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0 T RASARHA B o &/NEHRTTH, 24 0, ¥R 40.80.120 nmol - mol™ A ,20~40 em +)Z ) AOB K5 I 5043 31| Lb X Bé4b
FEREAR 39.8%.51.2%F1 59.4% ., AOB F1 NOB LK #2 I BHER L2 TRk ,0~10 cm + )22 F 10~20 cm, AOA F[F# N EESTy
B K . O; HipiE ATE 0 AOB,AOA F1 NOB % FIvE MR ne L 3B AR AL S 0L , T 1 3B ARG FF A
REEIR : 0 WeBETH R s EUE LI TA s B AL I S AL 40T s 2 i PCR
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Effects of Elevated Ozone on Quantity of Ammonium-oxidizing Bacteria, Ammonia—oxidizing Achaea and Ni-

trobacteria in Wheat Field Soil

WU Wen'?, HUANG Yi—zong™, LI Ming—shun', YU Fang—ming', ZHONG Min? SUI Li-hua® HAO Xiao—wei®

(1.College of Environment and Resource, Guangxi Normal University, Guilin 541004, China; 2.Research Center for Eco—environmental Sci—
ences, Chinese Academy of Sciences, Beijing 100085, China )

Abstract: Nitrification is of vital importance in nitrogen cycle, including ammoxidation and nitration processes. The nitrogen is transformed
into NO; form which is available for the plants through the ammoxidation and nitration. The study aimed at the impact of near the surface O,
concentration on the quantities of ammonium—oxidizing bacteria( AOB), ammonium—oxidizing achaea(AOA ) and nitrobacteria( NOB) by the
real—time polymerase chain reaction(PCR), open—the top chambers(OTCs) and simulated—smoke experiment in the field. The results showed
that the responses of AOB, AOA and NOB under the stress of O; were different. The quantity of AOB gene copies had a trend of a decrease
with the increase of O; concentration, but the quantities of AOA and NOB gene copies were not changed significantly with the increase of Os
concentration. In the jointing stage of winter wheat, when O; concentration were 40, 80 and 120 nmol -mol”, the quantities of AOB gene
copies in 20~40 cm soil were respectively lower than the control group by 39.8%, 51.2% and 59.4%. The quantities of AOB and NOB gene
copies in filling stage were more than those in the harvest time, and the quantities of AOB and NOB gene copies in 0~10 cm soil layer were
more than those in 10~20 c¢m soil layer. The quantity of AOA gene copies had not changed significantly with the change of season. In summa-—
ry, changes in the quantities and activities of AOB, AOA, NOB in response to different O; concentrations provide a good indicator for investi—
gating the nitrification, which can be used as indicator for the nitrogen cycling in soil.

Keywords: elevated O; concentration; ammonium —oxidizing bacteria; ammonium —oxidizing achaea; nitrobacteria; real —time polymerase

chain reaction
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L4, BT ARE S A TR A 7 R
KESECGEHZ O, ¥R H 253800, Hi5 YLy ik
WRRETER K, Feahf RIAWHE K, HEikiE, R E
AR R BB X AT = A DI i DX D R At b X 30T 2
0, Y P feimy 34 E) 150 nmol -mol™ DA _EP, 05 /E AR
FRMAEFAAEAZ ) FE RS, BB AT S
R FEARRBFRYZ—,

HERRGH YR RER WAL A A X oA 7= )
e E AR 2R E R M A W IR S5 F 24 B B 540
T P E S R AT R WIER , BRI A =1
ShEE T EEMIMER . AR A A ER AR
AR R N EREA SR PREE EXE
ZRYVERD, B Ak SN R A W ER B AR A k2
. FE AT (AOB) FIE A AL TR (AOA ) FE il B A
FRAE R SE—25 ), B NH; 4k AL NH,OH , 2 AHR
EIW A RS R N 2 —, AH AL (NOB) ZERHLAE
Fid 2 S NOYFEIL AL NO: f 3R T, R
T3 Bk 3 PR YT RE R ) S5 4 B L AR AL
Z BNz R,

NERBREEAREEYZ —, EHZ 05 ¥
EREINE &/ E R m B Z AR RGN, A IEX
bR AR DL B b A= W I At R A e, B
ATAMTREEFHE O, SHAES R G # 41
M), X A= 2 R Gu T 34 s A 5T, 05 XAE
ARG T ERAF BRSO, bt 34 3R, B
X H T A W R A — MR R RN, H 05 X2
WA R G R ARG LRI R . A
SGHE S K HIRE, 854 FF IR E LR F B A Real-
time PCR IR HLE O; W E FHEXTA/NEHL 1
2 AOB.AOA #iI NOB & /zm, AEEM K 0,
TS YL BHIARE L R AR R AL 2RI IR

1 #BE57FE

1.1 X5 AR
SR TR B KA B B (40012
N, 116°8' E), %A T P ER, Ji By Aol
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C, 43 H BN % 2 684 h, TREH R 200d 24
1.2 XA
SR R &N L R kK 9549
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#£,2009 4 9 A 28 H#EFh,201
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1.3 A&t

KHEZA T F X EFA TR FF T
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JE A 3R W RS A B AR E FEAIEN
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'’ SEHELE AN AL, 25 BEA R 3R SRR
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CFG-3, % m )i I AR A o il ad R B i & 3
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53 AITE 2010 42 4 A 30 H(3k T #H).6 H 22 H
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cm F1 20~40 cm BRERFTEE L3, A LA H 54
ANTR) s R TR TR, A A e A B 3485 75 [ S 0
ZATIE 13 AOB,AOA 1 NOB HI%&

B AL 5 R B FastDNA SPIN Kit (Bio
101, Inc., USA )35 & 2 BOCH & DNA, $2 Bt # 4% 16
BH-H#47; A ND-1000 Spectrophotometer( Nanodrop )
S3HTFTHRE DNA 1 ODay/ODag fH , fR1UEFTE2 5 DNA
i & ; H] Eppendorf PCR {X#£47 PCR FSLH , R
2 JE DR 8 SN 2% A4 F1 ROV 2R 5 Real —time PCR )
TERY5 Hy iQ5(Bio-rad, USA) € i PCR Y L1247,
i g 2% 4k DR A TR 98 DL s Br A 9 3 I i 34 2% F
SYBR ®Premix Ex Taq™(TaKaRa, Biotechnology )i 7
AT, RN SRARG RES IR 1,

1.5 #iEabEE

+ 3 AOBAOA 7l NOB B0 3125 1] 43 i A
TR DB A S B SR Sl A B AT X 3 2R A0 T
H R DL BORAR IR 05 Xf AR LA A B9

sm, ﬁlﬁfgﬁm alﬁﬁ vy miﬁﬁﬁéﬂﬁo RF 0, e
6 HiE -+, 1T 3 ¥t (One-way ANOVA,LSD,
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Table 1 Primers, probes and PCR conditions used for the conventional PCR

[Ep a3 519 ' B ! SHEIHR
1(5'=
Target group Primer FFAI(5'=3")Sequence Amplicon/bp [T Thermal profile Reference
5 min at 95 °C, followed by 35 cycles of 45 s Rotth Ll
AOB amoA—1F* GGGGTTTCTACTGGTGGT 491 at 95 °C,45 s at 55 °C and 1 min at 72 C, o 1?9@‘;; :

and 10 min at 72 C for the last cycle

amoA-2R CCCCTCKGSAAAGCCTTCTTC
3 min at 94 °C,followed by 35 cycles of 1 min Francis et al.

AOA  Arch-amoA-F* STAATGGTCTGGCTTAGACG 635 at 94 °C,1 min at 50 C and 2 min at 72 C,
2005™
and 3 min at 72 °C for the last cycle

Arch-amoA-R  GCGGCCATCCATCTGTATGT

3 min at 94 C, followed by 35 cycles of 1 min N
R I s

Duncan), i Excel 2003 EE& 4.00E+06 .
2 RS 5 3 300506 T’
21 tRERLAR %E: § 2.00E+06 b =

EARAEKBFAR 0, 43T, % )21 AOB 1:54 “; b
FEDRIPE DB AR, S/ DB e T 1 3.34%10° 4> 2 & 100E+06}
IR BT RE T 1 2.91x10° M I, 45/
E A, 0-10 cm +J2HY AOB ZEIH# ALY T S— L
& 05 AbBET .35 b Xt BE AL P A (P<0.05 ) , 40 nmol - 05 ¥ /nmol - mol™
mol™ I 80 nmol *mol™ O; ZLFE T AOB FE[H 5 I ¥ 45 2.00E+06 a
I CK AbFRFEAR 35.3%F1 46.8% , 7E 120 nmol - mol™ ab T 10-20cm
0, ALFRI AOB 3RS CK MBI ASIUA o ¢ vsomeos) |
IR 1);10~20 cm 12 AOB EEE N HAEI20 § = b
nmol *mol™ 05 ZbFE T 1, CK 4b ¥ & 2 A 66.0% , T 2 :5 1.00E+06 - T
TEARWR B O; b3 T LA B 3 ;20~40 cm + )21 g 2 .
AOB BE[H#2 I SC7E 40.80.120 nmol -mol* 0, fhFEF O 005 =
¥ Hxt BRAL B 2 BRI, 403 AR 39.8% .51.2% F1 o
59.4% . Z/NFEHEREIN,0~10 em 2 AOB FEPHHE I . 120
BAE 30, T 5 CK MY R R EBESE 3.20E+06
£;10~20 cm + 2 ) AOB K #% I 3 7E 80 nmol - . 20~40 em
mol™ O; AL BB EEXT FEAD IR T 102.7%, &/NEMW g § 2408406 T
8,010 om 1 10~20 om +J2H9 AOB B NY & 5 b
AR O, A PO A B B 2k, R 2 5 " I b
0~10 om Al 10-20 em )2 AOB HEHIE N FE 0, E & | - H
e A 80 nmol *mol™ A1 120 nmol *mol ™ 2 [6] 22 1R
i%( lg_._z ) . 0 CK 40 80 120
22 TESSAHE 0 ¥ B /nmol - mol™

TEA/NRHRERIAERI, AN 0BT g1 o, e nEREMARLE AOB HEHNME I

% 0~10 cm #1 10~20 cm + tﬁg f ﬁ aIFl B quantity in different soil layers in
i NEFSHONY

F+ 5.13x108 ~2.01x107 7~y jointing stage of winter wheat
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0~10 cm )2/ AOA FEPRI#5 DUEUA Ak 3 H) 22 - 34
AEZE, VL 0, AbFEEA5[# 0~10 cm +ZH) AOA
R D BUR SRR A . H 3R A 10~20 em B,
B 7% 40~120 nmol -mol ™ 1) O 5%t HE &b 38 A Hy + 5
) AOA DR ¥ DI g il K E B &2k, B2 40
nmol *mol™ O; £bFRH) AOA FFF N %5 120 nmol -
mol™ O ZbFE 1) AOA 5 D1 > 8] 2 5735 3| 8 /K F
(B 3); &/NERERE,0~10 cm F1 10~20 cm 21
AOA FE[R# NI EAEAS 05 VR EEAL T 54 B AL #EAH
BT B EZS ,(H2 80 nmol-mol™ 05 £LF T 0~10
cm T2 AOA FF#E I %5 40 nmol -mol™ F1 120
nmol - mol™ O; AbFRAYHE NN B ER EZESF(F 3),
2.3 TEERLEE

FEA/INE T A ESR T AIBGREA , R TF] 05 4k
P4 HE NOB L[R5 N b th bR, &k
BrRT+299x10" N, RELBIHATERZTL
435x10° ¥ D1 ¥, & /NEHRFTE,0~10 cm 12
NOB £ [H# D1 E7E = ¥ & 120 nmol *mol™ O; £b T
B FRAL R B RN, R Zik B 39.7% (&
4);10~20 em 1 JZ ) NOB %t Bl # D B0 75 Mk B 40

4.00E+06 [
a
0~10 cm
© 3.00E+06F 2
g
® 8 2 .
K = 2.00E+06
e a ab
@ g
Q &
< S 1.00E+06} ab
b
0
B ez
2.60E+06
10~20 cm
9 1.95E+06
ol
¥ 3
K = 1.30E+06}
m 3 a
m 8
S 6.50E+05}-
S 6.50E+ b b
TR Wk

M CK [ 40 nmol - mol™ E 80 nmol - mol™ B 120 nmol - mol™*
E2 0, ME/NEERPREYRBARLE

AOB EFE# ILE K10 . .
Figure 2 Effect of ozone on AOB ﬁ%dﬁev‘ sgatrrvi alFiquéﬂz@)

filling stage and harvest time of winter wheat

nmol - mol™ F1 80 nmol *mol ™ Q5 ZLFHF 43 B1] B X BE 42
BT 69.0%F1 117.8%;20~40 cm -2, £ O, b3
HEE R ¥ D Sz ) TC B & ARk . &/ NEHERR A, 0~10
cm F1 10~20 cm 12 NOB R # D1 £ 7E 80 nmol +
mol™ O3 ZbFH T A0} BRAN RIS A B S, A5l
T 242.8%1 168.2% , HoAl b3 5 X} B b FEAH b 22 57
AEE, ZNEBERE, AER 0~10 cm 12K E
10~20 cm 12, 1419 NOB ¥ I 5 B SRR O 1k
FER A — LT R R R A B (R 2 B S 1
Ky 53t EA B R AR B E(E 5),
3 iFig

TIEAEAR RS o WA E Y BIELE
Wi7E A B AL R R BRR, SR EIIER A
AE RS E R B RAE S . HIEAER S
MEAATLBRPAREYNS S, HIEREY R
3 R b A Wt R A B 2R R S SR Y 2
VT E. O; AT MR HAERS RGP HEMAY
FEYE . AFAEWR LI, O Wk ETHR B35 HiFHK
T TR LR R S A P R, B

3.00E+07
0~10 cm
a
® L 225E+07¢
X ¥ a
® 3 a . a
K = 1.50E+07}
e ab
< 2 b
S &
S 7.50E+06} b
0
X Wk
2.40E+07 a 10~20 cm
a a a
& i 1.80E+07f ab
H
% § 1.20E+07 T
+ -
. b a
w8
< &
e £
< S 6.00E+06}
T R

[ CX [ 40 nmol - mol ™ EA 80 nmol - mol™ B 120 nmol - mol ™
B3 0, & NERZHRURBARLE
- AOA BRI IUEHI %00
A quantity in different soil layers in

illing stage and harvest time of winter wheat
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1.00E+08 - 5.00E+08 b 4
fl‘_ 0~10 cm 0~10 cm
a
& 7.50E+07 | a & 3.75E+08 - T
£ ab 2 g
® 8 I ® 3 a
M 2 5.00E+07] b = Z 2.50E+08 | ab
®c = W S b
m 8 = 8
o &« o &
Z S 2.50E+07} Z S 1.25E+08 |
a a
0 0
CK 40 80 120 K et
05 ¥ & /nmol  mol ™
4.00E+08 " 10~20 em
1.20E+08 10220 om
. 5 § 300808
[ o E/
g § 00007 T ® 2
X 2 ab ® Z 2.00E+08}
¥ o T # 3
B Z 600E:07F o
N e 2 5 1.00E+08]
m 5’3 T (&S] . +
S & b
Z S 3.00E+07f =
0
0 R TheN
CK 40 80 120 [M CK[J 40 nmol - mol™ 2 80 nmol - mol™ B 120 nmol - mol™*
0, ¥ & /nmol - mol™*
ES5 O M &ENEZERXHRURPARLE
a Figure 5 Effect of ozone on NOB quantity in different soil layers in
¢ 6.00E+07} a “V filling stage and harvest time of winter wheat
2: L3 a
2 2 soomor) T T A T4 15 5 S8R 0, AbB R H AR
- TLAMBTE AR —B, TS -4 AOB JE[EI#% 1 %
o
2§ 2008407 K. 0~10 cm il 10~20 em /2 AOB FPH#%
T m 0 0 0~10cm 1 10~20 em L RRMMR R A KA EHX

0; ¥ /nmol - mol™
4 0, & NEHH AR LB NOB HEHE MM LI
Figure 4 Effect of ozone on NOB quantity in different soil layers in

jointing stage of winter wheat

9 05 #J& (110 nmol - mol™ ) AT 3 AR PR - 3 fA= Y 2
REME R A Y B R A, (B EAR P - Bl E
M AN R, A S BT R 4R B9 1 AR 25k B AR Bt
HE, SCIRSERERM] 0, BRI T ARBRSE MR ECR o
Z/NZZ BB SR A, A R 05
ALFET AOB F[N#5 DR Be ik EA T RERIEH, 0
YR BE R AOB DR ¥5 DUECT e B, B O, 155
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BB S T 3 g £
] BB R DA TE K FH S22 f

rsisin abversioy
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O A XU SE EAS I MR, RINE
ARG RE SHEAEY R ILVEYEE 05 1
3E B ) B S T3 0 . 4 05(23 ol - mol ™) fifi8 T3
TR AL A B X ARG N, T Os
(31 wmol -mol™) fiHifl FH 4 HE EL B AN A =
AR —2b2 B\, 05 Z B LART A6 3852k
15 P T R A U A I B A R R D
B, S MR AR AR 2R A R RS - SRR IR 25291, BRI
TR R A VLRI TCHL A 53 A2, ARG TF 05 e
X/ NZE T T AE MR TR B SR ARG 2 o XK R T
ARG R, 78 O, e T EA LA HREE K
2 B S 2 R AR
AHZEAL, ULEA 05 il B ARTE
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L BFEE 05 e B R 3G i HAE BAHNE T T B,
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BHARABE AOA TE8E . SR AN B Y5 4%
F AT AOB, FHIt5 AOB 4 FAFA L/
AOA T BERAE AR AT R —FPIEAER ™, &/
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17 B S AT, A 2 (478 FR 2, K
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