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Uvod - pfipomenuti



Bioindikace

metoda, kdy se na zakladé viastnosti biologickych systému
odhaduji vlastnosti prostredi teplota

prostiedi formuje zivé systémy

ar

elektromagnetické zareni

voda

\j radioaktivita

zivé systémy poskytuji informace o prostredi hluk

v SirSim slova smyslu tim oznacujeme vSechny postupy, kde
sledujeme reakce organismu (od jedincu po spolec¢enstva)

ritomnych v prostredi na stres
MURT RECETOX



Bioindikace versus biomonitoring

= bio + monitoring

= bioindikace je postup

= biomonitoring je jeho pouziti v terénnich studiich zejména na
vice lokalitach nebo opakovane v Case
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Bioindikace

RETROSPEKTIVNI
PRISTUP

pozorovani, popis, analyza

Chemistry

testovana kontrolni

kauzalit
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Bioindikace

» sledovani chemickych latek v odebranych vzorcich bioty
o Vv ¢emkoliv, preferencné tzv. bioakumulatory €i bioindikacni druhy/vzorky (jehlici)

= sledovani bioty a jeji odezvy na faktory prostredi
o biochemické markery

)

Q

- UCinku (stresové proteiny — HSP — heat shock proteiny, chromozomové aberace ...) N

- expozice (methalothioneiny, EROD - ethoxyresorufin-O-deethylase ...) é

o indikatorové druhy - pfitomnost/nepritomnost indikuje urcitou vlastnost ekosystému <
- citlivé druhy (napr. posvatky, horské plosténky, liSejniky) g

- oportunni druhy (napf. pakomafi, pijavky ...) g

o stav a funkce organism ”
o populace - pocty organismu, distribuce, vékové slozeni ... %
o spoleCenstvo — druhove slozeni a zastoupeni, biodiverzita <
o stav ekosystému, krajiny — struktura, dynamika, funkce °§
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Akumulacni bioindikatory

= mechorosty — bryomonitoring

= |iSejniky — kumulace téZzkych kovu a radionuklidy

= jehli¢i — smrk, borovice - kumulace tézkych kovu a POPs
= vajicka ptaku
7izaly, $neci ‘
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Akumulacni bioindikatory - priklad
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Akumulacni bioindikatory - priklad

Cadmium deposition (mg/m?/year)

Monitoring depozice Cd >0.200 =

na zakladé analyz mech 0.175 - 0.200
0.150 - 0.175 2

(1990) 0.125-0.150 ,,‘
0.100 -0.125 °?
0.075-0.100
0.050 - 0.075
<0.050
Undefined

/

MUNI RECETOX




Akumulacni bioindikatory - priklad

YW= -1.088 + 1098 X
Correlation: r= 6887, P=0.05

9 —
B L
_Ill" | &
o
s T
a 4+ e
2 ! g
Y S o % o NSBT
! og {0
' o | ™ Regression | __ |
1 B oy 95% confid. |
25 30 35 40 45 50 55 60 85 70

Pt in soil (malkg)

FIG. 1. Correlation of lead in HNO;-extracted soil and lead in isopods.
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The aim of the study was to determine lead and cadmium
concentrations in Isopoda woodlice and soil and to estimate their
relation in the environment and the possibility of the use of
isopods as biological indicators of pollution. Samples of isopods
and soil were collected at two locations in Northern Croatia and
analyzed for lead and cadmium. One location was in the forest,
and another in the meadow near the road. Isopods were dry-
ashed and soil was extracted with nitric acid. Elements were
analyzed by atomic absorption spectrometry. Results revealed
that the two locations were significantly different in lead and
cadmium in extracted soil and isopods. Lead concentration in
extracted soil was 34.6 mg/kg dry weight in the forest and
43.3 mg/kg dry weight in the meadow near the road. Respective
cadmium values were 0.147 and (L.180 mg/kg. Lead concentra-
tions in isopods were 2.40 and 4.22 mg/kg dry weights, and
cadmium 0.757 and 0.411 mg/kg dry weight, respectively. Cor-
relation of lead or cadmium between isopods and soil irrespective
of location gave significant and linear relations for both ele-
ments. © 2002 Elseriver Science (USA)
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Bioindikace

* na zacatku je nutno si dobre definovat, jaké
organismy/parametry budeme sledovat pro posouzeni
pusobeni stresu:

o Vvztah k pusobeni stresu

o hodnocené skupiny:

- producenti — rostlinna spole€enstva

- konzumenti — bezobratli, plazi, ptaci, savci ...

- destruenti — pudni mikroorganismy
o kli¢ové druhy, bioindikatory, nebo vice druhu, spole¢enstvo
o parametry hodnoceni

- strukturni (taxonomické parametry, biomasa, abundance ...)
- funkéni (produkce/respirace, potravni fetézce ...)

MUNI RECETOX
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Bioindikace

= vlastni provedeni odbéru a analyz bioty:
o nhavrh a rozlozeni vzorkovacich mist
o Vvzorkovani — podle typl organismd ....
o charakterizace a stanoveni definovanych biotickych parametru
- techniky botanickych, zoologickych, mikrobiologickych a ekologickych disciplin
o charakterizace a stanoveni kontaminace bioty
- techniky analytické chemie a chemie zivotniho prostredi

MUNI RECETOX
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Pudni kvalita a jeji bioindikace



Pudni kvalita — definice

soucasna a do budoucna
udrzitelna schopnost pudy
fungovat jako zivy systém
uvnitr ekosystému
zabezpecujici jeho dulezité
funkce a sluzby, podporujici
biologickou produktivitu,
odolavajici erozi, nesnizujici Ci
zlepSujici kvalitu ovzdusi,
podzemni a povrchové vody a
podporujici zdravi rostlin,
zvirat i lidi
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Indikatory pudni kvality

Musi vyhovovat témto kritériim:

korelace s procesy v ekosystémech (modelovani)

musi zahrnovat vSechny (vétSinu) vlastnosti pud a tak byt
pouzitelné pro odhad vlastnosti, které se nedaji snadno merit

musi byt snadno meritelné v terénu

musi byt citlivé na zmény technologii a prirodnich poméru
(klima), avSak necitlivé na kratkodobé zmeny

soubor indikatoru musi zahrnovat jiz sledované charakteristiky
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Indikatory pudni kvality

= kvalitativni (napf. puda je dobfe ozivena)

= kvantitativni (napf. biomasa mikroorganismu je 1450 pg Cbio/g pudy)

= v terénu/ v laboratofi
= slozité analyzy pro védce vs karty pro farmare

MUNI RECETOX

Indicator  Table
Indicator Poor Medium Good
Earthworms 0-1 worms in shovelful of 2-10 in shovelful. 10+ in top foot of soil. Lots
top foot of soil. No casts Few casts, holes, or  of casts and holes in tilled
or holes. WOrms. clods. Birds behind tillage.
Organic Matter Topsoil color similar to Surface color closer  Topsoil clearly defined,
Color subsoil color. to subsoil color. darker than subsoil.
Organic Matter No visible residue or roots Some residue Noticeable roots and residue
Roots/Residue few roots
Subsurface Wire breaks or bends Have to push hard, Flag goes in easily with
Compaction when inserting flag. need fist to push fingers to twice the depth of
flag in. plow layer.
Soil Tilth Looks dead. Like brick or Somewhat cloddy, Soil crumbles well, can slice
Mellowness concrete, cloddy. Either balls up, rough through, like cutting butter.
Friability blows apart or hard to pull pulling seedbed. Spongy when you walk on it.
drill through.
Erosion Large gullies over 2 inches Few rills or gullies, No gullies orrills, clear or no
deep joined to others, thin or gullies up to two runoff.
no topsoil, rapid run-off the inches deep. Some
color of soil. swift runoff, colored
water.
Water Holding  Plant stress two days after a Water runs out after  Holds water for a long period
Capacity good rain. a week or so. of time without puddling.
Drainage, Water lays for a long time, Water lays for short No ponding, no runoff, water
Infiltration evaporates more than period of time, moves through soil steadily.

drains, always very wet
ground.

eventually drains.

Soil not too wet, not too dry.

Crop Condition

Problem growing throughout

Fair growth, spots in

Normal healthy dark green

(How well it season, poor growth, yellow field different, color, excellent growth all
grows) or purple color. medium green color. season, across field.

pH Hard to correct for desired crop. Easily correctable. Proper pH for crop.

Nutrient Soil tests dropping with Little change or slow  Soil tests trending up in
Holding more fertilizer applied down trend. relation to fertilizer applied
Capacity than crops used. and crop harvested.




Indikatory pudni kvality

» Priklad souboru vlastnosti pud vyuzitelnych jako indikatory
kvality a zdravi pudy a vztah indikatoru k funkcim pudy

skupina S
indikatord ludletes

textura
hloubka pldy,
organomineralniho
horizontu a prokorenéni
infiltrace a objemova
hmotnost
retenéni vodni kapacita

fyzikalni

organickad hmota (C a N)

pH
chemické
elektricka vodivost

extrahovatelny N, P, K

mikrobiélni biomasa (C a N)

biologické
mineralizovatelny dusik

respirace pudy
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kvalita ZP

kvalita | kvalita
vody | ovzduSi
X X

X

X

X X

X X

X

X

X

X X

funkce pudy
podpora produkce a
kvality

rostliny [zivoCichové

X

X

lidské odolnost komentar vztahu k funkci a stavu pudy
zdravi | proti erozi
X transport a zadrZeni vody a chemikalii
X odhad produktivity a eroze
X potencial pro vyluhovani, produktivitu a erozi
transport a odrzitelnost vody
X definuje ptdni Grodnost, stabilitu a rozsah eroze
X definuje hranice biologické a chemické aktivity
X definuje hranice rostlinné a mikrobialni aktivity

dostupnost Zivin pro rostliny, moZnost ztraty N

mikrobialni katalyticky potencial a ¢asné varovani pfi
zménach v OM

odhad pudni produktivity a potencialni zasobarna N
odhad mikrobidlni aktivity



Indikatory pudni kvality

= snaha kombinovat vice parametru dohromady

* |ndex kvality pudy (SQ, soil quality) jako funkci Sesti specifickych
prvku:
: SQ = f(SQE1, SQE2, SQE3, SQE4, SQE5, SQES6)
SQE1 = produkcni funkce (produkce potravin, krmiv a viakniny)
- SQEZ2 = erodovatelnost
- SQE3 = kvalita podzemnich vod
- SQE4 = kvalita povrchovych vod

- SQES5 = kvalita ovzdusi
- SQEG = kvalita potravin a krmiv (nutricni hodnota, zdravotni nezavadnost)

Doran (1994); Doran and Parkin (1996)
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Indikatory pudni kvality

* snaha propojit s ekosystémovymi sluzbami pudy

MUNI RECETOX

Ecosystem service

Important ecological parameters

Supply of nutrients

Water regulation

Soil Structure

Supply of clean shallow groundwater

Supply of clean deep groundwater

Pest control in agriculture

Changeability of soil use

Resilience and resistance

Food web incuding earthworms
Primary production

Ratio of bacteria/fungi
(De)nitrification

Earthworms
Abundance and ratio bacteria/fungi
pH, content of soil organic matter, groundwater level

Earthworms

Abundance and ratio of bacteria/fungi
pH, content of soil organic matter
Nematode Channel Ratio

Specific activity of bacteria and fungi

Clean soil (concentration of pollutanis lower than a
maximum concentration)

Extent of leaching of nitrogen, phosphate,

and halogenated pollutants (EOX)

Activity of the nitrogen cycle

Amount and biodiversity of bacteria and fungi
Clean soil
Extenit of washout of nitrogen and phosphate

Plant Parasitic Index of nematodes
Amount and ratio of bacteria and fungi
Mycorrhiza fungi

Diversity of soil organisms
Concentration of nitrogen and phosphate in the soil

Diversity (within functional groups)

Jensen & Mesman (2006)
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Pudni mikroorganismy



Proc mikroorganismy ?

Mikroorganismy: jsou velmi vyznamnou slozkou pudy
Zastavaji klicové role ve fungovani ptdniho ekosystému

Narusenim téchto déju se narusuje stabilita celeho tohoto
ekosystemu

Mikroorganismy: jsou takeé schopny nektere typy
kontaminace snizovat, cehoz Ize vyuzit pri remediacich



Proc mikroorganismy ?
sledovanim stavu ptidnich mikroorganismt miizeme neprimo posuzovat stav
celeho terestrickeho ekosystemu
na stresove faktory mizeme upozornit velmi brzy.

vynikajici indikator biologického potencialu pid i v pritomnosti stresovych
faktort v ptidnim prostredi

davaji odpoved’ na pritomnost stresujicich faktorl v jejich zivotnim prostredi zejména
zmenou velikosti spolecenstva nebo aktivity

Zmeny v parametrech mohou casné varovat pred hrozicim snizenim produktivity.
systému viivem jakychkoli stresujicich faktort

moznost hodnotit: efektivitu zemedelske, lesni rekultivace, zemedelskéeho
obhospodarovani, hnojeni, dale vlivli geneticky upravenych organismt vpravenych do
pudy, vlivli eroze, odlesnovani, zasolovani apod.

pudni mikrobialni ekotoxikologie muze prispet k objektivnimu hodnoceni rizik
spojenych s rliznymi antropogennimi zasahy.



stezejni v cyklech zivin a energif

stoji na pocatku potravnich retézct
rozklad organicke hmoty (mineralizace)
syntéza novych sloucenin (immobilizace)
tvorba humusu

udrzovani pudni struktury, stabilita
agregatu

prospesny. vliv na ptdni tirednoest a pro
rust rostlin

vliv. na vodni a vzdusny rezim pudy

degradace celé rady polutantd

Vyznam mikroorganismu v ptudeée
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Kolik je v pudé mikroorganismu ?
0,05 - 0,5% hmoty ptdy jsou mikroorganismy.

10° az 109 jedinct v 1 g suché pudy.

toto mnozstvi staci na zabezpeceni veskerych procest mineralizace a
imobilizace a dalsich procest

Microbes and Organic Matter Turnover

Carbon dioxide
Fertilisers 2’ Crop residues

e S
e e e

organicky uhlik ) AVAN Microbial
(TOC, Cgore) Biomass

NN s 1, )
Zivy uhlik" (1-5%) ) N2-Fixation Nutrient

Mineralisation Resistant
Organic matter

= Mikrobialni biomasa
(Cgi0)

| - Immobilisation of nutrients

http://www-crcsIm.waite.adelaide.edu.au



Kolik je v piidé mikroorganismu?

Biodiverzita mikroorganismu je mnohem Vetsi nez jsme se
puvodné domnivali

meri kod pro cele spolecenstvo urciteho
prostredi
(napr. u pudy se v 1 g odhaduje 1022 bp!!)

DA, ‘TerraGenome: a consortium for the

Microsiooc B | sequencing of a soill metagenome

Vogel and colleagues invite the microbiology community to participate in an ambitious and
extraordinary sequencing project to uncover the soil metagenome.

e e e
matical treatment of data, the
authors generate abundance
curves, the most plausible of
which suggests that there could
be 107 distinct prokaryote taxa in
10 grams of pristine (free of
chemical contaminants) soil (see
the figure). Moreover, rare organ-



http://www.terragenome.org/

Kde se v pudé MO vyskytuji?

nejvetsi biomasa mikroorganismd je v humusovém horizontu, v
rizosfere a s hloubkou dochéazi k poklesu

fotolitotrofni mikroorganismy jsou Samozrejme vazané pouze na
nejvrchnejsi vrstvicku pudy

obligatné anaerobni mikroorganismy
se nachazi spiSe ve spodni casti ,
horizontl (bez pristupu kysliku)  EIEEEEEHEEL R L

mikroorganismy uzavrene v mikro- |
agregatech jsou dobre chranene
pred predaci protozof, ale naopak
mohou stradat nedostatkem
substratu
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Kde se v paudé MO vyskytuji?

~ Rhizosféera

. Ekologicka vazba mikroorganismu na koreny: rostlin

-V okoli korendl je jiné prostredi nez jinde v ptideé

Rostlina

Vodni rezim
Uvoliuje korenové

exuddty
Nutrients o :
from MiKroorganismus
PQots Produkuji napr.
RCOO- Ul >
NH,* H,PO," I"USTC\),VC.,f’C.lkTOI"y
< & W\~ H,0 + €O, UvolRuji Ziviny
Metabolisr<
CHzO \

RNH, 22



" Kdesev pude MO vyskytujii?

Niky: pro ptdni mikroorganismy. (dle K.T.Semple)

Mineralni zrno

MO se v ptdé vyskytuji volng, i ve slozité a
dynamické vazbé na povrsich a uvniti agregatl a
castic organomineralniho komplexu



Pidni MO jsou ve velmi silné interakci s vlastnostmi pudy

nutricni vlastnosti ptidy: (zdroj zivin pro mikroorganismy)

fyzikalne-chemické vlastnosti: teplota, pH, vihkost, redoxni potencial, obsah jilu,
slozeni ptidniho vzduchu, ptidniho roztoku, kentaminanty atd.

struktura pudy, sorpcni komplex, ptdni typ, ptdni druh, vyuziti ptdy atd.
pudni roztok

pudni vzduch (N: 78-80%; O2: 0,1-20%; CO2: 0,1-15%)
sorpce/desorpce; pudni komplex; biodostupnost substratl a kontaminantd
mikroorganismy: samy. sorbuji (G+ vice nez G-); jil zvySuje sorpci

na povrsich castic se sorbuji substraty i extracelularni enzymy (urychleni reakei a
zvyseni stability extracelularnich enzymu)

vlastnosti ptsobi bud’ primo, Ci neprimo

sezonalita
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in a temperate grassland or cropland.




Mikrobialni spolecenstvo pudy

Mikrobialni spolecenstvo pudy = ¥
bakterie (retizky Ci kolonie) ; :
aktinomycety (pseudomycelia)

houby (hyiy)

rasy

prvaoci
Kvasinky:

VIry

purrowing animats




Vyznam bakterii

cykly prvkt a latek
aerobni i anaerobni
fixace dusiku

Dekompozice

Symbiozy

patogenni

Vyznam prvoku

konzumuji bakterie — podporuiji jejich rlst

dekompozice OM

autotrofie — rasy - producenti

Role pudnich mikroorganismu

| .

Vyznam hub

aerobni

dekompozice (nabourani komplext ligninu
a humusovych latek

Symbiotické
Patogenni

vySSi tolerance k pH nez bakterie (v
nizsich pH dominuji houby)

bila hniloba dreva (white-rot-fungi)
hneda hniloba dreva (brown-rot-fungi)
vyznamneé pri biodegradacich (biopulping)

funguji i diky extracelularnim enzymtm

potravni retézce (predatori + konzumenti + destruenti + producenti)

fagotrofie a heterotrofie — cykly latek, uvolnéni latek z bakterialni' biomasy.




Mykorhiza

ectomykorhiza nebo arbuskularni mykorhiza

houba (AM) roste intra- a intercelularne na korenech
rostliny - nékolik typt, rlizné morfologie i fungovani

houba ziskava z rostliny veskery organicky uhlik (az 10-
20% CO2 asimilovaneho rostlinou); oproti tomu rostlina
ziskava mineralni ziviny (P, N, K, Ca, Mg, Zn a Cu) z houby

vnejsi
mycelium —

vezikul —

arbusgﬁlus



http://cs.wikipedia.org/wiki/Soubor:Arbuscular_mycorrhiza_cross-section.png

Bioindikace pomoci mikroorganismu

zachycuji skutecnou reakei organismu v prirodnich podminkach

kontaminaci pud nelze planovat a tedy spocivaji v popisu dané konkrétni
situace, ktera je obtizné srovnatelna s jinymi pripady z divodu rozdilnych
koncentraci a typl polutantti, doby kontaminace nebo i ptdniho typu

mely by byt spise dlouhodobymi vyzkumy (minimalné jeden rok) vzhledem k
vyraznému sezonnimu charakteru aktivity pudnich mikroorganismu

kontaminace z realného zdroje zahrnuje zpravidla vice druht polutantt -
environmentalni smesi

biologicka data doplnit chemickym rozborem a rozborem ptdnich vlastnosti

problém s nalezenim odpovidajici kontrolni lokality, se kterou by bylo mozne
srovnavat zjistene zmeny v parametrech mikrobialniho spolecenstva

je nutno ocekavat znacné ovlivnéni vysledkl parametry prostredi a dale |
sezonnim: chovanim mikrobiologickych parametrll (velka casova i prostorova
variabilita)



Metodicka vychodiska ekotoxikologie ptidnich MO

Vyzkumy vedouci k odhadu druhti, mnozstvi a metabolickych
aktivit biomasy, biodiverzity, stability, funkceschopnosti atd.
v pudeé zahrnuji:

metody determinace usporadani a vyskytu mikroorganismt v. ptde
isolace a charakterizace podskupin a druht

odhadu mnozstvi a typl organismt v ptde

mereni biomasy (kvantita a stabilita)

detekce a méreni metabolickych procesti (obecnych i specifickych)
méreni aktivity mikroorganismu (rtist, ATP apod.)

mereni diverzity mikrobialnich spolecenstev.

sledovani interakci (mykorhiza, rhizosféra)



Mnozstvi I standardizovany metod

Standardy pddnich mikrobidlnich metod - 1SO 120

Soil quality -- Sampling -- Part 6: Guidance on the collection, handling and storage of soil under aerobic
conditions for the assessment of microbiological processes, biomass and diversity in the laborator

Soil quality -- Determination of soil microbial biomass -- Part 1: Substrate-induced respiration method

Soil guality -- Determination of soil microbial biomass -- Part 2: Fumigation-extraction method

Soil guality -- Laboratory methods for determination of microbial soil respiration

Soil guality -- Determination of abundance and activity of soil microflora using respiration curves

1SO 15685:2004 Soil quality -- Determination of potential nitrification and inhibition of nitrification -- Rapid test by ammonium
oxidation

1SO 14238:1997 Soil quality -- Biological methods -- Determination of nitrogen mineralization and nitrification in soils and the
influence of chemicals on these processes

1SO 23753-1:2005 |Soil quality -- Determination of dehydrogenase activity in soils -- Part 1: Method using triphenyltetrazolium

International
Organization for
Standardization

ISO 23753-2:2005

ISO/DIS 11063

ISO/TS 10832:2009  |Soil quality -- Effects of pollutants on mycorrhizal fungi -- Spore germination test
ISO/TS 22939:2010  |Soil quality -- Measurement of enzyme activity patterns in soil samples using fluorogenic substrates in micro-
ell plates

ISO 14239:1997 Soil quality -- Laboratory incubation systems for measuring the mineralization of organic chemicals in soil

under aerobic conditions




Odbéry ptudnich mikroorganismu




Odbeéry jako prvni krok ekotoxikologie MO

diky vlastnostem mikroorganismut je témer nemozné je
sledovat primo v terénu (/72 sitd) - jen vyjimky (slozita
Interpretace)

je tedy potreba reprezentativni vzorek, se kterym je
nakladano jako se zivym systemem, aby se biologicke
spolecenstvo prilis neovlivnilo (napr. vysuseni vzorkd,
zmrazeni, v lednicce ...)

| tak je vzdy laboratorni vzorek neco jineho nez ,realny.
svet”

je tedy nutna urcita standardizace hlavnich podminek



Eable 7.1
omparison of microbial sampling approaches in magor natural environments

Techniky odbéri

zejména kvantifikace muze byt odbérem a nakladanim se vzorky silné
zkreslena

take kvalitativni parametry (aktivita, diverzita) jsou ovlivnitelne
odbérem, zpracovanim a manipulaci se vzorky
Hlavnim cilem je:

= 1) ziskat reprezentativni vzorek

= 2) minimalné Ci standardne (vime jak, o kolik) odberem a manipulaci zmenit kvantitu
Existuje mnoho metod a teorie kolem vzorkovani pro ptdu:

ISO 10381-6:1993 Soil guality - Sampling - Part 6: Guidance on the collection, handling and storage
of soil for the assessment of aerobic microbial processes in the laboratory:

Environment Access Numbers Sampling devices Sample processing

Threct Low Filters, Andersen samplers Concentration on filters
Direct or remote High or low Nets, containers, filters Dilution er concentration

Remoie High Grabs. corers Serial dilution

Dhrect Shovels, corers Serial dilution




Techniky odbért

vetsinou vysoké obsahy mikroorganismt == staci asepticke techniky
(ryce, vzorkovaci tyce - odeberou smesny vzorek, Ci cele jadro)

dalsi techniky: zakopana sklicka, pedoskop apod.

FIGURE 8.1 Hand auger. (Photo courtesy R. M. Maier.)

re 7.2
Bloscope for in situ observation of microorganisms in
ment. A pedescope is a similar device for observation in
L (Saurce: Aristavskaya 1973, Reprinted by permission of
adish National Fesearch Council.)

Figure 7.1
Schematic representation of ouried slide technigue for collection and enumeration of
microorganisms.




Kvantifikace pudnich mikroorganismu




Prime mikroskopicke pocitani bakterii (direct bacterial counts)

jde vlastne o prvni ze dvou "pocitacich”
technik (druh& je tzv. viable / indirect
counts, neboli pocitani po predchozi
izolaci a kultivacr)

vetsinou vyssi pocty nez pri viable counts
(pouze 10% je kultivovatelnych); rozdil
|ze zjistit tzv. direct viability counts (DVC)
- Inkubace s nalidixovou kyselinou -
Krogurovou metodou (viz. dale)

u pldy je potreba nejdrive dispergace a
separace od pldnich castic (ty jsou pri
techto technikach vazny problém)

pro zlepseni pozorovani se uziva rada
barviv (FDA, AO, DAPI, FITC atd.)

z primych poctl Ize i odvodit biomasu
(musime ale znat napr. primérnou
velikost bunek bakterii Ci délku hyf hub)

TABLE 9.2 Equations for Calculating Biomass

Calculation of bacterial numbers in soil:

4 lr 13

Ne = Ni /;1 ‘;n M;A

m sa d
number of bacteria per gram dry soil
bacteria per field
arca (mm?) of smear (or filter)

area (mm?) of microscope field
volume (ml) of smear of filter
volume (ml) of sample

dilution

wet weight soil

dry weight soil

|

Bacterial biomass as carbon:

Cp = N, Vye 5. 25 5 1075
Cp = Ng Ve 5 100 0

Cp = bacterial biomass carbon (ug/g-soil)

N, = number of bacteria per gram soil

Vi average volume (um?) of bacteria (r2L; r = bacterial radius,

L = length)
¢~ density (1.1 X 1077 in liquid culture)
S = solids content (¢.2 in liquid culture, 0.3 in soil)
%C = carbon content (45% dry weight)

Calculation of fungal biomass carbon:

C =ar? 1.8 %C x 101°

C, = fungal carbon (ug carbon/g-soil)
r = hyphal radius (often 1.13 phﬂ
I, = hyphal length (cm/g-sail)
¢ = density (1.1 in liquid culture, 1.3 in soil)
5. = solids content (0.2 in liquid culture, 0.25-0.35 in soil)

Adapted from Paul and Clark (1989).




Izolace a kultivace MO z pudy

potreba pro rtzné Ucely, napr. identifikace specifickych
mikroorganismu, méreni diverzity atd.

pocitani mikroorganismt - tzv. viable / indirect counts -
pouziti metod MPN (most probable number) a pocitani
CFU (colony forming units)

u ptidy vhodna extrakce (napr. pouziti surfaktantu Tween
80 s disperznim cinidlem pyrofosfat sodny) nasleduje
nasobne redeni (vodou, fyziologickym roztokem ci
pufrem ...)

nasleduji obecné kultivacni techniky - metoda agarovych
ploten: poured a spread plate counts; Vystupem jsou
CEU / hmotnost ci objem vzorku




Izolace a kultivace MO z pudy

Step 1. Make a 10-fold dilution series.

Schéma spread plate
counts

9 ml dilution

Step 2. For each dilution, transfer 0.1 ml of
soil dilutions to replicate agar plates.

Step 3b. Sample is spread on the surface of
the agar. This is done by moving the
spreader in an arc on the surface of the
agar while rotating the plate.

Step 4. Incubate plates under specified conditions.

Step 5.Count dilutions yielding 30-300 colonies
per plate. Express counts as CFUs per
From: Maier et al. (2000):

g dry soil.
Environmental Microbiology,
Academic Press

FIGURE 10.1 Dilution and spread plating technique. Here, soil that initially contains billions of microbes
is diluted prior to being spread plated to enable discret

colonies to be seen on each plate. Numbers onies
on each plate can be related to the original soil microbial population. (Adapted from Pepper et al., 1995).



Izolace a kultivace MO z pudy
Izolace jednotlivych druht pidnich MO

- vyuziti pri potrebeé izolovat jednotlivé mikroorganismy, napriklad pfi analyze biodiverzity Ci
pri identifikacich napr. systémem BIOLOG apod.

Step 1 Sterilize inoculating loop

Step 2 Obtain culture from an agar plate (A) or from broth (B).

Step 3 Make successive streaks on an agar plate
to isolate single colonies

Start here with inoculation Sterilize loop,

loop full of culture from start new streak Step 4 Incubate agar plate producing
isolated colonies

step 2 (a orb) S
\ _ ' _ [N Isolated colony From: Maier et al.

(2000):
Environmental
\Y/[{elge] e][e][e]s)YA
Academic Press

Sterilize loop, g Sterilize loop,
start new streak start new streak

FIGURE 10.3 Isolation of a bacterial colony using the streak plate technique.



‘Izolace a kultivace MO z_pﬁd_y

Dominantni kultivovatelné pudni bakterie

heterotrofni, aerobni, gramvariabilni.
Arthrobacter Az 40% kultivovatelnych pldnich | Cykly Zivin a biodegradace.
bakterii.

Grampozitivni, heterotrofni, aerobni Cykly zivin a biodegradace.
Streptomyces aktinomyceta. 5-20% Produkce antibiotik, napr.
kultivovatelnych bakterii. Streptomyces scabies.

Gramnegativni heterotrof. Aerobni
nebo fakultativné anaerobni.
Pseudomonas Vlastni velké mnozstvi
enzymatickych systémt.  10-
20% kultivovatelnych bakterii.

Cykly zivin a biodegradace,
vCetné tézko
rozlozitelnych

organickych latek.

Grampozitivni aerobni heterotrof.
Bacillus Viytvari endospory. 2-10% Cykly Zivin a biodegradace.
kultivovatelnych pUdnich bakterii.




Mereni biomasy

BIOMASA = definovana (zejména pro ptidu) jako zijici cast organické hmoty,
jako organismy mensi nez 10 um?

nejcasteji se vyjadruje v jednotkach hmotnosti napr. pg C.../0.,z.

tyto parametry maji zastresujici povahu - “overall / general parameters” -
tzn. stanovujeme mikrobialni biomasu a nevime co se deje uvnitr (“black box
of microbial biomass")

nevychazi ze separace Ci izolace mikroorganismu, stanovuji se primo ve
vzorcich pudy.

u pldy je Cy, cca 1 - 5% C,,

Dva hlavni typy: vyuziti parametri:

1) stanoveni /n situ mikrobialni biomasy. - pesouzeni biologicke kvality ptd -
bioindikace ptdni kvality

2) stanoveni v kontrolovanem laboratornim pokuse - zmeny pod viivem
kontrolovaného faktoru (testy toxicity)



Mikrobialni biomasa v pﬁdé

Chloroform-fumigacni extrakcni metoda (FE metoda, CFEM)

ISO 14240-2 (1997): Soll quality - Determination of soll micrenial
piemass - Part 2: Fumigation-extraction method

opet probiha fumigace, ale vznika extrakt z obou variant (F a NF),
ktery je analyzovan na obsah uhliku; vyhodou je, ze extrakt mize byt
analyzovan prakticky na cokoliv

pokud je analyzovan uhlik, Ize to provest:

dichromanovou oxidaci a naslednou titraci ci spektrofotometricky

oxidaci pusobeni K,S,0; (persulfatu) a UV. - vznikne CO, a ten je
meren IRGA

vysledek je udavan v 1g.0q .t



http://cs.wikipedia.org/wiki/Soubor:Exsiccator_hg.jpg
http://cs.wikipedia.org/wiki/Soubor:Chloroform_displayed.svg

Mikrobialni biomasa v pﬁdé

Metoda substratem indukoevané respirace (SIR)

ISO’ 14240-1° (1997): Seil quality: - Determination: of seil: micrebial
pIemass - Part 1: Sulbstrate-induced respiration method.

zalozena na empirickem vztahu mezi mikrobialni biomasou a
potencialni’ respiraci (respiracni rychlost behem prvnich hodin po
pridani maximalne vyuzitelného substratu - glukozy - v saturujic
koncentract)

nekdy vyuzivana jako Gdaj o aktivni slozce mikrobialni biomasy
rozsah empirického koeficientu ve validacnich studiich: 15 - 541!

—> |épe pouzivat pouze pro mereni potencialni respirace — PR (znaci
se nejcasteji jako SIR)



Mikrobialni biomasa v ptudé

:Osetfeny vzorek

0,1 - 1% C-glukéza / 1g susiny
60 - 80% WHC

/

Titra¢né
Vydej CO, méten "
CO,-C GC

Cas (hodiny)
1 2 3 4 5 6

Chio = 40,4 . X + 0,37
> Sklon piimky (Regrese) AR
- Maximdln{ respiraéni odpovéd’ [mg . g suﬁniy} 1
(Potencidlni respirace [PR] X: [ml CO,.g".h"]




Mikrobialni biomasa v pudeé

Effects of Zn, Cu, and Ni in sewage sludge on microbial biomass in a
sandy loam solil.

Zejmena Cy,;/C,, v pude je citlivy indikator dlouhodobych degradaci
pudni organicke hmoty, nebot C,;, se snizuje daleko rychleji nez
celkovy organicky uhlik

Toxicita pro Cy,;, V. poradi Cu > Zn >> Ni > Cd

Fig. 4 Microbial biomass C
expressed as a percentage of
total soil organic C in Glead-
thorpe soils (SEM shown).
Values given in boxes are the
total soil metal concentrations
(ug g~} soil). From Chander
and Brookes (1993). Repro-

7n: Cu 427 : 262

duced by permission of the
publisher

of soil organic C
o

Biomass C as a percentage
o
§-N

°o o
o N

Control Uncontam- Ni-sludge Zn-Ni-sludge Zn-sludge  Cu-sludge Zn:Cu-siudge
soil inated
sludge



http://upload.wikimedia.org/wikipedia/commons/f/f4/Lupa.na.encyklopedii.jpg

Aktivity pudnich mikroorganismu




Aktivity mikroorganishﬁ _

Maji velmi tzky vztah k jejich funkcim v ekesystemu

jsou smysluplnym a zcela nezbytnym doplnenim Udajd o kvantité mikroorganismti =
nestaci jen vysoké mnozstvi mikroorganismd, ale hlavné aby byly funkcni, tedy aktivni

co se tyka aktivity, je dilezita nejen jeji iroven, ale i mnohostranost, diverzita
metabolickych funkci

bohuzel, temer vzdy: (s vyjimkou /2 situ technik) dochazi ke zkresleni pri prenosu z
realneho ekosystemu

Priklady casto vyuzivanych / merenych mikrobialnich aktivit:

MEreni respirace; mereni mineralizace dusikl;  mereni fixace dusiku; mereni AP,
produkce tepla; mereniinitrifikace, sulfurikace, oxidace zeleza apod.; mereni
denitrifikace;, desulfurikace; merenienzymovychi aktivit; atd. atd:



Bazalni respirace

jako bazalni mineralizace (= bez pridavku substratu) koreluje s obsahem

organicke hmoty (C,,,)

ISO 16072 (2002): Soil guality - LLaboratery. methods for determination: of
micrebial sell respiration

Dulezity parametr pro biologickou kvalitu ptdy — BR (basal respiration)

Limity a nevyhody:
aktualni pridavek substratu oviiviuje podil aktivnich mikroorganismu
relativni necitlivost k malym davkam kontaminantl

nutno kombinovat s jinymi_parametry (napr. mikrobialni' biomasa) ci
potencialni respirace (po pridavku substratu)

ngénvo Interpretovat s ohledem na obsah a doestupnych organickych latek v
pude

u terennich mereni nutno stanovovat opakovane v case — silna sezonni
zavislost



Potencialni respirace

po pridavku lehce vyuzitelneho substratu neni jiz respirace limitovana
substratem a dostavame obraz potencialni respirace - PR - ktera
odrazi skutecne energeticke potreby a mineralizacni aktivitu
mikrobialniho spolecenstva

mereni napr. jako produkce
CO, v. metode SIR

0,1 - 1% C-glukéza / 1g suiny
60 - 80% WHC

/

Titratné
Videj CO, méten 2
CO,-C GC

Cas (hodiny)
1 2 3 4 5 6
P Sklon primky (Regrese)

- Maximdln{ respiraénf odpovéd’
(Potencidlni respirace [PR]




Potencialni vs. bazalni respirace

VZOREK Voda + Glukoza

® ¥

/ 40% WHN*
Predinkubovan

Vzorek - 0% WHC Vzorek - WHC +

G saturujici mnozstvi glukdzy

Produkce CO, méfena
6 h/22°C .

« Produkce CO, mérena
24 h/22°C .

Bazalni respiraéni aktivita: Potencialni respiraéni aktivita:
BR [g CO,-C . den™'] PR [ug CO,-C . den™ ]




Mineralizace / respirace / vyuziti C substratt

Respirometrie - systémy kontinualné merici respiraci, presne€ji spotrebu
kysliku Ci produkei oxidu uhlicitého

Rizné metody detekce, rlizny design pristrojl

Vyuziti pro aerobni I anaerobni aplikace, pro studium biodegradaci, kinetiku
rustu sledovanou pomoci produkece produktu atd.

OXITOP — méreni respirace pomoci
zmeny tlaku

Emmmrmlr o app Freteo s WG . oaasing e




Rustoveé krivky merené pomoci produkce CO,

ISO 17155 (2002): Soeil quality’ - Determination’ of abundance and activity: of
sell microefiera Using respiration CUrves

metoda stanoveni “kontaminace® pldy (tzv. ecotoxic potential) a efektu
kontaminace Vv laboratornich studiich

Dilezité parametry:

lag time - cas od pridavku substratu
do pocatku exponencialniho rtistu —
reflektuje vitalitu "growers,,

rtstova rychlost p

aktivacni koeficient respirace:
Qr = Rg/Rs

cas k dosazeni piku

'Ec.
®
-
*

N

O

[

L]
[»]
O
2

Znecistena puda:

: .. = unpolluted soil (1)
~—— polluted soil (2
Qs >0,3 ; p (2)

lag > 20h
1:peakmax > 50h

100
fime [h]




Aktivity spojené s preméenami dusiku

Mikroorganismy: jsou naprosto stezejni: ke

Ammonium axidation
NH, ———————————————— N,
1) krome sinic a symbiotickych bakterii nedovedou organismy poutat N, YN ammoniom
\\\‘\\fsmmi\alinn
LN

2) zpétné uvolnovani dusiku do atmosféry

N
~
\\

Nitrite ammonification

3) transformace forem dusikatych sloucenin

Asgimilatory PJO:,\\,\
reduction N

“Noy — ——
Dissimifatory NO5~ reduction

Anaerobic

AKTERIE A PROCESY ZUCASTNENE NA KOLOBEHU DUSIK U.

Redukee dusiénann
{tvorba amoniaku
a denitrifikace)

Oxidace slouZenin dusiku

Fixace dusiku {tvorba dusitan a dusi¢nana)

Symbiotické Nitrobacteraceae Jiné baktérie " Baktérie zpisobuiief
balktérie oxidujici NOy; amonifikaci bilkovin
Neaymbiotické baktérie (Zijici sym- na NO;™ a denitrifikaci, vyuZivajici
(voln& Zijici baktérie) bioticky NO;” a NOy— jako
8 vikvovitymi akceptory vodiku
rostlinami) )

Azotobacteraceae Jiné baktérie

Azotobacter Enterobacter Rhizobium Nitrobacter]) Nocardia Thiobacillus denitrificans
Azomonas Nocardia Nitro- Streptomyces Pseudomonas stutzeri
Beijerinckia Clostridium spina N&které druhy rodu

Derxia Rhodospirillales Nitro- Bacillus aj.
cocecus




Fixace dusiku

Np

//‘ I - N, je fixovan do NH; : N, + 6e” = 2NH, (+630 ki/mol)

\\matgﬂ - sinice (hlavne ve vodach - Aphanizomenon, Nostoc,
mm\ Anabaena); symbiotick€ bakterie = (Rhizobacteriacae. -
N lusténiny); kolem 100 druht volné Zijicich bakterii aerobnich i

h anaerobnich  (Azotobacter, = Azospirileum,  Beljernickia,

Assimilatory NO\3’\ C/OS l‘l’ /C//U/‘I?)

reducticn o

NO;” *+————————————— NOy"

Diesimilatary NO” redction e systemy se liSi v mnozstvi poutaného dusiku; nejvice fixuji
symbiotické asociace, nebot’ v okoli korenl je prisun zivin

Denitrification
Nitrite oxidation

c
L
I
]
E=

c

[=3

E

E

©

2
=
=
=

i Anaerobic

 jde o proces spotrebovavajici
energil; probiha jen v dobrych
podminkach; je tedy citlivy

endpoint ke stresu Organism groups® kg N fixed ha~' year~’
T A AN
- inhibujici vliv. ma obecné Free-living heterotrophic bacteria 1-2
amoniak a pro volne Zzijic Cyangbacteria 530
fixatory vysoké koncentrace Symbiotic associations 100 - 200

(e.g., Rhizobium-clover)

kysliku; nektere ale maji

systém chranici nitrogenazu

pred pusobenim kysliku Pozn.: organismy kterym staci N, jako jediny zdroj dusiku se
nazyvaji diazotrofni



Fixace dusiku

Mereni: Acetylene reduction assay. (ARA)

vyuziva vetsi afinity nitrogenazy pro acetylen
systém s pudou, pripadné i s rostlinami, je vzduchotésny

prostor nad ptdou se z 10% nasyti acetylénem Ci smeési acetylen-kyslik a po néekolika
hodinach se meri ethylen

redukovany ethylen se stanovuje GC s FID detektorem

uziva se faktor 3 moll ethylenu na 1 mol fixovaného N,

je velmi citlivou, levnou a jednoduchou metodou
alternativou je mereni fixace °N - nutna draha instrumentace (IRMS)
muze se také sledovat rychlost rtstu organismt na médiu bez dusiku

casto se sleduje také pritomnost hlizek u cilovych rostlin



Amonifikace

proces kdy se NH3 uvolnuje z glutamatu (uvnitr bunek)

Ci proces kdy enzymem ureazou se Stepi mocovina

nebo extracelularni degradace proteazami, lysozymy, nukleazami
Zavislost na mnozstvi N v prostredi:

pri poméru C:N < 20 prevlada amonifikace

pri C:N > 20 asimilace

Metodicky: Ize rozlisit amonifikaci jako bazalni Uroven mineralizace N -
obdoba bazalni respirace v cyklu C; a potencialni amonifikaci po
pridavku substratu (argininu) - obdoba potencialni respirace

lutamate
P eyrogenase

NAD NADH
glutamate




Mineralizace dusiku

AMONIFIKACE JE SOUCASTI SIRSIHO POIMU: MINERALIZACE DUSIKU
NEBOT CAST NH, SE DALE OXIDUJE PRI NITRIFIKACI

metodicky nelze obe faze prilis dobre oddelit!!!

pokud chceme znat skutecnou (ne potencialni) amonifikaci je jedinou

moznosti mereni se znacenym dusikem 8NH,* Ci vytvorit anaerobni prostredi
zatopenim vzorku




Amonifikace

Mereni: Amonifikace - AMO (postup UKZUZ),

vzorek zatopeny vodou je inkubovan tyden pri 40°C

stanoveni amonnych iontd se provadi po extrakci 1M KCI (1:5) spektrofotometricky
(ISO 14256): pri 630 nm se sleduje zabarveni vzniklé reakci s NaOCl a phenolatem
sodnym (salicylanem sodnym), katalyza nitroprusidem sodnym (Berthelotova reakce)

jinou moznosti je stanoveni iontove selektivni plynovou elektrodou (ISE): amonné
ionty se prevedou na amoniak pri pH 11-13 pridavkem 10M NaOH; potencial se meri
elektrodou, pricemz ke kalibraci se uzije roztokl siranu amonného

vyjadruje se jako pg NH,*-N . g .t . d?

Alternativou je mereni se znacenym dusikem °NH,*



Amonifikace - potencialni

Mereni: Potencialni amonifikace (PAMO) - test s argininem

pridavek substratu (argininu) a stanoveni amonnych kationtt po 3h inkubace ptdy pri 30°C

stanoveni amonnych iontl se provadi po extrakci 2M KCI (1:4) spektrofotometricky (ISO 14256):
pri 630 nm se sleduje zabarveni vzniklé reakci s NaOCl a phenolatem sodnym (salicylanem
sodnym), katalyza nitroprusidem sodnym (Berthelotova reakce)

jinou moznosti je stanoveni iontove selektivni plynovou elektrodou (ISE): amonné ionty se
prevedou na amoniak pri pH 11-13 pridavkem 10M NaOH; potencial se meri elektrodou, pricemz
ke kalibraci se uzije roztokd siranu amonného

YZOREK
7. 3 N PFedinkubovdn
Metoda dava falesne vysledky voda + arginin

v kyselych pfidach a v pfidach voda \’/ v -
po aktualnim pridavku organicke hmoty

, P kontrol ?
PAMO neni selektivne inhibovana
cycloheximidem Ci streptomycinem /
a proto nelze oddelene merit Inkubace

amonifikaci bakterii a hub (30 °C / 3 hodiny)

extrakce (KCI) a

P +
stanoveni NH,




Nitrifikace

Na
vyznamny proces, umoznuje mobilitu dusiku v ptidé / l’ﬁ%&’é’ﬁ‘fn“ Asrobic

Dva kroky: v‘\\mmum

< 5 \ assimilation
l. HN,* + O, + 2H* > NH,0H + H,0 > NO, + 5H* A\

% 5 R-NH, E
AG = -66 keal . : . £
I1. NO, + 0,50, > NO,- NG
AG = -18 keal | MO Cissmistory NOg reducton

Anaerobic

oba kroky jsou striktne aerobni

Genus Species

zastava jej jen nekolik rodu, v pude prvni krok Ammeniam oxidizcrs
napr rod Nitrosomonas, Nitrococcus Rifrosamons
a druhy krok napr. rod Nitrobacter

WNrfrosocncets

zdrojem uhliku je pak CO2

enzym pro prvni krok je amoniak moenooxygenaza (AMO),
ktera ma Sirokou substratovou specifitu a muze M
kometabolicky oxidovat i nékteré polutanty. N ovidizers
napr. TCE Ci alkany az do C8
— Vyuziti pri bioremediacich 1!

1aring




Nitrifikace

Velmi dobry indikator stresu, je silné inhibovana polutanty - divody:

cely systém zisku energie je velmi narocny: 1. krok potrebuje oxidaci
34 moll amoniaku k fixaci jednoho molu CO,, druhy krok dokonce
oxidaci 100 molt NO,™ !II

dva kroky s pricinenim rtznych populaci, druhy krok je meéngé
energeticky vytezny (jen 70 kJ/mol!) - pokud kroky navazuiji,
nedochazi k negativni kumulaci dusitant (snizuje pH prostredi,
toxicky ..) dusitany inhibuji prvni krok !

obecne uz tak dost citlivy proces k environmentalnim podminkam:
pPH optimum je 6,6 - 8,0; pri pH < 4,5 se zastavi

Pozn: existuji I mikroorganismy heterotrofni, ktere provadi nitrifikaci a
neni. znAmo proc; predstavuji minoritni vyznam Ve srovnani s
autotrofni nitrifikaci



Nitrifikace

Potencialni nitrifikace (SNA)_(NEA - nitrifier_ enzyme_activity),

(potential amonium oxidation - PAO),

ISO 15685 (2004): Soeil quality’ - Determination of potential nitAfication - Rapia
test by ammonium exidation

plda je inkubovana v pufrované suspenzi s roztokem chlorecnanu sedného (inhibuje
oxidaci dusitanli na dusicnany) s pridavkem saturujiciho mnozstvi siranu amonného
(substrat pro oxidaci amoniaku na dusitany)

po 6 hod Ci dele, eventualne kazde 2 hodiny se meri koncentrace NO2-

koncentrace dusitanti se meri po extrakci KCI spektrofotometricky reakei s sulfanilamid a
Griess-llosvay cCinidlem = N-(1-naftyl)ethylen-diamin dihydrochlorid

jako referencni latku Ize uzit nitrapyrin
chlore&nan




Nitrifikace

Mereni: Nitrifikace (LNA)

Delsi inkubace se prilis nedoporucuji, nebot” mohou probihat zmeény spolecenstva.

ISO 14238 - Determination’ of nitrogen mineralization and nitrAfication in
solls and the influence of chemicals on these Processes

puda inkubovana po pridavku 1% siranu amonného; po 1-3 tydnech stanoveni
zbylého NH,* Ci vzniklého NO5-

jak pro stanoveni jako parametru kvality ptdy

tak pro testovani toxicity latek na N mineralizaci

lest toxicity:
plda pro test toxicity musi byt s Corg 0,5 - 1,5% a nizkym obsahem jilu
pridava se organicky zdroj dusiku - vojteska (C:N = 16)
testovana latka se prida v cca 5 koncentracich a po 28 denni inkubaci se méeri NO3-

vysledkem je procentualni inhibice



N mineralizacni potencial

Pri stanoveni mineralizace dusiku se casto spojuji oba procesy (amonifikace
a nitrifikace) v tzv. N mineralization potential

je to vyprodukoevana suma NH,* + (NO,)+ NO; v pudé na konci inkubace
(extrakce roztokem KCI)

pokud testujeme vliv. chemicke latky, dostavame klasicky vztah davka
odpoved’ s IDs

Stanoveni koncentrace dusicnanovych a dusitanovych aniontt v ptdach:

Dusitany.

dle 1ISO 14256 spektrofotometricky - reakci s Griess-llosvayovym cinidlem (sulfanilamid a N-1-
naftyl etylendiamin chlorid) tvori azobarvivo (543 nm)

Dusicnany.

nejprve nutno redukovat na dusitany (reduktor z kadmia — Devardova slitina) a pak stejné
stanoveni

nebo UV spektrofotometrii pri 210 nm
nebo iontove selektivni elektrodou ISE

v dnesni dobé existuji automatické analyzatory: FIA - flow injection analyzator



N mineralizacni potencial

Vzorek piidy

Ptedinkubace , ] + Ptfedinkubace
60% wizc NS Stanoveni NO;-N + NH,'- N 60% WHC
FEEFRASEENEEESENEERNANERD,

* Rozdil = mineralizaéni =
2& - otencial .
JL .Illllllll:lll swEEamasEma” AJ[
Inkubace 28-30 dni; 25°C Inkubace 28-30 dni; 25°C

Stanoveni NO;-N + NH,*- N Pravidolng odbery

Minerélni N v &ase na produkci
NO; -N + NH,*-N

Pozn: Obé varianty lze provést
i s pfidanym substratem (napf. siran
amonny, org, hmota). Doba inkubace
pak bude kratii podle koncentrace
substratu.




Denitrifikace

Ny

Vv anaerobnich podminkach l'#tfges:
Ammonium oxidation
NHg* ——————————— N0z’

dusitany a dusicnany slouzi jako TEA ‘ \\

assimilation

Ammaoni-
fication

N20 — sklenikovy plyn Il

R-NH,
»,

AV Y4 V' 4 - - ' 4 - - ] \
Mereni: kolorimetrickymi technikami, \ | Resmitory NOT_

iontove selektivnimi elektrodami, et N

]] ] ‘ e N03“
metodou "acetylene block R
(zablokuje N,O reduktazu a N,O je meren GC)

Nitrite ammonification
Nitrite oxidation

PDA 4.6 +0.6
Hppy 0.60 £0.09 | -

m 1L520.4
Hipps 048 £0.16

Figure 1. Examples of (a) potential denitrification activity (PDA); and (b)
potential ammonium oxidation activity (PAQ) patterns in soll without
(yellow symbols) and with (red symbols) the addition of 100 pg ioxynil
per gram dry soil. The different symbols (®, B, A ) are three replicates
of the same test.

(Units given for PDA are ng N,O-N g™' dry soll (d.s.) min™" and for pepa

hi', and units for PAO are ng NO,-N g™' d.s. min™".)

N,O-N (ng g d.s.)




Respirace - typy

Oxidacni reakce
Donor elektront =
produkt

Aerobic
foxidizing)

Redukcni reakce

Typ respirace Akceptor elektrond = produkt
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Enzymaticke aktivity

Sledovani enzymatickych aktivit - enzymy. v. ptide

obecny princip spociva v pridavku nadbytku substratu a sledovani jeho
Ubytku Ci produkce produktu za soucasné inhibice rustu mikroorganismu

mEri se enzymaticky potencial Ci kinetické parametry VVmax

Nejcasteji sledovany: e S"““'””\
Dead. Intact Cell
dehydrogenézy

P . o ; L Cell Debn
proteazy - inkubace s kaseinatem sodnym Living Cel s
5 inkub Y 1 Secretion *
ureazy - inkubace s mocovinou .
y Extraceliular Enzyme (—-—"—f—- Soluble Enzyme: <

amidazy romeAae % L/("*Umic Acids
Humus Bound Enzymes

fosfataz
Y Fig. 8.4 Conceptual
enzyme reservoirs.

model of the distribution of enzymatic activity within major soil

celulazy

B - galaktozidazy



Dehydrogenazova aktivita

enzym, ktery z ekotoxikologického hlediska vysoce prevazuje vsechny
ostatni

dehydrogenazova aktivita je tedy mirou celkove mikrebialni aktivity.

&
&
<
5
s
o
2
g
g
]
>
S
=1

Ly
f=1

10 100

' Cd (mg/kg)

FIG. 1. Dose—response curve for Cd (as CdCl, - H,O) and soil samples from the surface horizon of a Calearic Regosol (dehydrogenase test; mean responses
marked fidence limits).




Diverzita pudnich mikroorganismu




Biodiverzita ptidnich mikroorganismu

Biodiverzita

&
[
=
L
-
L"\
‘bA—
)

Strukturalni

taxonomicka
- g ?? interpretace ??

funkcni

?? kvantitativai miry ??

?? vzajemné vztahy markeru ??



Analyza lipidu

- -
~ PLFA jako biomarkery

- informuji o slozeni mikrobialniho spolecenstva:

- poskytuji ale 1 dalsi' informace:
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L
Phenylalanine
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Tween 40

i-Erythritol

[ Ry
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D4
L-Serine

D1
Tween 80

D2
D-Mannitol

d

B

ric

Ed
L-Threonine
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ao
Cyclodextrin

E2
N-Acetyl-D-
Glucosamine

¥ M
Hydroxybutyric Cy

Table 1

Carbon substrates in Biolog ECO microplaies. Assignment t
biochemical categories follows that of Tnsam (1997)

Polymers l
a-cyclodextrin
glycogen
Tween 40
Tween 80

C3
2-Hydroxy
genzolc Acld

Carbohydrates
p-cetlobiose®
i-erythritol
p-galactonic acid y-lactone
N-acetyl-p-glucosarmine
glucose-1-phosphate
{3-methyl-p-glucoside
nL-ce-glycerol phosphate

nnitol

D3
4-Hydroxy
Benzoic Acid

—or

L-8

a-p-lactose

p-mannitol

Carboxylic acids
y-hydroxybuiyric acid
a-ketobutyric acid

Fa

Glycyl-L-

Glutamlc Acid

Fi
Glycogen

F2

D-
Glucosaminic
Acid

; p-galacturonic acid
M‘d p-glucosaminic acid
‘ itaconic acid
p-malic acid*
Fa F 4 Fﬂ pyruvatic acid methyl ester
Illconlc Acld G'VCV"L' Gl] Amino acids

L-arginine®
L-asparagiine
glycyli-glutamic acid
1-phenylalanine

Glutamic Acld

i
G4 Q1 ines
02 Ga - D4 Am“:;‘ ethylamine
ric gl:onvhlhvl- GD-(:ol1 joblose |Glucose-1- a-Ketobutyric |Phenylethyl paosine.

Phosphate

Acld

Phenolic compounds
2-hydroxybenzoic acid®
4-hydroxybenzoic acid®

H3

H4

| P

* Indicates substrates not present in GN plates.




Geneticka diverzita MO

Nejcastejsi metody pro zisk ,genetickeho fingerprintu spolecenstva®
ARDRA - amplifikovana ribosomalni DNA restrikcni analyza
RELP - restrikcni analyza mnohotvarnosti délky fragmentu
T-RFELP - koncova restrikcni analyza mnohotvarnosti délky fragmentt
DGGE - denaturujici gradientova gelova elektroforeza
TGGE - teplotni gradientova gelova elektroforeza

ARISA - automated ribesomal intergenic spacer analysis -
rtiznorodost délek mezi geny malé a velké ribozomalni podjednotky.

Microarrays - mikrocipy

SIP. (stable isotope probing) — znaceni stabilnimi izotopy.

Snimek 79



Kombinace pristupti




Kombinace pristupu

Grouping of the Soil Microflora According to Possibilities to Study
Populations and Activities at Different Functional Levels

Functional level

Examples of observations

Organisms

Populations

Activities

Interactions

Genetic changes

Enzyme activities

Physiological changes, e.g., growth

Biomass (bacterial, fungal, total)

Number of populations, e.g., actinomycetas, bacteria, fungi

Specific organisms, e.g., ammonitiers, cellulose degraders,
cyanobacteria, denitrifiers, ligninolytic organisms, mycorrhiza (ecto,
arbuscular), nitrifiers (ammonium oxidizers, nitrite oxidizers),
proteolytic organisms, Rhizobium spp.

ATP-measurement, CO, production, heat production, O, consumption

Ammonification, cellulose decomposition, denitrification, litter
decomposition, nitrogen fixation (Rhizobium, heterotrophs,
cyanobacteria), straw decomposition, sulfur oxidation

Combination of activity and biomass data, giving specific activities

Mycorrhiza (ecto, arbuscular), pathogens, physiological changes,
Rhizobium, rhizosphere organisms (associate nitrogen-fixers,
producers of growth stimulating or inhibiting substances)

Soil aggregate stabilization (bacteria, fungi)




Kombinace pristupu

Soil ecasystem parameter Microbial indicator

Function C-eyeling Soil respiration

Metabolic quotient (qC0:
Decomposition of ur.g.,fmiu; matter
Suil enzyme activity

MN-cycling M-mineralization
Mitrification
Denitrification
M-fixaton

General activities Hactenal DNA synthesis
RNA measurements
Bacterial protein synthesis

Community growth physiology
Root-activit Mycorehiza

Biodiversity General biomass Microbial blomass: direct methods

Microbinl biomass: indirect methods
Microbial quotient
Fungi
Fungi-bacteria ratio
Protoezoa

Biodiversity Structural diversity
Functional diversity
Marker lipids
Suppressiveness to pathopens

Bioavailability of Binzensor bacteria

contaminants Plasmid-containing bacteria
Biomarker species

Imcidence and expression of catabulic genes




ate

Kombinace pristupu

Ecological rele-
vance ties

High High

Intermediate-high High

Intermediate-high
Intermediate-high

High
High
High High
High Intermediate

High High
Intermediate-high High

Integration of soil proper-  Sensitivity to

change

Intermediate

Intermediate

Intermediate
High

Intermediate
Very high

High
High

Documentation

High
High

High
Intermediate

intermadiate

Low-

Intermediate

Intermediate
High

Reproducibility

High

High

Intermediate
Intermediate

High
High
High

Intermediate-
high

Economy/pra
lity

Good {10-day
tion)

Good {10-day
tion)

Intermediate

Good (10-day
tion)

Good (10-day
tion)

Good

Intermediate
Poor-interme



Kombinace pristupu

Syntéza nové biomasy
Rozvoj spoledenstva

Narust aktivity na jednotku biomasy

a) zvysené niroky na udriovaci energii
dlouhodobg negativni
b) kritkodob4 reakce na dostupny
substrat

yPokles reakce na lehce dostupny substrét

a) zvyseni "nabidka" substritu v pidé
b) inhibice respiralni aktivily

Pokles obsahu biomasy
Dtouhodobg velmi negativni jev

Pokles aktivity na jednotka biomasy

a) syntéza nové biomasy -
diouhodobé pozitivni
b) prudk4 inhibice respiralni aktivity

Intenzivni reakce na lehce dostupny
substrat

a) nedostatek dostupného substritu
v pudé; nedostatek energic
b) velky mineralizaéni potenciil




MUNI RECETOX

Pudni bezobratli



Bioidikace pomoci
pudnich bezobratlych -

priklady

MUNI RECETOX

Doelman & Eijsackers (2004)

Indicator system Principle Application Reference
Mematode maturity Nematodes classified | Can be applied toall Bongers (1990),
index on a “colonizer” - soils; measures Yeates and Bongers
“persister” scale general response to (1999)
stress (metals,
acidification,
...... - | eutrophication)
Predatory mite Mesostigmatid mites | Mostly limited to Ruf {1998)
maturity index classified according to | Forest soils; measures
an r-K score soil properties related
to mullimeor humus
Earthworm life-history | Earthworms classified | Can beapplied toall | Bouché (1977),
strategies rccording to position | soils with sufficient Paoletti (199%a)
in the soil profile and [ number of species;
burrowing behaviour | measures aspects of
humus type, pH and
cultivation
| .| tploughing)
REAL model for Integrated data base of | Very wide application | Bouché (1996)
earthworms varigus aspects related
io the ecological and
agronomical role of
L _| earthworms
Enchytraeid Scores related to Applicable to Graefe {1993),
Reaktionzahl - | responses to acidity situations where Beylich et al. (1995)
and humidity effects on soil pH are
assigned to manifested, for
enchytracids example cement
factories
SIVPACS Pollution responses of | Data base on species- | Spurgeon et al.
carthworms, isopods | Specific responses not | (199¢)
and spiders, yet operational; at the
comparable to moment only applied
RIVPACS to heavy metal
poilution
Woodlice life-forms Classification of Composition of isopod | Pacletti and Hassell
woodlice according to | fauna indicates effects | (1999)
body shape and of soil cultivailon in
agricultural

movement pattern

landscapes




Bioidikace pomoci
pudnich bezobratlych -

priklady

MUNI RECETOX

Doelman & Eijsackers (2004)

Indicator system Principle Application Reference
Macro invertebrate Enumeration of Applied in orchards Paoletti and
biodiversity species richness of and other agricultural | Somaggio (1996),
earthworms, beetles, ecosystems to indicate | Paoletti (1990k)
isopads, spiders, ants, | land use and copper
millipedes, pollution
centipedes, ete. o
Ant functional groups | Classification of ants Wide application; Andersen (1995)
according to groups used in evaluation of
reflecting nature restoration and
L susceptibility to stress | effects of mining L
Diptera feeding Classification of Reflects type of Frouz (1999)
Broups dipteran larvae in five | organic makerials in
feeding proups sail; applicable to
_organic soils S
Arthropod acidity Classification of Allows quantitative Van Straalen and
index arthropods (Collem- estimation of soil pH Verhoef (1997,
bola, orlbatids, from invertebrate Van Straalen (1998)
isupods) according to | community structure
pH preference L
Oribatid mite life- Classification of mites | Indicates intensity of Siepel (1994), Siepel
history strategies according to anthropogenic (19%6)
reproductive and influence and
dispersal strategies successional stage of
forests and grassiand
grosystems -
Life-forms of | Classifteation of | Indicates profile Van Straalen et al.
Collembola | Collembola according | bui ld-up and (1985), Faber (1991}
% to morphalogical ecclogical processes
! types reflecting  siratified according to |
position in Hie soil | the profily; mostly
profile | applicable to forest
’ sails
Dominance Lognormal General impression of | Higvar (1994)
distribution of micro | distribubion of disturbance; applied
arthropods numbers over species | 1o effects of heavy
metals and acid rain
tn forest and
grassland soils .
Biclogical [ndex of System of scores Provides indication of | Parisi (2001), Gardi
Soil Quality (BSQ) assigned to groups of | biodiversity; wide et al. (2002)

soil micro arthropods

applicability




-

Pollutant group

| Vulnerable animal

_groups

Polyeylic aromatic

| Remarks
i

Isopods, Collembola

| Little knowledge availoble. Large inter-species

hydrocarbons, i differences in metabolism. Metabolizers
azaarenes and | expected o be more sensitive than
derivates | aceumulators.

Persistent Vertebrates (Rodentia Low toxicity to invertebrates, Effects appear

arganochlorines
(MCBs, dioxins)

and Insectivora)

i higher up in the food-chain Earthworms are
._Important in transfer,

|
Chlorinated ! Earthworms | Toxicity due to general narcotic effects,
ethylenes, i probably small inter-species differences.
phenoles and ! i
benzenes |
Qil, BTEX Earthworms Toxicity partly due to changes in soil structure,
Alkyl benzene | Enchytraeids, Field data scanty. Laboratory data suggési

sulfonates and
other detergents

nematedes, earthworms

highest wxicity to pore water-dependent
species.

Veterinary drugs, | No data available Interactions in decomposer-micro-organism
antibioties, interactions expected, but not documented.
hormones L )

Copper Earthworms, shags, Copper toxicity to earthworms well

snails, oribatid mikes | documented.
Zine .| Enchytraeids, | Taxicity of zine does not follow the main
i nematodes, earthworms, | taxonomic groups of soil invertebrates, Many
- isopods, soft-bodled i groups contain sensitive as well as tolerant
! springtails species. .
Cadmium Oribatid mites, spiders, | Cadminm seems to be most toxic to
some springtails, invertebrates that take up the metal with the
vertebrates (shrews, food, Due to foed-chain accumulation effects
e appear in predators and vertebrates,
Lead Oribatid mites, shrews, ! Differences between Invertebrate species
| muolke i relatively small. Main hazard of lead is higher
| up in the food chain,

Herbicdes Mo group in particular Low toxicity of modern herbicides to animals.
Effects are mostly secondary (avoidance of
sprayed leaves, loss of food, Increase of litter

i cover).
Fungicides Earthworms, Benzimidazoles, carbamales and arganoting

enchytraeids, lsopoeds

are knpwn for their considerable side-effects
|- on animals

Bioidikace pomoci
pudnich bezobratlych -
priklady

Doelman & Eijsackers (2004)

Pollutant group

Vulnerable animal

groups

Remarks

Insecticides Many arthrapod groups, I Animals with high surface activity are
i In particular beetles, ! particularly vulnerable. Large differences
| spiders, mesostigmatid | between species due to species-specific
{ mites and springtails i exposures and metabolic capacities, Many
secondary effects among detritivores due to
! suppression of predators.
Acidie i Snails, dipteran larvae, ‘ Large differences between species within each
precipitation i earthworms, some 1 group. Earthiworms generally avoid acid soils.
| oribatid mites, some | Many Collemnbola and mites are acid tolerant,
| Collembola, some but some are very alkalophilic and suffer from
i isopods acid precipitation,
Radiation Earthworms, cribatid Species-specific vulnerability due to exposure,

SR

i mites

rather than inherent differences in sensitivity.
Permaonent soil dwellers and soil ingesters
receive high doses,

Note: this table only describes the general irends and ignores the many spedes-specific sensitivities
related to metabolism, microhabitat choice and life-cycle



Techniky vzorkovani

= ruzné dle typu a zejména velikosti organismu

= rucni trideni, vybirani

= zemni pasti

= vypuzovaci metody

= extrakCni metody: Tulgrenova extrakce, O’'connorova extrace ...

MUNI RECETOX
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Techniky vzorkovani

= Kvantitativni metody absolutni

O

O

odbér vzorku, extrakce a separace

extrakce — Tullgren, Baerman, O’Connor, Berlese, chemicka extrakce,
elektrina

separace — rucni vybirani, wet sieving, flotace

= Kvalitativni relativni pocty

O

MUNI

ruzné metody nejCastéji zemni pasti padaci - formalin, detergent — velikost,

pocCet, rozmisténi, hloubka

zavislost na chovani zvirat — selektivni — vetsi se chytaji Iépe nez mensi —
maji vétsi akcni radius

individualni sbér + rizné pomucky — prosévani, navnady

RECETOX
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Techniky vzorkovani - kvantitativni

=  Sondy — odbéry — vyndame jadro — vzorek
o jak velky vzorek? kolik vzorku na jakou plochu?, jak maji byt vzorky rozmistény?

o lze udélat optimalizacni studii: napfriklad sledovat jak s po¢tem vzorku klesa mnozstvi
zachycenych druhu; nebo odhadnout jak jsou zastoupeny podtypy na dané lokalité — z vice
abundantnich vzit vice vzorku a z méné abun. ploch méné; nebo udélat smésné vzorky

o hloubka: vétsina fauny zije v hornich 10 cm, ale nemusi to byt vzdy — stratifikace
= Extrakce
o extrakéni — vypudit z pudy, nelze klidovy stadia
o elektrika apod, WORM EXPEL - tyCe — proud
o nejCastéjSi princip svétla a tepla
o mechanicka separace — posSkozeni materialu
o nhejpouzivanégjsi flotace — suspense p 1,12 — puda klesa, organismy plavou
o vafi ve vakuu — vysaje se vzduch z detritu
o flotace — voda/glycerin, voda/glukdza, voda/soli — odvodni organismy a ty pak taky padaji

MUNI RECETOX https://www.youtube.com/watch?v=5XRoAZBdKaU
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Jsou nato ISO normy

ISO 23611-1:2006

Soil quality -- Sampling of soil invertebrates —
Part 1. Hand-sorting and formalin extraction of earthworms

ISO 23611-2:2006

Soil quality -- Sampling of soil invertebrates —
Part 2: Sampling and extraction of micro-arthropods (Collembola and Acarina)

ISO 23611-3:2007

Soil quality -- Sampling of soil invertebrates —
Part 3: Sampling and soil extraction of enchytraeids

ISO 23611-4:2007

Soil quality -- Sampling of soil invertebrates —
Part 4. Sampling, extraction and identification of soil-inhabiting nematodes

ISO/DIS 23611-5

Soil quality -- Sampling of soil invertebrates —
Part 5: Sampling and extraction of soil macro-invertebrates

ISO/DIS 23611-6

Soil quality -- Sampling of soil invertebrates —
Part 6: Guidance for the design of sampling programmes with soil invertebrates

MUNI RECETOX
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Pro¢ zizaly jako ekotoxikologicky endpoint ?

= cely jejich vyvojovy cyklus probiha v ptudé (typicky geobiont)

= konzumuji velka mnozstvi pudy (vysoka expozice potravou a akumulace kontaminanti)

= maji velmi tzky fyzikalni kontakt s ptidou (expozice pokozkou)

= maji vyrazné bioakumulacni a biokoncentracni charaktery (jejich analyzou posuzujeme vliv
delsiho casoveho obdobi) = patri mezi tzv. makrokoencentratory

= vysoky a vyznamny podil na tvorbe pudy, dekompozicnich procesech, pudni Girodnosti
= klicové postaveni v prenosu polutantu v potravnich retezcich
= vyskyt temér ve vSech pudach ve vysokych poctech i vahach
= osvedcene, zavedené v laboratornich testech (nenarocny chov)
= spadno se identifikuji v realnych vzorcich (diky velikostr)
vysoce a dlouho standardizované postupy.

propracované zacleneni do systemu hodnoceni ekologickych rizik



Proc zizaly jako ekotoxikologicky endpoint ?

vysoce a dlouho standardizované postupy.
propracovanée zacleneni do systemu hodnoceni ekologickych rizik

rada terennich studii a pokusy vytvoreni standardniho polniho testu (Dansko) - byl vytvoren

ekotoxikologicky systém pro predikci nechténych Ucinkt (side-effects) pesticidl a chemikalif v
realném ekosystemu

predikce na zakladé standardnich laboratornich testt se validuje polnim testovanim, tzv. tiered
approeach



Zizaly — biologie, ekologie

Kmen: krouzkovci (Annelida)
Podkmen: opaskovci (C/itellata)
Trida: malostétinatci (Oligochaeta)
Rad: Haplotaxida /. Opisthopora

Podrad: zizaly (Lumbricina)

zkoumany. iz od 1881

pigmentovaneé telo ceca 3 - 30 cm dlouhé, povrch pokryt hlenem

pohlavni rozmnozovani, hermafrodité, spermie dozravaji drive nez vajicka
opasek (clitellum) — sekret + vyméena pohlavnich bunek, tverba kokonu

dychaji celym povrchem tela, uzavrena obehova soustava, zebrickova nervova soustava, vylucovani -
metanefridia



Cuticle

Epidermis Coelom

Circular muscle ¢ : Septum (partition
s between segments)

Longitudinal | _ A ' :
muscle A / ; ; ; | | Prostomium

Male pote Crenital tumescence

Genital tumescence . .
Petiztomium

Female pore

Dorsal 2T AR T WL -
vessel RAR: ur 8 & \ Tubercula pubertatis | )
| A Crenital tumescetice

Clitelham

Intestine : ¢
: - . } Meta nﬂphrid'um o Selvarert, DLP ., 1990, Olizochaeta: Lumbricidas. p 349,
; ! In D L. Dindl (ed) Soil Biology Guide. John Wiley & Son.

Nephrostome Setae o % Copyright 1990 Jolm Wilay & Son: This material used by
Ventral Nerve cord A ' : - petmission of John Wiley & Sans, Inc.
vessel i ol SR

g ; \4'""'"'
iy Metanephridium

Clitellum

serminal

Pumping
Pharynx vessels

Cerebral ganglia

7 : s Intestine

It r
pin

e =

5 Gizzard
Ventral nerve
Subpharyngeal ~ Esophagus  with segmental ganglia
ganglion
Copyright & Peamson Education, Inc., publishing as Benjamin Cummings.

http://www.sas.upenn.edu/~rlenet/Earthworms.html
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v pudach jsou desitky: (Iesy) az stovky: (travni porosty) zizal (10-200g) a az kilogramy zizalincti na 1 m2
za rok premisti az 80 tun na ha materialu
celosvétove kolem 500 druhfi, v CR kolem 30 druht

prokousavaji se pldou, takze stravuji kromé zeminy, organickych rezidui rostlin i pritomny mikroedafon,
houby, plisng, hlistice a mikroorganismy.

vetsina zizal dobre stravuji listnaty opad, ale hire jehlici a bukové a dubové listi, pokud nebylo predtim
mikrobialne zmekceno

soucast potravniho retezce: ptaci, krtci, jezci apod.

vetsina preferuje pH kolem 7, ale jsou i v pH 5,2-5,4 (L. terrestris), E. fetidai pH 8, dokazi neutralizovat
potravu V. travicim traktu

optimalni teploty 10 °C, kolem 30-40 °C letalita

citlivé na vihkoest, 12-30 % vihkost ptidy je optimum
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Zizaly — biologie, ekologie

e

_p_gelcke - Ziji'na povrchu pudy, v opadu, na roezhrani pudy a humusu i v humusu, Zivi se opadem — rychly
pru”chod strevem, syte zbarvené, mensi, 10 — 50  mm, kratky cyklus, rychly VyVOJ, vysoka reprodukce,
nepriznive obdobf v kokonech, Dendrobaena octoedra, Dendrobilus rubelus RIS et

Eisenia foetida a E.anare/ jsou ptvodem hnojni a kompostni druhy.

endogeicke - Zijit v ptde, bez pigmentu, cca 15 cm, hloubeji vi mineralni pude, nepriznivé ebdobi preckaji

guiescencl. = hybernace, ale ne v snizene teplote ale za sucha = letnl' diapauza, Octolas/um. lacteum,
Aporréectodea callginosa ). TP AT

aneicke - vytvari a Ziji ve vertikalnich chodbickach; v celém profilu az 6 metrt hluboko, zatahuji' residua doll,
10— 100 cm, pomaly vyvoj, v mineralni' ptde, v cernozemich — prisun letnich prlsusku diapauza nebo v
Klidu, Lumbricus terestris, L. rubellus, Allobophiora longa o
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TABLE4.11. [Ecological Categories, Habitat, Feeding, and Morphological
Characteristics of Earthworms
—-—-—"-—_—‘_'_—_-—_—_———-_____—___

: : Size and
Category Subcategory Habitat Food pigmentation

Epigeic Epigeic Litter Leaflitter, <10cm, highly
microbes pigmented
Epi-endogeic Surface soil Leaf litter, 10-15cm,
/Epi-anecic microbes partially
pigmented

Endogeic Polyhumic Surface soil or Soil with high <15 cm, filiform
root zone organic content unpigmented
Mesohumic Upper 0-20cm  Soil from 0-10cm 10-20cm,
soil strata unpigmented
Endo-anecic 0-50c¢m soil, Soil from 0-10cm >20cm,
some make strata unpigmented
burrows
Oligohumic 15-80cm Soil from 20-40cm  >20cm,
soil strata unpigmented

Anecic Anecic Lives in Litter and soil >15¢m,
burrows anterodorsal
in soil pigmentation

“—__“-_—.—___—_

Modified from Barois et al., 1999.

ekologie

Fig. X1z Spatial distribution of the three earthworm ecological
groups. 1 = epigeic specis, 2 = anecic species, 3 = endogeic
specis and 4 = cast deposition on the soil surface. (DC)




Polyhumic Ertncs

- “Uitet toeder

- Rich soil feeder Littar cwal

- Topsoil (A,) dweller g P‘_ er ":edef

- No pigmentation - Figmente

- Horizontal burrows - No burrows Burrow networks created by

- Small size - Small size endogeic species

Burrow created by

anecic species

Mesohumic

AReCic endogeic

- Litter + soil feeder :
. . : - Bulk A, soil feeder
- Soil dweller Oligohumic - A & B horizon dwellst

- Dorsally pigmented endogeic - No pigmentation

- Extensive vertical burrows - Deep (poor) soil feeder - Extensive horizontal burrows
- Medium size ) : The image above shows a 3 dimensional reconstruction of a

(permanent :
2 l?arge size ) - B & C horizon dweller
- No pigmentation —= natural burrow ork :r2§ted by earthworms. The irp_a_;te is constructed
- Extensive horizontal burrows from a group of images obtained by x-ray tomography. (GF)
- Very large

FIGURE 4.64. Pictorial representation of some of the characteristics of earthworm eco-
logical strategies (categories) as proposed by Bouché (1977), Lavelle (1981), and Lavelle |
et al. (1989) (from Brown et al., 1995).




Fig. XIILII: The photo to the left shows
Alfolobophoridella efseni, an epigeic
species which lives in the leaf litter and
mulch layer and only sometimes maoves
down into the top few cemtimetras
of the soil. The photo on the right
shows Aporrectodea giardi, an anecic
earthworm of a different genus. Photos:
left (MBo) and right {OC}

=, 'i'}“ s v 5 - Y 'F"-*"I‘ ¥
ig. Ill: Abowve are three different species of endogeic earthworms (Left - A.pnrrecm.—;fea'i
albanica While | = B Lt AP A
all three species fall into the same ecological group, clear morphological differences can be | kR
saen in both the pigmentation, size, shape and position of the clitellum (saddle). (I:C)







Zizaly — vyznam

pro pudu maji velmi velky vyznam

chodbicky, kterymi pronika voda i vzduch, rostou koreny

spoluvytvari staly humus, enzymaticky rozklad ptdni organické hmoty

zdrobnuji rostlinna rezidua, zatahuji je do hlubsich vrstev pldy, / = ‘i A
promichavani organickych residui s mineralni slozkou ptidy 4 \\

47
pres travici trakt misi organickou hmotu s mineralnf, ; ’/:, = \
meni organickou hmotu i chemicky = vymety zizal " -f_;;_,..:_g' \\
(Zizalince) - diilezita slozka plidni struktury, AW
koncentruji dusik, vapnik, draslik, fosfor, ) L\ L

zakoncentrovani mikroorganismd

obohaceni pudy dusikem vymesky: a tely
zizal az 100 kg/ha/rok,
snizuji pomer C:N v ptdé




TABLE 2.1

zaly — vyznam

The Seven Main Mechanisms by Which Earthworms Affect Plant (Mostly Root) Growth

either Directly or Indirectly through Physicochemical or Biologi

Environment

Mechanism Category (Type)

Mechanism Mode Biological

Indirect (mediated
through changes in
the rooting
environment, or via
interactions with
organisms that affect
root growth and
production)

and activity of beneficial
microorganisms (plant growth
promoting rhizobacteria, N, fixing root
symbionts, saprophytic and mycorrhizal
fungi, microbial biocontrol agents,
microbivorous and entomopathogenic
nematodes, protozoa)

2. Effects of earthworms on populations
of plant pests, parasites, and
Pathogens (increase or decrease in
populations and incidence of plant-
parasitic nematodes, phytopathogenic
fungi and bacteria, plant viruses?, shoot-
and root-feeding insects)

3. Production of plant growth
promoting/regulating substances
(hormones, vitamins, humic matter,
auxins, cytokinins, gibberellins,
ethylene, microbially induced and/or
excreted by earthworms.

4. Root abbrasion and ingestion of
living plant parts by earthworms
(feeding and/or ingestion by earthworms
of living roots or plant shoots, and direct
damage to growing roots)

5. Interactions between earthworms
and seeds (ingestion, digestion, burial,
dispersal, changes in germination rates
and potential)

Direct (earthworm
activities that
influence root
growth/production in
a direct manner)

Physical

1. Dispersal or changes in populations 6. Changes in soil

structure caused by
earthworms (pore and
aggregate size distribution
and associated processes,
including aeration, water
retention, hydraulic
conductivity, infiltration,
erosion, runnoff, aggregate
and crust formation and
breakdown,
compaction/soil slumping
and decompaction/soil
loosening)

i i enia stipitata (arazd)
FIGURE 2.4 Stimulation of Eugenia stipt . ;
after inoculating tree nursery bags (filled with 2 parts soil and 1 part composte

cal Changes to the Soil

Chemical

7. Changes in nutrient
spatiotemperal
availability caused by
earthworms (release or
immobilization of
different plant nutrients,
leaching, denitrification,
volatilization, OM
mineralization, protection
and/or humification,
chelation of metals, pH
changes)

i ization 120 days
vth and root mycorrhizal colonization
i d sawdust) with five (0.35 g

otal wet wi t) or te 0.7 1 le duals ()f the [)allt Dpl al e()pha ous endogeic earthworm p .
1 t W elgh) T en ( g) 1 h T (! £ £ 2 W Species I

corethrurus. (Ydrago 1994; Photograph P. Lavelle.)
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Figure 12.1 Schematic representation of the drilosphere components and their relationships with the external
and internal earthworm environment, microorganisms, and organic matter. (Modified from Brown et al. 2000.)




Metody vzorkovani zizal v terenu

Metody vzorkovani zizal
fyzikalni (Zizaly jsou mechanicky vyndany z ptdy)
behavioralni (stimulace k pohybu z pldy a pak sesbirani)

neprimé (abundance jsou urceny na zakladé odchytt do pasti, Ci evidenci
pritomnosti zizal)

Nejcasteji jde o:
promyvani a presavani
chemické a elektrické podnéty

pasti

ve vdech pripadech je nutny. PROMYSLENY DESIGN VZORKOVANI v
terénu pocty vzorkl (napr. 30x30x30cm) jdou do desitek az stovek v
zavislosti na velikosti lokality (cca 2-12 na 10=<10m)



Metody vzorkovani zizal v terenu

ISO 23611-1:2006 : Soil quality -- Sampling of soll invertebrates -- Part 1: Hand-

sorting and formalin extraction of earthworms
Rucni vzorkovani
vzorkovacem Ci rycem se odebere puda cca 0,05 - 0,25m2, hloubka 0,1-0,3m
vetsinou se rozdeli na vrstvy cca po 10cm
na bilém podkladu se vybiraji cervi
pokud je zizala pretrzena, vetsinou se jen hlavova cast pocita jako jedinec

Promyvani a prosevani

predosetreni vzorku 2% hexametafosfatem sodnym a 4% formaldehydem
dojde k usmrceni a k fixaci Zizal

existuji-mechanicke bubny: se sity vyvinute v 70. letech

presaty material obsahuje krome jiného zizaly a kokony




Metody vzorkoevani zizal v teréenu

Chemickeé repelanty (doporucuje je 1SO)
aplikace latek, které nuti zizaly unikat z pudy, na ptdu in situ ¢i na odebrany vzorek
pouzivaji se chlorid rtutnaty, permanganistan draselny a formaldehyd, extrakt z horcice
0,22% formaldehyd (= 0,55% formalin)

na dané plosce 0,25m? se udelaji’ hranice z plechu vysky cca 10cm, ostriha se vegetace,
aplikuje se roztok z konve postrikem cca 13-18L/m? a cca po 10-25min se shiraji’ zizaly
(rukavice!)

metoda dobra zejména pro druhy aneické, které maji chodbicky Ustici na povrch (Lumbricidae)

horizontalné norujici (Aporrectodea) jsou zasazeny ale nedostanou se na povrch - muze vsak
byt pouzita pro jejich migraci blize k povrchu, kdy pak mohou byt aplikovany predchozi metody.

ucinnost extrakce se lisi v zavislosti na ptidnim typu, teploté, vihkosti
Elektricka extrakce (doporucuje 1SO)

do ptidy se zastrci elektrody s napetim cca 30-60V.

po cca 30min se shiraji cervi

mnoho faktord ovliviuje: vihkost, elektrolytické vlastnosti pudniho roztoku, teplota
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Characterisation of hand-sorting: Size of sampling plot
50 % 50 em (= 0.25 m?); Depth of sampling plot: 10 — 20 cm;
MNumber of samples depends on soil properties and worm
abundance (Fig. 8.8).

Advantages: no use of toxic chemicals, no need of water.

Disadvantages: strong disturbance of soil, labour and time
intensive.

Work procedure: Removal of soil by means of a spade or
shovel followed by spreading out of soil on a piece of plastic (in
the field or a room) and cautiously, searching for the earthworms
(by hand or forceps).

Characterisation of Formalin extraction: Use of the same
sampling plot as for hand-sorting (= 0.25 m?*; Concentration:
0.5% = diluting 25 mL formalin (37%) in 5 L water.

The formalin extraction works particularly well with anecic
earthworms which have burrows connected to the sail surface.
When water in the case of rain, or formalin in the case of this
extraction methodology enters the burrow, the earthworm
detects it through its skin. In the case of water the earthworm
moves to the surface as it would drown if its burrow became
water logged. In the case of formalin, the earthworm tries to
move away and it does this by leaving its burrow by going to the
surface, when it arrives at the surface it can then be collected
by hand

Work procedure: Application of the formalin solution to
the sampling plot. This is repeated until 20 litres are added (the
amount can be adapted depending on soil properties) followed
by observation of the plot and collection of all worms appearing.
End of sampling 30 min after application of the last watering (Fig.
8.8).

Advantages: high efficiency espedally for anecic species.

Disadvantages: use of chemicals and the need for a large amount
of water.

Metody vzorkoevani zizal v

terenu

Handling of the worms after collection: Immediate
fixation in 70% ethanol e.g. in 250/500 ml plastic pots, for at
least half an hour but not longer than 24 hours. Worms can
then be kept in 4% Formalin for at least 4 days (better: | or 2

weeks). Afterwards worms can be stored for an unlimited time
in 70% Ethanol.

Tropical Soil Biology and Fertility (TSBF)-Method
(medification for tropical seils): Hand-sorting of soil monoliths
(25 x 25 x |5 cm) for soil macrofauna (body length > 2 mm) at
the end of the rainy season. The litter layer is treated separately.
All worms (> 10 cm) found in a 20 cm trench are included.
The monaolith is divided into three layers (each 10 cm high) and
each is sprayed with formalin (0.2%) repeatedly at 10 minutes
intervals. VWorms are preserved in 4% Formaldehyde.

Advantages: high efficiency.
Disadvantages: high number of replicates (time consuming) and
efficiency depending on clay content.

Electrical extraction: Eight electrodes (52 cm diameter) are
placed in the soil. They generate an electrical field by which the
worms are driven out of the soil (Fig. 8.8).

Advantages: no use of toxic chemicals, no need of water.

Disadvantages: expensive equipment, variable results, difficult to
use in stony soils, efficiency dependent on soil moisture.
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How Do You Catch Giant Earthworms?

The standard method on earthworm sampling is suitable almost  they are caught by hand. This must be done carefully since several
globally, butin some cases it simply does not worke For example, species are able to shed their tails in case of danger. In France —
what do you do when the worms to be caught are two to three  worms can be up to | metre, in Chile — worms
times larger than the hole what is used for hand-sorting? While can be up to 3 metres long!

in temperate regions earthworms do usually not gmw larger

than 50 cm in length, in tropical regions of

South America and Africa and also Australia,

species occur which are can be more than .5

m long (See Section 3.4). Obviously, in these

crcumstances, the standard method does

not work — but two options are left: Digging

big holes, which is very labour-consuming

and rarely efficient since it is difficult to

knew where these worms can be found. Or

alternatively, a technigue successfully used

in the tropical Amazonian rainforest (Brazil),

is performed as follows: Firstly, an area of

at least 2 x 2 m is deared of litter particles.

Secondly, a formalin solution Is sprayed on the

surface of the mineral scil (preferably, several

times) and within the next 30 minutes, these

giant worms come to the surface. Finally,
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Pasti
pasti s navnadou (hntj) i bez
nadoba sklenena Ci plast se striskou, s malymi otvtirky ve dné pro Unik vody

rozmisti se a denné Ci tydne se kontroluji a vybiraji

Ventral View

Skladovani vzorki
ve 4% formaldehydu Ci v 70-80% ethanolu
Ildentifikace zizal
externi charakteristiky pomoci lupy: Ci binokularu
casto je identifikacnim znakem oblast kolem

clitellum, setae, seminalni vacky spermatotéky apod.

dnes i na CD-ROM Ci na webu



Metody vzorkovan

Passive

Hand soriing

Flotation

Behavicial
Chemical

exlraciion

Heat extraction

Trapping

Mark-recapture

Incirecl

Cast counting

Known volume of soil cut with
spade or corer, broken and
worms removed by hand

Known volume -
ﬁpadﬂ aT corer, :
iIspersant/preservative, and
washed through sicve(s) by
hand or mechanical device

Material from hand sorting or
washing/sieving floatcd in
high-dcnsity solution {e.g.,
Mgs50,)

Soil saturated with chemical
irritant (e.g., G¢.2% formalin}
causing carthweorms to emerge
onto soil surface

Sail blocks or cores suspended
under heat lamps in water into
which carthworms migrate

Mctal rods inserled into soil
and connected to AC clectrical
sQurce

Stake or rod ingeriad into soil
and vibrated with bow or flat
1ron

Pitfall or baited raps placed in
soil and sampled at desired
intervals

Tndividuals tagged, released,
and population sampled at
intcrvals

Surface castings enumerated
Al 1Cien :

S I

| Zizal v teréenu

Advantag

Simple, reliable in the
field; low cos

Higher recovery of
cocoons and small
individuals

Separates earthworms
from soil and plant debris;
cocoons and small
individuals collected

Simnple; effective on deep
buwrrowing anecic species

Effective on dense root
mats

Useful for selective or
comparstive sampliing

Simple; useful for selective
o comparative sampling

Simple; useful for selective
ot comparative sampling

Useful for estimating
population density,
dispersal and mortality

Disadvantages

Laborious; may not ccllect
deep burrowing species, small
carthworins and covoons

Lahorious; may oot cellect
deep burrowing species

Laborious; may ot coliect
deep burrowing species

Mol effective on all species, m
all soils or under all
conditions.

Mot effective on all species;
inconvenient for field use

Highly variable; not
convenient in the field;
dangerous

Mot effective on all species

Not effective on all species

Laborisus

Mot a quantitative estimate of
population densily
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R AR AR A ES SO NS
~ Jlustrativni videa vzorkovani zizal:

rittos:s//worrns.aduc, Ualgaria, ca/faldcjulce-sarnollnc). k).

- dalsi skvela videa o vzorkovani a hodnoceni zizal:

o fIEtos:s//wwwwLvoutuoe,corr/werten?2y=xyCLLY|nMys

o fItos:s/ /L voutuoe,corr/werten 2y=acluWuo 8w oo

= atd



https://worms.educ.ualberta.ca/fieldguide-sampling.html
https://www.youtube.com/watch?v=kyCLLYlhMys
https://www.youtube.com/watch?v=aquWu08wbo4

Zizaly jako indikator ptidni biologické kvality

Earthworms average densities in various habitats

ekotoxikologie v SirSim slova
smyslu (stresem neni jen
kontaminace)

AP ILIAA,

prirozene rozdily v .abundancich a
biomase zizal

rozdily v.druhovem slozeni jsou
mMEne patrne

No. of sites (white columns)
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Zizaly jako indikator ptidni biologické kvality

Ln earthwarms (grim )

Alleclphora

chiorolica
Apormectodea
A 3578 Hroectods
Aporrectodea | -
e 100 150

Copper (ppm)

Earthworms [l'u"l'ﬂﬂjl

Cappar ppm
B
s B
| |

Fig. 6. Earthworm loss in a lowland agroecosystem |Pegolotte
di Cona, Wenexia, Italy) under different copper inputs (related to
application of Bordeaux mixture) in five fields that were either
uncultivated or supported vineyards. The copper concentration in
the soils (C1-C5) was inversely related to earthworm numbers.
MNote that the endogeic species 4. rosea was present in the very
Cu-contaminated plot C5, albeit in low numbers (from Paoletti et
al., 1995h).

Ln earthworms (grim? )

T T
90 110

{h) Zine (ppm)
Fig. 5. Relationship between content of copper (a) and zine (b) in soil and earthworm abundance in 72 orchards in Emilia Romagna, Italy

under different practices and fruit crops (kiwi, apple. peach, grape). Copper is a residue from bordeaux mixture, applied as fungicide, and
zine is a residue linked to more recent use of carbamate fungicides such as ziram (from Pacletti et al., 1998).




Roupice




Proc roupice v ekotoxikologii ?

= ESVANO =

modelovy organismus pldnich destruentt
NAVIC roupice zastavaji podobné funkce jako zizaly a v nékterych systémech je nahrazuiji
DULEZITA je také expozice roupic polutantfim (horni vrstvicka ptidy)

PRAKTICKE VYHODY TESTU

laboratorni testy maji svlij vyyznam pri srovnani s prostorovymi, casovymi a financnimi naklady testt na zizalach:
- maji asi polovicni generacni dobu - 4-6 tydnt oproti 8 tydniim u zizal
n v testu je potreba jen asi 20g ptdy oproti 1/2 kg u zizal
INDIKATOROVY. ORGANISMUS
v. terénu predstavuji velmi dobry indikator, i kdyz zizaly jsou asi ekologicky: dulezitejsi

Enchytraeidae umoznuji lepsi srovnani vysledkd z polnich a laboratoernich studii, nebot” jsou na obou Urovnich pouzity
vice stejne druhy =» u zizal jsou jiné rody pouzity pro laboeratorni testy a jiné pro bioindikaci a v polnich studiich



Roupice — biologie, ekologie

Kmen: krouzkovci (Annelida) =
Podkmen: opaskovci (Clitellata) '
Trida: malostétinatci (Oligochaeta)
Rad: niténkovci (Plesiopiora)

Celed” roupicoviti (Erchytraeidae) i

mali (10 — 20 mm), nevyrazne zbarveni cervi, od bledé a Sedé pres zlutou az po hnedou barvu

~potwerms®, , microdrile
kratsi zivotni cyklus nez zizaly - doba dospeni — 65 — 120 dni

podobné ekologické funkce v jinych ekosystémech
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br

8.
pha.
pepnhaph,

ec.dt.
amp.
o k.
285.

sept.g.

N I

anatomicky podobne Zizalam

telo se sklada ze segmentd, jejichz pocet se od vylihnuti
(15-20 segmenttl) rovnomerne zvysuje s vekem

u vsech roupic krome rodu Achaetase v hlavove casti
vyskytuji stetiny — dulezité pro identifikaci

vyznamnymi organy jsou chemoreceptory a hmatove
receptory na hlave (konec prostomia)

opasek zakryva vetsinou segmenty XII-XI11 obsahujic
vyvody samcich a samicich pohlavnich zlaz

rozmnozovani jake zizaly + fragmentace

travici soustava sestava z ustni dutiny, hltanu, jicnu a
streva, mohou se vyskytnout slinne zlazy

vylucovacimi organy jsou nefridia v kazdém segmentu

Fig, 10.1. 'I'ypical morphological characters of an enchytraeid worm. amp., ampulla;
fr., brain; d.bv.o., dorsal blood vessel origin; ec.g., eciil Tldm-:l eff.dt., efferent duc
(mphigus es.int.tr., esnphageal intestinal transition; m.pha., muscular pharym:

oocyte; ﬂm pharynx; p.b., penial bulb; gepneph., peptonephndia; p.segd., postseptal; se., setae, uut‘t_, -.mel
g]‘ll]d SH.7 u:mnu] vesicle, sp, spermatheca; sp dr.. sperm dowct; sif, Sperm funnel: ¢, lestes.
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Fig. XI.VI: Scanning Electron Microscopic picture of the head of
the species Cognettia sphagnetorum showing a high number of
chemo and tactile receptors, especially around the mouth. (JR)

y Fig. XLVII: Scanning Electron Microscopic picture of indivduai
chemo and tactile receptors located on the head of the species
Cognettia sphagnetorum. (JR)
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Table 2.18 Reproductive strategies in snchytraeids [After Ddsza-Farkas, 1994]

S Remradition L e
Repraduction Description {ieaera/species
Only sexuatly, all during the irregular reproduction periods, many Fridericia sp., most Enchytraeus
year possible specimens with eggs can be found  sp., Henleu species, Enchytronia sp.,
any time of the year Marionina sp., Achaeia sp.
Only sexually, become mature  thereafter they regress and stay in Mesenchytraeus specics
ONCE a year rejuvenile state till the next Stercutis nveaus
reproduction period

Parihenogensesis egg development without Lumbricillus sp. and Fridericia sp.
fertilization

Fragmentation : Buchholzia sp. and Cognettia sp.

Sell-fertilization Enchytraeus buchholzi, B bulbosis
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vyuzivajil ruzne zdroje potravy, poziraji rozlozene rostlinne zbytky.
(saprofagove) a take velke mnozstvi-houboveno mycelia, mohou se
ZIVit rasami a bakteriemi (mikrebivorni)

hrajilvyznamnou roli pri rozkladu erganickeho materialu a ucastni
Se tvorby pudy

stejne jako u zizal je dulezitou soucasti procesui pruchod
organickychi residui travicimi systemy, nebot” vyloucene zbytky
jsou pak lepe pristupné dalsim dekompozitortim

e Fig. XLI: Casts of a geophagous enchytraeid
@ ¥ (Fridericia sp.) deposited at the soil surface. (OE)
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roupic je znamo asi 28 rodtl s 600 druhy

19 rodU zije v pUde: Achaeta, Bryodrilus, Buchholzia, Cognettia,
Enchytraeus, Fridericia, Henlea, Lumbrcilius, Mesenchyitraeus atd.

vetsinou je v prlrozenych populacich dominantni druh _Cognettia
sphagnetorurm, Ktery muze byt, na rozdil od ostatni ptidni' mikrofauny,
ve sve funkci nenahraditelny jinymi druhy.

na laboratorni testy se uziva jen nekolik druht (Enchytraeus albidus,
Cognettia sphagnetorum, E. crypticus, E. buchhiolzi, E. minutus)
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VOY4

Roupice Versus zizaly.

Roupice jsou rozsirene zejmena na
stanovistich nevhoednych pro zizaly.
(lesni morovité pudy, které jsou kyselé a
s velmi vysokym obsahem organicke

. 8 ""“j’.‘_ : \ _;:-"-__: ‘_" h hmoty), kde zastavaji podobnou tlohu
B Y ﬂf' 3 Na rozdil od zizal se nachazi ve svrchni
: RS A nekolikacentimetrove vrstvicce ptdy a
g PSR N JSOu exponoyany. jinym zivetnim
S T W podminkam a tim i jiné kontaminaci nez

Jizaly

e | kdyz v realnem ekosystemu jsou zizaly
AW, O pravdépodobne dilezitejsi, roupice
o predstavuji také velmi dobry bicindikator

Fig. XLI: The thin, white organism on the
left of the photograph is an enchytraeid Navic jsou idealnimi modelovym|

(Mesenchytraeus sp.:) laying alongside a small r : o
earthworm (Dendrobaena attemsi. on the (Iaboratorn|m|) Organisealy pro testovan

centre/right). The image clearly demonstrates ucinkt chemickych latek, nebot’ jsou male

the differences in size and appearance between a lehce kultivovatelné
both related groups. (HCF)




Terenni studie spolecenstev roupic

VVzorkovani probiha vzorkevacim jadrem (5 - 7,5cm préimer)
Rucni trideni je téméer nemozné, roupice jsou polepené ptdnimi casticemi a nejsou videt.
Pouziva se tzv. O'connorova extrakcni technika "wet funnels'':

ptda (3cm vrstva) na sito v nalevce naplnéné vodou, svrchu se postupne pridava svétlo a teplo po 3 hodinach, az
povrch vzorklt dosahne teploty 45°C a roupice se premistily dolt

cervi jsou pak na petriho miskach
ponechani k defekaci

Lightbulbs

pod zvetsenim 100 - 400 Ize pak
identifikovat klicové morfologicke struktury

ves filed with soil
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do hry se zapojuje variabilita prostredi v. kombinaci s behavioralnimi odpoved'mi (napriklad bylo dokazano, ze C.
sphagnetorum se vyhybaly misttim silné kontaminovanym PCPs)

vesmes previadaji studie, kdy se kvantifikuje jeden druh v polnich, i polopolnich (mikrokosmovych podminkach)

identifikace druht Ize

na zaklade klich

Nielsen and Christensen
ci Dash v knize

Dindal: Soil biology guide

Table 2.17

Enchytraeid genera and their accurrence in soil [Nielsen and Christensen, 1959; Rombke, 1992; Rimbke
and Didsza-Farkas, 1996; Dosza-Farkas, pers. com.]

(Genera oc::urrin in soil {ther genera Environment

Achaeta Aspidodrilus
Bryodrilus Barbidrilus

Buchholzia Enchylea

Ceenosvitoviella Enchytraeina
Cognettia Grania
Enchytraeus Pelmatedrilus
Enchytronia Propappus
Fridericia Randidrilns
Guaranidrilus Stephensonielia
Hemienchytracus

Hemifridericia

Henlea

Is0setosa

Lumibricillus

Marionina

Mescnchytraenas

Oconnerella

Stercutus

Tupidrilus

epizoic on earthworms
freshwater

only found in Enchytraeid culture
marine

maring

epizoic on earthworms
freshwater

maring

marine
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10 100 1000
Distance from emission (M)

Figure 6.1 Yartical distribution of enchytraeids sampled in coniferous forest soils

polluted by metal emission trom a brass mill. Total densities are low, when metal con-

centrations are high |In the uppermost soil layers. The contrel site at a distance of

approxumatr:!y 20 km =hows the typical pattern of the vertical distribution of enchytraeids
i HAedrawn fram Bengtsson and Rundgren 1982}
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KYSELA DEPOZICE JAKO STRES NA SPOLECENSTVO ROUPIC V. REALNEM LESNIM
EKOSYSTEMU??

byly studovany struktury spolecenstva roupic, abundance, populacni dynamika a
vertikalni distribuce na lokalitach zatizenych kyselou depozici (pH CacCl, 3,01 - 3,36)

bylo nalezeno 7 druht

z ekotoxikologickeho hlediska by se studii dalo vytknout, Zze neni kontrolni lokalita

Table 2
Species composition, mean annual density (£ standard error of the mean) and biomass (dry mass) of Enchytraeidae in three spruce forest plots
at the Lange Bramke (Harz, Germany, November [989-October 1990 species recorded only in 1991 indicated by +)
Plot Morth-facing South-facing Plateau
slope slope
Species Density Biomass  Density Biomass  Density Biomass
find m21+SE (mgm?3) (nd m?+SE (mgm?) (ind m3)+S85E (mgm?)

Marionina clovate (Nielsen and Christensen, 1961) 23 668 £ 8 238 [R 434 £6 169 [23.6 038R+ 10297
Cogrettia sphagnetorum (Vejdovsky, 1877) D4ia+4 |8 301.5 DE6l £5 164 a7 218

Achaeta camerani (Cognetti, 1899) TOT9+2 BR2 28.2 O133+£7013 366

Achaeta affinis (Nielsen and Christensen, 1959) GOS + 1 387 75 T 113 0n.a

Mesenchyiraens pelicensis (1ssel, 1905) STE109 0 0

Fridericia sp. (Michaelsen. | 889) 0 B3 £ 208 8.5

Enchytraens porvegicus (Abrahamsen, 1969) 0 + ]

Enchytracidae (total) 40R14 11921 4497 IATa03 £ 11 789 496.3 5 5 AR [ 004,00
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DESIGN MONITORINGU REALNEHO PROSTREDI??

ve vetsiné studii viivu kontaminace na realna spolecenstva pudni fauny se srovnavaji
vzorky z rtiznych vzdalenosti od zdroje a predpoklada se, ze napr. kovy jsou viceménée
pravidelné distribuovany v ramci kazde lokality

bohuzel to tak vétsinou NENI a jak kovy, tak p&dni organismy jsou rozptylené spise
nehomogenng; navic je pravdepodobna migrace cervii do nekontaminovanych mist

PROTO PRI STUDIICH TOHOTO TYPU JE VHODNE BRAT \'J UVAHU TUTO
HETEROGENITU o

Y large scale (n=12)
(500 cm}

tato studie kolem huté Cu-Zn ve Finsku

uzito tzv. hierarchicky design vzorkovani:
- C% medium scale (n=12)
= {50 &m)

predpoklad: pokud jsou parametry.
heterogenne distribuovany,

tak vétsi vzdalenost mezi podvzorky
=>» vetsi variabilita

Fig. 1. A scheme of the sampling design (note hierarchical relationship
of the samples) and how coeflicients of variation (CV) were caleulated
for samples taken from certain distance between them. Black dots are
individual soil samples 1-9 taken within plots A, B, C and D in the
polluted area. 5, 50 and 500 cm are the distances between samples.
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i Terennli studie spolecenstev roupic
NEPRIMY EFEKT Zn NA MIKROORGANISMY PRES ROUPICE??

je znamo, ze roupice zlepsuji dekompozicni procesy ptisobenim na pudni
mikroorganismy: rlznymi zplsoby

spasani mikroorganismut zmlazuje mikr. populace a vede k vyssim
metabolickym aktivitam

uvolnuiji latky v dostupnéjsi formé a inhibuji rtst hyf hub

zlepsuji moznosti inokulace novych mikrohabitatt zménami ptidni
struktury

rozsiruji v ptidé spory a propagule mikroorganismu (pres travici trakt)

v této studii byl pouzit mikrokesmos (13 cm x 4cm) kontaminovany
zinkem; 20 g pudy + 0 - 125 roupic a 25 mikrokosmu bylo bez roupic
Jjako kontrola

pouzita ptida byla zahrata na 60°C - zabije faunu, ale necha
mikroorganismy

vliv. kontaminace na C.s. se projevil zménami mikrobialnich parametrl
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Mikroclenovci




Co jsou mikroclenovci ?

- mikroclenovci = zejmena chvostoskoci a roztocCi (mikroedafon)



Chvostoskocl — biologie, ekologie

Kmen: clenovci (Arthropoda) Q 7
Podkmen: vzdusnicovcei ( /racheata) Antenna 00 X é Antenna
Nadtrida: Hexapoda o

Trida: skrytocelistni (Entognatha) Uncuicd
nguiculus

Rad: chvostoskaci (Collembola) Tar?_ubg

Femur

rd
Trochanter Coxa

Th,
mali’ bezkridli' clenovci se zvykacim

nebo bodave-sacim Ustrojim Ust .
etasternum

h,

velikost cca 0,5 az nekolik mm

VIV

Telo: hlava, triclankoval hrud’s 3 pary e

koncetin, zadecek s 6 clanky,
4-6 clankt tykadla

slepi, vetsinou bez pigmentu

Coxa
Trochanter
Femuyr
Tibia
'\\\ ) ChOdId]O

* Dreapek

maji tzv. furku, vymrstovaci vidlici,
ktera je soucasti skakaciho aparatu
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atmobionti — ziji na rostlinach a dreve, v zemedelskée plde jen
nahodne

edafobionti — ziji v ptidé a na jejim povrchu
= epigeonti — porch, opad, kameny a drevo na pudée
= hemiedafobionti — vrchni horizonty a povrch

= euedafobionti — vylucné v ptde

velmi duleziti jako pudotvorny cinitel:
pomahaji zpracovat ptidni organickou hmotu

prevazne rostlinna strava (opad polorozlozeny, rasy, houby, pyl, amorfni
organicke zbytky)

obyvaiji i lesni ptdy se silnym rozvojem hub

spolupodili se svymi aktivitami na tvorbé ptdni struktury



-

- desitky tisic jedincll na 1 m2 ptidy, jen v CR asi 400 druhti

- typicti zastupci: Mesaphorura, Isotoma, Pseudosinella

- lesnr ,)JJ‘/: Onyehiurus, r//,JJ JJ"ffJ/J 7' fJ_/Jf/ /’J,)f!JfJ ENt /‘OfflJJf/J

© Mirastav Demi 2008




Proc chvostoskoci v ekotoxikologii ?

ekotoxikologicky dlouho vyuzivane organismy testy od 70' let, |
kdyz prvni test na filtracnim papire byl jiz v roce 1956 s DDT

jsou dobre prostudovanou skupinou ptdnich bezobratlych;
diivody:

ekologicka relevance

Siroce rozsirene, abundantni v ptdach

lehce vzorkovatelni

Ize je chovat v laboratori

relativne rychly zivetni cyklus s vysokou reprodukei

jejich ekotoxikologie zejména stoji oddelena od ostatnich pudnich
clenovcl (skupiny Isopoda+Diplopoda a skupiny prospesnych
clenovcl), i kdyz zejména v terénnich studiich jsou hodnoceni
spolu tzv. mikroclenovci, coz vyplyva z extrakcnich technik



Kmen: clenovci (Arthropoda)
Podkmen: klepitkatci (Chelicerata)

Trida: pavoukovci (Arachnida)

Rad: roztoti (Acaring)

v pude 3 podrady:

Parasitiformes — tlejici listi, mech, traviny, parazité — /xodus, Eugamasus,
zercon, dravi — Gamasida (cmelikovci)

[rombiaiformes — mech, opad, humus, saprofagni, 7rombidium - sametka
Sarcoprtironmes:

= nadceled” Acaridia— mekke, bélave telo, opadanka — Rhizoglyphus echinopus

= nadceled’ Oribate/— pancirnici, chitinovy pancir, povrchove vrstvy pudy,
carabodes, Belba, Liacarus, Pelops







Roztoci

drobni pavoukovci, kde vsechny casti tela splyvaji v jeden celek
velikoest cca 0,1 - 2 mm

volne zijici druhy jsou bud’ dravé, nebo se podili na dekompozici OM,
konzumuiji' rostlinny material, organicky detrit (zejmena Oribatida -
pancirnici)

prichodem pres strevo roztoct velice pokroci rozklad reziduf

v. pude velmi pocetni a rozmaniti, az stovky tisic na 1 m?2 pudy



Proc roztoci v ekotoxikologii ?

vhodné testovaci organismy, zastavaji radu potravnich typl — herbivori,
fungivori, detrivori a carnivori

donedavna byli roztoci pouzivani jen v nekolika laboratornich studiich, kdy
byly uzity rtizné druhy, latky byly aplikovany topicky Ci v potrave (zelené
rasy), nyni 2 testy SECOFASE a 1 test OECD

ekotoxikologicky nejvice vyuzivane druhy Jsou: Platynotfirus peltifer a
Hypoaspis aculeifer




Teréenni studie

jejich studie jsou casto spojeny do studii ptidnich mikroclenovel (zejména pohromadé s roztoci
+ protura, diplura, pauropoda, symphyla) - velikesti max 2>x10mm

existuje 1 ISO pro vzorkovani:

ISO 23611-2 Soll quality — Sampling of soil invertebrates Part 2: Sampling and extraction of mesofauna
(Collembola and' Acarida)

I vzorkovani by melo byt specifické = uziti vzorkovace, aby se neposkodili clenoyci

valecky se zabali a skladuji v chladu (5-10°C) ?

extrakcni techniky jsou zalozeny bud’ na chovani zvirat (aktivni),
Ci na jejich velikosti, hmotnosti, hydrofobicite, hustote apod. (=pasivni)

Soil core holding rings



https://www.youtube.com/watch?v=ccOALkRwtHQ

Teréenni studie

vysokogradientova dynamicka extrakce, vychazi z Tullgrenova extraktoru - teplotni, svételny a vihkostni gradient -
chvostoskaci se premisti do kontrolovaného média - vyhodou je zisk zivych organismu

pro fixaci se nadobka dole naplni 70% ethanolem a 5% glycerinem, Ci polyethylenglykolem pro pozorovani zivych jen vodou
doba extrakce 12-48 hod.

400 lamp b
&

Zail and leat
.,

litter

Rheostat

2mm sieve

+———— Side pannel

Metal cylinder
Flastic funnel

Sample core

Tullgren Funnel

FIGURE 31.2. The front view of a high-gradient extractor for microarthropods


https://www.youtube.com/watch?v=yWFyA2H9jos

Teréenni studie

pasivni metody: zejmeéna flotacni
vzorky nejprve v 80% ethanolu, pak vlastni extrakce

extrakcni  medium  (heptan-voda ...  Smes
tetrachlormethan, roztoky soli NaCl, CaCl,, K,COs ..., )

Metal rod

Heptane layer
Microarthropods

Aqueous phase
Nut and washer

Neoprene stopper

FIGURE 31.3. Equipment for heptane flotation of microarthropods.

olej-voda,
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t Identifikace:

~ bylo by mozno zamenit s roztoci (ale zpravidla neemaji tykadla),
diplopoda v prvnim instaru (na hlave maji viditelna kusadla),
pauropoda v prvinim instaru (maji vetvena tykad|a)

rozlisuji se vyrazne ekologicke skupiny Ci taxonomicke skupiny:

ONLINE KLICE:
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populace se meni po zasahu
pesticidl

pote po vymizeni chemikali se
obnovuje celkova abundance

ale jednotlive druhy, tj. struktura

spolecenstva se stale odlisuje od
kontroly

=» nutnost sledovat celée
spolecenstvo

Tot. Collembola No. of species

inds.fleg soil

Inda./kg soll

Isotoma notabilis

E:
i

Treatments

Oc OD @mE mD+8

Fig. 1. Numbers of the most numerons collembolan species and total collembolans in the microcosms before and after the pesticide
application. Data for the upper and lower soil layvers are combined. For reatments see Table 1. Means of 4-6 replicates with 3.E. Horizontal
bars indicate significant differences between treatment means (Mann—Whitney [l-test, p<{0.03).



PRIKEAD

Teréenni studie

polni pokus s herbicidy v davce 2% a 6%
doporucene davky

davka 2x nemela vyrazny efekt na abundance,
ale davka 6% redukovala abundance
mikroclenovcl

zejmeéna v horni vrstvicce ptidy 0-7,5 cm

B Roe 0

Fig.2 Abundance of different animal groups in the surface layer
(A) and deep layer (B) of a control plot (rare 0) and of two plots
treated with rare 2 and 45 g a.i. ha™! (rate 6) of triasulfuron at Car-
pi. Mean and SE of the mean are given for untransformed data.
For other abbreviations, see Fig. 1
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Table1 List of Collembola species and relative presence (+) or absence () in the two experimental fields exposed Lo triasulfuron. i
Active ingredient

Species Carpi Owzano

0gad ha I5gai ha'l 45 g ai. ha! (g ai ha! 15gai ha”

Willenmia biaddenbrocki Hiither 1959 + + +
Willermia anophtaima Birner 1901
Brachystomella parvala (Schifler 1894)
Mesaphorura kraushaueri Borner 1901
Tsatomiella minor (Schiller 1896)
Folsomides parvidus Stach 1922
Cryptopygus thermophifus {Axelson 1900)
Cryptopygus ponticus (Stach 1947}
Trotoma notabilis Schiffer 1896

Tsatoma olivacea Tullberg 1871
Isetomades sexsetosus Gama 1963
Isetomurus palusiris (Miller 1776)
Entomobrya muliifasciata (Tullberg 1871)
Heteromurus major (Moniez 1889}
Heteremurus mitidus (Templeton 1835)
Pseudosinella albida (Stach 1930)
Pseudosinella octopunctata Bérner 1901
Pseudosmella imparipunctata Gisin 1953
Pseudosinella sexocufata Schitt 1902
Lepidocyrtus viefaceus Lubbock 1873
Onecopadura crassteornis Shoebotham 1911
Megatothorax mininus Willem 1900
Sminthurides schoetfi (Axelson 1903)
Sphaeridia pumilis (Krausbauer 1398)
Arrhopalites sericus Gisin 1947
Sminthurinuy sp.

Sminthurus sp.

++++++ !+ +
+ '+ ++++!

+ +

+ + + A+ A+ +

-+

Collembola per m2= 6,167

Fig. 3 Dominance and relative distribution of main collembolan
species in a plot al Ozzano immediately before (A) and 5 days

g .. . gen 7 . o
ChVOStOSkOC| bYIl |dent|f| kovanl do drUhu alter treatment with rate 2 of triasulfuron (B). The species with
densities less than 5% are represented by spp. Lo Isotomiella
A O 4 O minor, Ln. Isotoma notabifis, M.k, Mesaphorura krausbaweri,
efe kty Se IISI Iy U ruanCh d ru h U M.m. Megalothorax minimus, Pa. Pseudosinelio albida, S.s. Smin-
thurideys schoetti, Wb, Willemia buddenbrocki, P.i. Pseudosinella
imparipunctata, P.o. Pseudosinella octopuctata
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Terénni studie

Using Collembola to assess the risks of applying metal-rich sewage sludge to
agricultural land in western Scotland

The environmental impact of applying metal-rich sewage sludge to agricultural land was
assessed using Collembola.

A combination of pitfall trapping and suction sampling was used to monitor
epigeal/hemiedaphic Collembola on a small plot field trial in the west of Scotland.

Four sludge treatments were investigated: cadmium-rich sludge, zinc-rich sludge,
uncontaminated sludge and a no-sludge control.

It was found that the abundance of Lepidocyrtus cyaneus and Isotoma viridis was
significantly lower in plots receiving cadmium-rich sludge than those receiving
uncontaminated sludge.

Isotoma anglicana was not influenced by the presence of metals in sludge and
Isotomurus palustris was actually favoured by the application of metal-rich sludge.

W Lsotomar viridis
I:I fep:dpq. vrivus CYanens

O
o

"
th = L

| B [soroma anglicana
| Olsotomurus palustris |
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=
B T S|

.

Mean no. (sgri. transformed)
—_ I"-J
L ] L
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;E.
E
=]
g
Z
g
2
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o
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Control Uncontam inated finc Cadmium Contral Uncontaminated Zinc Cadmium
Treatment Treatment
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Hlistice




Hlistice — biologie, ekologie, vyznam

Kmen: hlisti (MNemathielminthes)

Trida: hlistice (Nematoda)

valcoviti cervi bez clankoviteho tela, neobrveni
0,5 - 2 mm delky

v pudach nejpocetnéjsi zastoupeni z mnohobunécnych
(1g lesniho humusu - az 2000 jedinct); 107 na 1 m?

biomasa az 0,2 t / ha

rad had‘atka (7y/enchida) - had'atko repne
(Heterodera schachtil), r. Plectus, Bunodema, Ty/lenchus

rad had‘ata (Rhabditida) — Panagrellus redivivus, v. Rhabaditis



Hlistice

dorsal 4 svaly = esovity pohyb
- . side

nerve cord hypodermis
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ventral
nerve cord




Hlistice

Figure 3: Fungal- TEE_hrug nematodes have small, narrow
t--ll-'t:, ar :FZIE! s, In their stoma I::r'r'll'llJ“'I'I A |||:h they use tll

(ELERETY

TIJr||1-4| Lllllr 3
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Credit: Kathy Mermifield, Oregon State Univeraity, Corvaliis
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Firqurp 4' Thi= hartpriql-feeding nematode, Elaphonema, ha-
hat distinguish it Trllrrl uthwr nematodes

En._ 13 ers release plant-available nitrogen when thl-'u

consurme bac 'r'i:a

Credit: Elatne R, ”'Lu‘.’.':n'.’.’.' L “!-'I yon State Univer, -'+| Ciorvallis

o uncture the thich
the internal contents thw plant cell. This usually
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red:t '-Iz-.'.ru—- R Ingham, Oregon State University, Corvallis




Hlistice

jsou velmi vyyznamné pri rozkladu organickych latek v ptdach, tim, ze
konzumuji primarni dekompozitory; stimuluji:mineralizaci organickych latek,
zejména dusiku; castecné i mechanicky kypri ptidu

vetsinou saprofagové, poloparazite, mene parazite: zivi se bakteriemi,
rostlinami, houbami, i predatori

rozdéeleni na fytofagy (endoparazitni a ektoparazitni), mikrobivory, fungivory,
omnivery a predatory - toto rozdéleni je dulezité a identifikacnim znakem
byva podoba ustnihe Ustroji

suche obdobi dovedou preckat v podobe cyst




Spolecenstva nematod realnych ptd

ISO 23611-4 (2007): Soll quality -- Sampling of soil invertebrates --
Part 4: Sampling, extraction and identification of soil-inhabiting
nematodes

Oribate i :
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Priklad
1-2 tydny plsobeni tézkych kovli

5500 Nematodes 100 g' dry soil

2000

a @ § ab
A a‘a a ab b
alla b be
v}
1500 .
o
o !
1000 ¢ o de
d f
50 d
5 |
[ ]
Cd Cu Ni Zn

Figure 2. Effects of Cd (0, 10, 20, 40, 80 and 180 myg kg'1] and Cu, Niand Zn (0, 100, 200,

400, 800 and 1800 mg kg™ 9n total nematode abLndance after 1-2 weeks exposure. Different

letters indicate significant differences between treatments with one mets’ {(HSD test, F<0.05).
byly: provadeny studie sledujicii celkové abundance nematod pod
vlivem stresovych faktorl

parametry slozeni spolecenstva se ukazaly vice citlivée
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krome analyz druhoveé diverzity se rozlisuji skupiny.

hlavni skupiny, ktere se rozliSuji jsou:

bakterivori, mikrobivori - konzumuji ptdni bakterie

fungivori - kenzumuiji hyfy a mycelia hub

herbivori, fytofagové - jsou parazité rostlin

omnivori - rizné zdroje potravy, houby rasy, bakterie, mali bezobratli
carnivori, pradatori - lovi nematoedy a malé brzobratlé

Pozn.: skupina 7y/lenchidae se nekdy nazyva "plant associated nematoda’

Table 2.8 Feeding habits of nematede orders found in soil ecosystems

Order Bacterivores Fungivores Herbivores Omnivores Predators Other

Class Adenopharea

Aracolaimida All soil forms

Chromadornida Few Mouostly algivores
Desmodorida Some?

Dorylaimida Some

Enoplida Some Some

Monhysterida Most soil forms

Mononchida Few Most

Class Secernentea

Aphelenchida Few Many insect associates

Rhabditida Some Some insect parasites

Tvlenchida Some plant associates,
some insect parasites
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Figure 3: Fungal-feeding nematodes have small, narrow Figure 4: This bactenal-feeding nematode, Efaphonema, has
stylets, or sp . In their stama I::r'r'II'IIJ il':h thF'-- uszeto arnate lip structures that distinguish it from other nematodes.
puncture thecell walls of fungal hypha w the cell Bacterial- Teedwr- release plant-available nitrogen when they
fluid. This interaction releases plant :54'-.--:4||-:4L|||:! nitragen fram  consume bacteria.

fungal biom Credit: Elaine R. Ingham, Cregon State University, Corvalils
Credit: Efaine R. Ingham, Oregon State Univeraity, Convallis

Figure &: The Fratylenchus, ar lesion nematode, has a Figure b: Hoot-feeding nematodes use their stylets to

shorter, thick '-t--ll-'t in its mouth than the root feeder in puncture the thick cell wall of plant root ce : _Iflhllrl oft

Figure b. the internal contents of the plant cell. This usua

Credit: Kathy Merrfield, Qregon State University, Convallls economically significant damage to crops. '_Iet
seen inside thizs nematode is characteristic of thI:! !:ZII:!HUE-

- —I-—-I— - =
I ‘Il 1L

T
EFEI.'SFH |_|:I'|I|“|" I"' |||”|_i‘||‘|':I'|"|r|I I “"" T 4 5' =N Il“l"l- =1 '|||+I I ||HI- :I'“
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1 Rhobditida m i 2. Mononchoidea 3. Tyenchida 4 Donylaimoidea
bakterisdbare pnad atorer rekparasiber owig
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odbéry ptid pro identifikaci nematod jsou bud” jake pudni jadra (vyhoda, ze zname objem, povrch a Ize
prepocitat na m2), ¢i vrchnich 15 - 30cm pudy

: g i
Metody extrakce: N =
aktivni - zalozené na mobilité nematod s
Baermannova metoda a jeji modifikace: plida zabalena |~
v latce Ci papiru; ponoreni do vody, nematoda vyplavou <71
do vody béhem cca 14 dnll vysoka vytéznost

pasivni - nezavisi na pohybu nematod
centrifugacni, cedici a floatacni metody; ptida se zredi vodou; pouziji se rlizna sita

extrakce cyst
cysty obsahuji vzduch a plavou na povrchu suspenze; opet se uziji riizna sita - vytéznost az 70% cyst

L2

: \_:

—

>

I
T
\ ~
s
("A"

- L]
Ve
| ] 4 1
] \\n-—/ 1
R
\

Vyhodnoceni
nematody se pocitaji a identifikuji (napr. dle Bongerse, 1988) fixovany ve 4% formalinu pri zvetseni 400 -
1000% (nejméne 150 nematod)


https://www.youtube.com/watch?v=x_X08MdV5qk
https://www.youtube.com/watch?v=x_X08MdV5qk
https://www.youtube.com/watch?v=x_X08MdV5qk
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VVyhodnoceni jako diverzita pudnich nematod

nekdy se vyhodnocuji indexy (Shannon) a specifické parametry napr.
procento omnivort, procento tzv. "Dauer larvae” u rhabditid ...

s
diversity H' = — Z pilog, pi
=1

7
vennecs | — TS 1 e
evenness J = T where H' a1 log, S
max
§—1

richness SR = :
log. N

. . “ 2
d aminance A = ) Py
A

diversity Hy = —log, 4

kde N je mnozstvi individui identifikovanych, S je mnozstvi taxont, p je proporce
jedincl urcitého taxonu

diverzita taxonomicka je silné ovlivhovana texturou, sezonimi fluktuacemi,
vegetacnim typem, zemedelskym managementem, predatory. ....
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Maturity index (MI):

n
MI = > v(i).f(i)
=1

kde v(i) je c-p (coloniser-persister hodnota) hodnota taxonu I a f(i) je
frekvence se kterou se taxon vyskytuje; nezahrnuiji se rostinne-parazitické
rody; v pudach pod stresem tézkych kovt se nezahrnuji c-p=1
(enrichment opportunists), nebot’ se silné lisi mikrobialni aktivita ptd

je ekologickou mirou stavu sukcese
jak je videt ze vzorecku je vazenym prumérem c-p hodnot

c-p hodnoty reflektuji pozici taxonu na skale r-K strategie



Table 2 v V4 /4
MNematode families with the ¢p values which are used in cal- SpOIecenStva nematOd reaIHYCh
culating the maturity index (MIy and related values (PP1, ZMI). o

Includes changes proposed by Bongers et al. (1995) pUd —_ 9

Family c—p value

Alaimidae
Aphelenchidae
Aphelenchoididae
Anguinidae
Aporcelaimidae
Bastianiidae
Belondiridae
Bunonematidae
Cephalobidae

romadoridag
Criconematidae
Diphtherophoridae
Diplogasteridae
Dolichodoridag
Hemicycliophoridae
Hoplolaimidae
Leptonchidae
Longidoridae
Monhysteridae
Mononchidae
MNordiidae
Panagrolaimidac
Paratylenchidae
Plectidae
Pratvlenchidae
Prismatolaimidae
Qudsianematidae
Rhabditidae
Teratocephalidae
Thornenematidae
Tobrilidag
Trichodoridae
Trip

b b b de
=]

Lad

N

fad bd —

Lad
=}

fad

fad —
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Lad
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23
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%ec—p 3-5
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Fig. 2. c—p triangle showing shifls during (a) eutrophication. initial
situation and 2 weeks after adding powdered cow-dung (Ettena
and Bongers, 1993); (b artificial acidification of coniferous forest
soil (Hyvonen and Persson, 19903 and ¢) recovery, 33 and 44
weeks alter organic manuring (Ettema and Bongers, 1993). (After
Bongers et al.. 1995)
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wd b b o— e s b3

[}

Lad
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%alues for families which should be included in the PPI rather
than the MI.
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Plant parasitic index (PPI)

pocita se stejne jako MI, ale jen pro rody krmici se (parazitujici) rostlinami
(zeymena rody 7ylenchus, Cephalenchus, Meloidogyne, Heterodera,
Helicotylenchus, Pratylenchus a Paratylenchus)

drive se tyto rody pocitaly do MI' a tim se snizovala jeho citlivost, nebot’
byly prokazany inverzni vztahy mezi Ml a PPl

existuje pomer MI/PPI, ktery se tim padem stava jeste citlivejsi na
hodnoceni viivll na spolecenstva nematod
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10 let ptisobeni médi na lokalitach s rlznym pH pldy

u obou pristupll jednoznacna souvislost mezi ekotoxickym Ucinkem medi a pH: ve variantach s
nizsim pH byla vyssi extrahovatelnost Cu chloridem vapenatym, tudiz i ocCekavana vyssi
koncentrace v pidnim roztoku =» vyssi biodostupnost

--a-= pH 4.0

=
[a]
E
o
o
Q@
3
&)

Nematcdes (Nos./100g)

--A== pH 4.7

~-8-- pH 5.4

Applied copper (kg/ha}
Fig. 2. Mean Cu-CaCl, concentrations {# = 8) 10 years afer copper Cu-CaCl; {mg/L)
and pH treatments in 1982, Fig. 3. Mean total number of nematodes {(r = 8, 1952} found for
each reatment combination.
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Priklad

prokazana vyssi citlivost parametrl slozeni spolecenstva nez celkové abundance

Na kombinace pH a kontaminace medi rlizne reagovaly bakterivorni a fungivorni nematody.
jako citlivé se ukazaly predatori a emniverni (diky tomu, ze jsou to vetsinou K stratégoveé

. . - "
Table 3. Abundance* of trophic groups (NF100 g) in 1952
o
Treatment . A
pH-KC!

i 250
kg Cuha™' 250

; cdief | cd

;. | 587 bedef 1,489 bodef 1,212 abe

- . : £ 1,381 bede 1,110 2b 306 a ‘ N 204 ab 564 abe
Bacterial-feeding 13 RECS 739 abc g36abc 394 abe AR " 1,500
H}rphal-fm?dmg 1 180 1252 420 127 1, < b 13 ab .
Plantl-fee.dmg ' b " &ab 0a Oa 33 be 15 5 "
Omnivores 10a o 0 19

= o W 1 d b dffc ent £tters ll ”E]Ed '+ I i y p - :l.
& ithi l y 1 1 : L ]E '
ﬁ. 'ErAFE allullﬂ." " B} I.'[hl[.'. one o fCIllD el I ‘ lﬁca"tl < ‘: u “:}

Table 3. Exiended

Main effect”
[ S —
Inter-
pH acrion

) ] c 152 bedef 2004 ef 2,211 1
o 233 bedef 1,859 def 1,739 bedef : o 2 abe
1.860 cdef lg“; bede 77 be i51a 366 ab A 231 abc ﬁﬁ; abe
641 abe .-DQ c 1,304 2202 1.963 2,242 1,75 )
2,031 1,708 P oa 100 ¢ 39be 14 abe 10 ab
1L ab 11 abc Qe 5 4 7 8




Spolecenstva nematod realnych ptid - 13

Priklad
sledovan efekt depozice amoniaku unikajiciho z farmy drlibeze na spolecenstvo nematod v pude
borovicovéeho lesa

correlation between NH; deposition and plant-feeding nematods and insect associated Dauer
larvae

decreasing proportions of bacterial-feeding nematodes and fungal-feeding and omnivorous
nematodes

increase in PPI and decrease in Ml

Table 16
Relation between ammonia deposition gradient in a Pinus sylvestris plantation and composition of the nematode fauna (after Tamis, 1986)

Dislance from source {m)
75 S 400

Total nitrogen deposition (kg N ha—! per vear) 523 47.9
Soil nitrogen (JLgg™ )

Stem flow {mg NHyt 171
Soil pH

Total nematodes (thousands m—2 in litter and 020 ¢cm soil)
% bacterial-feeding
fungal-feeding
lant-feeding
mnivores
insect associates
Maturity index ( MI)
Plant parasite index (PPI)
Simpson diversity

N
\
—v
—v
~
—v
~
—v
~
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Priklad
Popovici (1994) studied the effect of exhaust fumes and fine powder discharged from a
metallurgical plant on the soil nematode communities In forest agroecosystems

As lead and copper pollution increased, nematode abundance decreased; diversity (H') and
maturity index (MI) also decreased.

The percentage of r-strategists (bacterivores) increased from 50 to 72%, while plant-feeding
nematodes were reduced and both omnivores and predators disappeared.

Similarly, in the vicinity of a zinc smelter in The Netherlands, Popovici and Korthals (1995) found
pollution-associated decreases in total nematodes, plant-feeding nematodes and the maturity
index; bacterial-feeders again increased.

Table 17
Comparison of 12 sites near a zinc smelter i The Netherlands
with five control sites {after Popovict and Korthals, 1995)

Control Polluted

WVegetation Calfluna, Betula  Calluna, Agrostis

Nematodes
Total m~2 in O-10cm soil 2,520,000 1,970,000
"o plant-Teeding RIY |7
o bacterial-feeding 42 SN
"o Tungal-feeding 26 24
Maturity Index 2.14-2.45 |.86-2.07
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In general terms the rate of decomposition of organic matter increases following effluent
(sewage sludge =» high contamination but also high erganic matter content) application and can
be related to an increase in the abundance of bacterial-feeding nematodes and a decrease In
fungal-feeding nematodes.

Table I8

Percentage contribution of feeding groups to the nematode faunae
ol two New Zealand agroecosystems with and without application
ol effluent (from Yeates, 1975, [995)

Ecosystem Pasture Pinus Torest
Soil texture Silt loam Sand

Control Etuent Control Effluent

Bacteral feeders
Fungal leeders
Predators
Plant-feeding
Plant associated
Omnivores
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Priklad
In a German cropping soil, addition of slightly contaminated sludge led to a decrease in the
proportion of plant-feeding nematodes . When additional heavy metals were added the principal
change was a five-fold increase in the proportion of what Weiss and Larink (1991) termed
predacious nematodes (we would regard the Diplogasteridae identified to be bacterial-feeding);
the omnivores (mainly Dorylaimida) became undetectable. A New Zealand pasture showed

broadly similar trends, with increases in bacterial-feeders and predators and a decrease In
omnivores

Table 19
Percentage contribution of feeding groups to the nematode faunae of two agroecosystems with addition of sludge and heavy metals, and

1994

Agrogcosystem Cropping (Germany ) Pasture (New Zealand)
soil texture [Loamy sand Silt loam (stony)

Control Sludge Sludge + heavy metals Control Low CCA Medium CCA High CCA

Bacterial feeders 4i) 42 5.1 29.4
Fungal Teeders A 30 3l [.5 A0
Predators I 2 J 0.9 [.3
Plant-feeding 4 Ly B 368 274
Plant associated in above in abhove [3.6 2004
Omnivores ) | 0 29.0 1&.4

48,3

0.5
10.6
284
10.2

2.0

faa

=
i B I ]

2}
Al o]

r-J )
-1




Ostatni bezobratli v ptidé a na pudeée




Dalsi clenovci

kromeé chvostoskok, roztocti a stejnonozcli, kteri jsou nejvice vyuzivani v
ekotoxikologii, se pouzivaji i dalsi skupiny clenovci

v pldé jsou vyznamni zastupci vsech tri podkmenl Arthropoda:
= klepitkaci (Chelicerata) — zejmena roztoci, pavouci, stirci, sekaci
m  korysi (Crustacea) — jen stejnonozci (Isopoda)

m Vvzdusnicovel (7racheata)

stievo

postranni ocelli srdce
mozek maxilamni 24 Al Ly

velice zasadni skupina velika pestrost

dnes dva podkmeny:

otvor / g\‘(}(’l / '(

sestinozi (Hexapoda) a stonozkovel (Myriapoda) prstnl o rovova kongetiny PNV Glvor
kon&etiny Hazy tr';cheélsr{'li baska Y otvor
soustavy

INTERNAL ANATOMY OF A CRAYFISH
PROSOMA OPISTHOSOMA o c S
extensor
tergity encephalon stomach heart  gonad muscles
‘) srdce .
ot Soustavanervova \
\ saci Zaludek | || hepatopankreas
malpighické trubice N
/ malpighické
Zlazy

. :..I‘)J" TERY =
. \ X | .ll stievo mandible : - T__ \ ! / ’
VI '”"‘Qw"adv “sternity ' EFiﬂ§trt1_i /
A Q \ ll | oncetiny

L'—'i" - nervova  trachealni
kragivé paska soustavy
kon&etiny

\Y \
\\‘, spirakuly

e esophagus maxilliped ventral  ganglion of digestive flexor  anus

- ”'if_f; nerve ventral nerve  gland  muscle
kragivé konéetiny cord cord



Typy clenovcl

Shredders (okusovaci)

Predators (dravci)

Herbivores (hebivori)

Fungal-feeders (fungivori)

v
e




Pavouci, sekaci

Kmen: clenovci (Arthropoda)
Podkmen: klepitkatci (Chelicerata)
Trida: pavoukovci (Arachnida)

Rady: sekaci (Opilionida), pavouci (Aranaé), stirci (Pseudoscorpiones)

Pavouci

L W 2 7 B2

7 ; V= Ve Vé | 3 & £ - ‘

dravi — hmyz, drobni zivocichove ,_Y‘ N

;J. ; -,

» L} J . v - .
az 100 ks / m? s el

sklipkanci (Atypidae) hloubi svislé nory v ptde az 15 cm, nory také rod

slidaci (Celed” Lycosidae) — doupata v pUdé — r. Lycosa, Trochosa, nebo Zziji v
opadance r. Pardosa

plachetkoviti, r. Linyphiidae
Sekaci
vetsinou také predatori, casto ale i rostlinna strava

hlavné rody: Opilio, Oligolophus, Phalangium, Platybunus, Trogulus | @z o ‘%



Stonozkovcel - Myriapoda

Kmen: clenovci (Arthropoda)
Podkmen: Vzdusnicovci ( /racheata)

Nadtrida: stonozkovci (Myriapoda)

je znamo, ze extremné akumuluji tézkeé kovy, a letalni’ UCinky se projevuji
az pri plném nasyceni akumulacni kapacity — makrokoncentratori —
vhodné pro indikaci znecisténeho prostredi




Stonozky

Kmen: clenovci (Arthropoda)
Podkmen: Vzdusnicovcl ( /racheata)
Nadtrida: stonozkovci (Myriapoda)
Trida: stonozky (Chilopoda)

Jsou drave, lovi zizaly, 1sopoda, larvy hmyzu

na kazdéem clanku par nohou, prvni par nohou uchopovaci s jedovymi zlazami

Lithobius, Geophilus, Scolopenadra




Mnohonozky

Kmen: clenovci (Arthropoda)
Podkmen: Vzdusnicovcl ( /racheata)
Nadtrida: stonozkovci (Myriapoda)
Trida: mnohonozky. (D/p/opoda)

saprofagni, konzumuji rostlinné zbytky a drobi je tim na mensi kousky, tim jsou velmi
vyznamni

obyvaji horni vrstvy pudy - vyrazna expozice latkam

Juligae, Glomeriaae, Polydesmiaae, Polyzonidae




Mnohonozky

The 70 KD heat shock protein (hsp 70) in soil invertebrates: a possible
tool for monitoring environmental toxicants

The expression of hsp 70 after heat shock or exposure to heavy
metals/molluscicides was investigated by fluorography or immunoblot in three
diplopods (Glomeris marginata, Cylindroiulus punctatus, Tachypodoiulus
niger), two slugs (Deroceras reticulatum, Arion ater), and one isopod (Oniscus
asellus).

In O. asellus, hsp 70 expression occurred after heat shock and also after lead
treatment, whereby a solution of 100 mg/kg Pb2+ was sufficient.

Animals of the same species taken from a heavy metal polluted site in the vicinity.
of a lead/zinc smelter also showed the presence of hsp 70.

The comparison of laboratory and field experiments demonstrated the suitability of
O. asellus for monitoring tests.

In contrast, the blot pattern after contamination with 1,000 mg/kg Pb2+ (in the
mentioned diplopods) or different concentrations of the molluscicide Cloethocarb
(BASF, FRG) (slugs) showed no differences compared to the respective control

group.
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Hexapoda - sestinozi

Kmen: clenovci (Arthiropoda)

Podkmen: sestinozi (Hexapoda)

Hexapoda maji zrejmé nejvetsi vyznam z celé pudni fauny — konzumuji OM,
drobi rezidua, kypri ptdu, trusem prispiva k tverbe kvalitni ptdni OM a pudni
strukture

Hexapoda zahrnuji také tridu entognatha (skrytocelistni): rady
vidlicnatky a hmyzenky, které maji pro ptudu maly vyznam, a rad
chvostoskoci (Collembola), kteri maji pro pudu veliky vyznam

Trida: jevnocelistni, hmyz (Ectognatha, Insecta))
pro pudu zasadni zejmeéna jejich larvy.

zejména podtrida: kridlati (Ptferygota) a jeji rady.



Insecta— hmyz v{/znamn\'/_v pléldé

rad dvoukridli (D/ptera)

jejich larvy vyznamna saprofagni funkce, dekompozice
OM, zejmena

= celed tiplicoviti (7jpulidae) — larvy se zivi rostlinnym
materialem, r. /ipulida, Pales

= celed” muchnicoviti (B/bionidae) - kladou vajicka do ptid,
zivi se tlejicim listim a korinky rostlin, r. Bib/o

rad blanokridli (Hymenoptera)

celed” mravenci (Formicoidea) — ovlivauji fyzikalni'i
chemickeé vlastnosti ptd, budovan i chodeb,
provzdusneni pudy, u mravenist’ a v okolf
zakoncentrovane mikroorganismy a kationty, r. Formica,
letramorium, Lasius, Canmpogrnoms



rad brouci (Co/eoptera)

dravi i saprofagni + larvy Zijici'v pide; asi 400 tis
druhti, 6000 v. CR

masozravi:

celed” Carabidae (strevlici) — v noci chytaji hmyz a larvy, r.
carabus, Calosoma, Pterostichius

celed’ Cieindlilidae (sviznici) — larvy maji pod zemi chodby,
kam tahaji polapenou korist, r. Cicindela

vsezravi:
celed” Siphidae (mrchozroutoviti) — rozkladaji a poziraj
mrsiny, larvy: hrobarikd, r. Necrophorus

celed” Staphylinidae (drabcici) — horni vrstvy pudy,
hrabanka — Vetsinou masozravi, r. Oxyporus, Paederus,
Staphylinus

celed” Elateridae (kovarikoviti) — tenkeé larvy — dratovci,
oziraji korinky, masozrave, Ci trouchnivejici drevo, .
Adelocera, Corymbites

celed” Scarabaeldae (vrubounoviti) — do pldy vtahuje trus,
I. Geotrupes




Polni studie

jsou dostatecné velci, na rozdil od mikroclenovct (roztoci, chvostoskoci), aby Sli extrahovat jako jednotlivci
| rozdil mezi témito skupinami je spiSe v tom, co ziskame extrakci, nez nejake taxonomické hranice

zisk sity Ci manualnim vybiranim, Tullgrenova extrakce Ci zemni pasti

5em
A pitfall trap for surface-active macroarthropods.

& Crossley, 1965, PBD, p-dichlorobenzene preservative [Reprinted from

cesium dispersion in a cryptozoan food web. Health Phys, 11:1375-1384. wi
of Williams & Wilkins, Baltimore, MD| Gl ol



https://www.youtube.com/watch?v=4k7I4cdKnMI
https://www.youtube.com/watch?v=GGgdlMMK1_4
https://www.youtube.com/watch?v=UVXtPQf9Za0

Polni studie

Vv pesticidu Delthamethrin na pavouky.
z celedi Linyphiidae (plachetnatkoviti z

Vewv r

nadceledi krizakii)

odchyt pomoci zemnich pasti

zabyvali se zejména vlivem pohybové aktivity
pavoukU na jejich expozici

bylo totiz zjisteno, 7ze ihned po expozici se
aktivita zvysi jako tendence uUniku - snizuje
expozici



http://upload.wikimedia.org/wikipedia/commons/f/f4/Lupa.na.encyklopedii.jpg

GST activity

Wi

PRIKFAD

Tahlz 1

Polni studie

Non-specfic carboxylesterase and glutathione S-transferase activity was measured in
the ground beetle, Pterosthicus oblongopunctatus (Coleoptera: Carabidae), from five
sites along a gradient of heavy metal pollution.

Mean concentrations of four heavy metals { £5.0.) detected in the humus layer along the heavy metal gradient
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Table 1
Carabidae collected in pitfall traps at eight field crop sites in
Saskatchewan {1994—1996)

Species Total numbers

Agonum
A, cupreum Dejean 49
A. placidum (Say) 219

Amara

. apricaria (Paykull)

. carinata (LeConte)

. confisa (LeConte)

. convexa (LeConte)

. cuprenlata (Putzeys)
. farcta (LeConte)
lacustris (LeConte)
. Aatior (Kirby)
dittaralis (Mannerheim)
. abesa (Say)

. torrida (Panzer)

[N - N N N N S N N - -

. gquenseli (Schonherr)
Unidentified species

Bembidion

. bimaculatum (Kirby)

. canadiamim (Casey)

. nigripes (Kirby)

. mutatum (Gemminger)

. nitidum (Kirby)

. nudipenne (Lindroth)
abscurellum (Motschulsky)
. quadrimaculatum (LeConte)
. rapidum (LeConte)

. timidum (LeConte)

. versicolar (LeConte)

TR ®

Unidentified species
Bradveellus congener (LeConte)
Calosoma

C. calidum (Fabricius)

O lepidum (LeConte)
C. obhsaletum (Say)

Calathus ingratus (Dejean)
Diplacheila striatopunctata (LeConte)

Dyschirius
D glohidosus (Say)
Unidentified species

Euryderus grossus (Say)

Harpalus
H. reversus (Casey)
H. apacipennis (Haldeman)
H. amputatus (Say)

H. herbivagus (Say)
H. fuscipalpis (Sturm)

Table 1 {(Continued )

Species

Micralestes linearis (LeConte)
Patrobus longicornis (Say)

Poecilus
P corvus (LeConte)
Pl lucublandus (Say)
P scitulus (LeConte)

Prerastichus
P femoralis {Kirby)
P adstrictus (Eschscholtz)
Unidentified species

Syatomus americanus (Dejean)

Commercial farms were

Total numbers
13
1

71
84
1

examined In western
Canada to assess the
Impact of two cropping
systems (annual-grain
and diversified grain-
forage) and two input
systems (high level and

organic) on carabid

beetles. Pitfall traps were
used to sample beetles
over 3 years (1994-—

1996).

Polni

PRIK

e

E=AD

studie
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Polni studie

ARANAE

PRIKIEAD

Field trials were
simultaneously conducted
In Algeria, Nigeria,
Tanzania, Uganda and
Zambia between 1992 and

% REDUCTION

i 40
1995 in order to ALG! ALG2 NIGI UGA TAN1 TAN2 ZAMI ZAM2
determlne the eﬁeCtS Of Fig. 4. Reduction in the number of Aranae between treated and witreated plots over the growing period for four subsequent vears (s = no
Organ 0Ch|0|’|ne peSUC'deS data). The figure on top of bar indicates the duration (in weeks) of significant effect. Bars without figures indicate no significant effect.
l. d ” . d For country codes see Table 1.
indane (all countries) an FORMICIDAE

endosulfan (two countries) 100 1
on non-target arthropods
In African maize
agroecosystems.

80
60

% REDUCTION

ALG1 ALG2 NIG1 UGA TAN1 TAN2 ZAM1 ZAM2

Fig. 5. Reduction in the number of Formicidae between treated and untreated plots over the growing period for four subsequent vears
{e=n0o data). The figure on top of bar indicates the duration {in weeks) of significant effect. Bars without figures indicate no significant
effect. For country codes see Table 1.



http://upload.wikimedia.org/wikipedia/commons/f/f4/Lupa.na.encyklopedii.jpg

Plzi

Kmen: mekkysi (Molusca)
Trida: plzi (Gastropoda)
Podtrida: plicnati (Pulmonata)

R&d: Stylommatophora (stopkooci)

Ziji ve svrehnf vrstvé pidy a rosltinném opadu

Dari se jim na vapnitych pidach nez kyselych
(stavba ulity), preferuji teplejsi a vihci klima

Zivi se tlejicimi rostlinami, lisejniky, rasami,
nekteri karnivorové — celed” Zonitidae,
Vitrinidae

celedi Helicidae (hlemyzdoviti), Arionidae
(plzakoviti), Limacidae (slimakoviti)

vyznamne rody Cepaea, Pomatia
Lesy: redy Discus, Ena, Faustina

1TP: Helicella, Pupilla, Cepea

Kysele mokriny: Succinea, Vertigo



Meékkysi v pudni ekotoxikologii - 2

PROC?
hlemyzdi  integruji v  realnych terestrickych  ekosystéemech  vliv
kontaminantd:
kontaktem - ptda, vyluhy, opadanka
prijmem potravy (ptida, rostliny)
dychanim

Atmospheric pollution
“ Dust particles g =~ o
on o
leaf surfaces
L) '—'I'

i r{ e

-‘--' = -.. i‘; = FELE] "- ‘: -:-"'- 5 .-

=l . 2 . N Rqot up_ta

Pore water - ; 21 N e e T

e L I e Ay AN - Pedo-geochemical
P : ' background

B e g o

Fig. 6. Possible routes of direct and indirect exposure of land snails (o contaminants: (a) contamination by breathing air; (b) con-
tamination at soil surface by eating plants, soil contact, breathing air, rain and surface water contact; (c) contamination in the soil by

swallowing soil particles. soil contact and interstitial air and pore water.



Mékkysi v ptidni ekotoxikologii - 4

PROC?
hlemyzdi - ekologicky indikator urcujici miru padni kvality

saprofagove a fytofagove

velka cast zivotniho cyklu je v zemi: kladeni vajicek, lihnuti, pocatecni
stadia, hibernace ...), ale i behem ostatni casti zivota jsou v kontaktu s
pudou

vyhovuji po vsech strankach kritériim pro dobre biologicke indikatory:

jednoduse se vzorkuji a identifikuji

jsou Siroce rozsireni

akumuluji’ polutanty.

jejich ekologie je dobre znama

dobre se chovaji' v kontrolovanych podminkach
Jsou citlivi na kontaminaci



Bioakumulace v meékkysich - 1

mnoho studii, protoze je znamo, ze prezivaji I na lokalitach
kontaminovanych tezkymi kovy:

pravdépodobné dokazou uchovavat inaktivni kovy: riznymi mechanismy:
uvnitr bunek v kompartmentech (granule, vacky ...) + exkrece
vazba na proteiny, methanothioneiny

mohou slouzit jake model prenosu polutantt do vyssich stupnl potravnich
retézcl, protoze jsou potravou mnoha savct

organismy  dle  bioakumulacnich  schopnosti  rozdelujeme  na
mikrokoncentratory, dekoncentratory a makrokoncentratory;
makrokoncentratori jsou nejlepsim indikatorem environmentalni
kontaminace

hlemyzdi jsou makrokoncentratory spoly s iIsopodami, zizalami

Jsou proto vyznamnym indikatorem bioakumulace



Bioakumulace v mekkysich - 2

studie maji’ vetsinou design chovu (18°C; v plastovych krabicich; potrava
salat), kdy je podavan napr. agar s kontaminanty

po cca 30dnech se provede pitva a jenotlivé casti - noha, hepatopankreas
(kde je znama vysoka akumulace latek). travici trakt - se meri

tkan se homogenizuje, centrifuguje; pak se uzivaji gelové chromatografie,
jontové vymenna chromatografie pro analyzy proteinti (methalothioneinu)
a AAS pro analyzy kovl

Table 1. Cpncentrations (Mean x SD} and Percentage Distributions (%) of Cadmium (A) and Zinc (B} in
Different Organs of Helix pomatia

A R
Cadmium pumol/g

Controis 0.05+0.02 0.01=0.006 0.34=0.15 75 0.23+0.13 0.01+0.006
FE1 04020117 0.07x0.02" 265x1.01* 72 3.31=0.57" 0.10=0.07"
FE3 0.38+0.08* 0.07=0.01" 213013 73 1.77+0.53" 0.04=0.01"

WB R

pmol/ig pmol/g pmol/g %
Controis 1.5+04 1.1+0.4 6.5+1.4 . . 0.9+0.2 11
FE2 4.4 09" 0.9=01 15942 ; . 0.8=0.23 5
FE3 3.8+x04" 0.8+01 225+10" . ; . 0.8=0.2 5*

Note: A: Cadmium concentrations of controls and of snalls from feeding experiments 1 and 3 {FE1, FE3). B: Zinc levels
qf controls and of animals from feeding experiments 2 and 3 (FE2, FE3). An asterisk ("} indicates a significant
cifference In metal concentrations or percentage distributions between controls and metal-fed snails. A dagger (%)
indicates a sigrificant difference between the metal-feeding experiments (Student's #test. p < 0.01). Abbreviations:
WB = whole body, F/M = combined foot and mantie tissues, H = hepatopancreas, | = intestine, R = rest.




Bioakumulace v mekkysich -

Table 11, Pulmonated land gastropads as contemimation indicators.

Test durilion Forameters

L

Reterence  Pollutani CrogiaEm inalom soree Speries

|} 249
201
| 21046]
[37]
6]

[76]
| 36|
[ 3]

[#]

[13%]

11349
173

[71]

Fe. Ph. #n

Cul, Cul Pl

il
. Ph. Zn

Col, Cu, Ph

KAl
Pr
Ca, Cud
n
diverse

T En

Cal, Cu

LTI

Contarmimsted and ancontim nisted sites

Roadsides

Cosmtamimaeted fooad 1 lettuce b
Avar wetiose +Fhoor +Ph and Cy
Ahandoned nune PeASn
[rverse

A plates waith Cd et £n

Ulrban arcas

Matural and through food

Contaminated sites and breeding

Fouud anel substrate

Fownd

Helfix prvmealtiv

H. NI

Cepreara feefenvis

. pamineetien

H.oospmersar
Six slug species

Clstropods and lund
invertrhrale=

H. yengalie

Awviciitior arefristervien
holwaen specics
COPPATI S0

H. axpers azpersa
anal B cexpaeened wran i

H. pamsartion
Hoavpersee, Ho pomgiia
frercce pon reticnilann

H. oapers axpprs
anl H. aspevsi wanding

4 woecks

LU —Sepl, TUT
Matural snails
PRepr, 9T
tlul—Sepr [WT5)
i35 0

ixarch 19=1]

d wocks

Moatural slugs
PSepr. 1SR
Wuriable

Ml

Seasonal sampling

Beaturat] amd raiged
mduln snails

Matural and maised
adule sials
3 woerks

PO ks

Temperature effect on Fe,
Pl Soan dilferent organs
Mol comcentration

[11] HFJ__FIIII'\.

Bicarec omme lation, cellula
andd medecular distribaeton
ol kil
Bocasecummlation; Pl ssi-
latioy amd excretion

Metal comcentriation

I LSSty

Contarmimation., oetlular
cinmparimenl, detoxification
Subeellulir distrrbanioen

m digestve alands

Metab congentralion

e Dssues - amlluence

ol mdvrduad =120

Maotal comeaneration

i T=shies,

H st Latien anel
prodlutiaan fictors

Pl coneentration in fol
and viseers

Aletal comeetratons

i thee Ty

Fieswccumlatiom




Teréenni testy s hlemyzdi - 1

Priklad terénni studie s expozici hlemyzd'l na
lokalitach pro posouzeni Uspesnosti
remediaci

PLATE 2. Experimental support for active biomonitroing. (a) Plastic
cage where the snails are exposed to the contamination for 1 month: (b)
Placing the snails in the cage.




Teréenni testy s hlemyzdi - 2

Prikiad

Fig. 1. Cage with sentinel snails transplanted to a natural
control site (Gy forest). We placed a plastic fence around the few feet away from the deviee used to monitor the atmospheric
cage to prevent penctration of predators (rodents, ete.). lead concentration by the side of a busy road.

Fig. 2. Cage placed on grass in Besangon Botanical Gardens a




Teréenni testy s hlemyzdi - 3

Priklad - pokr.

Fig. 3. Cage placed at the industrial waste disposal dump
{Technical Hiding Center : THC) at Vaivre which was in op-
cration from 1990 to 1992 with waste of classes [ and I

fw'fpef::rfrﬂfﬂ M |

i N

B T

Fig. 4. Close-up of the inside of the cage ( THC-b) showing how
the cage was held down with four wooden pegs, two pieces of
terra-cotta roof tile act as shelters, vegetation is the natural
spontancous ground cover.




Teréenni testy s hlemyzdi - 3
Priklad - pokr.

Table 1

Awverage total body, shell, foot and viscera weight of “sentinel” snails in the four tested biotopes. The controls (Lab 3) were grown in the laboratory during the same period of four
weeks, Significant difference in comparison with the snails of Gy forest

Group Total fresh  Shell weight (2)  Shellftotal (%)  Foot Viscera
weight {g)
Fresh weight Dy weight Water (%) Fresh weight Diry weight Water (%)
(2 (g) (g) (g)
Controls: 3.373 0.550 #5001 4.603 1.128 T75.62
Lab 3 +0.958 +0.103 +1.ED +0.455 +0.234 +3.52
Trans Gy 2402 0243 H0.90 3.586 0.354 89,92
+0.421 +0.047 +0.46 +0.741 +0.053 *1.74
Trans Lecl. 5.65 0.56 1.710 0.176 89.64 2723 0242 a1.02
+0.69° +0.13 . +0.267 +0.022° +0.89 0,838 +0.068° +0.74
Trans THC-a 527 0.45 1.859 0.167 90.93 1982 0185 90.63
+0.37* +0.06* H).259* +0.010* +0.89 +0.162 +0.008" +0.51
Trans THC-b 5.54 0.47 2005 013 91.15 2000 0.196 20.19
+0.19° +0.03° 0. H1.276 +0.013° 117+ +0.111" +0.013* 0,69

P00l
TP <005,




MUNI RECETOX

Terestricka biota — hmyz



Prospeésni ¢clenovci

= tzv. beneficial arthropods

= vSichni ¢lenovci, ktefi nejsou Skudci
o dravci (dravy hmyz a pavoukovci) — ,natural enemies”
o opylovaci

= je tedy cilem, aby byly v ekosystémech zachovani
= 7zel insekticidy €asto negativné postihnou i tyto organismy

MUNI RECETOX 202



Opylovaci

= u zadné skupiny hmyzu neni tak Gdzka vazba ke kvetoucim rostlinam

= vztah se vyvijel po dlouhou dobu
evoluce — priklad koevoluce

= ztrata vCel jako opylovacu
= nedozirné nasledky v ekosystému

MUNI RECETOX 203



O

Opylova

MUNI RECETOX

Table 2. Summary of bee poisoning incidents in the UK, 1994-2003

Number of poi-

Minimum number of

Pesticide soning incidents colonies affected Typical uses involved in poisoning incidents

bendiocarb 38 125 Feral bee control

dimethoate 19 2124 Spray applications to oilseed rape, oat, bean and bulb crops

pirimiphos-methyl 8 46 Spray application to coniferous plantation and intentional abuse

gamma-HCH 7 14 Spray applications to oil seed rape and wood treatment recorded

chlorpyrifos 6 36 Spray application to fruit crops, apple and raspberry

fenitrothion 6 72 Spray applications to raspberry crops

paraquat 5 26 To destroy possible GM-contaminated oilseed rape crops

permethrin 5 26 Spray applications to forestry, aircraft insecticidal procedures and
intentional abuse

carbaryl 4 8 Feral bee control and intentional abuse

triazophos 4 24 Spray applications to cilseed rape and bean crops

alpha-cypermethrin 3 32 Spray applications to oilseed rape crops

cypermethrin 4 15 Spray applications to cilseed rape crops and intentional abuse

lambda-cyhalothrin 3 74 Spray application to bean crop

dichlorvos 2 5 Beekeeper treatment for wax moth

malathion 2 9 Intentional abuse

dieldrin 1 1 Wood treatment

demeton-S-methyl 1 5 Unknown

propoxur 1 queens Aircraft insecticidal procedures

sodium cyanide 1 1 Feral bee control

1,4-dichlorobenzene 1 1 Beekeeper treatment for wax moth

bifenthrin 1 0 Intentional abuse

deltamethrin 1 12 Spray application to bean crop

tetramethrin 1 4 Intentional abuse

Total® 124 (117) 652 (609)

2 One incident involved bumblebees.

b Numbers in brackets are the actual total numbers of incidents or colonies affected, as five incidents involved two pesticides and one incident

involved three pesticides.

204




Opylovaci

= vCely jsou velmi citlivé na insekticidy
= |atky, ktere jsou pro vCely zvlasté nebezpecné, musi byt oznaCeny
= toxicita pro vcely je povinnym udajem pfi klasifikaci chemikalii

= ALE - veSkeré testy a znalosti se ale vztahuji pouze k v€ele
medonosné

= jakd je toxicita pro ostatni tisice druhu v€el a dalSi opylovaée?

= akutni toxicita — hromadny uhyn vcel, zvlasté ve vazbé na chemicke
postriky v zemeédélstvi

= chronicka toxicita — zakladni faktor = snizeni imunity (varoaza atd.)
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Opylovaci

= ¢melaci = velice vyznamni opylovaci

= specificka biologie oproti v€elam = kolonie s velmi malym
pocltem jedincu

= soucCasné aplikace ruznych
pesticidu na sousednich polich

= v praxi neni koordinace mezi
farmari: koexpozice

Figure 1| A complex exposure landscape. In a typical agricultural setting, different crops may be
sprayed with different pesticides at different times and doses, Bees will obtain food both from these
crops and from wild plants, which makes it difficult to estimate their overall exposure to chemicals.
Furthermore, bees returning to the colony after foraging may pass on the pesticides as they feed larvae.
Inan attempt to partially mimic this exposure complexity, Gill et al."” placed pesticide-laden feeders and
filter paper (not shown) at the entrance to boxed colonies of bumblebees, which could also access flowers
on crops and wild plants in the wider landscape. The researchers measured the effect of these added

I\II U I\I I R E c E T 0 X pesticides at both the individual-bee and colony level.



Priklad — cmelaci a pesticidy

= polni studie: aplikovany povolené davky
o 2 individualni latky ,I“ a ,LC*
o Ssoucasna expozice ,M“ (mixed) Gill et al (2012)
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Figure 3 | Overall worker losses. Mean (= s.e.m.) overall percentage of
workers lost per colony, including workers lost outside (below the dashed line)
and worker mortality (dead workers found in nest box; above the dashed line),
during the 4-week experiment. #n = 40 colonies. #P < 0.1, **P < 0.01,

#%%P =0.001 (comparison with control).

Table 1 | Summary of observed pesticide effects for each treatment
group (I, LC or M) in comparison to the control group

Mbwr "KeveETUR

Effect level Effect type I LC M
Effects on Number of foragers + ND
individual ~ Foraging bout frequency ND ND =
behaviour  Amount of pollen collected — ND -
Duration of pollen foraging bouts + ND +
Effects at Worker production : ND —
colony level Brood number - ND —
Nest structure mass ND ND ND
Worker mortality ND + +
Worker loss + — +
Worker mortality & loss ND + i
Colony failure (n failed/n survived) 0/10 0/10 2/8

Significant decrease (-), significant increase (+) and no detected effect (ND) at the 5% significance
level.
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Metody

= metody prime
o pozorovani (zejména optické) — zejména u velkych obratlovcu

o Vvzorkovani — odchyt reprezentativni ¢asti populace
- pasti

mrtvochytné (zivoCicha usmrti) - sklapovaci, oka, s vodou a jiné pasti; kladou se urcitym
systéemem
kvadratova metoda — sit tvofici Ctverec/Ctverce (maximalni velikost, ale aby podaval reprezentativni
vzorek)
liniova metoda
metoda Y — pasti v linii tvofici tvar Y, plutky sméruji zivoCichy
zivolovné — chodbi€ky, zapadavaci dvifka ... znackovani, pusténi a opétovny odchyt (CMR
— catch, mark, release) - -

- odstrel

MUNI RECETOX
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Metody

= priklad z realu — kvadratova metoda pro malé savce
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Metody

= metody neprimeé
o dle stop organismu
o vykaly
o hlasové projevy — zpév ptaku
o okus stromu

MUNI RECETOX 211



Metody

= priklad — studium netopyru
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RuUzné typy indikatorovych druhu

Table 4
Categories of focal species

Indicator species are species whose status is indicative of the status of a larger functional group of species, reflects the status of key
habitats, or acts as an early warning to the action of an anticipated stressor (e.g. white-tailed deer (Odocoeileus virginianus) populations
that signify the availability of forest-grassland margins).

Keystone species have much greater effects on one or more ecological processes than would be predicted from their abundance or biomass
alone (Power et al., 1996) (e.g. the red-cockaded woodpecker (Picoides borealis) creates cavities in living trees that provide shelter for
23 other species (Dennis, 1971)).

Ecological engineers alter the habitat to their own needs and by doing so affect the fates and opportunities of other species (e.g. Jones
et al., 1994; Naiman and Rogers, 1997) (such as the gopher tortoise (G. polyphemus) that digs burrows used by many other species or
the beaver (Castor canadensis) whose dams create wetlands).

Umbrella species have either large area requirements or use multiple habitats that encompass the habitat requirements of many other
species (e.g. the northern spotted owl (Sirix occidentalis caurina) that occupy old growth forest in the Pacific Northwest).

Link species play critical roles in the transfer of matter and energy across tropic levels or provide a critical link for energy transfer within
complex food webs. For example, prairie dogs (Cynomys spp.) in grassland ecosystems convert primary plant productivity into animal
biomass. Prairie dog biomass. in turn, supports a diverse predator community.

Special interest species include threatened and endangered species, game species, charismatic species and those that are vulnerable due to
their rarity.

Dale & Beyeler (2001)

MUNI RECETOX
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Priklad - sycCek

pfiklad souéasného pusobeni vice ekologickych faktor

= traveni hlodavcu antikoagulacnimi rodenticidy
- hlodavci prezivaji nékolik dni se snizenou vitalitou
- Jsou snadnou kofisti — prenos jedu na predatora
- oslabeni nebo hynuti sy¢ku

= narust pocdetnosti kuny skalni

= mizeni nizkostébelnych travniku z krajiny
Dusledek:

= snizeni celkove vitality a pocCetnosti populace
= vymizeni z ekologicky méne priznivych oblasti

(horske oblasti — snih —nedostatek potravy)
MUNI RECETOX




Priklad - sycek
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Priklad - diclofenac e

DICLOFENAC

NSAL

= zastupce ze skupiny NSAD (nonsteroidal -
antiinflammatory drugs) i |: SR =
= podobné uginky (tumi projevy zanétu) jako 1
ibuprofen, paralen <) & !Olﬂ?"pﬁfgiz
= pouzivani ve veterinarni medicing | S

More than 90 percent
decline in decade

Vulture population

= neocekavané akumulace v domacich zviratech

1997 | 2007 s
A P ~ J | around around afiributed
= velka toxicita pro dravce (mrchozrouty) 300,000 1,000 | fouseoi
v ’ V4 Ve in Came
= neocekavana NEFROTOXICITA - akutni 20
talita e e
mor 223 -
, , .. ., A die nfkﬂmlgm“ /}a;-*-w’" A painkiller and
= velky problém v Indii a Pakistanu, e  within 24 hours

ale i v Evropé (Recko, Spanélsko, Italie, Kypr) e

Nepal has now . B

banned production
MUNI RECETOX s o o
Adinlnfanan far 1ica

o

anii-inflammatory
medicine used in
I velerinary
I’ medicine, as well
¢ as human
medicine

Source: Bird



Priklad — Potapka obrovska

= nékolik faktoru: nekontrolovana tézba rakosu, lov, zastavéni pobfezi,
eutrofizace

= umeélé vysazeni velkych okounu (r. Micropterus), dorustaji az 12 kg =
vyhubeni 13 z 19 puvodnich druhu ryb, vyhubeni vétSiny krabu, okouni lovili
| mladata potapek

= prudky pokles stavu:

1929 400 ks

1960 100 ks

1965 80 ks

1986 posledni pozorovani

= pouceni = vysoka citlivost stenoeknich druhu ke zméné prostredi
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Priklad — Husa velka

= Skotsko, centralni a vychodni ¢ast, zima 1971 - 72

= prezimovani cca 60 000 jedincu husy divoke, tj. cca 2/3 britské
populace

= vysoka umrtnost ve stovkach jedincu
» hledani pficiny:

moreni osiva
ozimého obili

husa m : vysoka

I\/I U I\I I R E c E T 0 X (Anser anser mortalita )1




Priklad — Husa velka

= Berneska velka — neovlivnéna
= nizSi citlivost vuci carbophenothionu nez husa velka

Zavery
= mezidruhove rozdily v citlivosti

berneska velka - méne citliva nez husa velka
nutno respektovat pfi testech chemikalii

= velka mistni koncentrace populace je rizikem
prostorova distribuce — faktor pri hodnoceni
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Terestricka flora

= = PRODUCENTI = zasadni vyznam pro ekosystem

= hlavni zdroj energie a organicke hmoty v ekosystemech
= zdroj kysliku pro ostatni organismy

= ekonomicky vyznamne organismy

= potraviny, zdroje surovin (drevo) ....

= esteticky vyznamné organismy

-> ekotoxicita pro producenty ma zasadni vyznam
pro cely ekosystem
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Bioindikace pomoci rostlin

= slozeni rostlinnych spoleCenstev — fytocenologie

= funkce a stav rostlin
o meéreni fotosyntézy (produkce kysliku, fluorescence fotosyntetickych pigmentu)
o biochemické markery
o genotoxicita (mikrojadra, chromozomove aberace)
o fungovani fixace dusiku, mykorhizy

= Jistova pokryvnost

sledovani vyskytu indikatorovych organismu

o mykorhitické houby

o liSejniky

o nemoci (svrastélka javorova)

polutanty v rostlinach

MUNI RECETOX

222



Sledovani fotosyntézy

= gazometrie (IR) - méreni spotifeby CO2, produkce O2

r'E

MUNT | RECETOX &= B 25



Sledovani fotosyntezy

= Sledovani fluorescence
= Impuls svétla = absorbce chlorofylem - emise svetla (Cervené)
= U poskozenych rostlin zmeny v intenzité a kinetice fluorescence

(O

Halogen lamp

Orange LEDs

U T T T—— S
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Fytocenologicky snimek

= studium rostlin na drovni rostlinnych spoleCenstev

= slouzi k dosazeni jednoho ze zakladnich cilt fytocenologie = klasifikace vegetace:

o urcité skupiny rostlin - rostlinna spole€enstva maiji typickou kombinaci druhd, fyziognomii (napf. les nebo
travnik) a ekologii

o skupina ma vlastni latinsky nazev, jehoz zaklad tvofi vétSinou dominantni nebo charakteristicky druh a
latinsk& koncovka podle toho, na jaké hierarchické Grovni skupina v systemu stoji (tfida, fad, svaz, asociace)

o https://www.sci.muni.cz/botany/veqgsci/vegetace.php?lanqg=cz

= pomoci fytocenologickych snimku Ize ale odpovédét i na radu ekologickych otazek: vliv
podminek, chovani a Sifeni invaznich druhu atd.

Fytocenologické snimky v riznych
tzemich Ceské republiky podle Ceské
narodni fytocenologické databaze.
Velikost symbolu je proporcionalni

k po&tu snimkd.
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https://www.sci.muni.cz/botany/vegsci/vegetace.php?lang=cz

Fytocenologicky snimek

= vymezeni plochy, ¢tverec nebo obdélnik, jednotky - stovky m? £
= rostliny se rozdeli dle vysky do nekolika vegetacnich pater: . "
o mechorosty a liSejniky
o byliny, semenacky dfevin

o kefe a stromy s pfipadnymi lianami a epifyty
= odhadne se pokryvnost jednotlivych pater RS
= v kazdém patfe se zaznamenaji vSechny druhy véetné odhadu plochy, kterou pokryvaji (v

procentech nebo specialni stupnice — sedmiclenna Braun-Blanquetova nebo
jedenacticlenna Dominova)

= zaznamenavaji se i jiné informace, samoziejmé presna poloha a datum, ale i sklon svahu a
jeho orientace ke svétovym stranam

= mohou se také odebrat vzorky pudy na pozdéjSi analyzy (napf. pH a dalsi chemické
analyzy)
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LAl —index listové pokryvnosti

= mnozstvi listovi - zakladni ekologicky indikator
= defoliace jako bioindikator stresu

= porosty kulturnich rostlin 4-8

= stredne hustée smrkove porosty 3-5

= porovice lesni 20 let — bez pfihnojovani 2,8 - 4,4
= porovice lesni 20 let — s prihnojovanim 5,5 - 9,4

LA — celkova listova plocha [m?]

LAl —index listové plochy =LA : P

LAD — hustota listovi =LA ; V

MUNI RECETOX 227



LAl —index listové pokryvnosti

» hustota vegetace ovliviuje depozici povrchu napfr. pri

atmosférické depozici nebo pfi aplikaci pesticidu
= samozrejme, ze se toto meni i behem roku

insekticidy
(dimethoate, cypermethrin)

MUNI REC

X pudni brouci
na jecmenném poli

Ps:Pa

kde je:

exp (k. LAI)

mnozstvi pesticidu, které dosahne povrch puady (g/ha)
mnozstvi pesticidu aplikované na pozemek (g/ha)
koeficient zachytu pesticidu

(v dané pfipadé k = - 0,479)

listovy ploSny index (m2. m)
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LiSejniky - priklad
Stav lisejnikl reaguje citlivé na kvalitu ovzdusSi

Proc lisejniky?

= ZvySeny pfistup imisi

= Anatomicka stavba stelky

= Vodni rezim

= [ntenzita metabolismu

= Symbiotickd podstata lisejniku
* |ntegrace imisni zatéze (latkova, koncentracni a Casova)
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LiSejniky - priklad
Hlavni metodickeé pristupy

= metody fyziologické (pokles intenzity fotosyntézy, dychani a Cisté produkce,
snizeni obsahu chlorofylu a pritomnost feofytinu, stanoveni pH a vodivosti
liSejnikové stélky, redukce fosfatazoveé aktivity, metabolismus aminokyselin)

= metody morfologicko — anatomické (stupnice 1 az O: stélky normalné
vyvinute, stélky zakrnélé, pfipadne mirneé poskozene, stelky s vyraznymi
stopami poskozeni, stélky z velké Casti odumrele, stélky zcela odumrelé ...)
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LiSejniky - priklad
Hlavni metodické pristupy

= metody floristické — chorologické (mapovani
rozSifeni indika¢nich druhu, stupnice citlivosti
indikaCnich druht)

/

Skupina [Cilvostkimisim [Druh

- silné toxitolerantni

malo citlivé

stfedné citlivé
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Lecanora conizaeoides
Lepraria sp.

Bacidia chlorococca
Lecidea scalaris
Hypogymnia physodes
Lecanora subfusca sp. agg.
Parmelia sulcata
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LiSejniky - priklad
Hlavni metodické pristupy
= metody fytocenologické =" (Q . f)

o index IAP (Index of Atmospheric Purity) 10

oooooo

- Q - ekologicky index kazdého druhu liSejniku, udavajici pramérny pocet
doprovodnych druhl na vSech stanovistich, kde se nachazel

- f- hodnota abundance nebo frekvence podle odhadové stupnice

o index L
m - poCet indikacnich druhl nalezenych na daném stromé

g - ekologicky index citlivosti druhu k imisim (vysSi q = vySSi citlivost)

f - kvantitativni zastoupeni druhu podle odhadové stupnice

v - vitalita druhu podle odhadové stupnice

MUNI RECETOX
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LiSejniky - priklad
Hlavni metodickeé pristupy

= metody fytocenologické
o indexL

o Rozsah indexu L v horskych
smrcinach v nasich pohranicnich
pohofich v 80. letech 20. stoleti

 loJo T [0 [0 feo [0 [eo [oo [roo [

drerskehoy Wl | ] [ | | | |
KrionoSe | I I
Orickéhoy I I N O I
N I N A

[
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List1

				10		20		30		40		50		60		70		80		90		100

		Jizerské hory

		Krkonoše

		Orlické hory

		Kralický Sněžník

		Novohradské hory





List2

		





List3

		






LiSejniky - priklad
Hlavni metodickeé pristupy

= metody fytocenologické
o indikacni kapacity - ustup lisejniku - etapy ustupu:

- snizovani vitality (= v z L indexu)
- snizovani abundance (=fz L indexu)
- shizovani poctu druhd (=g z L indexu)

Indikaéni| zastoupeni charakterlstlka
kapacita | druhu (m,q)

-
stav bez dIouhodobych vI|vu

realné modelové | modelové [stav bez kratko a
----

| CK | redné | reainé | modelové |stavbez kratkodobych viiva
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List1

		Tab. 4: Stupnice citlivosti lišejníků pro okolí Liberce [6]

		Skupina		Citlivost k imisím		Druh				Tab. 6: Definice jednotlivých lišejníkových indikačních kapacit

		I		silně toxitolerantní		Lecanora conizaeoides				Indikační kapacita		zastoupení druhů (m,q)		abundance		vitalita		charakteristika

						Lepraria sp.								(f)		(v)

		II		málo citlivé		Bacidia chlorococca				CI		modelové		modelové		modelové		„původní stav bez imisí“,

						Lecidea scalaris												stav bez dlouhodobých vlivů

						Hypogymnia physodes				CJ		reálné		modelové		modelové		stav bez krátko- a střednědobých vlivů

		III		středně citlivé		Lecanora subfusca sp. agg.				CK		reálné		reálné		modelové		stav bez krátkodobých vlivů

						Parmelia sulcata				CL		reálné		reálné		reálné		současný stav,

						Parmelia saxatilis												CL je totožná s indexem L

						Parmeliopsis ambigua

						Parmelia exasperatula

						Plastismatia glauca

		IV		velmi citlivé		Parmeliopsis hyperopta

						Cetraria chlorophylla

						Lecanora varia

						Pseudoevernia furfuracea

						Evernia prunastri

						Ramalina farinacea





List2

		





List3

		






LiSejniky - priklad
Hlavni metodické pristupy

= metody fytocenologické
o indikacni kapacity - ustup lisejniku - etapy ustupu
o modeloveé pfiklady dynamiky ustupu liSejniku

rovhomeérny ustup dlouhodoby Ustup strednédoby ustup

*soucasny ustup na urovni druhu,
abundance i vitality

*pfevazuje ustup na urovni druh( *pfevaZzuje ustup na urovni

*niedpoklad dlouhodobého abundance

plUsobeni imisi
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*pfevaZzuje ustup na urovni vitality
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LiSejniky - priklad
Hlavni metodické pristupy

= metody fytocenologické
o indikacni kapacity - ustup lisejniku - etapy ustupu
o KRNAP
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LiSejniky - priklad

Hlavni metodické pristupy
= metody chemicko-analyticke - liSejniky jako material pro chemickou analyzu

Koncentrace Pb (mg/kg sus.) v
liSejniku Hypogymnia physodes
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Pfiklad - rozpad smrkovych porostti v CR

= pfiklad komplexniho pusobeni nékolika faktoru
= horské oblasti CR, 2. polovina 20. stoleti

= prvni pricina — smrkové monokultury v nevhodnych oblastech (melky
kofenovy systém — mala odolnost vuci vétru, Sifeni Skudcu)

= druha priCina — kyselé desté v dusledku spalovani hnédého uhli s vysokym
obsahem siry

o okyselovani pudy (poSkozeni kofenovych systému, vliv na pfijem zivin, uvolnéni
toxickeho Al ...)

o pfimy vliv na nadzemni Casti rostlin (kvéty a mladé vyhonky — nejzranitelng;jsi,
posSkozeni epikutilarniho vosku)

o pfimy uhyn stromu &i oslabeni — podlehnuti dalSim stresorum (snih, Skadci — kirovcové
kalamity)
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Pfiklad - rozpad smrkovych porostti v CR

MUNTI | RECETOX SO, v ovzdusi v 90. letech »3



b 4

\ & 4

Priklad - rozpad smrkovych porostu v CR

MUNI RECETOX



CR

o

uv

rozpad smrkovych porost

klad -

ri

P

neposkozeny

poskozeny

MUNI RECETOX



Pfiklad - rozpad smrkovych porost(i v CR

komplexniho pusobeni faktoru

= vymyvani zivin

= toxickeé pusobeni hlinikovych iontu

= nedostatek Mg — pokles fotosyntéezy

= vynakladani energie na obnovu kofenu

= Unik kofenu k povrchu — vyvraty, mraz
= akutni pusobeni imisi na jehliCi
= prebytek dusiku ‘

= celkové snizeni vitality stromu

= nedostatecna odolnost k: abiotickym faktorum (sucho, mraz, vitr)
‘ biotickym faktordm (houby, hmyz)

= vysledek — dhyn stromu
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Pfiklad - rozpad smrkovych porostti v CR

komplexniho pusobeni faktor

—

acidifikace
pudy

N

vymyvani zivin (Ca, Mg)

-

snizeny prIjEFI"‘I Fivin'

naruseni

vodniho rezimu

pokles /

fotosyntézy

na koreny

//

toxickeé pusoben[

uvolno\rém katlontu hliniku

obranna opatreni
proti zasahu

zvy$ena spotreba
energie

nestaci

zasoby oslabeni imunitniho

systému

MUNI

b

oslabeni organismu

7

Symptom: pfed€asné opadavanijehli¢i. Mozné pfi€iny:

komplexné pusobici pfi€iny (vitr, mraz, sucho, imise)

nedostatek Mg
nedostatek K
rez zlatoslizka smrkova (Chrysomyxa abietis)

houba Rhizosphaera kalkhoffii

msice smrkova (Liosomaphis abietina)

houba (Lophodermium macrosporum)

mrazivé sucho, mraz (vétsi nachylnost pfi nedostatku K)
pusobeni posypovych soli

houba (Sirococcus strobilinus)

ploskohibetka smrkova (Cephalcia abietis)

pilatka smrkova (Pristiphora abietina)

houba (Ascocalyx abietina)
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Pfiklad - rozpad smrkovych porostti v CR

4

= Skudci — kovarici, kozlicek, lykohub
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Pfiklad - rozpad smrkovych porostti v CR

= nepratelé Skudcu — lumci, stfevlici, slunécka, mravenci atd.
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Pfiklad - rozpad smrkovych porostti v CR

dalSi stresor: aplikace insekticidi

= velkoplosna aplikace insekticidu: 1978 — 1983

= pouzite pfipravky: Actellic 50 EC (pirimiphosmethyl
— organofosfat, kratké pretrvavani v pfirodé) a
Ambush 25 EC (permetrin - pyrethroid,
nebezpelny i pro studenokrevné zivocichy)

= (cinnost zasahu: housenky opadavaly ze stromu
hodinu po zasahu, prumérna ucinnost 81%,
celkové zasah zachranil asi 50% jehlic

MUNI RECETOX 28



Pfiklad - rozpad smrkovych porostti v CR

dalsi stresor: aplikace insekticidul - vedlejSi vlivy:

vysledky sledovani - na 1 m? pod korunami

- 230 — 250 housenek obalece
- 70 — 230 jedincu dalSiho hmyzu

= u hmyzu létajiciho nad povrchem pudy — klesl pocet jedinct na 40%, pozdéji na 20-30%

proti kontrole — zvySovani stavl po 14 dnech

= velmi negativni, az drasticky vliv na faunu potoku — larvy vodniho hmyzu zasazeny a
unaseny proudem: 10 — 30 x vice proti normalu — nejcitlivéjsi poSvatky

= dlouhodoby vliv na populace hmyzozravych ptaku

Kralicek obecny (Regulus regulus)

MUNI
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Drozd zpévny (Turdus philomelos)
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