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INFLUENCE OF ECONOMICAL IRRIGATION
ON THE YIELD AND QUALITY OF HOPS

VLIV USPORNYCH ZAVLAH NA VYNOS A KVALITU CHMELE

L. Slavik', J. Kopeck)"2

'Research Institute for Soil and Water Conservation, Praha, Czech Republic
2Hop Research Institute Co., Ltd., Zatec, Czech Republic

ABSTRACT: Hop irrigation systems mean a hydromelioration factor for stability of hops production. Need of irrigation,
efficiency of economical irrigational systems (trickle irrigation and a microspray systems), resp., were evaluated in field
experimefMs. Necessity of supplementary efficient irrigation was found each year within the study period (1995 to 1997) in
Zatec hop region. If irrigational water in specific terms and rates was supplied, the yield of dry hops was higher by 0.31 tha™,
when a trickle irrigational system was used. Its production was 0.76 kg of dry hops per | m* of supplied irrigational water.
It means that 1.26 m” of water per hectare supplied by a trickle irrigation system is necessary for 1 kg of dry hops. To check
the dynamics of soil moisture in the active depth of saturation, Watermark sensors delivered from the USA for monitorship
of sucking pressure of soil water were used.

hops; economic irrigation; habitus of hop plants; yield and quality of hops; trickle irrigation; efficiency of irrigational water

ABSTRAKT: Zivlahy chmele pfedstavuji hydromeliora¢ni faktor duleZity pro stabilizaci vynosu chmele. Experimentalné
byla posouzena potieba zavlaZovini, resp. vynosova ucinnost dspornych zavlahovych systémi (kapkové zdvlahy a mikropo-
stiiku). V letech 1995 a% 1997 byla ve chmelaiské oblasti v Zatci potvrzena potfeba t&innych doplitkovych zévlah. Dodanim
zavlahovych davek vody v terminech prokizané potieby byl pfi kapkové zivlaze vynos suchého chmele zvySen o 0,31 tha™'.
Utinnost vody dodané kapkovou zivlahou ¢ini v priméru 0,76 kg suchého chmele na 1 m?* dodané vody. Pro zvySeni vynosu
chmele zdvlahou o 1 kg je zapotfebi 1,26 m’ vody. Zavedeny zpusob fizeni zdvlahového reZimu chmele byl monitorovéin

mérnymi Cidly pro méfeni sacich tlaku pudni vody Watermark (USA).

chmel; Gsporné zdvlahy; habitus rostlin; vynos a kvalita chmele; kapkova zdvlaha; G¢innost zdvlahové vody

INTRODUCTION

Efficient economical irrigational systems are an im-
portant condition for stabilization of intensive profit-
able hop cultivation in Czech hop regions which are
known for their precipitation deficit. With the help of
irrigation the constant costs connected with hop culti-
vation are valorized even in the years when dry periods
occur. Consolidation of prospective hop growers is
conditioned by irrigation (Fric, 1994).

The influence of irrigation system on the yield had
been proved by the results obtained from long-term
field trials (Sachl, Kopecky, 1984; Kopec-
ky. Slavik, 1997). Irrigational systems in Czech
hop growing regions are gradually modernized. Mod-
ern irrigation systems — trickle irrigation and mi-
crospray (Kochdnek, 1989; Metelka, 1992;
Kopecky et al., 1993; Slavik, Kopecky,
1994, 1997) are the most important ones.

The efficiency of trickle irrigation on yields of hop
is unambiguously documented in Tab. I and irrigation
is therefore recommended to hop growers.
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Particularly the possibilities of irrigational system
modernization, necessity of supplementary irrigational
water in a real time, influence on yield and quality of
hops were studied within the above-mentioned research
project.

MATERIAL AND METHODS

The field trial with irrigational systems was estab-
lished in Hop Research Institute in Zatec. The results
obtained within the 1995 to 1997 period are presented.

The aim of the experimental work was to evaluate
the possibilities of progressive systems of irrigational
water distribution, to determine actual necessity of ir-
rigational water within a vegetation period of hop
growing and to find out productional efficiency of sup-
plied water and its influence on chemical structure of
hop cones. The regime of soil moisture, which is influ-
enced by different irrigational system, was monitored
continuously.
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1. Influence of irrigation on yields of hops (field trials)

Region Experimental period
Chrastany (Rakovnik) 1989-1990
KnéZeves (Rakovnik) 1988-1990
Zatec (Louny) 1992-1995
Citov (Mé&Inik) 1992-1995

Yields of hops (tha™') Increase of yields (t.ha™')
1.20 0.45
1.45 0.24
1.20 0.40
1.34 0.47

The following variants were studied in the experi-
mental hop-garden:

TI - trickle irrigation. The equipment for this purpose
is placed in the ceiling of the hop construction. Irriga-
tional eguipment with trickle units at a distance of | m
between them is always placed above the row of hop
plants. Thirty percent of the experimental hop-garden
is controlled in this way.

MS - microspray. Ten microspray units were placed
within this variant. Circular spray with low intensity
(2 mm.h™") was used. Distributing pipe was placed on
the ceiling of the hop construction. The pressure of
spraying units is minimally 0.2 MPa.

RF - rain-fed variant, without supplementary irrigation.

Uniform cultivation technology, fertilization and
protection against diseases and pests were carried out
within all the three variants in the experimental hop-
garden. The only variable factor was the moisture regi-
me regulated by irrigational water.

Irrigational regime of hop plants was supervised by
the prognosis of efficient irrigational rates necessity
(Slavik, 1980) in week balance periods.

The amount of delivered water per area of the vari-
ants was operationally controlled according to the ac-
tual development of meteorological conditions, at first
precipitation.

Before establishment of the trial the analysis of hy-
dropedological characteristics was carried out. Suffi-
cient homogeneity was confirmed. The basic hy-
drolimits are shown in Tab. II. The data correspond
with active depth of saturation.

Hydropedological conditions within studied experi-
mental localities, field trial variants — expressed by re-

tentive ability of the saturated profile, and consequently
also by the volume of optimal irrigational rates — are
well balanced and show favourable conditions for the
cfficient regulation of the conditions of hop irrigation
by a suitable irrigational system.

It can be concluded that physical soil characteristics
on the studied areas cannot be a factor with an impor-
tant influence on the growth of hop plants. ¢

To check the dynamics of soil moisture in the active
depth of saturation, Watermark sensors for monitorship
of sucking pressure were used. Sensors were placed in
order that the development of soil moisture data within
the irrigated area as well as in the most important levels
of soil profile were able to be determined. Within each
experimental variant continual measurement at four
points was carried out. Watermark sensors, which were
used in this trial, were tested in laboratory conditions
before (Slavik, 1997).

The influence of irrigation, if different types of
water distribution were used, was evaluated by the
yield of hops, which was found out by the method of
chance selection of sixteen plants in four repetitions
from each variant. The influence on the development
and habitus of hop plants was evaluated as well. Statis-
tical evaluationby the method of variance analysis
(Statigraf program) was used.

To evaluate the quality of hop cones, Wollmer analysis
of hop resins from the average harvest samples was used.

RESULTS AND DISCUSSION

The course of meteorological conditions in Zatec
hop-region was during the experimental period very

1I. Determi of hydroli and op | rate of irrigational water in the experimental hop-garden (Zatec)
Trial variant | Repetition | FWC (mm) PF (mm) | USSM (mm) Unin (mm) ORIV {mmin)
50% 70% 50% 70%
Tl | 198.5 68.7 129.8 133.6 159.6 649 389
2 202.6 67.8 134.8 135.2 162.2 67.4 40.4
MS 1 195.6 71.4 123.6 133.2 157.9 61.8 37.1
2 196.6 64.8 131.8 130.7 157.1 65.9 39.5
RF | 188.2 71.5 116.7 129.9 153.2 58.4 35.0
2 199.0 70.9 128.1 135.0 160.6 64.0 384
FWC - field water capacity

PF - point of fading

USSM - utilized stock of soil moisture
Umin
ORIW - optimal rate of irrigational water
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III. Meteorological data (Zatec, 1995 to 1997)

IV. Volume of supplied irrigational water in m*ha! (Zatec)

Variants
Year
TI MS
1995 410 430
1996 321 498
1997 438 1102
x 390 667

unsteady. It was the reason why the decision concern-
ing the necessity of efficient irrigation was very de-
manding. The survey of meteorological data in the
vegetation period 1995 to 1997 is showed in Tab. III.

Surpluses and deficits of precipitation were deduced
by the balance of moisture necessity covering week
intervals of the vegetation period. Their variability
within time is obvious from Fig. 1. The need of irriga-
tion was proved in all the studied years.

The data concerning the volume of supplied irriga-
tional water per area of the variants are in Tab. IV.

The system of the control of trickle irrigation and
microspray enables moisture necessity covering in the
decisive developmental phases of hop growth. Opera-
tive decision as regards the supply of irrigational water
in a real time, on condition that the periods of irrigation
supply are shorter and smaller, means the correction of
realized amount of irrigational water in accordance
with the occurrence of precipitation during the ba-
lanced period. The decrease of irrigational water with
preservation of yield efficiency of the irrigational sys-
tem is the result of it.

Statistically important share of the irrigation was
definitely proved each year, which is reviewed in
Tab. V.

V. Influence of irrigation on yield of dry hops

Yield of d_r'y hops Increase o_fl yields
Year (tha™) (tha™')
TI MS RF Tl MS
1995 1.15 1.21 0.71 +0.44 +0.50
1996 1.51 1.77 1.29 +0.22 +0.48
1997 1.64 1.67 1.35 +0.29 +0.32
x 1.43 1.55 1.12 +0.31 +0.43

ROSTLINNA VYROBA, 44, 1998 (7): 293-297

Air temperature (°C) Precipitation (mm)
Mok lopg:term 1995 1996 1997 long:term 1995 1996 1997
average average
v. 8.1 72 8.3 6.0 330 236 212 238
V. 137 129 12.8 145 530 618 446 26.8
VI 16.7 152 16.5 159 55.0 930 104.4 448
VIL 18.8 20.4 163 18.0 64.0 446 49.4 772
VIIL 17.4 19.4 16.8 189 56.0 136 115.6 9.4
F 149 149 14.1 146 261.0 236.6 335.2 211.0
1995

8

e 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

1996

4 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

O TS 6 T 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
1. Cover of moisture by precipitation (Zatec)

x axis: week

Statistical analysis of the conclusive evidence of the
differences of dry hops proved, that the influence of
irrigation systems (trickle irrigation and microspray) is
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VI. Productive efficiency of water (trickle irrigation)

Year Efficiency of irrig;uionnl Necessity of ;rrig_nltional
water (kg.m™) water (m”.kg™')

1995 0.93 0.93

1996 0.69 1.45

1997 0.66 1.51

X 0.76 1.26

statistically conclusive in each studied year. If the sup-
ply of irrigational water was variable, the differences
in yields of hops were never statistically conclusive.
The results of analysis are fully presented in the final
report of the above-mentioned research project
(Kopecky, 1997).

For hop growers it is important to know the produc-
tive efficiency of water, i.e. the increase of hop yield
reached by supplied irrigational water (kg.m'a). From
the data in Tab. VI it is obvious that the highest in-
crease was found out if a trickle irrigational system was
used. The necessity of irrigational water in m’ per | kg
of hop yield increasing is shown there too.

The results obtained confirm the dominant influence
of the years on the efficiency of irrigation, which is the
consequence of the chance occurrence of precipitation
and the stochastic necessity of supplementary irrigation.

A really restricted supply of irrigational water, if
trickle irrigational system is provided, regulates the
moisture regime of soils by 1/3 of the area, i.e. on the
belt of 1 m wide it decreases the total irrigational
amount of water and increases its assertion during the
time of creation of hop cones.

The control of progressive irrigational systems is
demanding concerning the appropriate term of irriga-
tional water supply and the volume of efficient irriga-
tional rate. Impulses to irrigation come either from the
balanced needs or directly from the monitored factors,

e.g. soil humidity in the depth of the active saturation.
Watermark sensors, which have proved to be good
enough in other countries, at first in minor crops
(Eldrege et al, 1993; Thomson et al., 1996),
were used during the field trials.

Water-saving irrigation systems substantially de-
crease supplies to groundwaters, as described by Wit-
tlingerova etal. (1994).

Regular measurement of the momental values of
sucking pressures of soil water monitores short-term
changes of soil moisture. The course of sucking pres-
sures of soil water on the area, where supplementary
water was supplied by trickle irrigation, is demon-
strated. It is possible to prove that optimal conditions
on the irrigated belt of studied hop plants (Fig. 2) were
created by trickle irrigation. Optimal moisture regime
was created with the help of this irrigational system
even in the periods with high necessity of irrigational
water supply. The value which indicated the term of
irrigation, corresponds with the sucking pressure of soil
moisture of 80 to 100 cb.

The quality of hop cones is the most decisive factor
for the successful sale and export of hops. No differences
in the chemical structure of hop cones were found be-
tween irrigated and non-irrigated variants (Tab. VII).

Supplementary irrigation was also efficient as clima-
tizational irrigation (Kopecky, Slavik, 1997).
Thermo-regulate influence of micro-climate in irrigated
hop plants have had a positive influence on their
growth and habitus. The habitus of irrigated plants was
more vigorous, of a cylindrical shape with more later-
als, and higher values in their length and weight were
obtained. Hop cones were more numerous and their
weight was higher than those on non-irrigated variant.
These results from 1996 are presented in Tab. VIIL

Experimental work was conducted by Hop Research
Institute Co., Ltd., Zatec (The Research Project NAZV
MZe CR No. IE 0950975098).

o e
5913 95 17 19 21 23 26 27 29 31 26.4 ¢

2. M of soil

y axis: sucking pressure (cb)
X axis: time

—— left side

— — under a hop plant

--- right side

296

8 10 12 14 16 18 20 22 24 26 28

s L . it e dd bl b et
1.3 S 7T 9 1113 15 17 19 21 23 25 27 29 31 28.4 6 8 10 12 W4 16 W
time

(Zatec 1997; trickle irrigation, average values, repetition 1-3)
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VII. Average results of chemical analyses of hop samples

— Yeir Resins Acids
total soft hard o B

1995 11.72 9.46 1.96 32 6.26

T 1996 15.30 13.40 1.90 48 8.60
1997 11.22 9.65 1.57 3.0 6.65

X 12.85 10.87 1.81 37 77,

1995 11.90 9.70 2.20 3.1 6.70

MS 1996 13.50 11.80 1.70 4.4 7.40
1997 12.30 10.70 1.50 3.5 7.20

X 12.53 10.7 1.83 3.6 7.10

1995 11.70 9.60 2.10 33 6.30

RF 1996 13.90 12.00 1.90 43 7.70
1997 11.82 10.40 1.40 32 7.20

x 12.49 10.67 1.80 3.6 7.07

VIIL. Values of hop vine creation (1995-1997)
Variant Length of vine Weight of vine Number Weight of laterals | Weight of leaves j Weight of cones

(m) (kg) of laterals (kg) (kg) (kg)

TI 7.12 0.80 533 0.18 0.40 0.48
MS 7.35 0.81 49.1 0.23 0.35 0.40
RF 7.29 0.85 47.6 0.15 0.44 0.42
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RECENZE

SBORNIK ZE ZASEDANI VEDECKE KOMISE LH.G.C. V ZATCI

PROCEEDINGS FROM THE MEETING OF SCIENTIFIC COMMISSION
OF LH.G.C. AT ZATEC

Mezinarodni sdruZeni p&stiteli chmele (I.H.G.C.) ze viech vyznamnych stitl svéta pofada kaZdorotné v jedné z ¢lenskych zemi
kongres. Tato organizace ma své odborné komise, sdruZujici 3pickové odborniky pfisluSného oboru. Jedna z nich zasedala ve dnech
29. Zervence aZ |. srpna 1997 v ramci XLV. mezindrodniho chmelafského kongresu v Zatci. Védeckd komise jednala ve tfech
sekcich (3lechténi chmele, nové metody chmelaiského vyzkumu, chemické sloZeni a kvalita chmele). Delegati z |1 zemi svéta
prednesli fadu vesmés prioritnich védeckych sd€leni, kterd byla souborné vydidna ve sborniku, jenZ zpracovali Dr. E. Seigner
(Bayerische Landesantstalt fiir Bodenkultur und Pflanzenbau, Hiill) a Ing. J. Vostrel (Chmelafsky institut, s. r. o., Zatec). Kopie
prednesenych prispévkl lze ziskat na uvedenych adresich jednotlivych pfednésejicich.

The International Hop Growers Convention (I.H.G.C.) from all important world countries organizes a congress in one of
the member countries every year. This institution has its professional commissions, the members of which are prominent
specialists in the particular sectors. The meeting of the XLVth International Hop Congress was convened to be held on 29th
July to Ist August 1997 at Zatec. Scientific commission had three working sections (hop breeding, recent methods of hop
research, hop chemical composition and quality). Delegates from 11 countries of the world presented so a large number of
scientific reports, being of priority importance, which were published in proceedings, edited by Dr. E. Seigner (Bayerische
Landesanstalt fir Bodenkultur und Pflanzenbau, Hiill) and Ing. J. Vostiel (Hop Research Institute Co., Ltd., Zatec). For texts

of the cited papers please write to the mentioned addresses.

B. Engelhard, A. Lutz, M. Mayer (Bayerische Landesanstalt fiir
Bodenkultur und Pflanzenbau, Institut fir Hopfenforschung, Hiill 5
173, 85283 Wolnzach, BRD): Harmonization of licensing plant pro-
tection means as a prerequisite of international hop trade

A. E. George, W. L. Bryant (U.S. Hop Industry Plant Protection
Committee, 504 North Naches Avenue, Suite 11, Yakima, Washing-
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PRODUKCNI UCINNOST KAPKOVE ZAVLAHY CHMELE

PRODUCTION EFFICIENCY OF TRICKLE IRRIGATION OF HOP

J. Kopecky', L. Slavik?, P. Jezek'

1Hop Research lnstftute Co., Ltd., Zatec, Czech Republic
2Research Institute for Soil and Water Conservation, Praha, Czech Republic

ABSTRACT: Higher productivity of hops was proved in experimental hop gardens at Agro-chmel cooperative farm (Kné-
Zeves) in 1995 to 1997. The results were confirmed in the both cases, trickle irrigation beneath the soil level and the one
from the ceiling of the hop garden. Yield of dry hops was on an average higher by 25.3% if trickle irrigation was used.
Profitability of trickle irrigation is defined by production efficiency of supplied irrigation water (kg.m"‘), which was on
average 0.93 kg of dry hops (130.20 CK) per 1 m? of water.

hops; trickle irrigation; habitus of plants; hop yield; efficiency of irrigation water

ABSTRAKT: Na provoznich chmelnicich DruZstva Agro-chmel KnéZeves byla v letech 1995 aZz 1997 priikazn& prokdzéna
fizenou kapkovou zivlahou na stropu chmelnice nebo pod povrchem pudy jeji produké&ni i¢innost. V priméru &inilo zvySeni
vynosu chmele u zavlaZované varianty 25,3 %. Rentabilita zavlaZovéani chmele je jednozna¢n& uréena produkéni vynosovou
ucinnosti dodané jednotky zdvlahové vody (kg.m"‘). V priméru inila G¢innost 1 m® zavlahové vody pfirastek 0,93 kg

suchého chmele, coZ pfedstavuje ¢astku 130,20 K¢&.

chmel; kapkova zdvlaha; habitus rostlin; vynos chmele; u¢innost zdvlahové vody

UvoD

Chmel je vytrvala kultura, ktera je na jednom stano-
visti vice neZ deset let. Pro pokryti zna¢nych investi¢-
nich nédkladi spojenych s vystavbou chmelové kon-
strukce a ndkupem sadby musi byt nové chmelnice
zakladany na vhodnych pozemcich, odpovidajicich po-
Zadavkim na péstovani chmele. Pro péstovani chmele
jsou téZ vytipovany chmelai'ské oblasti. Takika ve viech
t&chto oblastech se téméf kaZzdoro&né vyskytuji v prib&hu
vegetace obdobi, kdy je pro dobry rist a vyvoj chmelové
rostliny nedostatek vody. Vzhledem k tomu, Ze chmel je
rostlina, ktera velice plasticky a citlivé reaguje na zmény
rustovych podminek, je doplnéni vody zavlahou chmelnic
vysoce efektivni a spolehlivy agrotechnicky zasah pfede-
viim z hlediska stabilizace vynosu.

Sirdi uplatnéni zdvlah chmele pfedpoklida zavést ta-
kové systémy, u kterych neni velka spotfeba vody a za-
vlahova divka se dodava v kratkém Casovém obdobi.
Oba tyto poZadavky spliiuji nové progresivni zpusoby
zavlah chmele, mezi které patfi kapkova zdvlaha (K o -
chidnek, 1989; Metelka, 1992; Slavik, Ko-
pecky, 1994). Usporné zavlahové systémy vyrazn&
omezuji napdjeni podzemnich vod, tak jak je popsali
Wittlingerova etal. (1994).

Dopliikovy charakter zavlah je vhodné fidit na pod-
kladé progndzy potieby ucinnych zavlahovych davek
v tydennich bilan¢nich obdobich pomoci graficko-ana-
lytické metody (Slavik, 1980, 1990).

ROSTLINNA VYROBA, 44, 1998 (7): 299-303

Pro péstitele chmele je rozhodujicim kritériem produké-
ni, vynosova t¢innost dodané zavlahové vody, resp. mnoz-
stvi vody potfebné ke zvySeni vynosu suchého chmele.

Chmel je rostlinou spi§ vlhkomilnou, vhodnou pro
humidni oblasti. Pro rist chmele jsou dileZité hojné
srazky v obdobi od kvétna do poloviny ¢ervence. Hru-
by odhad potieby vody na 1 ha chmelnice se pohybuje
vrozmezi 1,5 az 16 mil. kg vody. Spotfebu vody chme-
lem lze odhadnout podle mnoZstvi vyprodukované ze-
lené hmoty. Za predpokladu produkce suSiny 3,92 tha™
a pfedpoklddané potiebé 300 I vody na 1 kg sufiny &ini
spotieba 1176 Lha™, Predpokladejme, Ze nejméné tolik
vody spotiebuje chmelova rostlina na tvorbu podzem-
nich organti. Podle tohoto odhadu byla vypocitina po-
tfeba vody pro 1 ha chmele 2356 | (Zazvorka, Zi-
ma, 1956).

Bylo prokazano, Ze v ristu a vyvoji chmelové rost-
liny jsou dvé obdobi, ve kterych obsah pudni vldhy ve
svrchnich vrstviach pudy (do hloubky 60 cm) nema
klesnout pod troveil umoZiiujici optimélni pfijem Zi-
vin. Prvni je obdobi pazochoviani aZ do pogatku kvete-
ni, tj. zhruba polovina Cervence, kdy se dokon&uje tvor-
ba asimilaénich vegetativnich organi a spéje k zavéru
jejich dlouzZivy rust a tvorba plodnych organi. Druhé
obdobi je v dobé tvorby hlavek asi na pfelomu Cerven-
ce a srpna, kdy je cely produkéni aparét rostliny zapo-
jen do tvorby rozmnoZovacich organi (Sachl, 1980).

Pro chmel je rozhodujici dostatek vlahy v obdobi od
kvétu do uzavieni hlavek v hloubce 60 aZ 80 cm pud-
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I. Prehled logickych podminek let 1995 aZ 1997; srazky
(mm) — Survey of meteorological conditions of the years 1995 to
1997; precipitation (mm)

II. Pfehled meteorologickych podminek let 1995 az 1997; primé&rnd
denni teplota vzduchu (°C) - Survey of meteorological conditions
of the years 1995 to 1997; average air temperature (°C)

Rok! Mesic? RO z Rok! Mesic? L >
1. 2, 3 1. 2, 3,
Iv. < . = < Iv. = = = =
V. - - - - V. - - - -
1995 VL. - - - - 1995 VL. - - & =
VIL 40 | 249 | 317 | 666 VIL | 200 | 198 | 202 | 181
VIIL - 12.8 = 12,8 VIL | 195 | 180 = 18.8
b < > 4
Iv. 90 | 1290 | 97 | 316 v, 5.1 64 | 139 8.5
v. | 156 | 126 | 176 | 458 vo | 2 | 133 | ke | 128
52 v | 242 | 169 | 388 | 799 563 VI | 168 | 146 | 124 | 146
viL | 537 | 184 | 193 | 914 VIL | 147 | 151 | 168 | 153
viL | 192 | 417 | s | 1724 viL | 168 | 144 | 172 | 161
T 41,1 x 13.5
v. 41 | 120 | 98 | 259 Iv. 5.1 37 8.1 5.6
V. 84 | 82 | 89 | 255 v. | s | 173 | 1o | 134
{55 VI 0 20 | 174 | 404 1557 VL | 142 | 165 | 162 | 156
VIL | 292 | 285 | 132 | 709 viL | 165 | 173 | 175 | 17
v | 130 | 1o | 229 | s28 v | 174 | 182 | 182 | 179
> 215.5 b 13.9
Iv. 38,0 1v. 7.4
V. 52,0 V. 12,8
Dlouhodoby VI, 66,0 Dlouhodoby VI. 15.8
petet VIL 740 PeRmECS VIL 17.6
VIIL 65.0 VIIL 16,5
z 295.,0 x 14,02

3
lyea\r. month, *decade, ~1long-tcrm average

niho profilu. Tato hloubka je duleZita pro pfijem vody
a Zivin a v tomto obdobi je potfeba zavlahové vody
40 az 70 mm (Slama, 1966).

Blatny, Osvald (1950) uvadgji, Ze chmel si
nérokuje v obdobi od kvétna do poloviny zafi 170 mm
sraZek a spotieba v dobé pred kvétem aZ do uzavieni
hlavek je 100 mm.

Nebyl prokédzin vliv dopliikové zavlahy na vyskyt
peronospory chmelové a jinych chorob (Slansky
et al., 1970).

MATERIAL A METODA

V pfispévku jsou uvedeny vysledky polniho pokusu
na chmelnicich DruZstva Agro-chmel KnéZeves v le-
tech 1995 aZ 1997. Na pokusnych plochich byly zalo-
Zeny tfi varianty:

A. Kapkové zivlaha. ZavlaZovand varianta, kterd je
instalovdna jako kapkovd zdvlaha typu in-line
DRIPLINE 2 Lh™!, Linky kapkovaci jsou rozmisté-
ny nad kazdym fadem ve vzdalenosti 1,0 m a jsou
osazeny na potrubi o svétlosti 20 mm. Kapkovace
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For 1-4 see Tab. |

III. MnoiZstvi dodané zavlahové vody (m“.hu“') ~ Amount of sup-
plied irrigation water (m*ha™)

i Varianty?
Rok
kapkovi zdvlaha® | podzemni zavlaha®
1995 232 175
1996 251 219
1997 400 506
X 294 300

lyem‘. 2yariants, trickle irrigation, 4undergmund irrigation

nejsou kompenzacni, proto spotfeba vody kapkova-
¢em je zavisld na proménnych tlakovych podmin-
kéach v daném mist& na zavlaZovaci lince. Zavlahovy
detail je zavéSen na stropu konstrukce.

B. Podzemni zdvlaha. ZavlaZovana varianta, u niZ je
pouZit stejny systém s tim rozdilem, %e zavlaZova-
ci linka je uloZena podél chmelovych Fadu ve
vzdélenosti 0,5 m a v hloubce 0,5 m pod povr-
chem pudy.

C. Kontrolni varianta bez dopliikové zavlahy.

ROSTLINNA VYROBA, 44, 1998 (7): 299-303



1995

mm
o

zn14151.‘7161’2021222!142525271!2'30313233

1997

-20 14 15 16 17 18 19 20 21 22 23 24 26 26 27 28 29 30 31 32 33

14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

1. Pfehled kryti vlihové potfeby chmele (Kn&Zeves, 1995 aZz 1997) -
Survey of cover of moisture demand of hop (KnéZeves, 1995 to
1997)

osa x: tydny — x axis: weeks

IV. Utvéfeni habitu chmelovych rostlin (Kn&Zeves, primér let 1995 aZz 1997) - Formation of the habitus of hop plants (KnéZeves, average

of the years 1995 to 1997)

Varianta! Patro® Délka révy® " t,(PamCh)ﬂ imémd L
(m) (m) p(‘l’(ss) dg:‘:ﬂ, :‘;m) pazochii’ lista'? hlavek'? révy'*
0-2 9 49,2 0,062 0,205 0,033
— 2-4 27 49,3 0,097 0,433 0,333
Ziviaha? 4-6 41 218 0.143 0,333 0715
>6 13 15,8 0,060 0,113 0,200
E7))) 7,33 90 34,0 0,362 1,084 1,281 0,782
0-2 7 83,0 0,057 0,123 0,033
Boizeinai 2-4 29 43,0 0,147 0,440 0,560
zévlaha® 4-6 36 26,3 0,110 0,300 0,570
>6 9 21,0 0,033 0,253 0,163
E7) 7,18 81 43,3 0,347 1,116 1,326 0,597
0-2 13 533 0,077 0,247 0,063
2-4 25 50,6 0,167 0,397 0,380
Kontrola* 46 38 300 0,140 0,363 0,583
>6 14 16,3 0,060 0,150 0,233
E7) 7,23 90 37,6 0,444 1,157 1,259 0,653

'variant, 2trickle irrigation, 'xunderground irrigation, *control, sslorey. hlenglh of vine, "axils, *number, "pieces, mlenglh, “weighl. Pleaves,

3 4, .
Bcones, ! hop vine

Na pokusnych chmelnicich byla uplatiiovana jednot-
né agrotechnika, vyZiva i ochrana rostlin. Jedinym pro-
ménnym faktorem byly podminky zdsobovani chmele
vodou.

ZavlaZzovaci reZim byl v letech sledovani fizen pro-
gnézou potieby uéinnych zavlahovych dévek v tyden-
nich bilanénich obdobich. Pfehled meteorologickych
podminek za pokusné obdobi je uveden v tab. I a II.

ROSTLINNA VYROBA, 44, 1998 (7): 299-303

Zavlahy byly aplikovany v souladu s provoznimi
pokyny pro provozovani zavlah. Bylo vZdy dodédno
uéinné mnoZstvi zavlahové vody, pfipadné redukované
o mnozstvi sraZzek spadlych v redlném case. Prehled
kryti vlahové potieby chmelovych rostlin v jednotli-
vych mésicich je uveden na obr. 1.

Produkéni ucinnost uplatiiovanych zavlah byla po-
suzovina podle utvéaieni habitu kef a rozborem dosa-
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'S

~

kontrola

podzemni zévlaha

kapkova zdviaha

2. Utvafeni nadzemnich Césti chmelovych rostlin (KnéZeves, prumér let 1995 aZ 1997) — Formation of above-ground parts of hop plants

(Kné&Zeves, average of the years 1995 to 1997)

kontrola — control
podzemni zdvlaha — underground irrigation
kapkova zavlaha - trickle irrigation

Zené sklizn&. Habitus rostlin byl zjisfovan u kazdé va-
rianty, vZdy u Ctyf pramérné vzrostlych chmelovych
rostlin v dobé sklizn&. Pfi samotné sklizni byla zazna-
menavana hmotnost zelenych hlavek z jednotlivych va-
riant pokusu. Ziskané udaje byly prepocteny na vynos
suchého chmele z | ha chmelnice a zpracovany statis-
tickym programem STATIGRAF. Ze ziskanych vysled-
ku pak byl vypo&ten vliv zavlah a uginnost dodané z4-
vlahové vody.

VYSLEDKY A DISKUSE

Vyvoj meteorologickych podminek v jednotlivych
letech byl znainé nevyrovnany, coZ dokumentuji tab.
I a II. Bilanci kryti vldhové potfeby chmele v pribéhu
hodnocenych vegetacnich obdobi byly zjistény deficity
¢i prebytky pfirozenych srazek (obr. 1). Ve viech roc-
nicich byla prokazana potieba ucinnych zdvlahovych
davek. MnoZstvi dodané zavlahové vody je uvedeno
v tab. IIL

Opakované aplikovana dopliikova zdvlaha méla
pfiznivy vliv na utvafeni celkového habitu chmelovych
rostlin. Vysledky rozboru habitu chmelovych rostlin
jsou uvedeny v tab. IV. Celkovy habitus zavlaZova-
nych rostlin byl mohutng&j3i. Rostliny mé&ly vétsi asimi-
laéni plochu, chmelové hlavky byly hustéji nasazeny
a byly vzrostlejsi. Dosazené vysledky potvrzuji jiz dfi-
ve publikované tddaje (Slansky et al., 1970).

Posouzeni produk¢niho a vynosového u¢inku zavla-
hové vody bylo vyhodnoceno diferencovanou kontrolni
sklizni na zavlaZovanych variantich. Vysledky proka-
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3. Vynos chmele (KnéZeves) — Hop yield (KnéZeves)

pramér - average

B8 kontrola - control

@ podzemni zdvlaha — underground irrigation
mm kapkova zivlaha - trickle irrigation

zuji vyznamné zvySeni vynosi suchého chmele na za-
vlaZovanych variantidch ve srovnani s Kontrolni, neza-
vlaZzovanou plochou. Ze zjisténych udaju je zfejma vy-
sokd vynosova G&innost vhodné aplikovanych zédvlah
na ploSe sledovanych variant. Vzdjemné porovnéni va-
riant zavlaZovanych rozdilnym zpisobem je viak ne-
prikazné.

Rentabilita zavlaZovéani chmele je jednozna¢né urce-
na produkéni vynosovou ucinnosti dodané zavlahové
vody (kg.m'3). Udaje jsou shrnuty v tab. V, z niZ je
ziejma velmi piizniva produkéni a z toho vyplyvajici
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V. Produkéni G&innost zdvlahové vody (Kn&Zeves, 1995 aZ 1997) — Production efficiency of irrigation water (Kn&Zeves, 1995 to 1997)

Rok! Vasianta? Vynos 3sur:hél_\? Vliv zd:/llnh‘ Dodané 5zinvh;hmiél Uéinno:t mvln_hsové Poti‘eb7n zﬁ;/lnh'olvé
chmele” (t.ha™') (tha™") mnozstvi® (m”.ha™") vody® (kg.m™) vody’ (m”.kg™")
KZ 1,54 +0,39 232 1,68 0,59
1995 PZ 1,18 +0,03 175 * 0,17 5.83
K 1,15 - 0 0 0
KZ 1,27 +0,26 251 1,03 0,96
1996 PZ 1,28 +0,27 219 1,23 0.81
K 1,01 - 0 0 0
KZ 1,003 +0,248 400 0,62 1,62
1997 PZ 1,035 +0,280 506 0.55 1,81
K 0,755 - 0 0 0
KZ 1,27 0,30 294 1,20 1,06
x PZ 1,16 0,19 300 0,65 2,82
K 0,97 - 0 0 0
KZ = kapkova zdvlaha — trickle irrignlion.
PZ = podzemni zdvlaha — underground irrigation
K = kontrola - control
'ycar. Zvariant, “yield of dry hops, deffect of irrig 3 pplied irrigation ‘efﬁciency of irrigation water, "demand of irrigation

water

i ekonomicka pfinosnost zavlaZovéani, a to i v roce
1996 s relativné vysokym thrnem sraZek (421 mm).

Primérné zvySeni vynosl na zavlaZovanych varian-
tach se pohybovalo kolem 25,3 % oproti kontrolnimu
stanovisti. Potfeba zavlahové vody na 1 kg hlavek &i-
nila 1,94 m® a G&innost 1 m® dodané zavlahové vody
byla pramérné 0,93 kg chmelovych hlavek.
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RECENZE

FOOD, CLIMATE, AND CARBON DIOXIDE

THE GLOBAL ENVIRONMENT AND WORLD FOOD PRODUCTION

S. H. Wittwer

Boca Raton, USA, CRC Press 1995, 236 s.

Problematika globalnich zmén prostiedi a jejich vli-
vl na vegetaci se stala v poslednich desetiletich pred-
métem intenzivniho vyzkumu pfednich svétovych pra-
covidf a v soucasnosti presahuje z Cisté biologické i do
spolecenské a politické dimenze. Globalni zmény pro-
stfedi, zejména oteplovani ovzdusi a zvySujici se kon-
centrace oxidu uhli¢itého, se mohou v blizké budouc-
nosti stat jednim z nejdaleZitéjSich faktord urujicich
mnoZstvi a kvalitu produkce zemédélskych plodin
v celosvétovém méfitku. Poutaji proto pozornost od-
bornik, politiki a dal§ich osobnosti, nebot s ohledem
na vyzivu lidstva mohou byt pfedmétem strategického
zajmu. Odpovédét na otdzku, zda a do jaké miry se
stoupajici koncentrace CO, v ovzdusi projevi na pro-
dukci zemédélskych plodin, se pokusil ve své knize
S. H. Wittwer, profesor Michiganské statni univer-
zity, pfedni specialista v oboru produkce a skleniko-
vych kultivaci, ¢len mnoha statnich (USA) a mezina-
rodnich instituci zabyvajicich se zemédélskou produkci
ve vztahu ke klimatu. V dvodnich kapitolich se zaméfil
na prehled klimatickych faktord ovlivijicich produk-
ci, jejich definovani a charakteristiku jejich variability.
RovnéZ se vénoval tém zméndm klimatu (napf. oteplo-
vani atmosféry, zmény v mnoZstvi a rozdéleni srazek,
vyskyt extrémnich mrazi), které mohou byt zpisobeny
zvySujici se koncentraci CO, a jinych plynt v atmosfé-
fe (metan, oxidy dusiku, ozon, freon). Autor velmi kri-
ticky hodnoti globdlni oteplovéni, nebot dosud nelze
nalézt dostate¢nou shodu mezi simulanimi vypocty,
uskuteénénymi pomoci modell globélni cirkulace ov-
zdusi (plus 1,5 a7 4.5 °C), a mezi skute¢né naméfenymi
hodnotami (plus 0,5 °C za uplynulé stoleti).

Dal$i oddil knihy se zabyva pfimymi ucinky zvyse-
né koncentrace CO, v ovzdusi na fyziologické a risto-
vé procesy rostlin. Detailné je pojedndno o vlivu zvy-
Sené koncentrace CO, na fotosyntézu, respiraci,
transpiraci, efektivitu vyuziti vody (WUE), tvorbu bio-
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masy a vynosové Cdsti zemédélskych plodin. Stranou
nezUstavaji ani alokace asimilati do rostlinnych orga-
nl, piijem a fixace dusiku, kompeti¢ni vztahy mezi
rostlinami a zménéna odolnost proti hmyzim Skadcim.
Nasledujici rozsahla kapitola je vénovana hlavnim sku-
pinam zemédélskych plodin, které se nejvyznamnéjsi
mérou podileji na vyZzivé lidstva: obilninam (ryze, pSe-
nice, kukufice, ostatni obilniny), lusténinam (fazol, so6-
ja, bob aj.), hliznaté a kofenové zeleniné (brambory,
sladké brambory, maniok, kalokazie), olejnindam, bana-
novnikim a rostlinim péstovanych pro produkci cukru.
Podrobné jsou uvedena data o zastoupeni jednotlivych
plodin a jejich narocich na stanovisté, klimatické po-
méry a také pravdépodobna reakce na otepleni atmo-
sféry a zvySenou koncentraci CO,. V mensi mife je téz
pojedndno o ovocnych stromech a vodnich rostlinach.
Posledni kapitoly patfi ostatnim globalnim zménam
klimatu (sniZovani mnoZstvi stratosférického ozonu,
zvySovani mnoZstvi UV-B zafeni dopadajiciho na
zemsky povrch) a moznym dopadum jejich pusobeni.
Na zavér se autor zmifuje o predpokladanych dopro-
vodnych éincich globalnich zmén klimatu na rostli-
ny a oblasti, v nichZ se v souasnosti pfirozené vys-
kytuji ¢i péstuji (snizovani druhové rozmanitosti,
posun fytogeografickych oblasti, zaplaveni nizin-
nych pfimoiskych oblasti).

I kdyZ piizpasobeni rostlin (aklimace) globdlnim
zméndm klimatu neni dosud detailné prozkoumdano
a predpovéd produkce zemédélskych plodin za zméné-
nych podminek muZe byt uéinéna jen s jistou davkou
obezfetnosti, pfedstavuje recenzovana kniha velmi dob-
ré kompendium soucasnych znalosti o vlivu zmén kli-
matu na zemédélské plodiny, o ¢emzZ svédci mimo jiné
i Getyhodny seznam pouZité literatury. Knihu lze proto
doporuéit vysokoskolskym pedagogiim, odbornikiim na
zemédélskou produkei i pokrodilym studentim vyso-
kych Skol pfirodovédného zaméfeni.

Ing. M. Bartdk, CSc.
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THE EVALUATION OF YIELD AND ALPHA-BITTER ACID
CONTENT IN SELECTED HOP VARIETIES

HODNOCENI VYNOSU A OBSAHU ALFA-HORKYCH KYSELIN
U VYBRANYCH ODRUD CHMELE

V. Nesvadba, F. Beranek, K. Krofta

Hop Research Institute Co., Ltd., Zatec, Czech Republic

ABSTRACT: Almost 300 various hop varieties from 23 countries were planted in the collection of Hop Research Institute
in Zatec. This collection represents rich genetic source for hop breeding. Selected varieties are examined from efficiency of
main parametres (yield and o-bitter acids content) and its stability point of view. These parametres are evaluated in the group
of 20 world hop varieties from seven countries in time period of 20 years. Brewers Gold variety has the highest yield and
Aurora variety shows the highest c-bitter acids content. Under the influence of aging just Neoplanta variety shows decline
of yield and in Vojvodina and Aurora varieties declines a-bitter acids content. Instability of efficiency is more affected by
weather conditions of the vegetation season than by age of plants (time factor).

hops; genofond; world collection of hop varieties; yield; o-bitter acids; stability; age of plants

ABSTRAKT: V aredlu Chmelafského institutu v Zatci bylo vysizeno a studovano témé&f 300 genotypii z 23 zemi, které
piedstavuji kolekci genetickych zdroji (svétovy sortiment chmelovych odrid). U hlavnich znaki (vynos chmele a obsah
a-hotkych kyselin) je sledovdna vykonnost a jeji stabilita jednotlivych genotypli. Tyto parametry jsou hodnoceny na souboru
20 svétovych odrid ze sedmi zemi v Casové fadé 20 let. Odrida Brewers Gold dosahuje nejvy33iho vynosu a odriida Aurora
vykazuje nejvy3si obsah o-hofkych kyselin. Vlivem starnuti rostliny dochézi pouze u odridy Neoplanta k poklesu vynosu
a u odriid Vojvodina a Aurora k poklesu obsahu o-hotkych kyselin. Nestabilita vykonnosti je zptisobena vyrazné&ji povétr-
nostnimi podminkami roku neZ stafim rostliny (faktorem &asu).

chmel; genofond; svétovy sortiment chmelovych odriid; vynos; a-hofké kyseliny; stabilita; stafi rostlin

INTRODUCTION

At the present time one of the main goal of hop
breeding is to develop new varieties with high a-bitter
acids content. High o-bitter acids content and high
yield ensure high production of pure o-bitter acids
from planting area. Hop is perennial plant therefore
stability of yield and a-bitter acids content for the life-
time is necessary. Testing of varieties efficiency and its
stability is important either for breeders and for hop
growers too.

New varieties are demanded to give not only high
efficiency but ability to provide good crop in changing
environmental conditions too (UZik, 1995).

The stability of efficiency is one of the most impor-
tant features, that is followed in all genetic sources
within the framework of current genobank. Hop is clas-
sified with field collection, that comprises living plants
in temporary or permanent field plantation (Bares,
Dotlacil, 1985). A collection of world hop varieties
has been established in Hop Research Institute, Zatec
within the framework of preserving of genetic sources.
All passport and description data are registered in in-
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formation system EVIGEZ of genobank VURV Praha-
-Ruzyné (Beranek, 1997).

MATERIAL AND METHODS

The collection of world hop varieties was estab-
lished in Hop Research Institute, Zatec in 1972. Indi-
vidual varieties are planted in spacing 300 x 100 cm by
eight plants (Zelenka, 1980). 299 world varieties
from 23 countries including domestic genetic material
are planted there at the present time. 20 hop varieties
from seven countries were chosen for evaluation of
yield and a-bitter acids content as follows:

1) The Czech Republic: Osvald’s clone 72 was bred by
mass selection from Saaz semi-early red-bine hop,
registered in 1952. This fine aroma hop belongs to
the most quality varieties. Yield and content a-bitter
acids are lower compared to hybrid varieties.

2) Germany: Hallertau is semi-early variety, Hiiller
Bitterer (Northern Brewer offspring) is triploid va-
riety, registered in 1971, Hallertauer Gold is semi-
-early variety, registered in 1974.
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3) Slovenia: Savinski Golding is ecotype of English
variety Fuggle. Four subsequent varicties were re-
gistered in 1971. Ahil, Apolon, Atlas are offsprings
of Brewers Gold, Aurora originates from Northern
Brewer variety.

4) Yugoslavia: Dunav, Neoplanta, Vojvodina are high-
-alpha hybrid varieties, registered in 1972. All these
varieties originate from Savinski Golding and Nor-
thern Brewer.

5) Belgium: Two hybrid varieties Record and Star were
bred by crossing Northern Brewer x Saaz.

6) England: Golding and Fuggle are traditional English
varieties. Brewers Gold and Northern Brewer (Bre-
wers Gold offspring), bred by prof. Salmon, have
some genes of native North American hops from
Manitoba.

7) USA: Cascade is the first hybrid hop variety bred in
the USA from Fuggle and Russian variety Sereb-
rjanka. Late Cluster is successfully grown on over
the world, in 80s was planted on 95% of production
area in India (Bakshi, Atal, 1985).

Selected group comprises either fine aroma, aroma
and high-alpha varieties, varieties with high and low
yield too. Not maximum efficiency of individual hop
varieties, but uniformity of efficiency (low variability)
is decisive for stability of evaluated parameters. Two
parameters are evaluated in varieties above selected:
1) Yield is given in the mass (kg) of fresh hops based

on one plant (kg.plant‘l).

2) Content of o-bitter acids is expressed as lead con-

ductance value/LCV (according to CSN 46 2520-15

method) in % w/w, based on dry matter.

All varieties are evaluated in the period of full pro-
duction performance (from second year after planting)
in 1978 to 1997 years. As all plants are located in the
same plot, environmental conditions (soil, weather, cli-
mate, nutrition, agronomy technology) can be consid-
ered as uniform for all varieties. Statistical evaluation
was performed with the aid of computer program Ad-
stat, version 1.25 (TriloByte Pardubice). Statistical
evaluation is divided to three parts:

a) Yield and a-bitter content of individual hop varieti-
es is characterized by mean value in 20 years time
period. The comparison of varieties is expressed by
index to the mean of the investigated group. Varia-
bility in time period in each variety determines stan-
dard deviation and coefficient of variance (Kaba,
1982).

b) Testing of differences between two means enables
to evaluate if means of two sets are statistically sig-
nificant (Brabenec, 1979). The difference in
yield or o-bitter acids content of individual varieties
is evaluated by t-test, which enables to determine
what probability are varieties conclusively different
with. The efficiency of varieties is different with
99% probability at the level of significance P = 0.01.

c¢) The stability of yield and a-bitter acids content is
expressed by the aid of coefficients correlation and
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regression for calculation of the trend function. Re-
gression depicts an average course of changes of
dependent variable y (yield, o-bitter acids content)
on changes of independent variable x (age of plants).
Differences between correlations coefficients of li-
near and quadratic trend function are negligible.
Therefore linear trend function of the type (y = a +
bx) was used for interpretation of results. The nar-
rowness of variables relationship can be evaluated
according to the coefficient of correlation r or coef-
ficient of determination r2 (Tab. I). Hundredfold of
determination coefficient expresses from how many
percent are changes of dependent variable in regres-
sion equation explainable by changes of independent
variable (years).

I. The influence of time variable evaluated in trend function accor-
ding to correlation coefficient and coefficient of determination

Correlation Coefﬁ'cm?t of The influence of time variable
coefficient determpinationx in the trend function
100 (%)
>0.2 >4 negligible
0.201-0.4 4-16 very weak
0.401-0.5 16-25 weak, but attention deserving
< 0.5 <25 conclusive influence

RESULTS AND DISCUSSION
The evaluation of hop yield and a-bitter acids content

The order of varieties according to mean yield (Tab. II)
confirms high yield in Brewers Gold (3.86 kg.plant_l)
and Vojvodina (3.77 kg.plant") varieties. Fine aroma
variety Osvald’s clone 72 has the lowest yield
(1.79 kg,plant'l) and with Late Cluster, Hiiller Bitterer
and Apolon varieties forms the group with the highest
year-to-year yield variability (coefficient of variance is
above 30%). On the other hand varieties Fuggle, Cas-
cade, Ahil and Hallertau have the lowest yield vari-
ability. The range of index of varieties yields is 74.3%
(between Brewers Gold and Osvald’s clone 72).

The evaluation of o-bitter acids content shows
higher range between mean values (between Aurora
and Star varieties is 114.8%) compared to yields
(Tab. III). Slovenian varieties of line A and Northern
Brewer variety belong to the ones with the highest con-
tent of a-bitter acids (> 6% w/w). In the time period of
20 years three varieties Late Cluster, Osvald’s clone 72
and Star have mean values of a-bitter acids below 3%
w/w. The highest variability of a-bitter acids content
have five varieties (Savinski Golding, Star, Vojvodina,
Record and Hallertau), the value of coefficient of va-
riance is higher than 35%. The lowest values of this
parameter have Osvald’s clone 72 (CV = 21.1%) and
Ahil (CV = 22.0%). In the period 1980 to 1985
(in England) the mean content of a-bitter acids content
in Fuggle variety was 5.37% and Northern Brewer
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1I. Mean yield in investigated varieties and its characteristics (Zatec, 1978 to 1997)

Order Name of variety Yield_I Index to the mean Stm_rd:‘u'd Coefﬁciem
(kg.plant™) of set deviation of variance (%)
1 Brewers Gold 3.86 1.386 0.893 23.13
2 Vojvodina 3n 1.354 0.946 25.09
3 Dunav 338 1.214 0.860 25.44
4 Late Cluster 337 1.210 1.034 30.68
5 Neoplanta 3.08 1.106 0.699 22.69
6 Hiiller Bitterer 3.05 1.095 0.959 31.44
7 Northern Brewer 285 1.023 0.756 26.53
8 Fuggle 2.81 1.009 0.572 20.36
9 Apolon 279 1.002 0.869 3115
10 Cascade 277 0.995 0.569 20.54
11 Golding 2.72 0.977 0.689 25.33
12 Aurora 272 0.977 0.746 2743
13 Hallertau 2.68 0.962 0.562 20.97
14 Record 2.55 0916 0.551 21.61
15 Hallertauer Gold 2.39 0.858 0.638 26.69
16 Atlas 237 0.851 0.684 28.86
17 Ahil 234 0.840 0.588 25.13
18 Star 229 0.822 0.473 20.66
19 Savinski Golding 2.12 0.761 0.596 28.11
20 Osvald’s clone 72 1.79 0.643 0.539 30.11
Mean 219 1.000
111. Mean content of o-bitter acids and its characteristics (Zatec, 1978 to 1997)
Order Narneiof Vasieiy a-bitter acids Index to the mean Slapdt_Ard Coe_fﬁcient
(%) of set deviation of variance (%)
1 Aurora 7.63 1.650 2018 26.45
2 Ahil 6.99 1512 2.142 30.64
3 Atlas 6.46 1.397 1.424 22.04
4 Northern Brewer 6.43 1.391 1.951 30.34
5 Apolon 6.26 1.354 1.949 3113
6 Neoplanta 5.67 1.226 1.402 24.73
7 Brewers Gold 5.57 1.205 1.292 23.20
8 Hallertauer Gold 481 1.040 1.179 24.51
9 Vojvodina 4.63 1.002 1.713 37.00
10 Dunav 435 0.941 1.247 28.67
1 Hiiller Bitterer 4.32 0.934 1.343 31.09
12 Record 423 0915 1.544 36.50
13 Cascade 3.97 0.859 1.114 28.06
14 Fuggle 3.62 0.783 1.100 30.39
15 Golding 3.20 0.692 0918 28.69
16 Savinski Golding 3.15 0.681 1.213 38.51
17 Hallertau 3.09 0.668 1.087 35.18
18 Late Cluster 295 0.638 0.988 33.49
19 Osvald’s clone 72 2.67 0.578 0.564 21.12
20 Star 2.46 0.532 0918 37.32
Mean 4.62 1.000
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8.27% (Marr, 1986). Comparable values of both va-
rieties in the conditions of world collection in Zatec are
much lower, by 32.6% (Fuggle) and by 22.2% (North-
ern Brewer), resp.

Testing of differences in yield and a-bitter acids
content among varieties

On the basis of t-test calculation for conclusive evi-
dence of differences in hop yield among varieties is
determined by the probability to which individual va-
rieties have conclusive difference in hop yield (Tab. IV).
Brewers Gold has higher yields compared to other va-
rieties with. 99% probability (to Vojvodina with 90%
probability). On the other hand Osvald’s clone 72 has
lower yield compared to all other varieties.

On the basis of t-test the Aurora variety has higher
content of o-bitter acids compared to other ones with
probability, that is summarized in Tab. V. In virtue of
conclusive differences in a-bitter acids content tested
varieties can be divided into three groups. First group
is formed by varieties, that have with determined prob-
ability higher o-bitter acids content compared to other
ones. Aurora, Ahil, Northern Brewer, Apolon, Neo-
planta and Brewers Gold belong there. Second group
has conclusively higher a-bitter acids content com-
pared to the varieties in the third group (instead of
Cascade and Record to Fuggle variety). Second group
is formed by Hallertauer Gold, Vojvodina, Dunav,
Hiiller Bitterer, Record and Cascade. Third group is
formed by varieties with conclusively lower a-bitter
acids content (Fuggle, Golding, Savinski Golding, Hal-
lertau, Late Cluster, Osvald’s Clone 72 and Star).

Testing of hop yield stability and a-bitter acids content
in dependence on the age of plants

The dependence of yield on the age of plants was
evaluated with the aid of linear trend function y = a + bx
(y = hop yield, x = age of plants/years). Varieties that
have the most stable yield in dependence on age of

plants have the highest values of correlation and deter-
mination coefficients. Values of parameters are collated
in Tab. VI. 12 varieties in upper part of the table exhibit
slight and very slight increase of yields in 20 year time
period. Mean year-to-year yield change is given by
b parameter (Tab. VI). The highest progressive trend
has Late Cluster variety (b = 0.066), simultaneously its
coefficient of determination is highest too in this varie-
ties group (1007 = 14.28%). The tendency to yield
decline in dependence on time prevails in other eight
varieties. Neoplanta variety has this tendency most
considerable, year-to-year yield decline b = -0.059
(1007 = 24.74%). Slight tendency to yield decline
have Vojvodina, Record, Golding, Savinski Golding
and Hallertauer Gold varieties. Slight tendency to yield
increase (instead of Late Cluster) have Cascade,
Aurora, Osvald’s clone 72, Northern Brewer varieties.
In remaining varieties the relation between yield and
age of plants can be declared like entirely random. The
values of determination coefficient show that yields are
much more influenced by conditions of current vegeta-
tion season than by age of plants.

The dependence of a-bitter acids content on time
(age of plants) is evaluated in the same way (y = o-bit-
ter acids content). Results are summarized in Tab. VII.
Increased tendency of a-bitter acids content vs. time
showed only six of 20 varieties evaluated. This increase
is most pronounced in Late Cluster variety (according
to parameters b, lOOrZ). Another six varieties show
probably only fortuitous decline of o-bitter acids
(Tab. VII). Osvald’s clone 72 has negligible tendency
of a-bitter acids decline according to linear trend func-
tion (b = -0.001). This result does not correspond with
permanent decline of a-bitter acids content in the
Czech hops in the last 20 years. This decline is 0.1%
of o-bitter acids according to regression analysis
(Fric, 1995). In Tab. VII there are six varieties that
have attention deserving decline of a-bitter acids in
dependence on age of plants (10072 = 4.43 to 13.01%).
Last two varieties Aurora and Vojvodina in Tab. VII
exhibit the highest decline of o-bitter acids content

&
o
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°

Alpha acids (%)

1. Linear trend function

Years
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

(Vojvodina, content of
a-bitter acids, 1978 to
1997; y =3.68 - 0.175x)
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IV. Level of significance of yield differences (t-test)

Brewers Brewers

Gold Gold

Vojvodina 0.1 V:ij::-

Dunav 0.01 - Dunav

%:::im 0.01 - - Cll‘:st;r

Neoplanta 0.01 0.02 - - ;::‘;A

e on [om | - | - | - |im=

orben | a0 [ oo | - | - | - | - [

Fuggle 0.01 0.01 0.1 - - - - Fuggle

Apolon ’ 0.01 0.01 0.05 - - - - - Apolon

Cascade 0.01 0.01 0.02 0.05 - - - - - Cascade

Golding 0.01 0.01 0.02 0.05 - - - - - - Golding

Aurora 0.01 0.01 0.05 0.05 - - - - - - - Aurora

Hallertau 0.01 0.01 0.01 0.05 0.1 = - = - = = - |Hallertau

Record 0.01 0.01 0.01 0.01 0.02 0.1 0.1 - =3 = = = - Record

gﬁ}:;"‘“‘" 0.01 0.01 0.01 0.01 0.01 0.02 0.05 0.05 = 0.1 = = = = H;"g;f:

Atlas 0.01 0.01 0.01 0.01 0.01 0.02 0.05 0.05 0.1 0.1 = = s = = Atlas

Ahil 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.1 0.02 0.1 0.1 0.05 = = = Ahil

Star 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.05 0.1 0.05 0.05 0.05 - - = - Star
é‘;:ﬂ;‘;‘ 001 | oo1 | oor | oor | oor | oot | oot | 001 | oo1 | oo | oot | oot | oot | 005 - - - - ?‘;’1‘;‘;‘;
32‘1"2”7’2‘ 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.1
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V. Level of significance of a-bitter acids content differences (s-test)

1 1
Aurora Aurora 1. group X 2. group 5 3. group
I I
Ahil =3 Ahil 5 !
I |
Atlas 0.1 = Atlas ; :
I |
Northern 0.1 _ _ Northern ' !
Brewer K Brewer i i
Apolon 0.05 - - - Apolon i ;
' I
Neo- '
Neoplanta 0.01 0.05 0.1 - - planta i
Brewers Brewers '
Gos 0.01 0.05 0.1 - - - ool :
Hallertauer Hallertau- '
plps 0.01 0.01 0.01 0.01 002 | o1 U e i
Vojvodina | 0.01 0.01 0.01 0.01 0.02 0.1 0.1 - ¥ojvo: i
dina |
Dunay 0.01 0.01 0.01 0.01 0.01 0.01 0.01 - - Dunav ;
I
Hiiller Hiiller '
Bits i 0.01 0.01 0.01 0.01 0.01 0.01 0.01 - - = | B ;
Record 0.01 0.01 0.01 0.01 0.01 0.01 0.01 2 2 = 2 Record
Cascade 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.05 - - - - Cascade
Fuggle 0.01 001 0.01 0.01 0.01 0.01 001 0.01 005 | o1 0.1 = - Fuggle
Golding 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 001 0.01 002 | 005 - | Golding
Savinskt oot | oot | oot | oot | oot | oor | oor | oor | oor | oo1 | oor | oos | oos Sayinsk
Golding ; : - - ; - - - . : . . . = ~ | Golding
Hallertau 0.01 0.01 0.01 0.01 0.01 001 001 0.01 0.01 001 0.01 002 | 005 = = - |Hallertau
Late Late
s 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.1 2 = = e
Qevaldi 001 | 001 | o001 | oor | oor | oor | oor | oor | oo | oor | 001 | 001 | 001 | 001 | 005 s = - |Qsvalds
clone 72 clone 72
Star 0.01 001 0.01 0.01 0.01 0.01 0.01 0.0l 0.01 0.0l 0.01 0.01 0.01 0.01 0.02 0.1 0.1 = =




V1. Parameters of linear trend function (y = a + bx) as a criterion of yield stability (Zatec, 1978 to 1997)

Values of

Name of variety r 2. 100 (%)
a b
Late Cluster 2.68 0.066 0.378 14.28
Cascade 2.48 0.027 0.281 791
Aurora 2.44 0.026 0.208 433
Osvald’s clone 72 1.98 0.018 0.201 4.03
Northern Brewer 2.58 0.025 0.197 3.89
Atlas 2.16 0.020 0.170 2.87
Star 2.15 0.013 0.163 2.66
Dunav 3.18 0.019 0.129 1.67
Brewers Gold 3.69 0.016 0.103 1.07
Hallertau 2.64 0.004 0.004 0.14
Hiiller Bitterer 2.99 0.005 0.032 0.10
Apolon 2.77 0.002 0.015 0.02
Fuggle 2.90 -0.009 0.091 0.82
Ahil 247 -0.015 0.147 2.15
Hallertauer Gold 2.63 -0.022 0.203 4.12
Savinski Golding 237 -0.024 0.241 5.81
Golding 3.07 -0.033 0.284 8.09
Record 2.85 -0.029 0.308 9.46
Vojvodina 429 -0.049 0.310 9.58
Neoplanta 3.70 -0.059 0.497 24.74

VII. Parameters of linear trend function (y = a + bx) as a criterion of a-bitter acids content stability (Zatec, 1978 to 1997)

Naiiai oF sty Values of parameters = 2100 (%)
a b
Late Cluster 2.40 0.055 0.315 9.92
Hiiller Bitterer 4.00 0.032 0.135 1.83
Dunav 4.13 0.022 0.099 0.97
Savinski Golding 298 0.017 0.077 0.59
Atlas 6.37 0.009 0.034 0.11
Cascade 3.92 0.005 0.025 0.01
Osvald’s clone 72 2.68 -0.001 0.009 0.01
Hallertauer Gold 4.94 -0.014 0.061 0.37
Golding 3.37 -0.016 0.100 1.00
Hallertau 3.30 -0.021 0.107 1.14
Apolon 6.68 -0.044 0.121 1.46
Fuggle 3.91 -0.029 0.146 2.13
Brewers Gold 6.06 -0.048 0.211 4.43
Neoplanta 6.21 -0.055 0.219 4.79
Ahil 7.96 -0.097 0.255 6.52
Record 5.09 -0.086 0312 9.73
Northern Brewer 7.63 -0.120 0.347 12.08
Star 3.05 -0.059 0.361 13.01
Aurora 9.48 -0.185 0.515 26.56
Vojvodina 6.38 -0.175 0.574 32.98
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(b =-0.185/-0.175, 10072 = 26.56/32.98, resp.). It can
be stated that decline of o-bitter acids content is sig-
nificant property of these varieties (Fig. 1). To some
extent is this property also influenced by climate con-
ditions. Kralj (1985) evaluates Aurora variety to be
one of the best of Slovenian.

Nearly all varieties have negligible or very slight
dependence of stability change on time (aging of
plants) from the point of view of yield and a-bitter
acids content stability. Decline of stability in Neoplanta
(yield) and Vojvodina (o-bitter acids content) varieties
with highest decline of linear trend function is above
all caused by random fluctuations of weather condi-
tions in current vegetation year (75.26%/67.02%,
resp.). The instability is caused particularly by environ-
mental conditions than by aging process of plants in the
course of 20 years.

CONCLUSION

Brewers Gold variety with the highest yield conclu-
sively overtops all other ones. It does not exhibit nega-
tive regression and correlation in dependence on age of
plants. Neoplanta variety with higher yield proves
some dependence of yield decline on age of plants.
Osvald’s clone 72 in spite of low yield and o-bitter
acids content exhibits good stability of investigated pa-
rameters in dependence on age of plants. That means
that in the course of 20 years no yield decline or a-bit-
ter acids content decline was registered. Aurora variety
with the highest o-bitter acids content consecutively
confirms (r-test) its priority compared to other ones
(instead of Ahil variety). Aurora and Vojvodina varie-
ties prove dependence of a-bitter acids content decline
on age of plants.

According to coefficient of determination Late Clus-
ter variety is the most stable either in the yield and
a-bitter acids content as well. New varieties (domestic
and foreign) regarding to long-term planting at the site
must have variability as low as possible, good stability
in yield and a-bitter acids content in the period of full
performance (20 years at least). As the results showed,
yield and o-bitter acids content instability in investi-
gated varieties is preferably caused by environmental
conditions than by aging process of the plants in the
course of 20 years.
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UTILIZATION OF WILD HOPS TESTATION FOR
EXTENTION OF GENETIC SOURCES FOR BREEDING

VYUZITI TESTACE PLANYCH CHMELU K ROZSIRENI GENETICKYCH
ZDROJU PRO SLECHTENI

K. Krofta, V. Nesvadba, J. Patzak

Hop Research Institute Co., Ltd., Zatec, Czech Republic

ABSTRACT: Wild hops represent an important part of genetic sources. 22 female hops and one male hop were taken on 12
localities in Saaz hop growing region. Their testation was performed from the following points of view: morphological
description, chemotaxonomy, molecular diagnostics, state of health including occurrence of virus and viroids pathogens.
Morphological description and chemical taxonomy indicate similarity to Saaz semi-early red-bine hops, but molecular biology
analysis this relationship in some cases did not fully confirmed. The results showed that wild hops represent relatively
heterogenic plant material. The occurrence of virus and viroid infections is substantially reduced compared to cultural hops
within hop growing area. General health condition of wild hops without pest control proves higher resistance against pests
and diseases in comparison with Saaz semi-early red-bine hops (Osvald’s clone 72).

hop breeding; Saaz semi-early red-bine hop; wild hop; morphological description; hop resins; hop oils; hop powdery mildew;
ApMV; HLVd; PCR; RAPD

ABSTRAKT: Plané chmele pfedstavuji dileZitou sou&ast genetickych zdroji. Na 12 lokalitich Zatecké chmelafské oblasti
bylo odebrino a testovano 22 sami¢ich chmeld a jeden chmel saméi. Testace byla provedena z hlediska morfologického
popisu, chemotaxonomie, molekuldrni diagnostiky a zdravotniho stavu, véetné vyskytu virovych a viroidnich patogenii. Mor-
fologicky popis i chemické taxonomie nasvédduji pfibuznosti se Zateckym poloranym Cervefidkem, ale molekuldrng-biolo-
gicka analyza tuto pfibuznost v nékterych pfipadech zcela nepotvrzuje. Vysledky ukdzaly, Ze testované plané chmele
pfedstavuji pomérné heterogenni rostlinny materidl. Vyskyt virovych a viroidnich infekci je u nich podstatné niZ§i neZ
v kulturnich porostech chmelafské oblasti. Celkovy zdravotni stav planych chmeld bez chemického oSetfeni vykazuje vici
chorobdm a kidcim vy3§i odolnost neZ kontrolni Osvalduv klon 72.

Slechténi chmele; Zatecky polorany Cerveiiak; plany chmel; morfologicky popis; chmelové pryskyfice; chmelové silice;
peronospora chmelova; ApMV; HLVd; PCR; RAPD

INTRODUCTION

In the history of hop breeding wild hops have al-
ways played an important role as a genetic source. At
the beginning of this century Salmon (1934) used
native North American hops for breeding. High alpha
varieties Bullion, Brewers Gold and Northern Brewer,
that he bred, carry the genes of wild male hops, taken
in 1916 in Canadian provinces Manitoba and Saskat-
chewan. Comet variety bred by Zimmermann et
al. (1975) in the 70s arose from crossing with male
seedling originated from Logan Canyon area in Utah.

Haunold et al. (1993) used the genetic potential
of wild hops too. He performed takings of native North
American hops in the periods 1958 to 1960, 1983 to
1989 in several US states and Canadian provinces in
the form of seeds and cuttings. The result of his activity
is a collection of several hundreds seedlings and other
cultivars which had good crossing ability with other
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varieties of world assortment. Later some of them died
as a consequence of hop powdery mildew infestation.
Kurovskij (1975) from Ucraine and Wagner
(1982) from Yugoslavia used wild hops for breeding
cultural hop varieties in Europe.

Some older hop varieties grown in middle Europe
region come from natural evolutional breeding process
from originally extended hops. Selection of the best
plants and their introduction to the cultures with sub-
sequent natural choice of most convenient growing lo-
cations allowed to arise a homogenous hop population.
Owing to further deliberate breeding activities of many
folk breeders and extending their work, gave rise to
homogenous region hop populations such as Saaz semi-
-early red-bine hop, Hallertauer, Hersbrucker or
Tettnang that obtained their names from production
areas.

Until recently breeding of Czech hops has been lim-
ited almost exclusively to positive mass selections in
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origin hops. The results of this breeding reflect to an
assortment of varieties when nine clones are registered
under the variety Saaz semi-early red-bine hop. Possi-
bilities of mass selection are practically exhausted at
the present time (Beranek, 1995). Mass selections
in fine aroma Saaz hops were finished in the 80s and
four prospective clones were committed to state varie-
tal trials. The possibility for obtaining new genetic
sources, which has not yet been fully utilized, are se-
lections in wild and grown wild populations of Saaz
hops. Utilization of their breeding properties could ex-
tend genetic sources for hybridization of new geno-

types.
MATERIAL AND METHODS

In the course of the years 1995 to 1997 samples of
hop leaves and cones of wild and grown wild hops were
taken in Zatec region. 22 samples of hop cones and
leaves were taken in 12 localities, sampling was re-
peated in some of them in two to three vegetation sea-
sons. In 1997 one sample of male hop leaves was taken.
Preharvest descriptions of individual genotypes were
performed according to hop classifier (Berdnek,
1978). Individual features are compared to Osvald’s
clone 72 of Saaz semi-early red-bine hop.

Sampling was performed in two terms:

— In spring (May) the samples of young leaves were
taken for virological tests (ELISA) and for determi-
nation of sensitivity to hop downy mildew infection.

— At the beginning of September, at the stage of full
maturity, samples of hop cones and leaves were ta-
ken. Leaves and part of hop cones for virology and
molecular-biology tests were separated in fresh sta-
ge, put to plastic bag and stored at the temperature
—45 °C. The samples of hop cones for chemotaxo-
nomy tests were dried in hot-air dryer at the tempe-
rature 50 to 60 °C and then stored in plastic bag at
the temperature —18 °C until processing.

Chemotaxonomy characteristics of wild hops were
made on the basis of hop resins and hop oils composi-
tion. Hop resins were analysed by HPLC method ac-
cording to EBC 7.4.1 and by modified Wo6llmer method
(EBC 7.3.4). Both methods are based on extraction of
hop resin in two-phase system diethylether-methanol-
-diluted hydrochloric acid. o- and B-bitter acids are
analyzed directly from ether phase on HPLC column
Nucleosil RP C18 (Macherey Nagel, Germany), 5 pm,
250 x 4.6 mm. The mobile phase consists of the mix-
ture methanol-water-phosphoric acid. Analyses were
performed on liquid chromatograph Shimadzu LC-10A
with Diode Array Detector at the wavelength 314 nm.
Total resins, soft resins and B-fraction were determined
gravimetrically from ether phase too after removal of
waxes by freezing. Hop oils were isolated by steam-dis-
tilled method (Wright, Connery, 1951; Green,
Osborne, 1993) and analysed by temperature pro-
grammed gas chromatography system (GC-MS/Varian
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34000 + Finnigan ITD 800) on capillary column DBS
(30 m x 0.25 mm x 0.25 pm).

Wild hops were characterized with the help of mo-
lecular biology method on the basis of PCR (Poly-
merase Chain Reaction) DNA analysis. RAPD (Ran-
dom Amplified Polymorphism DNA) method for DNA
fingerprinting was chosen. Modified method according
to Saghai-Maroof etal (1984) was used for iso-
lation of high weight genomic DNA. Reaction mixture
(25 pl) contained reaction buffer, 3 mM MgCl,,
200 uM dNTPs, 1.6 uM primer, 0.75 U thermostable
Taq DNA polymerase (Promega, US) and 50 ng
genomic DNA. The primers used were synthesized at
ITD company (Czech Republic) according to Fric,
Patzak (1997). The amplification was performed in
the thermocycler Progene (Techne, UK). First denatu-
ration step was 3 minutes at the temperature 94 °C, next
40 cycles had this profile: denaturation 30 seconds at
95 °C, annealing 1 minute at 38 °C, elongation 90 sec-
onds at 72 °C. Final elongation step was 10 minutes at
72 °C. Reaction products were stored at the tempera-
ture -20 °C.

Horizontal agarose electrophoresis (OWL, UK) was
used for products evaluation. The separation ran on
1.5% agarose gel (FMC, US) in TAE buffer at the
voltage 2V/cm. DNA fragments were stained by
SybrGreen (FMC, US), visualized by UV transillumi-
nator, recorded by CCD camera and stored at the for-
mat TIFF files. Computer program MVSP, version 2.20
(Kovach Software, UK) was used for determination of
genetic distances of individual wild hops. This program
employs math relations according to Saito, Nei
(1987).

The occurrence of virus and viroid pathogens was
investigated in some wild hop cultivars. Apple Mosaic
Virus (ApMV) was determined using ELISA method
(Enzyme-Linked Immunoassay) according to Svo-
boda (1993). Test kits Bioreba (Switzerland) were
used for reaction on microtitration plates (Dynatech,
UK). Infection was detected by spectrophotometer MR
700 (Dynatech, UK).

“Dot-blot* DNA-RNA hybridization method ac-
cording to MatousSek et al. (1994) was used for
detection of hop latent viroid (HLVd). Hybridization
was performed with the help of HLVd radioactive
(o[*’P]dUTP) and nonradioactive (digoxigenin-dUTP)
labelling probes at the temperature 68 °C. Infection was
detected on X-ray film (Medix MA, FOMA, CR). The
intensity of HLVd infection was evaluated with the
help of densitometer.

Determination of resistance of wild hops against
pests and diseases was a part of complex evaluation.
The resistance against hop aphid and hop spider mite
was classified visually. The sensitivity to hop powdery
mildew infection was determined visually and comple-
mented by laboratory tests with hop leaves using “disc
method“ (Beranek, Nesvadba, 1997). The prin-
ciple of this method consists in artificial infection of
two hop leaves, one leaf is a control. Leaves are placed
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between two glass discs. After seven days the resis-
tance is evaluated according to the degree of leaves
damage with the help of classifier (Tab. I).

1. Classifier for evaluation of resistance against hop powdery mildew

of d

without damage

Degree of d

g Symp
0 - high resistant

1 - resistant damaged less than 1/8 of leaves’ area
Femedi : d

3 — less resistant

ged 1/8 to 1/4 of leaves’ area
damaged 1/4 to 1/2 of leaves' area

4 - sensitive damaged 1/2 to 3/4 of leaves' area

5 — high sensitive damaged more than 3/4 of leaves’ area

RESULTS AND DISCUSSION

Within the framework of wild hops testation mor-
phological description of hop plants were performed
and compared to Osvald’s clone 72 (Saaz semi-early
red-bine hop). These results are summarized in Tab. II.
This evaluation can be distorted in some parametres
because a lot of bines grow from the hill of wild hop
which results in weaker habitus of the plants compared
to the growth on training wire. Colour of leaves is well
comparable. Three wild hops (L1, L2, L3) have light
green colour of leaves, two others (LS, L6) have deep
green one. In other three markers (density of leaves,
length of laterals, density of cones) wild genotypes do
not reach parametres of control hop. Most of wild hops

11. Preharvest descriptions of wild hops (Zatec, 1995 to 1997)

are comparable with the control in cones size (instead
of D1, Z3). According to maturity wild hops can be
classified as early to semi-late.

The composition of hop resins and hop oils of wild
hops is collated in Tab. III and I'V. The range of o.-bit-
ter acids content is 2.7 to 8.6% w/w and B-bitter acids
content 3.0 to 7.8% w/w. Some wild hops (L2, DI)
with higher a-bitter acids content (> 5.0%) have simi-
lar parameters as virus-free Osvald’s clone 72. Higher
content of a-bitter acids and unchanged B-bitter acids
content means that o/B ratio is greater than 1.0. Vi-
rological tests confirmed virus-free stage. The highest
a-bitter acids 8.6% w/w in L7 place this cultivar to the
variety group with higher o-bitter acids content like
Perle or Sladek.

The composition of hop oils gives another informa-
tion about origin of wild hops. All hops instead of L3
and L7 cultivars content a lot of farnesene (more than
10%) in hop oils. This sesquiterpenic hydrocarbon is
typical marker of fine aroma hops (Saaz, Tettnang,
Spalter), its occurrence in hop oils is not frequent. Far-
nesene (30 to 40%) and selinenes (7 to 9%) dominate
in hop oil composition of L1 cultivar. The chromatograms
of hop oils some wild and Saaz hops are in Fig. 1.

Cohumulone proportion is very low in all wild hops.
It moves in the range of 19 to 25% rel. and does not
exceed 27% rel. Correspondingly, colupulone propor-
tion is relatively low too and moves mostly in the range
of 39 to 42% rel. Generally speaking composition of
o- and B-bitter acids of tested wild hops does not differ
from most of cultural hop varieties. The same holds

Samplé-destription Sex 0??(:::;5 o[l?el:::cys otPlix’:eg::Is (?fc cn:rl:eys ofsci;:es Makifity
L1 female 1 1 1 3 3 3
L2 female | 3 1 5 3 5
L3 female 1 | 1 3 3 5
L4 female 5 5 3 3 5 5
L5 female 9 5 3 3 3 5
L6 female 9 5 1 | 3 5
L7 female 5 ) 1 3 5 5
Dl female 5 7 3 3 Vg 7
D2 female 5 3 3 3 3 5
Z1 female 5 1 1 1 1 5
22 female 5 5 3 3 3 5
Z3 female 5 1 | 1 | 3
Z4 male ) 3 1 1 - -
Osvald’s clone 72 female 5 5 5 & 5 5
Point evaluation according to classifier
1 light green very scarse very short very scarse very short very early
3 scarse short scarse short early
Points 5 green di i i di ly
7 dense long dense long semi-late
9 deep green very dense very long very dense very long late
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I11. Composition of hop resins of wild hops

EBC 7.4.1 EBC 7.3.4
; 8
“ ” g
5 E § g 2 E a g ] _E
=2l 1| 2| 3 0 2| T | ¢ |38 &£ | 3
731 > 3 -8 b5 o 2 2 L5 @ =
= 1996 42 52 20.0 374
1997 2.8 3.2 18.0 35.9 9.7 8.6 27 5.9 11
1995 6.3 4.4 223 43.1 17.7 16.4 7.0 9.4 13
L2 1996 6.2 55 25.0 45.2
1997 7.1 5.1 216 414 17.6 16.4 7.1 9.3 12
- 1996 50 3.9 19.9 38.4
1997 5.1 37 19.7 38.5 132 123 5.1 7.2 0.9
- 1996 4.4 43 273 44.1
1997 35 3.5 259 416 12.0 10.8 35 73 1.2
- 1996 4.9 4.9 21.1 40.0
1997 3.9 37 19.1 38.6 11.4 10.4 3.9 6.5 1.0
= 1996 4.1 2.1 205 40.5
1997 6.5 7.8 209 40.9 20.9 19.6 6.5 13.1 13
L7 1997 8.6 5.1 22.1 413 19.5 18.4 8.5 9.9 1.1
o1 1996 5.2 48 232 39.1
1997 7.9 5.3 26.8 44.6 20.1 19.1 8.0 1.1 1.0
- 1996 6.2 45 218 39.9
1997 5.1 4.2 21.0 36.6 17.7 15.5 57 10.0 22
Z1 1995 27 3.0 212 38.4 126 9.6 34 6.2 3.0
72 1996 2.7 33 : 19.8 389
73 1996 6.2 65 | 095 | 263 416
Osvald's clone 72 3.5-4.5 4-6 07-09 | 21-25 | 40-43 13-16 12-14 4-5 8-10 1-2
Osvald’s clone 72/VF | 5.5-7.5 | 4.5-6.0 | 1.0-1,5 | 21-25 | 40-43 | 17-20 | 16-18 6-8 9-11 1-2

Contents of resins are based on dry matter; HPLC standard ICE 1/VF = virus-free

true about cohumulone and colupulone proportion.
Cultivars with significant farnesene content in hop oils
prevail.

Molecular biology analysis of wild hops was based
on study of polymorphism of individual fragments of
RAPD reaction. Four 10 base oligonucleotids were
used as primers according to Fric, Patzak (1997)
in our work. Primer OPA-11 gave one a polymorphic
fragment, primer OPC-09 gave four fragments, primer
OPC-08 three fragments and primer OPV-17 gave two
polymorphic fragments. The pattern of RAPD reaction
with primer OPV-08 is shown in Fig. 2 and the pattern
of RAPD reaction with primer OPV-17 is shown in
Fig. 3. The presence or the absence of polymorphic
fragments in RAPD pattern for individual wild hops is
summarized in Tab. V. With the aid of program MVSP,
polymorphic fragments were transferred to matrix and
statistically evaluated. Dendrogram (Fig. 4) was con-
structed on the basis of unweighed pair group method
(UPGMA). This dendrogram partly maps genetic dis-
tances of individual wild hops.
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Morphological description of wild hops and their
chemical taxonomy of most of them give testimony
of similarity with Saaz semi-early red-bine hops.
Molecular biology analysis this similarity does not
fully confirm, as it is recognisable from data in
Tab. V. Only LS, L6 and partly L4 hops, on the basis
of DNA analysis, are most related to the genome of
fine Saaz hops. Their chemotaxonomy parameters
are also similar to Saaz hops. Simultaneously these
hops have the highest resistance against hop powdery
mildew infection. This knowledge testifies to a fact,
that in origin hop populations some genotypes, similar
to Saaz hops, with higher resistance to hop powdery
mildew can be found. L7 cultivar does not resemble
to fine aroma hops according to chemotaxonomy
analyses (high o-bitter acids content, low farnesene
proportion in hop oils), but morphological descrip-
tion and particularly molecular analysis some linkage
to genetic group of fine Saaz hops confirm. This is
probably the question of hybrid hops originated from
spontaneous pollination.
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IV. Hop oils composition of wild hops

I~ Proportion of individual components (% rel.)
g g, | % ‘ g
HEIRAR IR AR AR AB RE IR 35
> ES a g = = & + 8| 8 = Py 8
i 1996| 0.84 | 02 | 256 | 03 0.2 1.3 10 | 43 0.6 0.7 |<o0.0l
1997 070 | o1 | 139 | 02 0.1 0.5 02 | 37 02 | 05 0.01
1995| 064 | 03 | 189 | 05 03 | 23 18 | 73 0.9 1.2 0.3
L211996| 122 | 03 | 394 | 04 03 1.0 12 | 73 1.0 0.9 03
1997 1.16 | 02 | 27.8 | 02 02 | 05 09 | 66 0.6 0.9 0.2
L3 |1996| 087 | 02 | 285 | 02 02 1.2 L] 72 1.1 1.4 0.4
1997 | 113 |<0.01 [ 110 | 00 [<0.01| 0.2 02 |143 12 1.8 [<00l
- 1996 078 | 02 | 235 | 04 0.1 0.9 07 | 93 1.6 1.5 | <001
1997 055 | 01 | 137 | 03 0.1 04 | 03 | 90 1.9 25 | <001
Ls |19%6] 058 | 03 | 291 | 05 0.1 0.2 13 | 87 1.7 1.0 0.2
1997 030 <001 | 52 | 01 |<001| 00 | 04 |[102 1.7 1.5 0.3
i 1996 101 | 02 | 293 | 03 02 | 03 12 | 84 0.8 1.0 | <0.0!
1997 1.85 | 02 | 307 | 02 02 | ol 1.0 | 53 0.5 05 |<0.0l
L71997| 054 | 0.1 | 146 | 0.1 0.1 1.5 03 |15.0 2.1 2.6 0.6
i 1996| 061 | 02 | 29.1 | 03 0.1 1.0 1.7 | 100 0.7 1.0 0.3
1997| 083 | 03 | 287 | 02 03 | 04 12 | 76 1.6 1.6 0.2
- 1996 080 | 02 | 278 | 03 02 | 22 18 |10.2 0.7 L1 0.2
1997 098 | 02 | 201 | 03 05 | 04 1.1 | 104 1.5 2.1 0.3
Z1[1995| 034 | 0.1 82 | 0.1 0.1 1.7 0.1 |[134 1.5 2.1 0.2
22 (1996 048 [ 01 | 108 | 0.1 0.2 1.9 04 | 8.1 1.4 1.0 0.3
Z3 (1996 | 126 | 04 | 486 | 03 02 | 09 14 | 6.1 0.5 0.7 0.1
Osvalds 10.5-15(0.3-07| 30-40 [0.3-07[0.2-0.5|1.0-1.2| 1020 4-8 0.5-1.0{0.5-1.0{0.05-0.2
V. The presence of polymorphic fragments of primers used in RAPD reaction of tested wild hops
Primer C-08 C-08 C-08 C-09 C-09 C-09 C-09 A-11 V-17 V-17
ﬁ:‘m"(;gf frag- 450 420 650 1500 | 550 580 530 1200 | 650 800
L1 + - + + + - + - - -
L2 - - + + - - + & = ¥
L3 + - - + + - - - - -
L4 - + + - + - - - -
LS - + + + + - - - -
L6 - + + + + - - - + -
L7 - + + + + - - - - -
DI + - - + - + - - - -
D2 + - - + + - - - -
Osvald’s clone 72 - + + + - - + -

Wild hops D1, D2, L1, L3 form separate genetic
group on the basis of DNA analysis. Chemotaxonomy
analyses are considerably different, especially in hop
oils composition. Content of farnesene in L1 oils is
much higher than in all known world varieties and even
twice higher compared to Osvald’s clone 72. Content
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of hop resins is very low. Molecular analysis confirmed
higher genetic distance L1 hop from Saaz semi-early
red-bine hops. Hops D2 and L3 have the highest simi-
larity in this genetic group what chemotaxonomy
analyses confirmed (absence of farnesene in hop oils).
Long distance of both localities avoids the possibility

317



N ; r
ol -
o1 I
rpl‘f'll'4. Lh I
188
n o ff [
L2
] I
L
H"l L

1L
101 l 3
1L ‘

1699 2408 3060 3680
lgﬁl le?:?l 301 49:01 58:81 68:81

1. Gas-liquid chromatograms of the wild female hops LI, L2, L7
and Saaz hops (control)

Peak identification: P = B-pinene, M = myrcene, L = limonene, C
caryophyllene, H = humulene, F = farnesene, S = selinene, K
cadinene

that it is the same plant material. Size of cones, higher
content of o-bitter acids and maturity of DI cultivar
testify to its hybrid origin. It was confirmed by DNA
analysis. Composition of hop oils with high farnesene
proportion indicates some affinity to Saaz semi-early
red-bine hops. Very interesting is wild hop L2. Chemo-
taxonomy analyses are almost identical with parame-
ters of virus-free Osvald’s clone 72 (high o-bitter acids
content, o/f ratio is greater than 1.0, significant pro-
portion of farnesene in hop oils). This similarity also
indicates higher sensitivity to hop powdery mildew.
Molecular biology analysis however ranks this hop like
genetic most different from Osvald’s clone 72. This
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VI. Occurrence of ApMV in wild hops (ELISA test, 1997)

Sample identification ELISA test - ApMV
LI negative
L2 negative
L3 negative
L4 negative
LS negative
L6 negative
DI negative
D2 negative
22 negative
74 negative
Osvald’s clone 72 positive

VIL Infection of wild hops by hop latent viroid (HLVd)

; dcrsllai?:g:l:ion Infecion HLVd

L1 negative/slightly positive

L2 slightly positive (0.03-0.3 pg/g of fresh weight)
L3 negative

L4 negative

Ls negative

L6 negative

L7 negative

DI negative/slightly positive

D2 slightly positive (0.03-0.3 pg/g of fresh weight)

gi‘::d?; strong positive (3-30 pg/g of fresh weight)

apparent inconsistency can be caused by the method
used which analyses only some genome fragments and
cannot be considered as a complete molecular analysis
of genomic DNA.

The results of virology tests are summarized in Tab.
VI. Within the framework of these tests the occurrence
of ApMV (Apple Mosaic Virus) was only investigated.
This virus is the most extended in Czech hops and its
economic harmfulness is the most relevant. Occurrence
of other viruses (PNRV, HMV, ArMV) was not exam-
ined because they occur substantially less in production
hop gardens. ApMV was not found in any of tested
wild hops. Infection by hop latent viroid (HLVd) was
investigated in subgroups L and D of wild hops. The
results are collated in Tab. VIIL. Slight HLVd infection
was found only in L2 and D2 wild hops, all others have
negative findings. Limit infection in L1 and D1 should
be verified in further tests. These results are in contrast
with high viroid levels in Saaz aroma hops. It is very
interesting because only mechanical transfer of this vi-
roid is known.

Occurrence of pests (hop aphids and hop spide mite)
was very low in all tested wild hops, under the thres-
hold of economic harmfulness. The evaluation of wild
hops sensitivity to hop downy mildew infection is sum-
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Lane: 1 2 3 4 5 6 7 8

2645 pb

1 605 pb
1 198 pb

676 pb

30 bh
336 B

9 10 11

2. Agarose gel electrophoresis of RAPD pattern, for primer OPC-08. for individual wild hops

6 7 8 9

Lane: 1 2 3 4 5

marized in Tab. VIIL. Three hops L4, L5, L6 have high
resistance in cones, testation on leaves showed only
medium resistance. On the other hand, wild hop L2
showed medium resistance on leaves but cones were
more sensitive. It means that on the basis of leaves
testation (disc method) total resistance of the whole
plant, especially hop cones against hop downy mildew
infection, cannot be reliably determined. Male hop Z4
showed the highest resistance determined by disc
method. Such resistance is not usual in male hops. This
cultivar will be introduced to hybridization program
with the aim of breeding resistant offsprings.

CONCLUSION

The results of wild hops testation showed that
these hops represent relatively heterogenous plant
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P ———
2645pb 3. Agarose gel electropho-

resis of RAPD pattern, for
primer OPV-17, for indi-
— 1605 pb vidual wild hops

Lane 1: Osvald's clone 72,

% 1198 pb
~ ! Lane 2: DI, Lane 3: D2,
Lane 4: LI, Lane 5: L2,
Lane 6: L3, Lanc 7: L4,
Lane 8: LS, Lane 9: L6,
+ 676 ph Lane 10: L7, Lane 11:
R
517 pb Promega pGEM™ DNA
«—— 460 bb marker
+«— 396 pb
— 358 })h
— 22; pb
+«—— 179 pb

10 11

material in spite of being located in region where ho-
mogenous hop populations of Saaz semi-ecarly red-bine
hops are grown. Chemotaxonomy complemented by
molecular biology analysis gives much better charac-
terization of tested hops. The occurrence of virus and
viroid infections is substantially reduced compared to
cultural hops within hop growing area. Complex testa-
tion of wild hops can extend genetic sources for hop
breeding.
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THE EFFECT OF ANTHROPOGENIC ACTIVITIES
ON THE CHEMICAL PROPERTIES OF GROUNDWATERS

VLIV ANTROPOGENNTI CINNOSTI NA CHEMICKE SLOZENI
PODZEMNICH VOD

Z. Wittlingerové', L. Kif#’

ICzech University of Agriculture, Praha, Czech Republic
2Wal‘er Resources Co., Chrudim, Czech Republic

ABSTRACT: Air pollution with industrial emissions in the territory of the industrial conurbation Hradec Kralové — Pardubice,
and associated changes in atmospheric precipitation quality, induce regional changes in groundwater quality in the long run.
SO, content in the air corresponds in the given territory to time changes limited by quantities of sulfur emissions, particularly
from the source Opatovice power-station. Data (source CHMI) processed by regression analysis confirm the relation between
SO, content in the air and SO}' concentration in precipitation waters. Time relevés of the groundwater chemistry show an
obvious trend of increasing SO}' concentrations in groundwaters. Observation wells in the shallow network of CHMI have
provided evidence of a 1.6 to 3.9 times higher increase against the original SO%' concentration in the last ca 30 years.

emissions; atmospheric precipitation; groundwater quality

ABSTRAKT: Zneti$téni atmosféry primyslovymi emisemi v zdjmovém uzemi primyslové aglomerace Hradec Krilové —
Pardubice a s nim souvisejici zm&ny v kvalité atmosférickych sraZek zpisobuji v dlouhodobém asovém horizontu regiondlni
zmény kvality podzemnich vod. Obsah SO, v atmosféfe odpovida v daném tzemi Casovym zmé&nam, limitovanym mnoZstvim
emitované siry, pfedeviim ze zdroje elektrarna Opatovice. Udaje (zdroj CHMU), zpracované regresni analyzou, potvrzuji
vztah mezi obsahem SO, v ovzdusi a koncentraci SO}' ve srazkovych vodich. Casové snimky chemismu podzemnich vod
doklddaji vyrazny trend zvySovéni obsahu SO}' v podzemnich vodich. Vrty mé&lké sitt CHMU vykazuji za poslednich

ca 30 let ndrist v rozmezi 1,6- aZ 3,9ndsobku piivodni koncentrace SO%'.

emise; atmosférické sraZzky; kvalita podzemnich vod

INTRODUCTION

The territory under observation lies between the
towns of Hradec Kralové and Pardubice, in the central
part of Bohemian Cretaceous Basin, consisting of peli-
tic sediments of the Elbe marl facies. Opatovice power-
-station burning brown coal with high sulfur contents
is situated in the middle of this area. Chemical compo-
sition of waters is influenced by many factors of local
as well as of regional importance. Air pollution, and
associated precipitation quality, are major factors of
regional importance (Kac, Paskovskij, 1988).
Large amounts of pollutants are efficiently removed
from the air by a washing mechanism (Team of
Authors, 1976) when pollutants are released from the
air and transported to the earth surface. Anthropogenic
impacts influencing groundwater quality in the given
territory of the industrial conurbation Hradec Kralové
— Pardubice are represented mainly by a long-term load
with a wide spectrum of pollutants (Roshal, 1980;
Wittlingerové et al, 1994).
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MATERIAL AND METHODS

In orographic terms, the territory under observation
is situated in the central part of Bohemian Cretaceous
Basin, consisting of pelitic sediments of the Elbe marl
facies. The Cretaceous formation in this territory is
fully overlaid with Quaternary fluvial gravel-sand sedi-
mentary deposits forming the Elbe river bed
Bohdaneéska brana formation. It is a belt of the Elbe
gravel-sand accumulations in the north-east — south-
-west direction, ca 15 km long and 3 to 6 km in width.
The belt axis runs approximately from Opatovice
through Bohdane& and Cerna near Bohdane¢, where it
is united with the belt of deposits on the right bank of
the present Elbe stream. The terrace is sharply demar-
cated with a Cretaceous slope of the Stébelska hillside
on the south-east border of Bohdanedska brana forma-
tion. The gravel-sand demarcation at the north-west
border has finger-like projections from a flat valley.
The thickness of Quaternary deposits (i.e. including lo-
cally developed wind-blown sands and the overlay of
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Holocene loamy alluvial deposits of variable thickness)
in the wide central belt of Bohdane¢ska brdna forma-
tion amounts to 10 to 13 m. Quaternary sediments in
the territory concerned are part of the south-west bor-
der of hydrogeological zone 112 Quaternary Sediments
of the Elbe to Pardubice. The belt of Bohdanecska
brina gravel-sand accumulations forms an extensive
reservoir of groundwaters intensively used in the water-
-management sector. The Cretaceous parent rock of
Quaternary aquifer is impermeable as a whole, the
thickness of aquiferous gravel-sand stratum above the
level of Cretaceous relief is mostly 8 to 10 m, locally
even 1l m(Blazek, 1992).

Increasing concentrations of sulfates in ground-
waters have been recorded in the territory concerned
since the eighties. The period of observation from 1985
to 1994 at the Hradec Kralové station (Czech Hy-
drometeorological Institute — CHMI) is documented in
Fig. 2. Changes in average annual SO, contents in the
air and SO%' concentrations in atmospheric precipita-
tion can be seen here. The graph was plotted for the
period 1985 to 1994 (Hradec Krilové station of
CHMI). Data on SO%' concentrations in precipitation
waters are provided by automatic precipitation sam-
plers that make it possible to analyze precipitation
water excluding the effect of dry deposition. These data
were used to determine the relationship between SO%‘
concentrations in precipitation waters and SO, content
in the air. They were correlated with average annual
SO, concentrations (measured at the Hradec Kralové
station), which is documented in Fig. 3.

Chemical composition of precipitation is produced
in two stages: when cloudiness and fog are formed, and
under rainfall and snowing. When clouds are formed at
100% atmospheric humidity, the moisture condenses to
aerosol with particles 107 + 107 cm. Aerosol consists
of small crystals of calcite, gypsum, dolomite, droplets
of a solution of gases, SO,, HCI, etc., organic and me-
chanical admixtures. The next stage occurs under rain-
fall or snowing when mineralization is increased as
a result of aerosol entrainment (washing).

M,=r,. (Mg +My)
where: M, - mineralization of atmospheric precipitation
Mo - original mineralization
Mt - mineralization caused by aerosol washing
ra - coefficient of change in solute concentration due to
evaporation

Numerous micro-admixtures are efficiently removed
from the air by the above described mechanism of
washing. This particularly applies to SO, removal from
the air and its transport to the soil surface. Catalytic
oxidation in a dissolved state is a prevailing mecha-
nism of SO, removal from the air, e.g. NH can be such
a catalyst M aslov, 1997).

S0, + 0.5 (O,) solution + H,0 - catalyst - 2H* + SO3~

S0, air pollution is manifested as a load of the wa-
tershed with SOE._ salts in this way.
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Groundwater chemical properties in 23 selected fa-
cilities (wells, observation wells) were also studied
when water samples were taken within the network
(period from Sth to 12th March 1997), and analyses of
the elementary type-forming ions Na*, K*, NH}, CI~,
SO%". NO3, NO; and pH value were made. Samples
were taken after a short-time pumping test and after
stabilization of specific conductivity values.

RESULTS AND DISCUSSION

Opatovice power-station is a dominant emission
source in the territory concerned. Dynamics of changes
in SO, emission quantities (continual measurements)
for the period 1985 to 1994 is documented in Fig. 1,
monthly precipitation sums are given in Fig. 4. Immis-
sion situation, defined by SO, content in the ground
layer of the air, corresponds to time changes in the
emitted quantity of sulfur compounds. Fig. 2 shows
visible changes in average annual SO, contents in the
air and SO%’ concentrations in atmospheric precipita-
tion. These data were used to define the relation be-
tween SO%' concentrations in precipitation waters and
SO, content in the air. Correlations with average an-
nual SO, concentrations registered at the Hradec
Kralové station were calculated for this purpose. This
relation is documented in Fig. 3. The coefficient of
paired correlation is 0.9 for the regression equation of
first degree y = 0.3x + 4. The least-squares method was
used to solve this regression equation.

A time study of groundwater chemical properties
was aimed at the elementary type-forming ions Na™,
K*, NHf, CI", 507, NO3, NO; and pH value. Twenty-
-three facilities (wells and observation wells) were
evaluated, and water samples were taken within the
network. Water samples from the facilities (house wells
and observation wells) were taken after a short-time
pumping test, after stabilization of specific conductiv-
ity values (KfiZ, 1997). The data on some parameters
document this situation:
pH - water reaction mostly fluctuates in a slightly acid
to slightly alkaline domain.

Specific conductivity — the values are in the range of
40 mS/m and more. This indicates waters showing
a boundary of medium to increased mineralization,
while waters with increased to high mineralization are
not any exception.

Chlorides (CI7) — chloride concentrations in all sam-
ples complied with the limit value for drinking water
(100 mg/l). Nevertheless, there are areas of increased
values roughly corresponding to locations with in-
creased specific conductivity.

Sulfates (SOE') — approximately a quarter of the sam-
ples exceeded the limit value for drinking water
(250 mg/l). Increased concentrations correspond to in-
creased values of specific conductivity.

Nitrogen forms (NO3, NO3, NH":) — differences in con-
centrations of the particular forms of nitrogen, mainly
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nitrates, between the samples are relatively large. Ni-
trate concentration is significantly influenced, among
other things, by the frequency of use (pumping) of the
respective facility. In case that the facility is out of use
for a long time, chemical reduction of nitrates to nitro-
gen forms with lower oxidation number takes place in
the presence of iron ions (nitrites, gaseous nitrogen, or
ammonium ions).

Data from observation wells in the shallow network
(CHMI), with a time series of measurements that was
established in 1963, were also processed. Tab. I shows

ROSTLINNA VYROBA, 44, 1998 (7): 321-324
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typical chemical composition of waters in the area con-
cerned; gradual and permanent growth of SO%' concen-
trations is documented here. Preceding papers indicate
that the highest increase in SO2~ concentrations in ground-
waters occurred in the eighties and in early nineties
(Wittlingerova, 1994). The above described
mechanism of changes in the chemical composition of
atmospheric precipitation resulting from industrial
emissions is manifested by regional changes in ground-
water quality by several times increased SOE_ concen-
trations.
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4. Histogram of monthly precipitation sums from Dobfenice station in 1985 to 1994
1. Chemical composition of groundwaters — basic components (mg/l)
V 304 V 305 V 306 Vv 307
Year 1963 1992 1997 1963 1992 1997 1963 1992 1997 1963 1992 1997
Na* 310 704 38.0 249 16.3 244 15.7 15.6 20.0 349 27.0 20.0
K* 20 2.6 33 3.3 32 56 35 4.0 55 12.5 8.0
< 0.05 0.2 0.25 0.1 0.11 < 0.05 < 0.05 < 0.05 < 0.05 0.2 0.11 0.24
- 0.01 0.03 - < 0.01 0.03 0.01 < 0.01 < 0.01 0.1 0.03 0.04
2.0 0.8 2.0 18.0 413 64.0 22.0 1.6 6.7 50.0 8.1 6.8
864 | 2003 | 3350 | 1079 | 2392 | 2460 724 | 1239 | 1510 | 909 | 157.1 | 130.0
29.8 7217 729 25.5 58.5 66.5 27.0 46.1 51.2 50.4 35.5 41.7
pH 6.7 74 6.71 7.1 7.1 7.06 72 7.3 7.14 7.0 7.0 7.05
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VLIV HNOJENI KEJDOU PRASAT NA ZVYSENI
BIODEGRADACE ROPNYCH PRODUKTU V PUDE

EFFECT OF PIG SLURRY ON INCREASE OF BIODEGRADATION
OF PETROLEUM PRODUCTS IN SOIL

K. Rimovsky', F. Bauer', Z. Boha¢ek’, M. Linhartova?, J. Toul’

'Mendel University of Agriculture and Forestry, Brno, Czech Republic
2Czech Geological Institute, Brno, Czech Republic

ABSTRACT: Fertilization of haylage oat in 1995 and winter rye for green forage in 1996 by pig slurry increased intensity
of soil nitrification during growing season what was confirmed by finding actual nitrate content in soil. Positive effect of
slurry on microbial processes in soil is given by a close ratio in slurry-contained carbon and nitrogen. Pig slurry at relative
surplus of nitrogen represents a suitable nutritive substrate for soil microbes supporting their development. Soil contamination
by gear oil and diesel oil in 1995 before sowing of haylage oat reduced intensity of soil nitrification. Application of pig slurry
in contaminated soil reduced the negative impact of petroleum products on soil nitrification in the first growing season, and
fully eliminated it in the second growing season (Tab. I). The course of biodegradation of petroleum products in soil was
investigated through the ratio of hydrocarbons of n-heptadecane to pristan (C17/pri) and n-octadecane to phytane (C18/fy).
In indirectly proportional relationship between decrease of these values and level of biodegradation a positive effect of pig
slurry on biodegradation of particularly in case of petroleum products in soil (Tab. II) was confirmed (Tabs II and I1I). Another
binding indicator of the degree of soil contamination by petroleum products is the content of nonpolar extractable substances
(NEL). Analyses conducted proved the decrease in their content in soil due to applied slurry (Tab. V). The effect of petroleum
products on the biomass dry matter production biomass of haylage oat and winter rye on green forage was also evaluated in
field trials (Tab. VI). Dry matter production was reduced in both cultivated crops on soil contaminated with oil and crude oil
compared with uncontaminated soil. In oat it was by 25.11% due to oil, by 41.78% due to crude oil. In winter rye in the first
case it was by 11.76%, in the second case by 15.44%. Addition of slurry reduced the negative impact of oil and crude oil on
the biomass dry matter production of both experimental crops by acceleration of biodegradation of investigated petroleum
products in soil.

pig slurry; nitrates; soil contamination; petroleum products; biodegradation

ABSTRAKT: Hnojeni senazniho ovsa a nisledné péstovaného ozimého Zita kejdou prasat zvysilo v prubéhu jejich vegetace
intenzitu pudni nitrifikace, kterd byla posuzovéana podle aktualniho obsahu nitratd v pidé. Po hnojeni sendZniho ovsa se béhem
jeho vegetace zvysil aktudlni obsah nitrdtd v pidé o 219,3 aZ 530,5 %, po hnojeni ozimého Zita nebylo zvy3eni jejich obsahu
v pudé jiz tak vyznamné. Po kontaminaci pidy ropnymi produkty olejem a naftou doslo pfi srovnéni s kontrolou ke sniZeni
aktualniho obsahu nitrati v pudé. Hnojeni kontaminované pudy kejdou prasat negativni vliv ropnych produkti na pudni
nitrifikaci sniZilo, v pribéhu vegetace druhé pokusné plodiny ozimého Zita ho jiZ zcela eliminovalo. V modelovych pokusech
byla zkoumdna moZnost vyuZiti stimulaéniho G¢inku kejdy prasat na Cinnost pidnich mikrobl za iéelem urychleni biode-
gradace ropnych produkta v pidé. V kontaminované pidé pfevodovym olejem a motorovou naftou byla jejich biodegradace
sledovana pomoci pribéznych chemickych analyz. Uvadéné hodnoty studovanych parametrt znecisténé pady ropnymi pro-
dukty, provedené regresni analyzy a grafické znazornéni obsahu nepoldrnich extrahovatelnych litek (NEL) v pidé dokumen-
tuji pozitivni vliv kejdy na biodegradaci ropnych produkti v pidé. Hnojeni kejdou prasat po stimulaci &innosti pidnich
mikrobii urychlilo biodegradaci pfevodového oleje a motorové nafty v pudé a omezilo jejich negativni piisobeni na produkci
sklizené biomasy sendZniho ovsa a ozimého Zita.

kejda prasat; nitraty; kontaminace pudy; ropné produkty; biodegradace

UvoD : Skozeni, které se projevuje zhorSenou kvalitou vody,
kontaminaci pady Skodlivymi liatkami a zneci§ténim

Puda vedle vody a ovzdusi pfedstavuje jednu ze za-  ovzdusi.
kladnich sloZek Zivotniho prostfedi ¢lovéka. Vlivem ci- Jednou z pficin zhorSeni pidniho prostiedi je konta-
vilizaCnich procesi narusta v posledni dob& jeho po-  minace pudy ropnymi produkty. Nebezpe&i nespogivé
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pouze v toxicité téchto latek pro rostliny, ale také ve
skute¢nosti, Ze pfitomnost ropnych produkti v pudé
vyznamné ohroZuje dalsi slozku Zivotniho prostiedi,
kterou predstavuji vodni zdroje. Pfitomnost ropnych
produktii ve vodé i v miniméalnim mnoZstvi vyluduje
pouZiti vody k pitnym G&eliim.

Zdrojem znecisténi pudy a vodnich zdroji ropnymi
produkty se stalo i zemédélstvi, které se v soucasné do-
bé vyznatuje vysokym stupném mechanizace. V prevo-
dovych ustrojich zemédélské techniky jsou pouZivany mi-
nerdlni oleje a palivem pro spalovaci motory je nafta. Pfi
provozu dochazi k uniku téchto ropnych produkti s na-
slednou mistni nebo i plosnou kontaminaci pudy.

Odbouriéni téchto latek $kodlivych pro rostliny pro-
biha v pudé sloZitymi chemickymi a biologickymi pro-
cesy. Vyznamné misto mezi nimi zaujima biodegradace
aerobnimi mikroby (Jobson et al,, 1972; Raus-
cherova, 1995). Z toho vyplyva, Ze biodegradaci
ropnych latek v pidé stimuluji faktory podporujici ¢in-
nost pudnich mikrobi, ke kterym patii pfiznivy fyzi-
kélni stav pidy, pravidelné a dostatedné hnojeni orga-
nickymi hnojivy, odpovidajici vlahovy, tepelny,
vzdudny a Zivny reZim pudy a dali. Rychlost biode-
gradace ropnych latek zavisi také na struktufe jejich
molekul, pficemz se pfedpoklada (Gough et al.,
1992) rychly rozklad uhlovodiku s jednoduchou struk-
turou. U sloZitych fetézch je tomu naopak.

MATERIAL A METODA

Polni pokus byl zaloZen na pozemcich ZEVO Stie-
lice, v podminkéch fepaiského vyrobniho typu, po
piedplodiné ozimé p¥enici. Pokusnou plodinou v roce
1995 byl senazni oves, v roce 1996 ozimé Zito na ze-
leno.

Pada pokusného pozemku je stfedni, hlinitd hnédo-
zem, pudotvorny substrat tvori hluboka spras. Dlouho-
doby ro¢ni thrn sraZek ¢ini 537 mm s pomérné piizni-
vym rozdélenim v prub&hu vegeta¢ni doby. Praimérna
ro¢ni teplota je 8,6 °C. Pokusny rok 1995 lze charak-
terizovat jako teplotné primérny a srazkové podpri-
mérny, rok 1996 byl teplotné podprimérny a sraZkové
nadprimérny.

Pouzity materidl

Kejda prasat: suina 11,10 %, N 0,33 %, P 0,25 %,
K 0,39 %, Ca 0,38 %, Mg 0,13 %

Motorovd nafta: pomér n-heptadekanu (C17) : pristanu
1,62; n-oktadekanu (C18) : fytanu 1,05

Prevodovy olej PP 80: pomér n-heptadekanu (C17) :
pristanu 1,41; n-oktadekanu (C18) : fytanu 0,92
Osivo ovsa setého: odrida PAN, ozimého Zita: odrida
Beskyd

Pokusné varianty

K - kontrola bez kontaminované pudy olejem a naf-
tou, bez hnojeni kejdou
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KE — hnojeni kejdou (oves 8 L.m™2, %ito 2 Lm™2)

OL - kontaminace pudy olejem (2 L.m™2)

NA — kontaminace pudy naftou (2 l.m'2)

OL + KE - kontaminace olejem (2 Lm™2) + hnojeni
kejdou, stejné jako u varianty KE

NA + KE - kontaminace naftou (2 L.m™%) + hnojeni
kejdou, stejné jako u varianty KE

Kontaminace pidy olejem a naftou prob&hla pied

setim sendZniho ovsa v roce 1995, aplikace kejdy k se-

naznimu ovsu a ozimému Zitu pfed setim téchto plodin

v roce 1995.

Plosné uspofadéni pokusu

Pokus byl uspofadan blokovym zpusobem. V kaZ-
dém ze (i blokd byly pokusné varianty systematicky
fazeny vZdy jako jedno opakovani. Mezi kazdou va-
riantu o plose 4 m? byl zaclenén izola¢ni pas o Sifce 1 m.
Ze stiedu plochy pokusné varianty byla za ucelem sta-
noveéni produkce péstovanych plodin sklizena plocha
I m=.

Pouzité metody

1. Sledovani aktuélniho obsahu nitratd v pidé pomoci
Senkyfovy nitratové elektrody pfi vyuZiti referenéni
merkurisulfatové elektrody CRYTUR RME 121

2. Biodegradace ropnych produkti v padé v prib&hu
vegetace v letech 1995 a 1996; hodnoceni na zakla-
dé analyzy nasycenych uhlovodikt plynovym chro-
matografem a stanovenim nepolarnich extrahovatel-
nych latek (NEL)

3. Produkce sklizené biomasy pokusnych plodin sendZ-
niho ovsa a ozimého Zita v suiné (po pfepoétu
v t.ha‘l)

VYSLEDKY

Intenzita pudni nitrifikace, hodnocena jako obsah
nitratového dusiku v pudé (tab. I), dosahla nejvyssi
drovné po hnojeni kejdou prasat (KE). Pfi srovnani
s kontrolni variantou se obsah nitratového dusiku
v prubéhu vegetace senaZniho ovsa po hnojeni kejdou
zvysil v rozmezi 219,3 az 530,5 %. U pudy kontami-
nované olejem a naftou (OL + NA) doslo vzhledem ke
kontrolni varianté k jejich vyznamnému sniZeni, které
se u varianty OL pohybovalo bez posledniho zjisténi
v rozmezi 59,1 aZ 81,5 % a u varianty NA v rozmezi
76,9 az 90,4 %. Aplikace kejdy na kontaminovanou
pudu (OL + KE, NA + KE) negativni vliv oleje a nafty
na pudni nitrifikaci vyrazné omezila. Oproti varianté
OL se obsah nitratového dusiku na variant¢ OL + KE
zvysil o 82,8 az 1251,0 %, u varianty NA + KE ve
srovnani s variantou NA o 216,0 az 445,7 %.

V priibéhu vegetace néisledné plodiny ozimého Zita
na zelené krmeni se aktualni obsah nitrata v pudé opro-
ti kontrole zvysil méné vyrazné. Stejné tak jeho sniZzeni
na pudé kontaminované olejem a naftou bylo niZ3i,
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I. Aktudlni obsah nitrdti v pudé (mg.100 g’I sudiny zeminy) — Actual content of nitrates in soil (mg.100 g" of dry matter of soil)

. Datum odbgru?
Varianta
2. 5. 1995 15. 5. 1995 10. 7. 1995 10. 10. 1995 30. 5. 1996

Kontrola* 2,98 5,40 1,08 9.88 12,18
KE 18,79 17,24 4,60 10,19 12,82
oL 1,22 1,00 1,40 8,18 11,81
OL + KE 11,88 13,51 2,56 12,53 15,02
NA 0,35 0,52 0,25 8,34 12,07
NA + KE 1,91 2,03 0,79 12,83 13.89

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

KE - hnojeni kejdou — slurry application

OL - kontaminace pudy olejem - soil contamination with oil

NA -~ kontaminace pudy naftou - soil contamination with crude oil

NEL - nepolarni extrahovatelné litky — nonpolar extractable substances

'variant, 2sampling date, *control

11, Primé&rné hodnoty poméru C17 : pristanu — Average values of ratio C17 : pristan

susial Datum odbéru®
Varianta
2.5. 1995 15. 5. 1995 10. 7. 1995 10. 10. 1995 30. 5. 1996

oL 0,882 0,645 0,294 0,670 0,440
OL + KE 0,632 0,727 0,540 0,604 0,450
NA 1,542 1,182 1,224 0,839 0,540
NA + KE 1,040 1,045 0,753 0,556 0,410

'variant, 2sampling date

v prvém pfipadé €inilo 17,3 a 3,0 %, ve druhém 15,6
a 0,9 %. Hnojeni kejdou u kontaminované pidy obéma
ropnymi produkty pokles obsahu nitrata oproti kontrole
jiZz zcela vyloudilo, jeho obsah se v obou pfipadech
dokonce zvysil.

Biodegradace oleje a nafty v pudé byla hodnocena
na zakladé vysledku analyzy frakce nasycenych uhlo-
vodiki v padnich vzorcich, odebranych v letech 1995
a 1996 béhem vegetacniho obdobi v péti Casovych ter-
minech. Jako vhodny ukazatel biodegradace byly po-
uZity hodnoty poméru uhlovodiku n-heptadekanu ku
pristanu (C17/pri) a n-oktadekanu ku fytanu (C18/fy).
Pii platnosti nepfimo amérného vztahu mezi poklesem
hodnot uvedenych poméri a urovni biodegradace se
aplikace kejdy projevila na odstranéni ropnych produk-
ti z pudy pozitivné. Zejména pusobnost kejdy na bio-
degradaci nafty byla za celé sledované obdobi zcela
jednozna&na (tab. II a III).

Zavaznym ukazatelem pro hodnoceni zneliténi
pudniho prostiedi ropnymi produkty je celkovy obsah
nepoldrnich extrahovatelnych latek v pudé (NEL).
S pokracujici biodegradaci obsah téchto latek v puadé
klesa. Na zdklad& dosaZenych vysledki Ize potvrdit vy-
znamné sniZeni obsahu NEL v kontaminované pudé
olejem a naftou vlivem aplikované kejdy prasat. Zatim-
co se za pritomnosti nafty obsah NEL v pidé v ase
postupné sniZoval, v pfipad€ oleje doslo k vyznamné-
mu ubytku NEL aZ ke konci vegetatniho obdobi ozi-
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mého Zita. Zne€iSténi pudniho prostiedi ropnymi pro-
dukty olejem a naftou na pokusnych variantich a ve
sledovaném obdobi dokumentuji udaje v tab. IV, stejné
tak i provedena regresni analyza obsahu NEL v pudé
(tab. V), graficky vyjadiend na obr. 1 a 2.

U pokusnych variant byla hodnocena produkce skli-
zené biomasy v su$ing, ktera u obou péstovanych plo-
din vykézala stejnou tendenci. Nejvy3§i vynos suSiny
poskytla varianta bez kontaminace pudy olejem a naf-
tou, hnojena kejdou prasat (KE), na které se pfi srov-
nani s kontrolou projevil hnojivy ucinek kejdy. Konta-
minace pudy olejem a naftou (OL + NA), vykézala
v porovnani s kontrolou vyznamny pokles produkce
biomasy sendZniho ovsa i ozimého Zita na zelené krme-
ni, pfi¢emzZ nejniZsi drovefi byla dosaZena na pidé kon-
taminované naftou (NA). Aplikace kejdy na variantich
s pudou kontaminovanou ropnymi produkty (OL + KE,
NA + KE) vyznamné sniZila negativni u¢inek oleje
a nafty na produkei suSiny obou pé&stovanych plodin.
DosaZené vysledky v produkci suSiny a jejich vzdjem-
né srovnani u pokusnych variant v procentualnim vy-
jadfeni uvadi tab. V1.

DISKUSE

Jednou z moZnosti, kterd by mohla zintenzivnit ¢in-
nost pidnich mikroorganismi, a tim i urychlit biode-
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III. Primé&mé hodnoty poméru C18 : fytanu — Average values of ratio C18 : phytane

i Datum odbéru?
Varianta
2. 5. 1995 15. 5. 1995 10. 7. 1995 10. 10. 1995 30. 5. 1996
oL 0,541 0,346 0,125 0,425 0,400
OL + KE 0,328 0,379 0,193 0,390 0,380
NA 1,032 0,815 0,939 0,566 0,450
NA + KE 0,686 0,706 0,500 0,390 0,340
'variant, zsampling date
IV. Primémy obsah nepolarnich extrahovanych litek (NEL) v padé (mgkg ') - Average content of polar extracted sub es (NEL)
in soil (mg.kg™")
— Datum odbéru?
Varianta
2.5. 1995 15. 5. 1995 10. 7. 1995 10. 10. 1995 30. 5. 1996
Kontrola® 28 16 28 43 23
KE 66 43 23 151 58
oL 16 957 24 027 42 650 5232 2038
OL + KE 18 316 20 643 25 020 3822 1017
NA 16107 15713 12 090 2718 1010
NA + KE 12 390 11 073 7 983 2447 96

. . 3
'variant, 2samplmg date, “control

V. Parametry regresnich funkci — Parameters of regression functions

Index
Varianta' Polynom? korelace®

INeLT
N NEL = 0,142372 - 98,2T + 17 649 0,907
NA +KE | NEL = 0,10807% - 73,77 + 12 915 0,940
OL * NEL = -4,4937% + 747,3T + 9 770 0,978
OL + KE *| NEL = -0,80477 + 25,07 + 22 752 0,858

* Regresni funkce plati pouze pro prvni &tyfi odbéry vzorki pudy.
Z hlediska ¢asové osy (nezivisle proménné) jsou zmény hodnot NEL
od doby &tvrtého odb&ru nevyznamné (obr. 1).

* Regression functions can be only applied to the first four soil
samplings. In view of the time axis (independently on variable)
changes of NEL values to the time of the fourth sampling are insig-
nificant (Fig. 1).

. . 3 . .
'variant, 2polynumml. “correlation index

gradaci ropnych latek v pudé, je hnojeni kejdou.
V tomto pfipadé by kejda pfedstavovala nejen hodnot-
né organominerdlni hnojivo, co? prokazuje Skarda
(1982), ale i vhodny prostiedek pro stimulaci mikrobi-
alni Cinnosti pudy. Apfelthaler (1975) uvadi, Ze
schopnost kejdy zvySovat intenzitu Cinnosti pidnich
mikrobu spoCiva v jeji vlastni vysoké biologické akti-
vité, dale pak v uzkém poméru v kejdé obsaZeného uh-
liku a dusiku. Napi. v kejdé prasat se pomér C : N
pohybuje nejcastéji v rozmezi hodnot 4 az 8 : 1, coZ
ukazuje na relativni nadbytek vyuzZitelného dusiku.
Kejdou prasat tak prichazi do pidy nejenom organicka
hmota, kterd pro pidni mikroby piedstavuje vhodny
energeticky substrat, ale i dostatek dusiku k syntéze
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mikrobni plazmy. Po hnojeni kejdou dochézi proto
k rozvoji Cinnosti pidnich mikrobi, kterou napf. potvr-
zuje Rimovsky (1989).

Uvadéné skutecnosti vedly k mySlence odstranit
Skodlivost ropnych latek v pudé urychlenim jejich bio-
degradace. K tomuto ucelu pouZili Bauer, Ri-
movsky (1995) jako stimulaéni médium kejdu pra-
sat.

Vysledky ziskané v modelovych pokusech v letech
1995 a 1996 potvrdily po hnojeni kejdou prasat nejen
zvySeni aktudlniho obsahu nitratd, ale i pozitivni vliv
kejdy na biodegradaci ropnych produktd v pudé, coz
odpovida i nékterym poznatkim z literatury (Aggar-
wal, Hlinchee, 1991).

Vlastni prabéh biodegradace pievodového oleje
a motorové nafty byl sledovin pomoci hodnot poméri
uhlovodika n-heptadekanu ku pristanu a n-oktadekanu
ku fytanu. Hodnoty téchto parametrt (tab. II a III) pro-
kazuji vyznamnou biodegradaci sledovanych ropnych
produktd v padé vlivem aplikované kejdy prasat jiz
v prvém roce po kontaminaci pudy olejem a naftou.
Také obsahy NEL v pudé (tab. IV) potvrzuji biologické
odbourani §kodlivych latek z pudy, stimulované pouZitou
kejdou prasat. Vhodnost zvolenych metodickych postupt
pro sledovéni biodegradace ropnych latek v pidé potvr-
dili Toul (1994)a Linhartova (1996).

Pribéhu biodegradace ropnych latek v pidé odpovi-
da produkce suSiny sklizené biomasy sendZniho ovsa
a ozimého Zita na zelené krmeni. PocCate¢ni vyrazny
pokles produkce sklizené suSiny sendZniho ovsa po
kontaminaci pidy prevodovym olejem a motorovou
naftou se urychlenim jejich biodegradace po aplikaci
kejdy prasat postupné snizoval. U nasledné péstované-
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1. Zmény obsahu NEL v pidé od doby
jeji kontaminace olejem (grafické zpra-
8000 covéni metodou SPLINE) - Changes of
NEL content in soil from the time of its
A 6000 ¢ ination with oil (graphic p
00
2000

. ing by the SPLINE method)
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25000 2. Zmé&ny obsahu NEL v pudé od doby
Lt 1 jeji kontaminace naftou — Changes of
NEL content in soil from the time of its
contamination with crude oil
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VI. Produkce sufiny ovsa (1995) a Zita na zelené krmeni (1996) — Dry matter production of oat (1995) and green forage rye (1996)

- Oves? Zito®
tha™! index’ (%) rozdil® (+ %) t.ha! index (%) rozdil (+ %)

Kontrola* 9.12 100,00 - 6,80 100,00 -

KE 12,51 137,17 +37,17 8,08 118,82 +18,82

oL 6,83 74,89 -25,11 6,00 88,24 -11,76

OL + KE 8,45 92,65 -1,35 6,78 99,71 -0,29

NA 531 58,22 -41,78 5,75 84,56 ~15,44

NA + KE 6,80 74,56 -25,44 7,42 109,12 49,12
lvari:mt, zoal, 3rye. 4comml. Sindex, Sdifference
ho ozimého Zita nebyl zaznamenan oproti pidé konta- Finan¢ni prostfedky potfebné pro zaloZeni, sledové-

minované jiZ tak vyznamny rozdil. Tendenci postupné-  ni a zaji§fovani potfebnych analyz vzorkd pidy byly
ho zvy3ovani produkce suSiny u péstovanych plodin  &erpany z GA CR na schvileny projekt &. 504/95/1216.
v pifimé zavislosti na intenzité biodegradace ropnych

latek v pudé vlivem pouZité kejdy prasat dokladaji ida-

je v tab. VL
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STUDIUM FORIEM VIAZANIA VYBRANYCH TAZKYCH
KOVOV V PODE KARBONATOVEHO TYPU

STUDY OF SELECTED HEAVY METALS BINDING FORMS
IN CARBONATE-TYPE SOIL

E. Kozikova, J. Kandrac

Comenius University, Faculty of Natural Sciences, Bratislava, Slovak Republic

ABSTRACT: Binding forms (speciation) of selected heavy metals Cu, Pb, Cd and Ni were studied in carbonate-type soil.
These metals occur in soils in various forms influencing their mobility and plant availability. That is why the distribution of
mentioned heavy metals between the inorganic and organic parts of soil was studied. A sequential fractionation procedure
(Fig. 1) was carried out to isolate various organic substances from the studied soil. Stripping voltammetry in various modes
was used to determine low and trace contents of the mentioned metals in the solid soil fractionation residues. The Cu content
bound to the humic substances was 47% (Tab. IV and Fig. 2). The occluded Cu forms represented 41%, the residual form
of Cu was 12%. In comparison with Cu, Pb and Ni have a minor ability to form complexes with humic substances. This fact
was confirmed by the determination of their distribution between the studied soil sample fractions; 35% of Pb and 21% of
Ni were bound to the humic substances. The occluded form of Pb was 49%, the same form of Ni represented 45%. 18% of
the total Ni occurs in carbonates and/or basic salts. Cu, Pb and Cd do not occur in that form. The major part of Cd (65%)
was bound to the humic substances. Residual form of Pb and Ni (bound in lattices of primary and secondary clays) was the
same — 14% of their total content.

heavy metals Cu, Pb, Cd, Ni; speciation; carbonate-type soil

ABSTRAKT: Boli $tudované formy viazania (Speciacia) vybranych fazkych kovov Cu, Pb, Cd a Ni v pode karbonitového
typu s ciefom vyuZif tieto poznatky pri tvorbe a ochrane Zivotného prostredia, najmi z hladiska prijatelnosti prislusnych
kovov rastlinami. Je prezentovand jedna z moZnosti takéhoto Stidia s vyuZitim kombinicie sekvenénej frakciondcie pédy
a néslednym voltamperometrickym stanovenim obsahu kovu v prisluSnom pédnom zvy3ku. Zistil sa podiel z celkového
obsahu prisluiného kovu v pdde viazaného na organicku ¢ast pody, ako aj podiely okludovanych a rezidualnych foriem kovov.
Obsahy kovov ziskané dplnymi rozkladmi jednotlivych pddnych frakcii sa porovnavali s ich substechiometrickymi obsahmi,
ktoré sa ziskali analyzou vyluhov pédnych frakcii do 2M HNO;.

tazké kovy Cu, Pb, Cd, Ni; $pecidcia; karbondtové ¢ernozem

UvVoD

Jednym zo stale aktualnych problémov analytickej
chémie v ekologickej praxi je Stddium polutantov
v pdde. K anorganickym polutantom patria aj tazké ko-
vy, ako je Cd, Cu, Pb, Ni a dalSie. Tieto kovy sa vy-
skytuji v pode v roznych chemickych aj fyzikdlnych
forméch, ktoré sa vyzna&uju svojou identitou. Diverzita
identit foriem kovov suvisi nielen s ich fyzikalnymi
a chemickymi vlastnostami, ale zaroveil aj s vlastnos-
tami anorganickej a organickej Casti pody.

S charakterom tychto identit stvisi chovanie sa jed-
notlivych kovov v pdde. Ide najmi o ich lokalnu ku-
mulaciu, petrifikaciu, transport do spodnej vody, ko-
extrakciu réznymi rozpuistadlami, ich prijatelnost
rastlinami, a tym aj o ich transport do potravinového
retazca. Rovnaké celkové obsahy toho istého kovu
v réznych pddnych typoch nemusia viest k rovnakym
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pozitivnym &i negativnym désledkom, ktoré vyplyvaji
z ich pritomnosti v danych pddach. Preto maji omnoho
vicSiu informaénd hodnotu analytické vysledky, ktoré
sa tykaji konkrétnych foriem (3pecicie) daného kovu
v pddach, ako analytické vysledky vyjadrujice jeho
celkovy obsah.

Z environmentélneho hladiska zohravaji vyznamni
dlohu také formy kovov v pddach, ktoré si pristupné
rastlinnym korefiom. Problém foriem kovov pristup-
nych rastlindm tzko sivisi s problémom 3tidia ich
existenénych foriem v pédach, o zéroveii vedie k rie-
Seniu moZnosti vstupu kovov do potravinového retazca.
Pri rieSeni tohto problému zohravaji vyznamnid dlohu
okrem volnych i6nov prislu§ného kovu aj formy kovu
viazané do komplexov s organickou ¢asfou pddy
(Schwab, Lindsay, 1983). Tieto skuto¢nosti boli
podnetom pre nasu pricu, v ktorej si uvedené moZnosti
vyuZitia sekvencnej frakcionacie organickej Casti pody
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(Pierce, Felbeck, 1975) na $tidium foriem su-
Casne extrahovanych alebo nevyluhovanych kovov
v prislu§nom frakcionaénom kroku. Dosiahnuté vy-
sledky tvoria zaroven zaklad pre dalSie Studium foriem
kovov dostupnych pre rastliny s moznostou korelovat
anorganicky a organicky viazani formu kovu s jeho
obsahom v rastlinnom organizme.

MATERIAL A METODA

Ako modelova pbda bola zvolena karbonétova Eer-
nozem z oblasti Trnavy (Majcichov), odobrana a doda-
na Vyskumnym dstavom pddoznalectva a vyZivy rast-
lin v Bratislave. Na mnoZstvo a formy Cu, Pb, Cd a Ni
v Studovanej pode sa usidilo z meraného voltampero-
metrického (VA) signélu prislu$ného kovu, ziskaného
analyzou povodnej pody a jednotlivych pédnych zvys-
kov izolovanych v Siestich postupnych frakcionaénych
krokoch. Vysledky podrobného Stidia optimalizacie
podmienok voltamperometrického stanovenia Studova-
nych kovov, pouZité pristroje, chemikélie a pracovné
postupy pre dané vzorky st uvedené v naSich skor pub-
likovanych pracach (Kozakova et al, 1996a, b).
Obsahy jednotlivych kovov sa stanovili vo vietkych

200 g vzorky

Krok 1
Metanol - Benzén 1 : 2

Tuh¥ zvySok 1 [

vzorkach po ich dplnom rozklade, ako aj v ich vylu-
hoch do 2M HNO;.

VYSLEDKY A DISKUSIA

Sekvencny postup frakcionicie pody (Pierce,
Felbeck, 1976) je znazorneny schémou na obr. I.
Povodna poda je pri frakcidch oznacena ako 0. frakcia.
Prvy pédny zvySok (tuhy zvySok 1) sa ziskal po extrak-
cii nehuminovych organickych latok (NOL;). Druhy
pddny zvy3ok (tuhy zvySok 2) sa dosiahol po dekarbo-
nizécii tuhého zvysku 1. Treti pédny zvySok (tuhy zvy-
Sok 3) sa ziskal po extrakcii tuhého zvy$ku 2 pomocou
neutralneho 0,IM NayP,0-. Stvrty pddny zvySok (tuhy
zvySok 4) sa ziskal tym, Ze tuhy zvySok 3 sa podrobil
kyslej hydrolyze (6M HCI). Piaty pddny zvySok bol
izolovany po Soxhletovej extrakcii tuhého zvy¥ku 4
a je oznaCeny ako tuhy zvySok 5. Extrakciou tuhého
zvySku 5 s 0,5M NaOH sa ziskal Siesty pddny zvy$ok
oznaceny ako tuhy zvySok 6. Celkove sa analyzovalo
14 roztokov ziskanych jednak dplnym rozkladom
povodnej pody a tuhych pdédnych zvyskov, jednak vy-
lihovanim pddy a pddnych zvySkov s 2M HNO;. Bolo
uskutoénenych pit paralelnych merani v roztokoch po

extrakt
d |
Krok 2
0,IM - HCI NOL,
odpad | Tuhy zvy¥ok 2
Krok 3
Neutralny 0,1 M - Na,P,0,
Tuhy zvySok 3 I extrakt
|
Krok 4
6 M - HCI
odpad Tuhy zvySok 4
|
Krok §
Metanol - Chloroform 1 : 5
extrakt ' Tllhi mgok 5 1. Schéma sekvenénej frakciondcie
| pddy — Scheme of sequentional frac-
NOL, Krok 6 tionation of the soil
0,5 M - NaOH|
vzorka — sample
| krok — step
exeakt Tuh Sok 6 tuhy zvy3ok — solid residue
- odpad — waste
H ]-/1 extract — extract
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1. Obsahy kovov v tuhych fézach po dplnom rozklade pody a pédnych zvySkov — Contents of metals in solid phases after total decomposition

of soil and solid fractionation residues

Tuhy L, (mgkg™) 5, (%)
zvySok! Cu Pb cd Ni Cu Pb cd Ni
0 3564 £3.06 | 29.69 3,06 037 + 0,03 4238 + 2,63 9.61 11,56 3.93 328
1 36,60 £ 2,01 3117 £0,58 0,39 + 0,04 4191 £2,53 2,50 085 4,24 5,09
2 43,11 £379 36,09 + 2,32 0,58 + 0,03 34,10 + 236 4,64 719 2,20 5.82
3 25,97 + 2,03 28,29 + 2,83 0,20 £ 0,08 2723 1,25 3,55 4,55 17.25 387
4 7,89 + 027 10,60 + 2,33 0.05 + 0,02 838 +3.20 1.83 1162 1902 | 2027
5 8,25+ 2,13 9.80 + 1,44 0,07 £ 0,02 8,05 £ 0,43 13,64 1771 | 2168 439
6 520 + 0,87 5,152 1,70 <DL 5.94 £ 0,99 7,57 17.49 - 8.80

DL - medza detekcie — limit of detection

'solid residue

1. Obsahy kovov stanovenych vo vyluhoch pddy a pddnych zvyskov v 2M HNO; a ich podiel (%) z celkového obsahu kovu vo vzorke —

Contents of metals determined in soil and in solid fracti

after the with 2M HNO; and their mass fractions (%)

from total metal contents

ik Obsah kovu x (mg.kg™') a s, (%) jeho stanovenia® Pocjfi;;‘x:g;“:;iﬂ?:?‘ (y%k)ovu
zvySok! Cu Pb cd Ni .
Cu Pb Cd Ni
x 55 x 5 x x S
0 10,79 10,10 13,06 1,02 0,088 525 20,96 1,78 30,27 43,99 24,04 49,46
1 13.21 7.24 15.58 2,50 0.106 22,51 21,45 4,25 36,09 49,98 26,97 51,18
2 15,90 0,56 18,81 6,64 <DL 13,78 3.80 36,88 52,12 - 40,41
3 10,17 10,27 10,72 11,37 <DL 8,70 1,27 39,16 37,89 - 31,95
4 115 7,76 0,25 232 <DL 0,13 10,57 14,56 232 - 1,58
5 1,63 1,52 0,57 64,52 <DL 0,20 245 19,81 5.80 - 245
6 0,64 9,19 0,09 18,77 <DL <DL - 12,36 1,69 - -

DL - medza detekcie - limit of detection

'solid residue, *content of metal x and s, of its determination, 3percentage of extracted form from the total content

celkovych rozkladoch vzoriek a po dvoch meraniach
vo vyluhoch v 2M HNOs;. Presnost vysledkov bola vy-
jadrena relativnou smerodajnou odchylkou, vysledky
z tplnych rozkladov aj intervalom spolahlivosti. Vy-
sledky su zhrnuté v tab. I a I

Tabelované hodnoty vyjadruji obsahy §tudovanych
kovov, ktoré zostavaju v prisluSnych pédnych zvys-
koch po jednotlivych frakcionatnych krokoch. Rozdie-
ly v obsahoch kovov v susednych frakcidch signalizuji
také obsahy kovov, ktoré sa prislu§nym frakcionadnym
krokom uvolfiuji, alebo kumuluji v pddnej matrici
spolu s prisluinou frakciou pody.

V tab. III st uvedené percentuéalne ubytky hmotnosti
tuhej fazy a oxidovatelného uhlika v prislusnej faze pri
jednolivych frakciona&nych krokoch. Udaje v stlpci
AC/Am (tab. III) vyjadruji percentualny pokles oxido-
vateIného uhlika pripadajici na 1% pokles hmotnosti
pody &i pédneho zvysku, ktory nastidva v dosledku pri-
slusného frakcionaéného kroku. Z adajov je zrejmé, Ze
ubytok uhlika je omnoho vyssi pri frakcionaénych kro-
koch 1, 3, 5 ako pri krokoch 2 a 4, kde prevlidaji vo
vyluhu anorganické zliceniny. Ak sa sicasne vylihuje
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prisluiny kov v danom frakcionaénom kroku, znamena
to, Ze bol viazany na zli¢eniny, ktoré sa v danom kroku
extrahuju ¢i uZ priamo alebo po rozklade.

Z udajov uvedenych v tab. I je moZné vyjadrit per-
centudlny pokles kovu po jednotlivych frakcionatnych
krokoch, ak sa za zdklad berie maximalny obsah kovu.
Z uvedeného poklesu je mozné odhadnut, aky podiel
kovu bol viazany uvolnenou frakciou pddy, a tym zis-
kat predstavu o jeho existenénej forme v danej pode.
Vypocitané udaje pre jednotlivé kovy si zhrnuté
v tab. IV, z klorej vyplyva, Ze prvym frakcionaénym
krokom sa neuvolfiuje ani jeden zo Studovanych kovov.
Rozdiely v stanovenych obsahoch kovov v pdvodnej
pode a v prvom pddnom zvy$ku nie st na zéklade
U-testu (Eckschlager et al.,, 1980) Statisticky vy-
znamné. Studované kovy nie su teda viazané v danej
pdde na organické laitky NOL,, prevaZne nehuminové-
ho charakteru, ktoré sa vylihuji rozpustadlovou sista-
vou pouZitou v kroku 1. S vynimkou Ni je u ostatnych
kovov podobna situdcia aj pri kroku 2. Psobenim
0,IM HCI sa uvolfiuju uhli¢itany, pripadne aj iné soli,
ktoré sa zriedenou HCI rozkladaji. Cu, Pb a Cd sa
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111, Ubytky hmotnosti tuhej fizy a ich oxidovateIného uhlika (%) po
jednotlivych frakcionadnych krokoch — Decrease of mass of solid
phase and oxidizable carbon (%) after separate fractionation steps

" " “ ¥ 3
] e o] T | smun

1 0,44 0,03 0,07
2 1,56 0,04 0,03
3 10,78 0,73 0,07
4 9,44 0,28 0,03
5 0,56 0,04 0,07
6 8,00 0,56 0,07

Oxidovatelny C v podnej vzorke a pddnych zvy$koch bol stanoveny
podla publikovanej metodiky (Hra¥ko a kol., 1962) - Oxidizable
C in soil sample and soil residues was determined after the published
methodology (Hra3ko etal., 1962)

'fractionation step, 2gecrease of mass, “decrease of C

Porovnatelny je ibytok Cu, Pb a Ni v tuhom zvysku
4 v pripade realizécie kyslej hydrolyzy. Udaj o Cd sa
neuvédza, pretoZe koncentratnd urovein Cd v tomto
zvySku bola uZ pod detekénym limitom (DL) met6dy
(tab. I a II), Co malo za nasledok velki chybu pri sta-
noveni jeho obsahu v tomto a aj v dalSich tuhych zvys-
koch.

Pri frakciona¢nom kroku 4, realizovanom kyslou
hydrolyzou, je podla vysledkov v tab. III pri velkom
tbytku hmotnosti tuhej fazy relativne maly percentual-
ny tbytok oxidovateIného uhlika, &o signalizuje, Ze
hmotnostny tbytok v tomto kroku v prevaZnej miere
suvisi s uvolfiovanim anorganickych zlu¢enin prislus-
nych kovov. Pri tomto frakcionaénom kroku dochadza
k naruSeniu anorganického skeletu prisluinej pody,
v désledku €oho sa uvolnia kovové anorganické zluce-
niny (prevaZne oxidy Fe a Mn), ktoré prechadzaju do

IV. Existenéné formy Cu, Pb, Cd a Ni v pdde karbonitového typu (%) stanovené voltamperometrickou analyzou tuhych zvyskov po

sekvencnej frakei ii pddy — Binding forms of Cu, Pb, Cd and Ni in carbonate-type soil (%) determined using stripping voltammetry after
q 1 fr. ion procedure of the soil
Frakciona&ny krok! Existencna forma? Cu Pb Cd Ni
Soxhletova extrakcia® (CH,OH-benzén) viizba na® NOL, 0 0 0 0
Dekarbonizicia® (0,1IM HCI) hligitany a dalsie rozloZiteIné soli’ 0 0 0 18,43
Uvolnenie® HL, (0,IM Na,P,0,) chelaty s'" HL, 39,75 21,61 65,52 16,21
Kysla hydrolyza® (6M HCI) okludovana (viizba na oxidy Fe a Mn)!! 41,94 49,02 - 44,48
Soxhletova extrakcia (CH;OH-CHCly) vizba na NOL, 0 0 - 0
Uvolnenie HL, (0,5M NaOH) chelaty s HL, 6,23 12,88 - 4,98
Analyza tuhej fizy reziduilna'? 12,06 14,27 - 14,02

. . . 3 ’ . . . 5 . o g 3
'fractionation step, Zexistence form, *Soxhlet’s extraction, *decarbonization, *release of, ®acid hydrolysis, 7:mzllysxs of solid phase, *bond to,

Ycarbonates and other decomposable salts, "chelates with, '

v danej pdde nevyskytuji vo forme takychto soli, preto
zostavaju v tuhej faze, kde sa zakoncentrovavaji. Vy-
sledky analyz tuhych zvySkov 2 pre tieto kovy sii preto
Statisticky vyznamne vys§Sie ako vysledky analyz kovov
v pdvodnej pode. V pripade Ni 18,43 % z jeho celko-
vého obsahu sa tymto frakcionaénym krokom vylihuje
do roztoku. V danej pode sa teda Ni vyskytuje v ta-
komto zastipeni vo forme uhliditanov a zasaditych so-
li, relativne Tahko uvolnitelnych, a tym rastlinam pri-
stupnych.

K vyraznym ubytkom vSetkych kovov dochidza
v krokoch 3 a 4. Velkost ubytku v krolw 3 klesa v po-
radi: Cd > Cu > Pb > Ni. Uvedené poradie zodpoveda
poradiu logaritmickych hodn6t konStant stability pyrofos-
fore¢nanovych komplexov tychto kovov (Kotrly,
Stcha, 1988): Cd (8,7) > Cu (7,6) > Pb (7,3) > Ni (5.9).

Tato skutoCnost zarovei podporuje predstavu o me-
chanizme frakcionaéného kroku 3, zaloZeného na pre-
chode huminovych a fulvo-komplexov prislusnych ko-
vov na ich rozpustné pyrofosfore¢nanové komplexy
a na siasnom vytvoreni sodnych humaétov a fulvétov,
rozpustnych vo vode (HL,). Do extraktu sa teda v kro-
ku 3 dostani okrem sodnych humétov a fulvétov aj
prisluiné kovy pévodne viazané na HL,.
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occluded (bond to Fe and Mn oxides), Presidual

vodného roztoku spolu s astou okludovanych foriem
Studovanych kovov. Organické zliceniny prisluinych
kovov povodne viazané na oxidy Fe a Mn, prechadzaju
do roztokov vo frakcionaénych krokoch 5 a 6.

Frakcionaénym krokom S nedochadza k vyluhova-
niu Studovanych kovov do roztoku. Uvolfiované nehu-
minové organické latky NOL, teda neviaZzu Cu, Pb a Ni
v danej pdde.

V poslednom frakcionaénom kroku (pdsobenie 0,5M
NaOH) sa uvolfiuji huminové latky HL, a zédrovei
s nimi sa uvolfiuji aj prislu$né kovy. Percentudlny uby-
tok kovov po tomto kroku je nizky v porovnani s abyt-
kom kovov uvolnenych po izolédcii HL,.

Analyzou tuhého zvySku 6 sa ziskali udaje pre tzv.
rezidudlne obsahy kovov, viazané v mrieZkach primar-
nych a sekundirnych mineridlov nachadzajicich sa
v prislusnej pode. Rezidualne obsahy Pb a Ni st porov-
natelné. Obsah Cu v rezidualnej forme je niZsi.

Vysledky voltamperometrického stanovenia Cu a Ni
viazaného na organické latky po sekvencnej frakciona-
cii boli porovndvané s vysledkami dplne nezavislého
stanovenia organicky viazanych kovov v tejto pode
(Zemberyova et al., 1995). Pri tomto nezdvislom
stanoveni sa nepouZila sekven¢na frakcionacia pédy,
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ale iba jej priame vylihovanie silnym cheldtotvornym
¢inidlom (EDTA), pri¢om kone¢nou metédou stanove-
nia bola metéda AAS.

Napriek zasadne odliSnym analytickym postupom sa
dospelo k velmi dobrej zhode vysledkov obidvoch ne-
zévislych postupov. Pri metéde AAS sa extrakciou
s EDTA ziskalo 38 % organicky viazanej Cu a 19 %
organicky viazaného Ni. Pri sekven&nej frakcionécii
a voltamperometrickom stanoveni je obsah organicky
viazanej Cu a Ni na HL | zaokrihlene 40 a 16 %. Tento
vysledok zaroveii signalizuje, Ze pri vyldhovani pévod-
nej pddy s EDTA sa uvolnia najmi tie kovy, ktoré si
viazané na HL,. Tieto kovy sa m6Zu vo forme cheldtov
lahko dostat do koreiovych systémov rastlin. Pravde-
podobnost prechodu kovov viazanych na HL, (6 % Cu,
13 % Pb a S % Ni) do potravinového retazca je pod-
statne niZia.

Jednotlivé existencné formy Studovanych kovov
v analyzovanej pdde na ziklade vysledkov tejto price
a vysledkov ziskanych metédou AAS si prehladne
znazornené histogramami na obr. 2.

Zastupenie jednotlivych existenénych foriem stano-
venych kovov je tieZ v silade s literatirou (Bene§,
Pabianovi, 1987), v ktorej sa uviddza moZnost cel-
kového viazania (suma HL; + HL,) Cu na organické
latky v rozmedzi 40 aZ 65 %, Pb okolo 30 % a Ni oko-
lo 19 %.

Okrem vzoriek z uplného rozkladu pédy a pédnych
zvySkov sa analyzovali jednotlivé kovy aj v ich vylu-
hoch s 2M HNO;. Ziskané tdaje st zhrnuté v tab. II.
Skuto¢nost, Ze sa extrahuje pomocou 2M HNO; iba

urdita Cast kovu tak z pdvodnej pody, ako aj z jednot-
livych zvy3kov, signalizuje, Ze sa jednotlivé kovy
v $tudovanej pdde nachadzaji v réznych formach, kto-
ré s 2M HNO; bud prechéddzaji do roztoku, alebo zos-
tavaji v tuhych zvySkoch. Rozdielnost vlastnosti ta-
kychto foriem ma vSeobecnejSiu platnost a prejavuje sa
napr. aj v schopnosti kovu penetrovat do rastlinného
organizmu.

Udaje z tab. II umoZiiuji porovnat vylihovany po-
diel daného kovu pomocou 2M HNO; z pévodnej pody
a jej podnych zvyskov a vylihované podiely roznych
kovov s 2M HNO; v tej istej tuhej faze.

Z tab. II vyplyvaju nérasty percentudlnych podielov
Cu a Pb vyextrahovanych s 2M HNO; z povodnej
pddy, z prvého a druhého pdédneho zvysku. Tento roz-
diel moZno pripisat frakcionaénym krokom, pri ktorych
doch4ddza k zakoncentrovavaniu kovov v tuhej faze,
a tym aj k ich moZnému vys$Siemu percentu vylihova-
nia po extrakcii a dekarbonizicii. U Ni, kedZe po de-
karbonizacii uZ nedoslo k jeho zakoncentrovaniu v tu-
hej faze, je percento vylahovatelného Ni vo zvysku 2
niZ§ie ako vo zvySkoch O a 1.

Podobna je situdcia aj v pripade frakciona&ného kro-
ku 5, ked rozpuastadlova zmes (metanol-chloroform)
tieZz nemeni celkovy obsah kovu v pddnom zvysku, ale
percentudlny podiel kovu, ktory sa vylihuje do 2M
HNO;, sa zvySuje, lebo po extrakcii NOL, dochidza
k zakoncentrovaniu vietkych kovov.

Analyzou tuhého zvy$ku 6 sa potvrdilo, Ze rezidual-
ne obsahy najmi u Ni a Pb st velmi stabilne viazané
v mriezkach minerélov, a preto sa ani pomerne koncen-

0 Cu (AAS)
B Cu(VA)
B Pb (VA)
1 Ni (VA)
B Ni (AAS)

Iatky 1

vazba na
uhli¢itany a
zasadité
soli

2. Formy viazania Cu, Pb a Ni v pdde karbonitového typu — Forms of binding Cu, Pb and Ni in carbonate-type soil

osa y: obsah — y axis: content

0sa X — X axis:

huminové liatky — humic substances
okludovana forma - occluded form
rezidudlna forma - residual form

vizba na uhli¢itany a zéisadité soli — carbonate and/or basic salts bound metal
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trovanou 2M HNO; neuvolnia. Pri porovnavani idajov
z tab. II horizontalne nemoZno robit rozsiahlejsie zdve-
ry v dosledku malého pottu §tudovanych kovov. Moz-
no viak konstatovat, Ze pri trefom frakcionaénom kro-
ku dochédza k zlomu, pokial ide o poradie podielu
vylihovaného kovu s 2M HNOj;. Percentuédlny podiel
vylihovaného kovu z pévodnej pody i z prvého pddne-
ho zvysku klesal v poradi: Ni > Pb > Cu > Cd. Po
kyslej hydrolyze sa toto poradie meni na opacné: Cu >
Pb > Ni, &o potvrdzuje vic¢Siu afinitu Cu v porovnani
s Pb a Ni k organickej Casti pddy.
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