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THE DATABASE OF SOIL INFORMATION SYSTEM -
PUGIS

DATABAZE PUDNIHO INFORMACNIHO SYSTEMU - PUGIS

J. Kozik, J. Néme&ek, M. Jetmar

Czech University of Agriculture, Praha, Czech Republic

ABSTRACT: The geographical information system of soils (PUGIS) is being developed. This paper concentrates in detail
only on the analytical and descriptive pedon database. The special software for data digitalisation was developed, which is
based on user defined hypertext. The developed software makes it possible for user to have a dynamic and flexible access to
the digitised data. The list of data and of the methods of its acquisition available in PUGIS is described in details. The
described software was tested by digitising of a large set of data on special soil pits, collected during the systematic soil
survey of the Czech Republic (historical data) and on the actual data collected on selected soil pits recently. The system
proved to be fully suitable for that purpose and for introduction of digitised soil data into GIS (ARCINFO).

GIS; soil database; pedon database

ABSTRAKT: Je vyvijen geograficky informacni systém (PUGIS). Pfispévek je detailn€ zaméfen na analytickou a popisnou
databézi pedonu. Byl vytvofen specialni prostfedek pro vkladéni dat (s pomoci profesiondlni softwarové firmy Janiga labo-
ratories), zaloZeny na principu uZivatelsky definovaného hypertextu. Ten umoZiiuje flexibilni a dynamicky pohled na pofizo-
vana data. Detailné je popsan piehled dat a metod pro jejich ziskdni, dostupny v popsané databizi. Systém byl testovin
digitalizaci velkého souboru dat ze specidlnich sond Komplexniho priizkumu piid CR (historicka data) a souboru dat, ziska-
nych v posledni dobé (aktualni data). Systém se pro zminéné tcely pIné osvédCil a ukizal se jako vhodny pro pfevod

digitalizovanych dat do geografického informa&niho systému (ARCINFO).

GIS; pudni databaze; databaze pedoni

INTRODUCTION

Soil information systems developed quickly within
the last 30 years. The development till the end of the
eighties was described by Némedek (1981) and
Linke§ (1987).

In present time soil geographic information systems
are being established. They link the areal information
concerning the soil cover (soil maps) to pedon profile
data (or the most active horizons). The mentioned in-
formation are obtained from soil surveys, inventories
and monitoring programmes. Apart from soil informa-
tion they comprise also areal and numeric data about
soil environment and activities leading to both amelio-
ration and loading or deterioration of soils. Such infor-
mation systems involve also models and criteria of soil
evaluation what concerns the productivity (MARS) and
environmental functions (vulnerability, loads, degrada-
tion, pollution) of soils (King et al., 1995).

Highly sophisticated national GIS are established or
being developed in Germany (Oelkers, Ekelmann,
1993) and in the countries where the prevailing part is
covered by surveys (USA, Canada — Reybold, Te-
selle, 1989; European countries— Vdrallay, 1995).
International Geographic Information Systems are be-
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ing introduced at present time. SOTER (soil and ter-
rain) system which stresses the geomorphology, has
been proposed by ISRIC (1993) and used especially in
developing countries (scale 1 : 1 mil). SOM (special
organisation model of soils) is being used in European
co-operation for scales 1 : 1 mil = 1 : 250 000. The
more attention will be paid to the GISs as a whole in
the next contribution.

This paper is dealing in detail only with the analy-
tical and descriptive pedon database. From the view-
point of international co-operation in Europe a pedon
database has been proposed (Breuning et al., 1995),
which comprises three levels. They reflect the informa-
tion details concerning dominant typological soil units,
subdominants, accessories, parent materials and factors
of the soil environment. A set of characteristics, repre-
senting the generally used properties and features esti-
mated in soil surveys was chosen for the first period.
They involve: generalised profiles, concrete profiles.
We used (Némecek et al., 1995) an expanded set of
soil characteristics, which were statistically processed,
for the mentioned co-operation.

The design of our PUGIS - soil information system
includes the areal and pedon components linked to soil
quality and behaviour interpretations for soil degrada-

529



tion — pollution and productivity estimation and mod-
elling. In general, the complete soil GIS should in-
clude:

digitised information from soil and environmental
maps (reference based on the GIS), especially geo-
morphology and slopes

soil characteristics (profile data, data from invento-
rying research)

extrinsic environmental characteristics

data from monitoring of research fields

soil exploitation, production, degradation, contami-
nation etc.

attributes of heterogeneity of the soil cover

criteria of data evaluation

pedotransfer models

models of transformation and models of transport
and pollutant transfer processes between soil and
hydrosphere, biosphere, atmosphere and food chain
information about natural and anthropic factors, en-
vironmental loads

For the establishment of our own Czech pedon da-
tabase we used the procedure described in the contri-
bution.

METHODS

The project of data acquisition and its organisation
was based on the following facts: the collected data
will be both historical and actual, its structure will be
very heterogeneous, the time-sequence of data is ex-
pected and the expected extend of the data set will be
of the order of hundreds thousand of individual values.
The scheme of data acquisition and processing is dis-

RESULTS AND DISCUSSION

As it is apparent from the aforesaid reasons, the
exploitation of commercially available databases was
not possible. The special software for data digitalisa-
tion was developed (Janiga laboratories), which was
based on user defined hypertext. The developed soft-
ware makes it possible for user to have a dynamic and
flexible access to the digitised data. The operator can
thus dynamically introduce on the screen only such
scheme of data, in which he is interested in. The data
are introduced into the system by combination of dif-
ferent methods. For the input of actual data the Trans-
form and Form software are used. They are suggested
for the repeated input of data measured on the sample
of geographical points. Both the analytical and topo-
logical data are introduced into the GIS system (ARC-
INFO) by mean of specially developed software
(FORMARCIN and TOPARCIN respectively). The
software, supporting PUGIS is apparent from Fig. 2.
The scheme of PUGIS database structure is given in
Fig. 3.

The complete structure of the database of PUGIS is
given in the following text. W stands for words, C for
codes and N for numeric. The size of data sets, avail-
able in Czech Republic are also given.

1. CLASSIFICATION - LOCATION - EXTRINSIC
FACTORS
SOIL CLASSIFICATION

standardised CR

played in Fig. 1. great soil group (= genetic soil type) W
Topographical data Analytical data
Soil Input data Soil
Maps Sampling
T I
Digitalisation Analysis
I [
GIS Operating PC (terminal of
Computer working station)

Central
Working
Station

Disc Drive

Printer Plotter

1. Scheme of data acquisition and processing
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l—_ Analytical Data _l

I—Archived Actual

2. Scheme of software support-
ing PUGIS (the core of PUGIS is
represented by pedon database;
the structure of this database is

| HYPERTEXT|—{TRANSFORM}Y FORM || FORMACIN

given in Fig. 3)

Operating System GIS
Interpretative
[ SOLARIS | | ARCINFO [y
3 Software

l_ Topological Data—l
Archived Actual
MI HP UX TOPOL |—*| TOPARCIN |

I Soil profile | 3. Scheme of PUGIS database
T structure '
| Identification, Location I
[ i
Morphological Analytical

[

Chemical, Physico-Chemical

Physical Mineralogical

Micromorphology

Biological Characteristics

subgroup (= genetic subtype)

variety

parent material

particle size class (profile)

substratum stratification

depth (to bedrock or stony layer)

degree of erosion, accumulation
horizons sequence
agricultural production type
soil-ecological unit (for soil rating)

productivity rating

principal limiting factors
genetic soil unit (systematic soil survey 1967)
dominant of map unit (soil map 1 : 200 000)
reference classification

FAO

Soil Taxonomy (subgroup)

(family)
Référentiel pédologique
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SOIL PROFILE DESIGNATION

LOCATION
parish, township, cadaster
district
latitude
longitude
elevation m a. s. |.
CLIMATE
climatic district (Climatic Atlas CSR)
(Kurpelova, 1975)
(for productivity rating)
soil hydrothermic regime (Soil Taxonomy)
annual precipitation mm
mean annual temperature °C
evapotranspiration mm (Tomlain)
LANDSCAPE SURFACE
slope gradient °
slope length m
surface configuration
landscape position
nanorelief

<z
A b
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geographic region
PARENT MATERIAL (SUBSTRATUM)
more specified class than in classification
mineralogical class
skellet origin
rock fragments on the surface
HYDROMORPHY
depth of slight gleyic features (1-2 class) cm :N
depth of strong gleyic features (3-5 class) cm:N
anthropogenic influence
internal drainage class
LAND USE, VEGETATION
class
reclamation

£222 =

oo a0

2. MORPHOLOGICAL FEATURES IN SOIL
HORIZONS

In 4-5 master horizons, standardised for each great soil

group (+ horizon O in forest soils)
PRINCIPAL IDENTIFICATION DATA FOR SOIL
HORIZONS
horizon designation (symbol)
diagnostic horizon
depth in cm — lower limit
thickness cm
sampling depth
boundaries of horizons
MORPHOLOGICAL FEATURES
COLOUR (moist)
dominant or uniform colour
hue
value
chroma
second (contrasting) colour
hue
value
chroma
mottles quantity 3
association of colours with special features :
contrasting
STRUCTURE (PEDALITY)
grade (distinctness)
shape and size
TEXTURE
in terms of < 0.01 mm fraction
textural triangle (SCS USDA)
STONINESS
content
size
shape
petrology
CONSISTENCE
strength, plasticity, stickiness and fluidity
in relation to four soil-water states :C
NEOFORMATIONS
CaCOs
argillans

anazzz zzZz ahzzza

000 an aa

Ao
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humusesquans
redoximorphic
reductomorphic
biological

humus accumulations
siltans

slickensides

aaanana

3. ANALYTICAL DATA OF SOIL HORIZONS

In 4-5 horizons, standardised for each great soil group
(+Oy, +O5 in forest soils)

a)

SOIL PROFILES WITH ELEMENTARY

STANDARDISED ANALYSES

ca 30 000 soil profiles (135 000 samples) in the CR
selected profiles in district reports: 2 500 (12 000 sam-

pl

es)

soil texture: pipette method, dispersing in sodium
hexametaphoshate + sodium carbonate, dispersing
agent: soil I : 1, boiling 1 hour, sieving sand fraction
(> 250 pm)
making volume to 1 000 ml, pipetting, fraction in %:
> 10 pm
<1 pm (SCS USDA 2 um)
1-10 pm
10-50 pm
50-250 pm
250-2 000 pm
triangle-classification: < | pm, 1-50 pm,
50-200 pum — CaCO3%: manometric
pH/H,0: soil suspension 1 : 2.5, measured with
glass electrode
pH/KCI: soil suspension 1 : 2.5 0.2 M KCI, measur-
ing with glass electrode
CEC (mmol.kg‘l): leaching by BaCl,-TEA pH 8.2
(base saturation), replacing of Ba ions, Ba by flame
photometry [Mehlich Ty, mmol(+).kg"]
V (%): base saturation, CEC-acidity, by titration of
BaCl,-TEA-leachate (Mehlich V in %)
Cox (%): organic carbon, acid-dichromate digestion,
45 min at 125 °C, FeSO4-(NH,4),SO titration
humus (%): %C.1.724
nitrogen (%) : Kjeldahl digestion
available P (%): Egner (Ca-lactate, molybdenum-va-
nadophosphoric acid colorimetry)
available K (%): Schachtschabel [NH,4CI + (NHy),
CO; extr., flame photometry]

b) SOIL PROFILES WITH COMPLEMENTARY
CHARACTERISTICS FOR BASIC SOIL
DIAGNOSTICS

cca 250 soil profiles (1 500 samples)
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Chemical, physico-chemical analyses

free iron and aluminium (%):

Feg, Aly - ,,amorphous* — extr. 0.2 M ammonium ox-
alate + oxalic acid extraction, pH 3.0 (Tamm)

Fey, Aly — ,total free Fe-Al“ — sodium dithionite, cit-
rate-bicarbonate extraction (Mehra, Jackson, 1960;
Coffin, 1964)

Fcp, AIp — ,organic complexes” — 0.1 M sodium pyro-
phosphate extraction pH 10 (Bascomb, 1968)

Fepp, Alpp, OLpp — ,organic complexes” — sodium
pyrophosphate — sodium dithionite extraction (Fran-
zmeier, Hajek, Simonson, 1965)

exchangeable Al: leaching with 1 M KClI, fluoride
titration (Yuan, 1959)

exchangeable cations: leaching with 1 M NH,OAc,
pH 7.0, Ca, Mg, K, Na - flame photometry or Ca +
Mg complexometric titration, K, Na flame photo-
metry

effective CEC (ECEC) [mmol(+).kg"]: leaching
with 1 M KCI (unbuffered, Al, H fluoride titration,
Ca, Mg complexometric titration or flame photomet-
ry, ECEC = Ca + Mg + Al + H (Colemann, 1959)

: Ca+Mg
base saturation %: ECEC - 100
Al saturation %: i 100
” ECEC"

humus quality — humic and fulvic acids:

humic and fulvic acids (slightly bound) in 0.1 M
NaOH extract: HK;, FK,

humic and fulvic acids (slightly + strongly bound)
in 0.1 M NaOH extract after decalcination by
0.05 M H,SO,4 (HA |+ HA,, FA| + FAy) orin 0.1 N
sodium pyrophosphate extract (HAP. FAP)
aggressive fulvic acids in 0.05 M H,SO, extract
separation of HK and FK: acidification of the ex-
tract, filtration or centrifugation

ratio HK : FK, HK, : HK| (HK, : HK))

humus quality — optical characteristics:

sodium pyrophosphate extract : Q4/Qg— optical den-
sity = polymerisation, condensation index

sodium pyrophosphate extract >n0rmnlised concentra-
NaOH extract tion of C in samples
Q4P/Q4| = stability index (reflects bounds)

total elemental analysis — macroelements in soil and
clay (Si, Fe, Al, Ca, Mg, K, Na, P), %

oxides: melting with sodium carbonate
macroelements (Si, Fe, Al, Ca, Mg, Na, P) in 20%
HCI extract

total content of microelements (As, Be, Cd, Co, Cu,
Cr, Hg, Mn, Mo, Ni, Pb, Zn), mg.kg_':

extraction in concentrated HNO3 + HF + HClOy;
AAS (mostly, Hg TMA)

microelements (Cd, Co, Cu, Cr, Ni, Pb, Zn) in 2 M
HNO; (cold)

microelements in CaCl, and EDTA extracts
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Physical properties

principal physical characteristics

~ bulk density, Mg.m™

~ bulk specific gravity, Mg.m‘3 100 ml Kopecky
rings

— porosity, %

— air porosity, %

— hydrolimits ©, %

— hygroscopic water ©4

_ wilting point ©y (wilting plants)

— field capacity PK (2 days after saturation in the
field)

— maximal capillary capacity MKK (2 hours desuc-
tion after saturation)

— soil structure

dry weight <1 mm

1-10 mm

> 10 mm

— water stability of
soil structure < 0.25 mm sieving in water

> 1 mm

— differentiated soil porosity
capillary porosity — Pc (total saturation = porosi-
ty — water content after 2 h desuction)
semicapillary porosity Ps = Pn — Pc
noncapillary porosity — Pn (total saturation = po-
rosity — after 30 min desuction)

interaggregate porosity

intraaggregate porosity

- hydraulic conductivity K, cm.d”!

~ technological properties Atterberg (weight % wa-
ter)

dry sieving

ML plastic limit (lower)
MZd lower liquid limit = upper plastic limit
MZh upper liquid limit
IP plastic index
— ©, water content corresponding to:
pF 4.2-2.5-1.8-0.6
— volume of pores < 2um, 2-10 um, 10-50 pm,
> 50 pm

Mineralogical properties

— clay minerals in the < 1 pm fraction
— X ray diffraction — often after removal of amorphous

substrates, Mg, K, glycerol saturation, chemical pre-
paration

- DTA
— electron microscopy
Micromorphology

— thin sections (Altemiiller)
— scanning electron microscopy
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Biological characteristics

(some soil profiles and A horizons, mostly with dy-

namic studies)

— number of bacteria, actinomycetes, micromycetes,
azotobacer, aerobic, anaerobic microorganisms

— respiration, N-mineralization, nitrification — basal,
potential

The exploitation of the data stored in the HY-
PERTEXT could be done by its transformation into the
format of commercially available databases and statis-
tical software packages.

The described software was tested by digitising of
a large set of data on special soil pits, collected during
the systematic soil survey of the Czech Republic (his-
torical data) and on the actual data collected on selected
soil pits recently. The system proved to be fully suit-
able for that purpose and for introduction of digitised
soil data into GIS (ARCINFO).
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GEOCHEMICKE A ANTROPOGENNI ZATIZENI PUD

GEOGENIC AND ANTHROPOGENIC SOIL LOADS

J. Némeéekl, E. Podle§ékovéz, R. Vicha?

lCzech University of Agriculture, Praha, Czech Republic
2Research Institute for Soil and Water Conservation, Praha, Czech Republic

ABSTRACT: Contamination limits of trace elements derived for soils in the Czech Republic concern only Ap horizons (and
their analogies) of soils lacking extreme trace elements concentrations. An attempt has been made to differentiate the
anthropogenic and geogenic loads in the North- and West North-Bohemian regions, where their coincidence occurs. The
solution is based on the comparison of profile trace elements distribution, parent materials occurrence and immissions isolines.
Whereas the problem is simple in case of mafic rocks, it is complicated in metallogenic zones of acid igneous and metamorphic
rocks. The results are displayed in three figures. Based on this experience the ratio of geogenic and anthropogenic loads for
immission — free and severe immission — impacted regions has been estimated. The uptake of trace elements from geogenic
loads by plants is very limited.

trace elements; soils; geogenic loads; anthropogenic contamination

ABSTRAKT: Limity kontaminace pud stopovymi prvky pro ornice a jim odpovidajici horizonty (0 aZ 0,25 m) se tykaji pid
bez geochemicky extrémnich obsahd. Byl proveden pokus diferencovat antropogenni a geogenni zité€Ze pid v severoceském
a severozdpadoeském regionu, kde se vyskytuji spole¢né. Reseni se opird o profilové distribuce prvki, rozgifeni substrdti
s geochemickymi extrémy (Co, Cr, Mn, Ni, V — As, Pb, Zn, Cu) a izoCary spadi. Vysledky byly aplikovany na nejrizikovéjsi

regiony CR ve srovnani s regiony &istymi. Pfijem stopovych prvki z geogenné zatiZenych pid je silné omezeny.

stopové prvky; pida; geogenni zatéZe; antropogenni kontaminace

UvVOoD

Pozadovym hodnotam rizikovych prvki a z nich od-
vozenym limitim kontaminace byla v CR vénovina
mimofadna pozornost (PodleSakova et al, 1994;
Némecek et al.,, 1995; Podlesakova et al,
1996). Spolu s pozadovymi hodnotami a limity konta-
minace perzistentnich organickych xenobiotickych la-
tek (POXL) prokazaly tyto statisticky odvozené stan-
dardy svoji objektivnost a uZiteCnost pfi hodnoceni
imisnich a jinych vstupt $kodlivin do pidy v jednotli-
vych rizikovych regionech a stanovistich (Podle§a-
kovi etal, 1994; Némecek et al,, 1994). Pfekro-
¢eni limitd kontaminace pud, definovanych jako
svrchni mez piirodniho a antropického difuzniho poza-
di, slouZi tedy k identifikaci zvy$ené miry vstupi rizi-
kovych latek do pidy a k charakteristice kvantitativ-
nich i kvalitativnich rozdili v kontaminaci pud. Teprve
po jejich piekrofeni musime vénovat pozornost ekoto-
xikologickému nebezpeli zatéZe. Limity kontaminace
tim plni i funkci posuzoviani relevance ekotoxikologic-
ky stanovenych standardi ochrany multifunk&nosti pu-
dy a potravniho fetézce pied vstupy z rostlinné vyroby.

JeSt€ v nedavné minulosti jim byla v zahrani¢i vé-
novana omezend pozornost. Nami navrZené limity ne-
byly zafazeny do vyhlasky 13/1994 Sb., upravujici za-
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kon na ochranu zemédélského pidniho fondu. Objevily
se bez diferenciace podle pid v hodnotich A riziko-
vych prvkii navrhu MSNMP a MZP CR (1992). Poza-
dové hodnoty, resp. hodnoty kontaminace, skryté v pi-
vodnich hodnotich A zndmych nizozemskych standardi
(Leidraad, 1988), byly v tomto smyslu ze systému vy-
fazeny. Zato se pozadové hodnoty objevily a stile ve
vét§i mife jsou prosazovany v USA (EPA, 1994), tedy
v zemich, kde do neddavné doby byla pozornost véno-
vina vyhradné asanaénim standardim. Na zakladé vy-
hodnoceni udaji jednotlivych spolkovych zemi SRN
(LABO, 1995) je doporuceno zaradit referencni hodnoty
vyvozené z pozadovych hodnot rizikovych prvki i orga-
nickych xenobiotik do vicestupiiového systému standar-
di. V navrzich pozadovych hodnot SRN jsou pouZity
celkové rozbory, nikoliv rozbory extraktu lucavkou kra-
lovskou, kterd je pouZivdna v zemédélskych institucich.
Nezbytnost stanoveni pozadovych hodnot, korelovanych
v zemich EU, je podtrZena zejména v programu nové zii-
zené Evropské Agencie pro Zivotni prostfedi (EEA), jak
je uvedeno v DGU (1995a, b). Tyto skutednosti potvrzuji
nas¥ pfistup vytvéfeni n€kolikastupfiového (3 aZ 4) systé-
mu limit, ve kterém nalézaji limity kontaminace odvo-
zené z pozadovych hodnot velmi vyznamnou tlohu,
v souladu s principem obezietnosti, ktery je zapracovan
do zdkona o Zivotnim prostiedi.
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1. Geogenni zatéZ pud v aredlech Sedicl (a smifenych substratu se sliny) v severofeském imisnim regionu (Cr, Ni, Co, V [Cu]) - Geogenic
loads of soils in the areas of basalts (and marls + basalts) in the North Bohemian immission region (Cr, Ni, Co, V [Cu])

— vymezeni geogenni zitéZe — delineation of geogenic loads
— vymezeni aredlu Sedicl — delineation of basalt areas
° pudni profily — soil profiles

VyfeSenym problémem v CR je stanoveni pozado-
vych hodnot a z ného odvozenych limiti kontaminace
pud stopovymi prvky u pudnich substrati z nezpevné-
nych sedimentéarnich hornin i ze svahovin v CR nejroz-
SifenéjSich vyvrelych, metamorfovanych a zpevnénych
sedimentarnich hornin. Pouze pro tyto pfipady plati
i nami odvozené limity (PodleSakova et al,
1996), vztahované k horizontim Ap zemédélsky vyuZi-
vanych pud, resp. k drnovym horizontim a povrcho-
vym vrstvam pidy do hloubky 0,25 m. K této odbérové
hloubce by mély byt vztahovany idaje ze zatravnénych
a jinych urbanistickych ploch, kde se &asto snaZime
zachytit zatéZe povrchové vrstvy do 0,05 az 0,10 m.
Zcela jinym problémem je hodnoceni zatéZe holorga-
nickych nadloZnich horizonti Of (F) a Oh (H) lesnich
pud a raSelinnych pud (Tf, Ts aj.) s vyrazn€ odliSnou
objemovou hmotnosti. V nadloZnich horizontech les-
nich pud prfipada nejvétsi podil rizikovych prvka na
antropogenni pfinos a zaté€Z téchto horizontd muiZe
slouzit jako indikdtor spadu.

Méné feSenym problémem jsou pozadové hodnoty
a limity kontaminace u geochemicky extrémnich ¢&i
zvlastnich substratd a u substriti v metalogennich z6-
néch, resp. v mistech davné t&Zby nerostnych surovin.
I v némeckych pracich fesicich diagnostiku geogenni-
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ho a antropogenniho podilu stopovych prvki (Hin-
del, Fleige, 1991) a v jiZ zminéném shrnuti fady
praci tymem LABO (1995) neni feSen pfistup v oblas-
tech stfetu obou forem zatéZi. Pozornost je vénovana
hlavn& geochemickym specifikim bazickych a ultraba-
zickych hornin, metalogennich zén a lokalit historické
t€Zby nerosti, dale rezidudlnim produktim zvétrdvéni
vapencil, se kterymi se setkdvame i v CR, a navic ng-
kterym bfidlicim s vysokymi obsahy As, Cd, Cu, Ni aj.

V predloZené prici se snaZime feSit problematiku
diferenciace geogenniho a antropogenniho zatiZeni
v oblastech jejich nejvétsiho stietu — v severoCeském
a severozapado&eském imisnim regionu s vyskytem Ce-
di¢d a metalogennich z6n kyselych metamorfovanych
a vyvielych hornin.

» MATERIAL A METODA

Préce byla iniciovdna potfebami rozlidit podil geo-
genni a antropogenni zat€Ze v regionech stfetu vyraz-
ného imisniho zatiZeni a vyskytu geochemicky extrém-
nich substrati.

Paraleln& se stanovenim celkového obsahu riziko-
vych prvkia (rozklad HNO; + HF + HCIOy, stanoveni
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2. Geogenni a antropogenni zitéZe pud v aredlu kyselych magmatickych a metamorfickych hornin v severofeském imisnim regionu —
Geogenic and anthropogenic loads of soils in the area of acid magmatic and metamorphic rocks in the North Bohemian immission region

— aredly kyselych hornin (3edd) — acid rocks areas (grey)
== vymezeni geogennich zatéZi — delineation of geogenic loads

vymezeni antropickych zat&Zi — delineation of anthropogenic loads

AAS, Hg metodou TMA) v ornicich a drnovych hori-
zontech piid vyrazné zatizenych regioni a stanovist CR
byly stanoveny obsahy rizikovych prvki ve vybranych
profilech geochemickych extrémi i v horizontech B.
Na zédkladé profilovych analyz, jejich konfrontace
s vyskytem geochemicky extrémnich &i zvlastnich
substrata, izolinii spadi a plo§ného rozsifeni Skodli-
vin v pudé jednoznaéné antropogenniho pivodu, ja-
kym je pfevazna Cast PAU, byl u¢inén pokus vymezit
rozsah antropogenni a geogenni zité€Ze pud stopovy-
mi prvky.

K potvrzeni &i vyvriceni skute¢nosti, zda mame za
z4téZe pudy povaZovat geochemicky extrémni substraty,
pfispiva sledovani pfijmu stopovych prvki, vyskytujicich
se v extrémnich koncentracich, rostlinami (krmivy) v te-
rénnich podminkéch. Vegetaéni pokusy s timto zimérem
byly zaloZeny s testovacimi plodinami rizné schopnosti
piijimat prvky (jeCmen, fedkvicka, mrkev, $penat). Ne-
jsou vsak zatim dokonceny.

VYSLEDKY A DISKUSE

V tab. I uvadime pfiklady obsahu rizikovych prvki
ve dvou v CR nejroziitendjsich typech geochemicky
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extrémnich substrati v horizontech Ap a B. Pro pudy
ze svahovin z bazickych hornin citujeme profilové uda-
je z nasi drivéjsi prace (PodleSakova etal., 1994),
a to z horizonti Bv a IIC: Co 37/43, Cr 300/330, Cu
58/61, Mn 1690/1730, Ni 62/68, V 249/284, Zn
111/118. Vyplyva z nich, Ze u pid ze svahovin bazic-
kych a ultrabazickych hornin jsou pro diagnostiku roz-
hodujicimi prvky Cr, Ni, Co a V. Vzhledem k tomu, Ze
ve svahovinach muZe byt materidl bazik promisen s ji-
nym ¢i eolicky ovlivnén, nebo naopak materidl bazic-
kych hornin pfimisen na styku hornin do jiného, je
rozhodujici pro posouzeni pfifazeni ke geochemicky
extrémnim substratim vysoky (tj. pfevySujici nejvyssi
limit normdalnich pid pro dany prvek) obsah jednoho
az dvou z uvedenych prvkl (nejéastéji Cr a Ni). Srov-
nani pidnich profili odpovidajicich témto poZadavkim
s mapkou (obr. 1) roz§ifeni ¢edicu (a Cedicu se sliny)
v severoCeském regionu ukazuje takovou miru shody
(pfi vylouceni potencialnich antropickych zdroju), Ze je
mozno jednoznaéné tvrdit, Ze vysoké koncentrace Cr,
Ni, Co a V jsou geogenniho piivodu.

SloZit&jsim problémem je feSeni geogenniho piivodu
vysokych koncentraci As, Pb, Zn a Cu v severnich
a severozapadnich Cechach. V areélech roziiteni rul,
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3. Antropogenni kontaminace piid Cd a PAU v severofekém imisnim regionu — Anthropogenic loads of soils with Cd and PAH in the North
Bohemian immision region

— vymezeni kontaminovanych aredlii — delineation of contaminated areas

o

kontaminace Cd — Cd contamination
x  kontaminace PAU - PAH contamination
1-4 narustajici podet komponent — increasing ratio of components

svorl a Zul se v tomto regionu miZeme setkat s meta-
logennimi z6nami a lokalitami historické t&€Zby neros-
ti. SloZitost spo¢iva v tom, Ze jde o lokalni jevy, které
nelze spojovat plo$né s rozSifenim urditych substratui,
jak tomu bylo u &edi&i, nebo jak tomu je napf. u Be
s obecné vy$§§imi limity v kyselych horninich. V druhé
Casti tab. I uvadime piiklady pid ze substrati s ano-
mélnimi obsahy As, Pb, Zn a Cu (Cd!). Obr. 2 znazor-
fiuje aredly, ve kterych profilové rozbory potvrdily geo-
genni plivod zaté€Zi v regionech rul, svord a Zul. Dal§i
komplikaci hodnoceni je skutecnost, Ze v severole-
ském regionu né&které z té€chto prvki jsou emitovéany
pfi spalovani hnédého uhli, zejména As (Be) a Cd, jiné
mohou mit pivod v imisich z dopravy (Pb). Re¥eni
podilu geogenni a antropogenni zatéZe spoliva tedy
v srovnani roz§ifeni substratd, ve kterych s v&tsi prav-
dépodobnosti jde o geogenni zitéZ, imisnich izodar
a profilovych rozborii. Vysledkem je diferenciace an-
tropogenni a geogenni zitéZe na obr. 2. PfevaZné an-
tropogenni zatéZz Cd a PAU je znizornéna na obr. 3.
Na zakladé zkuSenosti ziskanych v severo- a seve-
rozdpadodeskych imisnich regionech jsme se pokusili
odhadnout podil antropogennich a geogennich zatéZi
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v hlavnich rizikovych a &istych regionech CR. Z vy-
sledkid uvedenych v tab. II vyplyva, Ze vyluéné geogenni
zatéZe se vyskytuji u Co, Cr, Mn, Ni a V v severo-
a severozapadoCeském imisnim regionu v arealech Ce-
dic¢a (amfibolitd, smiSenych substrati s podilem bazik),
u Pb, Cu a Zn v metalogennich zénéch Zul, rul a svord.
Co, Cr, Ni, Mn a V jsou jako antropogenni zétéZe slabé
zastoupeny pouze v okresech a lokalitach s metalurgic-
kym prumyslem (Mn, Cr a V), vyraznéji pak ve fluvize-
mich (Cr, Mn a Ni). S vyznamnou antropogenni zatéZi
As a Be se setkdvame hlavné v severo- a severozipa-
doceském regionu, kde dochazi k spalovdni hnédého
uhli. Zna¢na ast zatdZe témito prvky je vSak geogen-
niho piivodu. Zcela dominantni je v téchto regionech
geogenni z4t€Z Cu, Pb a Zn. Vyhradné antropogenniho
plvodu jsou zatéZe v severomoravském regionu, v Pra-
ze a v aredlech fluvizemi. Z prvku lze povaZovat za
vyluéné antropogenni v pidé€ se hromadici Hg a z vétsi
dasti Cd. Zatimco Hg se vyskytuje vyznamnéji pouze
ve fluvizemich a na tizemi Prahy, Cd je obecné dobrym
ukazatelem intenzity celkové antropogenni kontamina-
ce. Jsou jimi z organickych xenobiotickych latek
i PAU, které jsou vSudypfitomné. Z tab. III Ize podle
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1. Celkovy obsah rizikovych prvki v horizontech Ap a B pid s geochemicky vysokymi obsahy rizikovych prvka (mg.kg") - Total content of potentially hazardous elements in Ap and B horizons of soils with
geogenic high contents of some trace elements (mgAkg'l)

Okres' (lokalita?) | Pada® | Substrat* | pH A/B As Be cd Co Cr Cu Hg Mn Mo Ni Pb \'% Zn
Usti nad Labem KM edize” 4,8 A 24 30 | 027 | 31 322 37 | 032 | 1174 | 05 40 30 145 104
Milbohov e 47 Bv 34 1,7 015 | 33 282 26 | 007 | 1330 | 06 70 16 126 71
Bazické horniny’ | Most KM Cedice 6,6 A 12 23 041 | 29 303 42 | 009 1056 | 1,1 108 16 | 203 99
Libesice e 6,6 Bv 18 3,2 037 | 29 324 42 | 014 [ 125 | 1,0 | 104 18 204 99
D&&in KM Zedite 5,6 A 11 1,5 0,2 40 296 30 | 013 935 | 0,1 9% 27 130 80
Lesni e 5,7 Bv 12 1,7 0,15 | 45 311 30 | 011 930 | 0,1 105 30 160 82
Teplice KM ruly® 43 A 526 1,9 054 | 142 53 26 | 027 953 | 1,76 13,0 | 339 56 83
Mikulov d 4,5 Bv 492 3.8 032 | IL,1 49 23 | 020 665 | 0,92 11,0 | 366 52 68
Klatovy KM ruly 62 | A 65 25 0,32 50 48 12 | o1l 638 | 0,20 18,0 47 67 69
Kyselé horniny® Horni Kvilda d 4,5 Bv 69 2,7 0,05 | 10,0 65 22 | o011 415 | 0,10 | 320 30 82 95
Klatovy KM ruly 44 | A 51 22 | 022 | 175 38 32 | o11 633 [ 020 | 40,0 30 30 110
Zamysl d 52 | Bv 81 30 | 008 | 150 90 22 | 0,08 548 | 0,10 | 380 30 102 100
Teplice KM ruly 35 A 17 8,2 045 | 12,5 40 32 | 013 718 | 0,1 8,0 60 70 152
Krupka d 3,5 Bv 21 6,8 067 | 12,5 48 32 | 011 690 | 04 18,0 47 50 142
Most PZ ruly 53 A 48| 38 0,62 7,5 32 110 | 0,13 650 | 0,20 120 | 232 42 175
Brandov k 49 Bs 124 28 0,18 7,5 42 140 | 0,09 358 | 0,20 120 | 170 35 190

Tu&n& vyti§téna &isla vyjadfuji silné prekrodeni pozadovych hodnot pro neextrémni substraty — In bold (severe) exceeding of background values for non extreme parent materials
A - povrchové diagnostické horizonty (orniéni a drnova vrstva) — surface diagnostic horizons (Ap, or sod layer)
B - podpovrchové diagnostické horizonty — subsoil diagnostic horizons: Bv — kambicky hn&dy — brown cambic, Bs — kambicky rezivy — rusty cambic

Uistrict, site, *soil, 4parent material, *mafic rocks, acid metamorphic rocks, "basalts, sgneisses



L7
g II. Odhad antropogenniho a geogenniho zatiZeni pid rizikovymi prvky (pfekroceni limitd kontaminace v % vzorki) v nejkriti¢téjSich a imisné Eistych regionech — Estimates of the anthropogenic and geogenic

loads of soils with potentially hazardous el (exceeding of cc ion limit in % of samples) in the most critical and immission-free region
Oliresl poée'll As Be Cd Co Cr Cu Hg Mn Mo Ni Pb v Zn
voorki®l o'l g | A|c|A|G|Aa|lc|Aa|Gc|Aa|lc|Aa|lc|Aa|l]c|Aa|lc|Aa|c|Aa|lc|A|lc|A]G
Cesky Krumlov 30 0 0 0| 20 of o 0 0 0 3 0 0 0] o0 0 310 0 0 3 0 of o 3 0 3
Prachatice 48 0 6 0 12 0 2 0 0 0 8 0 0 0 0 0 0 0 0 0 8 0 2 0 0 0 4
Pelhfimov 77 0 12 0 4 0 0 0 3 0 0 0 0 0 0 0 1 0 0 0 3 0 0 0 0 0 0
Chomutov 115 3 11 18 11 1 0 0 16 0 12 0 12 0 0 0 6 0 0 0 6 0 10 0 17 0 6
Most 63 25 19 22 5 13 0 0 5 0 14 0 11 0 0 0 3 0 1 0 19 0 21 0 6 0 8
Teplice 75 18 23 26 20 17 4 0 15 0 21 0 11 1 0 0 11 0 1 0 17 0 27 0 9 0 13
Usti nad Labem 78 26 6 13 T 29 0 0 34 0 26 0 13 4 0 0 18 0 0 0 20 0 12 0 19 0 4
Litomé&fice 55 4 0 0 0 2 0 0 13 0 18 0 4 5 0 0 0 0 0 9 0 5 0 4 0 4
Dé&&in 28 0 3 0 0 0 0 0 11 0 I 0 0 0 0 0 3 0 0 0 11 0 2 0 0 0 3
Cheb 47 4 42 6 11 8 0 0 0 0 0 0 6 0 0 6 0 19 0 0 0 6 0 17 0 2
Sokolov 54 4 54 5 33| 24 0 0 2 0 7 0 5 2 0 0 7 0 2 0 0 0 7 0 31 0| 22
Karlovy Vary 59 12 12 10| 17| 14] 0 0 15 0| IS5 0| 14 0|0 02| 0 15 0 6 0 710 |36 0| 10
Ostrava-Karvina 33 6 0 0 0| 30 0 0 0 6 0 3 0 3 0 15 0 3 0 0 6 0 0 0 [ 36 0
Frydek-Mistek 50 4 0 0 0 | 48 0 0 0 4 0 4 0 0 0 12 0 6 0 0 14 0 2 0| 36 0
Praha 39 0 0 0 0| 36 0 0 0 0 0| 33 0| 38 0 0 0 - & 0 0| 33 0 0 0| 28 0
Mnisek 22 4 0 0 0 14 0 0 0 4 0 4 0 0 0 27 0 0 0 0 0 0 4 0 0 0 4
Fluvisol} inundované? 33 7 0] 29 0] 93 0 7 0] 31 0| 56 0 | 88 0 33 0 - - 10 0| 53 0 0 0| 88 0

Udistrict, 2number of samples, 3fluvisols inundated

III. Geometrické priméry obsahu Cd a PAU v nejkritictéjSich a imisn& &istych regionech — Geometric means of Cd and PAH in the most critical and immission-free regions

1 Cesky . . Usti . . ’ Karlovy | Ostrava- Frydek- i3
Okres Reinlgi Prachatice | Chomutov Most Teplice R Litoméfice Dé&¢in Cheb Sokolov Vary Karvinné | -Mistek Praha Fluvisoly
Cd 0,19 0,21 0,17 0,23 0,31 0,33 0,15 0,20 0,26 0,36 0,26 0,54 0,72 0,42 1,79
PAU 180 160 231 242 277 254 207 251 292 450 269 656 461 1113 1159

Udistrict, fluvisols
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Cd a PAU odvodit relativni kontaminaci regionli v po-
fadi: Cisté regiony (Sumava) < severotesky imisni re-
gion (narustajici zatiZeni na sever od okresu Most aZ
po Usti nad Labem — obr. 3) < severozapado&esky imis-
ni region (centrum okres Sokolov) < severomoravsky
imisni region < Praha < fluvizemé s recentnimi zapla-
vami. Indiké4torovou tlohu antropogenni zaté€Zze Cd nut-
no provéfit pouze v regionech geogenné podminénych
vysokych koncentraci As, Pb, Zn (Cu) a Be.

Velice duleZitou otdzkou je, do jaké miry geogenni
z4t&Ze skute&né lze za zatéZe povaZovat. Tim se dostd-
vame k problematice ekotoxikologicky relevantnich
standardu, které rozpracovavame na zikladé vysledkt
terénnich Setfeni pard puda / rostlina (krmiva) a vege-
taénich pokust s pidami charakterizovanymi geoche-
micky extrémnimi koncentracemi rizikovych prvki pfi
pouZiti testovacich rostlin s riznou schopnosti pfijimat
rizikové prvky. Publikované vybrané tidaje z terénnich
Setfeni (Podle¥dkova, Némecdek, 1996) svédci
o relativn& sniZené potencialni rozpustnosti rizikovych
prvku v geochemicky extrémnich pidach (zejména pfi
srovnani s druhym extrémem, tj. fluvizemémi s nejvy3$si
potencialni rozpustnosti). Nizka potenciélni i aktualni roz-
pustnost u téchto pid ma za nasledek, Ze prekroceni krmi-
vafské normy (Vyhlaska 264/1993 Sb.) se projevuje aZ
pfi extrémnich koncentracich Ni (1 500 mgkg™) v sva-
hovinéach hadct a Pb (300 mg.kg") v svahovinach svo-
ri. U prvka s nejniZ§i mobilitou vibec se neprojevilo
ani pfi tak vysokych obsazich jako > 1 200 mg.kg'l
u Cr, resp. > 1 200 mg.kg"l u As. Nebylo pozorovino
ani u Zn pfi geogenné podminéném obsahu 300 mg.kg".
Ve vyzkumu transferu do rostlin z geogennich zatéZi se
pokracuje.
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Z VEDECKEHO ZIVOTA

EKOLOGICKE A EKONOMICKE SYSTEMY HOSPODARENI NA PUDE

Vyzkumny dstav picninafsky, spol. s r. o., Troubsko
u Brna ve spolupraci s Vyskumnym ustavem rastlinné vyro-
by, Pietany, Ministerstvem zem&dglstvi CR, Agrérni komo-
rou CR a Ministerstvem $kolstvi, t&lovychovy a sportu CR
uspofadali v Brn& ve dnech 3. a 4. zafi 1996 konferenci s me-
zindrodni &asti na téma Ekologické a ekonomické systémy
hospodareni na pudé.

Nosnym tématem konference byla prezentace soutasnych
poznatkil z oblasti zpracovani pidy k hlavnim polnim plodi-
nam se specifikaci na pidoochranné systémy a vyuZiti mo-
dernich mechaniza&nich prostiedki a na jejich ekonomické
dopady. Jednéni bylo déle zaméfeno na problematiku ekolo-
gizace rostlinné vyroby v podminkich CR. Konference
umoznila pracovnikiim &eskych i slovenskych vyzkumnych
dstavi a vysokych $kol seznamit s vysledky své prace $iroké
forum odbornikl z oblasti vyzkumu a $kolstvi, zastupce fi-
dicich orgédnti i pracovniky zemédélské praxe z CR a SR.

Konferenci zah4jil feditel VUP Troubsko u Brna J. Pro-
chézka, ktery pfitomné sezndmil s &innosti dstavu i jeho per-
spektivami, pfivital té% zdstupce MZe CR M. Mezulinika,
feditele UO Brno-venkov J. RySavého a feditelku OAK H.
Zezulovou. Za spolupofadajici organizaci VURV Piestany
vystoupil S. Kubinec.

V tvodnim referitu hovofil M. Mezulianik (MZe CR)
0 souCasné situaci ve spotfeb& primyslovych hnojiv v CR
a o dal3ich vyhledech jejich spotieby do roku 2000 a 2005.
S. Komberec (VURYV Praha-Ruzyng) vénoval sviij prispévek
ekonomice a perspektivé péstovani hlavnich zemédélskych
plodin. V ptispévku M. DZatka a J. Viléeka (VUPU Bratisla-
va) byla vénovédna pozornost ekologickym a ekonomickym
aspektim transformace uspofadani a vyuZivani pudniho fon-
du na Slovensku. E. Rinik (OVUA Michalovce) se zminil
o vysledcich pokusi s biopreparitem AGROBIOPER (BIO-
SIL).

J. Rotrekl (VUP Troubsko) uvedl n&kolik ptikladi pfi
péstovani picnin, které fedi vztah mezi chemickou a biologic-
kou regulaci Zivodéidnych Skidci. Na vyuZiti netradi€nich
plodin pro pici a zelené hnojeni byl zaméfen pfispévek autori
J. Pelikdna a J. Hofbauera (VUP Troubsko). K problematice
eroze a jejiho feSeni v Polsku se vyjadtil F. Woch, o pado-
ochrannych technologiich uplatiiovanych v jihodeském regi-
onu se zminili J. Stach a J. Sabatka (JU Ceské Budéjovice).
V ptednaice M. Lacko-Bartodové a 8. Ko¥ovana (VSP Nitra)
byly diskutovdany moZnosti vyuZiti po&itatového modelu
EPIC pfi predikci vynost v ekologicky orientovanych systé-
mech hospodafeni na padg.

V pfednaice autorského kolektivu J. Hruby, J. Dovrtél
a B. Badalikova (VUP Troubsko) byly porovnany vlivy riiz-
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nych vstupil (organické a minerdlni hnojeni, chemick4 ochra-
na) u hodnocenych systémi hospodafeni na piidé na vynosy
hlavnich polnich plodin a vyrobnost osevnich postupi.
J. Kien (MZLU Brno) ve svém pfispévku informoval o vy-
zkumu integrovanych systému rostlinné produkce, které jsou
v EU povaZovany za prvni realizovatelny krok strategického
vyznamu pii feSeni souasnych problémi zemé&délstvi. J. Pe-
Sek nastinil problematiku adaptace eského zemédélstvi na
podminky EU.

Z. Kitakal (VUP Troubsko) a J. Fialové vyhodnotili moz-
nosti vyuZiti novych technologickych zpiisobli zpracovani
pudy v podminkdch bramborafské vyrobni oblasti a jejich
dopady na vynosy polnich plodin. J. Havel (OSEVA PRO,
VUO Opava) hovofil o systémech pé&stovéni olejnin v pod-
minkdch CR. Na problematiku energetické naro&nosti zpra-
covéni piidy byl zaméfen ptisp&vek J. Cervinky a F. Bauera
(MZLU Brno) a poznatky o vlivu systémi hospodafeni na
pudé na nutri¢ni hodnotu jarniho je¢mene pfednesli J. Zimol-
ka a J. Ehrenbergerovd (MZLU Brno).

Druhy den zahéjil jednéni zajimavym piispévkem K. Ko-
vat (VURYV Piestany), ktery analyzoval model konverze kon-
ven¢niho systému hospodafeni na piidé na trvale udrZitelny
systém v niZinnych podminkdch Slovenska. F. Marko
(VURV Piestany) diskutoval o agronomické a ekonomické
efektivnosti pidoochranného systému hospodateni na pudé
pii péstovani kukufice. Na pfispévek navazala svym vystou-
penim B. Prochazkova (VUP Troubsko), ktera zhodnotila na
zékladé fady polnich pokust rizné systémy zpracovéni pidy
ke kukufici z pohledu vynosi i dopadi téchto technologii na
pladni prostiedi.

K problematice p&stovani cukrovky byl zaméfen referat
J. Srollera (CZU Praha), ve kterém autor diskutoval o kon-
venénim a integrovaném systému péstovéni této plodiny.
V neméng zajimavém ptisp&vku probiral J. Hilla (VUZT Pra-
ha-Repy) poznatky ziskané pfi ovéfovani mechanizovanych
postupll pidoochranného zpracoviéni k cukrovce a J. Cholen-
sky (CZU Praha) vysvétlil vyuZiti koeficienti ptejezdi pfi
odvozu brambor. V zavéru konference pfedvedl P. Zemanek
(MZLU Brno, ZF Lednice na Moravé) zajimavy model fluid-
niho vysevu upraveného osiva zeleniny, na jehoZ realizaci se
sdm se svymi kolegy J. Zufinkem a V. Veverkou podilel.

Na konferenci se rovn&Z prezentovali zastupci firem
KWS, RAGT, LIMAGRAIN, LUKROM a AGRISERVIS
Zlin.

Pfednesené ptispévky budou vydany ve sborniku konference
do konce tohoto roku a budou k dispozici viem zdjemciim.

Ing. Jan Hruby, CSc., Ing. Barbora Badalikovd
Vyzkumny ustav picnindfsky, spol. s r. o.,
664 41 Troubsko u Brna, Ceskd republika

ROSTLINNA VYROBA, 42, 1996 (12): 542



HEAVY CONTAMINATION OF SOIL WITH CADMIUM,
LEAD AND ZINC IN THE ALLUVIUM OF THE LITAVKA
RIVER

SILNA KONTAMINACE PUDY KADMIEM, OLOVEM A ZINKEM
V NIVE REKY LITAVKY

L. Boriivka', Ch. Huan-Wei?, J. Kozdk', S. Kristoufkova'

'Czech University of Agriculture, Praha, Czech Republic
2Beijing Agricultural University, China

ABSTRACT: Soils of the alluvium of the Litavka river, an area of heavy point contamination with heavy metals, were
studied. Contents of Cd, Pb, and Zn were determined in extracts with cold 2M HNO;. Metal distribution is very heterogeneous.
Area influenced by atmospheric deposition from lead-smelting plants as the main source of contamination and area polluted
with floods of contaminated water were distinguished. In the former, mean contents of Cd, Pb, and Zn in topsoil were 1.71,
376.4, and 74.5 mg.kg". respectively. They decreased with distance from the source of pollution and with soil depth, with
exception of Pb due to parent rock. In the area under floods, the mean contents of Cd, Pb, and Zn in topsoil were 33.6, 2 979,
and 3 363 mg.kg'l. respectively. They decreased with the distance from the source and from the river; metal mobility through
the soil profile was higher here. Very close correlation was found between Cd and Zn. In factor analysis, three factors for
each area accounting for more than 90% of total variability were selected.

cadmium; lead; zinc; alluvial soils; distribution; mobility; source of contamination

ABSTRAKT: Byly studovany pidy v nivé feky Litavky, v oblasti silného bodového zneéisténi téZkymi kovy. Obsahy Cd,
Pb a Zn byly stanoveny ve vyluhu 2M HNO;. Distribuce kovii byla velmi heterogenni. Byla rozli§ena oblast ovlivnéna
atmosférickym spadem z olovénych huti jako hlavnim zdrojem zneci$téni a oblast zneci$ténd zdplavami kontaminovanou
vodou. V prvni z nich byly primémé obsahy Cd, Pb a Zn ve svrchni vrstvé 1,71, 376,4 a 74,5 mg.kg'l, Tyto obsahy klesaly
se vzdilenosti od zdroje zne€iSténi a s hloubkou pidy s vyjimkou Pb vlivem mate¢ni horniny. V zaplavové oblasti byly
pramérné obsahy Cd, Pb a Zn ve svrchni vrstvé 33,6, 2 979 a 3 363 mg.kg". Tyto obsahy klesaly se vzdilenosti od zdroje
a od feky; mobilita kovl zde byla vy$8i. Velmi t€sné korelace byla mezi Cd a Zn. Ve faktorové analyze byly vybrany pro

kaZdou oblast tfi faktory vysvétlujici vice nez 90 % celkové variability.

kadmium; olovo; zinek; aluvialni pudy; distribuce; mobilita; zdroj kontaminace

INTRODUCTION

Heavy metals in soils represent a potential risk to
the environment. Although diffuse contamination is not
too important in the Czech Republic, there are several
areas of very high point contamination. One of them is
the alluvium of the Litavka river in the district of
Piibram (Kozdak et al.,, 1995). Besides naturally in-
creased metal contents due to parent rock composition,
there are two important sources of anthropogenic con-
tamination. At first, there are atmospheric emissions of
lead-smelting plants working since 18th century. The
other source of contamination are floods of water con-
taminated by wastes from metallurgical plant setting
pits, the walls of which were several times broken.
Such areas represent the danger of input of heavy met-

ROSTLINNA VYROBA, 42, 1996 (12): 543-550

als into food chain, moreover, they may constitute a di-
rect health risk.

In the Czech Republic, commonly used method for
heavy metal determination in soils is extraction with
cold 2M HNO;. For this extraction the maximum tol-
erable metal contents in soils are set (MZP CR, 1994).
Extractability of metals in non contaminated soils dif-
fers mainly with metal and soil unit. Average values in
percentage of total content are 85 for Cd, 51 for Pb,
and 26 for Zn, respectively, these values, however, are
much higher in Fluvisols (Némecek et al., 1995).
Increased extractability was found also in contaminated
soils (Podle$dkova et al., 1994b).

The aim of this study was to determine level of soil
contamination with Cd, Pb and Zn in the alluvium of
the Litavka river, to describe the metal distribution in
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the area and in the soil profiles in order to assess pos-
sible mobility or accumulation of metals, and to esti-
mate the influence of different metal sources. It follows
in detailed from previous research of the area (Pavel,
Kozak, 1989). This work will be followed by study
of metal speciation in soils and their availability for
plants.

MATERIAL AND METHODS
Soil sampling

The soil samples were collected in the summer of
1993. The sampling sites were situated on twenty-one
transects to the river from its tributaries as far as to the
district border (Fig. 1). On each transect, three sites
were situated on both banks in different distances from
the river according to the probability of floods. The soil
samples were collected from three depths: 0 to 15 c¢m,
30 to 40 cm, and 50 to 60 cm, respectively. In total,
375 soil samples were collected on 125 sites. Main soil
unit in the area is Fluvisol, in the marginal area Cam-
bisol.

Analyses of metal contents

Air-dried 2 mm sieved soil samples
were extracted with cold 2M HNO5 with
ratio solution : soil = 10 : 1 (v/w). Metal
contents in extracts were determined by
means of atomic absorption spectro- N
photometry.

Statistics

Statistical treatment was proceeded
with software Statgraphics version 5.0.
The data were at first treated with clas-
sical statistical methods. Sites influenced
by different source of contamination
were distinguished by means of four
standard deviations as a criterion. In the
case that the data set distribution was
strongly skewed, transformation to com-
mon logarithms was used for calcula-
tions (Webster et al., 1994). Multiple
analysis of variation was used to deter-
mine effects of different factors of het-
erogeneity, interrelations between metal
contents were assessed by multivariate
statistical methods.

RESULTS AND DISCUSSION
Distributions of metal contents in the

topsoil of the area possibly influenced by
polluting floods are shown in Figs 2 to 4.
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Averages of both banks were used in the graph since
there was no significant difference between the banks.
In general, the levels of contamination are lower on
sites more distant from the river, however, the differ-
ences are not significant. The maxima are shifted fur-
ther from the source on the sites more distant in com-
parison to sites close to the river. The contents then
decrease downstream along the river with the distance
from the source, which corresponds with findings of
the other authors under similar conditions (Bradley,
Cox, 1986; Podlesdkova et al.,, 1994a). How-
ever, the found metal contents were still very high in
comparison with limit values, even in locations close
to the district border.

Sites influenced mainly by atmospheric depositions
and sites polluted mainly by floods of contaminated
water were distinguished. The former included sites
upstream of the setting pits and some sites downstream
located more than three meters above the river level, so
that floods were not probable there. In total, there were
29 sites classified as atmospherically polluted and 85
sites classified as polluted by floods; 11 sites were ex-
cluded as different from both groups of sites. Summary
statistics of soil metal contents are shown in Tabs I to
IIL. In general, the metal contents show strong hetero-

1. Map of the studied area
with sampling transects
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geneity. It can be seen from the data in the above-men-
tioned tables, that in the sites influenced by atmos-
pheric deposition the content of Cd was moderately
increased in comparison with limit value, the content
of Zn was found to be even not significantly higher
than limit for sandy soils which prevail on these sites.
High levels of Pb suggest that this metal represented
the principal pollutant from atmospheric immissions.
Relatively high content of Pb at a depth 50 to 60 cm
with regard to its low mobility in the soil profile indi-
cated important influence of parent rock on content of
Pb in the soil. In the area contaminated with floods,
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contents of all the three metals were extremely high.
Differences in metal contents between these two groups
of locations were found highly significant for all the
three metals under study.

Multiple analyses of variance of metal concentra-
tions in the area influenced mainly by atmospheric
deposition (Tab. IV) showed that the most important
factor was transect, representing thus distance from the
source of pollution. Important effect of depth indicated
surface contamination and accumulation and low mo-
bility of metals through the soil profile. Relatively low
effects of distance from the river, with exception of Cd,
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5. Projection of metal contents into plane of the first two factors for
the area of atmospheric deposition (points labelled 1, 2, and 3 rep-
resent contents of Cd in the layers 0-15 cm, 30-40 cm, and 50-60
cm, respectively, points 4, 5, 6, and 7, 8, 9 are contents of Pb and
Zn, respectively, in those layers)

and of bank suggested spatial extension of atmospheric
deposition. In the area polluted with floods, the multi-
ple analyses of variation (Tab. V) showed that, besides
transect as a measure of distance from the source of
contamination, there was an important effect of dis-
tance from the river due to different possibility and
frequency of floods. Difference between close and fur-
ther distance from the river was significant for Cd and
Zn. Influence of depth on Cd and Zn variations was less
pronounced in that area which may be explained by
higher mobility of those metals in polluted soils
(Forstner, 1987). Detailed investigation of effect of
soil depth showed that in the area of atmospheric depo-
sition the only significant difference in contents was
between the depths 0 to 15 cm and 50 to 60 cm, respec-
tively. In the area influenced by floods, that difference
was significant even only for Cd and Pb. Surface accu-
mulation of metals was measured as the ratio between
contents in topsoil and subsoil layer. This ratio was
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6. Projection of metal contents into plane of the first two factors
after rotation of axes by Varimax for the area of flood contamination
(point labels see Fig. 5)

significantly higher in the area under atmospheric
deposition than in the area under floods, for Pb this
difference was even highly significant. Difference be-
tween metals were found as insignificant.

Correlation matrix of metal concentrations in the
three layers for the area influenced mainly by atmos-
pheric deposition and for the area polluted with floods
are given in the Tabs VI and VII, respectively. All the
correlations were highly significant. Very strong corre-
lations could be seen between Cd and Zn (0.870, 0.919,
and 0.913 in the depth O to 15 ¢cm, 30 to 40 cm, and 50
to 60 cm, respectively, in the area of atmospheric depo-
sition, and 0.925, 0.869, and 0.903 in the same depths
in the area under floods). Correlations of Pb with the
other two elements were found weaker. Closer correla-
tion was for all the three elements in both areas be-
tween the depths 30 to 40 cm and 50 to 60 cm than
between 30 to 40 cm and topsoil, indicating the effects
of surface contamination and metal accumulation in
topsoils. Analyses of principal components of these re-
lations were also proceeded (Tab. VIII). In factor

I. Summary statistics of Cd concentrations in studied soils and maximum tolerable content (MZP CR, 1994) (mg.kg_')

Source of contamination Atmospheric deposition Floods

Depth (cm) 0-15 I 30-40 50-60 0-15 30-40 50-60
Max. tolerable content 0.4% 1.0

Mean 1.71 115 0.99 33.59 30.51 26.45
Median 1.34 0.59 0.27 29.55 30.05 26.00
Minimum 0.08 0.07 0.03 1.96 1.29 0.86
Maximum 573 483 8.68 130.40 83.90 76.8
Standard deviation 1.43 1.28 1.74 25.22 20.53 19.64
Skewness 0.76 1.39 3.45 1.47 0.37 0.53
Transformed

Mean (log,,) -0.240 -0.495 1.394

Median (log,) -0.229 -0.577 1.471

Standard deviation (log),) 0.555 0.697 0.375

Skewness (log,) -0.001 0.16 -0.73

“sandy soils, Pother soils
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II. Summary statistics of Pb concentrations in studied soils and maximum tolerable content (MZP CR, 1994) (mgkg™)

Source of contamination Atmospheric deposition Floods
Depth (cm) 0-15 30-40 50-60 0-15 30-40 50-60
Max. tolerable content 50.0% 70.0°
Mean 376.4 429.8 666.7 2979 2751 2 160
Median 227.0 84.0 68.0 2 605 1987 1810
Minimum 54 9.6 4.0 227.0 103.5 117.5
Maximum 1733 4275 12 650 18 450 15 450 8 370
Standard deviation 4426 858.1 23356 2 809 2 601 1 825
Skewness 1.76 3.58 5.17 3.56 2.24 1.14
Transformed
Mean (log,() 2.260 2.040 1.820 3.339 3.241 3.137
Median (log,;,) 2.356 1.924 1.833 3416 3.298 3.258
Standard deviation (log,,) 0.587 0.744 0.927 0.355 0.467 0.470
Skewness (log;,) -0.35 0.40 0.51 -0.36 -0.63 -0.55
%sandy soils, "other soils
III. Summary statistics of Zn concentrations in studied soils and maximum tolerable content (MZP CR, 1994) (mg.kg")
Source of contamination Atmospheric deposition Floods
Depth (cm) 0-15 3040 50-60 0-15 3040 50-60
Max. tolerable content 50.0% 100.0P
Mean 74.5 513 482 3363 3 056 2736
Median 573 27.1 17.4 3010 2967 2675
Minimum 3.85 2.05 1.37 120.0 59.0 54.5
Maximum 246.3 221.5 263.0 13 060 8 828 9 260
Standard deviation 66.2 59.0 63.8 2744 2343 2226
Skewness 1.09 1.49 1.95 1.37 0.40 0.53
Transformed
Mean (log,y) 1.656 1.405 1.287 3.348
Median (log,,) 1.758 1.433 1.241 3.479
Standard deviation (log,,) 0.499 0.566 0.657 0.457
Skewness (log;,) -0.55 -0.17 -0.14 -0.87

“sandy soils, "other soils

V. Results of multiple analyses of variation of metal concentrations in the area influenced by atmospheric deposition as the main source of

contamination
Source s cd Pb Zn
of variation ' mean square F-ratio mean square F-ratio mean square F-ratio
Transect 8 2.835 29.47%%x 4610 29.01%* 2.879 47 .84***
Distance 2 0.787 8.18%** 0.381 2.40 0.238 3.95*
Depth 2 1.779 18.49%*x 1.405 8.85%*x* 1.030 17.12%%%
Bank 1 0.027 0.28 0.041 0.26 0.068 1.13
Residual 73 0.096 0.159 0.060

analyses, three factors accounting for more than 90%
of total variation were selected for both areas (Tabs IX
and X); for the area polluted with floods rotation of
axes by Varimax was used. In the projection of the first
two factors for the area under influence of atmospheric

deposition (Fig. 5), the close relation between Cd and
Zn could be seen very clearly. Distinct position of Pb,
especially in the topsoil, was even more apparent while
considering also the third factor. In the area under flood
contamination (Fig. 6), in the contrary, relation of all
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V. Results of multiple analyses of variation of metal concentrations in the area influenced by floods with contaminated water

Source Cd Pb Zn

of variation S mean square F-ratio mean square F-ratio mean square F-ratio
Transect 15 1.588 15.00%** 1.340 12.68*** 2298 14.77%%%
Distance 2 1.997 19:23%=» 0.596 5.64** 4.045 26.00%**
Depth 2 0.598 5.76** 0.722 7.40%** 0.793 2.00%>
Bank 1 0.289 278 0.688 6.51* 1.057 6.80**
Residual 224 0.104 0.106 0.156

VI. Correlation matrix of metal concentrations in the area influenced by atmospheric deposition as the main source of contamination

Metal Cd Pb Zn
depth (cm)| 015 30-40 50-60 0-15 30-40 50-60 0-15 30-40 50-60
0-15 1.000
Cd 30-40 0.823 1.000
50-60 0.787 0.942 1.000
0-15 0.728 0.618 0.594 1.000
Pb 30-40 0.675 0.849 0.858 0.706 1.000
50-60 0.690 0.813 0.889 0.695 0.930 1.000
0-15 0.870 0.806 0.807 0.723 0.729 0.750 1.000
Zn 30-40 0.785 0919 0.893 0.604 0.815 0.788 0.863 1.000
50-60 0.782 0.890 0913 0.602 0.793 0.833 0.899 0.959 1.000

VII. Correlation matrix of metal concentrations in the area influenced by floods with contaminated water
Metal Cd Pb Zn
depth (cm)| 0-15 30-40 50-60 0-15 30-40 50-60 0-15 30-40 50-60
0-15 1.000
Cd 30-40 0.768 1.000
50-60 0.712 0.858 1.000
0-15 0.872 0.734 0.678 1.000
Pb 30-40 0.775 0.853 0.824 0.798 1.000
50-60 0.751 0.807 0.815 0.691 0.889 1.000
0-15 0.925 0.769 0.711 0.881 0.785 0.764 1.000
Zn 30-40 0.743 0.869 0.782 0.701 0.848 0.824 0.770 1.000
50-60 0.698 0.792 0.903 0.652 0.803 0.829 0.729 0.860 1.000

VIII. Principal components of the correlations between metal contents: their eigenvalues and percentage of total variability

Atmospheric deposition Flood contamination
Factor : :
4 - cumulative : - cumulative
eigenvalue % of variation eigenvalue % of variation
percentage percentage
1 7.387 82.08 82.08 7.328 81.43 81.43
2 0.593 6.59 88.67 0.673 7.48 88.90
3 0.493 5.48 94.15 0.244 2.71 91.62
4 0.205 228 96.44 0.219 243 94.05
5 0.142 1.58 98.02 0.206 2.29 96.34
6 0.085 0.94 98.96 0.153 1.70 98.04
7 0.054 0.60 99.56 0.074 0.82 98.86
8 0.025 0.28 99.84 0.064 0.72 99.58
9 0.014 0.16 100.00 0.038 0.42 100.00
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IX. Scores of first three factors and estimated communalities for the area influenced by atmospheric deposition as the main source of

contamination

Metal Depth (cm) Factor | Factor 2 Factor 3 Communalities
0-15 0.875 0.225 -0.314 0914
Cd 30-40 0.944 -0.171 -0.040 0.922
50-60 0.948 -0.217 0.048 0.948
0-15 0.759 0.614 0.135 0.972
Pb 30-40 0.903 -0.029 0.377 0.959
50-60 0.908 -0.035 0.351 0.949
0-15 0914 0.129 -0.268 0.924
Zn 30-40 0.941 -0.190 -0.133 0.939
50-60 0.946 -0.186 -0.131 0.948

X. Scores of first three factors after rotation of axes by Varimax and estimated communalities for the area influenced by floods with

contaminated water

Metal Depth (cm) Factor 1 Factor 2 Factor 3 Cc lities
0-15 0.858 0.320 0.310 0.935
Cd 30-40 0.486 0.537 0.580 0.862
50-60 0.405 0.807 0.368 0.950
0-15 0.868 0.233 0.329 0917
Pb 30-40 0.513 0.405 0.708 0.929
50-60 0.427 0.469 0.700 0.892
0-15 0.847 0.329 0.334 0.938
Zn 30-40 0.434 0.508 0.658 0.880
50-60 0.376 0.797 0.407 0.943

the three metals was very close in the topsoil, while the
difference between Pb on one hand and Cd and Zn on
the other was more important in the deeper layers.
Factors and processes controlling the metal distribu-
tion in soil differ between the two areas distinguished.
Based on all the obtained data, the following interpre-
tation of calculated factors was suggested. In the area
influenced by atmospheric deposition, as the first factor
was considered the factor of homogeneity of metal dis-
tribution in soils. Due to surface contamination, scores
of this factor for topsoil metal contents were lower than
for subsoil. The second factor was considered as the
factor of atmospheric contamination and surface accu-
mulation of metals. That accumulation was the most
important for Pb so that score of that factor was highest
for Pb in topsoil, for Zn as the most mobile metal the
score was found lowest. As the third factor was consid-
ered the factor of parent rock influencing mainly con-
tent of Pb and also a little content of Cd especially in
deeper layers. In the area polluted by floods of con-
taminated water, the first factor was supposed to be the
factor of surface contamination. The second factor was
supposed to be the factor of metal mobility which was
bigger for Zn and Cd than for lead. The third factor was
supposed to be the factor of contamination in the in-
trinsic soil layers. This factor was distinguished be-
cause of a very long time of metal producing in the
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region during which the metals from both atmospheric
and liquid deposition could be accumulated in the soil
and transformed by pedogenic processes into less mo-
bile forms persisting in the soil.
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THE MATHEMATICAL MODEL (BPS) FOR PREDICTION
OF PESTICIDE BEHAVIOUR IN SOILS

MATEMATICKY MODEL (BPS) PRO PREDIKCI CHOVANI PESTICIDU
V PUDACH

J. Kozak, O. Vacek

Czech University of Agriculture, Praha, Czech Republic

ABSTRACT: The prediction model BPS (Behaviour of Pesticides in Soils) is described in details. The model consists of
three databases and four computing modules. The databases contain data, necessary for the model, i.e. pesticides charac-
teristics, soil type characteristics and climate data. The computing modules include module for estimation of input data (based
on information available in databases), module for correction of input data, central computing module and the module for
data processing and graphical and numerical output. The central computing module is based on the mathematical model CALF.
The module for results processing and graphical and numerical output presents calculated results in a form of data sets or in
a graphical form, which is very instructive and user-friendly. Interpretation of results could be also performed in a form of
specialised maps. This interpretation requires the GIS system, including digitised form of soil map. The BPS model and the
soil GIS of the Czech Republic are connected by means of the soil database, which is common for both systems. At present
interpretation is possible in soil map 1 : 500 000. The model was tested under laboratory and field conditions and examples
of results obtained for atrazine are shown. The results indicated, that BPS model, even in first version, could be considered
as a useful tool for prediction of pesticide behaviour in soil.

simulation model; pesticide behaviour in soils; soil GIS application

ABSTRAKT: Je detailné popsén predikéni model BPS (Behaviour of Pesticides in Soils). Tento model sestiva z tfi databazi
a Ctyf vypoctovych moduli. Databdze obsahuji data nezbytnd pro model, tj. charakteristiky pesticidl, pidnich typl a udaje
o pocasi. Vypoctové moduly zahrnuji modul pro odhad vstupnich dat (zaloZeny na informacich dostupnych v databazich),
modul pro korekci vstupnich dat, centrdlni vypoctovy modul a modul pro zpracovani vystupnich dat, vetné grafickych
vystupi. Centrdlni vypoctovy modul je zaloZen na matematickém modelu CALF. Modul pro zpracovani vystupnich dat vytvafi
datové soubory nebo grafické vystupy, které jsou velmi instruktivni a uZivatelsky ,piitelské”. Vysledky mohou byt téZ
interpretovdny ve formé& G&elovych map, coZ vyZaduje GIS o pidé véetné digitalizované mapy. V soudasné dob€ je k dispozici
interpretace v méfitku 1 : 500 000. Model byl téZ testovan v laboratornich i polnich podminkach. V praci jsou uvedeny
piiklady vysledki pro atrazin. Ziskané vysledky naznacily, Ze BPS model dokonce i v prvé verzi miZe byt povaZovin za
uZite¢ny ndstroj pro predikci chovani pesticidi v pidach.

simula¢ni model; chovani pesticidli v pudéch; aplikace GIS o pudé

INTRODUCTION

The use of pesticides is very cost efficient for pest
treatment. The most important environmental problems
occur for pesticides that are very persistent or very
mobile. In some cases improper handling of chemicals
has been identified as a source of environmental con-
tamination. The occurrence of pesticides in groundwa-
ter revealed the limitation of our current understanding
of transport processes in soils. It became evident that
results obtained in the laboratory may not always be
applied to the field situation. Therefore, more and more
studies were conducted in the field. Jury, Fliihler
(1992) showed, that in many of the studies, pesticides
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moved deeper into the soil than expected, based on
laboratory measurements. Spatial variability or prefe-
rential flow phenomena have been hypothesised to be
responsible for the inconsistencies between many labo-
ratory and field studies.

The most sensitive areas are the regions with sandy
soils poor in organic matter as well as the regions with
heavy clays that form cracks when dry, thus allowing
bypass flow (Jones, 1995; Teller, 1995). Mea-
surements that need to be taken are integrated pest
management, selection of pest — resistant species for
crops, banning of persistent and very mobile pesticides,
banning of broad spectrum pesticides. An example of
concerted action is that of Denmark, which aims, by
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the use of expert-systems, to reduce pesticide consump-
tion by 50% by January 1997 without decreasing the
farmers revenue (Teller, 1995).

There exist many models for prediction of both —
behaviour and movement of pesticides in soils. They
differ in principles on which they are based and their
aims. The available models were recently classified by
Gustafson (1994) into two groups: screening mod-
els (empirical, based on a number of severe simplifying
assumptions); simulation models (need for consider-
able computational resources) they generally attempt to
describe the behaviour of the pesticide as a function of
time and at least one dimension. Models for behaviour
of pesticides in soil should be able to calculate: (a)
equilibrium levels in soil taking into account the num-
ber of applications, (b) equilibrium levels in soil where
accumulation occurs, (c) total and bioavailable concen-
trations in the plough layer, (d) leaching to groundwa-
ter, (e) behaviour in the saturated zone and (f) concen-
tration at the water table.

Based on reviewed literature, Flury (1996) em-
phasised that when evaluating guidelines or rules to
minimise risk of loss of pesticides, the variability of
chemical properties and field sites should be consid-
ered. Mapping soil units according to their risk to lose
pesticides is a challenging task. Gustafson (1994)
pointed in that respect that GIS (Geographical Informa-
tion Systems) are currently being employed to develop
modelling predictions tied to local soil, water and crop-
ping conditions.

A possible way to exploit GIS for interpretation of
the results, provided by a simulation model lays in ap-
plication of the so-called pedotransfer functions, which
are optimised for a variety of soil properties and land
qualities in the form of programmable algorithms.
Wagenet et al. (1991) pointed out that these algo-
rithms, once they are established as reliable and accu-

rate approaches, provide the opportunity to estimate
key relationships that greatly simplify the minimum
taxonomic data required by modellers.

The aim of this paper was: to introduce BPS model,
to present examples of its testing, to indicate the pos-
sibility to use the model as an interpretation tool of soil
GIS.

METHODS
THE BPS MODEL

The BPS model (Behaviour of Pesticides in Soils)
consists of three databases and four computing mod-
ules. The three databases contain data, necessary for the
model, i.e. pesticides characteristics, soil type charac-
teristics and climate data. The computing modules in-
clude module for estimation of input data (based on
information available in databases), module for correc-
tion of input data, central computing module and the
module for data processing and graphical and numeri-
cal output. The central computing module is based on
the mathematical model CALF (CALculates Flow), de-
scribed by Nicholls et al. (1982). The BPS model
is in this respect very flexible and as a central comput-
ing module can be used the other mathematical model,
available for the user. The structure of BPS model is
schematically shown in Fig. 1.

THE TESTING CONDITIONS
Laboratory test

As a testing pesticide was chosen atrazine, used
widely as a standard compound. Its main characte-

Database of pesticide
characteristics

Database of soil type
characteristics

Database of climate

data

L___l

Module for estimation
of input data of
databases

l

Module for correction
of input data

|

Central computing module
(mathematical model CALF)

l

Module for results processing and
graphical and numerical output
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1. Structure of BPS model
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2. The communicative window

Arenic Cambisol i : ~
Aceno-aibie TuGisol 3 o'ft.BPS model (soil characte
Areno-dystric Cambisol ristics)
Areno-dystric Cambisol (sat.) 0K
Areno-haplic Chernozem
Calcic Chernozem
Cambic Podzol Cancel
Cambic Stagnosol
Dystric Cambisol (shales) ||
Dystric Cambisol (flysh) +
Soil type [Haplic Luvisol (loess) ] Hop
Abbreviation |HMm EEs
Substrate loess ] Hst
Texture H Hxc
Samples 88
Elc
Horizon Ap EB Bt BC C
Depth [cml 26 *3.9 42 6.1 7311.5 93+15.3| 158 *8
Texture < 1 pm [#] | 17.5 #4.1| 17.5 *4.1| 28.6 *4.3| 28.6 *4.3| 18.5 *4.6
Texture 1-18pm [#]1 | 36.1 #5.3| 36.1 *5.3| 44.5 *5.9 44 *5.9] 36.8 6.5
Humus [7] 1.8 *A.4| 9.9 *8.3| 8.5 8.2 8 8 8 8
CEC [mmol(+),188g] | 16.4 *2.9| 16.4 *2.9| 28.3 *3.5| 28.3 *3.5| 14.6 3.2
pH KC1 6.5 *8.6| 6.5 *8.6| 6.4 *B.4| 6.4 *B.4| 7.2 *8.2
Base saturationlx] 85 39.7 85 9.7 89 7.6 89 *7.6| 188 B

ristics, necessary for the model are given in the section
Results. The soil used was classified as cambic
Arenosol (locality Cervena Piska). The samples of Ap
horizon were collected, particle size fraction < 2 mm
was separated and used for filling special glass column,
30 cm long. The amount of atrazine solution, corre-
sponding to the dose 4 kg/ha (0.9 kg/ha of active in-
gredient) was applied on the top of column and unsatu-
rated water flow was performed. The distribution of
atrazine in the soil column was determined by means
of gas chromatography. Details see in Kozak et al.
(1988).

Field test

The BPS model was also tested under field condi-
tions. An example is given in our paper. The experi-
ment was conducted at the locality Kutnd Hora. The
herbicide atrazine was applied at the dose of 1.8 kg/ha
on May 15, 1994 and the soil profile was sampled for
determination of atrazine concentration on October 4,
1994. The soil of testing field was classified as orthic
Luvisol. The main soil characteristics are given in the
section Results.

RESULTS AND DISCUSSION

The database of soil characteristics includes data on
70 soil types and subtypes and soil families (parent
materials) most common for the soil cover of the Czech
Republic. The data in the database’are of two types: the
data necessary for BPS model and the informative data
helping the user to identify the soil classification unit
under study. The data necessary for prediction model
are: soil texture, list of diagnostic horizons and their
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thickness (cm), content of clay particles < 1 pm, con-
tent of particles 1 to 10 um, humus content, pHg; and
CEC. The informative data include information on par-
ent material, number of analysed soil profiles, used for
calculation of the mean data, variation coefficient of
each data set, and the value of relative base saturation
of soil sorption complex. The classification of the soils
in database of soil type characteristics was based on the
Morphogenetic classification system (Czech version)
or on the FAO soil classification system (English ver-
sion), respectively. The example of data of orthic Lu-
visol used in our study, in the form of communicative
window of the described software is given in Fig. 2.

The database of pesticides characteristics includes
also both the necessary and the informative data. The
data necessary for BPS model are: solubility, K, co-
efficient (distribution between octanol and water), half
live of degradation and results of correlation analysis.
The last mentioned data serve as a base of prediction
of adsorption coefficient, could be checked by the user,
however it is not allowed to change it. The informative
data include: common name of the compound molecu-
lar formula, , family* of chemicals, melting point, mo-
lecular weight and chemical name. The example of the
data set for atrazine is given in Fig. 3. The data were
taken from Worthing, Hance (1991).

The database of climate data includes only data nec-
essary for the BPS model: maximal temperature, mean
maximal temperature, minimal temperature, mean
minimal temperature, maximum rainfall, sum of rain-
fall and average rainfall. It is recommendable to intro-
duce the climate data of the nearest meteorological sta-
tion of the locality, for which the model is supposed to
be used. In the case that such data set is not available,
the user can exploit one of six data sets, representing
years, which were classified according to the weather
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T 3. The communicative window
g,:j—r 3 of BPS model (pesticide charac-
Cl1 N NHCH,CH : teristics)
Y \]/ 3 Alachlor
O Atrazine
N N B .
| romoxynil
| Cancel Carbendazim
NHCH(CHz); | Cinosulfuron
‘ Cyanazine
‘ Dicamba
1 Difenoxuron
Common name Atrazine Dichlorbenil
Molecular formula CBH14CINS Dichlorprop
‘Family’ of chemicals triazine herbicides g:ig:‘i’;::;:"“
W80 175-172 | Chlorotoluron
Molecular weight 215.7868 Chlorpyrifos
Solubility in H0 (mg/1) 38 Chlorsulfuron
Kow 219 Toxynil -
Linuron +
Time of degradation (days) 185
Chemical name l
2-chloro-4-(ethylamino)-6-(isopropylamino)-s-triazine |
Matrix of results of corr. analysis
L1 12.8628 | 64.1358 | 1.3338 489.2628 | 8.2887 18 8 | 8.9878
| -8.8458 .8521 | 11.2838 .8178 8 [ =
.8548 | -8.8518 | 12.0178 | -8.8152 | 8.8285 [
.3288 | -8.7997 | 6.4988 | -B.1237 | 8.897?7 | B8.9612 -8.
-2.5380 | 8.1215 | 1.1638 | -8.8778 [ -8.8148 | 0.6983 | 14.3508 | 8.6588

(during vegetation period) as: with normal precipitation
(wet), very wet (vwet), dry (dry), with normal tempera-
ture (warm), cold (cold) and very warm (vwarm). The
expressions in brackets denote the names of files con-
taining climate data and are also used in following ta-
bles. The example of climatic data in form of commu-
nicative window of BPS model is given in Fig. 4.

The module for estimation of input data of databases
exploits both the data of soil and pesticide charac-
teristics databases for estimation of K value (adsorp-
tion coefficient of Freundich adsorption isotherm).

The estimation is based on the multidimensional lin-
ear regression and correlation analysis. The following
equation was used:

K (estimated) = By + By X + ByX; + B3X3 + ByX,

Where: B, = absolute member, B| = regression co-
efficient for clay particles (< 0.002 pm), B, = regres-
sion coefficient for CEC (cation exchange capacity,
mmol.100 g™, Bs = regression coefficient for pHy,
B4 = regression coefficient for Corg (organic carbon).
X}, X5, X3, X4 represent values of the above-mentioned
data, extracted from the soil characteristics databases.
Details of the estimation procedure are given in Ko-
zak etal. (1992).

The data for calculation of multidimensional regres-
sion coefficients were gained from laboratory experi-
ment performed by the authors and from scientific lit-
erature. In the case that no data of regression
coefficients are available, the user can make rough es-
timation based on similarity of characteristics of com-
pound under study (K, or solubility in water) to the
other compound included in database, and use those
data.

The module for correction of input data makes it
possible to correct input data with exception of climate
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data, which are corrected already in the database of
climate data. The example of input data for the BPS
model is given in Fig. 5.

The central computing module is based on mathe-
matical model CALF (Nicholls et al., 1982). This
model divides soil profile into 1 cm thick layers and
calculates transport of pesticide compound between the
neighbouring layers. The calculation is based on simu-
lation of water transport through the soil profile and on
the distribution of chemical between solid and liquid
phases of soil. The shortest time interval of simulation
is 1 day. There are the two major changes of the CALF
model, done by the authors. The original model was
written in programming language BASIC. The pre-
sented model is written in Turbo C** language. This
change increased the speed of calculation and improved
the possibility of graphical output. The second major
change lays in fact that our version takes into account
all the soil horizons and its changing characteristics,
whereas the original version considers the soil profile
as a homogeneous layer. This improvement is very im-
portant, because the pronounced influence of the depth
of soil profile on sorption and degradation of pesticides
was reported by many authors, recently by Buy-
anovsky etal. (1993).

The BPS model is built as a flexible system so that
it is possible to replace the CALF model by the other
model, available for the user. The module for results
processing and graphical and numerical output presents
calculated results in a form of data sets or in a graphi-
cal form, which is very instructive and user-friendly.
Interpretation of results could be also performed in
a form of specialised maps. This interpretation requires
the GIS system, including digitised form of soil map.
The BPS model and the soil GIS of the Czech Republic
are connected by mean of the soil database, which is
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4. Communicative window of

The pattern of max. nr.nd min. tcl.np:rnturcs' ol e, [ 5.0 BPS model (climate data)
' Mean max. temper. 22.1
Minimal temper. Z.4
Mcon min. temper. 11.4
Maximum rainfall 18.2
Sum nf rainfall ZRR.2Z
Nverage [mmdayl 2.8
Beginning of period [18. 5.
The pattern of raintall End of peripd 4.16.
48 ; g ’
14
Original
File
5 6 7 8 3

5. Communicative window of
BPS model (input data)

Type of climate |[WARM.CLM
Soil type Haplic Luvisol (loess) |
Name of pesticide [Atrazine ]

The initial soil moisture [#]

The applied amount of pesticid [kgshal

Horizon Ap EB Bt BC C
Texture<1 pm [#] [ 17.5 1?7.5 28.6 28.6 18.5
Humus [#] 1.8 8.9 8.5 a %]
CECLmmol(+),108g]1 | 16.4 16.4 28.3 28.3 14.6
pH (XCI) 6.5 6.5 6.4 6.4 7.2
Degradationldaysl| 185 185 185 185 185
KD (distr. coeff) 2.1 1.1 1.7 1:2 a
Name of output file BPS-88.0UT ]
OK CANCEL

common for both systems. At present interpretation is
possible in soil map 1 : 500 000. The predicted depth
of selected concentration of a pesticide after selected
time interval after application could be shown in geo-
graphical dimension. This way of results interpretation
is being improved by the authors.

. Laboratory testing

Testing of suitability of a simulation model and of
reliability of predicted values represent a serious prob-
lem. Much easier situation is in the case of the labora-
tory tests. The condition of pesticide adsorption, deg-
radation and movement can be more or less controlled.
The BPS model was at first tested on laboratory col-
umns. As an example of that tests results of soil column
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filled by disturbed soil material of Ap horizon (< 2 mm
particles) of cambic Arenosol are shown. The dose of
applied atrazine was equivalent to 4 kg/ha. The texture
of soil was classified as loamy sand, the humus content
was 1.8%. The unsaturated water flow was applied for
the period of 60 days. Details on methodology of ex-
periments and soil characteristics are given in Kozak
et al. (1988). The results are given in the graphical form
in Fig. 6.

The criteria for evaluation of simulation results were
discussed in details by Styczen (1995). He sug-
gested in the case of lysimeter studies (similar to soil
column tests) to carry out the following tests: 1. visual
comparison of measured and simulated concentrations;
2. comparison of peak concentrations (daily values)
and weekly averaged concentrations; 3. comparison of
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6. The measured and predicted distribution of
atrazine in the soil column after 60 days of leaching

250

Concentration of atrazine Difference of

Layer No. Depth (cm) measured predicted predicted and

measured (%)

% of applied ug/layer % of applied pg/layer

1 0-2 17.17 21398 272 33.90 84.16
2 2-4 13.60 169.49 11.95 148.95 12.12
3 4-6 17.26 215.04 14.50 180.60 16.01
4 6-8 8.08 100.64 8.32 103.64 -2.98
4 8-10 6.97 86.86 2.88 35.84 58.74
5 10-12 4.00 49.79 0.68 8.50 82.93
6 12-14 1.01 12.61 0.12 1.51 88.02
7 14-16 0.32 4.03 0.01 0.15 96.25

accumulated pesticide leaching; 4. comparison of resid-
ual pesticide content.

As it is apparent from Fig. 6, the distribution of
atrazine in the soil column was simulated relatively
well. The largest differences between predicted and
measured atrazine concentration was found in the top
layer of the column. The following explanation of this
finding is suggested. The atrazine was applied on the
top of soil column in such concentration, which led to
formation of undissolved herbicide particles. Under the
condition of unsaturated water flow the water content
of the top layer was not high enough to dissolve all the
herbicide. Very valuable is also the calculation of dif-
ferences of predicted and simulated concentrations. The
results of such calculation are given in Tab. L.

The comparison of the percentage of measured and
simulated concentration (expressed as percentage of
applied amount of atrazine) in studied layers confirms
relatively good agreement of both values. The percent-
age of the difference between predicted and measured
amount (the last column of Tab. I) showed that in the
lower layers the error in prediction increased. This
could be explained by the increasing error of the ana-
lytical determination because of low concentrations and
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partially by the fact that the BPS in that case a little bit
underestimated the rate of atrazine degradation.

Field testing

The primary aim of the simulations models is to
predict the behaviour of pesticides under field condi-
tions. The criteria for assessment of validation and
model applicability were discussed in some details by
Styczen (1995). The author emphasised that it may
be necessary to operate with two different assessments:
1. The validation status may be assessed from the prob-
ability of a sufficiently accurate model estimation of
the pesticide concentration in groundwater within the
range of validity of the computer code. 2. In order to
assess the applicability of the model for registration
purposes (within EU), however, it is necessary also to
assess the coverage of the model compared to the range
of conditions. In our case the model was tested under
field conditions, an example of which is described
briefly in the section Methods. The results of that test
are shown in the graphical form in Fig. 7.

The field testing of BPS model, as it is apparent
from the data in Fig. 7, showed good ability of it to
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II. The results of field test using available sets of climate data

7. The results of field testing

Depth (cm) Concentration of atrazine (ug/kg) predicted >
measured dry wet vwet cold warm vwarm
0-2 503 1932.14 789.29 142.86 996.43 560.71 789.29
2-4 493 46.43 432.14 232.14 360.71 382.14 303.57
4-6 112 0.00 92.86 235.71 57.14 153.57 71.43
6-8 17 0.00 10.71 157.14 3.57 42.86 10.71
8-10 5 0.00 0.00 75.00 0.00 10.71 0.00
10-12 0 0.00 0.00 28.57 0.00 0.00 0.00
" the set of data used for prediction
I11. The relative differences between measured and predicted concentrations gain by exploiting available sets of climate data
Depth (cm) Differences between measured and predicted concentrations (%) .
dry wet vwet cold warm vwarm
0-2 284.1 60.1 -71.6 98.1 115 56.9
2-4 -90.6 285.8 -52.9 -26.8 -22.5 -38.4
4-6 0.0 446.2 110.5 -49.0 37.1 -36.2
6-8 0.0 1143 824.4 -79.0 152.1 -37.0
8-10 0.0 0.0 1 400.0 0.0 114.3 0.0
10-12 0.0 0.0 0.0 0.0 0.0 0.0

* the set of data used for prediction

predict the distribution of atrazine in soil profile. It
must be taken into account, that the measured data were
gained from one pit only. Some differences may be
caused by spatial variability of soil characteristics and
by differences in applied amount. The application was
done by common farmers equipment, which certainly
could show some errors in spatial distribution of
atrazine. In Tab. II measured and predicted concentra-
tions are given, using climate data sets, available in
BPS database. The most suitable data (most similar to
climate data of the locality under study) were that of
warm year (normal temperatures). In Tab. III calculated
differences between measured and predicted concentra-
tions are shown.

It is clearly shown, how much the pesticide distri-
bution in the soil profile is influenced by climate. In
case of warm climate, data of which were used for
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simulation, relatively low differences were found, es-
pecially if the above mentioned facts are taken into
account. The higher predicted concentrations of
atrazine could be also explained by underestimation of
adsorption by the model. In case, the real climate data,
measured at the meteorological station near to the stud-
ied locality would be used, one could expect further
improvement of the results. It could be concluded, that
BPS model, even in first version could be considered
as a useful tool for prediction of pesticide behaviour in
soil.
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IRRIGATION TIMING BY MEANS OF SIMPLE MODEL
OF CANOPY WATER REGIME

URCENIE TERMINU ZAVLAZOVANIA POMOCOU MATEMATICKEHO
MODELU VODNEHO REZIMU PORASTU

J. Huzulaikl, F. Matejka2

| Research Institute of Plant Production, Pie§tany, Workplace Bratislava, Slovak Republic
2Geophysical Institute, Slovak Academy of Sciences, Bratislava, Slovak Republic

ABSTRACT: Irrigation timing is based on determining the plant water stress by means of canopy water regime model. This
model, consisting of three non-linear algebraic equations, enables to quantify the effect of soil, hydrologic and atmospheric
factors under winter wheat water regime. The input data are as follows: global radiation, air temperature, air humidity, wind
speed and soil moisture. The model also enables to quantify the role of root system in irrigation scheduling.

model; irrigation; root system; water regime; winter wheat

ABSTRAKT: Urlenie terminu zavlaZovania je zaloZené na stanoveni vodného deficitu rastliny pomocou matematického
modelu vodného reZimu porastu. Model, pozostavajici z troch nelinedrnych algebraickych rovnic, umoZiuje kvantifikovat
vplyv pddnych, hydrologickych a atmosférickych faktorov na vodny reZim ozimnej penice. Vstupnymi tidajmi st globdlne
Ziarenie, teplota a vlhkost vzduchu, rychlost vetra a pédna vlhkost. Model tieZ umoZiiuje kvantifikovat vplyv korefiového

systému na riadenie zavlaZovania.

model; vodny reZim; korefiovy systém; zavlaZovanie; ozimna p3enica

INTRODUCTION

One of the main problems in scientifically sound
plant water management is to determine the time when
irrigation should be applied. Of three alternative ap-
proaches to irrigation scheduling, based on (i) monitor-
ing water content of soil, (ii) monitoring weather and
calculating water losses from soil by evapotranspira-
tion, and (iii) measuring plant water deficit (Hill,
1991), we preferred the third one. Therefore, we tried
to find answers to irrigation problems in the plant
alone. Such a problem can be solved only by evaluating
relationships of plant water regime to soil and atmos-
pheric environment characteristics, using a mathemati-
cal model. s

The root system is important for the water status of
both the plant and the soil. Root system has to cover
the demand in water loss by transpiration, and transpi-
ration directly influences crop production. The inter-
pretation of field data is difficult because of inability
to measure field transpiration, as well as the omission
of the measurement of root systems characteristics. The
aim of the present paper is to use a simple model of
plant water regime for calculation of transpiration,
characterization of root system and determination of
irrigation timing.
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Model description

Theoretical analysis of the problem is based on
a mathematical model of plant transpiration in condi-
tions of soil water deficit (Bichele etal., 1980). This
approach was modified to obtain a crop model for win-
ter wheat (Huzuldk, Matejka, 1989; Matej-
ka, Huzulak, 1995).

The model is formed as a closed system of three
non-linear algebraic equations, where leaf water poten-
tial, canopy resistance and evapotranspiration are un-
kmowns. The input data are: global radiation, air tem-
perature, air humidity, wind speed and soil moisture.
For illustration, we present these three equations:

Our view of water transport in the soil — plant —
atmosphere system is based on Darcy’s law, continuity
equation and on assumption that the effect of plant
water reserve on transpiration can be neglected. This
leads to the following equation

1 1
Vs —g-rp.E-yp
where: g is soil water potential (Pa), g is gravitational
constant (m.s"z), rp is plant resistance (s.m_l), E is

water vapour flux (kg.m‘z.s“'), V. is leaf water poten-
tial (Pa).

+B.E m
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The value of parameter B, which characterizes root
system, is defined by the formula

d
g.r. ln?

B=Zms, 2
where: r is root radius (m), d is half distance between
neighbouring roots (m), a is parameter in the relation-
ship between 3011 2ydrauhc conductivity and soil water
potential (ms™! , N is density of plants (plant.m™ 2
Sp is root surfacc area of one plant (m®).

Transpiration E depends on stomatal resistance of
the canopy and on external factors according to the
Penman-Monteith relationship (Monteith, 1973)

LE:S.r‘,.(R—P)-&—prcﬂ.D @
S.r,+0.(r,+r) g

where: A is latent heat of vaporization of water (J. kg"),
8 is change of saturation vapour pressure with tempcra-
ture (Pa.K™ ) r, is almospherlcal resistance (s.m~ )
R is net radlatron (W.m™ ) P is heat flux into the soil
(W.m™ ), pis a1r densrty (kg.m™ ), is specific heat
of the air (J. kg K", Dis vapour pressure deficit on
the reference level (Pa), o is psychromctnc constant
(Pa.K™ ), r. is canopy resistance (s.m” )
Canopy resistance was expressed by equation

Tk Y s (T AL — )

where: r, is minimum stomatal resistance (s.m_'), m, n
are parameters in the relation between stomatal resis-
tance and leaf water potential (=), (W.m™ 2), L is leaf
area index (mzm “), T is attenuation cocfﬁcnem for
solar radiation (-), Q is global radiation (W.m™ “).

Thus, relationships (1), (3) and (4) form a system of
three equations with unknowns y;, E, r,, which can be
considered as a mathematical model, describing rela-
tionships of water canopy regime to soil, plant and
atmosphere parameters. This system of equations can-
not be solved analytically, therefore unknown variables
must be found numerically.

Maodel verification

To verify the described model, experimental results
obtained in the years 1986 to 1990 and 1992 to 1993
from the experimental field near Bratislava (lat. = 48°
08’ N, long. = 17° 17" E, h = 130 m above sea level)
were used. Winter wheat grown on carbonate cher-
nozem was used in the experiments. Of plant water
regime characteristics, flag leaf water potential was
measured using the psychrometric method (Wescor)
and stomatal resistance was measured by a porometer
(Delta-T Devices). Measurements were carried out on
days without rainfall at 9.00 and 13.00 CET. At the
same time vertical profiles of temperature, air humidity
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and wind speed were recorded from measurements on
four levels above the canopy. Using an automatic me-
teorological station, daily courses of global radiation
and radiation balance were measured. The soil moisture
was measured gravimetrically in layers 10 cm thick to
the depth of 80 cm in weekly intervals and the mean
soil moisture from 10 to 80 cm was calculated. Experi-
mental field was divided into irrigated (by sprinkling)
and non-irrigated part.

In the preceding paper (Matejka, Huzulak,
1995) comparison of measured and calculated values
for leaf water potential was done. In this paper we will
focus on comparison of transpiration data calculated by
means of Penman-Monteith equation (Monteith,
1973) using real data of measured stomatal resistances,
with hourly totals of the transpiration calculated ac-
cording to the described model.

The basic statistical characteristics of compared data
are presented in Tab. I. Fig. 1 gives a graphical repre-

I. Comparison of transpiration calculations obtained by Penman-
-Monteith equation and model simulations

Minimum | Maximum Mean Variance

(mm/h) (/mm/h) (mmv/h) | (mm%h?)
P-M 0.074 0.582 0.309 0.013
Model 0.091 0.533 0.307 0.012

sentation of this comparison for the period of five con-
secutive years 1986 to 1990. The statistical relationship
between both sets of compared data may be expressed
by the linear function

y=0.839 x + 0.052

The correlation coefficient (r = 0.62) is statistically
significant. Hence, the mathematical model applied ex-
plains 79% of the hourly totals variability of the trans-
piration, calculated by means of the Penman-Monteith
equation with measured stomatal resistances.

The standard deviation of differences between com-
pared data sets is 0.071 mm/h which corresponds to
probable error of 0.047 mm/h. The statistical characte-
ristics contained in Tab. I prove that the systematic
errors of the described model are negligible.

The comparison of modelled transpiration daily to-
tals with corresponding data calculated according to the
Penman-Monteith equation gives close results, so that
the described mathematical model can be used for fur-
ther analysis.

RESULTS AND DISCUSSION

Irrigation is the application of water to meet part of
the evapotranspiration demands of vegetation. The
model enables us to simulate the dependence of tran-
spiration on the soil moisture, atmospheric factors and
root system development.
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1. Comparison of the transpiration calculated by Penman-Monteith
equation (P-M) and using mathematical model of water regime

Partial relationships of transpiration on different pa-
rameters of the soil — plant — atmosphere system will
be simulated in meteorological conditions, correspond-
ing to midday values on bright summer day (global
radiation = 800 W.m™2, net radiation = 500 W.m™*, heat
flux into the soil = 50 W.m“z, air temperature = 25 °C,
vapour pressure deficit = 1 500 Pa and wind speed =
25 ms™).

In addition to atmospheric factors, transpiration val-
ues are influenced by plant characteristics, especially
by leaf area and the root system, characterized by the
value of .

Parameter of B values were calculated using equa-
tion (2). Two of three model unknowns — y;, E and r;,
are known at the time of measurement. Parameters a
and B in equation (1) can be considered as unknown
instead of it and calculated. .

Thus, degree of root system development in particu-
lar year can be characterized by one value. Increase in
B value, caused mainly by decrease of root system area
or by decrease of coefficient of soil hydraulic conduc-
tivity, means decrease of plant water availability. Ob-
tained values of parameter B in experimental period
were 5.9 to 23.8 (mm~'.h.MPa™") for non-irrigated and
76 to 137 (mm~" .h.MPa™") for irrigated winter wheat.

To make calculation of parameter P easier for prac-
tical use, we searched for relations between B and meas-
ured meteorological factors. We found closest relation-
ship between average soil temperature in the depth of
50 cm from November to March (t5,) and parameter B
value, which can be expressed by the equation

B=55.7-10.415

The correlation coefficient r = 0.97, so that 94% of
B value fluctuation can be explained by average soil
temperature in the depth of 50 cm.

Root system expansion is a function of two tempera-
ture dependent processes, growth and development. In
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2. Dependence of transpiration on parameter beta, characterizing
root system development, for different soil moisture

natural soil profiles, root system expansion is affected

by seasonal patterns of soil temperature. As soil warm-
ing advances downwards, progressively deeper soil lay-
ers become suitable for root growth (Kaspar,

Bland, 1992). Temperature fluctuation in the depth
of 50 cm is less than in higher layers. That is the reason
for the best correlation between B and t5q values. Gre-'
gory et al. (1978) studied water relations of winter
wheat and found that root dry weight increased expo-
nentially till the end of March. At the beginning of
April, roots were present to 1 m.

Let’s try to simulate the dependence of transpiration
on the soil moisture. The irrigated and non-irrigated
winter wheat grew under the same soil and climatic
conditions. In spite of this, the reply of plants to the
soil moisture changes was quite different for the both
variants (Fig. 2). The value of parameter B was chosen
alternatively as 5, 13 or 75, representing minimum and
middle values for non-irrigated canopy and minimum
value for irrigated winter wheat. McGowan et al.
(1984) found that there were large differences from
year to year in the root systems of three consecutive
crops of winter wheat grown in the same field.

The effect of soil moisture content on changes of
transpiration conditions was presented in non-irrigated
canopy at soil moisture below 25%. It follows from
Fig. 2 that the same level of transpiration for irrigated
canopy (with higher B) is considerably shifted to the
higher values of soil moisture in comparison with non-
irrigated winter wheat. This is important for the better
understanding of the differences between the water re-
gime of irrigated and non-irrigated plants.

The influence of root system on transpiration is de-
picted in Fig. 3. The pattern of curves can be inter-
preted so that the increase in the value of B, which may
be caused by decrease in root area or the coefficient of
hydraulic conductivity of the soil, means lower water
availability for the plant. The root system has practi-
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3. Dependence of transpiration on soil moisture (vol. %) for different
developed root system

cally no effect on transpiration in wet soil. The impor-
tance of the root system increases at lower soil moisture
levels.

Shortages of water for irrigation increasingly be-
come a problem. Irrigation timing is often realized ac-
cording to empirical relations between soil moisture
content and yield. This is not an absolutely correct ap-
proach, because soil water content is only one of fac-
tors that affect yield. Many other authors found that the
ratio of actual to potential yield was directly.related to
the ratio of actual to potential transpiration. That’s why
we used this criterion for irrigation timing. We as-
sumed the ratio of actual to potential transpiration from
0.85 to 0.9 as optimal value for irrigation (e.g. Eh-
lig, LeMert, 1976).

Fig. 4 presents computer output of our model which
can be used for irrigation timing. We simulated
changes in relationship between actual and potential
transpiration for previous irrigated and non-irrigated
winter wheat. The limit value indicating the conditions
when irrigation should be applied was fixed at 0.9. The
initial value of soil moisture was the same for both
canopies. We expected mean meteorological conditions
without precipitation. As we can see, canopy non-irri-
gated before will not be stressed during more than two
weeks. Irrigated canopy should be irrigated again in
two days. The difference is caused by root system
which is well-established in non-irrigated canopy in
comparison with irrigated one (Figs 2 and 3). The pre-
sent time used irrigation scheduling systems rarely take
into account these phenomena.

0.1 A

0.0 LB B o o i o e |

0o - 5 10 15 20 25

ACTUAL /POTENTIAL TRANSPIRATION

NUMBER OF THE DAYS

4. An example of model application in irrigation timing for previous
irrigated (B = 75) and non-irrigated (B = 13) winter wheat canopy
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sufficient enough to cite the author of the used method and to
mention modifications of this method. This section shall also
contain a description of experimental material.

In the section Results figures and graphs should be used
rather than tables for presentation of quantitative values. A sta-
tistical analysis of recorded values should be summarized in
tables. This section should not contain either theoretical con-
clusions or deductions, but only factual data should be presen-
ted here.

Discussion contains an evaluation of the study, potential
shortcomings are discussed, and the results of the study are
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