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EFFECTS OF BACTERIA AND FUNGI ON N,0 CONCENTRATION
PRODUCED BY DENITRIFICATION IN SOIL ENVIRONMENTS

RKERF* HEETH
Kyoko OISHI and Tetsuya KUSUDA

ABSTRACT ; The relative contributions of bacteria and fungi to N,O production by denitrification in acidic tea
soils amended with farmyard manure or chemical fertilizer, were studied with laboratory experiments using selec-
tive inhibitors. The pHs of these soils were kept at 4.8 and 5.5 in situ, respectively. Fungal denitrification accounted
for about 30% and 15% of the total denitrification in the farmyard manure-amended soil and chemical fertilizer-
amended, respectively. The main final product by bacterial denitrification was N, and the concentration of N,O as
intermediate increased in the denitrification process from nitrate rather than from nitrite. On the other hand, the
final product of fungal denitrification was N,O independent of pH values and kinds of substrates. The increases of
N, O concentration by denitrification in acidic soils were due to the decrease of N,O reduction activities by bacteria
and the increase of fungal denitrification. Bacteria had an important role in reducing N,O produced by fungi in
natural environment. These results suggest that the agricultural soils acidified by the excessive use of nitrogen
fertilizer may be one of the major sources of N,O in natural system and the use of farmyard manure increases both
bacterial and fungal denitrifications.
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1 i

—BLZEE (N,O) @ CH, ® CO, LA THIRBFILH AD—DTH ) £ DWIEIBHFN T D, LA
L. 2OREHFERPHERICOVTIRAZICHBICS ATy 2w, SFFICARERRICB I AR HER 2 0RIIC
DVTRAELEHE CRENTVDHH, T HPEESRTECEHBIECB AL - HETthsr)
EEZEZLNTVED, I CHEGHER R L TIEMEYCEROBETH L EEX ST,
B TRIRE R 2 E O BBAEY (RER) (L AROBIESS 2 Z &R0 5N Twa 249, Lrd
HEBROBSE L, $RLEICE 55 0 Tid% < Fusanum, Cylindrocarpon, Trichoderma, Chactomium %5 -+ #9412
—ROCHFRETAHETH ), ERHOBBREENHR TH L LTI LN TVE, SLIZENLOHRENE
FARERE, MEROBSERER e RE CR2D 2SN Tw 2, MIEFHORERGBEREYHN,
THH NOBTHELLTF P27 0AbRUcHHEELTVIOIIN L, BEREROBAOH I &
HEMHFNOTHHZ &, NOBTHEL LTF F 2 0aP4S0 G T 52 &, & 610, FERE CHEMAE
UANOZREEYIRBOEAL 2 VBEILTH D, T2 BERTATI2HEHROPICIMBDETE
FERLHDEEVEEDILT VA,

EHEFUIRLHM LBV T, @RS -7 LHEBIRS (CEFRE Mo T, /WAL i3
ABEYOBRTS  FHFICREBESBR I N THEEHL BRS¢ FE2mm bl Lo B A& 2O

* UK T #5481 L2 B (Department of Civil Engineering, Faculty of Engineering, Kyushu University)



R BEIEDLFHEL TV S, 20 L) BBV TWERB~OREFHEOFSEIKEVWI L
FFHEND, LPL, BREFORSZEL TRERERETHEONLMRAOATH ), BARRICBITHHEHE
FCLHFEBEPNOBRENOFFRIOVTHEHBALPICI N TRV,

FIT, AHAETIER, BB T 2ERFROHFGIREVEZZ LN TROP T, FIINONDERED
KEVWEHMOTEEZIHRE Lz FHOPTHEEO A AT ATERESEE I LFRESNTVS IV F
BEM 2 EUCHESBES LTy 2 ARIERR SRR 2 ZE L. b oEoRERRTERI N
HN0DEE & £ T HMEM L KEFOBBI OV TRE L 72, 8 5 B FARY P EERHD /1
I ARHBMRBICS 2 2 HBICOVWTER YA,

2. EBREB L UEEBRE
() FEL20FH%E

FICHBIEE D) LMEFIEER S ATV A2 4T ORMT, TIRESTTEY KU TRE®
BELRATS5~10mESOHEZHRRLZ, SALOTELEHCAT 2am O EA L2 b 02 RE L
L7co ERLOEMER1ICRT, TEO pH IS HERESGITES ICHEL, B8 10g L BT A 25m # & R
SL.2BEBRERE L 28T S ABBTIE L /2, 2RE (TC) RULSEE (TN) RHEZHEERE. ON
I— & —THIE L 72 ALFIEER O 1B IR BBE. U VBET £ =0 A IHOIR S HME R #I100kgN/
hafZERAE S T 5, AEIERIKICIE TS OLEIEE & SR GEINLY) &MHRs T35 Hif -
RO OWTRIERTCE e d o/,

FERE 40g T D45 N — TG TWIS O Y VBRI (pH= S.0)% 100mIMi R, FREFNIIs 85 AT =
2Oy ruAF VIR, s0FLT7na—NEYLUNF LI FORH % SmgooMi. B %
ZEHBRE LT30TTURMEE LA MEYE CHEEL 2B DV TI, 2 0—8% & > TTRiDEHT,
MES C AEEOHEE RS VI E LR L. 215 % 1500xG T 1045FHE 008 L THESAERCHW
Tzo L 722 BHOHED pH 1248 ~ 55 OFFICH o 72729 insitu §efr £ LT pH=5.0. HBOFEHEpH &
LTI2ICHEL,

MEHLEFROSRANDE LT, 20 Fn—HEAEEERER R 7 b - FF A PO — AR
WA HEE EEEOMBRER L LT FRFNI/ 05 L7 20— v and Y I FEERLA,
FRERFHERICE VHREL
@ BHEEHRTNO D4R

0miD 3, TS EFROFETHRE L - T TREERE Clg & 0 EMEET + Y 7 AIRIEE S
U AD2mgNml % 0.5ml. 7 < VEES b YU A 4mgChml %
05ml, BPAIICAV 7R URRERI 0.1mg 2 TLY . Y ¥ BRARTE T HELRONE
# (pH=50Xi372) % 2mifix /2o SNEREFATERL
2o 20 NW—TIZHF T, FO—FIZTEF L (10kPa) %
A7z TS E0COEBMECIREREEL. BRI~y

BREAX  (PEAR

FAR—ZONODREXECDH & X 2o 02 + 575 7 CHl Bk O6) 7 32
BLIPERAAS AL LTELF 25— T5A St pH (H,0) 4.8 55
R e _
ELTHS Asz;%zw?\ B/ EARESNT, ¥y Uy MR (%) 274 75
HAELTN, %\ £ OWH Y 40mbmin & L7z, 77 ¥ VRIX
TC (%) 113 3.0

BREEAVY ~EHTHEIN,0ZR L T/ TVAORE
FREH LA, $RTOERRIFA-RIKOVWTSALULST TN (%) 0.96 0.37
v, BRIZFOFHMEE L, SOHET, L0 28H
FEHIOWTpHAT5 & 72 DB ITAERT 5 NO DBREFRE L 720



3. FEER

TEF LY TNODRTEAEL T RTHRIC
BT JRY OXE (NO,N+NON) LA L2NO-
NIZL 22FOEERR~103% Th - 7z, T,
insitu OpH (pH=50) TOFEIPHX OB L 55
EERUMBE YRR & LoEE - EHESR R
EMEARNIER , BER), MIER (Yroaxrv3
FRLERR), HER (209 A7 x=a— VLELR)
DENENOBRBEEE NO DEHERT, wT'h
DHTHEMBIEL B & LA 0B iErE I
BB TETREVWHEEZR L T 20w
TUOEETHREROBPEIITHRT T2 1 M
BRELERZAOEFNFRLOREREORITIZIRER
DREBETHY, FORTHERIC L IHBELHE
BEROKNB T ED TV, TEFLYERMLT
WEWRTIR, BEHBESOORBTER LN
DWW RREHR R UHIER CREICKD L7 451,
HIHR CIRIBERICHNTNODBA HEIAE <,
BiEbAtt LB AHIC BV TNOREE L. L
L. BERORETRIER SN NO OBRERT
EF L UBEMENTVDREIBIZEILTH o 72,
UL ORI, MERSIRMEY L LBy
KNO AT 5 BREWIEIN, TH ) HERE
RNOZEHEWE L ERFITL > TERSNAND
HEIFEIC L o TINNELE N TV B T ERRL T
bo WEEF HE & L HIHHEE 2 BEHEE 0B
BLERTNODETEEIETLA2b 0D, Bk
EWMIRIIIN, Thol $/-, HEHEEINO%
BREYE L, FREBEBLURBEO L 50k
BEOBMEEICIAE B T 5 1

B2, insitu D pH 25 Tdh - 1 HBRIBEX 0
TR pH=72 ISR L 2B A OER YR T, R
RUERMBEOmEYE & b HEBEHIVWTRORT
LpH=SOEBE L VBT L, TLEFHOLRE~D
FHRIETET Lzo £RLENO OBAHEE
pH=SDHA & W/ S, THEIEE S TREE 0N
BISEETH -T2,

B3 L IEHR o 881 & 2 SFRLE R URRE
PREEL LRER HER, EEROZLEFLD
BRETETEE NO DEE & /RS, {LFIEX o 1
AR IR THEEE VNS, 72, 2
EEIINTLAEMBOFTERSH15% LB o 72,
T 7o, MIEENC & 5 N0 ORITHE b ARIERK
AT T U7co AHIOHIK & EEk, BE

5 10 days 15 20
(a) TEEHBeIE

5 10 days 15 20
(b) FADRIE

1 FREHRX TIEOpH=5IZ 57 5 EEN
EN2ODERICRIFTREOLE

—e—
—_—
—_——
PR —
T
—

MEm - RERa®

MR - RERER (75 L wEm
R

RER (7+F L 7¥0m)

LiE R

MWER (7 EF LM

LpH=7.2

5 10 days 15 20
(a) EEFMMEIR

2
pH=7.2

5 10 days 15 20
(b) iHEIE

X2 AHEEEERX T OpH=7.2/2 BT 5 BLRIENS
EN20D BTN RIZTREORE

MW - MRS R

MW KERSR (7HFL8m
M F

% (7€F L &%)

LR B

MR (7€F L &



REOELEMREWIMEL LU NO THo 7,
X4 i3 insitu D pH 295 TH o 1ALFEREK D
HiEd pH=T2 AR L - B A OB RTH 5, pHO
) REEEOET CHEHR2IC X 5N0
DBTREDET 2 EABIEHR 0 TEOEE LR
UM %R L7

4, B

Anderson & Domsch®) (34048 0 BIRME % FUH
LT, 5 0CO,NREREE KD, E1L5 DR
POEEEMADNA T ADEGERD TV A,
BETH O ERER EHEORRCH AN
TR FEREAIERI N TR I D 4
{2 Wu & Knowles! 2) ZHIE B OMAEERITH B
yUF AT z=a— VidRE T UL ADkk4 2
BEHEL. NORNO ¥ EME DT L %
Fluexibacter canadensis & Pseudomonas denitrificans O
MRERERTHE L T A BEROXEIL. £
DBERLHEE, FUERSEHFICLI > TRKE(EL
B0, FRERRTHEONAERILTLLIR
A FOT IFEEATEL L EEL BV, AE
BT, REEH O N0 OAERERICHT BT,
TSR A s 05 AT 2 2 T U THEEL THE
FEFRICHELTWA O MLz 20
S L7 2= 3= VOMERE I § 22838
PHorE LTEBHThEVEEZLNS X
1~412BWT, RERDHE TR TTEET
FHIER CEEEC L AREs0oM i zelE R
EoTwhIl e, 7u5h7z2a—-MEsn
AFYIFOBACEEL.POTLF LV ATN
LR TN DERAFRD N oz Z &b
O RBRFICHEREARMICLI2bOTHL L
ZEiohb, HEORKREW LR 2L,
5 AEERTIEFEI AR < 7 0 UG A
FE L 72 REME S B B SEAIMI M E L D TR
KREt Ul dp o 7235, EEROBIMREF E R THIC, 20
FNY v — L I0KAEE L v 7 PR CHIE &
BEEOMEERYBAE L, 2O, BEONE
DaOZ—PREIN-OT. LS 2IHEBYR
Bho2bDERbRd, LML . RKEHROERS
5 I & B OB EROIEE &R B HE T
EAETARKEGEBIED o2 LFHMETE S,
FHIEEX o T bEREIK I R TRHEEHE

"o 5 10 15 20 25 30
days
(a) HEIHARIR

3 ALFEPEX TEOpH=5IZ B 2 HREBIEMEL
N2ODOEH) (= RITTIRE DM

—e— ¥ - KREREER
—o— MW - KEEAR (7 €+ L &N
—— RE%
—h— REHR (7 eF L TID
—— MR
""" e ER (7 EF LS
1.0
pH=7.2
o8l
z
2 osf
<3 —O~0
Z 04 A o S, W
= NN ¢ N
= 09
0.2 MF
0 e anialiiinl . \
o 5 10 0 25 30

15da s 2
(a) ﬁiﬁéiﬁ

o 5 10

154ays 20 25 30
(b) WHEMIE

X4 ALFEIBER L OpH=7.212 BT 2 BIEY
EN20D TN RITTIEDEE

ME - KERSHR

ME - KERSR (71 L 2idm

4

E¥R (77 L mm

MEF

MW (75 L 5



H2Ed, EREBKHT2EERBOHG O R E P oz, THITABRIBRKX &{LFIORKICE T 2 Bt
YETAMEG DL AT AOBVEE L OND, TEMEY OB R ENLDONM AT AFE Y52 5T
FERE LTIEEOBESPEIT O N5, AL A Y BEESRYES OO LEPOLIRE &
HEDO /A AR ACE X BBTO 0 THET L 78R AVEIERR T THERYIER R BT o
NAFTAHHERT B L BREECHRERVENS OB & ) ICRMUBEAEEOBVARYI B3
FHEE AT AR ARSI L 4 EHCEEB IV ENSOHIED L ) 28 U N BEF BRI
FEWESSARFE LHMEOWMEO/SI AT AEEREEDLT LA MEL T D, F0OHEBE LT, 4,
¥, RKEER2 TSN, REFOBVI ZF7 =2l 0 — A L Vo REDFEEENE LS
INTBY, TRSOYWEOGHOERIEFEH TH AL 2 &, MEHIIEREIC L » TESFHL s LB
WEEBRLTWABZ LR EDREL LD RERICAWAEFEHE 0+ 5103, AReuas b ETos
BoASTATVWAY, BEEALBRMICHEBINAIESMEEI N TRy, HEHSHMEROT<THR
EREEPE TR LIZES R VD AEBRTEENLONAL I AREHICOWTEERNICHEL TV W
A5, FAREROFER» L0 BE, MEHENEERRR IR THRBLIER TSP o 2, —#IC, HE
THER S N5 N0 OEEICIESFIEARY EMEUE CUIERMRLE) ot (ON) »*EEEFOvE2E
ENTVBIO 19, KERCRHEBOAFRYICOVTESERRTEOEXEEL TRV D, B
[EHERHATELARBE LTT7AET Py A%, RINL - RERE S AR * TN~
BLTEDLASLREMATEY . BEEHCNOOHRICONZHEBL T RWLDEELR LR D, BE
FREMERONO DEE % BT 2 &, HE THAIE T THEZOETEROE CHIZ BV TN 2%
STBEEOPRL. FCREFTHBEEO L 3FETH -7 ([@1E2), THIRBARICBVWTHEERICL
BBRECTER L ZNOAMEFICL o INNEL SN TV A I EARLTB Y MIEHEBRINODERE ¥
M 2EERFHZE-TWAEELILNS,

in situ @ pH &4 T (pH=5) L HE D EH pH T & 5 PHEREH=7.2)12 B 1T HHIERO BTG L 4B L 2 N,0
DBREEFLET 2L (K1 L2 RURK3 & 4), insiu D pHEET OB FREEHITE L ERE DN O
B R E AR RS LD VRSN T CIREBEIC L BN ODAESENS (% &) —ikf%
MR EFET D, —HT, Pakinetal ' ® (SEM B PHTIEOMEEE 244 2 pHAG T CRHIE L. B
. PEICED S Tinsiu D pHICEWVEMA T CREMEORAMEL R L. £ pH M IOHT L ek
HYAHAEDHFERL TE ), BHGpHOEMRRE 70 bt ARTEHICEB L5 A I L2 WA LTV A,
o, pHOEENME ) NOERBEDELRHEREBOFF IOV TIIME L T v, REEEL v )
HIBWTRAKBRE FHORBRYFRL TV 2, ME~OpHOEEIT, BERE & ) AIERS o LT
k&P o7 (M1 E£2RUE3 & 4), AFETHCLFMEEICEVT, BBICL o TERSHENOD
BEFEL 2203, ECEEpHOET L 2AERONORTNOE T LARRBCLZbDLELDS
7B, $ 72, Anderson & Domsch®) EFEHDERIpHIHEE L2V I EE2RLTE Y, AFROERRY
BAELOERD 13 2 RETHLHEARSOFTSERIpH L W EDFERYOHEEIIKRE KFET  EEL
Lo, ARBETHW LRI BY THRKZOHFFHLIS~0%EETH o 7245 T OREEVIINOT
B0 TEOBHELEBIET 5 L HIINORTTROEHIRHOERIC DV TARIRE T 2484 5,

5. ¥R

) BEEEHARIEE IR XotgEcad, PR O BT ED - 72,

2) HEREUE. MEEVTRORECLRAROBRENIIZR T2 I CAIER LEHROFNENOHE
ZEOMPFRZREAROREZETH ), TOPTHRREOFSRIABIER 0 LB TH 0%, 1t
FERE CH15%TH > 72,

3) MEHZOFREYIHEEAPPHICL O TN, THo 7o hIEH E L TERENZN,0D N, ~DET
AEIIREE L Y EHEE N COBETRE D 1,



4 HEBZORMEWIFECHKEHLLFNOTHo 7,
5) HEBRETERELZNOBMERICL > TN, NETER TV,
6) TEEOBMLIIEICHARRBICHEL. NODETERFET 3¢,

E T3

ARFFEOERICL -0 HERIUCHBHTES £ L-ERBRRINEFRRORE £ BSHEOHK.
RURELEPSEHY 3 LA-ERRERFREE CITURREECERRLTIT,

AFFFeE—E8 [HERA  AAEGHE] OFRsEF PR EZ - boTH ), BiFEHEOK 4
BB L EFET,

BELH
1) B HATIRE | DIE & KA - AR O 7 ARH L ERIRE -, 91885, pp85-105, 1994
2) Burth L and J. C.G. Ottow : Influence of pH on the production of N,Oand N, by different denitrifying bacteria and
Fusarium solani Ecological Bulletin (stockholm) , Vol.35, pp207 - 215, 1983.
3) Shoun H., D. Kim, H. Uchiyama and J. Sugiyama : Denitrification by fungi, FEMS Microbiology Letters, Vol. %4,
pp77-282,1992.
4) Shoun H. and T.Tanimoto ; Denitrification by the fungus Fusalium oxysporum and involvement of cytochrome
P-450 in the respiratory nitrite reduction, The Joumal of Biological Chemistry, Vol. 266, pp11078 - 11082, 1991.
5) HarmisR.S., G. Chesters, O.N. Allen and O.J. Attoe ; Mechanics involved in soit aggregate stabilization by fungi
and bacteria. Soil Science Society America Proceedings, Vol. 28, pp 529 - 532, 1964
6) Tisdal J. M. and Oades J. M . Organic matter and water-stable aggregation in soils. Joumal of Soil Science, Vol. 33,
pp 141 - 163, 1982.
7) HA—F - KFHF - FHED | TEOMRAAESN SR HERAEYHOZE, BA LY
FHEE, % 67%. pp310-313,19%.
8) Anderson J. PE. and K.H. Domsch | Measurement of bacterial and fungal contributions to respiration of selected
agricultural and forest soils, Canadian Joumnal of Microbiology, Vol.21, pp314 - 322, 1975.
9) TG L RS ERER S, BEE, 1980,
10) Weiss RF. and B.A. Price . Nitrous oxide solubility in water and scawater. Manne Chemistry, Vol.8, pp347 - 359,
1980.
11) Newell S.Y., B.F. Sher, E. B. Sherr and R. D. Fallon . Bacterial response to presence of eukaryote inhibitors in water
from a coastal marine environment, Marine Environmental Research, Vol. 10, pp147 - 157, 1983.
12) Wu O. and R Knowles | Effect of choramphenicol on denitrification in Fluexibacter canadensis and * Pseudomonas
denitrificans”, Applied and Environmental Microbiology, Vol. 61, pp434 - 437, 1995.
13) WA - KB # FHEABEM ORA TEPORIRE L MR O/ 4= 2 RIZTHE,
HA AR, %5 6645, pp418-421,1995.
14) Burford J. R and J. M. Bremner . Relationships between the denitrification capacities of soils and total water- soluble
and readily decomposable soil organic matter, Soil Biological Biochemistry, Vol. 7, pp389 - 394, 1975.
15) Pfenning K. S and P.B.McMahon . Effect of nitrate, organic carbon, and temperature on potential denitrification
rates in nitrate-rich riverbed sediments, Journal of Hydrology, Vol.187, pp 283-295, 1996.
16) Parkin T. B., A.J. Sexstone and .M. Tiedje . Adaptation of denitrifying populations to low soil pH, Applied and
Environmental Microbiology, Vol.49, pp 1053 - 1056, 1985.



