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IR ERE XK FE LN, O MR R AS (LI E Y B9S2 00
;L. El, 2

wmeEh T £ AN Fai kx4l B ¥
(1R A A AR ASHIIEAT, K7 410125)

(2 HEEERE RS, LT 100049 )

B OE K IRAEEERER RS NOM B A BV KR . IR KA P Fe X N,ORH M
FAL I RERUAE W RIS, AR R BOE U 403 Rk B KRS+, WE 3N KED HINKFE (Fe 0,
10, 40 pmol ¢7' +) FFAHHEF SRR (50%, 80% ) #hA7 HHER3RIRT, A S 286 & i PCR
(real time flourescent quantification polymerase chain reaction, qPCR ) RN A S IR ) e BE A B 2 A
(terminal-restricted fragment length polymorphism, T-RFLP) 7 #r#i R JRIFSGY ., 45-EH, N,Ofk
TCH T 2 R AR T, SN P HUR R N iR (40 pmol g7') AL EUM A A S B B
R TR R TN O HE R AR A B AR T 0 B SR, e DA S VAR I e e A B AN R 1 RO IR W
MINLOHE L H 2 s FICFEES, BN SD X SR R AR (narG ) FVEALE AL FEEEREA (nosZ)
F RS2 R B 5 NLOHERIOAH R ke 34, BINLOHE Al 8 A8 Tt 22 e i i il At ey, MRk A 2B 2 0 o)
T RS A 5 A, i A S AR RS A AR M I IR R . B, KRS
s nFe (I ) X N,ORBE R R Y 325D T RS2 BI040 ) 1 52 il AL Zh RE A W O b RE R, ATk
AT SR AR A JEAINLO /Y 77 A, T 9 ol A Ak SR 0 B0 R S FINOS 55 & BAL G sk &, Al
195 ME AL HR AN, O B il 5 B d =5 T % I

KA KR B N,O; narGIER; nosZEEH

FESES  S154.36 XERFRIRES A

#FE"

AR (N,0) 5& CH#EBsE ) MEm
SHMEEREREZ -, BRI P OERK R
7.78 . 8.56/1116.98 umKPE LM R, FEH AL
BRAAEAERE . B, N,O7E- i J2 4 K BH 4 4h
IR NO G 5 R A F RN, REREAS
BREAE, WM EREPRREE " . E4E
K, HFAREIDME, FERPN,OEKEIE
PABEAE0.2% ~ 0.3 %10 3 B AR s 220, Heafs
KR EFREE M S H 25N e, BETZ B AN
KE

Ak + RN, OHE I Y B PR Sk 2 —, B4R
R P AL 2 BIE = A 2451.5 x 107 £ N,O-N, G A

HIE RS AN,O-NFE 19449 ) dE 2K
FEAE AR, #120074, 3 E R H L 22892
Tihm?®, 54 EAEY AR A0 18.84% L Tk
R AR =i A2 v A B AT I A U AN, O B HE K
S HRRRERW, Y O T R AE60% ~ 90%
fLERFEKE (water filled pore space, WFPS ) i},
NLOREIC B 3, & KRk E80% ~ 90%
WEPSH, N,ORHER kS wguge ' 0 SR, HAT
X KRR 1 W A8 B A R S M NL O 7 A B A A AN A
A PERLE R A BR

KAE L HPN,0 Bk [ i L, X
SRR Z MM ARG, HZ AR KW
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$, AR . Eh. KN, 0% Y BRI,
TEKFE L WK & Tk B, N HEL 5 TR &
W 2 E ARG L HERS S 5 4 b g E AL
JEWI T (0,. Fe, Mn%5) B3 B FITE 5748 16 7T g
TEAER VI F o AE e v S DU i kT
WROE P EEREMME TRz — ", Hibek
A R5.1% ", BPTE L R IR A FhIE
25 (00 AR T B AR T, W B/ .
APIhAE N L T A B 1 MU ER T 2
Fe (1) fiFe (1) HuHIEIGHR S5 AL . R
ARANSELZMAZ BT BEMEE T
Huang® 20058 i 1] Y 3¢ P 48 ok 268 1 i 36 %
W, BRATHIEN,OR =4 . Zhods Y BFGR 45 SRR
WY, k5 bR AR PR L, 7E IR NLOHE L
G EEMMAL . SR, KRS LKA A AR A S

TR RN, A U Wl FEALER A BT b

AW B Rl IR R PRI N Fe (1)
XoF 7K A N, O BT L K B i A sl A 0 = BE R v
SERIRYFEE , O I A Tl = AT HE A A v RO
A IR P A 2 ) BRI Al

1 MRSk

1.1 ik ig

T HERE R TR YD i fESH (28°14'08” N,
113°13'05" E) , AL LT YA KAE
+. REEEFE 2013411 H . RABENL L S KA
P, B0 ~ 20 emMUBHVE HHE, HEM AT G, %
bR Bt ki, BEREE 1 mmf, RAFRH .
ISR TR LR

#1 i TIREREUER

Table 1 Basic physical and chemical properties of the soil tested

. AL 2R AR X ) VR IR A LBk

A e NH;-N NO;-N

pH Organic matter Total N Available Fe . . DOC
Soil type 5 B O (mgkg™) (mgkg™) 1

(gkeg™) (gkeg™) (mgkg™) (mgkg™)
JKFE L

4.51 27.0 1.7 43.2 11.5 5.2 16.0

Paddy soil

1.2 KT &

KERH B & ik EE S BMSchwertman £l
Cornell 27, IO Y8 ok, H EARHI1E )7 2= o
. FEHO0.4 mol L' FeCLIEW, 1 mol L'
NaOHWH ZEpH N7, SRJ5 FH 10A% 1A B 1) 28 18 /K vk
%, B (10000 g, 10 min) 5¥K, HEERE
B, RRES AR, BT I LA IOE R A
AN B B BB P o FH DR IR o3 T ) S
IR P RO 2 B M 49%

1.3 EFREFAHERRENE

B iR 0 R F R R B o B % B4 0 15
HIE IR & (ARFRL L), B0 k& 0 & o 20 %€
A JEVE N R A . R AR E R E N50% .
80% i it K i, FE ML IR I 3ANAMF K #R T U
fn b B, 2B NFe 0 pmol g7' (XFHR, CK) ,
10 pmol g_1 (fk4k, Fel) , 40 ptmol g_1 (&,
Fe2 ) o /KERH BN 45 R . #Fe 0 pmol g™,

10 pmol g™, 40 pmol g ' 2 FE M ENAF - IF 78

STRA R EE &b, BaA 1200 g, b3
10280, PSRN TR 70 B2 20, 43 SIER 0.1 mol L7
FIKNO KB, 15 2 5 K iR E50% M180% 1y
A AR SE TN M 1.6 umol g7+, B FES & H
TARWRE, RGEHTHENENRE, LEET
28 C TR, RMFRE E BHb K 57

i 25 N A KN O W5 FF G THEr, 49 53l
FRFEMEE6 hy 12 h, 18 hf124 hRESIK,
ALK S GAE NS, A UCRAETE K30 minfl
ENRRRESE P -8, BHEERL WG, H
AR & N AR TR S IR R AE30 mI A H T
N,O HRBE AN o SRAE MY [R] B SR AR L IEAE
BRI GENTER, LRSI X B R
KA, BRI ERE NS emBIFLRFES R
20 ~2 em TIERE N . SREER TR RS,
—HB 4> FH 8 S AR AL i 7 B R R R, AT
=80 CUKFEH T FAEW 5 I3 — BB FE AT
T4 CUKH, PHATNHI-N Fil NO;-N & &2 .

http: //pedologica. issas. ac. cn



1308 + %
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53 %

N, O FE I ACMI 2 3 ( Agilent 78904,
USA) il ; NH;-N FINO;-N & 5% FH# 2 i 5h
M ( Flastar 5000 Analyzer) M5E o
14 REUHEMIEERFENESHESW

S

+IEDNASR RS SDS-GITC-PEGHE 12, il
1% 1) B AR AR 68 G P, DK A I BT $2 DNA- v BaoR /Iy,
Nanodrop ND-1000 #2534 % I & DN A f) ¥ B2 K
Ijigrigs

SRR E EPCR (real time flourescent
quantification polymerase chain reaction, qPCR)
M SEHE PG B PCRAT AL AR M ABI 7900
(AppliedBiosystem) , narGMnosZIH VAR ZR R
5 ng DNAKHZ, 0.3 pl B339 (narG-571F 4
nosZ-1126F 1) | 0.3 Wl T34 (narG-
773R, nosZ-1381R) , 5 pul SYBR-Green
(Takara) , 0.2 pul RoxZHb4ek}l (Takara) , #M30
ddH,0&10 pl, narGMnosZi¥ 4 i BLK 43 7
256bp 1 203bp P, YR 95 CH
308, 95 C 5, 60C 30s, 72 C 10s, 404
E¥F; 95 °C 15s, 60 C15s, 90 C 15 s,

Ko PRI PE R BERKEZEM (Terminal -
Restricted Fragment Length Polymorphism,
T-RFLP) 43Hr: narGIEN W AKFR H50 pl:
EFWESI#2 nl (145F, 773R) ', 25 ul
PCRmix, DNABHI80 ng, #FFEddH,0ZE50 pul.
SRR N . 95 CHUAEYES mins 95 C 30 s,
60 C45 s, 72 C 45 s, 2MEH; 95 C 30 s,
55 C 45 s, 72 C 45 s, 5MEH; 95 C 30 s,
52 °C 45s, 72 C 45 s, 5ME¥; 95 C 30 s,
52 °C 45 s, 72 °C 1 min, 25/ME; 72 CHE{f
10 min, nosZFEH R NAKRZR H50 ul: L FFS 1945
2 ul (2002F, 2002R) '*', 25 ul PCRmix, DNA
BiH80 ng, #MFEAdH,0ES0 plo B FEITH -
94 °C 2 min; 94 C 30s, 65 C 455, 72 C 45 s,
10ME¥R; 94 C 30 s, 55 C 45 s, 72 C 45 s,
0GR, 72 CHEH10 min, narGHlnosZi )y 1
Hfﬁﬁfgﬁl\%uyﬂ629hp“4] N 707bp[25: o HHnarG
HnosZ Er51MIH5" g PORIEDOEER (FAM,
carboxyfluorescein—5-succimidyl ester ) Fpics FF
i F I PCRAY #8 M Eppendorf-6321, PCR™“HI5E4:
1.0% (9 B W B i 9k 70 5, R il 1 DN ABEJE
ai AR & (KRR [liicaiife B R Be, eIy

H i B Ay, HohnarGHEA i FlHhal i
nosZ3E R I Clol i, W)= ¥y ik 1k Bl R ek
YR A BR A B AT T-RFLP 4381, M
ABI 31003& A 4074 ( ABI Prism 3100 Genetic
Analyzer) -
1.5 HiEALE

R JHSPSS20.058 i 4% i ff itk A7 B R 28 2%
T CANOVA) |, 25 5 b 35 MK 1 i i 2 i 22
% (Duncani® ) Ff/NE 22805 (LSD) #1714k
B, MRAHSIE T AR R R

2 45 R

21 AANKSEHTHESKLENHESAMES

REENEM

AR SRR (EI1A) |, RS E
MIZER , PSR 5 & & £ NOS-N 7 & 3 i ik
BEAK, 7K H50%F80% M HHENO;-N& 745
BIFEREFEZ 18 W12 hAH AR TR, M & &K
it R IENOS-NFE AL H R F KR H50%0) +
B FRAE6 h, WIMERALFR RS A A =
TXF R IR A 0 kAL B A3 ) B B3 .5% (p
<0.05) fI24.6% (p<0.01) . EEF12 hif,
AR A R v R Ak B ) i A R B A BN IR R 35.5%
185.5% (p<0.01) . &/KEHNS0% YL HELE
B %6 hiH IR K P A A gk A BEAYN O - N 55 =
A3 B R 6.8 %H130.84 % (p<0.01) , 45
KW, [FFEREFR6 h, IR FEXT80% & /K i 1 1
NO;-NZ AR K T50% & 7K i+

SRINT, 7F RN IR AR vh B A U e S TR T Y
s, ERFEAIEREAHE2ZS (EIB) .
e 326 hZE24 hib], & /KE50%0) + 37 ¥NH;-N
TEM17.8 mg kg T HIME34.6 mg kg T4
i, HWIE N94.6%; TE80% & /KE AT, M
15.7 mg kg™ 1 MF]30.2 mg kg ' T+, HiEH
92.3%, EEASREMBIMATRES A VLA MNT LA XK,
T S TR A 38 %o e A R i T W I A S il
2.2 BAKSEMHTINE S IEXTN,O R BUEE

ap=A0)

B 71250 vh N, O R 0 % Bt 52 A0 TR B Y 5
M, AN AN R K G5 1 2 ) 98 2R B s A [R) s 4
(F2) o HFETRLE, L6 hiEdE, 50%M
80% % /K & L AN, O B R AR AL, S48

http: //pedologica. issas. ac. cn



5 1 ToOPRE WK X 7K RE N, OB S S il A 1 2B 4 1 5 i 1309
T A ”
2 ! mCK
o & @Fel
4o = e
;g E h h UrL2
% ad
€3 . a

<

g

12 18 24 6 12 18 24
S0% B0
1548 m R Duration of incubation (h)
50 ¢

o~ B

2 40 mCK
ég 30 | mFel
== OFe2
42 2¢F
&5

Z 10t

o

Z 0

6 12 18 24 6 12 18 24
50% 80%

153 ) Duration of incubation (h)

Fe 10 pmol g™'; Fe2,

Fel,

H: CK, Fe 0 pmol g';
(p<0.05) . F[F Note: CK, Fe 0 umol g™';

Fel,

Fe 40 pmol g™'o ANIF/NG FR:F R 4 W] g1 = A Ab 3 18] 22 53 0 35 o
Fe 10 pmol g’];

Fe2, Fe 40 pumol g'. Different lowercase letters mean significant

difference between treatments at each time point ( p <0.05) . The same below

K1
Fig. 1

U, AMBEERA SRR T N OB, A Ik Ak 7
(10 pmol g™') AYRZMIAIXF /N, 78 HHEAK 4 &
1 50% F180% 1) 55 A T 43 ) A8 %) REE 1> 5.2 % F1l
3.2%, ZRARE; MEELAHE (40 pmol g™')
43 9] 4 % BRI 36.8% (p < 0.01) F110.3 %
(p<0.01) , KEHEEKFE. HGHFHEEL12 h
BF, PN 7K 43 F i HEN, O B 0H 3 14 38 1) ey 0
Hor B 7K A 50% - 58 0 R0 e ) 2 v T K
J80% ) HE, FEIL 845, M7 A0k Ak B
IR T NLORE IR, 50 A E, ARk b 27 1 49
K H50%FN80% AT 43 BEAK1.4%F17 .4 %
(p<0.01) , EERALFEIN TN OB MG R 5 T
[%20.7% (p<0.01) F124.3% (p<0.01) , [
B R TR, RREFR BRA Ak el b 17, X i
VTR AR R A 2% 1 SN, O B i 0 B R e, T
fo R A B A S 0 R BRI BEARXT RN, HARRIK 43
G 2ERB K, FARENS0%H LR FE 518 hit
Xof B AIMIC Ak A B Y NLO B ICH R SURI B, H112 h

PIASIK IR Z64F T SRR AL B P SR S (A) MRS A (B) FiAfe

Changes in soil NO;=N (A ) and NH;—N (B ) contents in treatments spiked with extraneous iron relative to soil water content

19265 pg g WAL THEEA ng o' WAL, HZ
AN T A A2 o R Ak L 1% ok e T 8 /0, P12 hiR215
ng g b FFEZE133 ug g h's EHFE24 hitf, &
R A 3N, O R JI0HE 8 22 5 Al b JRR RL % 7K
o M Z T, B KR 80% 1 HEN, O B i A Fifi 15
FERF AN T R B 2218, 24 hBHIREER &
FIN,OBTHHE R (F-324.0 pg ¢ h™') , i3 AbHE
N, ORI R D S S R IAL AR, #E12~24 h
], XFRATE R RE, SFmA11.3 pg g7 b7 IR
BRALPRAERE SR 518 Wi % BRI R /N, S350k
9.7 pg gt h™', ZERE T IR F AN, OB %
B2 S RE %, F24 hEFHN,O B # % 5 X
FEAR BN o i ik A PR B ML O O W) R A, T
12 ~ 18h, FZANH N, OB HGE R A A TR,
BT A FE3gm,  H 2 T X ORIk b 2, AE
18 ~24 h, HAAN,OBHHRPGHFEAL, {H24 hi)
SR e 4528.6 pg ¢! h ' BUBEHGER R, 3w T4 8
7S
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1310 S 53 %
300 aa
~ 250 b l(_.‘K
= @lFel
2
: :E 200 ay OFe2
350t .
%.-: S 100 F
% 50 c
- g 1ab 1a aab ab
o 0
z' 6 12 24 6 12 24
50% 80%
Hi3# 0[] Duration of incubation (h)

P2 WASK T 5 T AN ERAL B N, O BE i %

Fig. 2 N,O emission rates in treatments spiked with extraneous iron relative to soil water content

2.3 RWEUEE narG A nosZ £ET,

IR A Ko i 12 30 D il 25 (K nar G RN AR AR LA
Vi B SE R nos ZF BE RS2 A 4 AR DL R (8]
3) . HWAEKEHERBAAE —E 2R, %
KB NS0% I 5T, Xt BALBR i nar GHY 32 FEAE
AR RPHEARE, 41.6x10°~2.0x10°Z
(B AR kA Bk AR Tk — R, JLH R ER SR
MIAT12 h, JNERAEHE A B 3B nar GE WD, (K
AEFRFERE 6 hAI12 hay i) BRI 2 1.09% F118.9%
(p<0.05) , =4k Ab B0 00 45 %) 8 sk /0 18.8 %
(p<0.05) F65.5% (p<0.05) . XIS
B nar G RG] 2555718 hihERR,
LY B T A T Ak ek B 1) nar G = B K A2 3] %o FR Ak 7K
-, F24 hiF M T X RN 5 — A Ak 3
KnosZ) F BB SnarGH RIFER &, 7612 h
ERF 8 I AEG 42 0 705 Sk A B K mo s Z 32 JBE 4 S s 6k BRI
11.7% (p<0.05) F135.6% (p<0.05) , EHF
18 hif i K 52 3] 55 06 BEAF LAY K- IR PR R R E o
M HESKE N80%NT, XIRANE MnarGnosZ
() -F BRI e AR R B 3 2 TR,
X — IG5 AR i A o K R i R B S
PR S, IR FRTERT 12 hop 35 30 T %
narGHinosZ W AL Wy %58, Hid, 7E12 h
R 0 AV A AR 3 42k Ak B 53 0 5 B nar G P HR 6T TR
AbH 124.0% (p<0.05) F150.8% (p<0.05) ,
nosZ ¥ EE B 031.9% (p<0.05) F134.0%
(p<0.05) . SR, FAMMEAERSERERD i
SR AL IR 2 FE A B S T AR R AR R, RS
18 hA124 hBF A KA A b B ¥ nar GFlinos Z3:
JE S HEFFTEA UK, FL¥ 83 = F [ — e 30 1%

MR T
24 REUCEEBFESEHTK

JZ AL e nar GFlnos Z W) A v BR #l ¥ R Bt
( Terminal-Restricted Fragments, T-RFs ) X}
FEAAER (K4) , AR TR,
FrnarGHMinosZ 5 R () T4 W)V 45 0 JE A DR Hr AR
FE, AHE — AR FEET-RFs A /MR A, W
narGHH P T-RFs A =F B AR fb F EAR B AE223 bp
101 bp B b, TMinosZ3 B v 28 4k 3 324K 3 1
379 bp. 321 bp X 84bp Bt I+ {HAALFE P KAk
FeHAnarGHnos ZW LT IF A 1 W% 2 57,
Ui B IR I AN R & nar G Mnos Z 5L R 14 5 4 9
VAR RS/N . Horb12 W18 his A MR VE 45 4
He htHIL EHI B 2R, 45 RC A0,

3 i ®

AT E T KA 2%, o509 i &
KA IE A NLOHER £ 3K o450, Ti80% i &2 7
IR ACIRES o 16 ARSI TNOHERR A 12
O 2 2 22 B RO A s BRI,
EAERES, NOS-N& & — A T AR, Kb
A NLORE . T2 18 5 /K B PR AR 2 2550% 5 1 %
KEE, EHEEAVE DGR, S SO AR AR HE AR
Y1, PEEE T NLOMHERL .

AW G 53 SIAE WA 7K 53 Z A0 Y L S s i [R]
HEmAS IR AL, MAEEEFRAE6 W12 h, {KiEH
50% T EERNO- N & W 2 5 T %7K i h80% 1 +
g, SR, JEFE12 hif & KR 50% 0 1 3EN,0
PROE R B B T80% /K L1, BiRkBlIgnl B
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4 0E+09
3.0E+09 |
2.0E+09 | 3

1.OE+09

narGHE[H % Ul %

0.0E+00

mCK
@ Fel

hii

Number of narG; gene copies (g7')

a a a
C
12 18
50%

LL6E+09

)

o 1

1.2E+09 |

nosZHE R4 UL #

80%

He32 0] Duration of incubation (h)

mCK
@ Fel
O Fe2

Number of nosZ gene copies (

S0%

be
aa aah
da a 7
a a
S8.0E+08 |
b
4.0E+08 F
0.0E+00
6 12 18 24

hm&im

5 3EWE] Duration of incubation (h)

K3 PSR 5 T ANER AL I T narG (A ) MlnosZ (B) B F

Fig. 3 Abundances of narG (A ) and nosZ (B ) genes in treatments spiked with extraneous iron relative to soil water content

FKW, EREFIFHRIER12 hN, FKES0%580%
B ISR T R AINO-N S, — 5 1 Al fig
BA AN LR AE 3R A R NOS A
S LT Ty, T B PR i TR O SR X 5
MAEZENOHTHFE . MAE80% (MK ) &1,
T A R R, HA R Y R Ak e ),
FRAINOSTEAE BB 200 0 SR, 75K 4 b = o
N, OXE LURE BB KA, T 5 9tk — 25 38 J5
N, P00 DR G N O B I 25 R R A X 65 1 L i 52
MIRFE . MEEZ T, FE S K8 50% 1) - b 4 4k
V2R T 2 30 ) L A B A A R TNL,O 8 B
SEON, O J I 6] P9 5 38 B i 12

AR LSRRI, BINAS [V B K 4k 7
%Ai%m%%*TﬂmeAiﬁNﬁ%ﬂﬁz

(ISR g M, BIRIFe (T0T) B 2 4E 2%
BS TR AR A 6 AL RN O RSB, T L WS 3 Ak A A1
HERARCR T A, XA RES TN R A
K EHRBMB LG Fe () 2P i 5k
Fe (1), Xl fEh & 5NOIE Fad FE S
G 7 RIS AR B £ SRR IR Eh L

R B e, T ELTRINEFe (T ) i 22 00 0 2 ik 17
o WA, KERE BN 2 G A 35 b S ARA S
£ (Eh) {ETHE, EhE TG 0T 8 2 BEAR AN IR A
VSR G T R, T 58 S RS A, e A 4
NP EUE TIHEMR . BRIbZ o, ShEER
X RS AE P s A] e R A R 2 —
JUEE H A 1A MRS -+ HEfR A 956 R i
R o BRI D R BANRFe (1) Sl s
s e, Lide 0 R K B AT 1 s AR
BRI SR SRR, ARG KB, FEH 3R
12 hiN, K [ gt 3 W narGHinos Z) £
FEW /b, JEBERE SR ] B S KRR, i LR
i Bk AL B S R B SR AR 16 hJE X R
BORIE R, VI O FE TR G # DUEGIGER K 52 88 s
S E AU IR AL R R B AR . (B
JE SN R AL AR AR AL BR X nar G Flnos Z W) 24 L 4%
MIXEA A B, B, SNEFe (1) MIE
w7 R AL AE Y A K, AT RE RN, O
B E R A, EXTHALE AR T
UFe (M) BNz &K LR s, Tk
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o 100% 0 356bp
3, it B 223bp
- ) 198by
J L
=y 80% @ 143bp
#E O 141bp
g 60%f 136bp
L E W [31bp
:.‘ E | ] |24b[]
-z W B 116bp
23 @ 101bp
DE  20% | B 99bp
% m 96bp
=7 @ 92bp
= 0%
[ B g4
= CK Fe2 bp
6h
50% 80%

100%

809

nosZ3EH T-RFsH A2
T-RFs relative abundance of nosZ gene

50%

B471bp
B451bp
E379bp
355bp
B353bp
B328bp
®321bp
BE266bp
B235bp
O 145bp
B 34bp
B 73bp
B50bp

80%

AP Treatments
K4 narGMinosZ3EFN T-RFsHH X} F &

Fig. 4 T-RFs relative abundance of narG and nosZ genes

PSRRI (L B R 2 B T, AT REX G
AW A A AR SRR L SN e KTk B 4 R A
FHSE A&, i AR K S5 A T X R SO B E
R, ATRE I PR R WK AT 1 L A Jeh R 1
PES SR, 7E50% 5 K & 1Y - e v a] 524G 38 43 Fa -3
PO, M AT . TEE/KE R LIE T Fe (1) AT
DI A ke (1) , BARIFARWEEFe (1)
) S A AU P il AU, RN FR 16 hit)
narGHlnosZ KR W AK I 53 i v W ml gg 5
Fe (1) By FFke (1) BEINAE —ERRCR,

E T ZEIRAMG

4 4 e
HISMIRFe () XK N, 0807 15 B

AR A TR R . TEN,OHE T 2 ) A
L AR R AR B G AR TN ORI R, L

LR AT REESNIR AN T SR AL A A K
SO, TR T R AR AR L, BE TN, O 1Y
FeA s AN, OHERCH) S WU, i T A AL D g
T A W 0 B T S AR B N O35 5 AL &
X8 Z, S EN, OB W T3 . A
BRSSP B A 0 i 45 R 8 e - N O BT A 5%
RIE T — I

2 & Xk
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Effect of Amending Ferrihydrite on N,O Emission and Denitrifying
Microorganisms in Paddy Soil
WANG Qing"" > YANG Huicui” > WANG Ling" > QIN Hongling' ZHANG Wenzhao'
SHENG Rong' WEI Wenxue''
(1 Institution of Subtropical Agriculture, Chinese Academy of Sciences, Changsha 410125, China )
(2 University of Chinese Academy of Sciences, Beijing 100049, China )
Abstract [ Objective] Nitrous oxide ( N,O ) is an important greenhouse gas, which is 298 times

higher than carbon dioxide in Global Warming Potential ( GWP ) over a time scale of one hundred years.
With the widespread application of chemical fertilizers and the practice of water management of alternation of

drying and wetting, paddy soil has become an important source of nitrous oxide emissions. Researches show
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that the process of flooding-draining paddy fields can cause emissions of large amounts of nitrous oxide, and
variation of the redox potential during the process is closely related to N,0 emission. Iron is a crucial redox
element in paddy soil, but its influence on N,0 emission is not clear. The study is oriented to expose impacts
of Fe on N,0 emission and denitrifying microorganisms. [Method] An in-lab soil incubation experiment was
carried out using samples of the paddy soil derived from the quaternary red clay. The experiment was designed
to have three levels of ferrihydrite amendment (Fe 0, 10 and 40 pmol g_l soil ) and two levels of soil water
content (50% and 80% ) . The soil samples were air-dried and sifted through a 1mm sieve. According to the
designing of the experiment, the pretreated soil samples were fully blended with ferrihydrite, separately,
put into 1-L plastic boxes, 200 g soil on a dry weight basis in each box, and then spiked with KNO; solution
to ensure the samples 1.6 pmol g™ soil in N content and 50% or 80% in soil water content, separately. The
boxes of soil samples were placed into an incubator, 28 °C in temperature and kept there for 24h. Air and
the soils in the boxes were sampled once every 6 h during the incubation for analysis N,0 concentration in
the air sample was determined with a Gas-chromatograph. Soil samples for physical and chemical analysis
were stored at 4 “C and analyzed for NH;=N and NO;-N contents with a continuous flow analyzer, while soil
samples for microorganism analysis were quick-frozen in liquid nitrogen, and stored at —80°C, and then
analyzed for variations of the communities and populations of soil denitrifying microorganisms with a real
time flourescent quantification polymerase chain reaction ( PCR ) and a terminal-restricted fragment length
polymorphism ( T-RFLP) . [Result] Results show that during the process of N,0 emission rate rising to a
peak, denitrification was obviously disturbed. In the treatments spiked with extraneous iron, especially at
high rates (40 umol g™') , nitrate concentrations were much higher than in CK, while N,0O emission rates
were significantly lower than in control. However, after the peak, N,O emission rate decreased markedly in
all the treatments, but it did much more slowly in the treatments spiked with high rates of iron than in CK
and consequently remained higher than that in CK. Meanwhile, during the first 12 hours of incubation, the
abundance of nitrate reductase gene ( narG ) and nitrous oxide reductase gene ( nosZ) varied significantly,
demonstrating that the ferrihydrite spiked apparently inhibited the growth of narG- and nosZ-containing
communities in population size, and the more ferrihydrite was added and the more obvious was the effect.
However, after 12 hours, the inhibition effect was no longer so obvious. The addition of extraneous iron did
not have much influence on structure of the denitrifying microorganism community. [Conclusion] So it is
concluded that the effect of Fe (Il ) affecting population of the denitrifying microorganism community is
the main cause of extraneous Fe ( Il ) inhibiting N,0 emission during the early period of the incubation,
and hence nitrate reduction and N,O production. But in the late period of the incubation, the recovery of
denitrifying microorganisms in abundance and the existence of nitrate-containing residues, like NO;, pushes
the N,O emission rate higher in the treatments spiked with extraneous iron than in CK.

Key words Paddy soil; Iron; N,O; narG; nosZ
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