Grain protein concentrations in inoculated plants were
by 10.35 to 15.46% higher compared to grain protein con-
centration in non-inoculated plants.

Babiker et al. (1995) stated that soybean bacterization
by various Hup® strains Bradyrhizobium japonicum in-
creased total protein content (by 8.9%) significantly in
many years’ field experiments in Oregon (USA).

Furthermore, from the achieved results it could be seen
that there was significant difference in protein content
of above-ground weight and grain per individual experi-
mental year. The lowest protein content values of the
above-ground portions and grain were attained in the
second investigation year (1997). However, grain and dry
matter yield as well as nodule dry weight of that very year
were lower compared to first and third experimental year.
The reasons were likely unfavourable weather conditions
for bean growing that resulted in all investigated param-
eters.

Plant and grain protein concentrations in inoculated
plants are in positive correlation with nodule dry matter
weight which is in accordance with Vikman, Vessey (1993)
who stated that protein percentage depends on nitrogen-
esis activity which is in direct correlation with nodules
number and activities.

Average grain phosphorus concentrations ranged from
0.665 to 0.675% with non-inoculated variants, whereas in
inoculated ones they were somewhat higher and ranged
from 0.679 to 0.703%.

Achieved results are in accordance with Kastoria
statement (1983) who claimed that leguminose plant grain
contains large portion of phosphorus (about 0.6%) which
was proved by this investigation.

The highest grain potassium concentration was ob-
tained in inoculated seed variants with fertilization of
20 kg N/ha on both soil types in 1996. In the second and
third investigation year the highest potassium contents
were also achieved in inoculated variants but with fertil-
ization of 60 kg N/ha.

Average bean grain potassium concentration in non-
inoculated variant (1.54%) was by 14.03% lower com-
pared to inoculated variants (1.79%). Somewhat higher
values for bean grain potassium were achieved by Berg-
man (1983) which ranged from 2.0 to 3.0%.
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CONCLUSION

On the basis of obtained results from a three year in-
vestigation a conclusion could be drawn that nitrogen
fertilization could be reduced by seed inoculation with
a nodule bacteria biopreparation R. leguminosarum bv.
phaseoli. At the same time values of yield elements and
bean quality can be increased. This is very important in
terms of economics and ecology aspect.
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VLIV KREVNIHO HYDROLYZATU NA VYNOS
A KVALITU CHMELE

THE EFFECT OF BLOOD HYDROLYSATE ON THE YIELD
AND QUALITY OF HOP

J. Snobl

Czech University of Agriculture in Prague, Czech Republic

ABSTRACT: In Mutijovice stand, district Rakovnik, the efficacy of application of blood hydrolysate (commercial name
Synergin) was studied during the years 1995 to 1997 in production hop-fields on yield and quality of strobils. The blood
hydrolysate made from cattle blood contained free amino acids, peptidic grafts, calcic and amonium nitrate, and por-
fyrins. It was applied, diluted in 1500 to 2000 | of water, by spraying in July in one term (half July, i.c. at the onset of
anthesis) and in two terms (at the end of first decade of July and at the end of July). The dose of blood hydrolysate was
gradated (1, 2, 3, 4, 6 I/ha). The results of the harvest in Tab. II confirmed a positive influence on yield of the strobils.
The yield escalated in relation with increased dose from 1 to 6 I/ ha (increment from 5.02 to 13.33%); the highest incre-
ment by split application was reached by the application of 3 1/ha (17.28%). The actual increment of the yield was
influenced by the year and the weather — particularly in July and August (Tab. I). The highest efficacy was achieved
during the year 1995 — the year with less favourable course of weather in sccond half of the growing season. According to
Tab. 111, the variant treated with blood hydrolysate achieved approximately the same content of alfa bitter acids in stro-
bils as the control variant. The positive business evaluation of strobils in case of variants treated with hydrolysate was
influenced mainly by better colour of strobils.

Keywords: hop; plant growth regulators; yield and quality of strobils: Synergin

ABSTRAKT: V tiiletych pfesnych polnich pokusech (1995 az 1997) byl sledovan G&inek krevniho hydrolyzatu krve skotu
na vynos a jakost hlavek chmele. Hydrolyzat byl aplikovan zfedény vodou (1 : 1500 az 2000) postfikem rostlin v &ervenci
pfi davee 1, 2, 3, 4, 6 I/ha a v kombinaci s dvéma variantami terminu aplikace — jednorazové (polovina Eervence) a d&lené
(konec prvni dekady Cervence a ke konci Cervence). Vynos hlédvek se pfi jednordzové aplikaci postupné zvySoval az do
davky 6 I/ha (pfirtstek 13,33 %). pfi délené aplikaci byl nejvétsi pfirustek (17,28 %) dosaZen jiZ pti davce 3 1/ha. Obsah
hoikych latek v hlavkach nebyl aplikaci hydrolyzatu vyrazné ovlivnén, obchodni kvalita hldvek se zlepsila.

Kli¢ova slova: chmel; reguldtory ristu; vynos a jakost hlavek: Synergin

UvVoD riistu. Predstavuji vyznamny nadstavbovy faktor, ktery
se viak miize vyrazné uplatnit az po dodrzeni zékladnich
Cesky chmel poskytuje hldvky velmi kvalitni, aviak  péstitelskych zasaht, tj. agrotechnickych, vyZivaiskych
v porovnani se zahrani¢nimi odriidami jsou jeho vynosy i ochranafskych. Moznostem vyuZiti regulatori riistu p¥i
i obsah alfa hotkych kyselin niz3i. Hlavni mérouse natéto  péstovani chmele je vénovén tento piispévek.
skute¢nosti podili typ dosud prevazné pé&stovaného Regulatory riistu jsou latky velmi rozmanitého sloZeni,
chmele, tj. Zatecky polorany &erveiiak. Uréity vliv pfed-  piisobi na rostliny a jejich organy v rizném stupni riistu
stavuji i specifické podminky ¢eskych chmelafskych ob-  a vyvoje, ovliviiuji vynos a kvalitu produkce. Jak uvadi
lasti, a to zejména péstitelské oblasti Zatecko, kde je  Kutina (1988), jejich pouZiti je mnohostranné. V minulosti
v ramci CR péstovano nejvice chmele. Niz3f vynosy pak  se aplikovaly pfevazné u polnich plodin, ovoce, zeleni-
vyznamn& ovliviiuji i rentabilitu jeho p&stovéani. Byly nya kvé&tin. U chmele byla realizovana jen dil¢i sledovani
proto ve chmelafské praxi hledany dal3i intenzifika¢ni  a v podstaté az zhruba pied 20 lety se zacaly zkoumat je-
faktory, zejména nadstavbového charakteru, které by jich u¢inky. Zprvu byly regulatory ovéfovany prevazné
mohly tuto skute¢nost pozitivng ovlivnit. M&lo by jit pfe-  pii pé&stovani kofenadt v kofenacovych skolkach, poz-
dev3im o opatfeni méné nékladn4, Setrn&jsi vii€irostling  d&ji pii p&stovéani chmele v produkénich chmelnicich. Po-
a Zivotnimu prostiedi. Jednim ze zptsobii ovlivnéni vy-  zitivnich vysledkd bylo dosazeno pouzitim kyseliny
nosu a kvality u polnich plodin je i pouZivéaniregulatori  beta-indolylmaselné a beta-indolyloctové. Rovnéz apli-
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kace humusového koncentratu Humex (Kopecky, Listan-
sky, 1990), resp. pfipravki Atonik, Racine, Relan PGR,
Noxamol (Snobl etal., 1991) a Bioalgen S 90, Sviton, Cul-
tar, Micro-mist 100 (Snobl, Makovcova, 1992, 1993) méla
piiznivé G&inky. U produkénich chmelnic lze uvést dobré
vysledky s pripravky Vegaflor, MKH-18, Harmavit, Fyto-
vit (specidlni kapalnd hnojiva obsahujici zakladni Ziviny,
stopové prvky a stimulatory riistu). Jako samostatné pii-
pravky vykazovaly pozitivni vysledky Bioalgen S 90 (Ma-
tatko, 1992), Micro-mist 100 (Snobl, Rosa, 1994), Atonik
(Kopecky, 1995). Ve viech ptipadech lo o postik rost-
lin bé¢hem vegetace ziedénymi roztoky.

MATERIAL AMETODY

Cilem pokusu bylo ovéfit Gi¢innost regulatoru riistu —
krevniho hydrolyzatu (obchodni oznageni Synergin) na
vynos a kvalitu chmelovych hlavek, a to s ohledem ze-
jména na termin a pocet aplikaci, resp. davku pripravku
na 1 ha. Pokusy byly zaloZeny na chmelnicich obchodni
spole&nosti Chmel Rosa a spol. s r. 0. Mutéjovice v okre-
se Rakovnik. Stanovisté lezi v fepaiském vyrobnim
typu, subtypu p3eni¢ném, prevladaji hnédé ptdy. Pri-
béh teplot a srazek ve sledovanych letech je uveden
v tab. L.

Krevni hydrolyzat krve skotu je latka tmavé hnédé bar-
vy, s obsahem suiny 250 g/l. Obsahuje pfiblizn& 20 %
volnych aminokyselin, 65 % peptidickych §tépi, 10 %
dusi¢nanu vapenatého a dusi¢nanu amonného, zbytek
tvoii porfyriny a nékteré dalii Ziviny. Uginnost se proje-
vuje predevsim tim, ze cyklické aminokyseliny (hlavné
tryptofan) slouzi jako prekurzory pro tvorbu rostlinnych
ristovych hormont (auxinti a cytokinini) pozitivné pi-
sobicich na rist rostlin. Stimuluje se tvorba chlorofylu
a chloroplastt a déleni bunék, je podporovén rist ve
stresovych obdobich, zvy3Suje se efektivnost fyziologic-
kého aparatu, rostliny maji vy33i obranyschopnost, od-
daluje se starnuti asimilaénich ploch.

Ovefovani hydrolyzatu probihalo v letech 1995 aZ 1997.
Byl sledovan jeho vliv na vynos a kvalitu hlavek. Termin
aplikace byl volen tak, aby zapadal do obdobi ochrany
chmele proti chorobam a $kiidctim a téZ do optimalniho
ristového a vyvojového stadia chmele vhodného pro
aplikaci (¢ervenec). Hydrolyzat byl aplikovan postfikem
chmelovym rosi¢em zfed&ny vodou v davce vody od-
povidajici potfeb& ochrany chmele v provad&ném obdo-
bi (1500 az 2000 I/ha). Byly vzdjemné& porovnavany dvé
varianty terminu aplikace: jedenkrat pfiblizn& v poloving
Cervence a dvakrat na konci prvni dekady &ervence
a dale za 14 az 16 dnii (t]. ke konci Eervence). Obé& varian-
ty terminu aplikace byly kombinovany s odstuptiovanou
davkou hydrolyzatu (1, 2, 3, 4, 6 I/ha). Kazd4 varianta mé-
la velikost jednoho samostatného sloupového pole ve
chmelnici (pfiblizné€ 0,40 ha), rozdéleného na Styfi opako-
vani. Pokusy probihaly s odriidou Zatecky polorany ¢er-
veiidk. K porovnani G¢innosti jednotlivych variant
slouzila kontrolni varianta (pouze postfik vodou). Byly
hodnoceny vynos i kvalita sklizenych hlavek.

VYSLEDKY A DISKUSE

V klimaticky odliSnych letech 1995 az 1997 (tab. I) byla
sledovana G¢innost hydrolyzatu na vynos i kvalitu
chmelovych hlavek. Byly vzajemné porovnavany dvé va-
rianty terminu aplikace a odstupiiovana davka pfipravku
na | ha. Vysledky sklizné (tab. II) prokézaly, Ze pfi jedno-
razové aplikaci se vynos postupné zvySoval se zvysujici
davkou ptipravku. Mnohem vyhodnéj3i viak byla déle-
na aplikace, u niZ nejvyssiho pfirtistku vynosu bylo do-
sazeno pii davce 2 az 3 I/ha pfi kazdé aplikaci. Délena
aplikace v &ervenci méla vétsi udinek na zvyseni vyno-
su, kterého bylo dosaZzeno i pfi mensi nebo stejné celko-
vé davce pripravku na 1 ha. Ve sledovaném pokuse byl
viak zaznamenan i rozdil v i¢innosti pripravku mezi jed-
notlivymi ro¢niky, ktery se projevil odlisnou vysi pfi-
ristku vynosu po aplikaci, jenz byl ovlivnén zejména

I. Pribeh pocasi behem vegetace v pokusnych letech 1995 az 1997; primérna mésiéni teplota vzduchu (°C) a mési¢ni thrn srazek (mm)—
The course of weather during the growing season of experimental years 1995 to 1997, average month temperature (°C) and monthly sum

of precipitations (mm)

Teplota® (°C) Srazky® (mm)
Mesic' o D

d';:‘:;‘é‘:?’ 1995 | 1996 | 1997 dl%\:glﬁby 1995 1996 1997

|
4, 84 99 | or | 60 33 41,) 28 22,8
5. 13,2 13,9 ‘ 13,7 14,5 53 87,4 545 | 268
6 16,5 16,0 1723 | 159 55 1145 1203 | 448
7% 182 214 | 170 | 180 64 76,7 643 | 772
R 17,9 19,0 17.6 *‘ 18,9 56 58,9 1182 | 394

Primérna teplota® [ |
ity 14.8 160 | 149 . 147 261 378,6 3739 i 211,0

'month, “temperature, *predipitations, “normal, Saverage temperature, ®sum of precipitations
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II. Vynos chmelovych hlavek (kg syrového chmele z jedné rostliny, % vigi kontrole); pramér &tyf opakovani — Yield of hop strobils (kg of
wet hop from one plant, % towards the control variant); average of four repetitions

Vadihgt 88 1996 19 _ Primer’ 1995-1997 |
A [ % | ke | % ke % ke | %
111 1,377 11222 1281 | 10086 | 1170 | 101,91 1276 | 10502 |
1x21 1,419 115,64 1205 | 1019 1,192 103,83 132 | 107,60
1x31 1,467 119,55 139 | 103,07 1210 | 10540 1,328 109,30
=41 1,508 122,90 1327 | 104,48 1,229 107,05 1,354 111,44
161 1,556 126,81 1336 | 105,19 1,241 108,10 1377 113,33
2«11 | 152 124,36 1330 | 10472 1,238 107.83 1,364 112,26
221 1,580 128,76 1349 | 10622 1,275 111,06 1,401 11530
2x31 1,604 130,72 1,360 ‘ 107,08 1311 114,19 1,425 117,28
2%41 1,508 122,90 1,337 105,27 1,270 110,62 1371 112,83
2x61 1,467 119,55 1,334 105,03 1,255 109,32 1,352 111,27
Kontrola® 1,227 100,00 1270 | 100,00 1,148 T10000 | 1215 100,00

!variant, 2average, 3control

priib&hem poé&asi v ¢ervenci a srpnu (tab. I). V roce 1996
(Cervenec a srpen teplotné zhruba normadlni) bylo dosa-
zeno maximaélniho pfirGstku v porovnani s kontrolni
variantou o 7,08 %, zatimco v roce 1995 (teplotné nadnor-
maln{ ¢ervenec i srpen, Cervenec +3,2 °C nad dlouhodo-
bym normalem) Cinil pfirastek az 30,72 %. A prave
v t&chto stresovych stavech rostlin se vliv hydrolyzatu
na zvy3eni vynosu projevil u¢inné&ji nez v ro¢nicich
s normalnim prib&¢hem pocasi. V tomto sméru byly po-
tvrzeny i poznatky vétdiny citovanych autord, Ze &in-
nost stimulatordi je vyrazné ovlivnéna fadou faktord

1. Kvalita chmelovych hlavek — The quality of strobils

vcetné pribéhu pocasi a miiZe byt mezi jednotlivymi rog-
niky rozdilnd. Statistické zhodnoceni vysledki sklizn&
analyzou variance ANOVA Excel 97 potvrdilo ve viech
tiech letech prikazny rozdil mezi kontrolni variantou
a variantami o3etfenymi hydrolyzatem. Kvalita sklize-
nych hlavek (tab. III) byla hodnocena chemickym rozbo-
rem a obchodnim posudkem. Obsah alfa hoikych kyselin
se pohyboval u viech oSetfenych variant pfiblizné na
stejné irovni a nebyl vyrazné odlisny od kontrolni va-
rianty. Neprokazal se tedy v nasem sledovani vyrazny
pozitivni vliv na zvySeni procentudiniho obsahu horkych

i Obsah alfa hotkych l}yselin Obchodni posouzeni
Varianial ’_ - (% hmotnosti)” celkem boda™
1995 1996 1997 £ 1995-1997 ( x 1995-1997)

%11 " 26 42 T 3,53 T R

1x21 | 2,5 43 39 3,56 434

1x31 26 42 36 3,47 445

141 25 42 37 3,46 45,1

1261 3.1 41 3,7 3,53 45,6

2x11 | 31 43 38 373 43,0

2x21 28 45 3.8 3,70 445

2x3] ‘ 2,5 42 39 3,53 454

2x41 | 26 4,1 38 3,50 46,0
261 | 25 4,1 38 347 46,3

Kontrola® B 25 42 37 347 41,1

* Smyslové hodnoceni vngjdich znaki chmelovych hlavek dle CSN 46 2520 — Zkouseni chmele (barva, poskozenf $kodlivymi initeli,
stavba hlavky, tvar hlavek, celkovy vzhled) — Sensoric evaluation of external values of hop strobils measured according to the Czech
Government Norm 46 2520 — Hop testing (colour, damage by harmful factors, texture of the strobil form of strobil, visual aspect)

lvariant, content of alfa bitter acides (in % of the weight), business evaluation sum of points, *control
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latek v hlavkach, jak by se dalo podle nékterych literar-
nich prament o¢ekavat. Pfi obchodnim hodnoceni vyka-
zovaly o3etfené varianty vy$§i bodové ohodnoceni nez
kontrolni varianta. Tykalo se to zejména znaku barva hlé-
vek, u kterého vykazovaly hlavky lepsi barvu i lesk.
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VPLYV VYBRANYCH FAKTOROV NA URODU A KVALITU
CUKROVEJ REPY

THE EFFECT OF SELECTED FACTORS ON THE YIELD AND QUALITY
OF SUGAR BEET

V. Patuta, I. Cerny, M. Karabinova

Slovak Agricultural University in Nitra, Slovak Republic

ABSTRACT: In the years 1996 to 1998 we carried out the field trial with sugar beet. The influence of weather condition,
varieties (Intera, Hilma, Monriz), different fertilizing (0 — without fertilization, A — cattle manure, B — cattle manure +
NPK, C - cattle manure + NPK + potassium humate, D — cattle manure + NPK + Mikrobion) and sowing spacing (157 mm,
210 mm) on the sugar beet root yield, digestion and polarised sugar yield was studied. Mikrobion (product of industrial
microbiology) was applied on the stubble after preceding crop harvesting in the total rate 25 Lha™'. The NPK rate was
calculated on the basis of agrochemical analysis of soil as affected on the root yicld 50 t.ha"'. Weather conditions of experi-
mental years influenced highly significantly root yield, digestion and yield of polarised sugar. In the years with more
favourable precipitation and temperature (1996, 1997) were reached higher values in all parameters comparing to 1998 (the
year in which weather condition especially in the critical period of growth-months May, June, July was less favourable). In
1998 we found out lower root yield —7.42 t.ha™ (rel. 10.35%), digestion —1.03 °S (rel. 7.14%) and polarised sugar yield
-1.28 t.ha' (rel. 13.44%) comparing to average of years 1996 and 1997. Good adaptability of Intera variety (Slovak prove-
nance) on the warm and temperate arid maize-growing region resulted into higher root yield comparing to Monriz varicty
+4.2 t.ha™' (rel. 6.05%) and to Hilma variety +9.28 t.ha™' (rel. 14.41%). The highest digestion reached Hilma variety 15.69 °S.
The difference to Intera was +0.69 °S (rel. 4.6%) and to Monriz +1.03 °S (rel. 7.02%). Both differences were statistically
significant. The Intera cultivar also reached the highest values in polarised sugar yield with differences +1.10 t.ha™' (rel.
11.09%) to Hilma and +1.54 t.ha™' (rel. 16.26%) to Monriz. The influence of fertilizing on all investigated parameters was
statistically significant. We found out positive effect (statistically significant) of Mikrobion and potassium humate on the
root yield which increased +10.27 t.ha™' (rel. 16.44%), resp. +10.01 t.ha™ (rel. 16.08%) comparing to variant without fer-
tilizing. In both variants (with Mikrobion and potassium humate) were reached higher root yields (statistically no signifi-
cant) comparing to variants with only cattle manure and cattle manure + NPK. The highest digestion was found out on the
variant with only cattle manure application 15.53 °S. The differences in digestion values comparing to the others variants
were statistically highly significant: A/0 +0.38 °S (rel. 2.58%). A/B +0.45 °S (rel. 2.98%), A/C +0.65 °S (rel. 2.98%), A/D
+4.6 °S (rel. 4.02%). The differences in digestion between other variants were not significant. The highest polarised sugar
yield was reached in variant with Mikrobion. In all fertilized variants were higher values of polarised sugar yield comparing
to variant without fertilization. The effect of sowing spacing on all parameters was not statistically significant. The posi-
tive difference was found out in root yield +2.99 t.ha™! (rel. 4.42%) on sowing spacing 157 mm. The digestion and polarised
sugar yield values were equal in both 157 mm and 210 mm sowing spacing.

Keywords: weather conditions; variety; fertilizing; Mikrobion; potassium humate; sowing spacing; root yield; digestion; yield
of polarised sugar

ABSTRAKT: V polnych pokusoch s cukrovou repou bol v rokoch 1996 az 1998 sledovany vplyv poveternostnych pod-
mienok, odrody, hnojenia a vysevnej vzdialenosti na trodu buliev (U ), digesciu (Dg) a trodu polarizaéného cukru (UP)
cukrovej repy. Poveternostné podmienky pokusnych rokov ovplyvnili vysokopreukazne Ub, Dg, aj U V roku 1998, kto-
ry bol z hl'adiska priebehu zraZok a teplot mene_| priaznivy, bola dosiahnuté niZia priemernd U 07, 42 t ha™! (rel. 10,35 %),
nizdia Dg o 1,03 °S (rel. 7,14 %) a niZsia U 01,28 tha'! (rel. 13,44 %) v porovnani s priemerom rokov 1996 a 1997. Zo
sledovaného biologického materialu dosxahla na_]vy§§|u U odroda Intera, pricom rozdiel oproti odrode Monriz bol +4,2 t.ha™
(rel. 6,05 %) a oproti odrode Hilma +9.28 t.ha™ (rel. ]4.4) %). Najvy$8iu Dg dosiahla odroda Hilma pri rozdieloch oproti
odrode Intera +0,69 °S (rel. 4,6 %) a Monriz +1,03 °S (rel. 7,02 %). Najvy33ie hodnoty U'x boli dosiahnuté pri odrode
Intera: +1,10 t.ha™' (rel. 11,09 %) v porovnani s odrodou Hilma a +1,54 t.ha™ (rel. 16,26 %) oproti odrode Monriz. Vplyv
variantov hnojenia na vietky sledované parametre bol $tatisticky preukazny. Podna aplikacia mikrobiologického pripravku
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Mikrobionu, rovnako ako humatu draselného pozitivne ovplyvnili Uw aj Upc v porovnani s nehnojenym variantom. Uvede-
né pripravky sa v3ak pozitivne neprejavili na hodnotach Dg. Najvy38iu hodnotu Dg sme zistili na variante s aplikdciou iba
mastalného hnoja 15,53 °S. Rozdiely oproti ostatnym variantom hnojenia boli Statisticky vysokopreukazné. Vplyv vysev-
nej vzdialenosti (157 a 210 mm) na Uh, Dga Upc nebol 3tatisticky vyznamny.

Kria&ové slova: poveternostné podmienky; odroda; hnojenie; Mikrobion; humat draselny; vysevna vzdialenost’; Groda buliev;

digescia; uroda polarizaéného cukru
UvoD

Cukrova repa predstavuje plodinu, ktora je schopna
v podmienkach mierneho pasma na urodnych pédach
a pri dostato¢ne dlhej vegetacnej dobe dosahovat’ dob-
ré urody korefia i cukru (Bajgi et al., 1997; Svachula,
1999). K najvyznamnej3im faktorom ovplyviiujicim vy-
slednt trodu a kvalitu cukrovej repy patria poveternost-
né podmienky v interakcii s vyZivou a hnojenim. Viaceri
autori uvddzaju vyznamny podiel po&asia, hlavne
v obdobi kritickom pre rast a vyvin, na vyslednej tvorbe
urody a jej technologickej kvality (Vrko¢, 1971; Strnad,
1978; Lacko-BartoSova, Liska, 1987; Vrkoé&, Sudkevig,
1990; Cerny, Pacuta, 1998; Pacuta et al., 1999a, b). Podl’a
udajov uvedenych autorov m6zu poveternostné pod-
mienky pestovatel'ského roénika ovplyvnit' Grodu
v rozsahu 15 az 40 %.

V ramci agrotechnickych opatreni je v technolégii
pestovania cukrovej repy dolezitd spravna vyZziva
a hnojenie, ktorému je v odbornej literatire venovana
znacna pozornost' (Chochola, 1981, 1990; Zahradnicek et
al., 1982; Bizik, 1989; Baj¢i, 1990; Vrkog, Suskevi€, 1990;
Pacuta etal., 1998a, b).

Rinik, Santa (1995) uvédzaji zvy3enie irody buliev na
nivnej pdde glejovej vplyvom hnojenia o 13 az 15 t.ha™.
Vysoka ponuka pristupnych Zivin v péde viak méZe mat’
za nasledok vyrazny pokles technologickej kvality v d6-
sledku zvy3eného obsahu melasotvornych zloziek, hlav-
ne jednomocnych katiénov a alfa-aminodusika, a tym aj
celkove niz§iu produkciu cukru (Chochola, 1981; Baj¢i,
1990; Slowinski et al., 1995; Muchové et al., 1998).

Pulkrabek (1987) sledoval vplyv stuptiovanych dévok
dusika pri r6znej vzdialenosti jednotenia na technologic-
ku kvalitu buliev cukrovej repy. Najvyraznejsi pokles
kvality zistil v riedkych porastoch, ¢o potvrdili aj Minx,
Rikanova (1987) a Minx (1990, 1992), resp. v prehnojenych
porastoch, pri ktorych poklesla digescia 0 2,25 % a stu-
pol obsah alfa-aminodusika a popola, ¢o sa prejavilo aj
v poklese trody bieleho cukru o 1,33 tha™.

V poslednych rokoch sa v suvislosti s vyzivou a hno-
jenim cukrovej repy stéle viac uplatiiuju a vyuzivaju aj
tekuté hnojiva, vyrobené na baze bioaktivnych prirod-
nych latok, resp. r6zne preparaty a stimulatory rastu (Pul-
krabek et al., 1998, 1999; Soltysova, 1998; Hudec et al.,
1999; Pacuta et al., 1999a, b; Zahradni&ek et al., 1999).
Bioaktivne prirodné latky, napr. humaéty, aplikované vo
forme zalievky pred sejbou (alebo na list), podporuju &in-
nost’ pddnych mikroorganizmoyv, zlepsuji podmienky
vyZzivy cukrovej repy na tirovni idnovych a molekularnych
procesov, ¢im stimuluju regeneréciu rastlinnych buniek,
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pri¢om dochadza k intenzivnej$iemu rastu rastlin, ¢o sa
v kone¢nom désledku moze pozitivne prejavit’ aj na vy-
slednej irode a jej kvalite.

Kompletnost' porastov a rovnomerné rozmiestnenie
rastlin na ploche patria k zakladnym predpokladom dobrej
urody cukrovej repy a jej technologickej kvality (Minx,
1990, 1992). Pre pestovatel'a je preto vel'mi dolezité sprav-
ne zvolit vysevnu vzdialenost v riadku v zavislosti od
dobre odhadnutej pol'nej vzchadzavosti.

V na3ej praci sme spracovali vysledky nasho vysku-
mu v spominanych oblastiach so snahou o doplnenie
informécii v odbornej a vedeckej literatire o vplyve
poveternostnych podmienok, hnojenia a vysevnej vzdia-
lenosti v riadku na trodu buliev, digesciu a tirodu pola-
rizaéného cukru pri cukrovej repe.

MATERIAL A METODY

V podmienkach pol'nych pokusov s cukrovou repou,
uskuto¢nenych na pokusnej baze AF SPU v Nitre, sme
sledovali vplyv poveternostnych podmienok, biologic-
kého materialu, rozneho hnojenia a vysevnych vzdiale-
nosti na urodu buliey (Ub), digesciu (Dg) a tGrodu
polarizacného cukru (U ). Pokus, ktory bol zaloZeny na
podnom type hnedozem (bez vyskytu BNYVV) metédou
delenych dielcov (Dubovsky et al., 1969) s troma opa-
kovaniami a velkostou pokusnej parcely 45,5 m? (7 x 6,5 m),
bol realizovany v rokoch 1996 az 1998. Charakteristika
pokusného miesta z hl'adiska poveternostnych podmie-
nok je uvedena v tab. I a z hl'adiska podnych podmienok
v tab. I. V pokuse boli pouzité tri odrody cukrovej repy:
Intera (N/C-typ, Selekt, a. s., Bu¢any), Hilma (N-typ, Hil-
leshog) a Monriz (U-typ, Selekt, a. s., Bu€any, tolerantna
vodi rizomanii); pat’ variantov hnojenia: variant 0 — bez
hnojenia, A — len mastal'ny hnoj (MH), B —MH + priemy-
selné hnojiva (PH), C — MH + PH + Humix univerzal (hu-
mét draselny), D — MH + PH + Mikrobion (vyrobok
priemyselnej mikrobioldgie, ktory podporuje tvorbu hu-
musu v pdde a zvy3uje sorpénii a vodnii kapacitu pady);
dve vysevné vzdialenosti: 157 mm a 210 mm. Mastal'ny
hnoj bol pouzity v davke 25 t.ha™'. Mikrobion bol kazdo-
roéne aplikovany na strnisko po zbere predplodiny
v celkovej davke 25 l.ha™' a Humix univerzal bol apli-
kovany na jar pred sejbou vo forme zélievky v dévke
20 Lha™'. Davka NPK bola vypocitana na zaklade agro-
chemickych rozborov pddy na trodu buliev 50 t.ha.
Analyzy buliev pre zistenie digescie boli urobené na roz-
borovacej linke Venema v Selekte VSU, a. s., Bu¢any.
Urodu polariza¢ného cukru sme vypotitali zo vztahu
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Priebeh poveternostnych podmienok — The pattern of weather conditions

; Uhmn mesacnych zrazok? (mm) Priemerné mesacné teploty’ (°C)

Mesiac' | 1 ! 30rocny l o y
1996 | 1997 | qg9g | 30rotny 19 | 30rotny
| | ! priemer* 96 ! 1997 ’ 1998 | priemer

4. | 1033 i 30,1 l’ 467 | 430 1,0 | 7.6 | 120 | 10,1

5 ’ 143,0 a5 | B[ 550 16,4 159 | 153 | 14,8

6 | w8 | 63 | 28 |‘ 70,0 192 | 186 | s | e

| eoa |2 e 64,0 183 | 19.0 20 | 19,7
8 | o4 134 32 1 580 94 | 208 | 209 192

9. ‘L 219 | 1496 37,0 ny | 153 | 151 | 154

. | 330 3, | 719 41,0 105 | 723 | w07 10

Uhm 5360 | 3249 } 4314 368,0 1067 | 1045 114,6 | 107.,6

Priemer 76,0 | 46,41 i 61,63 52,6 15,2 14,9 16,4 | 15,4

'month, 2sum of monthly precipitation, *average monthly temperatures, *30-year average

1. Agrochemicky rozbor pody (mg.kg™) — Agrochemical soil analysis (mgkg™)
Rok! Nin P K Mg Zn % humusu? pH/KCI
1996 18,9 42 195 200 4,6 1,89 5,88
1997 12,5 86 227 270 15,0 2,10 5,54
1998 13,2 72 212 261 7.2 b b 5,95

lyear, 2of humus

U, = 0,01(U,Dg). Pokus bol Statisticky vyhodnoteny
analyzou rozptylu a preukaznost rozdielov v rémci fak-
torov bola testovand Tukey HSD testom.

VYSLEDKY A DISKUSIA
Uroda buliev

Dosiahnuté vysledky v urode buliev za trojro¢né ob-
dobie pokusu su uvedené v tab. I1l. Zo Statistického
hodnotenia (tab. VI) je zrejmy vysokopreukazny vplyv
poveternostnych podmienok na vyslednt trodu. Naj-
priaznivej3ie zrazkové a teplotné podmienky pre rast
a vyvin cukrovej repy sme zaznamenali v roku 1996, ¢o
sa prejavilo aj na celkove najvysiej Ub v priemere odréd
za sledované obdobie. Rozdiel oproti roku 1997 bol
+6,42 t.ha™, rel. 9,38 % a oproti roku 1998 +10,63 t.ha™",
rel. 16,55 %. Celkovy uhrn zréZok a hlavne ich vel'mi priaz-
nivé rozlozenie v roku 1996 a ¢iasto¢ne aj v roku 1997,
kedy v obdobi intenzivneho rastu repy (6., 7. a 8. mesiac)
spadlo 206,9 mm, resp. 191,9 mm pri relativne nizsich prie-
mernych dennych teplotach (19,1 °C, resp. 19,5 °C) opro-
ti roku 1998, sa vyrazne podiel'ali na kone¢nej Ub. Nase
vysledky si v stlade so zdvermi z literatury (Vrkog, 1971;
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Strnad, 1978; Vrko¢, Sudkevi¢, 1990; Baj¢iet al., 1997;
Patutaetal., 1999a,bai).

Zo sledovaného genetického materialu sme zistili
najvyssie Ub pri odrode Intera, ¢o koredponduje aj
s vysledkami ziskanymi v predchadzajucom obdobi
vyskumu (Pacuta et al., 1999a). V priemere troch rokov
bol rozdiel v tirode koreiia v porovnani s odrodou Monriz
+4,2 tha’, rel. 6,05 % a odrodou Hilma +9,28 t.ha™!, rel.
14,41 %. Najvyssie Ub pri odrode Intera v sledovanom
obdobi je mozné zdévodnit’ jej dobrou adaptabilitou na
pestovatel'ské podmienky mierne teplej kukuri¢nej vy-
robnej oblasti. Odroda Monriz, ktor4 je tolerantna vo¢i
rizomanii, dosiahla v danych podno-klimatickych pod-
mienkach bez vyskytu virusu BNYVV v pode v priemere
troch pestovatel'skych rokov porovnatelnu, resp. vys-
Siu Ub oproti normalnej odrode Hilma (N-typ) pri rozdiele
5,08 t.ha™!, rel. 7,89 %. Pri hodnoteni variability U, v rdmci
interakcie roénik x odroda sme zistili najvy3siu variabili-
tu pri odrode Intera pri rozdiele v urode 20,28 t.ha™', rel.
30,67 %. Naopak, ako najvyrovnanej3ia z hl'adiska stabi-
lity trody sa prejavila odroda Monriz pri rozdiele v urode
2,78 t.ha™', rel. 4,09 %.

Vplyv variantov hnojenia na Ub bol 3tatisticky preukaz-
ny (tab. VI). V ramci testovania kontrastov medzi variant-
mi sme v3ak preukazny rozdiel zistili iba medzi variantmi

373



1II. Uroda buliev cukrovej repy (t.ha™') — The sugar beet root yield (t.ha™")

Odroda | VYsevDé vzdialenost? Roky’ Varianty hnojenia’ .
(mm) 0 A B ¢ D
1996 56,30 77,04 81,06 82,01 83,28 75,94
1997 85,08 79,05 89,74 80,84 81,69 83,28
o 1998 64,23 67,72 60,52 76,39 68.99 67,56
i % 68,53 7460 | 7710 79,74 77,99 75,59
1996 86,14 84,34 92,48 99,05 122,33 96,87
- 1997 4444 4931 56,93 58,10 60,00 53,76
1998 53,96 66,24 68,46 75,44 59,36 64,69
x 61,51 66,63 72,62 77,53 80,56 71,77
1996 96,19 94,71 90,16 51,00 60,53 78,52
) 1997 54,29 71,96 66,45 68,68 65,40 65,36
7 1998 62,64 48,56 59,04 64,43 71,21 61,17
- x 71,04 T4 | 7188 6137 65,71 6835 |
1996 45,50 48,68 66,66 80,42 69,10 62.07
1997 62.54 62.22 65.82 75,87 7725 68,74
A 1998 4243 46,55 56,40 56,82 50,68 50,57
x 50,16 52,48 62,96 71,03 65,67 60,46
1996 74,92 90,21 61,38 73,33 78,84 75,74
1997 55,55 73,33 76,75 60,21 68,04 66,78
157 1998 4338 64,54 49,30 77,56 74,28 61,81
it ¥ 57,95 76,02 62,48 70,37 73,72 68,11
1996 5111 54,48 58,20 75,66 61,16 60,12
1997 60,53 84,44 78,41 67,62 73,12 72,82
Al 1998 81,68 74,81 84,12 77,56 79,88 79,61
x 64,44 71,24 73,57 73,61 71,38 70,85
X 62,27 68,79 70,10 72,28 72,51

Ivariety, 2sowing spacing, years, *variants of fertilizing

0/C, resp. 0/D. Priaznivy vplyv Mikrobionu, ktory sa po-
diel'al na zintenzfvneni procesov mineralizacie organickej
hmoty v pdde, sa prejavil na zvySeni Uh 010,27 tha™, rel.
16,44 % oproti kontrole (0). Rovnako pozitivny vplyv sme
zistili pri podnej aplikacii humatu draselného (Humix uni-
verzal, C-variant), ktory posobi stimula¢ne na ¢innost’
p6dnych mikroorganizmov a zvy3uje celkova vyuzitel-
nost’ prijmu Zivin z pddy: zvy3enie urody o 10,01 t.ha™,
rel. 16,08 % v porovnani s nehnojenym variantom (0).
Porovnanim variantov s Mikrobionom (D) a humétom
draselnym (C) k variantu B, na ktorom bol aplikovany
maStal'ny hnoj a priemyselné hnojiva, sme zistili tieto pri-
rastky natrode v prospech variantov D, C: D/B+2,41 tha™,
rel. 3,43 %; C/B +2,18 t.ha™, rel. 3,11 %, pricom uvedené
rozdiely neboli §tatisticky vyznamné. Nage vysledky
s pouzitim mikrobiologického preparatu Mikrobionu po-
tvrdili zavery z predchadzajiiceho vyskumu (Paduta et al.,
1998a, b, 1999a, b). Priaznivy vplyv obidvoch pripravkov
na zvyseni Ub naznacil d’al§ie moznosti ich vyuzitia pri
pestovani cukrovej repy.
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Vplyv vzdialenosti vysevu na Ub nebol Statisticky pre-
ukazny (tab. VI). Aj napriek tomu sme vy33ie urody
v priemere pokusu zistili pri vyseve na 157 mm v riadku.
Rozdiel oproti vysevu na 210 mm bol +2,99 t.ha™', rel.
4,42 %.

Digescia

Poveternostné podmienky sa vysokopreukazne podie-
Iali aj na formovani digescie cukrovej repy (Vrkog, Suske-
vi¢, 1990; Rinik, Santa, 1995; Patuta et al., 1999a).
Ziskané hodnoty Dg v priebehu pokusného obdobia
st uvedené v tab. IV. Vyssie hodnoty Dg sme zistili v po-
veternostne priaznivejsich rokoch 1996 a 1997. Rozdiel
medzi obidvoma rokmi bol prakticky zanedbatelny
(0,08 °S). Statisticky vyznamné vak boli rozdiely
v porovnani s rokom zrdzkovo a teplotne menej
priaznivym 1998: +1,07 °S, rel. 7,41 %; +0,99 °S, rel.
6,86 %. O technologickej kvalite buliev cukrovej repy
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1V, Digescia cukrovej repy (°S) — Digestion of sugar beet (°S)

Rok?
— 1996 1997 ] 998 ¥ ] x odrody'
hnojenia’ vysevna vzdialenost” (mm) B
157 [ a0 [ s [ a0 [ s | oame o [ ae [
Intera
0 11503 [ s 1575 1615 | 1194 1385 | 1428 1529 14,79
A 1595 | 1633 1627 | 1625 14,01 1481 | 1541 1580 | 1561
B 15,45 15,45 1547 | 1500 1477 1429 1523 1494 | 1509
c 15.74 15.43 15,06 13,83 1337 14,39 14,72 1455 | 1464
) 1632 15,19 1487 | 1421 13,04 1481|1504 1473 | 1489
x 1570 | 1566 1548 | 151 13,61 1443 | 1494 1506 | 15,00
a ) Hilma
0 [Taes T 2 [ um W T 1634 13,44 1432 | 1539 1599 | 1569
A 14,67 17,06 16,68 16,70 15.07 1520 | 1548 1632 | 1590
B 16,42 16,28 1620 | 1498 15,64 14,56 ’ 16,09 1527 | 1568
¢ 1576 | 1637 1677 | 1516 15,46 1497 16,00 15,50 15,75
D 15.66 1586 | 1587 ‘ 1571 | 1489 14,60 15,46 1539 15,43
I 1549 | 1638 | 1666 | 1578 | 1490 | 1473 | 1568 | ”L;_”fg
L Monriz
0 1488 | 1568 | 1616 | 1550 | 1298 | 1457 | 1467 1525 | 149
A 14,52 14,07 1568 | 1501 1545 | 1566 1522 o2 | 1507
B 1508 | 1427 14,87 13,16 1432 1505 | 1476 1406 | 1446
c 1439 | 1408 1418 | 145 13,84 1453 | 1413 14,40 1427
D 1524 15.49 1438 | 1355 13.90 1431 14,51 1447 | 1449
x 1482 | 147 1505 1436 14,10 1482 | 1466 1464 | 1465
A S | ( .
VZ d‘gf:{:’:;{, 15,34 15,65 1573 | 15,08 14,20 | 14.66 ! 15,09 10318

'variant of fertilizing, 2year, *sowing spacing, *variety

rozhoduje priebeh zraZok a teplét hlavne v druhej polo-
vici vegetécie, resp. v mesiacoch september, oktéber.
Nadmerné mnozstvo zrazok v septembri 1998 (149,6 mm)
a relativne vy38ia priemernd denna teplota (10,7 °C) spo-
sobili tzv. retrovegetaciu cukrovej repy, ¢o vyustilo do
niz8ej vyslednej Dg (Bajéi et al., 1997).

Vplyv odrody na Dg bol tiez tatisticky vysokopreukaz-
ny. Zo sledovaného biologického materidlu sme naj-
vyssie hodnoty Dg zistili pri odrode Hilma. Rozdiel oproti
odrode Intera bol +0,69 °S, rel. 4,6 % a oproti odrode
Monriz +1,03 °S, rel. 7,02 %. Obidva kontrasty boli vyso-
kopreukazné. Rovnako vysokopreukazny bol aj vplyv
interakcie odroda x ro¢nik. Najvy3&iu variabilitu v rémci
uvedenej interakcie sme zistili pri odrode Intera 1,66 °S,
rel. 11,84 %. Najniz$iu variabilitu v Dg, ale aj najnizsie
hodnoty tohto ukazovatel'a sme zistili pri odrode Monriz
(0,31°8,rel. 2,14 %).

Varianty hnojenia ovplyvnili hodnoty Dg $tatisticky
vysokopreukazne (tab. VI). Pri posudzovani kontrastov
vo vnutri faktora aj napriek ur¢itym rozdielom v Dg medzi
variantmi boli $tatisticky vyznamné iba rozdiely oproti

ROSTLINNA VYROBA., 46, 2000 (8): 371-378

variantu A (aplikovany len MH), na ktorom sme
v sledovanom obdobi zistili najvy3siu hodnotu Dg: A/0
+0,38 °S, rel. 2,58 %; A/B +0,45 °S, rel. 2,98 %; A/C
+0,65 °S, rel. 2,98 %; A/D +4,6 °S, rel. 4,02 %. Na varian-
toch s humatom draselnym (C) a Mikrobionom (D) sme
zistili v podstate rovnaké honoty Dg. Varianty hnojenia
v interakcii s ro¢nikom, odrodou a vzdialenost'ou vyse-
vu ovplyvnili Dg Statisticky vysokopreukazne.

Rozdiel v hodnote Dg medzi sledovanymi vzdialenost'a-
mi vysevu bol minimalny (+0,04 °S, rel. 0,26 %)
a Statisticky nepreukazny.

Uroda polarizaéného cukru

Vysledky v urode polarizaéného cukru sii uvedené
v tab. V a ich 3tatistické hodnotenie v tab. VI a VII.
Vplyv povetemostnych podmienok na U bol
v sledovanom obdobi vysokopreukazny. V rokoch
zrazkovo a teplotne priaznivejich (1996, 1997) sme zis-
tili aj vy3sie hodnoty (3tatisticky preukazné) tohto
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V. Uroda polarizaéného cukru (tha') — Polarised sugar yield (t.ha")

Rok?
—— 1996 | 1997 [ w8 [ & [x odrogy’
hnojenia' vysevna vzdialenost” (mm) V a
157 | 210 157 | 20 [ as7 [ a0 [ 151 | 210 ]
Intera
0 846 | 13,68 1340 | 718 761 | 7147 9,84 ' 9,43 9,64
A 12,29 i 13,77 12,84 i 8,02 9,49 9,81 12,04 10,53 11,29
B 12,52 14,29 13,88 | 8.59 8,94 ! 9,79 11,78 [ 10,88 11,33
C 12,91 [ 13,09 12,18 : 8,03 10,22 | 10,86 11,75 l 10,66 11,21
D 13,59 | 16,93 12,14 i 8,53 9.62 ‘w 8,79 11,79 ! 11,42 11,61
X 11,95 \ 14,35 12,89 ! 8,07 9,19 | 9,35 11,44 L 10,58 11,062
Hilma
0 1080 | 78 965 | 1021 842 | 608 9062 | 843 9,03
A 13,89 ’ 8,30 12,00 10,39 7,32 } 7,09 11,07 ‘ 748 9,28
B 14,80 10,85 10,77 9,87 9,23 ‘ 8.21 11,60 [ 9,65 10,63
€ 8,04 i 13,16 11,51 11,50 997 " 8,50 9,84 11,06 10,45
D 948 | 10,96 10,38 12,13 10,60 7,39 10,11 10,16 10,16
x 11,40 ‘ 10,23 10,86 10,82 9,11 l 745 10,46 | 9,36 J 9,91
Monriz
0 88 | 891 898 | 940 563 | 1190 7.8 10,07 895
A 9,55 | 10,27 11,53 12,74 997 | 11,72 1036 11,57 10,97
B 7,66 | 7,19 11,41 10,31 8,76 \ 12,66 8,24 10.05 9,15
C 546 | 7,79 8,53 9,86 10,74 | 12,27 7,19 ‘ 9,64 8,42
D 9,00 8,89 9,79 9,92 10,33 11,43 9,70 10,08 9,89
X 8,11 ! 8,61 10,05 | 10,45 9,09 l 12,00 8,66 10,28 9,48
VXZ d‘l’ayls::::l’l, 1049 | 11,06 1127 978 013 | 960 10,19 10,07 10,13
'variant of fertilizing, year, *sowing spacing, *variety
VL. Analyza rozptylu — Analysis of variance
Sledovany ulfazoyatel’”’ ]
Zdroj variability' vz;.‘:]‘:’:;g aroda buliev' i digescia” Groda g:}:_r:ffé"ého
F-vypotitané hodnoty"
Rok’ 2 9,262** | 134,303** 11,331**
Odroda’ 2 5,791%* i 105,170%* 8,473+
Hnojenie’ 4 2,653* l 14,074** 3,864**
Vysevna vzdialenost™ 1 1,606 ! 0,708 0,232
vOpakovanie" 2 0,679 i 0,128 0,009
Nekontrolovatelny faktor’ 212 I
Celkom® 269 |

'source of variability, 2year, 3variety, *fertilizing, *sowing spacing, ®replication, 7uncontrollable factor, Stotal, °degrees of freedom,
19studied parameter, !'root yield, '2digestion, *polarised sugar yield, '*/-calculated values
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VII. Hodnoty Hd — Limit values (Tukey //SD test)

S Hd . .o g I 7 8 Uroda polariza¢ného
IFaktor ! (hranitna diferencia®) Uroda buliey | Digescia cukru®
0,05 6,127 0,170 B
Rok | | 0,797
,,,,, . 0,01 7,645 0,213 0,994
| 0,05 6,127 170
Odroda’ [ 0. 0,797
) [ f)‘OI 7,645 0, 213 0 994
.ok i 0,05 9,221 0257 1,199
Hnojenie |
[ ! ) 0,01 | 1,047 0,308 1,437
o ) 0,05 . = =
Vysevna vzdialenost’
! 0,01 - = =

'factor, 2year, Jvariety, “fertilizing, *sowing spacing, ®limit values, 7root yield, fdigestion, ®polarised sugar yield

ukazovatela v porovnani s rokom 1998, kedy boli pod-
mienky pre rast a vyvin cukrovej repy menej priaznivé
(Bajci etal., 1997). Pri hodnoteni jednotlivych rokov
boli rozdiely v Upctakéto: 1996/1998 1,44 t.ha™', rel.
15,04 %; 1997/1998 1,11 t.ha™', rel. 11,84 %.

Aj vplyv odrody na Upc bol preukazny. Najvy33ie hod-
noty sme zistili pri odrode Intera. Rozdiel oproti odrode
Hilme bol 1,10 t.ha™, rel. 11,09 % a oproti odrode Monriz
1,54 tha™, rel. 16,26 %. Statisticky vysokopreukazny
vplyv na U .mala aj vzajomna interakcia ro¢nika
a odrody. Odroda Intera sa v sledovanom obdobi vy-
zna¢ovala najvyssou variabilitou v U ato 3,88 t.ha™,
rel. 41,86 % (Hiima 2,54 tha”', rel. 30 67 %, Monriz
2,19 tha™, rel. 26,20 %).

Vplyv variantov hnojenia na UPc bol celkove vysoko-
preukazny. Na vetkych hnojenych variantoch sme zisti-
li vys3ie hodnoty tohto ukazovatel'a ako na kontrolnom
nehnojenom variante. Z hnojenych variantov sme naj-
vyssiu L'JpC zistili na variante D, kde bol aplikovany
preparat Mikrobion: D/0 1,35 t.ha™', rel. 14,67 %, D/B
0,18 t.ha™', rel. 1,74 %, D/C 0,53 t.ha™', rel. 5,29 % (pre-
ukazny bol iba rozdiel D/0). Rovnaké tendencie sme
zaznamenali aj pri hodnoteni interakcie odroda x hnoje-
nie.

Vplyv vysevnej vzdialenosti na Upc nebol Statisticky
preukazny. Pri obidvoch vzdialenostiach sme zistili prak-
ticky rovnaké hodnoty. Ur¢ité rozdiely boli v rdmci in-
terakcie s odrodou. Pri odrodach Intera a Hilma bola
vysdia Upc pri vyseve na 210 mm v riadku a pri odrode
Monriz pri vyseve na 157 mm.
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MONOLAYER MOISTURE CONTENT OF SOME LEGUME SEEDS

OBSAH OBALOVE MONOVRSTVY VODY U SEMEN VYBRANYCH
LEGUMINOZ

N. D. Menkov

Higher Institute of Food and Flavour Industries, Plovdiv, Bulgaria

ABSTRACT: The equilibrium moisture contents (dry weight basis) in legume seeds (common bean, broad bean, lentil,
chickpea and vetch) were determined using the gravimetric static method at 5, 20, 40 and 60 °C over a range of relative
humidities from 0.110 to 0.450. The monolayer moisture content (MMC) of the seeds is obtained by the BET (Brunauer-
-Emmett-Teller) and modified BET model. The MMC decreased with the increase in temperature. The modified BET
model includes the effect of temperature. The seeds have a monolayer moisture content when stored at relative humidity
from 0.160 to 0.235 regardless of the temperature.

Keywords: BET model; equilibrium moisture content; temperature

ABSTRAKT: U semen leguminéz (fazolu, ¢ocky, cizrny a vikve) byl rovnovazny obsah vody (vztaZeny na susinu) stano-
ven pomoci gravimetrické statické metody pfi 5, 20, 40, 60 °C v rozsahu relativnich vlhkosti od 0,110 do 0,450. Obsah
obalové monovrstvy vody (MMC) semen byl stanoven pomoci BET (Brunauer-Emmett-Teller) a modifikovaného BET
modelu. Obsah obalové monovrstvy vody se sniZoval se zvySujici se teplotou. Upraveny BET model zahrnuje vliv teplo-
ty. Jestlize byla semena skladovéna pfi relativnich vihkostech od 0,160 do 0,235, klesl v nich obsah vody prévé na hod-
notu odpovidajici obalové monovrstvé vody nezavislé na teploté.

Kli¢ova slova: BET model; rovnovazny obsah vody; teplota

INTRODUCTION

The legumes are a valuable foodstuff and forage due
to their high content of plant protein with essential amino
acids (Aydogdu, Acikgoz, 1995; Clemente et al., 1998;
Jood et al., 1998; Rincon et al., 1998; Casaiias et al., 1999,
Kmiecik et al., 1999; Lisiewska et al., 1999). The legu-
me seeds meant for food or sowing are a product which
is subjected to long-term storage. During that time, im-
portant physicochemical and biological changes take
place with a strong impact on the nutrient properties. To
a large extent, these changes depend on the moisture
content of the seeds (Burr et al., 1968; Moscoso et al.,
1984; Garcia-Vela, Stanley, 1989; Hentges et al., 1991).
The storage conditions of the legume seeds have a sub-
stantial influence on their germination and longevity
(Roberts, 1972; Ellis et al., 1988; Ellis et al., 1990; Ver-
tucci et al., 1994).

The value of the monolayer moisture content (MMC)
is critical to a number of processes which directly affect
the stability of the dehydrated biological products
(Karel, Yong, 1981). The water in the monolayer is
tightly bound to the hard skeleton (Vertucci, Leopold,
1987), it is inaccessible for reactions and a considerable
amount of additional energy is needed for its release
(Labuza et al., 1970). It can be determined from the
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equilibrium sorption isotherms by means of the two-
parameter BET (Brunauer-Emmett-Teller) equation
(Brunauer et al., 1938), valid for relative humidity Rh < 0.5
(Labuza et al., 1970):

M ,,C(Rh)

BET M = T RmII(1 - (RM) + CCRM)]

(€Y

where: M is the equilibrium moisture content (% dry
basis, d.b.), M,, is the MMC (% d.b.), Rh is the relative
humidity (decimal), C is constant. The A4, values dimin-
ish with the increase in temperature (Iglesias, Chirife,
1976; Iglesias, Chirife, 1984). Menkov et al. (1999)
have established for a large number of biological prod-
ucts that the dependence between M,, and temperature is
well described by a linear equation. In other words, the
BET model can be transformed to:
(A + Br)C(Rh)
[1=(RM)][(1 - (Rh) + C(Rh)]
M,=A+Bt 3)
where: ¢ is the temperature (°C), 4 and B are coefficients
independent on temperature.
The object of the present study is the obtaining and
comparison of the monolayer moisture contents of legu-

me seeds by BET and modified BET equations at several
temperatures.

Modified BET p = 2)
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MATERIAL AND METHODS
Material

The common bean (Phaseolus vulgaris L.), broad
bean (Vicia faba L.), lentil (Lens culinaris L.), chickpea
(Cicer arietinum L.) and vetch (Vicia sativa L.) seeds
(provided by the Agricultural University, Plovdiv, Bul-
garia and Institute for Plant Genetic Resources, Sadovo,
Bulgaria, 1998) were tested. The seeds had been gath-
ered six months in advance. After harvest they were
sundried to approximately 10% d.b. and kept in a dry
place (Rh < 0.55) at room temperature. For the adsorp-
tion process, seeds were dehydrated in a desiccator with
P,0;s at room temperature 20 days prior to the beginning
of the experiment (initial moisture content < 1% d.b.).
Desorption equilibrium moisture content was deter-
mined on samples hydrated in a glass jar over distilled
water at 4 °C to approximately 30% d.b.

Procedure

The equilibrium moisture content (EMC) of the le-
gume seeds was determined at 5, 20, 40 and 60 °C. The
static gravimetric method was applied (Spiess, Wolf,
1987). Samples were weighed in weighing bottles. The
weighing bottles were then put in hygrostats with four
saturated salt solutions (LiCl, CH;COOK, MgCl,,
K,CO;), used to obtain constant Rh environments
(Greenspan, 1977). The hygrostats were kept in thermo-
stats at 5, 20, 40 and 60 £ 0.2 °C. Samples were
weighed (balance, sensitivity £0.1 mg) every three days.
Equilibrium was acknowledged when three consecutive
measurements showed a difference less than 1 mg. The
moisture content of each sample was determined by the
vacuum oven method (AOAC, 1990) by means of tripli-
cate measurements.

Analysis of data

The MMC values of the seeds were calculated by the

BET and modified BET equations:

— For each temperature from equation 1, following stan-
dard procedure described previously (Iglesias, Chi-
rife, 1976; Menkov et al., 1999).

— From equations 2 and 3. The coefficients of equation 2
were determined using a nonlinear, least squares re-
gression program on the basis of experimental data
(all replications).

RESULTS AND DISCUSSION

The obtained mean EMC values (M) and the standard
deviations (sd) based on the triplicate measurements for
the respective Rh and temperature are presented in Tabs.
I to V. The EMC values decreased with an increase in
the temperature at constant RA. Similar trends for many
seeds and food materials have been reported in the lite-
rature (Labuza, 1968; Menkov, 1997; Walters, Hill,
1998). The hysteresis effect was distinctly expressed at
lower temperatures. At 60 °C the difference between the
experimental data obtained after adsorption and desorp-
tion are not statistically significant (level of significant
P < 0.05) for the most experimental points. The one-way
analysis of variance showed that the statistical hypoth-
esis Hy: M, = M, = M; = My = M should be rejected for
the most RA and temperatures (P < 0.05, degrees of free-
dom m, =4, m, = 10). Nevertheless, the EMC values of
the investigated legume seeds are similar.

The coefficients of equations 2 and 3 are presented in
Tab. VI for adsorption and in Tab. VII for desorption.
The MMC values obtained by equation 1 and by equa-
tions 2 and 3 at different temperatures are shown and
compared in Fig. 1. The MMC decreased with an increa-
se in temperature from ~ 8% d.b. to ~ 4% d.b. There is

1. Equilibrium moisture content (M, % d.b.) obtained by adsorption (a) and desorption (d) at different relative humidities (Rh as decimal) and

temperatures for common bean seeds

Process 59 20°C 40°C 60 °C

Rh M* sd** Rh M sd Rh M sd Rh M sd
a 0.113 492 0.09 0.113 4.47 0.07 0.112 3.04 0.05 0.110 292 0.12
d 5.34 0.16 4.95 0.19 3.78 0.14 3.00 0.10
a 0.245 7.50 0.18 0.231 6.96 0.04 0.201 4.66 0.10 0.160 3.35 0.08
d 8.61 0.14 7.26 0.09 5.58 0.13 3.73 0.12
a 0.336 9.25 0.13 0.331 8.36 0.15 0.316 5.42 0.08 0.293 473 0.16
d 9.46 0.09 8.81 0.11 6.75 0.13 5.09 0.10
a 0431 | 1033 0.04 | 0432 9.30 0.11 0.432 1.5 0.13 0.432 6.35 0.13
d 10.66 0.17 9.83 0.11 8.81 0.12 6.36 0.11

* mean of n =3 replications
** standard deviations based of n = 3 replications
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11. Equilibrium moisture content (M, % d.b.) obtained by adsorption (a) and desorption (d) at different relative humidities (Rh as decimal) and
temperatures for broad bean sceds

Process it 20°C 40°C 60 °C

Rh M* sd** Rh M sd Rh M sd Rh M sd
a 0.113 426 0.20 0.113 372 0.15 0.112 2.59 0.12 0.110 2.13 0.09
d 6.20 0.07 4.72 0.16 3.07 0.13 251 0.04
a 0.245 7.24 0.07 0.231 6.63 0.05 0.201 4.63 0.14 0.160 2.89 0.05
d 824 0.08 6.58 0.10 4.82 0.18 303 0.09
a 0.336 8.77 0.15 0.331 7.62 0.10 0.316 593 0.06 0.293 4.15 0.10
d 8.57 0.06 8.53 0.11 6.80 0.08 4.29 0.14
a 0.431 10.60 0.10 0.432 9.05 0.03 0.432 7.13 0.17 0.432 5.74 0.01
d 10.46 0.04 9.17 0.08 7.96 0.10 574 0.09

. * mean of n = 3 replications
** standard deviations based of n = 3 replications

111. Equilibrium moisture content (M, % d.b.) obtained by adsorption (a) and desorption (d) at different relative humidities (Rh as decimal) and
temperatures for lentil seeds

Process 3°C 20°C 40°C 60 °C

Rh M* sd¥* Rh M sd Rh M sd Rh M sd
a 0.113 6.36 0.11 0.113 4.61 0.10 0.112 3.39 0.02 0.110 3.10 0.08
d 7.58 0.03 5.73 0.05 430 | 0.05 3.80 0.08
a 0.245 8.30 0.18 0.231 593 0.16 0.201 5.07 0.10 0.160 4.36 0.12
d 10.20 0.12 8.05 0.06 6.10 0.17 4.86 0.10
a 0.336 8.86 0.05 0.331 8.04 0.20 0.316 6.45 0.16 0.293 5.95 0.25
d 11.29 0.08 9.62 0.07 8.10 0.22 5.84 0.14
a 0431 | 10.64 0.04 0.432 9.15 0.22 0.432 779 0.14 0.432 7.13 0.06
d 13.24 0.15 11.83 0.08 9.58 0.04 7.24 0.10

* mean of n = 3 replications
** standard deviations based of n = 3 replications

IV. Equilibrium moisture content (M, % d.b.) obtained by adsorption (a) and desorption (d) at different relative humidities (Rh as decimal) and
temperatures for chickpea seeds

Process 5°C 20°C 40°C 60 °C

Rh M* sd** Rh M sd Rh M sd Rh M sd
a 0.113 494 0.12 0.113 4.58 0.07 0.112 327 0.11 0.110 3.08 0.10
d 6.58 0.11 440 0.06 371 0.08 3.25 0.17
a 0.245 7.20 0.14 0.231 6.67 0.05 0.201 4.99 0.08 0.160 4.13 0.03
d 8.73 0.14 7.26 0.09 572 0.19 4.18 0.06
a 0.336 8.16 0.18 0.331 7.62 0.06 0316 557 0.05 0.293 537 0.10
d 9.63 0.11 9.05 021 6.74 0.14 5.19 0.17
a 0.431 9.22 0.08 0432 8.88 0.14 0.432 7.48 0.19 0.432 6.84 0.06
d 10.66 0.12 10.12 0.12 8.53 0.10 6.64 0.18

* mean of n =3 replications
** standard deviations based of n = 3 replications
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V. Equilibrium moisture content (M, % d.b.) obtained by adsorption (a) and desorption (d) at different relative humidities (Rh as decimal) and

temperatures for vetch seeds

Process 5°C 20°C 40°C 60 °C

Rh M* sd** Rh M sd Rh M sd Rh M sd
a 0.113 523 0.06 0.113 4.82 0.10 0.112 4.12 0.08 0.110 3.56 0.05
d 6.52 0.09 5.50 0.14 4.48 0.16 3.66 0.06
a 0.245 174 0.22 0.231 7.55 0.11 0.201 5.51 0.13 0.160 4.62 0.10
d 975 0.07 8.00 0.20 6.44 0.13 472 0.18
a 0.336 9.24 0.17 0.331 8.79 0.19 0.316 7.66 0.18 0.293 579 0.08
d 10.80 0.18 9.83 0.13 1.76 0.21 6.04 0.20
a 0.431 | 10.64 0.08 0432 | 1025 0.21 0432 8.39 0.24 0.432 7.29 0.24
d 12.16 0.16 11.07 0.12 9.77 0.02 1.75 0.07

* mean of n = 3 replications
** standard deviations based of n = 3 replications

also a hysteresis effect with respect to the MMC (excep-
tion for broad bean and common bean). It can be seen
from the Fig. 1 that in the most cases the equations 2 and 3
provides a very good description of the MMC values
obtained by standard procedure.

The relative humidity of the air at which the mono-
layer moisture content was obtained was determined by
the equation 2 after putting M = M,, = A + Bt (Iglesias,
Chirife, 1976): - JE-1

m -1

Since the coefficient C is independent on tempera-
ture, the seeds stored at (Rh),, should have a moisture
content equal to the monolayer one over the whole inter-
val under study. The (Rh),, values are presented in Tabs.
VI and VII. Despite the hysteresis effect, the (Rh),

@)

values obtained are close. The seeds have a monolayer
moisture content when stored at relative air humidity
from 0.160 to 0.235 regardless of the temperature.

CONCLUSIONS

The sorption capacity and monolayer moisture con-
tent of legume seeds decreased with an increase in tem-
perature.

The moditied BET model is suitable for describing
the relationship between the monolayer moisture content
and temperature for the seeds under study.

The legume seeds have a monolayer moisture content
when stored at 0.160 < Rh < 0.235 regardless of the
temperature.

Coefficient VI. Estimated values of coefficients (4, B, C) of
ici i i
Common bean Broad bean Lentil Chickpea Vetch modified BET model and monolayer relative hu-
A 6.88738 712110 | 651866 | 595890 | 6.84745 || ™midity (Rh), for adsorption
B -0.0515 -0.0583 -0.0402 -0.0322 -0.0397
C 15.67036 10.57589 25.16693 | 23.13263 | 21.18896
(Rh)m 0.202 0.235 0.166 0.172 0.178
Coefficient | Common bean Broad bean Lentil Chickpea Vetch
A 7.13298 6.82158 8.335770| 7.106501 | 7.913220
B -0.0513 -0.0568 -0.0654 -0.0514 -0.0542
c 2003869 2434612 | 27.72288 | 25.66617 | 24.12337 || V1L Estimated values of coefficients (4, B, C) of
(Rh) 0.183 0.169 0.160 0.165 0.169 modified BET model and monolayer relative hu-
midity (Rh)_ for desorption
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