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Soil quality represents an integral value of the compositional structures and
functions of soil in relation to its use and outer conditions. Undoubtedly, soil
organisms, including microorganisms, belong to the basic components of the
soil environment and play a key role in different ecologically important soil
functions. This is true especially for the maintaining of matter and energy
transfer in terrestrial ecosystems. Under stress conditions caused by chemical
pollutants or other anthropogenical effects, the development of different soil
microorganisms and their biochemical activities usually undergo alterations.
In order to indicate beforehand possible negative ecological consequences of
anthropogenical disturbances to soil functions, microbiological and biochemi-
cal parameters, should be considered. In our respective approach to assessing
soil quality by ecologically related biological parameters, this assumption was
tested in an international project by scientists from five European countries.
After evaluation of more than twenty parameters applied to samples represent-
ing 49 different soil sites, it has been concluded, that Na-fixing bacteria, total
microbial biomass, dehydrogenase activity, nitrification/denitrification, soil
respiration (CO3 release), and a humification capability of soil microorganisms
might represent useful indicators.

soil quality; soil ecology; microbiological and biochemical indicators
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thi:\'n living organisms modify directly or indirectly their environment and
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agrics true also for humans. Human alteration of Earth’s ecosystem based on
u

i lture, industry, recreation and commercial activities become a substan-

aCtor for Jand transform
enta] cpy )

ation with consequences for a global environ-
alterati()n

ange (Vitousek et al.,, 1997b). This change may include
of soil quality and its attributes such as soil productivity, human
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and animal health, and environmental quality. In our understanding, 0]
quality is an integral value of the compositional structures and functiong of
soil in relation to its use and outer conditions. Because of its compley;
heterogeneity and differences in use soil may undergo alterations at diff
scales. For this reason, it is rather difficult to make an evaluation of soil
quality in a simple way. From the agricultural point of view, soil ierlilily
served as a reliable indicator of soil quality for decades, and it developeg
mainly positively. Matson et al. (1997) demonstrated this by pointing on
an average increase in yield of wheat by 100%, and of corn up to 500% from
1940 until 1990 in Colorado. However, such a criterion is not environmey,.
tally adequate, for it does not reflect hazards to soil and its functions causeq
¢.g., by the extensive use of chemicals in agriculture. Similarly, the densigy
of industrial emissions and other adverse human activities might not be re.
flexed using soil fertility as a parameter of soil quality. A threat to soil ep.
vironmental functions has been recognized long ago (Filip, 1973
Kovda, 1975), but the believe in natural self-purification capacity of soils
persisted for long (M6ller, 1983).

The first moves towards the development of soil protection in Europe were
made in Germany and the Netherland, and later in the European Community
(Barth, L ’Heremite, 1987; Howard, 1993; Thormann, 1984),
Since then, the necessity to evaluate physical, chemical and biologic:
characteristics as a prerequisite of an effective assessment of soil quality has
been stressed repeatedly, and different physical and chemical parameters have
been already adopted internationally (Arsh ad, Coen, 1992; Karlen,
Stott, 1994). However, biological parameters remained a matter of discus-
sion until yet. This is mainly focussed on consequences for soil fertility, water
and air quality and on some sanitary aspects (Chaussod, 1996). Several
attempts were made in a general way to indicate the usefulness of biological
methods in evaluation of soil health (Linden etal., 1994; Torstenson,
1997: Turco etal, 1994; Visser, Parkinson, 1992), butan ccologl-
cally based conceptual approach has not been developed yet. Instead, numer-
ous individual approaches were presented (see in 16th Vortragstagung, 1996)
which, however, have only a little chance to contribute to the soil protection
practice and policy. Rather, they might evoke some doubts among the Cﬂ"‘(j
ronmental policy makers as to the practicability of the biologically bas
parameters and perhaps as to their need at all in the soil quality quscsslliellF'
Therefore, in this paper, we attempt (i) to underline the necessity of 2 proces*”

: : : . : _ . .. . 1ate the
-linked biological approach in the assessing of soil quality, (i1) to indicate ]
usefulness of some ecologically based parameters, and (iii) in this Wd{ys in

hods

contribute to the development and international harmonization of met
the field of soil protection science, practice, and policy.

)
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ffects of soil organisms on the global environment

P

Among terrestrial ecgsystcms, soils contain by far the highest numbers and
the greatest diversity of organisms. Ll a l_nvlal comparison, there are at least
ice a8 much or more microorganisms in a teaspoon of soil than the total

o plation of humans on the Earth: These organisms, i.e., edaphon, do not
only inhabit soils but.lhcy also actxvely contribute to the transformation of
their own natural habitgts. In a comparison of the time scales for biological
and phySical processes involved in the development of terrestrial ecosystems,
the former take only 1-100 years, while for the latter usually > 100-10 000
years should be calculated (Dobson et al., 1997).

The approximate numbers and the main functions of different parts of edaphon
in arable soils are schematically shown in Fig. 1. Bacteria (including actinomy-
cetes) and fungi represent the most active groups of soil organisms. They are
involved in both degradative and agradative biogeochemical processes at a given
site. The decomposer community including organisms capable of degrading lig-
nin, cellulose, pectin, chitin, protein and other organic compounds contribute to
the integrity of the ecosystem by converting different remnants of plant animal
and microbial tissues. Via mineralization of organic matter and a partial immo-
bilization of the released nutrients, soil microorganisms maintain the predomi-
nant part of the matter and energy transfer in ferrestrial ecosystems.

Since the life on Earth is based upon carbon, COz is the main final product
of microbial mineralization of organic compounds. Soil represents a major
source in liberating CO» to the atmosphere. Under steady state conditions in
an ecosystem, the CO» emission should roughly equal the respective demand
of photosynthetically active plants. However, long-term measurements com-
bined with an interpolation of data available from the past indicate that due
to different activities, humanity added CO; to the atmosphere resulting in
a concentration increase of about 30% relative to the pre-industrial era. Some
scientists believe that this increase has been driven primarily by fossil fuel
Combustion (Vitousek et al., 1997b); others claim that non less than two-
thirds of the increased atmospheric CO2 may come from an increase in soil
re_Spiration Bertram, 1991). Usually, about 74% of soil CO; is related to
Microbial activity and 26% to a root respiration which, however, strongly
depends on the activity of rhizospheric microorganisms inhabiting plant roots

Itljanova, Tesarova, 1991). Consequently, the community of soil
mlcroorganisms—decom[mscrs and its mineralization activity expressed in
80?12 1'316‘2186,~Sh0uid be cons'idered.aS an important parameter characterizing

Quality from the ecological point of view.

y]‘)ata also exist that up to 50% of plant residues in soil could be digested
Mvertebrates (Paustian et al., 1990). However, since those soil animals
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are mainly capable only of an uncomple{e utili;ing of p?qnt p(‘)ily‘s:a,\, =“\d:rll(l]he;
their contribution to the mineralization of organic matter in sotl can be fe
neglected (Curry, Good,l992). . o o

From the energetical point of view, mmerallzatlon}){ oxgamc.r n .
resents a catabolic process releasing energy for .anabol'.c (Syml.liuflifi %(,‘mmes
ties of soil organisms. A close relation may exist bgtwecn arfc: 0 1;,“;37) .
of soil microorganisms and the global carbop cycling. Norby \:‘/[emains
culated, that only about 45% of the globglly increased sz_ aljlo%l:f; o
in the atmosphere while the main part is apparently mlsfmg.co,f.uouid o
carbon might be assigned to soil cnv1ron'mcms. In .that casel, ‘l:, e
transferred below ground either into a labile, s.hort-llved po‘o ?Lvlbi:w:ﬁic .
bial biomass, or into a refractory soil organic mflttc.r sgch as ,.'ii’QmS v
stances. Thus, the assessment of anabolic act1_v1tx of sq1l m.lcro,owr‘g;.i?Llrmcvsu !
the estimation of carbon balance between soil microbial bl()‘I.Tlc'lb§n T ;()f global
stances and COz release would contribute both to thg eluc,}]dflll(j 1 0
carbon budget and soil quality from the ec.ologlcal pomt of ;”;W| e

Among the primary greenhouse gasesnmvolved'm tho. go :}s,.‘fCOz, ¢
carbon, the warming potential of methane is much higher 1eldtwlug;:\a;7)' Thos?
some 84% of CH4 originate from biotic sources (Dale, 197/

\atter rep-
activi-
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0 (3): 2097
212 SCIENTIA AGRICULTURAE BOHEMICA, 30, 1999 3

lmg Of

sources: however, usually d(? Qot include natural soils with exception of
wetlands. There.fore, CH4 emission apparently would not belong to primary
critel'ions Qf soil quaht'y, but rather to those of soil use and management,
eSpecially for pad@y soils. . ‘

Among the major elements required for all forms of life, nitrogen is unique
in that it exists in vast amounts in the atmosphere. From that reservoir, N»
must be bound into a living matter by the activity of free-living and/or sym-
biotic microorganisms mainly in soils and also in waters. Although human
sctivities may add as much fixed Ny to terrestrial ecosystems as do natural
sources (Vitousek etal., 1997a) for the enormous importance of bacterial
Ny-fixing activity in the global N cycle, this process should not fail in the
assessment of soil quality.

Beside the No-fixation, also other key processes of the N cycle, such as
ammonification of nitrogen bound in organic compounds, an oxidation of NHi-N
to NO3-N (nitrification), and a reduction of NO3/NO;3 to N» (denitrification),
represent microbially mediated soil processes which may be useful in a sys-
tem of ecologically based parameters of soil quality. This is because an
anthropogenical alteration of primary processes in the cycle of nitrogen may
have multiple consequences, such as (i) an increased concentration of the
greenhouse gas N>O and/or other Nox gases globaly, (ii) losses in soil nutri-
ent, (ii1) acidification of soils, and (iv) increased transfer of N from soil to
aquatic environments (Vitousek et al., 1997a). For the emission of NO,
soils have been identified as being by far the largest source (Banin, 1986).

Not only the cycles of carbon and nitrogen may became strongly affected
by human activities. Similar is true also for the S, P and other elemental
cycles. However, the key roles of C and N in the biosphere, the important
role of microbially mediated processes in the transformation of these ele-
ments, and also a variety of analytical methods available, may account for
the priority involvement of C and N transformations in the biological assess-
ment of soil quality.

An anthropogenically based pressure on soil organisms and their activities
May cause a threat to biodiversity in soil environments. Although there is no
Sufficient knowledge available yet on the dependence of the most of soil
Processes on a degree of biodiversity in a soil environment, and no reliable
II?‘“h'ocls exist to control this parameter in soil habitats, the preservation of
Sé‘r)leErsity should be gcncra'lly attgmptqd with respect to soil quality con-

ation. As a general rule, higher diversity would mean longer food-chains,
glslre;§§es of symbiosis and'gre.alcr p()ssibilitieg for negativg l_‘ccdeCk con-
Syst’em lCh could ?edua’: oscﬂla.llons and hence increase stability of an eco-

(Bianchi, Bianchi, 1995).
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Effects of anthropogenic pollutants on soil microorganisms and their activitieg

Soil comprises a structurally complex mosaic of heterogencous mi
colonized mainly by x'nicroorganisms. In a biologically less active podzolie
soil, e.g., up to 9 t ha' (d.w) of bacteria and about the same amount of fungy]
biomass may exist in a plough layer (Nikitin, Kunc, 1088). ?‘:uﬂ{;\ﬂ
average size of a bacterial cell, a total surface of about 500 ha bacteria per
ha of soil can be postulated (Kas., 1966). These numbers and the bility
of soil microbes 10 multiply even under undesirable environmental fis
relatively quickly, signalize the high degree of susceptibility of soil microor-
ganisms against both positive and/or negative outer effects, e.g., those caused
by pollutants. Different ways exist on how anthropogenic polluts
affect soil microorganisms (Fig. 2). In general, either directly
dation or transformation products, pollutants can affect the total
biomass, individual groups of microorganisms, and also different 1
Filip, 1995). Because of their ecological
gets should be consider as potentially useful p
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crobially
Y

mediated processes ( tance,

all these individual tar
in assessing soil quality.
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Methodological approaches in biologically based indication of soil g

R

k on applied ecotoxicology, R and

In their comprehensive wor

Moltmann (1996) summarized the major effect tests actual for
terrestrial media. Those are mainly tests with higher vertebrates (1 , mam-
mals), soil saprophagous invertebrates, plants and (for pesticide side effects)

g lack in

pollinators, such as honey bees. The authors pointed on the exis

efe (1997) presenled some soil biologi-
assification and eva on of soil
Jisms capable of Inc
(1997) re

soil tests with microorganisms.Gra
cal diagnostics based purely on analysis, cl
invertebrates. He diversified among orgar
freshness, wetness, acidity, alcalinity, etc. Yakovlev
the abundance of selected protozoa (Amoebae, Colpodida) and aloac (Hetero:
trix sp.) in soil samples or their behavior in a soil suspension for the charac
terization of virgin and anthropogenically affected soils. Debus at
Hund (1997) preparated of soil extracts and recommended 1
s in their strategy for the assessment of soil cont
Daphniad

ing soil
mmended

i uquzmc

{est organism
though in their previous work, aquatic tests with
Scenedesmus subspicatus appeared rather less sensitive (Hund e
also performed tests with natural soil samples, bul only in %

5 75 s : g PP ]iCrO-
s of different trophic levels such as e idual I In
~q. 1997): i

Qs ;

same authors
to target for organism
anisms, algae, nematodes and higher plants (D ebus, HU
hose assessment strategies might have some ¢
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simplicity and the methods used might be perhaps casy 1o st
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It H\Y.etzls which include soil biota ‘ ting the fate of pollutants in
1ght be also of interes .
an endo‘myun-brﬁi?i llﬂfe_l e.s} to consider fungal-plant symbiosis such as ectc
More thap, 007 o éla dhl indicators of soil quality. Such associations e;<ist b)_
o i CE) ant roots, and the degree if symbiosis has bécn fo yi
e rent environmental parameters (Domsct &L_m(
§.oTn etal, 19953, b). “ wolt, 1985; Wamis-
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1 o . . y @ - <
Portance fo, the Su%l‘lti'nrl)t/)lmz,-ol\’?d bt}t Oflly for organisms of a recognized
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Certain
species of bacteria in

in the ecologically important processes, €.g
ly, with several millions species of invertebrates in soil, and
every gram of a soil sample, it is almost un
make a survey on biodiversity with currently available methods. In ag
it is unclear until yet, as whether there is a correlation between soil ¢
functions and the degree of biodiversity in soil organisms (W a rdle

Giller, 1996). Contrary to this, there is no doubt that firm linkage Y
between different microbial communities, their activities, and betweep
ecologically important processes, such as mineralization and transformatigy,
of organic matter (Figs. 1, 3). These facts can open several ways t
ing assessment and evaluation of soil quality in both natural and ar
genically stressed soil sites by employing several already available analyticy

methods.
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3. Characteristics of population, community and process related levels in the bic
soil quality

Based on these presumptions, we preselected some prospective suillblo'
logical parameters as shown in Fig. 4. These include the estimation of micf”
bial biomass, composition of microbial communities, ﬂlim’“%".ﬂilﬁt'lon
processes and synthesizing processes. Simultaneously, the basic phystc®”
chemical soil characteristics have to be estimated. To make such syste!
feasible for application, internationally adopted and standardized m‘Cthl%iSr

and 0

should be applied as far as possible. Otherwise, novel methods
improvements could be easily adopted.
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MAIN ABIOTIC PARAMETERS TO BE FOLLOWED SIMULTANEOUSLY:
MOISTURE, TEMPERATURE, pH, CATION EXCHANGE CAPACITY

4, Selected parameters to assess ecologically important soil characteristics

Experience from an international research project and some open questions

Betwe‘en 1995 and 1997 our approach to assessing soil quality by biologi-
cal and biochemical methods was tested by five groups of soil biologists f{(i:m
the Czech Republic (headed by J. Kubat, Prague, and M. Tcsar()\l/?aA i%rno)
Hungary (headed by T. Szili-Kovacs, Budapest), Russia (headed [;y D G’
Zvygglntsev and M.M. Umarov, Moscow), and Slovakia (headed .b-
iBlel;k, Bratislava). The international investigations were co-ordinated bz
tsotitls;em;);' autgor. S?il sample§ from 49 sites representing different European
lectegzevie?:l [i\;ﬁz:r}m\?:ﬁ 'ciiﬁerlently an‘tln"opogenical}y affected, were col-
o e pertormed i - i yn ”ec,aAusL Ltndex. field cond@ons
B N as variations in temperature and moisture sometimes
. use}(lj ntilj\s : ow eﬁccts.of anthropogepxcal!y caused soil alterations. All
B < sa;]nc’anz-xlytlcal methods for their experiments which were
B OlCr on the dvall’ablc DIN/ISO standard methods or on the ASA

b soil analys:cs (Page etal 1982).

. y(gi;o5g§:§g\zsa£}t1§il[ngh s;jerisi‘li.vily- of ;nqthods su.ch as No-fixing bacteria,
b oo 6d701' ‘ y1 akl)n ll(fsplmtlg}n activity afgamst a‘lloqg'—term pollution
dlfferent a[; Z 1@\ sof y Cdd.lIn "labl.c I, I‘C'lal]VC.SCDSIUVJUCS obtained for
L thE nqmeters l..lS?d in the 1.ntern§1t1onal investigations are summarized.
) itrogen fixing bacteria, soil enzymatic activity (dehydrogenase),

SCig
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5. Relative sensitivity of No-fixing bacteria, dehydrogenase and respiration activities as indica-
tors of the Pb(NO3)2 contamination in soil

respiration and nitrification/denitrification activity appeared among the most
sensitive ones. Since the same parameters are closely linked with ecologically
important soil processes of the C and/or N cycles, their alteration may un-
doubtedly indicate a substantial alteration of soil quality.

The actual task to be further elucidated is that of the limits for t
vidual stressors. Dahlin et al. (1997) demonstrated this problem
on soils at low level of metal contamination. An other problem 1s ¢
able degree of spatial variability of data which can be obtained even for
pedogenically homogenous sites (Roberston etal, 1997). Solutions based
on statistics have been suggested (Halvorson etal., 1996; Smith et al,
1993) but also alternative methodological developments shall be forced. The
latter concerns especially modern molecular-biological and phySim/chcmmﬂ
methods in biology, as soon as their practicability will be confirmed.

In the presented conceptional approach to assessing soil quality
logical methods, we attempted to respect the importance of process-1¢
parameters, because the entire biosphere strongly depends on processes 3
matter biotransformations particularly occurring in soil. Our methodOl'(’g’c,a
approach should contribute to the attempted international harmonizatio® .
the monitoring of soil quality.

he indi-
recently
. remark-

by bio-
lath
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L Relative fscnis;txvaty of the selected microbiological and biochemical parameters for tk
soil quality (Ev : © ; rical parameters for the as-
Sessmen_t o1 quality (Evaluation based on long-term soil analyses from 49 differe
d soil sites) yses 1 differently pol-

Jute!
parameter : .
: — Relative sensitivity
Microbial biomass
P
- ) [k
Composition of microbial communities
Copiotrophic bacteria (Colony forming units) o o
Oligotrophic bacteria
ok
Actinomycetes
Hook
Microscopic fungi ok
Proteolytic spore forming bacteria e
Cellulose decomposer /4
koK

N,-fixing bacteria *

Pseudomonads
Biochemical process-linked activities
Respiration (CO, release) otk
Ammonification (NHJ release)

Nitrification/denitrification

Dehydrogenase activity

Humification activity
*ook

nsit y ( atv a cont — = Nno daetected = o = max
Se V elative to a control so o de
) 0 X ow * num

CONCLUSIONS

ha‘;l;hier;;lliscgt(i)oiillfl;trtﬁ:a[ sm(; rr'lvlcl‘mgrgani*&ns and lhgir biochemical activities
P reg;)ur;eg, ugﬂ lun etétiuidmg of ecosystemic processes and manage-
microbiologica\l ,md‘;,' 1;\ m‘al‘\(u the evaluation Qf soil quality by feasible
e - % ‘ 11,1(:;, )erju?a_l parameters desirable (Evdokimova,
theless, thcré - l/ad;(, ,en az; ;kt)alt 1,998; Ts‘c h e.rk o et al., 1996). Never-
B s kmje_cteir\ncl mcthf)(,o.logw@ ap.proach‘ which could
el ‘g o 411}10n]1t0r1ng of soﬂ quality. Here we
R Ofi)i,)\lg s LIA a‘n uolog]cm approach. It is based mainly on
.o “:3 )ﬁmz‘q‘px (’)L,ef.scs o.t the C ur}d N cycles, but includes also
e im@? ;nc%lonal diversity of soil microorganisms. If imple-
Progc, Cou]dorwrce na.tx;mlallx adqﬁed and ’:Smndardized methods, this ap-
envimnm;;m; p\::;ic yt;]:‘;(eq.x‘nremcnls of gcoi()gist§, different soil users,
olicy makers on the monitoring of soil quality.
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Navrh a aplikace ekologicky podlozenych indikatord kvality pady.
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. 5 ’ . it " e AL . funkee
Kvalitou pady rozumime integrilni hodnotu zahrnujici pldni struktury & 1L111k11,
5 . Y v v s . . o€
ve vztahu k Gcelu, jemuZ pada slouZi, a k vnéjsim podminkdm. Piestoze nd ohto?
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vality ptdy jako nezbytného predpokladu zdravého Zivotniho prostiedi bylo pouka-
ovino 117 d“}“l (Filip, 1973; Kovda, 1975), ndzor na samovolnou
\ kozenych antropickymi aktivitami dloul ¥ 4
ad pOSkO/e y1 ﬂf] r(jpickyrm :1knv1tdu,1 dlouho pretrvival. V Evropé byl
Zaznamenm zasadni pfesun v této oblasti teprve koncem osmdesatych
devadesatych let. Pfistup k posuzovani a hodnoceni kvality pidy se vSak v fadd zemi
sné miry orientuje k ¢ nezbytnych chemickyc fuzikalne N
S znacné of v Eiel je k.YOAH]L nuhymych chemickych a fyzikalné-chemickych ana-
[z na vyumAvam rozmanitych organisma-indikatort, jak je to obvyklé v systému
ochrany kvality vod. Tento piistup sice umoziiuje hodnotit toxicky potenciél
. . o I N K, [ S T I < :
Jivych gkodlivin, pfipadné i z hlediska jejich mozného vstupu do potravniho fet

not-

qviak silné zjednoduSuje komplexitu pidni biocendzy a zcela opomiji ekologické
funkce pady.

V pl-ecllQLelle praci Jc’p()’ukz\zano na vliv, ktery maji piidni organismy (zejména
mikroorganismy) na globalni prostie »

di, obzvlasté ve smyslu mineralizace a transfor-

mace organickych latek v kolob&hu uhliku a dusiku, jakoZto procesti nezbytnych pro
zachovéni '[ercnstl'ické biocenézy. Je rovnéZ diskutovan mozny vliv bﬁodlvéui'ty p:fui;
nich organismu na ekologické funkce plidy a také vliv chemickych polutanti na padni
mikroorganismy a jejich aktivitu.

7 diskuse vyplyva zavér, Ze pro ekologicky zaloZenou analyzu a hodnoceni kvality
piidy je nezbytné pouZit i mikrobiologicko-biochemické parametry. Z naleho h!edi‘;k;
jsou to zejména celkovd mikrobidlni biomasa, ekologicky vyznamné &kupiny‘ mikm-
organismi a zakladni biochemicky analyzovatelné procesy transformace organickych
lz’?tek v pudé. Praktické ovéreni vyuzitelnosti téchto parametri bylo provcd&u v ram-
ci prOJ.eklu, nav némZ spolupracovaly skupiny pudnich biologéx z Némecka, C‘csl;é
‘rii)::l;l;i/y Zﬁi(:;];;y [;L(l;]k]; (:[;l;)[vtgtl;;l\hflzo 21'10(111()(;?@ vice n’ei dvi‘acctvi par/avmct,rfl.,

by e S é y na pudni vzorky z 49 riizné zatiZenych

a Vyuzw.anych stanoviSt, se ukdzalo, Ze zejména mikroorganismy fixujici vzdusny
dus.11<., mllirobnf biomasa, aktivita enzymu dehydrogendzy, nitrifikacni a denitriﬁl\'q‘éxx}i
aktivita plfdy, uvolfiovéani oxidu uhli¢itého a rovnéz schopnosl mikroflory lrzm&;“or-
?;Vj;;r}::;rizsbtﬁii]zilrd‘anélhoddo/ hx/xmiﬁ.oV}'/ch l'fltck, mphou Bpf‘edstavovat ekologic-
o Syst[é(m; hudejﬁ.zbl,o nlc] };1 P()S,Oq,le-n-l kvnnlxty pudy; Pro dalsi vyvoj
.. o ] a Z(IH p‘(ml V.dl‘l'dbl-hl%l pad a sezonni v:armbilitu vysled-
; yslu také stanovit limitni hodnoty jednotlivych parametra.

kvalita pi ;
pudy; pidni ekologie; mikrobiologické a biochemické indikétory
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