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NITRIFIKACE V PUDE - TERMINOLOGIE A METODOLOGIE
(STUDIE)

NITRIFICATION IN SOIL — TERMINOLOGY AND METHODOLOGY
(REVIEW)

M. Simek

Institute of Soil Biology, Academy of Sciences of the Czech Republic; Faculty of Biological
Sciences, University of South Bohemia in Ceské Budéjovice, Czech Republic

ABSTRACT: Nitrification is defined as a biological oxidation of ammonium to nitrite and nitrate, or more generally as
the biological transformation of reduced forms of nitrogen to oxidized forms. In many soils nitrification is a key process
in nitrogen transformations as it converts the exchangeable cation, NH;, to the mobile anions NO; and NO;, which rapid-
ly undergo other transformations (denitrification to N, and N,0O, assimilatory and disimilatory nitrate reduction to ammo-
nia, nitrate respiration; Fig. 1) or are easily leached from the soil. High rates of nitrification thus usually lead to high
losses of nitrogen from soil. Moreover, as the oxidation of nitrogen compounds during nitrification produces hydrogen
ions (H'), nitrification results in acidification of the soil. Most nitrification is carried out by chemolithoautotrophic bac-
teria belonging to the family Nitrobacteraceae. The family consists of two main groups, the ammonia-oxidizing or ni-
trosobacteria and the nitrite-oxidizing or nitrobacteria (Tab. I). Nitrifying bacteria are obligate aerobes and gain energy
from the oxidation of reduced nitrogen compounds to fix CO, to organic carbon. Although nitrite and nitrate are main
nitrification products, there is an increasing evidence that also some gaseous nitrogen species, namely NO and N,O, are
produced as by products during the autotrophic nitrification. In addition to chemolithoautotrophic nitrifying bacteria,
many other (heterotrophic) soil bacteria and fungi have an ability to oxidize reduced nitrogen compounds, both mineral
(NH.) and organic in the process called heterotrophic nitrification — heterotrophy is related to use of organic compounds
as a source of carbon for biomass synthesis. Heterotrophic nitrifiers apparently do not obtain energy from the process
and thus its physiological importance is not clear. Nevertheless, heterotrophic nitrification can prevail in (micro)sites
with unfavorable conditions for autotrophic nitrifiers in, for example, acidic forest soils. As with autotrophic nitrifica-
tion, nitrogen gases may also be produced during heterotrophic nitrification, although the significance of both auto-
trophic and heterotrophic sources of NO and N,O has not been clearly demonstrated. It has been recently found that
substantial amounts of NO and N,O can be produced by autotrophic nitrifiers under conditions with lowered pO,. At
high pO, the organisms use molecular oxygen to oxidise NH; during nitrification, which depletes the O, in their microen-
vironment. In order to maintain catabolism, nitrifying bacteria may switch to using either nitrate or nitrite as an electron
acceptor in respiration reactions, saving any remaining O, for activation of NH; by ammonium monooxygenase enzyme.
This in fact means that they carry out denitrification reactions which were found to be an important source of nitrogen
gases. The process is called nitrifier denitrification and is believed to contribute substantially to NO and N,O production
in many soils. Nitrification is controlled by many environmental variables (Fig. 2), but the principal regulatory factors
are ammonium as the substrate and partial pressure of molecular oxygen. The latter is a result of balance between soil air
and soil moisture content, which is controlled both directly and indirectly by many environmental conditions. The only
practical way for controlling the rate of nitrification in the field is thus the use of specific chemical compounds known as
nitrification inhibitors (Tab. II), or to manage soil N to prevent substatial NH; accumulation at times when plant demand
is small. Several techniques for estimation of nitrification rates in soil were developed, of which short-term nitrifying
enzyme assay is a promising tool for the indication of recent capacity of the soil to nitrify.

Keywords: autotrophic nitrification; heterotrophic nitrification; mineralization; aeration status; pH; inhibitors

ABSTRAKT: Nitrifikaci se rozumi biologicka oxidace amoniaku na nitrit a nitrat, podle §ir$i definice pak biologicka pre-
ména anorganickych a organickych slouéenin dusiku z redukovanych forem na oxidovangjsi. Nejcast&j§i formou nitri-
fikace ve vétsiné pid je chemolitoautotrofni nitrifikace provddéna gramnegativnimi bakteriemi &eledi Nitrobacteraceae,
které nitrifikaci ziskavaji energii. Pravdépodobné mnohem vice, nez se donedavna pfedpokladalo, se vsak v pidé uplat-
fiuje také heterotrofni nitrifikace nékterych bakterii, aktinomycet a mikromycet. Substratem chemolitotrofni nitrifikace je
amoniak, ktery se uvoliiuje pfi mineralizaci organickych latek a v men$i mife vznika i asimilaéni a disimilaéni redukci
nitratu. Reakénimi produkty nitrifikace jsou nitrit a nitrat, ale také plynné dusikaté slouceniny, zejména oxid dusny, oxid
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dusnaty a molekularni dusik. Z hlediska naslednych emisi téchto plyni z pidy do atmosféry a jejich lohy v chemii
atmosféry je zvlasté vyznamna tvorba oxidi dusiku nitrifikaci, jez miiZe i pfevazit nad tvorbou téchto latek denitrifikaci.
Intenzita nitrifikace je v puidé regulovana mnoha faktory prostfedi, z nichZ dilezity je napf. pomér mezi obsahem vody
a vzduchu v pudé, dale teplota, piidni reakce aj. Nitrifikaéni aktivita v piidé se méfi laboratornimi inkubaénimi metodami.

Kli¢ova slova: autotrofni nitrifikace; heterotrofni nitrifikace; mineralizace; aeracni status; pH; inhibitory

UvVOoD

Vétsina vyznamnych procest premén dusiku v pidé
a prostiedi viibec byla objevena jiz asi pied sto lety,
presto stale trva usili o jejich lepsi poznani. Zatimco
drive byl vyzkum zaméfen zejména na agronomické
problémy, s hlavnim tkolem zvysit efektivitu pouziva-
nych hnojiv a zvysit rostlinnou produkci, v soucasnosti
mnohdy dominuje hledisko ochrany Zivotniho prostiedi
(Powlson, 1993). Do popredi se dostaly otazky ztrat
dusiku vyplavovéanim, volatilizaci a emisemi plynnych
dusikatych sloudenin, av8ak ani agronomické aspekty
nejsou zcela opomijeny.

V ptdé je naprostd vétSina dusiku vazana v orga-
nickych latkach. Napf. ve 106 ornych ptidach v Anglii
(méfeno vZdy na podzim v obdobi 1989 az 1992) byl ve
vrstvé pidy 0 az 25 cm zji§tén primérny obsah mine-
ralnich forem 76 kg N.ha', aviak organického dusiku
kolem 7 t N.ha™', pfidemz rozpéti &inilo 2,7 a7 14,6 t N.ha™!
(Jarvis et al., 1996). Vyjadifeno v hmotnostnich pro-
centech, mineralni pidy obsahuji ve svrchnich vrstvach
kolem 0,02 az 0,5 % N. Celkové mnozstvi dusiku
vazaného v pudni organické hmoté bylo odhadnuto na
150.10° t, zatimco jeho mnozstvi v biomase sucho-
zemskych rostlin jen na 15.10° t a v biomase Zivocichi
na 0,2.10° t (Jenkinson, 1990).

Pidni organickd hmota je hlavni zdsobarnou dusiku
pro pidni mikroorganismy a pro rostliny, a to i v mnoha
(hnojenych) agroekosystémech (napf. Jenkinson, Parry,
1989; Vanék et al., 1989; Powlson, 1993). Mnozstvi
dusiku v organickych latkach se vétSinou méni jen velmi
pomalu. Procesy uvoliiovani dusiku z organickych do
anorganickych forem (mineralizace N) a zéroven pro-
cesy syntézy a resyntézy organickych latek (imobilizace
N) pifesto v pudé probihaji nepfetrzité, byt' s promén-
livou intenzitou. Odhaduje se, Ze v podminkach mirného
pasma se ro¢né mineralizuje 1 az 3 % celkového pud-
niho dusiku (Brady, 1990) a maximaélni denni rychlost
¢isté mineralizace miiZe &init aZ 3 a% 4 kg N.ha' (Jarvis,
1996). Procesy mineralizace a imobilizace jsou ¢asové
a mistné fizeny fadou faktorli prostfedi, z nichZ jsou
vyznamné napf. teplota a vlhkost pudy. Zasadnim
zpiisobem ovliviiuje procesy mineralizace a imobilizace
i dodavka organické hmoty (napf. ve formé poskliz-
novych zbytkd, hnoje apod.) a jeji slozeni. Je-li vstu-
pujici organicka hmota bohata na dusik (¢ili ma uzky
pomér C/N), podporuji se obecné procesy mineralizace;
je-li naopak pomér C/N v dodané organické hmoté
siroky, podporuji se procesy imobilizace. Kriticky
pomér C/N byl nékterymi autory stanoven na 15 (Jarvis
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et al., 1996), je vSak ovlivnén mnoha faktory a zavisi
nejen na slozeni latky, ale i na okolnostech jejiho roz-
kladu, na faktorech prostfedi atd. Vztah mezi mine-
ralizaci a imobilizaci neni vyznamny jen z hlediska
osudu vnesenych organickych latek. Pfi intenzivnéjsi
mineralizaci se zacina v pidé hromadit amoniak (NHy),
ktery je vychozi formou dusiku pro fadu procesu. Urcita
cast NH; je asimilovana rostlinami a mikroorganismy,
Cast fixovana pidnim sorpénim komplexem, ¢ast unika
(volatilizuje) do atmosféry a nékdy znacny podil mine-
ralizaci uvolnéného NHj je oxidovéan procesem nitrifikace.

Cilem této studie, jeZ navazuje na ptedchozi ptispé-
vek o denitrifikaci v pidé (Simek, 1998), je pribliZit
i méné zndmé a nékdy nespravné interpretované aspekty
nitrifikace (napf. autotrofni verzus heterotrofni nitri-
fikace, resp. tvorba plynnych sloucenin pfi nitrifikaci),
dale podat ptehled o biologii a ekologii nitrifikace a po-
ukazat na moderni pfistupy k méfeni a kvantifikaci nitri-
fikace v pudé.

AUTOTROFNi A HETEROTROFNI NITRIFIKACE —
FYZIOLOGIE A TERMINOLOGIE

Nitrifikaci se rozumi biologicka oxidace amoniaku na
nitrat (Peoples et al., 1995), ptipadné oxidace amoniaku
definice zahrnuje i tvorbu nitritu a nitratu z jinych redu-
kovanych sloucenin, nez je amoniak a popisuje
nitrifikaci jako biologickou preménu organickych a an-
organickych sloucenin dusiku z redukovanych forem
na oxidovanejsi (Alexander et al., 1960, cit. Gundersen,
Rasmussen, 1990).

Nitrifikace je v mnoha pudach a ekosystémech kli¢o-
vym procesem, nebot’ transformuje relativné nepohyb-
livou formu (NH3) na velmi pohyblivou formu (NO;)
dusiku:

NH; + 20, — NO; + 2H™ + H,0

Tim se dusik jednak zpfistupniuje jako dobfe vyuzi-
telna Zivina, jednak se vytvareji pfedpoklady pro jeho
ztraty vyplavovanim a denitrifikaci. Ze sumarni rovnice
také vyplyvaji dalsi dilezité skutecnosti, Ze nitrifikace je
obligatné aerobni proces (spotfebovava molekularni
kyslik O,) a ze pfi nitrifikaci dochazi k okyselovani
(acidifikaci) pidniho prostiedi, nebot’ se produkuji pro-
tony H™. Uplngjsi zapis sekvence nitrifika¢nich reakci
zahmuje i tvorbu meziprodukti — hydroxylaminu (NH,OH)
a dalsich nestabilnich slou¢enin (Peoples et al., 1995):
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NH; — NH,0OH — (NOH) — NO — NO, — NO;

Z tohoto zapisu vyplyvd, Ze v pribéhu nitrifikace mo-
hou vznikat i plynné slouceniny dusiku, tj. oxid dusnaty
(NO), ale byla prokazéna také tvorba oxidu dusného
(N;0). Tyto dva plyny ovSem vznikaji v ptidé typicky
denitrifikaci a mohou byt produkovany i dalsimi procesy
pfemén dusiku i abioticky (Simek, 1998, obr. 1). Jak je
dale ztejmé z obr. 1, dusik je pfi nitrifikaci pfevadén ze
svého nejredukovangjsiho stavu (-3) na stav nejoxido-
vangjsi (+5).

oxidaéni stav N

&

4 -

3|

s

1 F

o}

-1L

2|

-3L  NH; & NHs"
—; — [ TVORBA PLYNU NITRIFIKATORY |
------ >

— . § | ASIMILAENI A DISIMILACNI
REDUKCE NITRATU NA AMONIAK

1. Zmény oxidaéniho stavu dusiku pfi biologickych a abiotickych
procesech a tvorba a spotieba plynnych dusikatych ldtek;
mechanismy nékterych procest nejsou plné znamy — Changes in oxi-
dation statc of nitrogen during biological and abiotic processcs and
production and consumption of gascous nitrogen substances; mecha-
nisms of some processes are not fully known (Davidson, 1991;
Conrad, 1996)

Pojmem nitrifikace se nej¢astéji oznacuje proces auto-
trofni nitrifikace nebo presnéji chemolitoautotrofni
nitrifikace. Jak vyplyva z Gplného nazvu, mikroorga-
nismy provadéjici nitrifikaci vyuzivaji jako zdroj
energie chemické latky (chemo-), zdrojem protont
a elektront je anorganickd latka (-/ito-) a zdrojem uhliku
jejich biomasy je CO, (-autotrofni) — k trofickym sku-
pindm mikroorganismi podrobnéji napt. Simek (1998);
je také vhodné pfipomenout, Ze fixace CO, probiha
u téchto bakterii principialné stejné jako v listech rostlin
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nebo u fotoautotrofnich mikroorganismt v Calvinové
cyklu s vyuzitim NADH a NADPH k redukci CO,.
Hlavnim zdrojem energie nitrifikaénich bakterii je oxi-
dace NH; (na NO,), resp. NO, (na NO;). Tyto slouceni-
ny jsou zaroveii donory elektront, akceptorem elektronit
je molekularni kyslik O,. Nitrifikatofi jsou tedy aerobni
bakterie, stejné jako vétSina jinych chemolitoautotrofii
(tj. jako vodikové bakterie oxidujici H,, karboxydo-
bakterie oxidujici CO, sirné bakterie oxidujici S a jiné
simé slouceniny nebo Zelezité bakterie oxidujici Fe*).

Autotrofni nitrifikace probiha ve dvou oddélenych kro-
cich, uvnitf bunék dvou riznych skupin bakterii. Prvnim
krokem je oxidace amoniaku na nitrit, druhym krokem je
oxidace nitritu na nitrat.

Oxidaci amoniaku na nitrit lze sumarné zapsat takto
(Atlas, Bartha, 1993):

NH; + 3/20, — NO; + H,0 + 2H™ (G° =289 kJ.mol ')

[Ruzni autofi udavaji vytézek energie odlisn€, napf.
Alef (1995): G°=-273,9 kl.mol™!]

Proces je tvofen sekvenci reakci, v prvni z nichZ se
¢innosti enzymu amoniummonooxygenasy tvofi hy-
droxylamin. Amoniummonooxygenasa je vadzdna na
bunéénou membranu a elektrony pro reakci jsou pravdé-
podobné odebirdny z oblasti ubichinon-cytochrom b
elektronového transportniho fetézce (Wood, 1986):

NH; + O, +2H" + 2¢” — NH,0H + H,0

V navazujici reakei je hydroxylamin oxidovan na nitrit
¢innosti hydroxylaminoxidoreduktasy, rozpustného
enzymu nachazejiciho se v periplazmé. Anderson, Hoo-
per (1983, cit. Wood, 1986) navrhli reakéni schéma této
oxidace:

E + H,NOH — E-NO™ + 3H™ + de
E-NO™ + H,0 —» E+NO; +2H"

Druhym krokem nitrifikace je oxidace nitritu na
nitrat. Pfislu$ny enzym se nazyva nitritoxidoreduktasa
a je pravdépodobné lokalizovany na cytoplazmatické
strané bunécné membrany (Wood, 1986). Reakce
probihé bez detekovatelnych meziprodukti:

NO; + H,0 — NO; +2H™ + 2e [G° =-75 kl.mol ';
Alef (1995): =76,7 kJ.mol ']

Prestoze je energeticky vytézek nitrifikaénich reakei
pomérné velky, znaénd ¢ést energie se spotiebuje v sa-
motném procesu a pro biosyntézu muze byt vyuzito jen
asi 5 az 15 %. Tate (1995) uvadi, Zze na 1 C zabudovany
do biomasy nitrifikatord musi byt oxidovano 14 az 70
NH; -N, resp. 76 az 135 NO, -N. Pfesto schopnost nitri-
fikator( ziskavat energii oxidaci anorganickych sloude-
nin dusiku a jejich autotrofie, tj. schopnost vyuzivat oxid
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uhli¢ity jako zdroj uhliku pro tvorbu biomasy, zvyhod-
fluje tyto mikroorganismy pied jinymi skupinami.
Autotrofni nitrifikatofi se bézné vyskytuji v pudé a pfi-
pada na né vétSina nitrifikacni aktivity. V nékterych
pudach nebo docasné za urcitych podminek mize vsak
nabyt na vyznamu tzv. heterotrofni nitrifikace.

Termin heterotrofni nitrifikace vyhovuje $irsi de-
finici nitrifikace jako procesu biologické premény
organickych a anorganickych sloucenin dusiku z redu-
kovanych forem na oxidovanéjsi. Pro praktické ucely
muze byt heterotrofni nitrifikace definovéana jako pro-
dukce nitritit nebo nitratit neautotrofnimi mikroorga-
nismy (Conrad, 1996), a to oxidaci anorganickych (NHj)
nebo organickych sloucenin dusiku. Od autotrofni nitri-
fikace se heterotrofni nitrifikace odliSuje tim, Ze je pro-
vadéna heterotrofnimi mikroorganismy, pficemz je ticba
zduraznit, zZe heterotrofie nesouvisi s nitrifikovanym
substratem (ten mize byt anorganicky i organicky), ale
je dana tim, Ze tyto mikroorganismy vyuzivaji jako zdroj
uhliku pro tvorbu biomasy organické latky. Heterotrofni
nitrifikatofi patfi taxonomicky mezi bakterie, aktino-
mycety a mikromycety. Z hlediska zafazeni do trofickych
skupin (Simek, 1998) jsou heterotrofni nitrifikatofi: a)
chemolitoheterotrofni (oxiduji anorganickou latku —
amoniak), b) chemoorganoheterotrofni (oxiduji organic-
kou latku):

(a) NH; — NH,0H — NO; — NO;
(b) R-NH, — R-NHOH — R-NO — R-NO, — NO;

I kdyz lze heterotrofni nitrifikaci formalné zapsat
témito vztahy, jeji biochemicky pribéh neni dosud pres-
né poznan, stejné jako neni jasny fyziologicky vyznam
této reakce pro zucastnéné mikroorganismy. Rychlost
heterotrofni nitrifikace (v &istych kulturdch mikro-
organismu) ¢ini jen asi 1 az 0,1 % rychlosti autotrofni
nitrifikace (Robertson, Kuenen, 1991). Piesto mtize byt
heterotrofni nitrifikace velmi vyznamna v prostredich,
kde nejsou pfitomni autotrofni nitrifikatofi nebo kde je
jejich aktivita potla¢ena napf. nedostatkem O, nebo NH3,
nizkym pH apod. Gundersen, Rasmussen (1990) shrnuji
literarni udaje o nitrifikaci v kyselych lesnich ptdach,
kde by podle vzité piedstavy méla byt nitrifikace inhibo-
vana nizkym pH. Pfesto v téchto pidach nitrifikace
evidentné bézné probihd; je tedy otazkou, zda jde o nitri-
fikaci autotrofnimi nitrifikatory adaptovanymi na nizké
pH, nebo zda se jedné o heterotrofni nitrifikaci necit-
livou na pidni reakci. O tom, Ze ¢asto mulZe pievazovat
pravé heterotrofni nitrifikace, a to zejména nitrifikace
mikromycetami, existuji mnohé dikazy (Gundersen,
Rasmussen, 1990). Role mikromycet jako heterotrofnich
nitrifikdtora v kyselych lesnich padach nijak nepfe-
kvapuje vzhledem k tomu, Zze mikromycety obvykle
tvofi v téchto pidach vétSinu biomasy mikroorganismu
(tlloha pH jako regulacniho faktoru nitrifikace viz dale).

Rozliseni autotrofni a heterotrofni nitrifikace v pude je
nesnadné. Z analyzy, kterou vypracoval Conrad (1996),
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vyplyvd, ze dosavadni metodické pristupy ke studiu
nitrifikace neumoziiuji spolehlivé rozlisit nejen cestu
vzniku nitratd (a nitritd) jako produkti nitrifikace, ale
ani puvod plynnych metaboliti (NO, N,0O), jez se sice
tradi¢né pfifazuji denitrifikatorim, ale které nepochybné
také v nemalé mife vznikaji pfi autotrofni i heterotrofni
nitrifikaci. Za heterotrofni nitrifikaci se obvykle pova-
Zuje ta cast nitrifikace, ktera neni citliva na inhibici
acetylenem nebo nitrapyrinem. Tyto dvé slouceniny
(i jiné) totiz inhibuji reakce enzymu amoniummonooxy-
genasy autotrofnich nitrifikatort. Je zfejmé, ze hetero-
trofni nitrifikatofi, ktefi oxiduji organické slouceniny
dusiku, aniz by jako intermediat vytvareli amoniak,
nepotfebuji aktivitu amoniummonooxygenasy, a proto
nejsou citlivi na nitrapyrin. Jestlize tedy neni nitrifikace
inhibovana acetylenem nebo nitrapyrinem, mizeme se
domnivat, Ze jde o heterotrofni nitrifikaci. Pravdépodob-
né také heterotrofni nitrifikace vyuziva spise organicky
dusik nez volny amoniak jako substrat pro tvorbu nitra-
th; jde tedy Castéji o chemoorganoheterotrofni nitrifikaci
nez o chemolitoheterotrofni nitrifikaci. Jestlize v§ak
acetylen vyvola inhibici nitrifikace, mize se jednat jak
o autotrofni nitrifikaci, tak o nitrifikaci heterotrofni
vyuzivajici amoniak (chemolitoheterotrofni nitrifikace).
U nékterych bakterii (4/caligenes faecalis, Thiosphaera
pantotropha) byla navic zjiSténa cCastecna inhibice
heterotrofni nitrifikace typickymi inhibitory nitrifikace.
Tyto bakterie proto ziejmé pouzivaji enzym amonium-
monooxygenasu pro aktivaci amoniaku, stejné jako
autotrofni nitrifikatofi. Alternativni reakce nevyzadujici
molekuldrni kyslik (O,), tj. konverze amoniaku na
hydroxylamin reakci dehydrogenas neni prili§ pravdé-
podobna, nebot’ probiha jen pii velmi vysokém redox
potencidlu: E; = +906 mV pro NH;/NH,OH (Conrad,
1996). Existuji viak diikazy o spojené oxidaci amoniaku
s redukei nitratu nebo nitritu za nepfitomnosti O, (viz dale).

MINERALIZACE ORGANICKYCH LATEK -
HLAVNI, NE VSAK JEDINY ZDROJ AMONIAKU
PRO NITRIFIKACI

Mikroorganismy sice mohou ¢asto asimilovat i jedno-
dussi organické latky (aminoslouceniny), avsak vétSina
piijimaného dusiku je ve formé mineralnich sloucenin
(mnohé prokaryotické organismy mohou pfijimat, resp.
fixovat i molekuldrni dusik N,; reakce je katalyzovina
enzymem nitrogenasou a piedstavuje hlavni mecha-
nismus vazby N, v biosféfe). Mineralizaci organickych
dusikatych latek se vétSinou mysli proces amonifikace,
tj. konverze organickych sloucenin na amoniak. Amoni-
fikaci provadeji mnohé mikroorganismy, ale i rostliny
a zivoc¢ichové. Amoniak a dalsi formy dusiku uvolnéné
mineralizaci vstupuji do riznych procesu, jak je zmi-
néno jiz v Gvodu této studie. Mineralizace, Ci presnéji
amonifikace, je mimo jiné také hlavnim procesem
tvorby amoniakdlni formy dusiku jako substratu pro
nitrifikaci. Kromé toho se vétSinou mensi, nékdy vsak

ROSTLINNA VYROBA, 46, 2000 (9): 385-395



vyznamné mnoZzstvi amoniaku muizZe tvofit i dal§imi
biologickymi procesy pfemén dusiku v pudé, a to asi-
milaéni nebo disimilaéni redukci nitrat a nitrith (Simek,
1998).

Pii asimila¢ni redukei nitratu na amoniak je nitrat
redukovan pomoci rozpustnych cytoplazmatickych
enzymu (nitratreduktasou a nitritreduktasou, které na
rozdil od disimilacnich reduktas nejsou napojeny na
tvorbu ATP) na amoniak, ktery je potom vyuzit v bio-
syntéze nejriznéjsich latek nebo miiZe podstoupit dalsi
pfemény (napf. nitrifikaci). Prvnim krokem biosyntézy
je obvykle inkorporace amoniaku do glutaminu za po-
moci enzymu glutaminsyntetasy (White, 1995):

NO; = NO; = (NOH) — NH,0OH — NH; — glutamin
1

nitrifikace aj.

Disimilaéni redukce nitritu na amoniak probihd
podle vztahu (Stouthamer, 1988):

NO; +2H" + 4H, — NH; + 3H,0 (G°=-600 kJ.mol ")

a je potfeba ji odliSovat od disimila¢ni redukce nitrata
na N,O a N, (tj. od respiraéni denitrifikace, Simek, 1998):

2NO; +2H + 5H, — N, + 6H,0 (G°=-1121 kJ.mol™")

Utelem disimilaéni redukce nitrétu na amoniak je
zjevné zisk energie. Je regulovana parcialnim tlakem O,
a Casto probiha v podobnych prostfedich jako respiraéni
denitrifikace. Pfislusné enzymy jsou nitratreduktasy
vazané na membrany a nitritreduktasy; obé skupiny en-
zymu jsou nejen funkéné, ale i strukturné podobné
reduktasam respiraénich denitrifikatorti i rozpustnym
reduktasam zapojenym do asimila¢ni metabolické drahy.
Disimilaéni redukci nitratu na amoniak provadéji mnohé
plidni mikroorganismy, které &asto patii do skupiny obli-
gatné nebo fakultativné anaerobnich bakterii (druhy rodd
Clostridium, Desulfovibrio, Bacillus, Citrobacter,
Enterobacter, Klebsiella aj., Tiedje, 1994). Zda se, ze
v mnoha pfipadech jsou tyto mikroorganismy v ptudach
a sedimentech pocetnéjsi nez respiraéni denitrifikatofi
(Tiedje, 1988) a mnohé maji schopnost obou disimi-
lacnich premén NO;, tj. jak disimilaéni redukce nitratu
na amoniak, tak respiracni denitrifikace na N,O a N,.
Prostiedi dlouhodobé nebo trvale anoxické a bohaté na
organické latky vede k selekci populaci provadgjicich
disimila¢ni redukeci nitratu na amoniak, zatimco pro-
stfedi s proménlivou koncentraci O, je obyvéano spise
respira¢nimi denitrifikatory, ktefi mohou tzv. pfepinat
metabolismus z oxického na anoxicky a naopak. Pfi
asimilaéni i disimilaéni redukci nitratd a nitritd na
amoniak mohou vznikat i plynné metabolity, NO a N,O
(Stouthamer, 1988, obr. 1).
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SPOJENA NITRIFIKACE-DENITRIFIKACE,
TVORBA PLYNNYCH METABOLITU

Nitrifikace (oxidace redukovanych N-sloucenin) a de-
nitrifikace (redukce oxidovanych sloucenin na plyny)
jsou dva dominantni procesy pfemén dusiku v ptdé
(Robertson, Kuenen, 1991). Ugebnice obvykle charak-
terizuji nitrifikaci jako typicky oxicky (aerobni) proces
a denitrifikaci jako typicky anoxicky (anaerobni) proces.
Mobhlo by se tedy na prvni pohled zdat, Ze simultanni, tj.
soucasné probihajici, nitrifikace a denitrifikace je ne-
smysl a podobné mohou piisobit pojmy jako aerobni
denitrifikace Ci anaerobni nitrifikace nebo nitrifikace
denitrifikatory &i denitrifikace nitrifikatory.

Aerobni denitrifikace je jev, kdy denitrifikujici
mikroorganismus dokéze soucasné (mixotrofné) vy-
uzivat jak molekularni kyslik, tak nitrat nebo nitrit jako
akceptor elektrontl, a to i pii relativné vysoké saturaci
prostiedi kyslikem (Robertson, Kuenen, 1984). Robert-
son, Kuenen (1991) shrnuji vysledky experimenti
s aerobné denitrifikujici bakterii druhu Thiosphaera
pantotropha. Autofi zjistili vysokou ristovou rychlost
pii zésobovani kultury bakterii ob&ma akceptory elekt-
ronti, O, a NO;. Protoze vyuziti NO; jako findlniho
akceptoru elektronti je z hlediska zisku energie méné
vyhodné nez vyuziti O,, musi byt pro simultanni vyuziti
obou akceptort jiny ditvod nez energeticky. U 7. panto-
tropha byla zjisténa omezena rychlost prenosu elektront
ze substratu na O,. Moznost simultdnniho vyuziti i jiné
elektronové transportni cesty pak tento problém pieko-
nava (Robertson, Kuenen, 1991). Schopnost aerobni
denitrifikace (tj. pfesnéji simultanniho vyuziti O, a NO;
nebo NO; jako akceptort elektront v elektronovém trans-
portnim fetézci) byla prokazana i u mnoha dalSich
denitrifikator (Robertson, Kuenen, 1991; Lloyd, 1993).

Ve zminénych experimentech s T. pantotropha byla
soudasné s dukazem aerobni denitrifikace zjiténa
i heterotrofni nitrifikace, kdyZ denitrifikaci vznikajici
nitrit (NO; — NO;) byl docasné dopliiovan nitritem
vznikajicim heterotrofni nitrifikaci (NH; — NO;)
(Robertson, Kuenen, 1988; Robertson, Kuenen, 1990).
VétSina heterotrofnich nitrifikatort se zda byt
soudasné i aerobnimi denitrifikdtory (Robertson,
Kuenen, 1991), avSak v tomto pfipadé stézi puajde
o typickou respiracni denitrifikaci (Tate, 1995; Simek,
1998). Castignetti, Hollocher (1984) se domnivaji, ze
schopnost heterotrofni nitrifikace je vlastni mnoha
denitrifikatorim véetné zastupcl nejroziifenéjdich
rodi (Pseudomonas, Alcaligenes). Podle této predstavy
se takto vybavené mikroorganismy s vyhodou uplatiiuji
v prostfedi s kolisajicim parcidlnim tlakem O,, tedy
napf. v ptidé. Za aerobnich podminek se miZe hetero-
trofni nitrifikaci tvofit nitrit nebo nitrat, ktery je pak
k dispozici pro denitrifikaci, kdyz se prosttedi zméni na
anaerobni. Poth (1986) prokdzal u nékterych chemolito-
autotrofnich nitrifikdtor anaerobni nitrifikaci —
presnéji rust nitrifikatort, ktefi produkovali N,O a N,
a vyuzivali nitrit misto molekularniho kysliku jako
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akceptor elektront (obr. 1, tvorba plynnych produkti
nitrifikaci).

Za nejvyznamnéjsi proces tvorby plynnych dusika-
tych metabolitd v pidé (obr. 1) se povazuje denitri-
fikace, resp. respiracni denitrifikace. Timto procesem
vznikaji NO, N,O i N, jako hlavni metabolity (pfitom
oxidy NO a N,O mohou byt a také z¢asti jsou denitri-
fikaci spotfebovavany). Méné znama, avsak v posledni
dobé stale Castéji pfipominana a akceptovana, je tvorba
plynnych dusikatych sloucenin p¥i nitrifikaci. Jak je
znazornéno na obr. 1, hlavnim produktem nitrifikacni
oxidace amoniaku je nitrit a déle nitrat, presto pfi oxida-
ci hydroxylaminu nebo redukci nitritu vznikaji jako
vedlejsi produkty NO, snad i N,, ale zejména N,O.
Biochemické mechanismy téchto procest jsou poznany
jen velmi malo. Neni napf. jasné, zda NO vznikd jen
jako produkt pii denitrifikaci nitrifikatory za mikro-
aerofilnich podminek nebo také pfimou oxidaci amoniaku
(Abeliovich, 1992) (obé tyto moZnosti jsou naznaceny
na obr. 1). Firestone, Davidson (1989) uvadéji, Zze ob-
vykly pomér produkti (NO3/N,O) je pfi nitrifikaci vétsi
nez 100, tj. Ze na N,O piipada méné nez 1 % N. Prvni
krok nitrifikace, oxidace amoniaku na nitrit, spotfebo-
vava relativné mnoho molekularniho kysliku (viz vyse).
Pti poklesu parcialniho tlaku O, pod ur¢itou mez je pro
normélni pribéh oxidaénich reakci kysliku nedostatek
a nitrifikadni bakterie za¢nou jako terminalni akceptor
elektronti vyuzivat vlastni produkt — nitrit, nebo dokonce
nitrat ¢i nitrit z okolniho prostfedi. Pravé pfi téchto
procesech, jejichZ podstata je analogicka s podstatou
denitrifika¢nich reakci denitrifikatora, vznikd mnohem
vice plynnych dusikatych sloucenin, a to vedle N,O také
znacny podil NO. Tato tzv. denitrifikace nitrifikatori
je v mnoha piipadech hlavnim procesem tvorby NO
v pidach (Firestone, Davidson, 1989; Davidson, 1991).
Kromé chemolitoautotrofni nitrifikace (kdy NO a N,O

vznikaji zejména v prvnim kroku pfi oxidaci amoniaku),
jez jako nitrifikaéni producent plynt pfevazuje, mohou
NO a N,O vznikat i béhem heterotrofni nitrifikace (Tor-
toso, Hutchinson, 1990). Stejné plynné metabolity,
i kdyz vétSinou jiz v men$im mnozZstvi, se tvofi i pfi
dalsich ptreménach dusiku: pfi asimilaéni i disimilagni
redukci nitratt a nitrith na amoniak, pfi fixaci N, a abio-
tickymi procesy chemodenitrifikaci (obr. 1).

EKOLOGIE AUTOTROFNI NITRIFIKACE
Nitrifikatori

Nitrifika¢ni bakterie patii do Celedi Nitrobacteraceae.
Jsou to gramnegativni bakterie, které se déli na dvé sku-
piny: bakterie oxidujici amoniak (nitritaéni bakterie,
nitroso-bakterie) a bakterie oxidujici nitrit (nitratadni
bakterie, nitro-bakterie).

Bakterie oxidujici amoniak jsou pfevazné chemo-
litoautotrofni: jako zdroj energie, protonii a elektront
vyuzivaji chemickou anorganickou latku (NH3), jako
zdroj uhliku biomasy vyuzivaji CO,. V malé mife vsak
mohou asimilovat i organické latky. Jsou mesofilni, opti-
malni ristova teplota je kolem 30 °C, optimalni pH 7,5
az 8. Vyskytuji se vSude v pfirodé, v pidach, oceanech,
fekach a jezerech, v sedimentech a v kalech odpadnich
vod. Zakladni charakteristika jednotlivych roda je uve-
dena v tab. L.

Bakterie oxidujici nitrit jsou také obecné chemolito-
autotrofni: jako zdroj energie, protoni a elektroni
vyuzivaji chemickou anorganickou latku (NO;), jako
zdroj uhliku biomasy vyuzivaji CO,. Jedinou zndmou
vyjimkou je rod Nitrobacter, ktery je mixotrofni (che-
molitoautotrofni i chemoorganoheterotrofni). Jeho
chemoorganoheterotrofni rust je vSak pomaly a ne-

1. Zékladni charakteristika nitrifika¢nich bakterii — Basic characteristic of nitrifying bacteria (Holt et al., 1994)

Skupina Rod Tvar bunék Velikost bunék (um) | Dalsi ddaje
Nitrosomonas rovné ty¢inky 0,7-1,5% 1,0-2,4 | pohyblivé, polarni biciky
pldni i vodni
Amoniak oxidujici Nitrosococcus kulovité nebo elipsoidni 1,5-18%x1,7-2,5 | trs bicika
(nitroso-bakterie) vétsinou vodni (mofiské)
Nitrosospira spirdlni, 3-20 ototek 0,3-0,8 x 1,0-8,0 | peritrichdlni bi¢iky
pudni, sladkovodni
Nitrosolobus pleiomorfni lalokovité 1,0-1,5x 1,0-2,5 | peritrichalni bi¢iky
pouze pudni
Nitrosovibrio tenké zakfivené tyCinky 0,3-0,4 x 1,1-3,0 vét§inou polami bi¢iky
pudni, na kamenech apod.
Nitrobacter hruskovité nebo pleiomorfni ty¢inky 0,5-0,8 x 1,0-2,0 | poldrni nebo laterdlni bi¢iky
pudni i vodni (mofské)
Nitrit oxidujici Nitrococcus kulovité 1,5 1-2 polarni bi¢iky
(nitro-bakterie) mofské, obligtné halofilni
Nitrospira spirdlovité 0,3-0,4 x 0,8~1,0 | nepohyblivé
morska voda je nezbytna pro rist
Nitrospina tenké ty&inky 0,3-0,4 x 1,7-6,6 nepohyblivé
mofské, obligatné halofilni
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vyvézeny, tvofi se mnoho zasobnich latek typu poly-B-
hydroxybutyrati a polyfosfati. Granule téchto latek
vypliuji buniky a narusuji jejich tvar i velikost. Bakterie
oxidujici nitrit jsou mesofilni, optimalni teplota pro
jejich rtst je 28 °C, optimélni pH 7,6 az 7,8. Vyskytuji
se v aerobnich, ale i anaerobnich prostiedich, v ptdach,
oceanech, fekach a jezerech, v sedimentech a v kalech
odpadnich vod, na povrchu i uvnitf kament, kamennych
soch, ve sténach historickych budov, na betonovych
podkladech, v tunelech apod. Zakladni charakteristika
jednotlivych rodi je uvedena v tab. I. Terestrické formy
patii vSechny do rodu Nitrobacter, ostatni byly izolo-
vany z moiské vody a jsou obligatné halofilni.

Nitrifika¢ni bakterie se jen obtizné studuji obvyklymi
mikrobiologickymi technikami. Vzhledem k pomalému
rastu je jejich izolace obtizna; ze stejného divodu se
$patné udrzuji v kulturdch. VétSina informaci o nitrifi-
kaénich bakteriich proto pochazi ze studia pouze né-
kolika kment rodu Nitrosomonas a Nitrobacter. Témér
neznamaé je diverzita nitrifikatora in situ a nitrifikacni
aktivita jednotlivych populaci jejich spolecenstva
(Schmidt, Belser, 1994).

Regulac¢ni faktory nitrifikace

Aktivita nitrifikacnich bakterii je ovliviiovana mnoha
faktory prostfedi. Robertson (1989) navrhl modelové
schéma regulaénich faktord nitrifikace, které zahrnuje
relativni vyznam jednotlivych faktord. Faktory ovliviiu-
jici nitrifikacni aktivitu na bunééné (organismalni)
Grovni jsou v tomto schématu oznaceny jako blizké,
faktory vnéjsiho prostiedi pak jako vzdalené (obr. 2).

Ve vétsiné pud je rychlost nitrifikace pfirozené silné
zavisld na dostupnosti amoniaku; druhym nezbytnym
ptedpokladem pro autotrofni nitrifikaci je dostateny
prisun Kysliku. Zasobeni nitrifikujicich bunék témito
dvéma latkami pfimo zavisi na obsahu, slozeni, kon-
centraci a dalSich vlastnostech ptidniho roztoku, kterym
difunduji molekuly latek k jednotlivym mikrobidlnim
buitkdm. Pro pribéh nitrifikace v piidé je dilezita ur¢ita
rovnoviaha mezi obsahem vody a vzduchu v pidé.
Zjednodusene lze fici, Ze nizky obsah vody v bézné mi-
nerdlni piadé sice umoziiuje dobrou aeraci a vyménu
plyni mezi pidou a atmosférou (a tedy pfisun O, do
pudy), ale zaroveii pfi vysychani ptidy se ztentuje vodni
film na povrchu pudnich éastic, a tim se prodluzuje
a komplikuje cesta pro difuzi molekul v pidnim pro-
stfedi. Nedostatek vody také pfimo inhibuje mikrobidlni
aktivitu, nebot’ se snizuje vnitrobunéény vodni potencial
a redukuje hydratace, a tim aktivita enzymi (Stark, Fire-
stone, 1995). Naopak, zvySuje-li se obsah vody v pudg,
usnadniuje se pohyb molekul v pidnim roztoku, avsak
soucasné se od urité hranice podstatné zpomaluje
vyména plyni, a tim se snizuje dostupnost O, pro
nitrifikatory. Napf. v experimentech s piscitohlinitou
plidou byla zjisténa maximalni nitrifikacni aktivita pfi
plném nasyceni pérti vodou uvniti agregati a soucasné
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pii zaplnéni pért mezi agregaty vzduchem (Grundmann
et al., 1995). Aeraéni stav pidy zavisi nejen na obsahu
vody v pidé a na struktufe a textuie pidy, ale velmi
tésné souvisi 1 s teplotou. Studium vztahu teplota—obsah
vody v pude ukdzalo, ze optimalni relativni obsah vody
v pudé pro nitrifikaci byl nejnizsi pfi teploté kolem
25 °C. Pfi niz8i i vyssi teploté byl pro maximalni
nitrifikacni aktivitu potfebny vyssi obsah vody v ptidé
(Grundmann et al., 1995). Absolutni hodnoty charak-
terizujici aeracni status pidy a nasycenost pidy vodou
optimalni pro nitrifikaci se nepochybné lisi u riznych
pud; uvedeny priklad vSak dobfe ilustruje, jak jednotlivé
regulacni faktory mohou vzdjemné interferovat, rusit
nebo naopak zesilovat své ucinky v zévislosti na jinych
faktorech prostfedi. Ur¢ita nitrifikaéni aktivita (a obecné
kazda mikrobialni aktivita) je pak dana prinikem vlivu
mnoha faktort prostredi.

Vzhledem k obvyklé proménlivosti teploty a vlhkosti
pudy béhem roku, ke kolisani aera¢niho statusu pudy
1 ke zménam rychlosti mineralizace (a tim zasobovani
nitrifikdtord amoniakem) kolisd nepochybneé i nitri-
fikaéni aktivita v pudé. O velikosti aktualni nitrifikacni
aktivity v ptidé€ za ur€itych hodnot dilleZitych kontrolnich
faktoril nitrifikace je znamo velmi malo, a to zejména
z metodickych divoda. Méfeni aktivity nitrifikacnich
enzymu (Schmidt, Belser, 1982 — viz déle) v8ak ukazuji,
Ze i pii podminkach pro nitrifikaci nepfiznivych existuji
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2. Kontrolni a regulaéni faktory nitrifikace v pidé; intenzita vlivu
jednotlivych faktord je znazornéna tloustkou Sipky — Control and
regulatory factors of nitrification in soil; intensity of the impact of in-
dividual factors is shown as arrows width (Robertson, 1989)
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v pldé populace nitrifikacnich bakterii schopné velmi
rychle reagovat na zménu podminek. Napi. Bramley,
White (1989) zjistili pomérné malé kolisani potencialni
nitrifikace (aktivity nitrifikaénich enzymut) v pude
v prubéhu roku, aniZ by prokazali statisticky vyznamnou
zévislost potencidlni nitrifikace na teploté nebo vlhkosti
pudy.

Vyznamnym regula¢nim faktorem nitrifikace je plidni
reakce. Jak poznamenavaji Bramley, White (1989),
regulaéni uloze pH byla v minulosti vénovana zna¢na
pozornost, av§ak vétSina experimentalnich dat se tyka
¢istych kultur nitrifikatort, nebo byly tdaje ziskany pti
dlouhodobych inkubacnich experimentech v laborator-
nich podminkach. Autofi zjistili ve dvou pidach opti-
malni pH pro aktivitu nitrifikacnich enzyma 5,91 a 6,31,
pfi¢emz pH téchto ptid bylo 5,18 a 6,14 — tyto vysledky
svéd¢i o adaptaci spole¢enstva nitrifikdtort na piirozené
pH pldy (Bramley, White, 1989; Bramley, White, 1990).
Je také vidét, Zze pH optimélni pro aktivitu nitrifika¢nich
enzymil v pudé je nizsi nez pH optimalni pro nitrifikaci
kulturami nitrifikatort (Holt et al., 1994 — viz vyse).
Autotrofni nitrifikace pravdépodobné neprobiha pti pH
pod 4 (Persson, Wirén, 1995), ackoliv studie nitrifikace
v lesnich pidach naznacCuji, Ze kromé heterotrofni
nitrifikace, typické pro kyselé lesni ptidy, mize i v tomto
prostiedi byt autotrofni nitrifikace vyznamnd (Killham,
1990; také tamtéz citovana literatura). V zasadité oblasti
pudni reakce je inhibovana oxidace NO, na NO; (Paul,
Clark, 1996). Kromé intenzity nitrifikace ovliviiuje pH
také mnozstvi a pomér plynnych dusikatych sloucenin
produkovanych nitrifikaci (jakoz i dal§imi procesy
premén N v pideé) (Stevens et al., 1998). Tento aspekt
regulacni tlohy pH pfi tvorbé plynnych dusikatych latek
v pudach je velmi vyznamny zejména z hlediska
naslednych emisi plynt z ptid do atmosféry — zcela jiny
dopad maji emise N,O a NO (potencialne velky) nez
emise N, (zadny).

Inhibice nitrifikace

Autotrofni nitrifikace v pideé je fizena, tj. stimulovana
i inhibovéna, fadou faktort prostiedi, jak jiz bylo na-
znadeno. Striktné€ vzato, inhibi¢né pusobi obecné
v8echny mozné regulacni faktory a jejich kombinace
v oblasti mimo své optimum. Inhibi¢ni u¢inek nékterych
faktorti prostfedi je vSak poznan lépe. Nitrifikaci inhi-
buje zejména nizké pH, nizka nebo naopak velmi vysoka
koncentrace amoniaku, za urcitych podminek intenzita
viditeIného svétla (420 nm) a UV zafeni, rostlinné latky
fenolické povahy, nékteré humusové latky aj. (Abe-
liovich, 1992). Nitrifikaci muze také inhibovat nedosta-
tek nékteré ziviny vcetné stopovych prvki a rizné latky
s allelopatickym ac¢inkem, zjiSténé zejména v lesnich
pudach (Killham, 1990).

V zemédélsky vyuzivanych pudach se v souvislosti
s inhibitory nitrifikace vétSinou uvazuji latky, jimiz lze
nitrifikaci ovliviiovat. Cilem inhibice nebo zpomaleni
nitrifikace v pidé je snizeni koncentrace nitrati produ-
kovanych nitrifikaci. Diivodem miize byt snaha zmengit
ztraty dusiku z pidy vyplavovanim nebo snizit obsah
nitratd v plodinach. Latek s inhibi¢nim u¢inkem na nitri-
fikaci (na nitritaci, tj. oxidaci amoniaku na nitrit, nebo
na nitrataci, tj. oxidaci nitritu na nitrat) je znamo velké
mnozstvi a nékteré z nich byly jiz vyuzity i komercné
(napf. Zacheri, Amberger, 1990; Prasad, Power, 1997,
nitrifikace patfi rizné chemické latky, napf. nitrapyrin,
dikyandiamid, thiomocovina a mnoho dal$ich sirnych
sloucenin (tab. II) i latky biologického pivodu. Prak-
tické pouziti inhibitor( nitrifikace v3ak nardzi na Cetné
obtize, a to z riznych biologickych, ekologickych a eko-
nomickych divodii (napt. Keeney, 1986; Hagopian,
Riley, 1998). Efektivitu inhibitorti nitrifikace v polnich
podminkach ovliviiuje fada riznych faktori. Kromé
fyzikalné chemickych vlastnosti samotnych inhibitori to

II. Nékteré chemické latky s inhibi¢nim G¢inkem na nitrifikaci — Some chemicals with inhibitory effect on nitrification (Keeney, 1986; Caffrey, Miller,

1995; Hagopian, Riley, 1998)

Nézev (zkratka) Vzorec Volatilita Rozpustnost Poznimka
ve vodé
dikyandiamid (DCD) C,HNy " nizkd vysokd také pomalu vyuZitelné hnojivo
sirouhlik a jeho deriviaty | CS, vysoki vysokd fumigant; inhibitor nitrifikace
v nizkych koncentracich
thiosiran amonny (ATS) (NH,),S,0; nizka vysokd také inhibitor ureizy
nitrapyrin (NP) 2-chlor-6-(trichlormethyl) pyridin stiedni nizka komer&né vyuzivany
ctridiazol (ED) 5-ethoxy-3-trichlormethyl-1,2,4-triadiazol stfedni vysokd fungicid
ATC 4-amino-1,2,4-triazol. HCI nizka vysokd
acethylen C:H, vysokd vysokd inhibice i jinych procesi
methyl fluorid CH3F vysokd vysokd
azid sodny NaN; nizkd vysoka
chlornan sodny NaClO, nizkd vysokd vyuziti pfi méFeni aktivity
nitrifika¢nich enzymu
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111 Faktory ovliviiujici efektivitu inhibitorii nitrifikace v pidé - Factors affecting the efficacy of nitrification inhibitors in soil (Keeney, 1986)

Pozndmka

Skupina Faktor

Vlastnosti inhibitori rozpustnost ve vodé
volatilita
sorpce

stabilita (odolnost rozkladu)

ovliviluje zplisob aplikace a vymyvani
ovliviluje ztrity z povrchu piidy a pohyb v pidé
ovliviluje zplisob vymyvani a pohyb v plidé
hlavnf faktor ovliviiujici perzistenci v ptidé

Chemické a fyzikdlni vlastnosti pid | pH

jejich ndboj

porovitost (velikost a distribuce
pért)

dostupnost N-slougenin

velikost povrchu piidnich &astic,

ovliviiuje stabilitu inhibitorti a aktivitu nitrifikétord

ovliviiuje sorpei inhibitort, aktivitu nitrifikdtord, mobilitu
amoniaku, pufruje zmény pH

ovliviluje napf. aeraéni status plidy, mobilitu plynnych inhibitor

Biologické vlastnosti ptid populace nitrifikdtort

energie (C)

schopnost riistu populaci a jejich diverzita
vy38i mikrobidlni aktivita v pidé mize zvysit rozklad inhibitord

Abiotické faktory prostfedi teplota

vodni status pidy

hlavni faktor ovliviiujici nitrifikaéni aktivitu a rozklad inhibitori

ovliviuje nitrifikagni aktivitu, teplotu pudy, vyplavovani latek

Technologické aspekty forma hnojiva

zpiisob aplikace

acidifikace nebo alkalizace piidniho prostiedi pfi transformacich
a vyuZiti hnojiv

vétsi volatilizace pfi povrchové aplikaci

jsou fyzikalné chemické i biologické vlastnosti pidy,
abiotické faktory prostredi a technologické aspekty, jako
napt. forma a zplsob aplikace hnojiva (tab. III). Pies
soucasné problémy s praktickym vyuZitim inhibitori
nitrifikace v polnich podminkach pfedstavuji tyto latky
pomérné slibny a ucinny néstroj pro regulaci procest
pfemén dusiku v pidéch, kterym by bylo mozné omezit
obecné ztraty dusiku a zejména emise dusikatych plynt
ze zemédé€lsky vyuzivanych pid.

METODY STUDIA NITRIFIKACE

Pro studium nitrifikace byla vyvinuta celd fada
metod. Celkové poéty autotrofnich nitrifikatord (jak
amoniak oxiduyjicich, tak nitrit oxidujicich bakterii) se
obvykle stanovuji metodou maximalniho zfedéni (MPN —
most probable number), nebot’ klasické kultivaéni
techniky selhavaji kvuli relativné pomalému ristu
nitrifika¢nich bakterii na kultivaénich médiich. Metoda
MPN je vSak velmi naro¢nd Casové a vysledky maji
obvykle velky rozptyl. Mnozi autofi nadto zjistili, Ze
vétSinou silné podhodnocuje skutednou velikost
populaci nitrifikatort v pudé (Belser, 1979; Robertson,
Vitousek, 1981; Belser, Mays, 1982). Pro kvantifikaci
populaci nitrifikdtori se téz pouzivaji imunofluores-
cen¢ni techniky (FA — fluorescent antibody), které
patrné zachyti vét§i ¢ast populaci nez metody MPN
(Woldendorp, Laanbroek, 1989). Piesto je zfejmé, Ze ve
vétSiné pripadd pocty bakteridlnich bunék nesouviseji
s aktivitou bakterii. Z téchto divodi se Casto dava pred-
nost méfeni nitrifikaéni aktivity pfed stanovovanim
pocti nitrifikatord.

ROSTLINNA VYROBA, 46, 2000 (9): 385-395

Princip stanoveni nitrifikaéni aktivity je vcelku
jednoduchy: pida se inkubuje za definovanych podmi-
nek; na zacatku inkubace a po urcité dobé se stanovi
obsah NHj, NO, a NO; a z téchto udaji se vypocte
velikost nitrifikace. Vzhledem k tomu, Ze proces
nitrifikace je tésné spjat s procesem mineralizace orga-
nického dusiku a Ze rychlost nitrifikace je vétSinou vyssi
nez rychlost mineralizace (Kubat, 1993), se vsak velmi
Casto inkubaénimi metodami stanovi spiSe parametry
mineralizace nez nitrifikace (Schinner et al., 1995). Pri
méfeni potencidlni nitrifikace se piidni vzorky inkubuji
s pridavkem NHj, napf. (NH,),SO,, a pfi vyssi teploté,
napf. 25 °C. Inkubace probihd za aerobnich podminek
a v jejim prabéhu se odebiraji subvzorky na stanoveni
obsahu nitrati a nékdy i nitrit. Metody se v zasadé déli
podle délky inkubace na dlouhodobé (inkubace 3 az
5 tydnti i déle) a kratkodobé (inkubace nékolik hodin). Pfi
dlouhodobych inkubacich se né€kdy detailnéji analyzuje
a modeluje pribéh nitrifikace (Novék, 1993), aviak Casto
dochdzi k nepostizitelnym zménam ve skladbé (a aktivi-
t&€) mikrobidlniho spolecenstva v pribéhu dlouhodobé
inkubace (Alef, 1995). Proto se Casto ddva prednost
metodam zaloZzenym na kratkodobé inkubaci. Metoda
kratkodobé inkubace se pouziva ke stanoveni maxi-
malni rychlosti nitrifikace v ptidé. Vzorky ptdy se inku-
buji v laboratornich podminkéch a optimalizuje se obsah
vody, aera¢ni status, mnozstvi NHj a prijatelny fosfor
(Hart et al., 1994). Nekdy se pouziva piidavek chlorna-
nu sodného, ktery inhibuje oxidaci NO,. Fakticky se tak
méfi oxidace amoniaku ¢ili aktivita enzym@ amonium-
monooxygenasy a hydroxylaminoxydoreduktasy; proto-
Ze se stanovuje nitrit jako produkt, je metoda citlivejsi
nez pti méfeni nitratu jako produktu nitrifikaénich reakci

393



(Belser, Mays, 1980). Vzhledem k citlivosti metody mize
inkubace trvat jen nékolik hodin, a metoda tak muze
slouzit ke stanoveni aktivity nitrifika¢nich enzymi
(NEA — nitrifying enzyme activity) nitrifikatorti pfitom-
nych v ptidé v dobé méieni. Dovoluje to relativné velmi
nizka reprodukéni rychlost nitrifikaénich bakterii, takze
nitrifikacni aktivitu stanovenou pfi kratkodobé inkubaci
Ize prifadit nitrifikujicim buiikdm pfitomnym ve zkouma-
ném vzorku na zacatku inkubace.

Piehled modernich metod studia nitrifikace véetné
detailnich metodickych postupi Ize najit v mnoha sou-
dobych metodicky zamétenych publikacich (napf. Hart
et al., 1994; Alef, 1995; Schinner et al., 1995).
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doporuguje zménu publikaéniho jazyka ve védeckych ¢asopisech vydavanych pod gesci CAZV. Pred-
sednictvo navrhuje Vydavatelské radé CAZV zavést angliétinu jako jediny jazyk ve viech védeckych
casopisech od 1. 1. 2001. Redakce ¢asopisu Rostlinna vyroba prijima od 1. 7. 2000 prispévky psané

pouze v angli¢ting.

*, *, *, *, *,
o o o o o

A change of publication language
in Scientific Journals of the Czech Academy
of Agricultural Sciences

At its session on the 6" April 2000, the Presidium of the Czech Academy of Agricultural Sciences
adopted a resolution recommending, among other things, to change the publication language in sci-
entific journals published under the Academy patronage. The Presidium proposes to the Publishing
Board of the Academy to introduce English as the only language in all scientific journals from the
1** January 2001. The papers written exclusively in English are accepted by the editor’s office of the
journal Rostlinna vyroba (Plant Production) from the 1* July 2000.



THE EFFECT OF ELEVATED AMBIENT CO, AND TEMPERATURE
INCREASE ON RHIZOSPHERE OF PERENNIAL RYEGRASS
(LOLIUM PERENNE L.)

VLIV ZVYSENE KONCENTRACE CO, A TEPLOTY NA RHIZOSFERU
JILKU VYTRVALEHO (LOLIUM PERENNE L.)

H. Santrﬁékovél'z, D. Elhottovél, P; Loiseau3, F. Soussana’

"nstitute of Soil Biology, Academy of Sciences of the Czech Republic, Ceské Budéjovice,
Czech Republic

2Faculty of Biological Sciences, University of South Bohemia in Ceské Budéjovice,
Czech Republic

3INRA, Clermont-Ferrand, France

ABSTRACT: The consequences of the elevated CO, and the elevated CO, with an increased temperature on rhizosphere
of perennial ryegrass were investigated. Ryegrass grown in the loamy soil treated with two different doses of mineral N
(160 and 530 kg N.ha '.year™') was continually kept in experimental climate conditions for approximately two and half
years. The amount of C and N compounds (total extractable C, carbohydrate, reducing sugars, ninhydrin reactive N and
ammonium N), fluorescein diacetate (FDA) hydrolytic activity, proteolytic activity of extracellular enzymes and the com-
position of microbial communities (CFU on elective media) were measured 15, 20 and 27 months of plant growth in the
experimental conditions. The contents of extractable C and carbohydrates increased with plant age in all climate condi-
tions, while the contents of reducing sugars, ninhydrin-reactive N and ammonium N did not. We found significant positi-
ve effect of the experimental climate conditions on the contents of C and N compounds and on FDA activity after 15 months
of ryegrass growth. At the end of the experiment, after 27 months of plant growth in the experimental conditions, all
these parameters were affected negatively. The decrease of the values was slowed by N fertilisation but not eliminated.
Proteolytic activity was significantly higher in the experimental climate conditions in most sampling. The numbers of
CFU on various media were decreased in the elevated CO, conditions in June 1994 and 1995, and in the elevated CO,
with increased temperature conditions in June 1995. Again, N fertilisation did not entirely eliminate the negative effect
of the experimental climate conditions. Our results demonstrate that the positive effect of changing climate on the content
of organic compounds in rhizosphere and on activity of rhizosphere microflora of ryegrass was only a short-term one.

Keywords: elevated CO,; increased temperature; N fertilisation; rhizosphere; ryegrass; C and N compounds; microbial
and enzymatic activities; CFU

ABSTRAKT: Byl sledovin vliv zvyené koncentrace CO, (700 pl.I"") a vliv zvySené koncentrace CO, v kombinaci se
zvysenou teplotou (700 pl.I™", +3 °C) na mikrobialni aktivitu v rhizosféfe jilku vytrvalého. Jilek byl po dobu dva a piil
roku péstovan v fizenych atmosférickych podminkach, v hlinité pidé hnojené dvéma davkami minerdlniho N (160 a 530 kg
N.ha'.rok™"). Po 15, 20 a 27 mésicich ristu rostlin v fizenych podminkach bylo v rhizosféfe méfeno mnoZstvi C a N
latek (celkovy extrahovatelny C, polysacharidy, redukujici cukry, ninhydrin-reaktivni forma N a NH;-N), fluorescein di-
acetat (FDA) hydrolytické aktivita, proteolytické aktivita extraceluldrnich enzymi a skladba mikrobidlniho spoleéenstva
(KTJ na elektivnich médiich). Obsah extrahovatelného C a polysacharidi se zvySoval se stafim rostlin ve vSech klima-
tickych podminkach, zatimco obsah redukujicich cukrii, ninhydrin-reaktivniho N a NH;-N se vyrazné neménil. Priikazné
kladny vliv pokusnych klimatickych podminek na obsah C a N latek a na FDA aktivitu byl zji§tén po 15 mésicich. Na
konci pokusu, po 27 mésicich ristu v pokusnych podminkach, byly viechny tyto parametry ovlivnény negativné. Hnojeni
N tento negativni vliv zpomalovalo, ale zcela neeliminovalo. Proteolytickd aktivita byla prikazné vyssi v pokusnych
podminkach u vétsiny odbéri. Pocet KTJ na médiich s riznym zdrojem C a N byl sniZen v podminkéch zvyseného CO,
v Eervnu 1994 i 1995 a vzrostl v podminkach zvySené koncentrace CO, a zvy3ené teploty v ¢ervnu 1995. Hnojeni N opét
neeliminovalo negativni vliv pokusnych klimatickych podminek. Kladny G¢inek ménicich se klimatickych podminek na
obsah organickych latek v rhizosféfe a nasledné na rhizosférickou mikrofloru jilku vytrvalého byl pouze kratkodoby.

Klitova slova: zvySena koncentrace CO,; zvySena teplota; N hnojeni; rhizosféra; jilek vytrvaly; C a N latky; mikrobialni
a enzymovi aktivita; poCty bakterii
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INTRODUCTION

Doubling of ambient CO, concentration from 350 to
700 ml.l" often stimulates plant photosynthesis and
growth, enhances carbon allocation belowground and in-
creases plant nutrient uptake (Cure, Acock, 1986; Owens-
by et al., 1993; Jongen et al., 1995; Gorissen, 1996;
Gregory et al., 1996). In the elevated CO, conditions, an
increase of C input from belowground parts into the soil
mostly results in an increased amount of roots and sto-
lons (Ball, 1997; Zak et al., 1993; Rouhier et al., 1994).
Although root exudation rate can also be enhanced (Pa-
terson et al., 1996), this response cannot be generalised
and depends on plant species, plant age, soil nutrient sta-
tus and other factors of the soil environment (Curl, True-
love, 1986). In terms of the C quality, plant material
produced in the elevated CO, conditions often has
higher C : N or lignin : N ratios (Cotrufo, Ineson, 1996)
and a higher portion of phenolics and tannins (Gebauer
et al., 1998; Penuelas, Estiarte, 1998). It could slow down
the decomposition of plant material in the elevated CO,
conditions.

Microorganisms in the rhizosphere preferentially
utilise easily available rhizodeponial material, but under
nutrient limitation, microorganisms also decompose soil
organic matter in a great extent to get the nutrients that
they need for building of cell material (Cardon, 1996).
In the elevated CO, conditions, the increased input of
rhizodeponial material is higher and N content is lower.
It might induce decomposition of soil organic matter
(Zak et al., 1993).

This paper examines the extent to which the elevated
CO, and the elevated CO, with an increased temperature
influence rhizosphere of ryegrass under two different
N regimes. The objectives were to obtain information on
the effect of changing climate conditions and N supply
on contents of available C and N compounds, microbial
and enzymatic activities and on a composition of micro-
bial communities in rhizosphere of ryegrass grown in the
experimental climate conditions for 15, 20 and 27 months.

MATERIAL AND METHODS

We analysed rhizosphere of perennial ryegrass (Lo-
lium perenne L., cv. Préférence) from a long term ex-
periment of INRA, Clermont Ferrand, France. The
experiment was designed to study changes in produc-
tivity, and C and N balance of soil grown perennial
ryegrass swards in the conditions of elevated CO, and
temperature increase. Perennial ryegrass was sown in
containers (0.5 m?, 45 cm deep) filled with loamy soil.
Soil consisted of 42% sand, 42% loam, 15% clay and 1%
organic C with a C : N ratio 10. The pH (water) was 6.9,
CEC 17.4 meq per 100 g of dry soil. In March 1993,
18 months after sowing, the containers with swards were
put into ventilated plastic tunnels with different climatic
conditions: outdoor climate (350 ul CO,.1"; control), el-
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evated CO, (700 ul CO,.1"), elevated CO, with an in-
creased temperature (700 pl CO,.1", +3 °C). Within each
tunnel (70 m®), the air and temperature was regulated
(Casella et al., 1996). The swards were grown continu-
ously in these conditions till June 1995. All swards were
cut simultaneously on five occasions each year. Each
treatment was annually supplied with inorganic N fertil-
izer (NH,;NO;) and two rates of N fertilizer were com-
pared: 160 kg N.ha '.year ' and 530 kg N.ha '.year'. More
detailed description of experimental design is given by
Casella et al. (1996). Rhizosphere for analyses was
sampled in June and November 1994 and in June 1995.
Intact soil blocks of 10 x 10 x 15 cm were always taken
in three replications from each treatment immediately af-
ter cutting the sward. Roots with adjacent soil were
hand-picked from the blocks in the same day.

One part of collected roots was kept at =20 °C and
later used for a determination of bacterial counts. The
other part of roots was washed in Na-pyrophosphate
(0.1%, 1 : 4 w/v, 15 min, oscillating shaker). The roots
were then removed and soil suspension was immediately
analysed for enzymatic activities and N content. For
measurements of C compounds, the suspension was cen-
trifuged at 9500 rpm, supernatant was acidified to pH
value of 2 with sulphuric acid and stored at —20 °C be-
fore analyses. All analyses were performed in three to
four replications and results were expressed per gram
dry soil. A significance of differences between treat-
ments were evaluated using ANOVA, P <0.01.

Fluorescein diacetate (FDA) hydrolytic activity was
measured using a slight modification of the method of
Schniirer, Rosswall (1982). Hydrolysis of FDA was
stopped by addition of 2 ml 0.1% HgCl, (Fontvieille et
al., 1992). Proteolytic and amylolytic activity of exocel-
lular enzymes was measured in the suspension after ad-
dition of several drops of toluen and after centrifugation
(7000 rpm, 5 min) by a colorimetric technique. The proteo-
lytic activity was determined according to Vagnerova,
Macura (1974) and the amylolytic activity according to
Zemek, Kuniak (1983). Numbers of colony forming
units (CFU) of bacteria in rhizosphere soil were counted
on elective agar media. CFU of proteolytic bacteria was
counted on casein medium (Martley et al., 1970), N, fix-
ing bacteria on N free medium (Doberreiner, Day, 1974).
Media with the same mineral base but different in sour-
ces of N and C were used for counting bacteria requiring
C and N sources of different complexity (Lochhead,
Chase, 1943; Taylor, 1951). Mineral N (ammonium) and
glucose were used as the first level of complexity, amino
acids as the second and yeast and soil extracts as the last
ones. Total extractable C (C,,) was measured by dichro-
mate semi-micro method (Hejzlar, Kopéacek, 1990), total
carbohydrate content (C,) using phenol sulphuric acid
method (Safafik, Santrackova, 1992). An amount of re-
ducing sugars (C,) was measured using colorimetric
method and expressed as glucose C (Somogyi, 1952).
Extractable N compounds (N,;,) were determined with
the ninhydrin reagent using procedure described by
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Joergensen, Brookes (1990). Ammonium N (Nyy,) was
measured with indophenol method (Zbiral et al., 1997).

RESULTS

We compared the values of parameters measured in
the experimental climate conditions with those obtained
from the control climate conditions in the corresponding
sampling times.

In the control climate conditions (350 pl CO,.I"), the
level of C, and C, in rhizosphere of ryegrass signifi-
cantly increased with the plant age at both rates of N fer-
tilizer (Tab. I). The amount of N,;,, which was the highest
in June 1994, did not increase with the plant age. The

The effects of the elevated CO,, and the elevated CO,
with an increased temperature on the measured parame-
ters related to those measured in the control climate con-
ditions are shown in Figs. 1 and 2. Both experimental
climate conditions increased the level C., Ce, Npin and
FDA activity of microflora in June 1994 when the plants
were grown in the experimental climate conditions for
15 months. The positive effect of the experimental cli-
mate conditions ceased with prolonged time of the plant
growth and it was mostly negative after 27 months of the
plant growth in these conditions. The high N treatment
promoted the positive effect of the experimental climate
conditions but did not entirely eliminate the negative ef-
fect at the end of investigation. The content of C, was
reduced in the experimental climate conditions only in

1. The amount of extractable carbon (C.x), carbohydrates (C.y), reducing sugar (Cy), ninhydrin reactive compounds (N,,) and ammonium N
(Nxn,) in the thizosphere of perennial ryegrass grown under outdoor climate conditions (350 gl CO,.I™", control); plants were supplied with
160 and 530 kg N.ha™'.year™'; mean values from four replications and standard deviations arc given, different letters indicate significant

differences (ANOVA, P <0.01)

Date N dose Cenn Cen Ch Nuin Nyu,
(kg.ha™) (ngCg" (ngCg") (rgCg") (ngN.g") (ngN.g")
June 94 160 66.3+0.9° 16.2 +2.0° ND 8.13£0.30° ND
Nov. 94 160 347.0+£75" 59.7+9.3" 6.07£0.76* 6.23 £047° 225+0.14°
June 95 160 788.3 £ 8.9° 160.9 £2.1¢ 5.76+0.91° 7.57 £0.40® 230 +0.22°
June 94 530 120.6 £0.9° 247424 ND 11.27 +0.26" ND
Nov. 94 530 377.1+£12.9" 71.5+9.3" 7.71+£0.76* 6.80 £0.12* 1.89£0.17*
June 95 530 506.4 +5.9° 273.7£2.2° 8.49 + 1.10° 730£0.18° 1.64 £0.12°

ND = not defined

amounts of C,, and Ny, did not change in the course of
investigation. We found a consistent positive effect of
the high N treatment on C,, and C, (Tab. I). C., and Ny,
were positively affected in the high N treatment only in
June 1994. Nyy;, was even lower in the high N than in the
low N treatment. Although the metabolic activity of
a rhizosphere microflora measured as FDA activity did
not increase with the plant age, it was higher in the high
N treatment as related to low N treatment (Tab. II). Pro-
teolytic activity of extracellular enzymes was higher in
the spring than in the autumn samplings in both N treat-
ments (Tab. II).

the high N treatments (Fig. 2). The content of Ny, was
lowered after 27 months of the plant growth in the ex-
perimental climate conditions in both N treatments. The
effect of the experimental climate conditions on pro-
teolytic activity varied but was positive in the most cases.

Amylolytic activity of extracellular enzymes being
measured in June 1995 was significantly higher in the
high N than in the low N treatments in all conditions
(Tab. IIT). As compared to the control climate condi-
tions, the amylolytic activity was reduced in the elevated
CO, conditions. It was, however, increased in the el-
evated CO, and temperature conditions (Tab. III).

IL. FDA hydrolytic activity and proteolytic activity in the rhizosphere of perennial ryegrass grown under outdoor climate conditions (350 ul.CO.I™,
control); plants were supplied with 160 kg N and 530 kg N.ha™'.year™'; mean values from four replications and standard deviations are given,

different letters indicate significant differences (ANOVA, P < 0.01)

160 kg N.ha™! 530 kg N.ha™!
Date FDA proteolytic activity FDA proteolytic activity
(Asgo.g"h™") (mg.g") (Aso.g ™) (mg.g™)
June 94 1.49 £ 0.06" 0.94 £0.02° 229 +0.01° 0.85 +0.06°
Nov. 94 1.79 £0.05° 0.07 £0.01° 1.96 +0.02* 0.04 £0.02*
June 95 1.39 £0.04" 0.43 £0.04" 1.97 £0.06* 0.83+£0.13"
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1. Relative amount of extractable carbon (C_,), carbohydrates (C),
reducing sugar (C), ninhydrin reactive compounds (N ), ammo-
nium N (qu,)- FDA activity and proteolytic activity of extracellular
enzymes in the rhizosphere of perennial ryegrass grown under the
elevated CO, (700 pul CO,I™") and under the elevated CO, and in-
creased temperature conditions (700 ul CO, 1™, +3 °C); plants were
supplied with 160 kg N.ha".year!; values of the parameters that de-
termined in the control climate conditions are 100%; significant dif-
ference (P < 0.01) from the control is marked with asterisk

The number of CFU on elective agar media determined
in June 1994 and 1995 was affected by the experimental
climate conditions (Figs. 3, 4). The elevated CO, condi-
tions led to decrease of CFU on all the media used. The
decrease was partly eliminated in the high N treatments.
We did not find any important changes in the distribu-
tion of bacteria to the nutritional groups. Only a slight
shift towards proteolytic was detected in the low N treat-
ments. The elevated CO, and increased temperature con-
ditions caused the decrease in CFU in the low N treat-
ment. A shift towards proteolytic bacteria was apparent
only in June 1995.

11 Amylolytic activity (mg.g™) in rhizosphere of perennial ryegrass
grown under various climate conditions: outdoor climate conditions
(350 p1.COL.I™", control), elevated CO; (700 pl CO..I™") , elevated CO,
and temperature (700 gl CO.1™" + 3 °C); plants were supplied with
160 and 530 kg N.ha™'.year™'; the data from June 1995, mean values from
four replications and standard deviations are given, different letters indicate
significant differences (ANOVA, P < 0.01)

Amylolytic activity (mg.g™")
Treatment 160 kg N.ha™ 530 kg N.ha™!
Control 1.54 £0.06" 2.54+024°
700 p1 COI™! 1.27 +£0.09° 1.64 £0.10°
700 p1 COLI™ 43 °C 2.15+0.14° 2.11£0.16°
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2. Relative amount of extractable carbon (C,,), carbohydrates (C),

reducing sugar (C ), ninhydrin reactive compounds (N ; ), ammo-
nium N (N, ), FDA activity and proteolytic activity of extracellular
enzymes in the rhizosphere of perennial ryegrass grown under the
elevated CO, (700 pl COz.l") and under the elevated CO, and in-
creased temperature conditions (700 gl CO,.I"!, +3 °C); plants were
supplied with 530 kg N.ha-'.year!; values of the parameters that de-
termined in the control climate conditions are 100%; significant dif-
ference (P < 0.01) from the control is marked with asterisk

DISCUSSION

The elevated CO, conditions and the elevated CO,
with increased temperature conditions positively af-
fected the contents of C and N compounds and FDA ac-
tivity of microflora in the rhizosphere of ryegrass when
the plants were grown under experimental climate condi-
tions for 20 months. The positive effect gradually ceased
during the extension of the experiment. After 27 months
of the plant growth, the experimental climate conditions
mostly restricted the measured parameters. The results
indicate that the increase of CO, and temperature can
positively affect C release from roots to the surrounding
soil and, consequently, microbial activity (Geijn, Veen,
1993). However, the positive effect appears to be, at least
for ryegrass, only transitional.

The contents of C., and C,, in the rhizosphete in-
creased with the plant age while Cy, Ny, and Nyy, did
not change. Thus, the increase of C,,, was linked to the
accumulation of complex material such as polysaccha-
rides, proteins and phenolic compounds but not to the
accumulation of low molecular compounds. Consistently
with our findings, Zagal (1994) documented an increase
of C content in the rhizosphere with the plant age and
Jones, Darrah (1993) found a gradual increase of the
content of high molecular compounds while that of sug-
ars and amino acids did not change.
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Control

3. Colony forming units (CFU.g™') in the rhizosphere of ryegrass
grown in the control, the elevated CO, (700 pl CO,.1"") and the
1 d CO, and i d temperature (700 pl COz.l“. +3 °C) con-
ditions; in low N (A) and high N (B) treatments; on the axis log of
CFU on media with ammonium and glucose (NH} ), with amino acids
(AA), yeast extract (YE), casein (K) and on medium without nitrogen
(N,) are plotted; the values from the sampling in June 1994 are given

In the control climate conditions, C. : Cg, ratio did not
change (low N treatment) or decreased (high N treat-
ment) indicating a proportional or a higher accumulation
of carbohydrates than the accumulation of other complex
compounds. In the experimental climate conditions in
both N treatments, the increased C.y, : C, ratio pointed
to the accumulation of phenolic and non-carbohydrate
compounds.

CFU do not represent the total number of bacteria
and the results should be therefore interpreted with great
care. Nevertheless, they can, in combination with addi-
tional criteria, indicate certain changes in the communi-
ties of bacteria. The decrease of CFU in June 1995
coincided with the decrease in FDA activity and in the
content of C and N compounds. The shift in the distribu-
tion of bacteria into nutritional groups towards the pro-
teolytic bacteria in the experimental climatic conditions
in the low N treatments corresponded to a higher pro-
teolytic activity of extracellular enzymes and to a lower

ROSTLINNA VYROBA, 46, 2000 (9): 397-403

Control

A

4. Colony forming units (CFU.g™") in the rhizosphere of ryegrass
grown in the control, the elevated CO, (700 ul CO,.1"'") and the
elevated CO, and increased temperature (700 ul COZ.I". +3 °C) con-
ditions, in low N (A) and high N (B) treatments; on the axis log of
CFU on media with ammonium and glucose (NH} ), with amino acids
(AA), yeast extract (YE), casein (K) and on medium without nitrogen
(N,) are plotted; the values from the sampling in June 1995 are given

C : N ratio of root material (Loiseau, pers. commun.).
The presented results display a breakdown of more com-
plex organic material and support the hypothesis that the
decomposition of more complex organic compounds can
be promoted in the conditions of the climate change to
cover N demand for microbial growth and maintenance
(Geijn, Veen, 1993; Zak et al., 1993).

We used data of root phytomass in the sampling dates
(Soussana et al., 1996; Loiseau, Soussana, 1999) esti-
mating an input of C,, per hectare of soil (Tab. IV).
The input of C, was about three orders lower than the
input of C from the root phytomass. The experimental
climate conditions affected positively C. input in No-
vember 1994. In June 1995, the amount of C.,, per hect-
are was enhanced only in the elevated CO, conditions
and the enhancement was caused by a larger root system
rather than by a higher exudation.

The presented results demonstrate that the positive effect
of the climate change on C release from roots and stimu-
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IV. The amount of Cey, per hectare of soil (kg C.ha™) as estimated from root phytomass (Soussana et al., 1994; Loiscau, Soussana, 1999) and mean

value of C.y, content in the rhizosphere in particular sampling dates

160 kg N.ha™ 530 kg N.ha™
control 700 pl COLI! 700 pl COLI"'+3 °C control 700 pl COLI™ 700 pl COLI"'43 °C
June 94 1.59 1.69 1.93 0.93 248 4.04
Nov. 94 1439 53.01 31.68 24.48 31.90 40.57
June 95 18.89 28.07 13.57 10.84 32.53 19.50

lation of microbial activity in the rhizosphere is only
a short lasting one and that the decomposition of com-
plex soil organic material can be enhanced. They con-
firm that long-term experiments in natural undisturbed
conditions are required to permit shifts between negative
and positive effects of elevated CO, level on soil micro-
bial response and ecosystem feedback (Hu et al., 1999).
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HODNOCENI ZATEZE PUD RIZIKOVYMI STOPOVYMI PRVKY
MIKROBIOLOGICKYMI A BIOCHEMICKYMI METODAMI

ASSESSMENT OF SOIL POLLUTION BY MICROBIOLOGICAL
AND BIOCHEMICAL METHODS

vz ) v v 32 P
E. Podlesakoval, J. Némecek~, H. Macurova'

;Research Institute for Soil and Water Conservation, Prague, Czech Republic
Czech University of Agriculture in Prague, Czech Republic

ABSTRACT: Studies of soils contaminated in the field conditions or of soils with geogenic extreme concentrations of
trace elements proved that the responses in the participation of microorganisms and biochemical processes occur only in
extreme cases of the anthropogenic soil contamination and in the soils characterized by the strongest acidity. But we en-
counter problems of the relative comparability of soil samples with a different combination (trace elements, organic xeno-
biotics) and different features (anthropogenic, geogenic) of trace elements loads, their mobilities and the different
backgrounds of soil — biological processes due to taxonomical — lithological soil units. Investigations of soils with a simu-
lated pollution showed: great differences in the participation of soil microorganisms and their activities in the samples
from soil units under study, the most expressive responses on contamination with trace elements have Azotobacter (free-
living N, fixing bacteria), oligotrophic bacteria and actinomycetes, differentiated influence of single trace elements, es-
pecially Zn, Cu, in a lesser degree Cd on the depression of the biochemical activities, especially of dehydrogenases and
basal and potential nitrification, Hg stimulated often some groups of microorganisms. The findings of these interrelations
enable us to reveal the soil sensibility to pollution with hazardous elements in cases of the increased mobility. The re-
sults contribute to the deepening of soil vulnerability assessment in connection with the study of changes of mobilities
following the inputs of mobile species into soils. But it cannot lead to set up critical soil loads for the transfer pathway
soil — plant.

Keywords: soils; simulated pollution; field contamination; responses; microorganisms; biochemical activities

ABSTRAKT: Studium odezvy mikroorganismi a biochemickych procest na pfirodni zatéz pud rizikovymi prvky a jejich
extrémni geogenni obsahy ukazuje pruikazné reakce pouze v extrémnich pfipadech. Studium pud se simulovanou zatézi
poskytuje vyraznéjsi odezvy. Ze sledovanych prvki vyvolava nejvétsi stres pro mikroorganismy Zn a Cu. Tato zatéz se
projevuje snizenim intenzity biochemickych pochodi, zejména nitrifikace (akumulace amonnych ionti), a oxi-
doredukénich pochodti, vyjadienych prostiednictvim dehydrogenazové aktivity. U zranitelnéj§ich pid je vyznamné i po-
tlaceni potencialni respirace. Ze sledovanych mikrobialnich skupin se projevila nejvyssi odezva na kontaminaci
rizikovymi prvky u volné Zijicich bakterii poutajicich dusik (r. Azotobacter) a u oligotrofnich bakterif a aktinomycet. Cd
a Ni nemély na biochemické procesy vyznamny vliv, zatimco Hg zpiisobila zmnoZeni uréitych skupin mikroorganismi.
Tyto vysledky ptispivaji k hodnoceni zranitelnosti piid v ndvaznosti na studium zmén mobility rizikovych prvki po vstu-
pu simulované zatéze.

Kli¢ova slova: ptdy; simulovana zatéZ; prirodni z4téZ; odezvy; mikroorganismy; biochemické aktivity

UvVOoD

Mikroorganismy mohou slouzit k rychlému urceni
znecisténi pud. Maji pomérné kratky zivotni cyklus,
a proto rychle reaguji na zmény v Zivotnim prostiedi
(Pérez Garcia et al., 1993). Mikrobiologické parametry
jsou tedy velmi uZzite¢né pro monitorovani zivotniho
prostiedi, ale zadny z téchto parametrti nemize byt uzit
univerzalné. Mérené vlastnosti musi indikovat zne-
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¢isténi, metoda musi byt dostateéné robustni, aby ne-
vyvolavala nespravné zavéry, a méla by byt validovana.
Mikrobiologické aktivity, jako jsou respirace, C a N
mineralizace, biologicka fixace dusiku a nékteré pudni
enzymy, musi byt méfeny ziroven s mnozstvim pudni
mikrobidlni biomasy. Pomérné hodnoty, jako napf.
specificka respirace pudy, jsou pak citlivymi ukazateli
znecisténi zivotniho prostfedi, a mohou tak nahradit
nakladné polni pokusy (Brookes, 1995).
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Teézké kovy jsou zabudovavany do rtznych vazeb
v pudé, kde zistavaji dlouhou dobu. V zavislosti na
téchto vazbach pusobi na pidni mikrofléru, ktera je
zodpovédna za esencialni nutriéni cykly. Sledovéni
interakce tézkych kovi a mikrobidlnich procesi je tedy
vyznamnou metodou diagnostiky pldnich zatézi. Vzhle-
dem k tomu, Ze mikroorganismy jsou ovliviiovany
pfevazné lehce rozpustnymi a vyménnymi formami téz-
kych kovi, je nutno hledat vztah pravé mezi takto stano-
venymi speciemi, rizikovymi prvky a biologickymi
procesy.

Valsecchi et al. (1996) zjistili Gizce negativni vztah
mezi pomérem C biomasy a organického C a tézkymi
kovy. Tézké kovy zpusobuji zménu v metabolickém cyk-
lu organického C a zhorSuji rozdéleni energie v mikro-
organismech. Za nejvyznamnéj$i index povazuji spe-
cifickou respiraci (pomér produkce CO, a C mikrobidlni
biomasy). Tato hodnota spole¢né s pomérem C biomasy
k organickému C se ukazuje jako signifikantni ukazatel
stavu metabolismu pudni mikroflory, jez je dostate¢né
stresovana. Chander et al. (1991) zjistili, ze tyto ukaza-
tele nejvice ovliviiuji Cu a Zn v koncentracich, jez
pfevysuji hodnoty ptidnich limitl zemi EU alespon dva-
az Ctyfikrat, zatimco Cd v takovéto koncentraci mikro-
floru neovliviluje. Rovnéz Aoyama, Naguamo (1997a)
zjistili, Ze rozklad rostlinnych zbytkt a mikrobialni
biomasa jsou nejsilngji inhibovany Cu a v mensi mife
Pb. Vliv As byl zanedbatelny. Pfidavek rizikovych
prvkl zvySuje respiraci vztazenou na jednotku biomasy
pldniho C, pficemz specificka respirace biomasy vy-
kazuje vysoce zapornou exponencialni korelaci s mnoz-
stvim biomasy C. Aoyama, Naguamo (1997b) v dalsi
praci prokazali, Ze mnozstvi mikrobialni biomasy C a N,
vyjadfené jako pudni organicky C a celkovy padni N,
jakoz 1 aktivita hydrogenaz, korelovaly negativné
s celkovym obsahem Cu a s obsahem Cu extrahované
v 0,IM HCI a 0,IM CaCl,. Zavislosti byly vyjadieny
jako logaritmicka funkce. Korelaéni koeficient pro Cu
extrahovanou v 0,1M CaCl, byl nejvy$si pro biomasu C
a N a nejniz3i pro aktivitu hydrogenaz. Pidni respirace,
piepoétend na jednotku celkového obsahu C, nekore-
lovala s celkovym obsahem Cu, avsak korelovala s Cu
extrahovatelnou 0,1M CaCl,.

Enzymy mohou byt téZ dobrymi indikatory mikro-
bidlni aktivity ve vztahu k téZkym koviim, ale je dulezité
rozliSovat mezi extracelularnimi a endoceluldrnimi en-
zymy. Napf. dehydrogenaza jako endoceluldrni enzym
sniZuje svou aktivitu piisobenim tézkych kovl na rozdil
od fosfatazy, ktera pasobi i mimo zijici buniku. Pudni
dehydrogendzova aktivita odrazi veskeré oxidacni
aktivity pudni mikrofléry a jeji hodnota, vztazend na
jednotku organického C, dobfe koreluje s s vodoroz-
pustnymi a vyménnymi formami rizikovych prvka
(Aoyama, Naguamo, 1996).

Tézké kovy v§ak mohou mit i stimulujici ucinek.
Dusek (1995) sledoval ucinky Cd a zjistil, ze v hod-
notach 10 mg Cd/kg pidy ma pozitivni vliv na nitri-
fikaci. Vysvétluje to tim, Ze ptsobenim Cd jsou urcité
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druhy usmrceny a odolnéjsi druhy maji z takovychto
mrtvych bunék lehce dostupné zdroje zivin. Ke stejnym
vysledkim dospéli 1 Bielek, Matuskova (1998). Mali-
szewska et al. (1985) pii sledovani vlivu Cu, Zn, As, Pb
a Hg na bakterie, aktinomycety, mikromycety a dia-
zotrofni bakterie zjistili pozitivni vliv HgCl, ve velmi
vysokych koncentracich (500 az 1000 mg Hg/kg ptdy)
na aktinomycety. Je to zplisobeno zfejmé tim, ze vysoka
koncentrace ur¢itého polutantu selektivné potlaci né-
které skupiny, a tak dava moznost rastu urcitym
rezistentnim druhtim.

Zviagyntsev et al. (1997) sledovali icinky Pb na cel-
kovy pocet mikroorganismi, mikrobialni biomasu, pocet
bakterii ekologickych a systémovych skupin a dalSich
biochemickych ukazateli (Filip, 1994). Pro detekci zne-
¢isténi Pb se ukazaly nejcitlivejsi biochemické testy, a to
produkce CO,, denitrifikaéni aktivita, fixace N,, ureazo-
véa a dehydrogendzova aktivita, a z mikrobiologickych
poctit volné Zijici bakterie poutajici dusik a oligotrofni
bakterie.

Dar (1997) se zabyval studiem piscitych, hlinitych
a jilovitych ptd kontaminovanych olovem. Zjistil
signifikantni relativni korelaci mezi Pb extrahovatelnym
DTPA a toxickymi G¢inky Pb na mineralizaci u piscitych
pud, zatimco u pud s vysokymi sorpénimi vlastnostmi je
tento efekt zanedbatelny. Amonifikaci kontaminace Pb
téméf neovliviuje, zatimco nitrifikacni bakterie jsou na
kontaminaci citlivé.

Na zakladé téchto skuteCnosti lze konstatovat, ze pro
studium vztahu tézkych kovi a padnich mikroorganismu
jsou nejlepsimi ukazateli C biomasy (stanoveny fu-
migaci dle ISO 14240-1) vztazeny k organickému C,
dale pak specificka respirace, stanoveni dehydrogena-
zové aktivity, mineralizace organického N a nitrifikace
(ISO 14238) a jako doplnujici hodnoty mohou byt uzity
pocty KTJ (kolonie tvoricich jednotek) zejména oligo-
trofnich bakterii, aktinomycet a volné zijicich bakterii
poutajicich dusik.

Prispévek navazuje na pfedchozi praci (Némecek et
al., 1998):

— do popfedi se kladou vztahy mezi zatezi pud stopo-
vymi prvky (vyjadfenou v konkrétni formé obsahy
a mobilitami rizikovych prvki, ze kterych je mozno
odvodit miru antropické a geogenni zatéze) a odez-
vami v zastoupeni hlavnich skupin mikroorganismt
a v jejich biochemickych aktivitach,

— vyrazna pozornost se soustied’uje na rozdilné odezvy
mikroorganismu a jejich aktivit pfi simulované zatézi
jednotlivych hlavnich reprezentanti pid (bez regu-
lace pH a s Gpravou pidni reakce na neutrdlni) a pfi
piirodnim zatizeni téchto ptd stopovymi prvky,

— systematicky se zkoumad, do jaké miry jsou odezvy
v zastoupeni hlavnich skupin mikroorganismi a jejich
aktivitaich na obsah a mobilitu rizikovych stopovych
prvki zdvislé na pidnich jednotkéach (geneticko-sub-
stratovych) a na podminkéch, které docasné zpuso-
buji vyrazny posun rovnovazného stavu (regulace pH,
hydrotermického rezimu).
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Nesdilime snahu udélat z mikrobiologickych a bio-
chemickych testi expeditivni metodu, indikujici zatizeni
pudy v podobé obecnych kritickych hodnot zatéze pud.
Takové obecné hodnoty nebyly nalezeny ani po usili
némeckych pdnich biologt, ptipravujicich kritéria pro
novy némecky zikon o pudé (Bo.Sch.Ges. 1998/1999)
na urovni hodnot prevencnich, vyplyvajicich z principu
obezietnosti (Vorsorgewerte). Prosadil se nédzor, ze kri-
tické hodnoty rizik zatéze ptiid musi byt odvozeny speci-
fickymi zplsoby pro kazdou transferovou cestu (napf.
puda — rostlina) z hlediska zootoxicity a ovlivnéni po-
travniho fetézce a z hlediska fytotoxicity. Jde o to, ukdzat
na konkrétnim experimentalnim materialu, jaka je mira
ovlivnéni mikrobidlnich spolecenstev a jejich Cinnosti
rizikovymi stopovymi prvky.

Nejzasadn&j§im problémem obtizi studia odezvy mikro-
organismi na zatéz pid stopovymi prvky zistava:

— moznost srovnani zatéze riznych pid pouze po simu-
lované zatézi Cistych pud, ktera vSak neodpovidé vaz-
bam stopovych prvki v ptidé,

— obtiznost srovnatelnosti zatéze pud v terénnich pod-
minkach v diasledku specifiky pud, Gprav padnich
rezimi, zatézi pud kombinaci prvki a eventudlné
i dal8ich kontaminanti (POP) a specifiky zatéze (an-
tropické, geogenni).

MATERIAL A METODY

Zkoumany soubor piid zahrnuje jednak hlavni repre-
zentanty pad CR, vyvinuté na substrtech pro né typic-
kych, dale pak pidy rizného typu zatéze stopovymi
prvky.

Pokusy se simulovanou zatézi byly provedeny na Cer-
nozemi modalni (CEm Repin), luvizemi kyselé¢ (LUa
Arnoltice), kambizemi dystrické (KAd Mikulov),
kambizemi eutrofni (KAe Malecov), kryptopodzolu mo-
dalnim (KPm Zhuii) a kambizemi arenické (KAr Kelské
Vinice). Geogenni zatéZe se vyskytuji u uvedenych kam-
bizemi:

— eutrofni (svahoviny ¢edicu s vysokymi obsahy Cr, Ni)

— dystrické (svahoviny rul s vysokym obsahem As, Mn,
Pb, Zn)

— arenické (s nizkym obsahem vsech prvkil)

Se simulovanou zatézi byly realizovany dva pokusy:

— bez tipravy pH pfi pridéni 10 mg.kg ' Cd a 500 mg. kg’
Znk CEm, LUa, KPm a KAra 150 mg.kg ' Ni k KAe,

— bez apravy pH a s upravou pH na hodnotu 7 pfi
podani 10 mg.kg™ Cd, 500 mg.kg' Zn, 200 mg.kg"
Cua20 mgkg' Hgk CEm, LUa, KAd, KAr a KPm.

Veskeré kovy pro simulaci byly dodédvany ve formé
chloridi.

Déle bylo provedeno srovnavaci studium odezvy spo-
lecenstev mikroorganismii a jejich aktivity na zatéz pud
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vzniklou v pfirodnich podminkéach (bez simulace, bez

upravy pH) u pad:

— s antropickou zatézi v Praze-Roztyly (Pb, Cu, Zn)

— s antropogeni zatézi Cd v severoceském regionu (kam-
bizem modalni Chlumec)

— s antropogenni zatézi Cd a s geogenni zatézi ze svaho-
vin kyselych hornin
— As, Pb, Zn, Mn (kambizem dystricka KAd, Malecov)
— Pb, Zn (kambizem modalni KAm, Brandov)

— s geogenni zatézi Ni a Cr (kambizem eutrofni ze sva-
hovin ¢ediét, Male¢ov)

— s fluvialni antropickou zatézi Cd, Zn, Pb, Cu (Cr, Mn,
As) (fluvizemé Pistany a Litavka)

Viechny ptidy pro mikrobiologické a biochemické testy
byly odebrany z Ap horizontu v mésici dubnu. Smésné
vzorky (pét samostatnych odbéri z plochy 200 m*) byly
preinkubovany po dobu ctyf tydni pii teploté 25 °C pri
udrzovani vlhkosti na 60 % MKVK. Kazdy test byl
zalozen ve tfech opakovanich a uvadéné hodnoty jsou
jejich primérem. Nejistoty méfeni se pohybuji u mikro-
biologickych testll v rozmezi 25 az 30 % a biochemic-
kych testi v rozmezi 20 az 25 %. Poéty mikroorganismi
byly stanoveny deskovymi zfed’ovacimi metodami
(Filip, 1994). Celkovy pocet bakterii (kolonie tvoficich
jednotek) byl ur¢en na zivném masopeptonovém agaru
(ZA), oligotrofni bakterie na témze médiu 100krét zfe-
déném, aktinomycety na glycin-glycerinovém agaru,
mikromycety na Martinové agaru s bengalskou cerveni
a streptomycinem a azotobakter (volné zijici bakterie
poutajici dusik) na Ashbyho agaru. C biomasy byl
stanoven fumigacné extrakéni metodou (ISO 14240-2),
produkce CO; po 48h inkubaci titracni metodou (Stotzky,
1965). Pro stanoveni dehydrogendz byla vyuzita redukce
2,3,5 triphenyltetrazoliumchloridu (TTC) na triphenyl-
formazan (TPF). Nitrifikace, amonizace a mineralizace
byly stanoveny po 30denni inkubaci (pfi 28 °C a udrzo-
vani stalé vlhkosti) extrakci 1M KCI (ISO 14238) a pri-
tokovou analyzou se spektrometrickou detekci. Pro
urCeni potencialni mineralizace byla ke vzorku pfidana
vojtéskova moucka v mnozstvi 0,25 g moucky na 10 g
pudy, coz odpovida 500 mg organického N na 1 kg
pudy. Potencialni mineralizace je definovana jako rozdil
mineralniho N na zaCatku a konci inkubace s pridavkem
vojtésky. Mineralni N je vyjadien jako suma amoniakal-
niho a dusi¢nanového N, nebot’ hodnota dusitanového N
je zanedbatelna. Potencialni nitrifikace je v tabulkach
oznacovana jako rozdil obsahu N-NO; po 30denni
inkubaci a hodnoty aktudlni, tj. pfed inkubaci. V tomto
pfipadé nebyl pfiddvén zadny zdroj organického N.
Aktudlni stav je v dal$im textu oznacovén jako bazdlni.

VYSLEDKY A DISKUSE
Mikrobiologické a biochemické testy s pidami konta-

minovanymi v pfirodnich podminkach, a to bud’ antro-
pogenné ¢&i geogenné (tab. I), prokazaly rozdilnost
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1. Mikrobiologické a biochemické testy; piidy s prirodni antropogenni kontaminaci (A) nebo geogenni zdtézi (prepocteno na susinu) — Microbio-
logical and biochemical tests; soil with the natural anthropogenic contamination (A) or geogenic loads (d.w.)

Mikrobidlni testy* (KTJ) Nitrifikace'" (mgkg™)

L = :u

I 2 S Q

2 . 5 o : | &

) 7 o 2 g5 o 8 &

g Z | 8 = | &8 | 82|% s |5 |E
= i - | & |8 € | g | Px=| fo|n | S« | Be| B
= S o 15} % g = S| E| Ex| 25| 25| B
3 s ® | 3 g ) 3 S 2 s<| 20| €9 EQ| 29
€ | B 8| = | 3| 2e|Znl| fe| e S5u| 52252 25| 52| 25| 2%
S 2| < L | S| ae| 22| 2| B2 2| RE|L0E| ¥2| .2 2| RZ
1 | Brandov [KAm | GA | 53 | 30 | 127 14 | 21 78 | 979 14 | 224 | 10,1 | 113 | 105 | 103
2 | Chlumec [KAm| A | 68 [ 2,1 | 251 | 167 | 70 | 57 | 842 25 | 332 | 119 | 156 | 388 | 37,0
3 | Mikulov |[KAd | GA | 40 | 43 4 | 26| 26 | 77 |1085 4 | 226 | 7,7 | 19 | 165 | -58
4 | Pistany |FLm | A | 68 | 36 [ 159 15| 30 | 54 | 417 14 | 288 | 304 | 209 | 715 | 179
5 | Roztyly |AN A | 61 | 44 88 | 99 | 156 | 156 |2411 99 | 545 | 28,1 | 115 | 490 | 86,8
6 | Male¢ov [KAe | G | 53 | 20 29 | 07 | 40 | 45 | 255 51109 | 141 | 774 | 319 | 634
7 | Litaivka [FLm | A | 52 | 52 76 1,0 | 02 | 102 41 10 | 405 | 7.2 | 789 | 687 | 716

KTIJ = poéty jednotek tvoricich kolonie — CFU = colony forming units
* 30denni inkubace — 30 days incubation

Isite, %soil, *contamination, *microbial tests, *bacteria nutritive agar, ®actinomycetes, ‘micromycetes, *oligotrophic bacteria, *dehydrogenases,
Pmicrobial biomass C, ''nitrification, actual, "after incubation, "*after mineralization, “nitrification potential

KAm = orthic (eutric) Cambisol
KAd = dystric Cambisol

FLm = orthic Fluvisol

KAe = eutrophic Cambisol

v poctech jednotek tvoficich kolonie u sledovanych pud.
Nejnizsi poCty plisni a azotobaktera byly zjiStény na
silné kontaminované (Cd, Zn, Mn, Pb, Cu, As) fluvizemi
(tab. II) na lokalité Litavka. Tato lokalita se vyznacuje
nizkou pidni aciditou, vysokym obsahem humusu nizké
kvality, a pfedevsim vysokou relativni mobilitou riziko-
vych prvki. Déle bylo zji§téno vyrazné sniZeni bakterii
na ZA na kambizemi dystrické na lokalité Mikulov
s antropogenni zatézi Cd a s geogenni zatézi As a Zn.
Tato pida se vyznacuje nejniz8i hodnou pH z celého
sledovaného souboru pid. Nejniz8i pocty oligotrofnich
bakterii a aktinomycet a nizky po&et bakterii na ZA vy-
kazovala kambizem eutrofni na lokalit¢ Malecov s geoge-
ni zatézi Cr a Ni a nizkou hodnotou pH. U posledné
jmenovanych pud byla zjisténa kombinace negativnich
odezev v aktivité dehydrogenaz a v mnozstvi biomasy C.
V ukazatelich chovani N projevujicich se nizkou bazalni
nitrifikaci, nitrifikaci po inkubaci, nizkou nitrifikaci po
mineralizaci a nizkou ¢i dokonce zédpornou potencialni
nitrifikaci se vykazuje fluvizem na lokalité Litavka
a kambizem dystricka na lokalité Mikulov. Spolecnym
znakem téchto pid je zvySeny obsah mobilnich specii
Cd, Zn, Ni a Mn. Z udaji o ostatnich pidach je ziejmé
(tab. II), Ze geogenni zatéZe samy o sobé se neprokazuji
svym vlivem na pidni mikroorganismy a jejich &innost,
nebot’ jsou doprovazeny nizkou efektivni mobilitou
stopovych prvki. Ale ani vyrazné zatiZena fluvizem
z Pifan s neutralni pidni reakci nevykazuje deprese ani
v podtech, ani v &innosti ptidnich mikroorganismu. Pies
podrobné informace o typu ptd, vysi zatéze, piivodu
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zatéze a relativni mobilité mobilnich a potencidlné mo-
bilnich specii je velice obtizné ziskané vysledky genera-
lizovat.

Sledovéni rizné zatizenych pid z terénnich odbért
narazi na podstatny problém srovnavaciho vzorku neza-
tizeného, resp. s definovanou geogenni zatézi jednim
prvkem. ObtiZnost je ddna nejen z4té€zi mnoha Skodlivin
(v€etné organickych), ale i vlastnostmi ovliviiujicimi
mobilitu stopovych prvki.

Tyto poznatky vedly k navratu k testovani simulované
zatéze rozdilnych pid (tab. III). PouzZiti geneticky
a substratové odlisnych ptid ukazalo opét rozdily v zastou-
peni mikroorganismi a v jejich ¢innosti, dané ptidou.

Kontrolni nekontaminované vzorky ukazuji v prvém
pokusu rozdily mezi ptidami, zejména v KTJ bakterii na
zivném agaru a v poctu oligotrofnich bakterii, a to v sledu
CEm a KAe > KPm > KAr > LUa. Bylo nalezeno vy-
znamné sniZeni poctu azotobaktera u luvizemé kyselé
a extrémné vysoky obsah plisni u kryptopodzolu. O-spe-
cifice v zastoupeni ur¢itych skupin mikroorganisma
v pldé, tedy o jakémsi pozadi této charakteristiky, pub-
likoval udaje MiSustin (1983). Podle nich se od sebe lisi
i poCty mikroorganismi a zastoupeni nékterych druht
mezi piidami s odliSnymi termickymi rezimy, kde jejich
¢innost je brzdéna po vétsi Cast roku (kryosoly a kalci-
soly). Vyrazné se pak lisi tyto ukazatele mezi pidami
s rozdilnym trofismem — napf. mezi cernozemémi a pod-
zoly (resp. luvizemémi). Vyznamneéjsi vliv zatizeni
stopovymi prvky se v nasem pokusu projevuje snizenim
poctu bakterii, aktinomycet a azotobaktera vlivem Zn u nej-
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11. ZatiZeni pud rizikovymi prvky a jejich relativni mobilita — Soil loads by hazardous substances and their relative mobilities

Lokalita' Pida’ | pH Cix Specie’ Mn Cd Zn Ni Pb Cu Cr As
TO 2170 126 | 241 42,9 119 | 47,7 | 572 | 1540
) ED/TO 204 | 430 139 | 320 | 4424 | 408 0,38 1,15
Mo KAd | 401 43 | yemo 157 343| o064 | 120 o006| 020 o002]| 002
MN/TO 1,00 | 610 063]| 071 008 | 052| 003| 004
TO 655 069 | 219 18,5 191 115 | 445 50,4
ED/TO 246 | 354 10,4 4,14 | 60,7 | 488 046 | 3,09
Py KAa | 531 30 | viemo 190 | 184 o014 028 006| 031 | 002 010
MN/TO 026 | 38 | 039 0,11 005 | 065| 002]| 008
TO 691 0,67 | 146 | 348 | 481 33,7 82,7 279
ED/TO 437 | 604 32,5 382 | 571 24,1 046 | 396
Chlumeg KAm |68 | 21 | vemo 067 106 o012] 019 o10] 028| 002 059
MN/TO 0,35 149 | 005 | 007]| 021 022 | 001 0,23
TO 1123 045 | 102 | 486 | 30, 27,3 214 11,2
ED/TO 200 | 304 | 234 | 207 388 | 215 022 | 11,0
Miec KAe | 53 | 20 | vemo 010 | 1it| 00s| o12| 017 o022| o001 | 036
MN/TO 0,11 080 [ 002 005 0,33 0,21 0,00 | 025
TO 1259 273 | 604 | 42,5 109 | 942 546 | 254
ED/TO 586 | 293 | 670 | 540 | 893 67,9 0,75 | 20,5
£ty Flm | 68 | 36 | vicrro 013 | 091 | 008| 020] 013| o042 001 | 022
MN/TO 0,15 1,71 009 005| 009 072 o001 0,47
TO 6187 | 474 | 5451 318 | 2340 114 | 743 447
» ED/TO 225 | 960 | 556 | 314 81,6 | 750 069 | 77.8
L Fm | 52 | 32 | vemo 187 | 192 | 889 | 38| 003| 016 001 | 003
MN/TO 196 | 152 959 | 377 | 008 012 001 0,01
TO = celkovy obsah rizikovych prvki — total content of hazardous elements (mg.kg™) KAd = dystric Cambisol
ED =extrakt 0,025M Na;EDTA - extractable in 0.025M Na,EDTA KAa = acid Cambisol
MC = extrakt 0,01M CaCl, — extractable in 0.01M CaCl, KAm = orthic (eutric) Cambisol
MN = extrakt IM NH;NO; - extractable in 1M NH;NO; KAe = eutrophic Cambisol
C, = oxidovatelny C - oxidizable C (%) FLm = orthic Fluvisol

pomémé hodnoty v % — ratio of values in %

'site, *soil, *species

kyselejsich ze sledovanych pid — luvizemé kyselé (loka-
lita Arnoltice). U této pudy vyvolava Zn rozmnoZeni
plisni a oligotrofnich bakterii.

Specifika pld se odrdzi rovnéz ve vysledcich bio-
chemickych testi (tab. III). Nejvyraznéji je patrnd v ovliv-
néni ¢innosti dehydrogendz a potencidlu respirace po
pfidani vojtésky. Uvedené testy indikuji tento sled uby-
vajici aktivity pid: CEm > KPm, KAe > LUa, KAr.
Respirace po pridani glukozy je potlacena u KAr a LUa
z nedostatku N. Kontaminace Zn se projevuje obecné
snizenim ¢innosti dehydrogendz a depresi respirace po
piidani vojtésky u vsech pid. Jak Zn, tak i Cd vyvolaly
depresi respirace po pfidani glukozy u KAr.

Mezi zkoumanymi ptidami nalézame rozdily v rezimu N
(tab. III). Pfi minimdlnich rozdilech mezi aktudlnimi
obsahy N-NH; a obsahy N-NHj po inkubaci u viech pid
je tieba interpretovat vyrazné rozdily v N-NOj jako vy-
sledky vyrazné nitrifikace. Nejvyssi hodnoty bazalni
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i potencidlni nitrifikace u KPm je mozné vysvétlit
optimalizaci teplotniho reZimu u pudy pii vysoké Gcasti
mobilnich organickych latek.

U KAr a LUa dochazi vlivem Zn k potlaceni nitri-
fikace, jak je patrné ze zvySenych hodnot N-NHj a sni-
zeni N-NO; hodnot. Vysoké obsahy aktualniho N-NHj
jsou u téchto pid vyvolany dlouhodobym narusenim du-
sikatého cyklu ptitomnosti Zn v piidach. Tyto poznatky
potvrzuji velice nizké, u KAr dokonce zaporné hodnoty
potencialni nitrifikace. Tab. III a IV svéd¢i o skuted-
nosti, ze Zn se uplatiuje v relaci jeho relativni mobility
(100xMC/TO, MC — mobilni frakce v 0,01M CaCl,,
TO — celkovy obsah): KAr 61 %, LUa 57 %, KPm 10 %,
CEm 0,8 %. Kontaminace Cd ovlivnila nevyrazné pocet
nékterych mikroorganismi u pidy s nejvétsi zrani-
telnosti, s nejvyssi relativni mobilitou 29 % (Lua).

Vliv Cd na reZim N neni ve srovnani se Zn tak vy-
razny, naopak jeho pisobeni vyvolavalo u viech
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II1. Mikrobiologické a biochemické testy; piidy se simulovanou zitézi Cd, Zn a Ni (pokus €. 1) — Microbiological and biochemical tests; soils with a simulated pollution with Cd, Zn and Ni (experiment No. 1)

Mikrobidlni testy* (KTJ) Biochemie’ Amonizace" =, Nitrifikace'*
(mg N-NH} kg™") 8 (mg N-NO3.kg™)
'\8 2>.-’: 2;; §Z, *G
3| 3 | g .|e® |2 TEERE AR AR AR |5 [E |88 |2 |E |§%
fa| Za | 2o |f%a| 32 | BE| SE| £ | B 2 |2 |zs 2 |s | & |2E2
1 o (68| 18 | 195 2 48 | so0s 62 | 274 | 312 | 356 | 69| 097 | o012 320 |1203 | 259 | 372 | 1000 | 113
2 | CEm | Repin cd 2 | 167 6 46 | 285 s1 | 276 | 294 | 304 136 | 025 | 586 |1616 | 202 | 350 | 1580 | 149
3 Zn 21 30 3 33 | 395 39 | 243 | 263 | 303 09 | o012 526 |1288 | 216 | 325 | 784 | 109
4 0 |eol| 10 | 242 7 28 | 889 20 98 | 273 | 62 |60| o044 | 121 681 | 508 | 2723 | 379 | 468 | 105
5 | KAr | Kelské Vinice | Cd 9 | 207 5 19 | 116 21 68 | 263 | 39 098 | 098 591 | 644 | 251 | 368 | 611 | 117
6 Zn 8 | 137 7 25 | 846 | 55 s3 | 165 | 31 117 | 154 | ss55 | s31 | 120 | 48 06 | -7.1
7 o |s52| 11 | 269 | 159 33 | 388 48 | 441 | 318 | 224 |53| s03| 90 | 138 |3206 | 457 | 1993 | 3540 | 1536
8 | kPm | zhus cd 15 | 176 | 134 57 | 253 63 | 426 | 318 | 216 338 | 65 | 539 [2480 | 430 | 2083 | 2383 | 1653
9 Zn 30 | 225 | 17 65 | 345 38 | 452 | 262 | 212 2 | 105 | 910 [3138 | 356 | 2025 | 3425 | 1669
10 o |43 6 | 201 4 10 | 136 25 | 286 | 238 | 73 43| ou2| 106 | 528 [2415 | 527 | 770 | 1941 | 242
11 | Lua | Arnoltice cd 2 | 103 3 4 | 131 24 | 233 | 220 | 75 193 | 097 | 520 [2573 | 316 | 745 | 2087 | 429
12 Zn 1 87 5 28 23 1| 244 | 122 | 72 154 | 156 | 978 |1531 | s06 | 553 | 619 | a7
13 o 0o |62| 12 | 49 8 31 | 355 35 | 767 | 322 | 337 [62| 131 039| 460 [2792 | 286 | 1255 | 2619 | 969
gy | TS | Keif2 Ni 28 | 398 10 51| 317 28 | 820 | 302 | 355 128 | o067 | 307 |2813 311 | 1369 | 2819 | 1058

S1#-50% :(6) 000Z ‘9# ‘VAOIAA YNNITLSOY

inkubace a mineralizace 30 dni 30 days of incubation and mineralization
KTIJ = poéty jednotek tvoficich kolonic — CFU = colony forming units

* piidavek vojtésky ~ addition of lucerne meal (mg.C02.100 g™".h™")

** piidavek gluk6zy — addition of glucose (mg.C0,.100 g™ .h™")

CEm = calcic Chernozem

KAr = arenic Cambisol
KPm = cambic Podzol

LUa = glossalbic Luvisol
KAe = eutrophic Cambisol

'soil, *site, *contamination, ‘microbiological tests, *bacteria nutritive agar, “actinomycetes, ‘micromycetes, *oligotrophic bacteria, *biochemistry, ’dehydrogenases, 'microbial biomass C, “respiration, *ammonization,
"“actual, ““after incubation, 'after mineralization, 'total mineralization, "®nitrification, "nitrification potential




IV. Obsahy a mobility rizikovych prvki pted a po simulované zatézi Cd (10 mg.kg™) a Zn (500 mg.kg™") - Contents and mobilities of hazardous
elements before and after the simulated pollution with Cd (10 mg.kg™), Zn (500 mg.kg™)

Pida’ CEm KPm LUa KAr
0 +10 0 +10 0 +10 0 +10
TO 033 13,04 043 12,96 031 12,85 029 11,22
ED 0,14 13,10 0,15 9,28 0,12 10,66 0,04 7,03
Cd | mc 0,001 0,044 0,004 0563 0,034 3,710 0,090 1,00
ED/TO 424 100 349 71,6 387 829 13,8 626
MC/TO 030 034 093 43 11,0 289 310 891
0 +500 0 +500 0 +500 0 +500
TO 64 607 68 536 50 502 17 589
ED 15 327 4 347 4 482 3 293
| Me 0,14 2,63 025 54 1,28 258 0,68 179
ED/TO 234 53,9 59 647 8.0 96,0 17,6 49,7
MC/TO 022 0,80 037 10,1 26 56,8 40 61,1

CEm = calcic Chernozem
KPm = cambic Podzol

'soil

sledovanych piid mimé zvySeni potencialni nitrifikace.
Dusek (1995) tento jev vysvétluje narustem lehce pii-
stupnych Zivin pro ptdni mikroorganismy, které v pudé
vznikly usmrcenim senzitivnich druht vlivem Cd.

Ani kontaminace KAe ze svahovin cedict se zvySe-
nym geogennim obsahem kolem 50 mg.kg™ Ni davkou
150 mg.kg ' Ni v podobé rozpustné soli nevedla k de-
presi biologické ¢innosti pidy. Zvysila rozpustnost Ni
(100xMC/TO) z 0,24 % na 0,63 %. Svédci to o vysoké
odolnosti této pady vic€i Ni (o nizké zranitelnosti Ni).

Veskeré dosud uvedené ptipady potvrzuji vysledky
drivéjsi prace (Némecek et al., 1998), Ze Zn ma vyrazny
vliv na mikroorganismy v pofadi zranitelnosti pudy
timto prvkem, uréené vazbami Zn v jednotlivych pudach.

Druhy pokus se simulovanou zatézi byl rozsiten o va-
rianty kontaminované Cu a Hg, o variantu s ipravou pidni
reakce na pH 7 a o kambizem dystrickou s geogenni zatézi.

Na zakladé vysledkt druhého pokusu (tab. V) muze-
me opét konstatovat specifické projevy pidnich jed-
notek v poc¢tu mikroorganismi. Podle poctu bakterii (na
zivném agaru) lze pudy sefadit takto: CEm > KAd, KPm
> LUa > KPr. Nejcitlivéji reaguje azotobakter v poradi:
CEm, KAr, KAd, LUa a KPm. Oligotrofni bakterie
vykazuji toto pofadi ¢etnosti podle pH: KAd > LUa > KPm
> KAr, CEm, aktinomycety ve sledu: KPm > CEm >
KAr>KAd > LUa.

Vépnéni nejvyraznéji ovliviiuje poéty bakterii (Zivny
agar) u kyselych a okyselenych pid (LUa a KAd).
Nasleduji KPm a KAr. Pocty (KTJ) oligotrofnich bak-
terii jsou maximalné ovlivnény (stoupani obsahu) u KAd
a LUa, zfejmé mobilizaci mobilnich organickych latek.
Pocty aktinomycet rovnéz maximalné stoupaji po vépne-
ni u kyselych ptid (LUa, KPm a Kad).

Na pfidani stopovych prvki reaguji v tomto pokusu
stresem pudni organismy, hlavné po pridani Cu a Zn u LUa
a KAr, po pfidani Zn i CEm. K tomuto efektu nedochazi
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LUa = glossalbic Luvisol
KAr = arenic Cambisol

u KAd a KPm, vyznacujicich se vyraznéj$§im poutdnim
Zn i Cu do pevngjsich vazeb. U vépnénych variant je
tento stres do znaéné miry potla¢en u LUa. U KAd
a KPm se objevuje deprese po aplikaci Cd, ktera zfejmé
souvisi s vytésnénim Cd ze sorpéniho komplexu. Za-
jimavé je vyrazné zvySeni po¢tu KTJ u vSech sledo-
vanych mikrobidlnich skupin po aplikaci HgCl,, cozZ je
v naprosté shodé s poznatky, které ziskali Maliszewska
et al. (1985). Je to zfejmé zplisobeno selektivnim po-
tlacenim urcitych druhi, coz umoziuje rust jinych
rezistentnich druhii. Nejvyraznéjsi je toto zvyseni u oli-
gotrofnich bakterii u KAd a KPm u bakterii na ZA a azo-
tobaktera u LUa.

Cinnost dehydrogenaz a biomasa C (tab. VI) jsou di-
ferencovany takto: KPd, KPm > CEm > LUa > KAr.
Potencialni respirace sleduje poradi: CEm > KAd, KPm
> LUa > KAr. Nejniz8i hodnoty vykazuji LUa a KAr.
V bilanci pfemén N se mezi pidami vyznacuje CEm
omezenou bazalni mineralizaci ndsledovanou nitrifikaci
a vysokou potencialni mineralizaci, nasledovanou vyso-
kou nitrifikaci. Je to disledek systému s pfiznivou pidni
reakci, biologickou ¢innosti a vysokou stabilitou orga-
nickych latek. U LUa a KAd zjist'ujeme vyraznou bazal-
ni mineralizaci pfi omezeni nitrifikace, zejména poten-
cialni. KPm je charakterizovdna omezenou mineralizaci,
ale vysokou potencialni nitrifikaci. KAr se vyznacuje
nizkou mineralizaci a nitrifikaci. Nejndzornéji je vliv
jednotlivych rizikovych prvki na rezim N vyjadfen
podilem (%) N-NH; v potencialni mineralizaci N po
piidani vojtésky (tab. VII). Tento podil, odrazejici do
znaCné miry inhibici nitrifikace, zavisi obecné na pH
(nezatizena ptda, zatéz Cd). U Cu a Hg je tento vztah
modifikovan mezi LUa a KAd vzhledem k moZnosti vy-
tvofeni pevnéjsich vazeb téchto prvki u KAd. U Zn se
ve schopnosti inhibovat nitrifikaci pfidava vedle pH ab-
sence koloidi a na predni misto se dostava (spolu s KAd
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V. Mikrobiologické testy piid se simulovanou kontaminaci Cd, Zn, Cu, Hg (KTJ) — Microbiological tests of soils with simulated pollution with Cd, Zn, Cu, Hg (CFU)

Bez tipravy® pH

Po tpravé’ pH (7,0)

- ¢ 3 bakterie* bakterie
Pida Kontaminace — - = Azotobacter aklinom?!cety7 plisng® == > = Azotobacter | actinomycety plisné
Zivny agar’ oligotrofnf 10° 10° 10° zivny agar oligotrofni 10° 10° 10°
10° > 10° 10°
0 195 92 92 70 54 195 92 92 70 54
. cd 110 100 80 80 58 110 100 80 80 58
Repin Zn 50 47 71 38 10 50 47 71 38 10
pH =638 Cu 240 121 75 131 82 240 121 75 131 82
Hg 260 101 146 184 133 260 101 146 184 33
0 65 225 14 25 100 420 455 64 850 58
i cd 45 240 10 55 62 750 775 10 55 62
Arnoltice Zn 30 700 2 20 115 490 1410 2 20 115
pH =43 Cu 35 475 4 100 55 275 1600 4 100 55
Hg 320 410 129 255 106 670 620 129 255 106
0 135 300 25 50 129 220 3750 40 113 111
- cd 100 200 61 55 119 200 6950 50 73 119
Mikulov Zn 100 150 14 63 109 140 4050 14 63 109
PH =40 Cu 160 300 15 66 109 170 3650 15 66 109
Hg 80 1100 150 9% 86 150 1450 150 9 86
0 135 115 15 108 28 101 84 17 108 33
— cd 66 128 7 90 22 112 102 25 130 26
Zhik Zn 185 216 7 145 32 100 212 31 166 23
pH =52 Cu 61 219 1 117 26 130 173 23 111 27
Hg 452 1065 34 102 25 790 1375 54 227 38
0 50 86 40 65 58 74 81 50 90 59
- cd 58 56 43 37 36 70 75 57 70 40
Kelské Vinice Zn 30 21 7 17 29 53 72 34 49 52
PH =6,0 Cu 16 27 7 5 29 31 33 11 18 59
Hg 136 153 88 153 30 226 234 87 188 37

SIS0t (6) 000T ‘9% ‘VHOUAA YNNITLSOY

KTI = poéty jednotek tvoficich kolonie - CFU = colony forming units

'soil, *contamination, *without regulation, *bacteria, *nutritive agar, ®oligotrophic, "actinomycetes, *micromycetes, °after regulation

CEm = calcic Chernozem
LUa = glossalbic Luvisol

KAd = dystric Cambisol
KPm = cambic Podzol
KAr = arenic Cambisol
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VI. Biochemické testy pid se simulovanou kontaminaci Cd, Zn, Cu, Hg (pfepocteno na susinu) — Biochemical tests of soils with simulated contamination with Cd, Zn, Cu, Hg (in d.w.)

Bez tipravy® pH Po dpravé'® pH

“§T: B é & § § 8T G § . ki g
Piida’ Kontaminace® | .5 E‘;—‘ux £ E £ E £ =5 "é-'na g E '§ g g
No 9o ] = % . £ N 0o = . < = E
= oy HS ° £ £ = g E € ‘oo S == g = g g

o s — e iy O o e v o A i) FATRe Qin 0L o~ o~ e
2 = 8z R 85 =¥ ¥ E“‘; s, = K B 27 84 B ;‘?
SE 20 ER =2 2 S2 S2 . 2 5 & g0 Eg 2 =2 S o2 % 2
Z o S oo S o %m %cn Z. b0 Z. &b Zo 2o S o 5 b %Dﬂ %nb Z. ob Z. ob Z
SE RE | 0E zE zE zE z & 8> 3E 2E & z E zE z E z E ® >
0 48 21 238 0,20 237 220 938 0,3 48 21 238 938 0,20 2,37 220 0,3
CEm cd 56 25 138 0.81 263 | 267 697 04 56 25 138 | 697 0,81 2,63 267 04
Repin Zn 36 11 115 0,69 18,9 239 610 3,0 36 10 115 610 0,69 19 239 3,0
pH =68 Cu 36 14 238 1,31 1,55 263 619 0,3 36 14 238 619 1,31 1,6 263 0,3
Hg 30 19 84 0,17 0,89 289 527 0,2 30 19 84 527 0,17 0,89 289 0,2
0 19 9 132 64 169 243 217 44 33 7.1 - 241 3.2 0,55 298 0,2
LUa Cd 21 9 158 58 144 180 221 39 51 7,6 - 212 24 0,7 307 0.3
Arnoltice Zn 14 10 144 97 146 87 60 71 21 8,5 - 139 3.7 82,1 239 37:1
pH =43 Cu 9 8 148 94 307 87 104 75 19 8,2 - 172 1,3 8,1 241 4.5
Hg 14 8 140 97 268 83 110 71 41 8,2 — 131 65 90 150 40,8
0 67 16 314 46 271 222 216 56 167 19,2 - 627 4.7 1,9 339 0,3
KAd cd 59 15 302 40 263 | 263 264 50 146 17,0 = 634 52 23 341 04
Mikulov Zn 35 15 341 107 658 63 180 78 142 16,3 - 250 44 95 289 27,5
pH =40 Cu 23 14 262 98 494 143 209 70 93 14,4 - 211 9,3 87 293 293
Hg 42 15 206 89 296 172 224 57 156 16,0 — 270 4.5 3.8 320 1,4
0 48 15 302 3,8 152 657 678 18 62 15,6 - 746 4.7 6,6 700 0,9
KPm Cd 49 14 182 4,1 178 659 654 21 90 18,3 - 777 54 33 659 04
Zhiii Zn 43 16 175 103 259 478 483 35 59 17,2 - 812 6,6 8,7 667 1,1
pH =52 Cu 27 15 246 74 295 800 579 34 26 16,3 - 691 6,1 59 746 0,8
Hg 31 19 270 102 210 563 534 28 53 21,8 — 662 8.4 19,8 700 2,9
0 14 23 70 0,04 37 | 254 202 18 12 37 — 107 0.04 46 235 41
KAr Cd 11 3,0 74 0,04 37 272 152 24 11 3,7 - 158 0,56 23 226 1,4
Kelské Vinice Zn 2 1,6 53 86 71 57 22 76,1 7 1,6 - 81 83 13 85 13.8
pH =6,0 Cu 8 1,6 48 1,3 4.3 246 81 5,0 8 1,8 - 133 0,19 2,8 278 2,1
Hg 11 3,0 40 0,6 4,0 407 57 6,5 10 3,4 - 49 0,04 4,1 367 7,8

inkubace a mineralizace 30 dni — incubation and mineralization 30 days
mineralizace — pfidavek vojtésky — mineralization — lucerne addition

CEm = calcic Chemozem
LUa = glossalbic Luvisol
KAd = dystric Cambisol
KPm = cambic Podzol
KAr = arenic Cambisol

'soil, “contamination, *without regulation, “dehydrogenases, *potential respiration, “microbial biomass C,

"after incubation, *after mineralization, %in the total mineralization, "after pH regulation




VIL Vliv rizikovych prvki na podil (%) N-NHj v hodnotéich potencidlni mineralizace po pfidani vojtésky — Influence of hazardous elements on
the % ratio of N-NHj in values of the potential mineralization after the addition of the lucerne meal

Simulovand z4t&Z stopovymi prvky’

Piida’ Lokalita’ pH

0 Cd Zn Cu Hg
CEm Repin 6,8 0,3 04 3.0 0.2 1.8
KAr Kelské Vinice 6,0 1,8 24 76,1 5,0 6,5
KPm Zhuii 52 18,3 214 349 337 28,2
LUa Arnoltice 43 43,7 39,5 70,9 74,7 70,9
KAd Mikulov 4,0 55,7 49,8 78,5 70,3 56,9

rozdil sumy N-NH; + N-NO; na konci a zadatku 30denni inkubace — difference of the sum N-NHJ + N-NO;j at the beginning and at the end of

the 30 days incubation
'soil, site, *simulated pollution with trace elements

CEm = calcic Chernozem
KAr = arenic Cambisol

a LUa) lehka pada (KAr) pred kyselejsi KPm s vyraz-
nym zastoupenim volnych oxidt Fe. Cernozem pied-
stavuje stabilni systém, ktery pufruje dokonale zatéZe
rizikovych prvki.

Ovlivnéni biochemickych aktivit vapnénim se proje-
vuje nejvyznamnéji zvySenim aktivity dehydrogendz,
zejména u KAd, v mensi mife u KPm a LUa. Potencidlni
respirace neni podstatné ovlivnéna.

Simulovana kontaminace Zn, Cu a vétSinou i Hg se pro-
jevuje vlivem na biochemické aktivity zejména na aktivitu
hydrogenaz (obr. 1). Cinnost dehydrogenaz potladuje
hlavné pfidavek Zn a Cu, méné piidavek Hg. Odezva na
Cd je nevyznamna. Vapnéni tento efekt zmirtiuje.
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0 Cd Zn

KPm = cambic Podzol
LUa = glossalbic Luvisol

CEm Repin

KAd = dystric Cambisol

Vyznamné jsou stopovymi prvky ovlivnény transfor-
macéni procesy N, a to piedevSim nitrifikace. Nejvy-
raznéji se potladeni bazalni i potencialni nitrifikace
projevuje u nejkyselejsich pid (LUa a Kad). Ke stresu
prispiva zejména Zn, Cu a Hg, ale i Cd. Stres je potladen
véapnénim. U KPm vyvolal pfidavek Zn a Hg sniZeni
bazélni a potencialni nitrifikace, ptidavek Cu pouze
potencialni nitrifikace. Deprese je vyrovnana vapnénim.
KAr je charakterizovana pouze depresi bazalni a po-
tencidlni nitrifikace vlivem Zn. U CMm se slaby stres
projevuje pouze v potencialni nitrifikaci po pfidani Zn.
Tyto efekty souhlasi pfedevsim s pH.

O KPm Zhii B KAd Mikulov

Cu Hg

1. Vliv ptidavku rizikovych prvki na aktivitu dehydrogenaz — Influence of the simulated pollution of trace elements on the activity of dehydro-

genases
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Ceska potravinova legislativa

Soubor Ceské potravinové legislativy ve znéni zménovych prdavnich predpisit
s pFipadnymi komentdri, prithéiné aktualizovany v zavislosti na vyddvani novel
nebo novych predpisit, soustiedény v jednom svazku (jako veskerd relevantni
legislativa) véetné souvisejicich zakonit a provadécich vyhlasSek i s jejich zménami.

Materiél je vydavan formou volnych listl formatu A5, které se zakladaji do poradace
a v pripad€ zmén se vyménuji prislusné listy.

Prvni éast obsahuje konsolidované znéni tii nasledujicich provadécich vyhlasek
k zakonu o potravindch, jejichz novely byly vydany v breznu 2000:
220/1998 o posuzovani shody — s komentdiem
326/1997 o zmrazenych potravinach
335/1997 o nealkoholickych a alkoholickych napojich

Druha cast obsahuje 6 komoditnich vyhlasek novelizovanych v dubnu 2000:
327/1997 o mase, rybach, vejcich a vyrobcich z nich
328/1997 o mléce a vyrobcich
330/1997 o kavé a caji
332/1997 o ovoci, zeleniné, brambordch a houbach a vyrobcich z nich
333/1997 o mlynskych, pekarskych a cukrarskych vyrobcich a téstovinach
334/1997 o cukru, medu, cukrovinkach, kakau a cokoladé

Ve tieti éasti se predpoklada konsolidované znéni zakona 110/1997 Sb., jehoz novela
se v nejblizsi dobé ocekava, v dalsich dopliicich budou zpracovany komentare, ostatni

pisy, které budou postupné novelizovany.

Cena prvni ¢asti v rozsahu 90 stran 130 K¢
Cena druhé ¢asti v rozsahu 190 stran 180 K¢
Cena poradace (neni podminkou objednavky) 85 K¢

Material je mozné si objednat na adrese:

Ustav zemé&dglskych a potravinatskych informaci
Slezska 7, 120 56 Praha 2

kontaktni osoba: Ing. Sukova

tel.: 02/24 2579 39 1. 223, fax: 02/22 51 40 03
e-mail: vyziva@uzpi.cz

http://www.uzpi.cz
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RESPONSES OF MYCOFLORA AND SORGHUM TO PRE-PLANTING
SOIL INCORPORATION WITH LINURON HERBICIDE

REAKCE MYKOFLORY A CIROKU NA PREDSETOVE OSETRENI PUDY
HERBICIDEM LINURONEM

H. A. H. Hasan, M. A. Abdel-Sater

Faculty of Science, Assiut University, Egypt

ABSTRACT: The responses of soil fungi and sorghum to pre-planting soil treatment with three doses, 2, 10 and 20 kg
a.i./ha, of linuron were studied. The mycoflora was promoted after 1 week of soil treatment, but it was suppressed after
long periods especially with the highest dose. Linuron had promotion effect on shoot length and viability of sorghum at
zero and long time of soil treatment. Metabolic responses of three common soil-borne fungi to liquid medium treatment
with four concentrations, 10, 30, 70 and 100 ppm a.i., of linuron were studied. Mycelial growth, nitrate consumption,
extracellular protein and cellulase activity of Aspergillus flavus, Emericella nidulans and Nectria haematococca were
promoted by the lower doses and inhibited at the highest one. Ammonia was accumulated in the external medium of all
tested fungi at the higher concentrations. E. nidulans represents the best degrading fungus to linuron in liquid medium
and in soil.

Keywords: soil mycoflora; sorghum; linuron; pre-planting treatment

ABSTRAKT: Sledovali jsme reakci hub v piidé a ¢iroku na pfedset'ové osetieni pudy tfemi davkami linuronu (2, 10 a 20 kg
. l./ha). Prvni tyden po osetfeni byla piidni mykoflora stimulovana, po del$im obdobi, zejména u nejvyssi davky, byla
potlacena. Linuron mél stimulacni u¢inek na délku vyhont a zivotaschopnost ¢iroku na pocatku a po delsi dobé osetieni
pidy. Déle jsme sledovali metabolické reakce tii béznych pidnich hub v tekutém Zivném prostiedi ve Ctyfech koncen-
tracich (10, 30, 70 a 100 ppm 1. 1.) Niz8i davky stimulovaly u Aspergillus flavus, Emericella nidulans a Nectria haema-
tococca rist mycelia, spotfebu dusi¢nanli, mimobunécné bilkoviny a aktivitu celulazy, zatimco nejvyssi davka tyto
parametry inhibovala. Amoniak se pfi vysSich koncentracich akumuloval ve vnéjsim prostiedi vSech testovanych hub.
E. nidulans je houbou nejlépe odbourdvajici linuron v tekutém médiu i v padé.

Klitova slova: piidni mykoflora; ¢irok; linuron; pfedsetové oSetieni

INTRODUCTION

Herbicides are chemicals introduced into the soil
through pre-sowing, pre-emergence and post-emergence
treatments. They may alter the soil flora and may even
affect the other microbial processes adversely or other-
wise (Deshmukh, Shrikhande, 1974).

Linuron, 3-(3-4-dichlorophenyl)-1-methoxy-1-methyl
urea, is used as a pre-planting and pre-emergence herbi-
cide against annual gramineous and dicotyledonous
weeds at a rate of 4 kg of the formulation (2 kg a.i.) per
hectare (Gruzdyev et al., 1983). It significantly reduced
cotton wilt incited by Fusarium oxysporum f. sp. vas-
infectum and inhibited the activity of Rhizoctonia solani
and Sclerotinia sclerotiorum in soil (El-Khadem,
Papavizas, 1984; Radke, Grau, 1986).

Very little attention has been devoted to the problem
of physiological effects of linuron on specific crops and
soil-borne fungi. Thus, the aim of this work was to in-
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vestigate the physiological and ecological responses of
soil fungi and sorghum, to pre-planting soil treatment
with different levels of linuron. Also, the effect of li-
nuron on metabolic activities of three common soil fungi
in liquid medium and their ability to degrade it in soil
were studied.

MATERIAL AND METHODS

The soil was collected from the Botanical Garden at
Assiut University and transferred to the laboratory. Soil
samples were placed in polyethylene bags and thor-
oughly mixed with three doses of linuron (2, 10 and
20 kg a.i./ha). The water content of the soil was adjusted
to 25% of its water holding capacity. Treatments were
set up in duplicates and incubated at 28 °C for 10 weeks.
Water lost through evaporation was compensated
weekly.
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Determination of soil mycoflora: After 1, 3, 5, 7 and
10 week intervals, soil samples were taken for assaying
the soil fungi by the dilution-plate method of Johnson,
Curl (1972). Modified-Czapek’s agar medium in which
3% sucrose was substituted with 1% glucose was used.

Germination of grains: Sorghum grains were planted
in plastic pots, at zero time and 10 weeks of soil treat-
ment. The pots were irrigated with tap water enough to
keep the water content in soil at 60% of the holding ca-
pacity. The pots were incubated in dark at 28 °C for
6 days. The length of shoot system and percentage of ger-
mination were assayed for each treatment. The method
described by Nelson (1944) and modified by Naguib
(1965) was used for determination of water-soluble re-
ducing sugars.

Metabolic activity of common soil fungi: Three spe-
cies commonly isolated in the current work (4. flavus,
E. nidulans and N. haematococca) were used to study
the effect of linuron on their activities. 25 ml of cellulose-
Czapek’s liquid medium (g/l: carboxymethyl cellulose,
10; KNO,, 4; KH,PO,, 1; KCl, 0.5; MgS0,.7H,0, 0.5)
were dispensed in 100 ml Erlenmeyer conical flask. Af-
ter autoclaving, linuron was added to give final concen-
trations of 10, 30, 70 and 100 ppm a.i. A concentration
of 10 ppm is equivalent to the recommended dose of
2 kg/ha. Flasks were inoculated with 1 ml of spore sus-
pension from 7-day old cultures of tested fungi and incu-
bated as submerged cultures on a rotatory shaker
(150 r.p.m.) at 28 °C for 7 days. Mycelium was collected
on Whatman filter paper No. 1, washed with distilled
water, dried at 80 °C for 24 h and used for estimation of
mycelial dry weight. Culture filtrate was made up to
a known volume with distilled water and assayed for cel-
lulase activity, extracellular protein, ammonia and ni-
trate-nitrogen.

Estimation of nitrate-N: Nitrate was determined using
sodium salicylate method modified by Muller, Wide-
mann (1955).

Estimation of ammonia: Nessler’s reagent-tetraiodo-
mercuriate from which a yellow-orange complex of
oxidimercurammonium iodide is obtained (Baruah, Bar-
thakur, 1997). The intensity of the coloured complex
was measured on a spectrophotometer at a wavelength
of 410 nm.

Estimation of extracellular protein: Protein was deter-
mined according to the method described by Lowry et al.
(1951).

Estimation of cellulase activity: Endo-f-1,4-glucanase
(C, enzyme) activity was assayed according to the method
described by Nelson (1944) and modified by Naguib
(1965).

Biodegradation of linuron in soil: 4. flavus, E. nidu-
lans and N. haematococca were cultured in Petri-dishes
for 2 weeks on Czapek’s agar medium in the presence of
10 ppm linuron for fungal adaptation. The adapted cul-
tures were used for linuron degradation in soil. The soil
was air-dried, passed through a 4mm sieve and each of
100 g of nonsterile soil was packed in polyethylene
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bags. The soil was then re-moistened to 20%, to permit
good aeration, with sterile distilled water. The following
variants were set up in triplicate: soil + linuron (control),
soil + linuron + inoculum (test). Linuron was added at
10, 30 and 100 mg a.i./kg soil. The bags were incubated
at 25°C for 1 week. The available ammonia was extracted
with 0.2N Na,SO, and determined using Nessler’s reagent-
tetraiodomercuriate. The NH; produced by the fungi in
test was compared to the NH; produced in the control.

Statistical analysis of the results: Triplicate data of each
experiment were analyzed by one way analysis of vari-
ance (PC-state computer program).

RESULTS AND DISCUSSION

The selective effect of linuron on soil-borne fungi
was investigated at three doses (2, 10 and 20 kg a.i./ha),
the lowest one was the recommended dose by the pro-
ducing company. Linuron induced promotive effect on
the total count and counts of Aspergillus flavus, A. niger,
A. terreus, Emericella nidulans, Humicola grisea and
Nectria haematococca after 1 week of soil treatment
(Tab. I). By proceeding the incubation period, the herbi-
cide exerted promotive effect on: 4. fumigatus at me-
dium dose after 3 weeks, H. grisea at low and medium
doses after 5 weeks and N. haematococca at high dose
after 7 weeks, but inhibited the soil mycoflora after 3, 5,
7 and 10 weeks especially by the highest dose. Previ-
ously, Heinonen-Tanski et al. (1986) reported that,
linuron increased the total number of microorganisms in
soil. But recently, Leach et al. (1991) have suggested
that soil application of the linuron selectively inhibited
soil microflora.

The results in Tab. II show the effect of pre-planting
soil treatment with linuron on shoot length, germination
percentage as well as the reducing sugars of sorghum at
zero time and after 10 weeks of soil treatment. Shoot
length was significantly increased by linuron at zero
time and 10 weeks of treatment. Also, the reducing sugars
of germinated sorghum seeds increased at zero and long
time of soil treatment (Tab. II). However, percentage of
germination was decreased by all doses at zero time and
by 20 kg a.i. after 10 weeks of treatment. Thus, the viabi-
lity of sorghum increased by increasing treatment dose
of linuron at zero time. But after 10 weeks of soil treat-
ment, this promotion gradually decreased. This may in-
dicate the degradation of linuron and consumption of
urea by mycoflora after this time of incorporation.
Linuron (10 ppm equivalent 2 kg/ha) was degraded
through 1 week in soil especially by 4. flavus, E. nidu-
lans and N. haematococca (Fig. 1). This degradation
was achieved by measuring the ammonia liberated.

Effect of different concentrations of linuron on meta-
bolic activities of three common fungi (4. flavus, E. ni-
dulans and N. haematococca) in liquid was shown
in Tab. III. The mycelial growth was promoted by 10
and 30 ppm a.i. in both 4. flavus and N. haematococca.
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. Counts (colony forming units per mg dry soil) of common fungal genera and species after different periods of soil treatment with three doses of linuron herbicide

Fungal genera

Weeks after treatment

TTr-L1¥ +(6) 000T ‘9% ‘VHOYAA YNNITLSOY

? 1 5 10

and species

C L M H C L M H C L M H C L, M H c 1> M H
Total count 18.6 23.4*% | 26.4* | 34.6* | 59.2 34.8% | 29.4*% | 23.4* | 55.8 32.4% | 24.0% | 13.2*% | 48.6 43.8 38.2% | 34.0% | 534 28.8% | 22.6* | 17.4*
Aspergillus 10.2 132 12.6 14.8 24.6 21.6 18.6% | 12.0% | 47.4 15.6* 8.4% 6.6*% | 36.6 28.0% | 26.4* | 19.6*% | 36.6 21.6% | 16.2% | 13.2*%
A. flavus Link 0.6 1.2 1.8* 2.2 3.6 24 4.2 1.8* 38 5.4 24 1.2% | 18.6 9.6* 92 8.2* | 120 4.2% 1.8* 1%
A. fumigatus Fresenius 6.6 54 4.2% 3.0% 3.8 24 7:2% 3.6 10.0 4.2% 1.2* 1.8* 3.0 34 42 0.0* 42 1.2 8.4 4.8
A. niger V. Tiegh. 0.6 0.6 0.6 1.8* 6.6 8.4 54 4.2 6.0 1.8% 1.8% 1.8*% 4.8 4.2 4.2 0.0* 48 5.4 1.2% 1:8%
A. tamarii Kita - - - - - - = - = - - - - - - - 8.4 6.6 3.6* 1.2%
A. terreus Thom 24 6.0% 6.0% 7.8% | 10.0 8.4 2N 24% | 27.0 3.0* 2.4* 1.2* | 10.2 10.8 7.6 11.4 7.2 3.6% 1.2¢ 4.2%
Emericella 4.2 3.0 3.6 4.8 5.4 3.6% 0.6* 3.0 4.2 3.6 1.2% 1.2 1.2 12 1.2 6.6 4.2 1.6¥ 2:4%
E. nidulans (Eidam) 3.6 1.8 3.0 4.8% 54 54 3.6* 0.6* 1.2 24 2.0 12 1.2 1.2 1.2 1.2 4.2 1.8% 0.6*% 1.2
Vuillemin
Humicola grisea Traaen 1.2 4.2% 3.0* 3.6% | 108 4.3* 3.0*% 3.6% 1.8 6.0* 8.4* 1.2 3.0 1.2* 1.0* 0.6* 0.6 0.6 0.0 0.0
Nectria haematococca 1.8 0.6 3.6% 4.8*% 7.8 1.2% 0.6* 1.8* 1.8 3.0 1.8 3.0 1.8 2.4 3.0 7.2% 3.0 1.8 24 1.2*
Berk. & Brown
Penicillium - - - - - - - - 1.8 1.2 1.2 0.6* 9.0 9.2 2.4% 3.6* - - - -
P. chrysogenum Thom - - - - - - - - 1.8 1.2 1.2 0.6* 72 8.6 1.2 1.2* - - - -

C = control, L = low dose (2 kg/ha), M = medium dose (10 kg/ha), H = high dose (20 kg/ha); asterisked values mean significant difference from the control




1I. Effect of pre-planting soil treatment with different levels of linuron on shoot length, germination percentage and reducing sugar of sorghum

Periods after soil Doses Shoot length Percentage Vigour index Reducing sugars
treatment (kg a.i./ha) (cm) of germination (mg/g dry seed)
53 100 530.0 66
Zero time 7.4% 82 606.8* 7%
10 7:5% 84 630.0* 75
20 7.8% 85 663.0* 81*
0 4.3 70 301.0 33
10 weeks 59% 80 472.0* 43*
10 4.7* 75 352:5% 40*
20 4.7 65 305.5*% 33

* significant difference compared to the control
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Linuron added to soil (ppm a. L)

The higher doses (70 and 100 ppm) induced suppressive
effect on the three organisms. The consumed nitrate and
extracellular protein were also increased with the lower
doses but decreased by increasing of linuron concentra-
tion. Ammonia exerted in the medium due to linuron
degradation or nitrate reduction show significantly in-
crease by the higher doses especially with E. nidulans.
Previously, Naguib et al. (1982) noticed that the large
amount of ammonia nitrogen in patoran media is an indi-
cation of failure to incorporate it into organic nitrogen
and/or degradation of the mycelial organic nitrogen con-
stituents to simple ammonia.

Linuron increased cellulase activity at 10 ppm in E. ni-
dulans and N. haematococca and 30 ppm in A. flavus.
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1. Production of ammonia by fungal species after 1 week of soil treat-
ment with linuron at 25 °C

This indicates the improvement effect of linuron to the
soil fertility through hydrolytic process of plant residue.
But strongly decreased their synthesis or activity in all
tested fungi at 70 and 100 ppm a.i. This result agrees with
the finding of Ramanujam et al. (1978) who found that
phenyl carbamates strongly decreased cellulose degrada-
tion by Trichoderma viride, whereas this was corre-
sponding with an inhibition of the enzyme synthesis.

A. flavus, E. nidulans and N. haematococca were
adapted under laboratory conditions in the presence of
linuron. The 10 ppm of linuron (contains 2.4 ppm urea)
were completely degraded by the fungal species after
1 week of soil treatment (Fig. 1). Increasing concentra-
tion of linuron in soil retarded the fungal growth and this
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I11. Effect of different concentrations of linuron on mycelial growth, nitrogen metabolism and cellulase activity of three fungal species in liquid

medium
Nitrogen metabolism
Fungal species Doses Mycelial dry weight nitrate ammonia extracellular Cellulase activity
(ppm a.i.) (mg/25 ml) consumed produced protein (pg glucose/ml)
(mg/25 ml) (ng/25 ml) (mg/25 ml)

0 126 65.9 14 33 85.1

10 172* 81.0 11 T2 87.1
Aspergillus flavus 30 184* 41.3 15 12.0* 110.8*
70 93* 38.9% 40* 3.0 26.7%
100 94* 26.0% 38* 2.8 22i7%

0 167 743 13 43 714
10 136 87.2 19 59 93.0*
Emericella nidulans 30 108* 78.8 25% 535 47.2*
70 89% 36.6* 61% 39 36.2*
100 79* 11.8% 67* 3.2 31,9*

0 125 64.3 11 3.0 113.0
10 170* 81.0 19 53 150.7*

Nectria haematococca 30 132 83.0 13 4.8 88.0
70 77* 47.9% 23% 3.1 56.6%
100 72% 43.4* 34* 29 43.7*

* asterisked values mean significant difference from the control

was obvious by retreating its degradation. £. nidulans
represents the best degrading fungus of linuron in liquid
medium and in soil. In this respect, bacteria were able to
degrade isoproturon and chlortoluron as urea derivatives
(Cernakova, 1995).

As far as we are aware, references indicating the ef-
fects of linuron on the metabolism of fungi and sorghum
or other plants are not available. The bulk of results ob-
tained in the present study suggests that the recommended
rate (2 kg/ha) of linuron might promote the seedling
growth of weeds through affecting their metabolic bio-
synthesis and consequently increasing enzyme activities
and metabolism in a way similar to that obtained with sor-
ghum and fungal species. This promotion encourages the
use of these adapted fungal species in linuron degrada-
tion as well as plant residues in soil.

REFERENCES

Baruah T. C., Barthakur H. P. (1997): A textbook of soil anal-
ysis: soil fertility. Vikas Publ. House: 142-318.

Cernakova M. (1995): Biological degradation of isoproturon,
chlortoluron and fenitrothion. Folia Microbiol., 40: 201-206.

Deshmukh V. A.; Shrikhande J. G. (1974): Effect of pre- and
post-emergence treatment of herbicides on soil microflora
and two microbial processes. J. Indian Soc. Soil Sci., 22:
36-42.

ROSTLINNA VYROBA, 46, 2000 (9): 417-422

El-Khadem M., Papavizas G. C. (1984): Effect of the herbi-
cides S-ethyl diporpylthio carbamate and linuron on cotton
diseases caused by Rhizoctonia solani and Fusarium oxy-
sporum f. sp. vasinfectum. Pl. Pathol., 33: 411-416.

Gruzdyev G. S., Zinchenko V. A., Kalinin V. A., Stovtsov
R. L. (1983): In: Gruzdyev G. S., Leib G. (eds.): Herbicides
urea derivatives, in the chemical protection of plants:
390-401.

Heinonen-Tanski H., Siltanen H., Kilpi S., Simojoki P.,
Rosenberg C., Makinen S. (1986): The effect of the annual
use of some pesticides on soil microorganisms, pesticide
residues in soil and carrot (Daucus carota) yields. Pestic.
Sci., 17: 135-142.

Johnson L. F.,, Curl E. A. (1972): Methods for research on
ecology of soil-borne pathogens. Minneapolis, Burgess
Publ. Co.

Leach S. S., Murdoch C. W., Grdon C. (1991): Response of
selected soil-borne fungi and bacteria to herbicides utilized
in potato crop management system in Maine (USA). Amer.
Potato J., 68: 269-278.

Lowry O. H., Rosebrough N. J., Farr A. L., Randall R. J.
(1951): Protein measurement with the Folin phenol reagent.
J. Biol. Chem., 193: 256-275.

Muller R., Widemann O. (1955): Die Bestimmung des Nitra-
tions im Wasser. Jb. V. Wass., 22: 247-271.

Naguib M. I. (1965): Effect of ascorbic acid on respiration and
carbohydrate metabolism of Cunninghamella sp. Folia Mi-
crobiol., 70: 215-223.

421



Naguib M. 1., Haikal N. Z., Ali F. F. (1982): Effect of large
doses of patoran and diuron on growth and nitrogen meta-
bolism during the formation of fungi felts of Cunninghamel-
la echinulata. Egypt. J. Bot., 25: 13-22.

Nelson N. (1944): A photometric adaptation of the Somogyi
method for determination of glucose. J. Biol. Chem., 153:
375-380.

Radke V. L., Grau C. R. (1986): Effect of herbicides on carpo-
genic germination of Sclerotinia sclerotiorum. Pl. Dis., 70:
19-23.

Ramanujam T., Batistic L., Bellinck C. (1978): Effect of herbi-
cides on the decomposition of cellulose by Trichoderma vi-
ride in soil and in vitro: Influence on the activity of cellulase.
Rev. Ecol. Soil, 75: 159.

Reccived on Scptember 29, 1998

Corresponding author:

Dr. H. A. H. Hasan, Botany Department, Faculty of Science, Assiut University, Assiut, A.R.E.71516, Egypt,

e-mail: yzhasan@yahoo.com

422

ROSTLINNA VYROBA, 46, 2000 (9): 417-422


mailto:yzhasan@yahoo.com

STANOVENI ZMENY PRODUKCNIHO POTENCIALU JARNIHO
JECMENE S VYUZITIM RUSTOVEHO MODELU CERES-BARLEY

CHANGE OF SPRING BARLEY PRODUCTION POTENTIAL USING CROP
MODEL CERES-BARLEY

Z. Zalud', M. Trnkal, M. Dubrovsk)"2

Mendel University of Agriculture and Forestry in Brno, Czech Republic
2Institute of Atmospheric Physics, Academy of Sciences of the Czech Republic,
Hradec Kralové, Czech Republic

ABSTRACT: The main goal of this work was to determine a production potential of spring barley at the given location
and its possible changes related to the climate change. The experimental field used for CERES-Barley model validation is
situated in the potato-growing region, 560 meters above sea level. Stochastic weather generator Met&Roll was used to-
gether with GCM-based climate change scenario to prepare input weather data for the crop model. Sensitivity analysis
was performed to reveal the role of key meteorological elements in spring barley production process. This approach
makes possible to pinpoint and quantify influence of these weather elements and may help in search for adaptation meas-
ures. It was found that the positive direct effect (through higher intensity of photosynthesis) of increased ambient CO,
concentration will be overwhelmed by yet stronger negative indirect effect due to changed climate conditions. In combi-
nation of both effects, the stressed yield of spring barley will be reduced by 14% in doubled CO, conditions. This de-
crease is mainly due to increased air temperature which shortens the growing period. The barley production potential
(ratio of stressed to potential yields) in this location will decrease from present 72 to 60% in 2xCO, conditions when
both direct and indirect effects are considered.

Keywords: spring barley; production potential; crop model; climate change; sensitivity analysis

ABSTRAKT: Cilem piispévku bylo posoudit moZny vyvoj produkéniho potencidlu jarniho je¢mene ve vztahu ke zméné
klimatu. S vyuzitim ristového modelu CERES-Barley, ktery byl validovan pro podminky bramboraiské vyrobni oblasti,
stochastického generatoru Met&Roll a na GCM (General Circulation Model) zaloZzeném scénafi klimatu byly pfipraveny
denni meteorologické série pro 1,5xCO, a 2xCO, klima, které byly pouzity jako vstupni data pro ristovy model. Vyznam
jednotlivych meteorologickych prvki v produkénim procesu jarniho je¢mene byl testovan uplatnénim princip citlivostni
analyzy, nebot’ pravé tento pfistup miiZe usnadnit hledani nejvhodnéjsich adaptaénich opatieni. Modelovymi vypoéty
bylo zji§téno, Ze pozitivni pifimy efekt (zména koncentrace CO,) bude méné vyznamny neZ negativni nepfimy efekt (zmé-
na klimatickych podminek). Kombinace obou vlivli vykazuje redukci stresovaného vynosu o 14 % v podminkach 2xCO,
klimatu. Zji§téné sniZeni je pravdépodobné zplsobeno zkricenim doby ristu, jehoZ pfi¢inou je oekavané zvyseni teplo-
ty. V podminkdch 2xCO, klimatu klesne podle uskuteénénych simulaci produkéni potencial jarniho jeémene (pomér mezi
stresovanym a potencialnim vynosem) ze soudasnych 72 na 60 %.

Klifova slova: jarni je¢men; produkéni potencial; ristovy model; zména klimatu; citlivostni analyza

UVOD (Wit, 1986). Vyvoj v této oblasti trva vice nez tficet let

a pfinasi nejen velmi zajimavé poznatky, ale skryva

Rozvoj vypocetni techniky a rostouci mira poznani
jednotlivych prvki agrosystému stoji v pozadi sou-
Casného stupné vyuzivéani technologie pocitacovych
simulaci. Tato metoda védecké prace muze byt vyuzita
v plné mife jen tehdy, je-li k dispozici dostate¢né mnoz-
stvi poznatk a dat o zakladnich souéastech agro-
systému, resp. o jejich vzajemnych vazbach a zaroven
existuje moznost integrace téchto udaju v jeden celek
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v sobé& potencidl srovnatelny s objevy minerdlniho
hnojeni ¢i chemické ochrany rostlin.

Na zakladé vystupt ristovych modeld lze ucinit kva-
lifikovangjsi rozhodnuti, nez bylo mozné v minulosti, at’
jiz jde o rozhodnuti globalni, napf. posouzeni dopadi
naristu produkce sklenikovych plyni a nasledné mozné
zmény klimatu na péstovani rostlin (Iglesias, 1995;
Semenov, Porter, 1995; Wolf, Diepen, 1995), nebo o roz-
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hodnuti denni praxe, jako napf. volba nejvhodnéjsich
agrotechnickych opatieni (Wolf, Keulen, 1989; Easter-
ling et al., 1992).

Cilem préce bylo:

— Provést validaci modelu CERES-Barley (Hoogen-
boom et al., 1994) porovnanim simulovanych a real-
nych vynost a srovnanim simulované a realné doby
vegetace v obdobi 1985 do 1994.

— Pomoci simulaci modelem CERES-Barley a pfi po-
uziti syntetickych meteorologickych fad pfipravenych
stochastickym generatorem Met&Roll (Dubrovsky,
1996a, b) posoudit dopad oéekdvané zmeény klimatu
na rust a vyvoj jarniho je¢mene v testované lokalité.
Parametry generatoru jsou odhadnuty z pozorovanych
fad a modifikovany v souladu se scénatem zmény kli-
matu (NemeSova et al., 1999) zaloZzeného na vystupu
z modelu GCM ECHAM3/T42 (obr. 1).

— Stanovit index produkéniho potencidlu pro 1XCO, a
2xCO, klima jako podil mezi stresovanym a poten-
cialnim vynosem.

— Provést citlivostni analyzu vystihujici vztah jednotlivych
meteorologickych prvki k riistu a vyvoji jeémene.

MATERIAL A METODY

Pedologick4 a klimaticka charakteristika
pokusného mista

Zku$ebni pozemky se nachazeji v bramboraiské oblasti
(lokalita Domaninek, 49° 32° S§, 16° 15’ VD) v nad-
mofiské vySce 560 m. Pidni typ byl stanoven jako ty-
picka kambizem — varieta kyseld [morfologicky klasifi-
kaéni systém pud MKSP (Hrasko et al., 1991)], pidni
druh hlinitopis€ity. Pidnim substratem je pro tuto ast
Ceskomoravské vyso&iny deluvium svorové ruly (tab. I).

Primérna roéni teplota lokality ¢ini 6,5 °C. Zajisténi
zavlahy polnich kultur je ve vétSiné let dostatecné,
primérny roéni Ghrn srazek dosahuje 651 mm, coz je
déno piedev8im nadmotskou vyskou a zemépisnou
polohou. Chod primérnych mésiénich teplot a primér-
nych uhrni srazek za normalové obdobi (1931 az 1960)
je zachycen v tab. IL

Jako testovanou odriidu jsme zvolili Orbit, coZ je ne-
sladovnicka, polorana aZ polopozdni odriida nizkého
typu, vhodna do vSech poloh. Zrno je stfedné velké az
mensi. K hlavnim pfednostem patfi vynosové stabilita
(Parizek, Jurecka, 1996).

Struény popis modelu CERES-Barley

Model CERES-Barley se fadi do skupiny dynamic-
kych, vseobecnych, vysvétlujicich a verifikovatelnych
ristovych modeli. Model se sklddd ze soubor pod-
porujicich vstupni tdaje, samotnych matematickych
vztahli vyjadfujicich procesy ristu a vyvoje a soubort
tvoficich vystup z uskute¢néné simulace.

Existuji ¢tyfi skupiny vstupnich dat, a to data meteo-
rologicka, fyziologicka data a parametry, data pedo-
logicka a informace o agrotechnice. Jakdkoliv simulace
neni mozné bez ziskani a parametrizace dat ze vSech étyf
skupin. Vstupni meteorologickd data musi zahrnovat
denni udaje o maximalni a minimdlni teploté, srazkach
a globalni radiaci. Vétsina fyziologickych charakteristik
pouzité odridy je obsazena v genetickych koeficientech,
které vystihuji jejich klicové vlastnosti. Informace o ptd-
nich podminkach byly ziskany z padni sondy (tab. I).
Nezbytné agrotechnické informace zahrnuji jak data
seti, vzchazeni a sklizné, tak i Gdaje o mnozstvi a zpi-
sobu hnojeni, zpracovani pidy apod. (Trnka, 1999).

Model bere v tvahu nékolik procesu soucasné, tak
aby zajistil co nejvétsi soulad se skutecnosti. Simulace
probiha v nékolika na sebe navazujicich krocich:

— fenologicky vyvoj a prubéh jednotlivych fazi,

— tvorba biomasy list, stonku a kofent a jeji rozdéleni,

— stav pudni vlahy a vyuziti vody rostlinou,

— odbér pidniho dusiku a jeho distribuce jednotlivym
organim.

I. Chemicka analyza vzorkl z diagnostickych horizont — Chemical
analysis of soil samples from the diagnostic horizons

Horizont' Agp By c
Hloubka® (m) 0-0,28 0,28 - 0,58 0,58 -+
Obsah humusu® (%) 1,30 0,41 0,18
Kationtovd vyménna 103,8 91,4 88,0
kapacita* (mekv/kg)

pH (H,0) 95 57 %/
pH (KCI) 4.7 53 53
Obsah fosforu® (mg/kg) 90 13 13
Mehlich II ’

Obsah drasliku® (mg/kg) 235 89 89
Mebhlich II

'horizon, depth, *humus content, “cations exchangeable capacity,
*content of phosphorus, ®content of potassium

II. Primémé mési¢ni teploty a primémé Ghmy srazek za normélové obdobi (1931 az 1960) — Standard monthly mean temperatures and

precipitation (1931 to 1960)

Mésic! I 2. 3 4, 5 6 7 8 9, 10 11 12
Prim&ma teplota® (°C) -39 | =25 14 6,2 119 | 146 | 166 | 156 | 11,8 | 66 14 | -20
Uhrn srazek® (mm) 42 37 32 47 64 75 77 80 53 54 49 41

'month, mean temperature, *precipitation
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Vystupni data obsahuji informace o nadzemni susiné
a v ni obsazeném dusiku a informace o stavu pro
rostlinu dostupné vody a dusiku v piidé. Mnohé dalsi
informace jsou pfistupné v prostfedi DSSAT, ve kterém
model pracuje. Model je schopen simulovat nejen vynos
limitovany vodou a zivinami, ale téZ vynos potencidlni,
pii¢emz umoziiuje v obou vynosovych urovnich pouziti
citlivostni analyzy, a tim posouzeni vlivu jednotlivych
vstupnich daji na vystupni charakteristiky.

Spojeni modelu CERES-Barley
a scénaru klimatické zmény

Zdvojnasobeni obsahu sklenikovych plyni v atmo-
sfére vyvola podle souc¢asnych znalosti narist primérné
globalni teploty o 2,5 °C (Houghton, 1998) a s tim
souvisejici zménu klimatu. Problém, ktery je tfeba fesit,
je vliv této zmény na vynosy dilezitych zemeédélskych
plodin.

Pro kazdy jednotlivy scénaf klimatu a kazdou referenc-
ni koncentraci CO, (obr. 1) byla pro stanici Domaninek
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1. Scénai zmény klimatu pro 2xCO, (rok 2075); d[E(TMAX)]
a d[E(TMIN)] jsou aditivni zmény pramérnych hodnot dennich
maximdlnich a minimalnich teplot, d[s(TMAX)] a d[s(TMIN)] jsou
multiplikativni zmény smérodatnych odchylck TMAX a TMIN;
d[SRAD] jsou multiplikativni zmény primérné hodnoty i smérodatné
odchylky dennich thmi globélniho sluneéniho zafeni; d[PREC] jsou
multiplikativni zmény dennich uhrnd srazek — Climate change
scenario for 2xCO, (year 2075); d[E(TMAX)] and d[E(TMIN)] are
additive changes of the means of daily maximum and minimum
temperatures; d[s(TMAX)] and d[s(TMIN)] represent the multi-
plicative changes of standard deviations of TMAX and TMIN;
d[SRAD] are the multiplicative changes of the mean and standard
deviation of daily sums of global solar radiation; d[PREC] is the
multiplicative change of monthly precipitation sums

provedena 99leta modelova simulace vynosové fady,
z niz pak byly odhadnuty vybrané statistické charakteris-
tiky. V této simulaci byly pouZity syntetické meteoro-
logické fady vytvofené generatorem Met&Roll, pficemz
zmény parametri generatoru odhadnuté z pozorované
fady (Domaninek, 1967 az 1997), rok 1995 byl vynechan

ROSTLINNA VYROBA, 46, 2000 (9): 423-428

(ptistroje na meteorologické stanici byly dlouhodobé
poskozeny), byly modifikovany v souladu se scénafem
zmény klimatu odvozeného z vystupu GCM (General
Circulation Model) modelu ECHAM3/T42 (NemesSova
et al., 1999). Zadné adaptace odrid jarniho jeémene na
zménéné podminky (delsi vegetacni doba, vyssi kon-
centrace CO,) nebyly do této citlivostni analyzy zahmuty.

Uréeni indexu produkéniho potencidlu

Analyza byla provedena jak pro realny, tak i pro po-
tencialni vynos. Rozdil mezi potencidlnim vynosem
a realitou miZe byt vyznamnym ukazatelem pro posou-
zeni zmény produkéniho potencidlu daného uzemi.
Zavedeni indexu produkéniho potencidlu Z (%), jakoZto
podilu mezi realnym (RV) a potencialnim vynosem
(PV):

g=2 16 M
PV

umozni vyjadfit miru limitujicich faktorl a jejich zmény
v ramci zmény klimatu. Cim vice se hodnota indexu bli-
zi jedné, tim vyssi je relativni efektivnost jednotlivych
agrotechnickych faktor.

VYSLEDKY A DISKUSE

Model CERES-Barley byl uspéiné validovan s pomoci
experimentélnich hodnot doby vegetace (zaseti — fyzio-
logicka zralost) a vy$e vynosu (Trnka, 1999). Jako expe-
rimentalni data byly pouzity vysledky odridovych
pokust s odriidou Orbit v letech 1985 az 1994. Pro ilust-
raci uvadime vysledky validace doby vegetace (obr. 2).

Jako typicky ro¢nik pro posouzeni pfimého (zvysené
koncentrace CO,), nepfimého (zmény meteorologickych
podminek) a kombinovaného vlivu zvyseni hladiny CO,
v atmosféfe na produkéni potencidl jarniho jeémene byl
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skute¢na doba vegetace

2. Validace doby vegetace; pfimkou je vyznagena linearni regresni
zavislost mezi dobou vegetace pozorovanou a simulovanou (limi-
tovanou vodou a zivinami); ¢isla v krouzku reprezentuji jednotlivé
roky — Validation of the vegetation period; the straight line represents
the linear regression function relating the observed and simulated
lengths of the vegetation period (water and nutrients limited); each
year is marked as number in the middle of the ring
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vybrén z diivodu Uspésné validace rok 1993. Z obr. 3
vyplyva nékolik dileZitych zavéri, které naznaduji prede-
v§im pravdépodobné sniZeni vynosu jarniho je¢mene

12 [2xCozkima ] | i =
wl [ ] ] e S
N 2 [[75xCOZKima = ‘S
O 1.5x g T g o] c
O 1x 1 i ! 3
>, 2 |[ixcozKima | T |5}
1.5x ———T o
% 1x ] l —
= 3 I
\ 2x
Q45 =" >
8 x ] T ["2xCO2kiima_| g
£ X ——— T >
= 1.5x I " (=)
© i - [ 1.5xCO2kima || @
(2] - ' [ | &
I T —T i | [1xCO2kima || ¢
0 3000 6000 9000 12000

vynos zra (kg/ha)

3. Stresované a potencialni modclové vynosy je¢mene pii riznych
trovnich primého a nepfimého vlivu CO,; vodorovné pasy vyznacuji
5., 25. (dolni kvartil), 50. (median), 75. (horni kvartil) a 95. hodnotu
z 99 simulovanych vynosi pii pouziti 99lcté syntetické meteoro-
logické fady; ostatni vstupni data odpovidaji roku 1993, ktery byl
vybran jako reprezentativni; dolni polovina grafu zachycuje vynosy
v podminkach limitovanych vodou a Zivinami a horni polovina
vynosy potencidlni — Stressed and potential model yicelds of barley
simulated under various levels of direct and indirect effects of in-
creased CO,; the horizontal bars represent the quartiles [5t, 25t
(lower quartile), SO™ (median), 75" (upper quartile) and 95"] from
the set of 99 yields simulated with use of 99-year synthetic daily
weather series; the other crop model input data are based on year
1993 which was selected as a representative year; the bottom part of
the graph displays the water and nutrient limited yields, the top part
displays the potential yields

v této lokalité v podminkach zvySené koncentrace CO,
(ptiblizné o 14 % pii 2xCO,). Hlavnim ¢initelem zptiso-
bujicim tento pokles bude zména klimatickych podminek —
v disledku samotného nepiimého vlivu by realné vynosy
poklesly cca 0 45 %. Tento pokles vynost nevyrovna ani
fertilizacni efekt zvySeni koncentrace CO, v atmosféfe.
Pfi zachovani soucasného stavu klimatu a zvyseni
koncentrace CO, by se piimy vliv CO, projevil pomémé
znaCnym zvySenim vynost. Podle udaji z literatury jsou
C; rostliny podstatné vice stimulovany vys$simi kon-
centracemi CO, nez C, rostliny. Kostrej et al. (1998)
uvadéji, ze pii dvojnasobném zvyseni CO, (na 662 ppm)
vzroste rychlost fotosyntézy u C; rostlin o 28 %, zatimco
u C, rostlin jen o 9 %. V nasem piipadé by pfimy vliv
zvySené koncentrace CO, zplisobil nériist potencial-
niho vynosu piesné o 14,1 % pii koncentraci 1,5xCO,
a0 27,7 % pii koncentraci 2xCO,. Uvazujeme-li kombi-
novany vliv CO,, lze podle simulaci uskuteénénych
v souladu se scénafem zmény klimatu oekdvat mirné
zvy¥eni potencialnich vynosi, a to pfiblizné o 4 %.
Index produkéniho potencidlu Z zachycuje miru vy-
t&znosti limitujicich faktord. Cim vice se hodnota indexu
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blizi jedné, tim vyssi je dosazena efektivita jednotlivych
(mj. 1 agrotechnickych) vstupi. S ristem CO, se hodno-
ta Z snizuje (tab. III), coz je zpusobeno poklesem vy-
nost v podminkdch limitovanych vodou a Zivinami
a nériistem vynosu potencidlnich. V konecném duisledku
pokles indexu potencidlu znamend zvySeni nakladu,
které bude muset farmat vynalozit na udrZeni soucasné
vynosové hladiny. V ptipadé lokality Domaninek je hod-
nota lecoz =1 72,3 %, ZI,S‘C02= 67,9 % a ZZ'C02= 59,7 %.
Obdobné studie pro psenici a kukufici provedli Zalud et
al. (1999) a Dubrovsky, Zalud (1999).

I11. Zména produkéniho potencialu (%) v zavislosti na velikosti pfimého
a nepfimého vlivu zvySené koncentrace CO, - Change of the produc-
tion potential (%) depending on the direct and indirect effects of
changed CO; concentration

Primy vliv'
(zména obsahu CO, v atmosféie?)
Nepiimy vliv? (zménéné 1xCO, 1,5xC0O; | 2xCO,
klimatické podminky*) (soucasny stav®)
1xCO; (soudasné klima®) 100,0 109,0 1158
1,5xCO;, 85,1 93,9 101,3
2xCO, 68,0 75,7 82,6

'direct effect, *change of CO, concentration in atmosphere, “indirect
effect, *changed climatic conditions, *present concentration, *present
climatic conditions

Z obr. 3 lze rovnéz odvodit zvyseni variability vynost
v podminkéach limitovanych vodou a Zivinami, coz
odpovida ocekavanému naristu Cetnosti vyskytu
extrémnich jevi, predeviim dlouhych bezesrazkovych
period. Lokalita Domaninek se vyznacuje zavislosti
produkce na rovnomérném rozlozeni srazek béhem
vegetacniho obdobi, protoze s ohledem na pudni pod-
minky a vy$ku hladiny podzemni vody nelze uvazovat
0 jiném zdroji vldhy.

Vliv zmén jednotlivych meteorologickych prvku
a koncentrace CO, je prezentovén na obr. 4. Jde o souhn
vysledki citlivostni analyzy, kterd zahrnovala nejen
dopady zmén jednotlivych faktora, ale i nékterych jejich
kombinaci. Z obr. 4 je pfedev§im patrné, ze zmény jed-
notlivych meteorologickych faktorli ve vétsiné piipada
vedou ke zvySeni variability vynosi. Vzestup teplot
vede ke sniZeni vynosu, coz lze vysvétlit zkracenim
vegetacni doby pfi vyssich teplotaich (McMaster, 1996;
Moot et al., 1996). Zkraceni vegetaéni doby v koneéném
dusledku znamend i méné Casu na tvorbu biomasy.
Pouha zména srazkovych uhmu v souladu se scénatem
zmény klimatu by vedla jen k nevyznamnému zvySeni
vynost, pficemZ kombinace zmény srazek a zvySené
koncentrace CO, by vynos vyznamné zvysila, a to pfiblizné
0 44 %. Toto zvyseni lze pravdépodobné pridist vyssi pro-
dukeéni efektivnosti vyuziti vody rostlinou, tzv. WUE (wa-
ter use efficency) v podminkach vyssi koncentrace CO,.
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4. Vynosy jarniho je¢mene; analyza citlivosti na zmény klimatickych
charakteristik; jednotlivé pary pruhd (vyznam pruhi viz obr. 3) se
vztahuji k soucasné¢ (330 ppm) a dvojndsobné koncentraci CO,;
v dolni poloviné jsou zachyceny vodou a Zivinami limitované vynosy,
v horni poloviné vynosy potencidlni — The yields of the spring barley;
analysis of the sensitivity to changes in climatic characteristics; the
pairs of the bars (see Fig. 3 for the meaning of the bars) represent the
yields modelled in present (330 ppm) and doubled ambient CO,; the
bottom part of the graph displays the water and nutrient limited yields,
the top part displays the potential yields

Scénafe — Scenarios:
soucasné klima — present climate

2xCO; = modifikace viech faktori podle scéndfe zmény klimatu
(obr. 1) — the parameters of the gencrator arc modified according to
the 2xCO; climate change scenario (Fig. 1)

srézky konstantni = jako 2xCO,, jen srazky zlstédvaji nezménény — as
2xCO3, but the precipitation are unmodified

pouze srazky = pouze zména srazek — only precipitation is modified

pouze radiace = pouze zmény charakteristik globalni radiace — only
solar radiation characteristics arc modificd

pouze teplota = pouze zmény teplotnich charakteristik — only tem-
perature characteristics are modified

var=konst = jako 2xCO,, alc standardni odchylky TMAX, TMIN
a SRAD ziistavaji nczménény — as 2xCO, but the standard deviations
of TMAX, TMIN and SRAD arc left unmodified

Z analyzy zmén potencidlniho vynosu lze usoudit na
vysokou citlivost jarniho je¢mene na zvySeni hodnot
globalni radiace. Jarni je¢men je obilnina, ktera ve srov-
nani s ostatnimi C; rostlinami je pfedevsim ve fenoféazi
kveteni relativné naro¢néj$i na jeji intenzitu. Napf.
McMaster (1996) zavadi do svych modelovych simulaci
produkéniho procesu jeémene modul nazvany svételny
stres. Tento jev, projevujici se pfedevsim v oblastech
s vy$8i nadmofskou vySkou, miize byt z pohledu ristu
a vyvoje jarniho je¢mene v fadé testovanych variant
jednim z rozhodujicich faktorti produkéniho procesu.

Kombinace zvySené radiace spolu s naristem kon-
centrace CO, by zvedla troven potencialniho vynosu o vice
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nez 30 % v porovnani se souCasnosti. Opacné se pak
i zde projevuje zvySeni teploty, které s sebou nese jiz
zminéné zkraceni vegeta¢ni doby. Zajimavym jevem je
sniZeni variability potencialniho vynosu, coz neptimo
potvrzuje, ze hlavnim meteorologickym ¢initelem, ktery
bude za zvySujici se teploty ovliviiovat hospodaieni
v této oblasti, bude rozloZeni srazek béhem vegetaéniho
obdobi.

ZAVER

Porovnani s podobnymi pracemi ukazuje, Ze v né-
kterych rysech se chovani jarniho je¢mene ve zméné-
nych klimatickych podminkach podobd jinym plodinam,
v jinych rysech se naopak lisi. Podobné jako u dalSich
regiondlnich studii nap¥. pro kukufici (lokalita Zabéice,
odriida Dea, model CERES-Maize) a psenici (lokalita
7Zabgice, odriida Hana, model CERES-Wheat) (Zalud et al.,
1999) plati:

— piimy vliv zvy3ené koncentrace CO, je pozitivni,

— neptimy vliv zvySené koncentrace CO, je negativni
(pouze v pripadé kukufice a potencidlniho vynosi je
nepfimy vliv pozitivni),

— velikost ptimého i nepfimého vlivu je u stresovanych
vynosi VEtsi nez u potencidlnich vynosu,

— zvySeni teplot vede ke zkraceni vegetacni doby, a tim
ke sniZeni vynosi v disledku zkraceného ¢asu na
tvorbu biomasy,

— zvySeni thrnd slunecniho zafeni zvysi potencidlni
Vynosy.

Na rozdil od kukufice je negativni nepfimy vliv vy-
razné€jsi nez pozitivni pfimy vliv, coZ znamené Ze pii
kombinaci obou vlivli lze v podminkach 2xCO, oCeka-
vat snizeni vynost je¢mene. Z vysledki simulaci pfi
pouziti modelu CERES-Wheat (odriida Hana) v lokalité
Zabéice (kukufiéna vyrobni oblast) dale vyplyvé nartist
hodnoty indexu produkéniho potencialu, jehoz hodnota
se méni z 59 % pro 1xCO, klima na 64 % pro 1,5xCO,
klima a na 69 % pro 2xCO, klima. Pfi simulacich s mode-
lem CERES-Barley byl naopak zjistén pokles indexu Z
s rostouci koncentraci CO, (ze 72 % pro 1xCO, klima
na 60 % pro 2xCO, klima).

Veskeré nami dosazené vysledky podporuji teorii, Ze
dopady klimatické zmény je nutné fesit v zavislosti na
lokélnich podminkéch a pfi pripadné generalizaci postu-
povat nanejvys obezietné.

Podékovani
Autofi ¢lanku dékuji pracovnikiim spolecnosti
Zemservis, s. T. 0., zkuSebni stanice Domaninek za po-

skytnuti zakladnich dat. Vysledkl bylo dosazeno za
podpory GA CR (projekt &. 521/97/P089).
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INFORMACE - STUDIE — SDELENI

PHOSPHOLIPID AND FATTY ACID COMPOSITION
OF TOBACCO SEEDS

FOSFOLIPIDOVE A AMINOKYSELINOVE SLOZENI SEMEN TABAKU

M. Zlatanovl, N. Menkov?

;Department of Organic Chemical Technology, University of Plovdiv, Bulgaria
Department of Process Engineering, Higher Institute of Food Industry, Plovdiv, Bulgaria

ABSTRACT: Phospholipid and fatty acid composition of seeds of two Bulgarian species of tobacco are presented. The total
content of glyceride oil in Rila 89 (oriental) and Coker 254 (Virginia) tobacco seeds was found to be 34.5% and 39.0%,
respectively. The general content of phospholipids is 0.3% in both samples. Phosphatidylinositol (21.2% and 30.5%),
phosphatidylcholine (25.5% and 11.4%) and phosphatidylethanolamine (7.7% and 14.1%) predominate in the phospho-
lipid fraction. The main fatty acid components in the seed glyceride oils are linoleic acid (48.8% and 14.9%) and oleic
acid (23.3% and 43.8%).

Keywords: tobacco seeds; phospholipid acid; fatty acids

ABSTRAKT: Bylo studovano fosfolipidové a aminokyselinové sloZzeni semen dvou bulharskych druha tabdku. Celkovy
obsah glyceridové silice dosahoval v semenech tabdku Rila 89 (orientélni typ) 34,5 % a Coker 254 (virginsky typ) 39,0 %.
Celkovy obsah fosfolipidli v obou vzorcich ¢inil 0,3 %. Ve fosfolipidové frakci maji dominantni podil fosfatidylinositol
(21,2 %, resp. 30,5 %), fosfatidylcholin (25,5 %, resp. 11,4 %) a fosfatidyletanolamin (7,7 %, resp. 14,1 %). Hlavnimi
slozkami mastnych kyselin v glyceridovych silicich semen jsou kyseliny linolova (48,8 %, resp. 14,9 %) a olejova (23,3 %,

resp. 43,8 %).

Kli¢ova slova: semena tabéku; fosfolipidy; mastné kyseliny

INTRODUCTION

The seeds of tobacco (Nicotiana tabacum L.) are rich
in glyceride oil. The fatty acid composition of the oil
was reported by Koiwai et al. (1983). The major fatty
acids are the linoleic, linolenic and palmitic acids. Ac-
cording to Frega et al. (1991) linolenic acid predomi-
nates in the glyceride fraction. Fatty acid and phospho-
lipid composition varies significantly depending on cli-
matic and agricultural conditions. On the other hand recent
seed analyses suggest that fatty acids and phospholipids
have taxonomic significance and evolutionary implica-
tions for higher plant classification and can be used to
differentiate or related taxa at several hierarchical levels.
Information about content and composition of phospho-
lipids in the seeds was not published.

The aim of this paper is to widen the knowledge of
the phospholipid and fatty acid composition of the seeds
of two Bulgarian species of tobacco and to make com-
parison with the composition of the other varieties of to-
bacco.

ROSTLINNA VYROBA, 46, 2000 (9): 429-431

MATERIAL AND METHODS
Material

The investigations were carried out with seeds of two
different tobacco varieties — Rila 89 (oriental) grown in
Rila town and Coker 254 (Virginia) grown in the village
Lechtchevo, both grown in South Bulgaria, crop 1997.
The used reagents were of analytical purity. Phospho-
lipids and methyl esters delivered from Merck, Fluka
and Sigma were used as standards. The gas chromato-
graphy materials were purchased by Scotia Pharmaceuti-
cals Ltd., Carlisle (UK).

Methods

The seeds were powdered and extracted with freshly
distilled n-hexane in Soxhlet apparatus for 8 h. After
distillation of the solvent under vacuum, the extracted
oils were weighed.
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The polar lipids were recovered from the rest of the nuts
according to the procedure of Folch et al. (1957) with
mixed solvent chloroform : methanol 2 : 1 v/v. The glyc-
erin oils and polar lipids were combined and hydrated
with water (3% v) at 60 °C for precipitation of all phos-
pholipids. The precipitated phospholipids were treated
several times with cold acetone at 0 °C to remove the rest
of nonpolar lipids.

The individual phospholipids were separated by
means of two-dimensional thin-layer chromatography on
20/20 cm plates covered with 0.25 mm layer of Silicagel
60 G Merck and impregnated with 1% (NH,),SO, solu-
tion. The samples were developed in chloroform : methanol :
ammonia 65 : 25 : 5 v/v/v (L. direction) and in chloro-
form : methanol : ammonia : acetic acid : water 50 : 20 :
10 : 10 : 5 (IL direction). After drying the spots of the
individual phospholipids were visualized and identified
by spraying with specific reagents (Kates, 1972):

a) iodine vapors for all lipids

b) Dragendorff reagent for phospholipids with choline
group, such as phosphatidylcholine, lysophosphati-
dylcholine and sphingomyelin

¢) ninhydrin reagent for ethanolamine and serine — con-
taining phospholipids, such as phosphatidylethanola-
mine and phosphatidylserine

d) Schiff reagent for phosphatidylinositol and phospha-
tidylglycerols

In addition R, and witness were compared for com-
pletely identification of the individual phospholipids.
The quantitative evaluation was carried out spectrophoto-
metrically at 700 nm, using Bartlett technique (Kates,
1972). The repeatability of the method used for determi-
nation of phospholipids gave a coefficient of variation of
less than 5.0%.

The fatty acid composition of glyceride oils and indi-
vidual phospholipids was identified by capillary gas
chromatography of their methyl esters. The esterification
was carried out by Metcalfe and Wang technique (Met-
calfe, Wang, 1981). Methy! esters were purified by thin-
layer chromatography on plates, covered with 0.25 mm
Silicagel 60 G Merck and mobile phase n-hexan : diethyl
ether 97 : 3. ;

Determination was accomplished on a Pay Unicam
304 unit, provided with flame-ionization detector, 30 mm
capillary column Innowax impregnation and conditions
as follows: column temperature 165 °C to 225 °C, with
a change 4 °C/min, detector temperature 300 °C, injector
temperature 280 °C, gas-carrier (N,).

RESULTS AND DISCUSSION

The content of oil in the seeds was found to be rela-
tively high, ranging from 34.5% in Rila 89 seeds to 39.0%
in Coker 254 seeds. These values are close to those ob-
tained from the other common oil-bearing seeds (e.g.
sunflower). Total content of phospholipids in oils was
0.3% in both seeds.
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The qualitative analysis based on response to specific
spray reagents on thin-layer chromatography and com-
parison with authentic samples indicated the presence of
almost all phospholipid classes (Tab. I).

1. Phospholipid composition of tobacco seeds

Content (% wt total PL)
Phospholipids (PL)

Rila 89 Cocer 254
Phosphatidylcholine (PC) 25.5 114
Phospatidylinositol (PI) 21.2 30.5
Phosphatidylethanolamine (PE) 5 14.1
Phosphatidic acids (PA) 8.7 11.8
Lysophosphatidylcholine (LPC) 93 10.0
Lysophosphatidylethanolamine (LPE) 10.3 5.6
Phosphatidylserine (PS) 4.7 5.6
Monophosphatidylglycerol (MPGI) 43 54
Diphosphatidylglycerol (DPGI) 4.7 5.6
Sphingomyelin 35 4.1

Phosphatidylcholine, phosphatidylinositol and phos-
phatidylethanolamine seem to be the major components
in the both types of seeds. The highest content of phos-
phatidylcholine was found to be in Rila 89 seeds (25.5%),
followed by phosphatidylinositol (21.2%) and lyso-
phosphatidylcholine (10.3%). Phosphatidylinositol was
the major component in Coker 254 seeds (30.5%), fol-
lowed by phosphatidylethanolamine (12.3%), phospha-
tidic acids (11.8%) and phosphatidylcholine (11.4%).
Small quantities of other phospholipids — phosphatidyl-
serine, lysophosphatidylethanolamine, monophospha-
tidylglycerol, diphosphatidylglycerols and sphingomyelin
were detected in the seeds. The composition and distri-
bution of fatty acid in glyceride oils of the tobacco seeds
are presented in Tab. II.

I1. Fatty acid composition of tobacco glyceride oils

Fatty acids content (% wt)

Fatty acids
Rila 89 Coker 254

14:0 6.1 8.7
16:0 17:7 29.3
16:1 11 1.1
17:0 1.0 0.7
18:0 1.3 1.4
18:1 233 43.8
18:2 48.8 14.9
18:3 0.7 0.1

In the Rila 89 seed glyceride oil linoleic acid was the
predominant component comprising 48.8% of the total
fatty acid content, followed by oleic acid (23.3%), palm-
itic acid (17.7%) and myristic acid (6.1%) as major fatty
acids. The content of linoleic acid however was signifi-
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cantly lower than that reported by Koiwai et al. (1981)
when the percentage of this acid was about 65.0 to
75.0%. Palmitoleic, margarinic, stearic and linolenic
acid were the minor components in this sample. In the
Coker 254 glyceride oil oleic acid predominated (43.8%),
followed by palmitic acid (29.3%) and linoleic acid
(14.9%). This quantitative composition was significantly
different from the other varieties of tobacco seeds, where
mainly linoleic acid predominated (Frega et al., 1991;
Koiwai et al., 1981). These differences can be explained
with the different climatic and agricultural conditions for
cultivation of tobacco plants.
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