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VAVUIR 6 5 — A R W FE X G 2R RUT 0 15 R 40 10 T i 8 1 R [l 7K Ak B (e R K

it 30% ,60% \90% FIHEIK 2 cm ) ,BFFE T AL AE I B i A0 0 A= 1 %k oK 43 A8 A B o B AR AIE o 45 2R R L
Kb PR FEAR T A AR SR R A (ER) (B BT A AL B B3 ER AR AR L 330 ~ 500 mV, A A4 T
SALS . R T Kia L HOINA 10 mg kg™ NH, -N (3% 82 55 35 o B2 b, 45 47K 43 b B4 0L 4 21 1 & (%) NH,"-N
FEAR A1 NOy -N 2R IR ,60% WHC 43T £ 3Ef 25 A R B I 3% ARGE ,90% WHC 4b B IK 2, Bifi 15 5% i)
[i] S < ,30% WHC FE /K Ak BE -2 W 4% 21 W] A0l A6 45 T o W8 7K 4k B v 4 406 40 7 ( Ammonia-oxidizing bacteria,
AOB) i #5025 % THEH K Ab 38, B /K Ab ¥ AOB 76 DGGE &I 1% - 1) 2% 7t T8 I i B B 4, 1 4 4 Ak oy 1
( Ammonia-oxidizing archaea, AOA ) (¥R V& 41 BRI 50 E: 75 A W] 7K 73 4b BRI S B B A8 b . R B]3% 1 vh AOB X
IR G A7 A 107 SR A, 2% R R A AE T U R K S T RS AR R T R AR i ETRIA

ESc4n]
RESES  S152.7;S154.3

JRRE S e B ARAR W, AN AT E AR A o
HA B A, HE A 25 2000 Al R B 52 B 5 3. K
AR T A 25 R 8 M 4 Bk VA 30 e AR R R S, KR T
RIS ) P 2 3 A K el T i A - B il A 1 P B 7 A
R 25 R0 O R N, O B ik A% ) e — o5 32 s H .
H T SR I SR, S EORS H A AL T R A
F 10 Sl 2, 52 ) 3 A 0 BIK Bl 4 00 3R AR ) R A
PRI R AR TR — A i e O R i
PR by S e A0 21 ST R B iR 2R A AL P A4S 22
Ro — BNy, A K o O R K OH ] FF K B Y
50% ~70% I /2 fi 15 ‘BL Al A6 A T 89K IR 24 i+
R KA AR TR LA &2 0 5 R+
SEAR L, KA v o S8R DR 4ROIR 2508 A7, il 3 h
WA Z 5K AR b FR A DL R 247, 0 B
— BN R AT A BT R AR R R
DA B K R AR 2R B0 A TR R AR T i A A Y
KA

P B A A I 4 BR o e 1o A0 B, S A A R

w [/ HRF I 4T0 H (41090281 ,41322007 ) ¥t Bh
T M IHAE#H , E-mail ; jzhe@ rcees. ac. cn

KR 5 K7 5 AR I s B AR s E R A AN s A B
M ERARIRED

A

RARER PO BT, g 25— B0 O 2 i A
i ( Ammonia-oxidizing bacteria, AOB) r i 5, H &
2004 47 Z Bl R AL AE AR amoA FE N F A, B IS K
PR 5 1 A A R 2 SR L T TR ( Ammonia-
oxidizing archaea, AOA) , I UF 5L T H 7F — 88 + Y
RSAEAE R B ESERTT R S aU Ak %
A 2 RE R B U A BT R W] B pH L EUKCE i
HE LB SRR R MR Oy A R Y
FIRE 52 24 S AL Bl A: W B0 R VR A5 R L A e R
JEU IR BT R B A4 pH A AU KO R
SE A 2 TR A S T TR RE T R B AR 2 A A Y
Pk Y AMIE ST S R K RS -
it #e LA ke AOB F1 AOA Y Z2 A B X it AL 45 24
S35 DR B w7 U A T AR 3 BIE ST, S B Rl A K R Y
TS AR HISREE DL S AOB il AOA (14 % & W]tk /&
TANRIAE KA B 3, B U 454 21 o B oA
), I & B 7K 19 /K 7 1= b AOB Hl AOA 4 #F % F
FE ANGEH E B R S L (R e

TEH TR A XA (1988—) i dbak K 0, B UF 5 A=, NS 384y FAE B 24 0F 58 . E-mail ; liuruoxuanll@ mails. gueas. ac. cn

Weks B9 : 2014 -02 - 255 W EE S fs B 1#:2014 - 04 - 20

http ; //pedologica. issas. ac. cn



416 + e

= ¢

52 %

FEAH BB A A Z A A S A
ACE AL Z B 5C & o B oh, KRl £ TR s 8
AR, 7K G AR TR 5 T KR T 3 2R ) Al 2
I R R A 0 Y G B TR T R K A b R ER T
FERIRC I SR B R R 2O S g T
TR 38 2% 1 A T T fk N, O R i i A i
TeE szt RN BE 2 L R B 5
B PR ZE W Xk AN TR] K e % AP 2 Ak 8 g o % G X il
AR R A S 0 A8 220 AR S0 i = A BT B SR
B VRS [F) 2K o B A AL K R 2R 7 i A R Y
TR A, 7 W R AR SR A (ER) 22 AL S
fifi I, 3z 1] PCR-Z2 P46 12 58 i L 7K ( PCR-DGGE) Al
SE T PCR AR 25 F 50 & 48 AL T3 A W 09 1 7 45 H
FRE RO A2 AL, 85 5 5 58 5 FR B oK RS LA e
PGPS AR, LR A [ 138 26 48 T %K A i 4k
PR e S A= 9 Sl AR W ML, A3 R AR K A T
S RAE B ok AR R0 D R b M K A3 A R L 2
R

1 bR ik

1.1 TEHRRLKELE

BEEK R + R AL A g B — K R R
448 (AR 2 119°847 b2 34°01") , I IR E N
0 ~30 cm, + 327 Sy R 3 vh AR K B 1V U R Bk
+ (K 19.12% , 5 & 55.88% , i ki 26.99% )
43 R Fm M, pHT. 9, L R EC 0.49dS m ™', #uk
A ALK (HWC) Sy 184 mg kg ™', BURE I + 4
TOKEL R 24% KRR KR 40.3% , -4
iz L )E g 2.0 mm 05 A THRE S H .

PO T B 95 S 5 T A5 4% O 250 ml (1 3R
PR, 52 90 A 3 B 4 7K 20 B B2 b 3. H () 45 K &
(WHC) 19 30% .60% .90% K ¥ 7K Rk %5 ( waterlog-
ging) , Zr M AESS 715 .30 .60 K #F47 i I Ve HURE |, 5
WP S E 4 AEE, LROSBENT:
] B AN T FR A3 ) A 50 g 358 il o (] - 3 1
AT H TR AN R) 5 ) 0 TR K, 98 1 - HE B K R A ]
ki (WHC) 9 30% .60% 90% L) J W5 /K 24 2 cm
R, IF A6 W8 K 43 86 BE G TR B i A 29k B Ry 10
mg kg~ NH, -N(S AL 8%) , tLJ5 5 Eh 119 Pt f
Wi A 48, IR 45 0 1, B F 28°C 85 3%,
B % b B v 3 A R R RN K o PR R E B B SR T G
GG 7d FER A 10 mg kg ™' NH, =N, {138 24
R BB R IR ) Ak 300 i A% e OC B K 2 AR

B, DAORUE B R CRE B A @ A B, 5 7d 3047 .
BRRHIG, LR WA, — M &% R T 5 IR
17T - 80°C Uk A F T DNA 9 $E 1, AR A7 7E 4°C
VKFE T 362 B 5T A

1.2 GBS HME5NE

T3 Eh 6900 %2 5% ] PRN-41 {485 + 8¢ Eh 31
(DKK,TOA , Tokyo, Japan) , ¥ i 55 5% it 2 v I 5 g
e Pt R — A6 T b 0 B S L AR R
W) 5t F AR B O, A A B2 2 em TR B HEAT
Bo BN E B 38 i 2E R [R5 LS B 2 L A i
W3 ~4 A EUBCHE S MEAE S B 325

+3 NH, -N _NO; -N LJ 1 mol L™'KCI ¥ i #2
Be(+7KEH 1:5),200 r min ™' & TR 1h, 5.0,
i€, 3% 223 8h 2 AT A (SAN + + | Skalar, Hol-
land ) il % .

+ 4 5 DNA 42 R ] PowerSoil ™ Total DNA
Isolation i&, 5¥] & #F 47 ( MO BIO laboratories, CA,
USA) ,FREL0.25 g 9% ¥R TR AR b, 4% 120 & 4
HER R VE A R AT, DL FastPrep® 20 it % 748 {X ( Qbio-
gene Inc. ,USA) #E47 40 ol e AL B, 3 B 5. Om st
BflE] 45 s, $2HUA) DNA 78 1% B B RE M e h 47 L
VKA

EE PCR 3 A1 & A Ak 20 o A 2 A 1k
amoA FEPR 1 5E £ 73 #1 >k H] SYBR GREEN i, 514
k] amoA1F/amoA2R'**' I CrenamoA23f/Cren-
amoA616r > | 5 i T i F A9 3K 7 9 SYBR Premix
Ex Taq" ( TaKaRa, Japan) ,25w] Jz AR Z& A HE 2
x SYBR Premix Ex Taq™ 12.5ul, 51 % (¥ & K
10pmol L™") & 0.5ul,5 5 5 B B AR DNA 2ul,
Real-time PCR JZ i/ 7 BioRadiQ5 iz 17, & & AL 4
T AT A AT T amoA JE T IR TR BE 40 55°C
P48 535K H 35 A1 40 ANE IR, 7E 83 °C I 4R i I %%
JGAE T, Bl 73 B R H iCycler B4

ARV B B JE P UK 43 BT < X AR A 4 TR R R
AT TR amoA FE DR () 25 14 A B R FELTK 43 B ( PCR-
DGGE) 73 5l DL 51 ¥ amoA1F-GC/amoA2R Fl Cren-
amoA23f/CrenamoA616r ° #£ 17 PCR 44 . 50l f4
PCR WK & 4035 2 x Premix Ex Taq™25pl, 3]
Y (W BE R 10pmol L™1) £ 1ul, 5 £ i B8 (14 B2 AR
DNA 4pl, Z A B amod BN M9 3 )7 4 -
95°C 5min;94C 30s,55°C 30s,72°C 1min (10 7§
) ;92 30s, 55°C 30s,72°C Imin (25 4G HF) ;
72°C AL A 10min ' SR AL AT amod JE K PR R
H touchdown &5, iR K il B2 ZE [T 10 >4 B 5 1> 18
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2 4 XT84 AU A E T SR A B A Bl 2 0 X AN [ 7K 6 32 g i 7 417

P 0.5C (62°C ~57°C) , J5 30 MEHR K 57°C , H
KRG EAAT EAF . DGGE R F (9 74 s Bk e e ik
JEH 6% ,E AN T amoA S PR FT FH (1 25 M g vk 2
B BEVE R 45% ~65% , 5 A AL T R 10% ~45%
ST A TR RN 22 Sk T R UK SR R 43 il Sl 120V 8h
A0V 12h, HLIKZE A5, H R Ak, & 0.1 pg
ml ™" EB ) TAE 9038 6 e 4 30 min, 2R )5 FH & &
FIKEYE 10 min, L Bio-Rad Gel DOC™ XR + ¥ i
BUR RGN IIF 0. i TR R, 45 Ak AR
BEHLPEZE T 2 > FE G #1417 DGGE HiJk .
1.3 #iEIE

5E 5 PCR 75 51 19 56 P 485 D1 B2t aod b 300 e e
AT M . VRIS T AE Origin8 Hrog i, 25 7 1
F PRI R B R T 25 43 B (S-N-K K 50, p <
0.05) ,7E SPSS16. 0 # {17 .

2 45

2.1 AEKDEHETTE Eh TR

ARG IR T, 13 ER 7E 330 ~ 500 mV [
T N AR, BRI (7d BE) ,90% WHC 43 (%
392 mV) i 2K F 60% WHC ( £ 429 mV) Fl 30%
WHC (2 424 mV) 4b 3 K Ab 3 - HE Ry ER (2 336
mV) B E AT AR K A B BE 25 55 5% 0 1) 0 4 K,
KA AR B - Eh P45 N [R) AR BE 8, DA BE
£ 15d B FR SR, B K Ab B AL, HA 45 7K o i
FEANPE 38 Eh ¥ 449 ~ 498 mV [ 45 fk, H G
ZE5t ., WEIKACHL T4 ER 7E 15 d AT E W] AR AL, B
F % 30d WG N 2 2 376 mV e 3% 5 W iE— 25
B % 468 mV

350 [ —@—30% WHC
—0—60% WHC
—4—90% WHC

- = #57K Waterlogging

W
[
(=)

FALIBJFHAL Eh (mV)

7 15 30 60
43I A] Incubation time (d)
1 g R 5 Eh 284k

Fig. 1 Dynamic of soil Eh during microcosm incubation

2.2 AREKSEEET L8 NH-N.NO,; -N T4

Rigpid R K 4y Ab 3R £ 48 NH, -N NO; -
N (AR n & 2 i 3 iR . BT e B BURERT 7d,
Byl 1T 10 mg kg™ Y NH, =N, 78 55 F% 1 1] (7d
W) AR —EM R MR SATRERET
W JF— A FRARAIAKF /N F 5 mg kg ™' o BRTESH
7 KEUFERT,30% WHC F1 i 7Kk kb B 4 3 b 45 25 A%
0 b T A A B AN R TR K 3 Ak B 2 ] G
5. SEERE AT R, B R 7% R 50, 45
AR Ay b B BT B B A NOy N B Horh )
60% WHC K3y 22 A i hy i 2 A, 90% WHC 4b
R Z o BR/NIR B sh A, N [ BORE B ] R, 60% WHC
F190% WHC Ab $H + 58 v i 25 280 & 2k 3 5 At Ak 34
ELE R SR 7d & 60d B, 4 M 16.30 F1 17.15
mg kg "HEIE 102.8 1 109. 1 mg kg ' 55 397 H
(7d B) Vg 7K Ah B A LT 6 DU AS 380 25 40, L i 5%
FrI ] SE K B A LA B A 22,46 mg kg i =
82.87 mg kg ', 30% WHC b3 7E 715 .30d Bk it
WA A RBUR A (0.55 ~11.71 mg kg ™) HAERE IR
W10 3 0, 7E 60d B vk ik 83.85 mg kg ' R
ARG AR B R — BRI RE S (36 60 %) S
A8 WEEAS L, BT 80 mg kg™, A NO; -N (g5 iy
28 LT DL R A B R ok AR oh o3 i i 2 80
mg kg "L WL A i B NH, N LT 58 8 1k ok
NO, -N, RUIZEARFK A HL T, 1 e ¥ K A T 55
FIRSALAE T . X NH,-N F1 NO, -N fiy 728 fh a3, H:
1 30% WHC FI¥E /K 4b B+ 39 NH, -N 220 18 & F
60% WHC F190% WHC ZbF | ifii NO, -N 7 ¥ 2 ZL 0 .
AR T )5 W 3, 3R W] 60% WHC i1 90% WHC #b 3 &%
30% WHC. Fls /K Ab B A ) F A4 Ak AR A & 2
2.3 AEAXSBETIESSHVATNEENLS

EHEEENTWL

FE A5 A BURE S [R) T, 2 AL 40 i (AOB) 14 5l it
FE S K AL BE v 5B S 0, LA B 5R 15d J5# 7d B I
BN i A At K 43 Ak B R) B AS [ 855 % s 1) A5, A
TR FEESF (K 4), Ak, a8k E
(AOA) B E S 2 15 d G B NI (B 5) . It
SN BRTE T d B 30% WHC 4b 3 AOA 3 fiF I /N F
Hofth 3 KA FE 15 d B 60% WHC 4bHE AOA
JE 58 2 /N T A 3 AN K 4 b B AL [R]— HRORE B I
ANFIK A A BRI 3 T i 2 22 5 (B’ 5) o SR 11
Hp g S AL T RV S [ 7K 4066 B G W S i
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2
—8—30% WHC MO _g 300 WHC
—O0—60% WHC
—0—60% WHC
0k —&—90% WHC 120 _a 000 WHC
—— {7k Waterlogging —— 57K Waterlogging

NH,"N (mg kg™)
o

4t
2L
0 )
7 15 30 60
15 3£ 0 H] Incubation time (d)
B2 A~ HoRE ) 4 9 NH -N 5 B2 4k
Fig. 2 NH," -N concentration in soil during microcosm incubation
10 =3 30% wre
(] 60% WHC
< 9| AZ) 90% WHC
= B2 W7k Waterlogging
S 3
= 8
23
%5 ‘oo
5 87
£ g
53
=
%0 on
-
5

15 3EI} ] Incubation time (d)

P4 AU amoAd N5 DL %L

Fig. 4 Number of bacterial amoA gene copies

2.4 AEKSBETIEREUATMEALS

EHR RGN EN

DGGE 73 Mt .75 AOB Y #if ¥ 41 B 75 5 7K 4b 21
Ja AW AL R IR 2 Td F0 1S I K Ak B
() DGGE 2575 B3 Mt B 5 , JF- 78 15 37 = 01 (30d #01
60d) 2571 B 19 £, AR W K A 3 A4k BRAE A [H) Y B
FERS Ta] R Ab B ] G 3 22 S (K] 6a) . AOA 1Y
DCGE FIEBRTERE 37 7d J5 AOA FE ¥ A5l 2% (b
RELRMERR A ) B 2 sk 2 A1 T W 2 A8 Ak, 45 K o ik
] G 2 3 25 5 (8] 6b) o

3 i ®
3.1 T HEKHTWIRLIE B Eh B850

P R BAE W 1 R R i, 2 80k
S A DL 5T B, 7 T A A K B 50% ~

100

NH,-N (mng kg™)
o
s &

N
=}

33
(=]
T

}:3% A Incubation time (d)

K3 A& ORI ] 3 NOJ -N 5 28 4k

Fig.3 NOj -N concentration in soil during microcosm incubation

[30% WHC
60% WHC
ok D 907 WHC
§ = BB 7k Waterlogging
S g
g5
s 2
E g
£ /
2 8 7
28 2
: 7
7
%

K5 3EF ] Incubation time (d)

K5 &AL B amod [N ¥5 DAL

Fig. 5 Number of archaeal amoA gene copies

60% I}, 4 e ms AL AE FH 45 16 B, 33X A 7K 4311 el B v
ST A AR B e FE K o SR T R T AR
SY B AE L AR I & B, £ B A K S
AL PR R ,60% WHC 4Zb 3~ + s A & A B i i
FEMARE, L RE T AR, A, 90% WHC
Ab R A e B AR I RS AL . R, FRATT AR
L5 3] it 5 15 7% B (8] 19 ZE K ,30% WHC b HAE 8% 97
30 d J5 A K AL AR T d JE 3R B B 0 Y B
BEMFE IHEREE S AR AER % 60d B X £
HIEEAL SR B2 3T 100% IRt A BIF 58 468, 1 —
S - B AR R K B O K ST A AR AR
FH AR, A o 2 0 T S 2RO B B R 2K A
T2 AT M 0 e Ak B AR BT, Y A R B
K3 B8 H N 3 38, PRI AT TR R FE AR IE— 52 11 0,
BERE 15 DL, R85 19 7K 43 B A2 HE IS W) 1 B A
H TR A A B R A= o
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7d 15d

30d 60d

30% 60% 90% 30% 60% 90%

WHC ~ WHC WHCWaterloggmgWHC WHC WHCWaterlogoomg WHC

l' H { i bl

7d 15d

30%  60%  90% Wk 30%  60% 90%
WHC WHC Waterloggmg WHC WHC WHCWaterlogoomg

!!! ,

30d 60d

30% 60% 0% WK 30%  60%  90% K

WHC  WHC WaterloggingWHC ~ WHC  WHC Waterlogging WHC
3 ] y Y s " : t 4 R 3 ]

AEE e P

@
|
i
i

()

60% 90% WK o 30%  60%  90% WK
WHC WHC Waterlogging WHC WHC  WHC Waterlogging

30%

Kl 6 RI[EKo#E AT AOB(a) Fl AOA(D) B DGGE &%
Fig. 6 DGGE profiles of AOB (a) and AOA (b)amoA gene in soil during microcosm incubation

TEREAS B 3R i h, R WE S 8 ER A 4TS
Fl 7 330 ~500 mV, T BB a3k R [ 4 R
A3 T HL AL BF 5 2 B, B0 7K R - 9 X ) T
b - 38 A R AR DA e R R 32 (H KRS -t eT
Oy g SEARE R SRV FE S = R R R R
ABFFE PR - W K b BEE ER R TR K
LhE AR Eh 3554 330 mV L -, AR B 35 05 I8 0
F W AR % 1 R B T AL P K RS e, Bl
TE K A3 M AN B 00 T, o B L A e A A B R
41

AN, G b A Eh R BE 4 8K 4> B RS
T R AIS A AERE 5 B 15 3R 00 1 (7d 1)) ,90% WHC
AhFE A 82 Eh B B AL T 30% WHC #1 60% WHC #p,3
AW A B[] ER AS AL R B, X AT AE 2 T
KA 5 B Ak B A AR I SR R, R
A A5 AR B s BT B, HE T B ER IR (4
PSR RS o 5 — 7 T, Eh Wil 25 5 R 8 5 &
mﬂiﬁmiﬂi%Ehm%ﬁWMUﬂ%m?%
FIRAE KN S, = P R R — B R
e, LR 8 E@%ﬁﬁuwﬂw%ﬁ AN, B 5

AR ER VF s K T R P BT R S
B T DT 58 U0 T I 6 9 A A ) D
A 4 9 A0 K 0 R VR L T BB ER PR A — E Y
S, (A BIF Y Y T B B A RT 3 IRRERT
SIRBLHR T, BRI R BT I B E
3.2 TEASMEEMBEDFIG

ARFFE K B, WK b 38 7d J5 5L 2R IN T AOB
f 5, DGGE 43 B 45 B Al 5% g Kk 4k B8 rf AOB i
DGGE 4% 25 i W S48, 15 AOA 9 FE 74 4 A A 3=
JE 7E AN [ 7K 43 b B 2 18] J6 W 35 725 Ak, i 6 4% L 3k 1
1% 38 v 4A b AN TR X 3 49 Ky 388 0 7= AR AR A
37, 2 A BIF 5 T L4 B 3 B A1) 4 39 A Al AE & 2 1Y
EBHED S BT ET AR 3 pH 25 8, Ji Bk
P, 33 5 2 T e ] 2 25 3 ek ) A s e R A 2%
AR (SIP)IESZ Y AOB fEfk 1 + a4k 15 ol 32
SRS R —8 L BT A K b BRTE R 55 15d
JG , AOA fy % ik W] i 19 16, T B ol T 8 45 om0 400 o1
T AOA MK TS, AW KB AOA X & 1 35
N BT AOB, XF I ¥k B 1 %ok N T
AOB"™ i e B 1 & T RE M ) AOA BOZE K. LAk,
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— BRI ST AR T AOB X 7K 43728 AL Y i B 7 AOA R
i, SABEF RS B —50, 0 Ke A1 Lu'>* 5@ it b
SR B 7K ARG - 28 47 it AR R K Ak PR S SR AT R
F5 & B AE N AL B UK B 5% )5 AOB Y #i i
i, BEE R R AR AR i AOA A AR fE . Glee-
son 25T HIFSE T AN (R K 43 X K ) WE 7 A - 5
SR AR A B R, R B K 4 A T5% ~
95% WFPS( -+ He fLBR & /K &) Z [l i), + 39 5 Al 1k
SRR A 305 1 Bt 2 7K 43 19 184 iy g 3 [ A%, AOB [
amoA F& K 3= JE B 7K 4314 S 34 i 5 A

EA IR IE — 2L 3 h AOA X /K 43 1 i
[ %5 AOB R fi, 4 Bustamante %" ** % %5 1] 2 - 5
T AT RE SRR R B, YA 14 K IR K
43 Z 60% WHC 1, + 58 v il 25 0V 2 v i 1k R
LGN, AOA 1Y BE ¥ 3= B A 1o & 19 . Szukics
aEDO U RS A S B, — S b SR AOA X K 43 iR
IR A, fH AOA (1) 3 B 78 K 43 e 1 £ 18 (70%
WEPS) & 3 & F /K 43 8 AL ) 118 (40% WFPS) 4b
Wi AOB 32 7K 4325 Ak B 5 Wi 42 /N | 171 5 o 3% it 4L
ARSI o X 6 F 9T 4% S 2 I OR [ 42 SR Akt A i 2%
BEXT 7K 43 25 A0 RV 2SR R TR), AN [) 25 7 4 B [
EEEEOI AT GBS i NCNTES PP Sl N
ELET

ARHF 5T HE K AL B AOB i i 25 39 in , 6 BH i
A3 S A A AN R 2 B AT I SR Sk R R R (A
HAEAR T F AL 5 & A= 00 8 K R B8 R A5 9R &
FEVER o RO, 5535 5 00 Eh 35 58, X B 3 A )
TP F B &

4 4 g
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Bai Ren

He Jizheng''
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As rice is one of the most important crops in the world, paddy ecosystems have attracted worldwide atten-

tion because of their importance in food supply and their eco-functions as wetland. In paddy fields, frequent alternation of

wetting and drying required in rice production leads to drastic fluctuation of soil redox potential, thus affecting various mi-

crobe-driven aerobic and anaerobic biogeochemical element recycling processes in the soil, including respiration nitrifica-

tion and denitrification etc. Since the 1980s, excessive application of chemical fertilizers in various paddy field system

management practices in China has brought about a series of environmental consequences, and most of the relevant re-
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search efforts in the country have been focused on emission of N,O, nitrification and denitrification, nevertheless, little is
known about the underlying microbiological mechanism. Nitrification is an aerobic microbe catalyzed aerobic process, con-
sisting of two steps, i. e. ammonia oxidation and nitrite oxidation. Ammonia oxidation, the rate-limiting step, is mainly
catalyzed by ammonia-oxidizing bacteria (AOB) and recently discovered ammonia-oxidizing archaea ( AOA). Tt is gener-
ally held that soil moisture ranging between 50% and 70% of water holding capacity (WHC) is the most suitable moisture
condition for nitrification, and soils, too dry or too wet, are unfavorable to nitrification. Compared with upland soil, paddy
soil is subjected to frequent alternation of drying and wetting, which leads to drastic fluctuation of soil redox potential,
thus affecting microbe-driven biogeochemical element recycling processes and metabolic activity and functional succession
of soil microbes. Being the major factors affecting soil redox potential, moisture and oxygen therefore become the key fac-
tors in the study on nitrogen recycling in paddy soil.

To investigate responses of nitrification and nitrifying microbes to change in soil moisture and their underlying micro-
biological mechanisms, soil sample was collected from a paddy field of alkaline paddy soil, typical of Binhai County, Jian-
gsu Province, and soil microcosm experiments were set up with 4 moisture gradients including 30% WHC ( Treatment 1) ,
60% WHC ( Treatment 2) , 90% WHC ( Treatment 3) , and 2 cm of overlaying water ( Treatment 4). Results show that soil
Eh was significantly lowered in Treatment 4, and did not differ much between the other three treatments. It varied from
330 to 500 mV, in all the treatments, indicating that on the whole the soils in all the treatments remained in oxidation
state that satisfied nitrification basically even under flooded conditions. During the 60-day incubation period, 10 mg kg ™
NH, -N was added into soil once every 7 days. Apparent decrease in concentration of NH, -N was observed in all the mois-
ture treatments over time, accompanying rapid accumulation of NO; -N, which was the most obvious and rapid in Treat-
ment 2 (60% WHC) and then in Treatment 3 (90% WHC). Even though accumulation of NO; -N was slow in Treatment
1 and Treatment 4, active nitrification was also observed with the incubation going on. Compared with Treatments 1, 2 and
3, Treatment 4 was much higher in abundance of ammonia oxidizing bacteria ( AOB). The dominant AOB bands in DGGE
profiles were more distinct and brighter in Treatment 4 than in the others, and the number of AOB bands in the DGGE pro-
files increased significantly in the late incubation period, that is, from 30 days to 60 days, while AOA (ammonia oxidizing
archaea) did not differ much either in abundance or in community structure between the 4 treatments. In addition, AOA
dropped sharply in abundance in all the treatments after 15 days of incubation, which may be attributed to the inhibitive
effect of continuous nitrogen addition on AOA. All the above described findings indicate that different ammonia oxidizing
microbes have different requirements for water and oxygen, and the AOB in this type of soil, being very sensitive to chan-
ges in soil moisture condition, are responsible for the nitrification in the tested soil, especially, in waterlogging condi-
tions.

Key words Paddy soil; Moisture; Redox potential; Nitrification; Ammonia-oxidizing bacteria; Ammonia-oxidizing

archaea
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