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Specifika z pohledu ekotoxikologie

« Analyza vlivu stresovych faktori na mikroorganismy v realném
prostredi spo€iva predevsim v hodnoceni vlivu na celé populace a
spoleé¢enstva mikroorganismu

« Taxonomicka a geneticka variabilita ovlivnénych populaci

« Spole€enstvo interaguje s kontaminaci prostredi jako se selekcnim
faktorem

« Schopnost rychlych fyziologickych adaptaci u urcitych casti
spole€enstva (ziskani zna¢né resistence vuci stresovému faktoru) —
selekce rezistentnich forem

« Vliv stresovych faktoru obvykle vyvola pokles diverzity mikrobialnich
spole€enstev — prevaha tolerantnich skupin

* Redukce celkového spektra enzymatickych aktivit - nedostatecna
mineralizace organické hmoty a jeji hromadéni

« Celkova historie zkoumaného mikrobialniho spole¢enstva - jinak
reaguje na opakované pusobeni stejného faktoru a jinak na zcela novy
stresovy podnét

Centrum pro vyzkum o
toxickych litek Snimek 3
v prostiedi
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Specifika z pohledu ekotoxikologie

 Méreni prevazné metabolické aktivity — uzky vztah k funkceschopnosti
dané skupiny z ekologického hlediska

« Celkové propojeni metabolickych drah a navaznost procesu

« Naruseni jedné komponenty muze vyvolat i zvysSenou aktivitu jiné, jako
kompenzacni reakci - "Stimulace" toxickou latkou byla mnohokrat
popsana pro velmi rozdilné populace mikroorganismu

« Pozorované jevy mohou mit vice stochasticky charakter nez v
kontrolovanych laboratornich podminkach

« Samotné mikroorganismy mohou ovlivihovat chemické formy polutantu,
napr. mobilizace sorbovanych forem latky ¢i zmény specii kovu

Centrum pro vyzkum o
toxickych litek Snimek 4
v prostiedi
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Specifika z pohledu ekotoxikologie

| v nekontaminovaném prostiredi mohou byt mikroorganismy vystaveny
vlivu stresovych faktor

| "prirozené™ stresové faktory obdobné jako kontaminace jsou pric¢inou
vyssi udrzovaci energie mikrobialniho spolecenstva

Suboptimalni aroven parametri vnéjsiho prostredi ovlivauje i citlivost
mikroorganismt vuaéi toxickym latkdam - ve stresujicich pfrirodnich
podminkach jsou mikroorganismy relativne citlivéjsi na jakykoli
dodatec¢ny podnét

Plsobeni stresovych faktortu vede k redukci diverzity, coz je spojeno se
ztratou urcité casti enzymatického vybaveni, coz vede ke snizené
schopnosti spolec¢enstva prizplisobit se pusobeni kontaminujici latky
(napr. degradovat jisty typ latky)

Tyto skutecnosti komplikuji interpretaci ekotoxikologickych
studii in situ, proto pro odhad vlivu kontaminujici latky je
nezbytné znat i jistou historii zkoumané lokality

Centrum pro vyzkum i
toxickych litek Snimek 5
v prostiedi



Mikrobialni spolecenstva realného prostredi
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Mikrobialni spolecenstva realného prostredi
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Mikrobialni spolecenstva realného prostredi

Aerobic
Anaerobic
Facultative
Microaerobic
Aerotolerant
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V realu nastava kombinace faktort a disledkem je stratifikace
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Mikrobialni spoleCenstva

pudy
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Mikrobialni spolecenstva pudy

Plda

- uz v zakladni definici pady je uréeno, ze pudou je,
pokud je ozivena

- Zivé organismy jsou jednim z péti pudotvornych Cinitelt
- osidlena mikrobialnimi spoleCenstvy, rostlinami i
zivocichy

- slozity a heterogenni komplex

- popsatelny fyzikalnimi, chemickymi, biologickymi a
pedologickymi parametry

- je to dynamicky nikoliv staticky systém
- vyznam pudy pro lidstvo je nesmirny

- puda a jeji stav jsou propojeny s celym terestrickym
ekosystémem

- viz. PEDOLOGIE

Centrum pro vyzkum
toxickych latek
v prostiedi
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Mikrobialni spolecenstva pudy

RozSireni mikroorganismu v pudé
- determinovano pudou jako prostfedim
- obecné se abundance snizuje smérem do hloubky

- alochtonni = pudé pfirozené (napt. bakterie rodt Pseudomonas, Streptomyces,
Arthrobacter, houby Mucor, Penicillium, Aspergillus ...)

- zymogenni = jen v optimalnich podminkach, rychle rostouci a silné aktivni (Bacillus,
biCikovci, sinice)

- patogenni - i pro ¢lovéka (Clostridium tetani, C. botulinum, C. perfringens, Bacillus
anthracis apod.)

Centrum pro vyzkum i
toxickych litek Snimek 12

v prostiedi
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Mikrobialni spolecenstva pudy
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Mikrobialni spolecenstva pudy

RozSireni mikroorganismu v pudé

* nejvétsi biomasa mikroorganismu je v humusovém horizontu,
v rizosfére a s hloubkou dochazi k poklesu

« fotolitotrofni mikroorganismy jsou samozfejmé vazané pouze
na nejvrchnéjsi vrstvicku pudy

* obligatné anaerobni mikroorganismy se nachazi spise ve
spodni ¢asti horizontu (bez pristupu kysliku)

* mikroorganismy uzavreneé v mikroagregatech jsou dobre
chranéné pred predaci protozoi, ale naopak mohou stradat
nedostatkem substratu

Centrum pro vyzkum o
toxickych litek Snimek 14
v prostiedi
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Mikrobialni spolecenstva pudy

Total number of live and dead bacteria {a), dead bacteria in percent of total bacteria (b),
number of bacteria on starch agar (¢}, and, metabolically active bacteria as a percent of live bacteria
(d); numerator — means of 12 to 15 estimates in samples taken in spring, summer and autumn 1981
and 1982, denominator — range of respective data

1)
Material l(}":ag"l l‘;’a , lf}l".cg‘l ;/ln
0.650 8.6
Green plants 0262-1.126 12-12.6 B }
Standing dead 1.047 226 0.0146 1.80
matter 0.423-1.469 14.2-31.8 0.0035-0.0249 0.98-2.50
Aboveground plant 38.730 218 3.33 10.99
litter 8.576-50.640 16.3-28.2 0.590-59.500 7.99-8.23
3) 11.754 5.7 2.88% 25.90
Roots 1.876-24.120 2479 0.282-8.555 16.10-39.50
. . 7.810 12.8 0.880 13.69
Rhizosphere soil | 1535 14933 6.2-23.8 0.111-2.539 9.38-20.10
- 1.470 21.6 0.035 296
Root free soil 0.536-2.198 15.1-29.8 0.007-0.077 1.47-4.36
Amount (A) and distribution (B) of bacterial biomass in the grassland ecosystem
A

toxickych latek
v prostiedi
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Centrum pro vyzkum

Experimental variant: N NFO0 NF1 NF2 RF0 RF1 RF2
g C per m% 14.2 23.5 47.6 36.5 43.7 78.3 574
B! Bacterial biomass C in the ecosystem
gCperm? % g C per m? %
Green plants 0.011 0.02 0.15 1.34
Standing dead matter 0.031 0.02 0.06 0.54
Aboveground plant litter 0.324 0.73 0.08 0.72
Root free soil 12.877 29.09 9.22 82.91
Rhizosphere soil 28.996 65.50 - ’
Roots 2.049 4.63 1.61 14.48
Ecosystem total 44288 100.00 112 100.00

') mean of all experimental variants



Mikrobialni spolecenstva pudy

Presence of different physiological groups of micro-organisms in the grassiand ccosystem. Means for all variants

Spore-forming N fixalors Oligotrophs Oligonitrophils Cellulolytic
107.g7* 50! 10’.g7" 107.g~" 108.g7"
Green plants X 0.21 0.47 0.39 2.21 0.136
3 0.12 0.41 0.29 0.97 0.129
Y% 55.2 87.2 ' 713.4 43.7 95.2
Standing dead matter X 0.34 11.01 1.20 5.03 0.365
53 0.45 6.55 1.22 5.00 0.371
V% 133.5 59.5 101.6 99.5 101.6
Litter X 12.67 43.04 - 192.47 181.02 221.6
Sg 7.87 37.24 147.23 124,19 97.1
V% 62.1 86.5 76.5 08.6 43.8
Roots X 17.64 23.13 159.07 168.43 0.63
S5 16.98 15.52 106.6 123.02 0.29
V% 96.3 67.1 67.00 73.0 : 46.5
Rhizosphere soil X 12,25 14.63 85.46 87.29 199
83 19.00 12.11 97.00 84.91 2.53
V% 155.15 82.8 113.50 97.30 63.4
Root-free soil X 0.91 8.73 11.88 6.57 0.10
8; 1.04 8.42 13.38 5.22 0.05
V% 106.1 96.4 112.7 79.50 50.0

Centrum pro vyzkum o
toxickych litek Snimek 16
v prostiedi
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Mikrobialni spolecenstva pudy

Ekologicka vazba mikroorganismu na koreny rostlin

je zalozena na tom, ze v okoli korenu je jiné prostredi nez jinde v pudé
tzv. RHIZOSFERA

-y T Rostli
ﬁ M0 ¢ €0, 7/ /e ostlina

’ h‘\ Vodni rezim
WP Uvolfiuje koFenové
o, / / co, exuddty
/\ .\ / 1
\“ \_/\
utrients i .
G Mikroorganismus
) ots Produkuji napr.
RCOO- + HPO,- rﬁsfgvé/qukfrory
NH,*/ ¢ H,0 + CO, Uvolnuji Ziviny
Metabolis!
(@) ::l;exri](t::(;;'ih;:ig:e\:(yzkum RNH 02 Snimek 17




Mikrobialni spolec¢enstva pudy

R/S pomeér = pocet mikroorganismu v rhizosfére (R) ku mnozstvi v puadé (S)
Normalni pidy 5-20, (100) = 5-20 x vice bunék v rhizosfére

Vliv ma druh rostliny a jeji stari

N

/ \ Flagellate protozoa

Pigmented

bacteria / \ Microbial Loop??
2
G \
UL.’ Amoeboidal
P~ | protozoa \

Non-pigmented
bacteria J \
‘
Dle K.T. Semple - =
0 20 40 60
Plant age (days)
(6) %E[;‘%gige‘g’z"""‘ Snimek 18




Mikrobialni spolecenstva pudy

Rhizosféra
« A vySsi pocty Gram negativni, tyckovité bakterie
« W nizsi mnozstvi G-, kokl a pleomorfnich bakterii

 Relativne abundantni jsou pohyblivé, rychle rostouci bakterie napr.
Pseudomonas spp

 Korenové exudaty
— aminokyseliny
— keto kyseliny
— vitaminy
— cukry
— taniny
— alkaloidy

Centrum pro vyzkum

toxickych litek Snimek 19
v prostiedi
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Mikrobialni spolec¢enstva pudy

Location: High-altitude

SIS 1 ATl Location: South-gastern

desert of Arizona.
Vegetation: Creosole.
Uses: Limited grazing.

Vegetation: Pine forest.

Uses: Timber.

Horizon Notes

(O Pine needles in various
slages of decomposition.

A Shallow horizen enriched
with humic materials.

E Leached horizon wilh
less organic matter and
clay than the horizons
above and below il

B Horizon marked by
accumulated clays: some
limestone parent material
present in the lower part.

Horizon Notes

A Shallow A horizon with a
small amount of oerganic
material.

C Alluvial deposits. The
numbered horizons,
C1-C5, here denole
successive deposition
evenls that vary signifi-
cantly in mineral compo-
sition and texture.

Location: Montana.
Vegetation: Grassiand.
Uses: Wheal farming.

Horizon Notes
O Native grass residues.

Obrovska variabilita pudnich typa a druhu

Moderately deep zone of
built-up humic materials.

Obrovska variabilita vlastnosti ptid a lokalit

A

B Horizon of heavy clay
accumulation.

C

Calcareous glacial till
parent material.

Sezdnni variabilita

= vliv na mnozstvi, aktivity a slozeni
mikrobialniho spole€enstva

Snimek 20




Mikrobialni spolecenstva pudy

Mikroorganismy jsou v interakci s vlastnostmi pudy
- nutri€ni vlastnosti pudy (zdroj zivin pro mikroorganismy)

- fyzikalné-chemické vlastnosti: teplota, pH, vihkost, redoxni potencial, obsah
jilu, slozeni pudniho vzduchu, ptidniho roztoku, kontaminanty atd.

- struktura pudy, sorpéni komplex, pudni typ, pudni druh, vyuziti pudy atd.

- pudni roztok

- ptdni vzduch (N: 78-80%; O,: 0,1-20%; CO,: 0,1-15%)

- sorpce/desorpce; pudni komplex; biodostupnost substrati a kontaminant
- mikroorganismy samy sorbuji (G+ vice nez G-); jil zvysuje sorpci

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

- vlastnosti pusobi bud’ primo, ¢i neprimo

- vliv sezon

Centrum pro vyzkum o
toxickych litek Snimek 21
v prostiedi
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Mikrobialni spolecenstva pudy

TOPOGRAPHY CLIMATE

goil gases organic matter texture

temperature
soil Physical H Chemical nutrients
animals characters characters

cultivation

acid/base Biolowi system
conditions . }iszgfeti chemicals and heavy
metals of natural and

g0il microorganisms water anthropogenic origin

GEOLOGY ANTHROPOGENIC
ACTIVITIES
(intended and unintended)

The complex slruclure of soil as created by influence of geology, topography, and

climate, as well as anthropogenic activities.

Centrum pro vyzkum

toxickych latek
v prostiedi

Snimek 22



Mikrobialni spolecenstva pudy

Nutriéni vlastnosti pudy

- zdroj energie (dle metabolické strategie)

- koncovy akceptor elektronu

- makronutrienty (hlavné zdroj uhliku), organicka hmota pro chemoorganotrofy
- rustové faktory

- stopové prvky

- maji vliv na rlst a aktivitu mikroorganismu

Organicka hmota

- hlavni faktor uréujici chovani mikroorganismu v pudé s je zaroven produktem mikrobialnich
aktivit

- mikrobialni biomasa = velmi mala, ale dynamicka Cast celkové org. hmoty

- vétSina ekosystému je limitoana v pfisunu organické hmoty

- mnozstvi lehce dostupné org. hmoty - zakladni pfiCina (i sezonnich) fluktuaci aktivit

- organicka hmota muze tlumit toxicky ucinek polutantu

- charakter organické hmoty urcuje i mobilitu polutantt v padni matrici

Centrum pro vyzkum o
toxickych litek Snimek 23
v prostiedi
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Mikrobialni spolecenstva pudy

Organicka hmota v pudé
- je stézejni pro mikrobialni aktivity jako zdroj zivin (makronutrientd) a zdroj energie

- lze parametrizovat pomoci: OM, TOC, C_,,, EX-C, HA:FA, Q,, apod.

org’
- vytvari organomineralni komplex
- nejvétsi frakce organického uhliku vstupujiciho do pldy jsou zbytky rostlin

- cukry (amylosa, amylopektin, celulosa), lignin, tuky a voskové latky, proteiny a jiné latky
obsahujici N, bunééné stény organismu, latky vyluéované koreny

- humusové latky (huminové kyseliny, fulvokyseliny a huminy)

COOH  COOH (Sugar) HC °
HC OH, COOH
HO COOH ( b
= R— CH HC o)
I
COOH
HO -0 ) CHa
a]
(;:H
c=0
Peptl
NH (Peptide)
Figure 9.32
Proposed typical structure for humic acid. (Source: Stevenson 1976, Bound and Conju-
gated Pesticide Residues. Reprinted by permission, copyright American Chemical Society.)

Centrum pro vyzkum o
toxickych litek Snimek 24
v prostiedi
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Mikrobialni spolecenstva pudy

Vihkost

- voda je potfeba pro fungovani vétSiny metabolickych procesu
- optimalni vlhkost ,spousti“ fungovani mikroorganismu

- vlhkost ovliviuje vyménu plynd v padé

- ovlivhuje pfistupnost nutrientd

- ovliviuje teplotu pudy

- vytvari mikroprostredi pro mikroorganismy vporech a na povrsSich Castic

Méreni pudni vihkosti:

WHC (water holding capacity) plus stanoveni susiny

Centrum pro vyzkum i
toxickych litek Snimek 25
v prostiedi
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Mikrobialni spolecenstva pudy

Redoxni potencial
- rizné metabolické strategie maji rizné pozadavky
- dychani (>0,2 V); denitrifikace (0,15-0,2 V); redukce siry (-0,1 az -0,2 V)

pH

- ovlivauje pfimo mikroorganismy

- nepfimo skrze vliv na chovani napf. kovu v ptudé
- méfeni ve vodném vyluhu ¢i KCI

- souvisi s kationtovou vyménnou kapacitou (CEC)

- extrémni pH muze mikroorganismy znacné stresovat

Centrum pro vyzkum i
toxickych litek Snimek 26
v prostiedi

©)




Mikrobialni spolecenstva pudy

Jil

- fyzikalni vlastnosti: velky aktivni povrch

- chemické vlastnosti: urcuji vlastnosti aktivniho povrchu

- vazba s organickou hmotou

- sorpce a desorpce substratd, enzymu, mikroorganismui a polutant(

- sekundarni mineraly (chemicky zvétralé); vodnatée silikaty = jilové mineraly

- prvofadym Cinitelem, na némz zavisi spektrum jilovych mineralt v pudé je mateéna hornina

- fyzikalnim jilem nazyvame mineralni podil s velikosti zrn mensi nez 2 um

- vysoky obsah jili podporuje rychlejSi narist biomasy pfi dodani substratu

- absorpce Zivin a sniZeni urovné dekompozice, stabilizace pH a ochrany mikroorganismu proti
jejich predatorim

- C z mikrobialni biomasy ¢asto koreluje s obsahem puUdnich jilt
- snizuje inhibi¢ni ucinek polutantt na mikrofléru
- ovliviuje pudni strukturu

- chrani mikroorganismy pred predatory

Centrum pro vyzkum o
toxickych litek Snimek 27
v prostiedi
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Mikrobialni spolecenstva pudy

Agregaty
- mikroagregaty < 50 ym a makroagregaty > 50 ym

- strukturni elementy jsou do agregatl poutany silami molekularnimi, ¢i pomoci
tmell (mineralni sol v gel; koagulace a peptizace

- vznika organomineralni komplex pudy, zaklad agregatové formace

- predchozi urovné se pak spojuji hlavné koreny a hyfami hub do mikroagregatu
spolu se zrny prachu, pisku a v nich jsou také uzavieny mikroorganismy

- vznikaji tzv. imobilizované biologické systémy

- agregace je jeden z nejvyznamnéjsSich faktoru kontrolujicich mikrobialni
aktivitu a obrat organického materialu v pudé

- vétsina mikroorganismu zije mimo agregaty a v malych pérech mezi nimi,
relativné malé mnozstvi uvnitr

- pudni agregaty ovliviiuji interakci enzymu s jejich substraty

- adsorbované enzymy jsou chranéné proti hydrolyze zptsobené jinymi enzymy

Centrum pro vyzkum
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Sezonni variabilita

early
summer

\, late

Bacterial and Fungal Activity
in a temperate grassland or cropland.

v ¥ ¥  § ¥ | i 7 7 §
Month
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Mikrobialni spolecenstva pudy

Vyznam pudnich parametri pri hodnoceni rizik pro pudni mikrofléru

Vliv kontaminace pldy na mikrofléru je podminén pritomnosti biologicky dostupnych
forem kontaminatu

Kliovou otazkou je, ktera forma toxickych latek je dostupna pro mikrofléru, pfedevsim pfi srovnavani riznych arovni
kontaminace u raznych pud.

| v nekontaminované pudé mohou byt mikroorganismy vystaveny vlivu "pfirozenych

stresovych faktoru,,

Napf. v disledku zmén teploty, pudni vihkosti, pfisunu organické hmoty atd. - kli€¢em k poznani jejich vlivu je znalost pidnich
parametra. V stresujicich prirodnich podminkach jsou mikroorganismy relativné citlivéjSi na jakykoli dodateény
podnét.

Vstup a setrvani cizorodych latek v pudé ovlivihuji fyzikalné chemické parametry
pudniho prostredi

Je tfeba rozliSovat chovani silné hydrofilnich latek, které jsou z padni matrice rychle vymyvany a latek hydrofobnich, které se
mohou akumulovat jiz ve svrchnim horizontu pud.

Obecné je treba souc¢asné s mikrobialnimi parametry hodnotit:
* Filtraéni schopnosti pudy a jeji sorpéni kapacitu

 Pufraéni schopnost pudy
» Charakter a rozsah chemickych transformaci toxickych latek v ptdé

Centrum pro vyzkum o
toxickych latek Snimek 30
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Mikrobialni spolecenstva pudy

1
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FIGURE 3. The influence of Pb on microbial soil respiration.
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MONITORING OF SOILS AROUND CZECH HIGHWAYS

Environmental study carried out in 1999 by RECETOX and co-operating companies
Total 34 soil samples from different ecosystems (grasslands, arable, forest ...)
Sampling at several distances from the highway (1 - 500 m)

Also contamination with heavy metals and POPs was measured

— =l Pk s P | ok ok s [
s A"
| | B
B\ “{EUE:

13 soils with 13 soils with
GOOD BAD

biological biological

quality quality
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Mikrobialni spolecenstva pudy

soils with BAD

biological biological
qualit ualit
o * mostly forest and * mostly arable soils oo
o o grasslands soils * near to highway Bt R
Waggm - farther from highway - lower content of C,, m_;%m
* higher content of C * lower content of N,
PR *¢1 + higher content of N,, * lower content of clay | ™ e
= - higher content of clay « more neutral pH —
* lower pH » lower CEC

* higher CEC

Corg (%) | N,.: (%) Clay (%) PHyc (%) CEC(mmol.kg™")

18 1,2 50 S— 8
T 400
15 1,0 40 7
12 0,8 6 300
30

9 0,6 5 200
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3 = 0,2 == E 3

0
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AMINATION: surprisingly, soils with GOOD biological quality display higher
values of heavy metals and POPs !

Cd (mg.kg) Hg (mg.kg) Pb (mg.kg) Zn (mg.kg)

W& _________________________ & ________________________ W _________________________

06 06 — 1000
05 05 i ..
04 04 60
600

0,3 0,3 |

Y 400
02 02
0,1 0,1 00 — .EE%EE. 200
0,0 0,0 0 oL =
’ GOOD BAD ’ GOOD BAD GOOD  BAD GOOD BAD

PAHs (ng.g") | | PCBs (ng.g") | | HCHs (ng.g- DDT (ng.g™) HCB (ng.g™)

10000 80 8 ) 400 8

i T 60 6 300 6
6000
40 4 200 4
4000
e ||| Bl 2
ol HEM o 0 0 0 e e 0 .;;&;;.
GOOD BAD GOOD BAD GOOD BAD GOOD BAD GOOD BAD

* Is there possible long-term stimulation with slightly higher contamination?
* Is this only co-occurrence of both events caused by higher C_. . and clay contents?
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Shrnuti:

Parametry pudni prostfedi méni osud a rizikovost pudni
kontaminace

Parametry pudni prostfedi ur€uji i stav pudnich mikrobialnich
spoleCenstev a ovliviuji tak jejich citlivost na stresové faktory

Charakteristika fyzikalné-chemickych parametru pudy je tedy
nezbytnou soucasti kazde ucelené studie hodnotici rizika pro
pudni prostredi.

Stéjné dulezita je znalost pedologickych charakteristik (pudni
typ) a takeé vyuziti lokality, potazmo vegetacniho krytu (OP x
TTP x LP)

©)
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Mikrobialni spolec¢enstvo pudy =
- bakterie (fetizky Ci kolonie)

- aktinomycety (pseudomycelia)

- houby (hyfy)

- fasy
- prvoci
- kvasinky

- Viry

burrowing animats = e

Centrum pro vyzkum o
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Biomasa v pudé

Components of soil biota

Biomass (tons ha')

Plant roots
Bacteria
Actinomycetes
Fungi

Protozoa
Nematodes
Earthworms
Other soil animals
Viruses

Up to 90, but generally 20
1-2 111
0-2
2-5 11
0.5
0.2
0.25
0-0.5
Negligible

Centrum pro vyzkum
toxickych latek
v prostiedi
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-

Bakterie
» V pldé jsou nejpocetn&jsi &
 Mohou byt aerobni i
anaerobni (prostorova
distribuce v pudé)
Optimalni pH 6-8
Nejvice metabolickych

moznosti — vysoka
diverzita aktivit a funkci
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Mykorhiza

Koren
stromu

Mykorhizni
struktura
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Pristupy mikrobialni ekotoxikologie

Sledovani arbuskularni mykorrhizy

houba (AM) roste intra- a intercelularné na kofenech rostliny - nékolik typu,
ruzné morfologie i fungovani

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

Centrum pro vyzkum
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Arbuscular Mycorrhiza in Soil Quality Assessment

«  Arbuscular mycorrhizal (AM) fungi constitute a living bridge for the transport of nutrients from soil to plant
roots, and are considered as the group of soil microorganisms that is of most direct importance to nutrient
uptake by herbaceous plants.

« AM fungi also contribute to the formation of soil aggregates and to the protection of plants against
drought and root pathogens.

+ Assessment of soil quality, defined as the capacity of a soil to function within ecosystem boundaries to
sustain ecological productivity, maintain environmental quality, and promote plant health, should therefore
include both quantitative and qualitative measurements of this important biological resource.

«  Example of the application of these methods to assess the impact of pesticides on the mycorrhiza.

Centrum pro vyzkum i
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Pudni sinice (Cyanophyta)

* jsou to prokaryota (nemaji tedy chromatofory ani jadro
atd.)

« asimilacni barviva jsou rozptylena v cytoplazme; stélka
vlaknita Ci jednobunécna; nekteré asimiluji vzdusny N,; v
symbioze s houbami vytvari lisejniky

« Vv pudé vyznam pro obohacovani pudy dusikem a k
provzdusnovani pud; jsou producenti, tzn. obohacuji
pudu o noveé syntetizovany organicky material

« rozSifené jsou rody Nostoc, Anabaena, Gloeotrichia,
Oscillatoria, Phormidium

ANABAENA

Centrum pro vyzkum
toxickych latek
v prostiedi
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Pudni rasy

* TFasy jsou organismy obsahujici chlorofyl, kromé& dominantné vodnich existuji
pudni a to nejen v hornich, prosvétlenych vrstvach pudy, ale i v hlubSich diky
sekundarnimu pfechodu na heterotrofni zpusob vyZivy

* jedno- Ci vicebunécCne, ne- Ci pohybliveé, vlaknité Ci kulovité kolonie, zahrnuji
nékolik kmenu rostlin (nejsou taxonomickou skupinou)

« vyznamné diky provzdusnovani pud; jsou producenti, tzn. obohacuiji pidu o
noveé syntetizovany organicky material

zelené rasy (Chlorophyta)

« maji chromatofory, fotosyntéza (Chlamydomonas, VIvox, Chlorella,
Scenedesmus, Ulothrix, Cosmarium atd.)

rozsivky (Diatomea)
* jednobunecné rasy se zkfemenélou schrankou, zlute, zlutohnédé
« v pudach rody Monodus, Heterothrix, Melosira, Synedra, Diatoma, Fragillaria

Centrum pro vyzkum
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Mikrobialni spolecenstva pudy

Prvoci (Protozoa)

v pudé nékolik set druhu, ziji ve vodnim filmu na Casticich €i v porech
vyplnénych vodou

* hojni v povrchovém humusu

« vyzaduji dostatek vody, jinak tvori neaktivni cysty

« predatori bakterii, rozmnozeni prvoki muze vést k omezeni poctu
uziteCnych bakterii a k tzv. unavé pudy

BiCikovci (Flagellata) - rod Bodo, Oicomonas

Kofenonozci (Rhizopoda) - ménavky (amoebina) a krytenky (testacea -
vytvari schranky z ¢astic z venci)
Nalevnici (Ciliata) - Colpidium, Colpida, Vorticella

Centrum pro vyzkum o
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Scanning electron micrograph of fungi in a soil
pore. Fungifind soil particles to form aggregates.

Scanning electron

micrograph of amoebae
feeding on fungi

associated with plant residues

FIGURE 3.3 Scanning electron micrograph of decomposing leaf litter. The bacteria tend to
:;ex’i‘é:;’?hﬂ'é‘:e‘:("z"“m be hidden by slime but various sized filamentous organisms are readily apparent. (Photograph cour-
v prostiedi tesy of R. Todd.)




Mikrobialni spolecenstva pudy

Microcoleny

Organic
matter 4
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Mikrobialni

spolecenstva
]
pudy
Plant root hair

MO se v pljdé VySkthJl Bacterial colonies .\_,‘
volne, Ci ve slozité a ,@5\)& V14
dynamické vazbé na Mycorrhizal hyphae s/fg &

v r v LAY
pOVFSICh a uvnitr Actinomycete hyphae [,lﬁ}é

agregatu a Castic and spores 1%&
Organominerélniho Decomposing plant cells =&

komplexu

Plda je polyfazicky systém
Kazda vrstva obsahuje

Pevnou mineralni slozku
Pevnou organickou slozku
Kapalnou fazi

Plynnou fazi

o=

VSechny jsou ve vzajemne interakci
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™m, Nematode

Y N

,. Clay-organic
' e' y matter complex

Fungal hyphae
and spores

FIGURE 5.2 Diagrammatic representation of a plant root and associated biota approximately
Centrum pro vyzkum i cm? of a surface grassland horizon associated with a plant root. (Adapted from S. Rose and T.
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Velikostni poméry v pudé (dle K. T. Semple)

Mineral constituents Size Organic and biological constituents
Sand: quartz, silicates, carbonates 2 mm Organic debris
Silt: quartz, silicates, carbonates 50 um Organic debris, large microorganisms

Fungi, actinomycetes, bacterial colonies

Granulometric clays: 2 um Amorphous organic matter
microcrytals of primary minerals Humic substances
Phyllosilicates: Biopolymers

Inherited — illite, mica

Transformed — vermiculite, high-charge smectite
Neoformed — kaolinite, smectite

Oxides and hydroxides

Small microorganisms
Bacteria

Fungal spores

Large viruses

Fine clays:

Swelling clay minerals

Interstratified clay minerals

Low range order crystalline compounds

0.2 ym Small viruses

Centrum pro vyzkum i
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Pudni pevna faze (schéma dle K.T. Semple)

Mineralni frakce

Céstice
agregdtu™~J_4

Meziagregatové

pory (nm - pm)
(pm - mm)

Organomineralni komplex - interakce

PPN Organicky materidl

VAAAAAAA Hydrofabn

organické
slouceniny

Jil
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Niky pro pudni mikroorganismy (dle K.T.Semple)

Vzduchem

Mineralni zrno

Organicky rr‘a‘l'er'iél

N
SaS: Jil
R ,3\ o
l
= 0 O - Mikroorganismy

Mikrokolonie

©)

Vodou vyplnéné pory
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Vyznam mikroorganismu v pudé

stézejni v cyklech zivin a energii

stoji na pocCatku potravnich fetézcu

rozklad organické hmoty (mineralizace)
syntéza novych sloucCenin (immobilizace)
tvorba humusu

udrzovani pudni struktury, stabilita agregatu

prospésny vliv na pudni urodnost a pro rast
rostlin

vliv na vodni a vzdusny rezim pudy

degradace celé fady polutantu

B
N B

. 2 ihey

7 i ! NH:* &

For ey # NO:

[{\?ﬂn \,F ﬁi /| I;'-_.tl ;

raR L 4 immobilization A

PIEg AR ‘E:'I

.'-i‘ﬁ?\',-k A "“}- ...' o 21}
R -.-_‘J%:“-:- .'-£"':'. SR I: 'l'- " 5‘&;‘{- Y s '!E ol ub."

. et s
R T
Gl 5 %! ! s
J‘} s o o s el Wille S Y oA
ey R " %, 3
il Tt i Ty

3 A ’

©)

Centrum pro vyzkum
toxickych latek
v prostiedi

Snimek 52



Mikrobialni spolecenstva pudy

Remova Hydrogen
sulfates, Ammonia,
poisanous matedals

Oxygen {D )

‘ Carbnn dioxide ED

Photosynthetic
Nitrogen (N,) gas bactErla series
.. Decay of r:alural
waslg in the soi Yeast group
and water series
Wit Q
olubilizing
Bacteria Series Trichu-:.ierrna
Humic acid, series
Aming acid,
‘ Enzymes Bacillus series

Breakdown insoluble g
Phosphate to
Phosphorous,

M, (6) 7\ Dead cells form

Organic acid Lactobacillus

::i ) saeries
\, Potassium

Iron and Calcium

www.aabiotekh.com/xtekh/nutri cycle.htm

Convert Nitrogen compounds K Fluorescent
Mﬂgﬂﬁr"“”m to Nitrate (NO.); produce Soil Carbon - N <:= Pseudomonas
eries Errrzyn'bes proteins and ; cycle series
organic acid
Rhizobium 4 Antibiotics for Actinomycetes
Series 5 ;1 ¥|> Amino acid plant resistance serigs
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Mikroorganismy naprosto nezbytné pro pudni arodnost

3000
~
ooy = 200p
5
® 2
@ =
=
Eo
S E
@ 1000
:
(1]
> A A A
Sterile soil Soil with Soil with
bacteria bacteria and
nematodes
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Funkce mikroorganismu v potravni siti (soil food web)

Microflora

Bacteria and fungi have diverse metabolic
capabilities and are the principle agents for the
cycling of nutients e.g. nitrogen, phosphorus and
sulphur. They may be free living or symbiotic and
active in the decomposition or build-up of organic
matter. They also help in the formation of stable
soil aggregates.

Microfauna

Protozoa and nematodes are a crucial link
between microflora and larger fauna. They
regulate the populations of bacteria and fungi and

play a major role in the mineralisation of nutrients.

Mesofauna

Mites and collembola feed on litter and help
fragment organic residues. They are predators of
fungi and microfauna, playing an important role in
regulating microbial populations and nutrient tum-
over.

Macrofauna

Earthworms, termites and dungbeetles, etc are
important biological agents fragmenting organic
residues and causing a large surface area to be
exposed. They also help the formation of soil
aggregates and soil pores.

Food-Web

— Plant relsidues
yd

M

~

(" Microfauna
mm

[

Bacterial-feeding
Protozoa

v

Fungal-feeding
Protozoa

f"E / ¢ \ ™
<
: ycor
| cE= il
\= y,
|
o

Functions

r 3

Organic matter
turnover

Mutrient
transfer

Soil structure
improvement

Disease
transmission
& prevention

Pollutant
degradation

[ Bacterlal-fudlng] Fungal-feeding
Nematodes Mematodes
v
£ M 4 M )
HEE Microarthropods
@ ( {Collembola, Mltesl)
\= W,
A
= 4
g Y hd 4
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http://www-crcsim.waite.adelaide.edu.au
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Funkce mikroorganismu v potravni siti (soil food web)

; Arthropods

) & Shredders
/ Nematodes

¥ Root-feeders

rthropods

== Predators
~ Nematodes
Fungal- and
bacterial-feeders

Fungi

Mycorrhizal fungi &
Saprophytic fungi £/ Nematodes
i Predators
Shoots and 9
roots
= i Orgm ~ Protozoa
Matter ¥ Amoebae, flagellates,
Waste, residue and Q & and ciliates
metabolites from >
plants, animals and Bacteria
microbes.
First trophic Second Third trophic Fourth trophic Fifth and
level: trophic level: level: level: higher trophic
Photosynthesizers Decomposers Shredders Higher level levels:
Mutualists Predators predators Higher level
Pathogens, parasites Grazers predators

Root-feeders
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Role mikroorganismu v pudni strukture (K.T. Semple)

Kolonie bakterii

Pddni agregat Houbové vldkno

Sekrece polysacharidi

/

Houbové vilakno

NN Bunécna sténa
N . , ."I j 4 ’ /g
ezapojene jilove
Eastice Q n— > Q

1 pm Mikroprostredi:
Jjily, usporddané, slepené
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Dekompozice
organické hmoty

Centrum pro vyzkum
toxickych latek
v prostiedi
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Diagram of a food web established for the fields of “de Lovinkhoeve', an
experimental farm in the Netherlands’ Northeast polder.

B. Energy fluxes of
the food web, in which the thickness of the arrows reflects their relative
contribution to the energy cycle (in kg C ha-l year}). C. Effect of change (0 < factor
< 2) in the strength of an interaction on the stability of the system, expressed as the
chance (%) of the system becoming unstable.
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Organické hmota vs mikrobialni biomasa

* 0,05 - 0,5% hmoty pudy jsou mikroorganismy

« 10° az 109 jedincl v 1 g suché pldy

» toto mnozstvi staCi na zabezpeceni veskerych
procesU mineralizace a imobilizace a dalSich
procesu

Microbes and Organic Matter Turnover

*\x “' Carbon dioxide
Fertilisers T Crop residues

o
== — e —

) Microbial \
T Biomass '
Nz-Fixation Nutrient

Mineralisation

Resistant
Organic matter

| - Immobilisation of nutrients

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

Celkovy pudni
organicky uhlik
(TOC! CORG)
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Pddni mikrobialni biomasa
(Cgio0)

Mimobunécny organicky material

(Cex)

Centrum pro vyz
toxickych latek
v prostiedi
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Organicka rezidua v pudé

Plant, animal, microbial

Carbohydrates Proteins Lipids Nucleic acids
Mono- Amino acids F :
: : : atty acids Pentose sugar
Di- - sacchanices CRIS Glycerol Heterocyclic base
Poly- Polypeptides
Dle K.T.Semple
(@) %EE%E&TQE?M Snimek 62
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Rychlost dekompozice

Organic matter input

Stage 1: initial burst - very fast
low molecular weight compounds
readily degradable

Stage 2: slower rates of decomposition
larger molecules
more refractory

Stage 3: very slow rates of decomposition
large molecules
very difficult to degrade

Organic matter
content

Time
Dle K.T.Semple
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S a |©
0 [« —
: e
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o o |€E

a 1))
S Pol mer'isa*l'es Breakdown products— 2
o Microbial Y P ‘_3
metabolnsm / &
Q
>

Metabolic
by-products
Biomass Humic substances

Dle K.T.Semple

Centrum pro vyzkum Snimek 64
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ProC€ neni dekompozice jednoducha, ale pomala?

Mnoho rezidui ma komplexni povahu

Forms of organic carbon

Relative amounts

Cellulose 50%
Hemicelluloses 20%
Lignin 15%
Proteins 5%
Amino acids and sugars 5%
Waxes and pigments 1%
Dle K.T.Semple
Pectin 1% :
Chemical nature of organic carbon Relative amounts
Aromatic C 50%
N-associated C 20%
Carbohydrate 15%
Fatty acid and alkane C 15%
ot SUTES

©)

v prostiedi
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Rychlost turnoveru organickeho uhliku

Je ovlivnéna:
— Kvalitou a kvantitou OM
— Pritomnosti / nepfitomnosti potencialnich rozkladacu
— Biotickymi interakcemi

— Fyzikalné — chemickymi faktory prostredi

Centrum pro vyzkum o
toxickych latek Snimek 66
v prostiedi
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Rychlost turnoveru organickeho uhliku

Rychle degradovatelny substrat — kinetika prvniho radu
= rychlost rozkladu je primo umerna koncentraci substratu

D= velocity of reaction (decomposition)
dS/dt = rate of disappearance of the substrate
D= dS/dt = dP/dt = kS il I
dP/dt = rate of appearance of product with time
S= substrate concentration at time #
K= first order rate constant
o
S .
ey = Slope of line is 1
5 “ (1:1 relationship)
+ J
v \2)
= =
) S
o
|
Time Time Dle K.T.Semple
(@) S;EEE%EZT&?M"] Snimek 67
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Rate constant k Turnover time

Form of C 1/k
(day")
(days)

Glucose 1 1

Cellulose 0.07 14
)
4
[}
=
w
0
3
v,

Time Dle K.T.Semple
(6) im'?:';p‘zv“ykm Snimek 68
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Je zavisla na druhu mikroorganismu

100

Hendersonula
(fungus)

Anabaena (cyanobacterium)

Penicillium (fungus)

Substrate C remaining (%)

Arthrobacter (bacterium)

0 40 80 120
Time (days) Dle K.T.Semple

Centrum pro vyzkum

toxickych latek Snimek 69
v prostiedi

©)




Mikrobialni spolecenstva pudy

Ovlivnéna faktory prostredi

« Temperature — climate C:N ratio

— Warmer = more rapid turnover
— Cooler = slower turnover

Low C:N ratios
— High resource quality

« Soil factors — Rapid rates of decomposition

- pH A .

— Eh - High C:N ratios

— Temperature - gclnw restourc? c<j:1ua||ty )

— Water potentlal - OW rates or decomposition
— Structure

 Type of vegetation

All affect heterotrophic activity in soils = influence rate of C turnover

Dle K.T.Semple

Centrum pro vyzkum i
toxickych litek Snimek 70
v prostiedi
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ekotoxikologie pudy

= U NERS7,
it * Wn o .°$ .
. * * 0 g o
evropsky * * % z
ialni *xx : . K &
SCeE ] - MINISTERSTVO SKOLSTVI OP VzdSlavani A
U fondvCR EVROPSKA UNIE VILADEZE A TELOVYCHOVY pro konkurenceschopnost ZANA ®

INVESTICE DO ROZVOJE VZDELAVANI

Inovace tohoto predmétu je spolufinancovana Evropskym socialnim fondem a statnim rozpoétem Ceské republiky

Centrum pro vyzkum
toxickych latek
v prostiedi
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Mikrobialni ekotoxikologie pudy

Otazky, na které Ize odpovedeét:

« Je testovana latka (latky) potencialné nebezpecna pro oziveni konkrétniho typu
pudy (lokality)?

« Je dalSi expozice jiz kontaminované pudy (lokality) unosna pro jeji biologicky
potencial?

« Je puda (antropogenni, kontaminovana, rekultivovana) schopna ,uzivit"
vegetacni kryt urc€itého typu?

« Je puda (antropogenni, kontaminovana, rekultivovana) schopna mineralizovat
urcity typ organického substratu?

« Jaky je optimalni pfidavek zivin pro zajisténi funkci?

« Jsou ,in situ" pfitomné mikroorganismy schopné biodegradace pritomnych
kontaminantu?

« Je mikrofléra v testované pudé (lokalit€) stresovana (ve srovnani s kontrolni
nebo jinak srovnavanou lokalitou)?

Centrum pro vyzkum o
toxickych litek Snimek 72
v prostiedi
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Ve srovnani s poznatky o efektech kontaminace na dalsi
organismy je znamo jen velmi malo

Van Der Zandt and Van Leeuwen,
| 1992, Directorate General for Environ.
Protection, Hague

' ___Lecuwen and Hermens, 1995

——————
Acute toxicity - 90 %: Subacute toxicity - 30 %:;
Carcinogenicity - 10 %; Mutagenicity - 50 Yo
Retrospective toxicity - 10 %; Teratogenicity - 30
%3 Acute ecotoxicity (fish) - 50 %;: Short-term
toxicity (algae) - 5 %

e Effects on soil microorganisms < 5%

©)
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Mnozstvi poznatku se liSi

Je znamo hodné o kovech a
pesticidech a velmi malo o
efektech perzistentnich

organickych polutanti (POPs)

Centrum pro vyzkum
toxickych latek
v prostiedi

©)

Toxicity

e

POPs

. Sorption / desorption
SOl | Accumulation

Volatization
Bioavailability

Microbial biomass

Energy requirements

Growing strategy

Functionality

multiple stress factors

fluctuations in moisture,

inorganic +  temperature, nutrient supph
pollutants etfc.
: Phytotoxicity
Vege’ro’riorj P Bioaccumuiation
AR
Contaminated needles

Or grass residues

Decomposition

Toxicity
\Z

Functionality

qi'l/e,s iy

i\
gructhu'® Decomposition of organic matter

Mineralization potential

Genetic or structural shifts
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Antropogenni stresory pudnich mikroorganismu
Chemické:

- pesticidy (nekteré jsou mikroorganismy rozkladany, jiné je vsak hubi)
- tézké kovy

- PAHs

Fyzikalni:

- zmeéna vzdusneho, vodniho Ci teplotniho rezimu, pH, obsahu jilu

Mechanickeé:

- orba

Zpusob vyuziti: roslinna kultura (TTP x OP x LP)

Centrum pro vyzkum

toxickych litek Snimek 75
v prostiedi
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Pro€ pudni mikroorganismy v ekotoxikologii?

- sledovanim stavu pudnich mikroorganismi muzeme nepfimo posuzovat
stav celého terestrického ekosystemu

- na stresové faktory mizeme upozornit velmi brzy

- vynikajici indikator biologického potencialu pud i v pfitomnosti stresovych
faktort v pudnim prostredi

- davaji odpoveéd na pfitomnost stresujicich faktord v jejich zivotnim
prostredi zejména zménou velikosti spoleCenstva nebo aktivity

- zmeny v parametrech mohou Casné varovat pred hrozicim snizenim
produktivity systému vlivem jakychkoli stresujicich faktor(

- moznost hodnotit efektivitu zemédélské, lesni rekultivace, zemédélského
obhospodarovani, hnojeni, dale vlivi geneticky upravenych organismu
vpravenych do pudy, vlivu eroze, odlesfiovani, zasolovani apod.

- pudni mikrobialni ekotoxikologie mlZze pfispét k objektivnimu hodnoceni
rizik spojenych s riznymi antropogennimi zasahy

Centrum pro vyzkum

toxickych litek Snimek 76
v prostiedi
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Biologicky potencial pud Ekotoxikologickeé testy
 pudni kvalita * polni fizené pokusy
» monitoring stavu pud * polni pozorovaci studie
* retrospektivni hodnoceni rizik * [aboratorni testy
Cil: zjistit, co se deje v Cil: odhad toxicity latky,
mikroorganismy v urceni rizika novych
kontaminovanéem prostredi chemikalii, pesticidu

Centrum pro vyzkum i
toxickych litek Snimek 77
v prostiedi
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Mikrobialni ekotoxikologie pudy

Studium realné kontaminované pudy pfimo v terénu (polni studie; in situ):

- zachycuji skute€nou reakci organismu v pfirodnich podminkach

- kontaminaci pud nelze planovat a tedy spocivaji v popisu dané konkrétni situace,
ktera je obtizné srovnatelna s jinymi pfipady z dlvodu rozdilnych koncentraci a typu
polutantl, doby kontaminace nebo i pudniho typu

- mély by byt spiSe dlouhodobymi vyzkumy (minimalné jeden rok) vzhledem k
vyraznému sezénnimu charakteru aktivity padnich mikroorganismu

- kontaminace z realného zdroje zahrnuje zpravidla vice druhu polutantd -
environmentalni smési

- biologicka data doplnit chemickym rozborem a rozborem pudnich vlastnosti

- problém s nalezenim odpovidajici kontrolni lokality, se kterou by bylo mozné
srovnavat zjisténé zmeény v parametrech mikrobialniho spoleCenstva

- je nutno oCekavat znacné ovlivnéni vysledku parametry prostredi a dale i sezénnim
chovanim mikrobiologickych parametrl (velka ¢asova i prostorova variabilita)

©)

Centrum pro vyzkum o
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Studium realné kontaminované pudy pfimo v terénu (polni studie; in situ):

Centrum pro vyzkum
toxickych latek

©

JAK
TESTOVAT
e

CO MERIT
e

Silné heterogenni systém v Case i prostoru (sezéonni

SPECIFIKA  |charakter déjii; smés minerdlnich a organickych
komponent s koloidnimi roztoky; prostorova variabilita)

A. Hledisko vstupu litek

podobé odpovidajici realné situaci.
B. Hledisko ¢asové

kumulaci zatéZe. Systém testovani by mél vychazet z
charakteru expozice hodnoceného zdroje.

Latku aplikovat dle mozZnosti danych jejimi chemickymi
vlastnostmi (vhodny organicky roztok, fumigace), nejlépe v

Lze testovat vliv jednorazovych ddavek nebo postupnou

Zakladni nebo roz§irena sada parametri

jejich dostupnosti pro rostliny (testy s rostlinami).

V Sir$im pohledu je vhodné mikrobiologické testy doplnit
o testy mobility litek v piidnim profilu (vyplachovani) nebo

PRIMA / NEPRfM A [Dle redlné situace je cenné testovat vedle piimé
APLIKACE aplikace do pudy i vstup kontaminantu spole¢né s

organickym substratem (napf. s listim).

v prostiedi
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Laboratorni studie s pudou kontaminovanou v laboratori:

- vétSinou o kratkodobé kultivace ( 1 - 2 mésice), Casto s jednorazové aplikovanou
davkou polutantu

- vyhodou je mala ¢asova naroCnost a dale znacCny potencial pri vysvetlovani
mechanismu uc€inku jednotlivych latek nebo jejich kombinaci

- menSi fluktuace zkoumanych parametru a moznost fizenych zmén vnéjSich faktoru
- problémem je pfenos a zpracovani pudy v laboratofi (vzorek standardizovan
presetim a predinkubaci) = snizeni variability parametru, ale = snizena interpretace
vysledku smérem k realnému systému

- vétSinou jemnozem (< 2 mm), ale i sloupce pudy, bez naruSeni struktury

- spiSe o testy akutni toxicity, pokud delSi, muze byt naznaeny schopnosti
mikrofléry adaptovat se

- nevyhodou je interpretovatelnost laboratornich vysledkt k polnim podminkam
spiSe omezena.

Centrum pro vyzkum o
toxickych litek Snimek 80
v prostiedi
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Laboratorni studie s pudou kontaminovanou v laboratori:

Centrum pro vyzkum
toxickych latek
v prostiedi

a) Umély substrat (napr. OECD, 1984)
- 710% kiremenny pisek; 20% jil; raSelina 10%; Voda: 40 - 60%
NA CEM |WHC; pH 6,0 0,5
TESTOVAT [b) Piimo na zasazenych (nebo potencialné zasazenych)
vzorcich pud (nutnd znalost: C,,, pH, obsah jilu, pisku, KVK,
° pidni typ)
Latka (latky) pridané do piidy podle své chemické podstaty
(vhodny roztok, smichani, fumigace, v organickém
rozpoustédle).
JAK Nutno zalozit relevantni kontrolu simulujici i zptisob aplikace.
TESTOVAT |pokus usporadat dle pozadavki ve formé "davka - odpovéd™'.
Pokus lze usporadat jako laboratorni (mikrokosmos,
mezokosmos) nebo i polni.
iR S . =
Lze mérit akutni ucinek latky (hodiny - dny) nebo chronické
.DLOUHO piisobeni v dlouhodobych inkubacich (mésice - roky)
CO MERIT Zikladni sada parametrii, pi"ipad;lé doplnéna dalSimi testy s
i vhodnymi substraty
VYHODNOCENI/  [Ktivky "ddvka - odpovéd™ pro jednotlivé parametry.
INTERPRETACE |Potencidlni vliv testovanych latek

Snimek 81
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Idealni je synteza obou pristupu

SOIL MICROBIAL ECOTOXICOLOGY
Present trends (Garland and Mills, 1994; Powlson, 1994;

Insham, 1996, Garland, 1996):
Approach concentrated
DN ecosystem

[unctioning

with soil samples

['n vitro studies

Hazard identification
and evaluation of effects
Specified pollutants vs.
microbes with respect to
specified soil properties

Exposure assessment
Monitoring or model studies
simulating time profile of
exposure, with respect to
specified soil properties
[Field studies or laboratory

[Laboratory > field]
simulations|

Complex ecological risk assessment
Retrospective / predictive studies
Survey and analytical sampling

|

RIS

K CHARACTERIZATION

—
exposure - time profiles

Maintenance energy
Eco-physiological evaluation -
- mineralization activity
Growth strategy

Ecosystem |
functioning J

Activity of specialized

Diversity:
genetic

physiological groups

Structural markers

Substrate-induced
respiration profiles

Enzyme activities

Black Box of Microbial Biomass

approach

)
[‘

structural
functional

Laborato

Biochemical analyses)
of bioavailable and

intracellular organic
carbon

Identification of acute
stress

Adaptation
studies 7

Acute and chronic
stress

Simulation of real
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Idealni je syntéza obou pristupu

' SOIL MICROBIAL ECOTOXICOLOGY VS. ECOLOGICAL RISK ASSESSMENT

y

HAZARD EVALUATION FIELD BIOINDICATION
e Risk identification

e Toxicity of chemicals e Exposure assessment

e Prognoses e Prognoses

¢ Dose-response Control sites ?
characteristics for soil Time prognoses ?
microbial parameters ? : Set of parameters ?

e Standardized tests on Standardized Relevant

B % Ecological
real soil samples ? outputs monitoring

interpretation ?

t COMPLEX ECOLOGICAL RISK ASSESSMENT ‘

HAZARD ‘ HAZARD - EXPOSURE - RISK
IDENTIFICATION EVALUATION ASSESSMENT CHARACTERIZATION

v prostiedi
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Vyzkumy vedouci k odhadu druhti, mnozstvi a metabolickych aktivit biomasy,
biodiverzity, stability, funkceschopnosti atd. v pudé zahrnuiji:

- metody determinace uspofadani a vyskytu mikroorganismu v pudé
- isolace a charakterizace podskupin a druh(

- odhadu mnozstvi a typu organismu v padé

- méfeni biomasy (kvantita a stabilita)

- detekce a méfeni metabolickych procesu (obecnych i specifickych)
- méfeni aktivity mikroorganismu (rast, ATP apod.)

- meéreni diverzity mikrobialnich spoleCenstev

- sledovani interakci (mykorhiza, rhizosféra)

Centrum pro vyzkum i
toxickych litek Snimek 84
v prostiedi
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Grouping of the Soil Microflora According to Possibilities to Study
Populations and Activities at Different Functional Levels

Functional level Examples of observations

Organisms Genetic changes

Enzyme activities

Physiological changes, e.g., growth
Populations Biomass (bacterial, fungal, total)

Number of populations, e.g., actinomycetes, bacteria, fung;

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

Activities ATP-measurement, CO, production, heat production, O, consumpfion

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

Combination of activity and biomass data, giving specific activities

Interactions Mycorrhiza (ecto, arbuscular), pathogens, physiologicat changes,
. | Rhizobium, rhizosphere organisms (associate nitrogen-fixars,
producers of growth stimulating or inhibiting substances)

Soi! aggregate stabilization (bacteria, fungi)
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Table 1. Considerations regarding the use of microbial processes and microorganisms for ecotoxicological testing in arid and semiarid

ecosystems

Ecological

Standar-

high explosives, coal oils, and diesel fuels (to
name only a few) in soil (Dom et al. 1998;
Marwood et al. 1998; Simini et al. 1995).

Methodology Relevance dization® Documented Sensitivity Comments
Litter bag High" Moderate Primarily a tool of soil ecologists, although Time-tested protocol for studying decomposition in soil
used to assess contaminated soils (see De Jong systems. Simple to use, although no standard ecotoxicological
1998; Heath et al. 1964, Santos et al. 1981). protocol exists. Considered as having high ecological relevance
because it measures the decomposition that is actually occurring
in situ. Of the microbial tests presented, this procedure is most
highly recommended for assessing chemical toxicity in arid and
semiarid soil ecosystems.
Carbon Moderate - | Moderate Primarily a tool of soil ecologists (Cheng and Carbon mineralization is a basic metric of microbial activity and
Mineralization / high Coleman 1989); however, the technique is represents microbial respiration of organic matter in the
Substrate- Induced gaining recognition for its utility in assessing decomposition process. The instrumentation used to quantify
Respiration (SIR) contaminated soils (e.g., Kuperman 1996; substrate-induced respiration is considerably more complex and
Kuperman and Carreiro 1997). costly than the litter bag method.
Pollution-Induced Moderate- Moderate Used as a tool by ecotoxicologists from a PICT can be cost-effective and rapid, but it is as yet relatively
Community high system (Biolog”) developed by microbial untested and thus not fully standardized. PICT results are
Tolerance (PICT) ecologists. To date, primarily used to assess subject to interpretational differences, and the system is limited
metal toxicity (Bééth et al. 1998; Rutgers and to bacterial analyses.
Breure 1999; Rutgers et al. 1998).
Soil enzymes Moderate Moderate Used in the assessment of toxic impacts of Indirectly representative of organic matter mineralization.
metals in soil (Bardgett et al. 1994; Kuperman Requires some analytical sophistication to accurately quantify
1996, Kuperman and Carreiro 1997). enzymatic concentrations; its applicability as a direct metric for
soil ecosystem function is questionable.
Microtox Low High Used in the toxicity assessment of metals, Microtox has the highest degree of standardization of all

microbial tests. However, results of this test may not be
applicable to understanding and assessing toxicity of dry soils.

* High ecological relevance; however, a definite confounding factor associated with the litter bag technique is that the test introduces “clean” material.

® Although most of these tests meet the highest criteria for standardization (i.e., equivalent to an American Society for Testing and Materials [ASTM]-published method)
put forth by Menzie et al. (1996), the test variability associated with different soil matrices and compositions precludes scoring anything but the Microtox test in the
“high” standardization category. '

toxickych latek
v prostiedi

©)
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Table 2. Fulfilment of prerequmtes for selected soil- quallty indicators

Indicator

Basal respiration rate
SIR biomass

CFE hiomass
Metabolic quotient’

Anaerobic N-mineraliza-
tion
PAO

PDA
Mycorrhizal colonization

Mycorrhizal P-transport
Enzymes
Community studies

SIR, substrate mduced reqprratlon CFE, chloroform fumi

Ecoiogrcal rele-
vance

Integration of soil proper-

ties

High
Intermediate-high

Intermediate-high
Intermediate--high

High
High

High
Intermediate-high

High
Low-intermediate

Low-intermediate

High
High

High
High

High
Intermediate

High
High

High
High

High

"Quotient of basal respiration rate and SIR.
?Relatively new methodology; documentation is in many cases rapidly increasing.

gatlon extraction; PAO potentral ammonium oxrdallon PDA potentral denltnflratlcm a,twrty

Ecological and screntlflc ratlonales as quahty mdrcator.&.

change

Intermediate

Intermediate

Intermediate
High

Intermediate
Very high

High
High

High
Intermediate
High

Sensitiwty to

Documentation

High
High

High
Intermediate

Intermediate
Low-
intermediate

Intermediate
High

Low

High

Low-

intermediate?

Methodology

heproducrblhty

Intermediate
Intermediate

High
High

High

Intermediate-
high

Intermediate-
high

Interrediate-
high

Intermediate-
high

tconomy/practicabi-

lity

Cxood \IO day incuba
tion)

Good {10-day incuba
tion)

Intermediate

Good (10-day incuba
tion)

Good (10-day incuba
tion)

Good

Interrmediate
Poor-intermediate

Puor
Good

Poor-good

Centrum pro vyzkum
toxickych latek
v prostiedi
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§ (OECD, SETAC, BBA navody)

Biomonitoring kvality ekosystému ® monitoring stavu pudnich

Ochrana ZP mikroorganismu

Pudni

— ‘ _ mikrobiologie
—

“Community level”

e strukturni diverzita

e funkéni diverzita

“Biomass level” pristu
e taxonomicka diverzita P P

e fenotypova diverzita * kvantifikace cele biomasy (napt. C,;,)

* aktivity cel¢ biomasy (e.g. respiration)

“Population level”

* specialni funkce a aktivity (napf.
nitrifikace, metanogeneze apod.)

Centrum pro vyzkum

toxickych litek Snimek 88
v prostiedi
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Kvalita
mikroorganismu

Kvantita
mikroorganismu

©)

Centrum pro vyzkum i
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C v mikrobialni biomase / C,,, v piidé
C / N pro mikrobialni biomasu

/\

Velikost spoleenstva

Mikrobialni biomasa Obsah N (P, S) v
(C sio-metoda SIR) mikrobialni biomase
Mikrobialni biomasa
Zakladni (C vio-metoda FE) Rozsifena
sada metod sada metod
Uhlik Bazalni rychlost Uhlik
respirace (BR)

Potencidlni rychlost Inkubadni testy |

respirace (PR) s org. substraty
Aktivita spoleenstva

\/

Indexy (ekofyziologické koeficienty):
BR/Cy0 (qCO») PR/BR qD

Centrum pro vyzkum
toxickych litek Snimek 90
v prostiedi
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QObsah N (pfipadné P, S)
v mikrobiilni biomase

{Kagitola 5.2.4.1)

Rozsifend
sada
analyz /7 [oxubacai testy
s organickymi substraty
\ (Kapitola 3.2.4.2}
f Litter bags metody
_ - Zisoba a distribuce org. latek
T Y Bilance rozkladnych procest

@nal Iyzy in Situ ~ ]

C v mikrobidini Velikost
biomase (metoda SIR) spolefenstva
7~ C v mikrobidini
biomase (metoda FE)

{Kapitola 3.2.3.2)

(Kapitola 3.2.5.1)
Z4akladni
sada
analyz

Barilni respiraént
rychiost (RR)
Potencialni respiradni {Kapitola 3.2.3.5)

rychlost (PR) J Mineralizacni aktivita

(Kapitola 3.2.3.2) spoledenstva
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Mikrobialni ekotoxikologie pudy

V absolutnich hodnotich jsou tyto parametry oddélené obtizné
Bohuzel : interpretovatelné,

Vzhledem k proménlivosti plid nelze vymezit univerzalnd limity;
napf. pro obsah mikrobidlni biomasy.

Jiz ze zikladnich analyz 1ze v kombinaci metod odvodit fadu

Nastésti : smysluplné interpretovatelngch Gdajii:
PR/ Chio Specifickd potencilni respirace [ug CO,-C . den” . mg Cyio ']
1
BR / Cuo Specifickd bazlnf respirace [ug CO,-C . den™ . mg Cyo"]
( q COz) P P “g 2 . - INE Liip
9
PR / BR Bezrozmérmy pomér potencidlnf a bazilni respiraéni aktivity
: ]
Cbiu .. . . ey s e o g -
Cox ] Relativni podil mikrobidlni biomasy v pudni organické hmoté
Centrum pro vyzkum Snimek 92

toxickych latek
v prostiedi
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Mikrobialni ekotoxikologie pudy

Syntéza nové biomasy * Pokles obsahu biomasy
Rozvoj spoledenstva Dlouhodobé velmi negativni jev

Nérdist aktivity na jednotku biomasy Pokles aktivity na jednotku biomasy
a) zv$iené n4roky na udrfovaci energii - : a) syntéza nove biomasy -
dlouhodob# negativni dlouhodobé pozitivni
b) kritkodobé reakce na dostupny b) prudkd inhibice respiraCni aktivity
substrat

Intenzivni reakce na lehce dostupny

okles reakce na lehce dostupny substrat substrit
a) zvySeni "nabidka" substritu v padé a) nedostatek dostupného substritu
b) inhibice respiracni aktivily v pidé; nedostatek energic

b) velky mineralizaéni potenciil

Centrum pro vyzkum o
toxickych litek Snimek 93
v prostiedi
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Mikrobialni ekotoxikologie pudy

« qCO2vmg CO2/h/100 mg Cbio

v kompostu a zahradnim substratu cca 1
* narust cca do 2 — 3 spise pozitivni

* nékolik desitek — nevyzdraly kompost

Centrum pro vyzkum i
(@) toxickych ltek Snimek 94
v prostiedi



Mikrobialni ekotoxikologie pudy

| dalSi koeficienty, napr. Cex / Cbio (%) — pomér
dostupného uhliku ku tomu, ktery je fixovan v biomase

« dlouhodoby pokles je pozitivni a ukazuje na vyuzitelnost
mimobunécného uhliku

* respirace plus pridan siran amonny (fyziologicky
dostupny dusik)

- BR-N/BR je 2 -1,5 = zlepseni pristupného dusiku

* naornych pudach je1a 1,2 -1,5 dobry stav

« 2 avice znamena nedostatek dostupného dusiku

Centrum pro vyzkum o
(6) toxickych ltek Snimek 95
v prostiedi



Mikrobialni ekotoxikologie pudy

vzorek pidy CAS (DNY)

el ( 20 30

0 10

odbéry

+voda (60% WHC) '\d’ v V V \’ Y/

WV
Chiio, Respirace CO,

org. substrat odbéry
+voda (60%WHC) ’\ \l/ \I/ \l/ \l/ \l/
Cbio: RCSD%&CG COz
N )y

org. substrat NS
+voda (60%WHC . "R
_ (60% ) —» Chio, Respirace CO, ):I_J>'\qDll(Re]ativni pokles Cyio)

Centrum pro vyzkum o
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Mikrobialni ekotoxikologie pudy

Kinetika a rovnovaha nitrifikace
- navaznost na produkeci NH;" v pidé

/\

Kinetika procesu

Potencalni amonifikace Kratkodobé kinetické analyzy

(arginin, pepton) nitrifikace
Zikladni o Rozsifena
Denitrifikace
sada metod Fixace N sada metod
2 ’

Dusik Dusik
Potenciiln& Dlouhodobé¢ inkubaéni testy

mineralizovatelny N (produkce NH,", NO3)

Mineralizace N

Dlouhodobi produkce NH,", NO; bez/s pridavkem
substratu [org. material, (NH,),SO,]

Centrum pro vyzkum i
toxickych litek Snimek 97
v prostiedi
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« AMO ug NH4-N / g/ hod — byva tak 4 — 9 bez N pridavku
« 38 — 124 s pridavkem peptonu

* NITugNO3-N/g/denjecca1,6-0,8
« 7-12 vyssi met. kapacita
* shizeni je pozitivni — puda neztraci dusik

“ Centrum pro vyzkum i
( toxickych litek Snimek 98
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Effects and risk assessment of linear alkylbenzene sulfonates (LAS) in agricultural soil.
1. Short-term effects on soil microbiology.

 autofi sledovali ucinek LAS mikroorganismy pisCité zemédélské pudy béhem 11-ti denni
laboratorni inkubace
* 10 mikrobialnich parametru:

degradace ethylenu

potencialni oxidace amoniaku

potencialni aktivita dehydrogenazy

B-glukosidazova aktivita

redukce zeleza

populace cellulolytickych bakterii, hub a aktinomycét

bazalni respirace pudy

obsah PLFA
jako necitlivé se ukazaly B-glukosidazova aktivita, bazalni respirace pudy a obsah PLFA,
divodem byla pravdépodobné kombinace stimulu a inhibice rdznych ¢asti mikrobialniho
spolecCenstva

15 9 5
c | E § |
EE NN R \% 5’3§§§
T3 =
g2 1NN : L NN & 22NN
53 N N = NN SERENINDRY
5% . E 8‘3’3_\\§ §32~§\§
5% NN <2 3 5e
: \ L SRR NN
L NNNf & . . NN , LN NN NN
0 8 22 62 174 488 0 8 22 62 174 488 0 8 22 62 174 488
LAS (mg kg™ dry weight soil) LAS (mg kg’ dry weight soil} LAS (mé kg™ dry weight soil)
Fig. 1. Dose response of ethylene degradation in agricultural soil Bl Fig. 2. Dose response of potential ammonium oxidation in agricultural Fig. 3. Dose response of potential dehydrogenase activity in agricul-
fellowing linear alkylbenzene sulfonate (LAS) exposure for approx- soil after linear alkyibenzene sulfon'att': (LAS) exposure for 7 d. Data tural soil after Yinear alkylbenzene sulfO{latF (LAS)_CXPOSUFC for 7 d.
imately 0.5 d. Data represent the mean = standard deviation (vertical represent the mean * standard deviation (vertical bars) of three rep- Data represent the mean * standard deviation (vertical bars) of three

bars) of three pseudareplicates. licates, replicates. INT-F = iodonitrotetrazolium formazan,
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Fig, 4. Dose response of B-glucosidase activity in agricultural soil
alter linear alkylbenzene sulfonate (LAS) exposure for 7 d. Data rep-
resent the mean + standard deviation (vertical bars) of three replicates.

MUF = 4-methylumbelliferone.
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FFig. 5. Dose response of iron reduction in agricultaral soil after lincar
alkylbenzene sulfonate (LAS) expusure for 5 d. Duta represent the
mean = standard deviation {vertical bars) of three replicates.
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Fig. 6. Dose response of cellulolytic actinomycetes (solid bars), lungi
(open bars), and bacteria (hatched bars) in agricultural soil after linear
alkylbenzene sulfonate (LAS) exposure for 7 d. The number of colony-
forming units (CFU) per gram dry weight soil of the uninhibited
control were 9.1 > 10° for actinomycetes, 1.1 X 10 for fungi, and
3.4 x 10% for bacteria. Data represent the mean * standard deviation
(vertical) of three replicates.
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Fig. 7. Dose response of basal soil respiration (CO, evolution) in
agricultural soil after incubation and linear alkylbenzene sulfonate
(LAS) exposure for | (@), 2 (V) 4 (H). 5(#), and 9 (&) d. Data
represent the mean * standard deviation (vertical bars) of two rep-
licates.
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Table 2. Effect concentrations (EC10. EC50. no-observed-effect concentration [NOEC], and lowest-observed-effect concentration [LOEC]) for

linear alkylbenzene sulfonate (LAS) toward microbial parameters in agricultural soil®

Incubation
Microbial puramcter ECI10 EC50 NOEC LOEC
Ethylene degradation 0.5 9 NAP 24 NA NA NA
Ammonium oxidation 7 <8 (2-8) 40 (24.-76) 0 10
Dehydrogenase activity 7 22 (6-47) 128 (99-154) 2 62
B-Glucosidase activity 7 47 (24-63) >488 NA 174 488
[ron reduction 5 <8 (2-6) 17 (15-18) 0 8
Cellulolytic bacteria 7 B (0-12) 24 (15-40) 8 22
Cellulolytic fungi 7 <8 (0-20) 32 (11-76) 8 22
Cellulolyvtic actinomycetes 7 B (0-19) 80 (0-206) 8 22
Basal soil respiration >793 NA >793 NA >793 >793
PLFA* content >488 NA >488 NA >488 >488

* For EC10 and EC50, the 95% confidence limits are given in parentheses. Data for LAS in soil are presented as mg/kg dry weight.

" NA = not available.
* PLFA = phosphaoliptd fatty acid.

©)
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Table 2. Illustration of the role of microbiological bioassays in setting soil loading guidelines for smelter
emissions. Shown are the five most sensitive bioassays considered for setting soil critical load limits for
atmospheric deposition of each of 6 metals/mettaloids. For each bioassay, the reference source as cited
in Bird et al. (1999) is shown and the corresponding dissolved free-ion concentration in soil (mg L) is
given. The shaded references are those based on microbiological bioassays.

Cd Cu Ni P Zn
Ibekwe et al. 0.0018 Miles and 0.010 Paliouris and 0.01 Balba et al. 0.011 Posthuma et 0.28
1996 Parker 1979 Hutchinson 1991 al. 1997
Medicago Andropogon 1991 Silene Lycopersicum Enchytraeus
sativa shoot scoparius root vulgaris root esculantum crypticus
yield dry weight length dry weight of reproduction
reduction fruit

Bingham et al.
1975 Spinacia

aleracea
shoot vield
Bingham ctal.  0.07 Schatand Ten 0.058
1975 Ghcine Bookum 1992 Quercus rubra
max dry bean Silene {eaf area
yield vulgaris root

growth

0.013 Smit and van 0.32 Steevensetal.  0.05
Gestel 1996 1972
Folsomia Pisum sativum
candida fresh weight
number at 4 of shelled
weeks
0.017  Sheppard et 0.46 Jacobs et al. 0.06
al. 1993 1970
Brassica rapa Phaseolus
time to first vulgaris fresh
bloom weight of
0.03 0.07
scoparius root
0.12 Sheppard et 0.55 Woolson 1973 G.13
Paganeili al. 1993 Phaseolus
1987 Picea Lumbricus vulgaris plant
rubens shoot terrestris yield
and root survival

growth
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Vodni ekosystemy
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INVESTICE DO ROZVOJE VZDELAVANI

Inovace tohoto predmétu je spolufinancovana Evropskym socialnim fondem a statnim rozpoétem Ceské republiky
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Mikrobialni spolec¢enstva vodnich ekosystému

Specifika mikroorganismu ve vodnim ekosystému

— pohyb — mnohem aktivnejsi protorové presuny nez v
pudé

— rostou za velmi nizkych koncentraci zivin — jsou schopny
jejich ,vychytavani®

— tomu se prizpusobuiji i napf. tvarem — zvySeni aktivniho
povrchu

— mikroorganismy zastavaji také roli producentu —
heterotrofni producenti — microbial loop

C rum r ykm Snimek 104
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Mikrobialni spolec¢enstva vodnich ekosystému

Freshwater
(limnology)

Lotic Lentic

- AN
) N G

Rivers
and streams

Marine systems

Estuarine systems
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Mikrobialni spolec¢enstva vodnich ekosystému

Ctyii hlavni typy mikrobialnich populaci ve vodnich ekosystémech

V// 7
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77/, Salid substrates
48t Extracellutor slime

Diagram of the relative locations of four distinct bacterial populations in aquatic| environments,
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Mikrobialni spolec¢enstva vodnich ekosystému

Zastoupeni jednotlivych typu spolecenstev se liSi mezi
typy vodnich ekosystému

Rivers and streams Planktonic Y

>
<

Lakes and
marine systems

Centrum pro vyzkum

toxickych litek Snimek 107
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Mikrobialni spolec¢enstva vodnich ekosystému

BIOFILM = vrstva organického materialu a mikroorganismu vznikla na povrchu
objektu

Vyznam pfi degradacich, CiSténi odpadnich vod, v laboratornich studiich

| NV Organic molecule

. @@ Microorganism

Clean surface Conditioning Phase | Phase |l Mature biofilm

film of dissolved primary microbial irreversible
organic matter colonization microbial attachment

FIGURE 6.5 Representation of biofilm formation. Dissolved organic molecules of a hydrophobic nature
accumulate at the solid surface-water interface and form a conditioning film. Bacteria approach the solid
surface because of water flow and/or active motility. The initial adhesion (phase I) is controlled by various
attractive or repulsive physicochemical forces leading to passive, reversible attachment to the surface. An
irreversible attachment is a biological, time-dependent process related to the proliferation of bacterial ex-
opolymers forming a chemical bridge to the solid surface (phase II). By a combination of colonization and
cenn| Dacterial growth, the mature biofilm is formed. It is characterized by cell clusters surrounded by water-
wic  filled voids. (Adapted from Marshall, 1992, and Marshall, 1997.) 108
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Mikrobialni spolec¢enstva vodnich ekosystému

Microbial loop u planktonu

Fytoplankton — fotoautotrofové — primarni producenti
dissolved organic matter
particulate organic matter

Bakterioplankton — heterotrofni bakterie — sekundarni ,,heterotrofni*
producenti

Zooplankton — protozoa

Centrum pro vyzkum i
toxickych litek Snimek 109
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©)




Mikrobialni spolec¢enstva vodnich ekosystému

Microbial Loop

Phytoplankton > Zooplankton

A SG

Dissolved organic

matter (DO
A
Y
Bactivorous
cO == i >
2 Bacterioplankton zooplankton
(6) :iex?::(;r:hplze\:‘yzkum Snimek 110
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Mikrobialni spolec¢enstva vodnich ekosystému

Grazing

Sun Energy Flow: The Microbial Loop - Simplified

( Phytoplankton——— Zooplankton —— Fish

N\

Ciliate Protozoans

Leaky & dead cells provide
Dissolved Organic Matter

Grazing

K’ - Teeny-tiny grazers such as
Bacterioplankton ===lp- . ilated Micropianiton

Nutrients

Excretion
and lysis

Mineralization -

—_ zooplankto Sicorved

Grazmg organic matter
FIGURE 6.1 The microbial loop in the planktonic food web. The
microbial loop represents a pathway in which the dissolved organic
products are efficiently utilized. The role of bacterioplankton is to
mineralize important nutrients contained within organic com- ‘,’;:?:ﬁ;
pounds and to convert a portion of the dissolved carbon into O Bactors
biomass. Grazing by bactivorous protozoans provides a link to
higher trophic levels. (Modifed from Fuhrman, 1992.) A&
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et gl ] e
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. Higher Classic food web
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Mikrobialni spoleCenstva vodnich ekosystéemu

Je také vyrazna distribuce vertikalni

-
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Relative depth (m)
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FIGURE 6.14  (A) Schematic representation of bacterial distribution in a typical oligotrophic lake. Notice
especially the distribution and concentrations of the photosynthetic populations. Also note the lower con-
centration of heterotrophs in the upper zone, where cyanobacteria predominate. The large increase in the het-
erotrophic population between the epilimnion and the hypolimnion is related to the presence of a zone where
organic matter accumulates. This area is known as a thermocline and is a zone where the sunlight-warmed
surface water (less dense) and the deeper colder water (more dense) meet, forming a density gradient where
organic matter accumulates. (B) Schematic representation of a typical eutrophic lake. The figure shows the
same groups of organisms as in (A) indicating the localization and relative concentrations throughout the wa-
ter column. Notice that both the photosynthetic and the heterotrophic populations are considerably higher in
a eutrophic lake. (Adapted from Rheinheimer, 1985.)
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Mikrobialni spolec¢enstva vodnich ekosystému
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Carbon cycle of a typical freshwater lake. DOC = dissolved organic carbon; POC =
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Mikrobialni spole€enstva vodnich ekosystémii

Effect of input of sewage or other organic-rich waste-
waters into aquatic systems

In a river, an increase in heterotrophic bacterial
numbers and a decrease in O, levels occur
immediately upon a spike of organic matter.

If NH,+ is present in the input, for example from
sewage, is oxidized to by nitrifying bacteria - note
how the rise in NH,* is followed shortly by the rise in
NO;, as the two-stage process of nitrification
proceeds.

organic carbon, and BOD

The rise in numbers of algae and cyanobacteria is
primarily a response to inorganic nutrients, especially

PO, .

Algae and
cyanobacteria

Cell number/nutrients

Oxygen levels return to their pre-input levels once

most of the oxidizable organic and inorganic
compounds are depleted.
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Mikrobialni spole€enstva vodnich ekosystémii

Aquatic Toxicology 86 {2008) 352-360

Longitudinal changes in microbial planktonic communities of
a French river in relation to pesticide and nutrient inputs

Stéphane Pesce ™!, Céline Fajon®*, Corinne Bardot?, Frédérique Bonnemoy *,
Christophe Portelli®, Jacques Bohatier®

Abstract

To determine the effects of anthropic activities on river planktonic microbial populations. monthly water samples were collected for 11 months
from two sampling sites characterized by differing nutrient and pesticide levels. The difference in trophic level between the two stations was
particularly pronounced from May to November. Total pesticide concentrations were notably higher at the downstream station from April to
October with a clear predominance of herbicide residues, especially the glyphosate metabolite aminomethylphosphonic acid (AMPA). From
spring, algal biomass and density were favored by the high orthophosphate concentrations recorded at the downstream location. However, isolated
drops in algal biomass were recorded at this sampling station, suggesting an adverse effect of herbicides on algal communities. No major difference
was observed in bacterial heterotrophic production, density, or activity (CTC reduction) between the two sampling stations. No major variation was
detected using the fluorescent in situ hybridization (FISH) method, but shifts in bacterial community composition were recorded by PCR-TTGE
analysis at the downstream station following high nutrient and pesticide inputs. However, outside the main anthropic pollution period, the water’s
chemical properties and planktonic microbial communities were very similar at the two sampling sites, suggesting a high recovery potential for
this lotic system.
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Mikrobialni spole€enstva vodnich ekosystémii

Aquatic Toxicology 86 (2008) 352-360

Chlorophyll a levels and algal cell counts

«  Samples (50-250 ml, triplicates) for chlorophyll a (chl-a) assay were filtered on glass fiber filters (2 mm)
and frozen at —80 °C until analysis. Chl-a was extracted for 24 h with 90% acetone and measured by
spectrophotometry. For qualitative and quantitative analysis of phytoplankton, samples were fixed with
Lugol's iodine solution (2%, final concentration) and cells were enumerated with an inverted
microscope using sedimentation chambers. Algal cells were identified to genus level.

Production, abundance and physiological activity of heterotrophic bacteria

«  Production of heterotrophic bacteria was immediately estimated using tritiated thymidine
incorporation. Bacterial density was determined using epifluorescence microscopy. Samples (2 ml)
were fixed with formaldehyde (2%, final concentration) and analyzed by DAPI staining.

- Bacterial physiological activity was assessed using 5-cyano-2,3-ditolyl tetrazolium chloride (CTC).

Fluorescent in situ hybridization (FISH) with group-specific rRNA oligonucleotides

« The relative abundance of four major phylogenetic groups was analyzed by FISH with oligonucleotide
probes. Specific probes were used to detect bacteria of the a- (ALF1b), B- (BET42a), and y- (GAM42a)
subdivisions of Proteobacteria and of the Cytophaga-Flavobacterium cluster (CF319a).

PCR amplification and temporal temperature gradient gel electrophoresis (TTGE)

« Samples (80 ml) were centrifuged (15,000 x g, 4 °C) for 45 min. The resulting pellet was resuspended
in 545 pl TE buffer (pH 8) and conserved at =20 °C until the extraction. Genomic DNA was extracted.

« The V6-V8 regions of 16S rRNA gene were amplified by PCR using primers GC-968f and 1401r.
Electrophoresis was performed. Gel was stained using a Gel Star nucleic acid gel stain bath (BMA)
and digitized using a Versa Doc™ |Imaging System (Bio-RAD). Electrophoresis for TGGE was run for
17 h at 68 V at a temperature increasing from 66 to 69.7 °C at a ramp rate of 0.2 °C h-1.

Centrum pro vyzkum i
toxickych litek Snimek 116
v prostiedi

©)



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

Mikrobialni spole€enstva vodnich ekosystému

@ |
5 & ) :
g Olpsieam @ Dovnsiream Aquatic Toxicology 86 {2008) 352-360
7
c
[ 51
2T
EN 70
g 1 o
= {A} —0— Upstream
% 2 = &0 A
£ 4] T
z ! St 50-
Ao LA = 8 ' L T E -
g Feb, Mar. Apr. May June July Aug Sep Ocl Nov. Dec & E 404
100% B Scolispleura W= ]
O Scenedesmus E E 30
& Phacus E:ﬁ_ 20 -
B Pediastrum my
O Nitzschia 10 1
W MNandciila ﬂ .
B Samphomoms Feb. Mar. Apr. May Juns July Aug. Sep. Oct Mov Dec.
@ Euglena
O Diploneis
@ Diatoma 18 5 {B}
B Cyclatella
0 Craticula =
| Cocconels -a =
Fab, May | Juna | July | Aug | Sep Mew. | Dec & Rkt 5=
. P _Fab E E
A O Upstreamprofiles as
e ® - Downstreamprofiles .’-'_é’ﬂg
LIP_hay _g F"_
P_Jure @
LP_Ju B @
i UP_fug Ofpt W Feby yar P 1
B Dec
- ﬁ:—ﬁ: & O Feh Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec
- 4
UF_Norv E O Mar ) Way
UP_Dies 2 187 (C)
g cown_Fa : U:ﬁ)ﬂﬁ E |
[N _Mar i a ézﬁﬂe W Nov "; 18
DM _Apr & June —
DI May iJul E 121
DOWHN_June B Sep g
L WA -
DOWIN_Jul “ I-E 9
DOVIN_Aig g g4
DOWK_Sep 3" |
DCIAIN_ Ot - 3
DRCANN_ Mo - o
B cownoe 0 T T

T T T T T T T T 1
Axiz 1 32.7% Fab, Mar. Apr, Mﬂ}' June JU|:." .":'\IJQ SEFI oot Mov, Dec,


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

