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Response of Soil Nitrifier and Denitrifier Community and Activity to Elevated

Atmospheric CO, Concentration and Temperature

LIU Yuan', WANG Guang-li' ", LI Lian-qing’, PAN Gen-xing’

(1. College of Life Science, Huaibei Normal University, Huaibei 235000, China; 2. College of Resources and Environmental
Sciences, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: Elevated atmospheric CO, concentration and temperature may affect nitrifiers and denitrifiers which are related to soil N
turnover. A climate change experiment was conducted in the rice-wheat rotation ecosystem. This study was used to investigate effects of
elevated CO, and temperature on soil microbial community structure, as well as abundance and activity of nitrifiers and denitrifiers. The
results showed that no change in the abundance of ammonia-oxidizing bacteria ( AOB) and denitrifier was observed at the tillering
stage, however at the later stages, elevated CO, alone significantly increased the abundance of ammonia-oxidizing archaea ( AOA) and
denitrifier but there were no changes under CW treatment. The analysis of T-RFLP profiles showed that elevated CO, and temperature
had no obvious effect on community structure of AOA, AOB or denitrifier, but altered diversity index ( H') of AOA and denitrifier.
Moreover, elevated CO, alone significantly increased nitrifying rate at the ripening stage. Elevated CO, and temperature did not result
in significant change in denitrifying rate at each single stage. These results suggested that effects of elevated CO, and temperature on
microbial community were different among the tillering, heading and ripening stages, and functional microorganism responded
differently to multiple climate change treatments.
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Fig. 1 Schematic diagram of simulated climate

change field condition platform
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LETRIRA B0 HRER N 2 0 S — 10 AF
fits T 4°C vKAR , LA + 38 as AL AN SO AL 5 5
e T - 20°C , LU+ 38 5L DNA $2 1.

1.3 SEH PCR45AR (qPCR) W5 3y F 1

K H MOBIO A A £ 38 DNA s $H0L 7] £
( PowerSoil™ DNA Isolation Kit, Mo Bio Laboratories
Inc., CA) #2& Bt 4 3 fit 4= 4 2 I 20 DNA. H]
NanoDrop ND- 1000 i & 43 )6 ) B 11l 72 DNA ¥
BE LSRG R BER] 15 ng-pl 7"

Urie B A E fArk FH SYBR GREEN 7% | 2
AL B I REFE ] nirK . AOA 1 AOB 1Y amoA JE[H
fI5E 12 50 B 51 4 43 3 A nirK876/nirK1040 . Arch-
amoAF/ Arch-amoAR | amoA-1F/amoA-2R. & PCR
RHI 25 wL MK FR: 12,5 pL §7 R &
SYBR premix EX Tag™,9.5 wlL JG B # 4K, 10
pmol « L™ IE S [ 51 #1451 L, DNA #if 1 pL (15
ng). BRURYIG B A it 42 3 A LR DR 2 6 A5 5
¥ H T HAR PCR =YmidEs |9 — BRSO B 440
AR FH T HAE bR o 0 26 0 Bk 148 DLECh 10° ~
10°, AOA Iy PCR 4" B8 %1E 98% F1109% Z i), R*
{H KT 0.99,A0B () PCR ¥ BERURAE 95% F1106%
Z[8],R* {HKT 0. 98, LA (nirK) 9 PCR 473
BORIE 92% F1 104% Z [8], R* {E KT 0. 98. Z55H LU
R v T HFE A LIPS DUEL (copies-g ™) TR,

1.4 K BR il PE R BE 2 2 % 2 H1 (terminal-
restriction fragment length polymorphism, T-RFLP) £
AR5 IR E PR V5 254

HEA 6-FAM #Ric iy k514153 3193 AOA |
AOB A AL 40 B 3 K R B §M 384k & R 50 plL.
25 wL §" 38 & B ( Go Taq Green Master Mix,
Promega) ,10 wmol -L ™" IE & [A] 5[ ¥ 4% 2 nl,20 plL
JCHEK K 1 wL DNA #i4. AOA 1 AOB 4fifk =4y
09 Hhal F1 Afal ( Takara) B Y1IE AL, [ il 4k 40
WAk Y M Haelll (Takara) BEVITHAL. WD
A% . 10 x Buffer 2 pL, DNA 200 ng,0.1% BSA
(bovine serum albumin, 2P IyE H&EH) 2 pl, THE
KA R 20 pL. CKEREDD ) 2k bR TR, T-
RFLP &3 o 6 25 (14 BR 1 7/ Bt ( T-RF) 1l [ 78 50
~550 bp, 7E AT IR0 0 K3k o IR A8 A
Gt or b, IE LB EE <1% B T-RFs. &4 T-RF
AT = i Shy L0 Ry o 0 5 1) LR, T-RFs B B
K/ = 1bp BN KRR — R Bt ARIEEE ' T-RFs
(R E B AR = BE R4 T 32 18000 o B A 2 AR e 5L
(BARAEHO T, B A F5 %8 (Shannon index ) #3175

NS /(1
Shannon index = - Z (n;/N) « In(n,/N)

K, n, S5 i A T-RF WA X F= B8, i /& T-RFLP
Kl b4 T-RF (445, N J& T-RFLP &l - 43
ANKE S FITAE V3R T-RF R 42 5 .

1.5 HERs AL SR T 5 Al s

FREIRE 27 05 36 0 5 g ms A =10 B
20 g FrfEf L AET 250 mL =R, A A 100
mL 0.5 mmol -L ™" BEMRZZ thilk (pH 7.2) , %% il
A 0.5 mmol-L™" (NH,),S0, #1 10 mmol -1~
KCI10; (BHIE NO, #t— 5% 1k ). 25°C Ik 24
h 7RG 2 4 8, 12 Fi124 h B B 5 mlL 438k
W, SEEIINA S mL 3.5 mol-L~" KCl ¥ ¥ LABH 11
NH, #— %4k, 3000 remin ™' .0 5 min. M5
mL JEWE 25 mL @A T FIA 2 mL X R
f#m2 (H,NC,H,SOH, 4 g-L™") Fl1 mL ML
T (CLHN,CL, 2 g- L") i, e n R Bk
FEZEAE 25 mL. 0.5 h J5, FHEAN/ AT WL 6O it
TEPEK 538 nm F I sE . 1 b B A28 10 IR,
FENO, 7= HE B ] S in f e v L, ARG 3% 12 h
P NO, B vt in 2 oy - 43 i AL 3R, B R
mg- (kg-h) 7',

TS A T 3300 2 R P 9 7K R AR DA B 7R- 2
k. FREL20 g Frff - FEF 250 mL = fP, 3%
KA 1 THIA 1 mmol - L™ 8 28 FI 1 mmol - L™ il
FREF TR A VA TR, AR B 262 1P 1T, ) iR Pl A g
afi N, IO B925 <. FH 50 mL i S5 B —
E AR SRS I A R B CLH, {58 3% 28 PN
C,H, ZARF R 10% , 9K )5 7 BIVKG SR <10 A RE
iz % 5 A DR R PR A DRAECAR B . K BRI T 25°C
IR FHEW (200 remin™') 15559 h, &8 1.5 h [A]
B SRR AR, N, O 2 LIAE A ECD L -4l 4 A6 T %
ARSI (Agilent 7890A , EH) #EAT, f it
FA C,H, J5 9 h I N,O RPER .

1.6 ZdEabi

FA 45 SRR YA « bR, R 200
(ANOVA ) K 56 [3] — R K I 19 40 B 22 7] 25 S 2 75 Wik
% (Duncan-test ). AHI&M H B2 AH & 08, R H
Spearman ¢ RETTE, XUR B FHVERL L. MAEY
HEIg 450 5 S5 I F ¢ & 19 23 B 1 CANOCO 4.5
AR TC4 70 M1 (redundancy analysis, RDA) 3k
SEIL.
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Bt 2% 38 &

2 HER55H
2.1 KA CO, v B AR Bt i X 1 JENH, -N I
NO; N7 i A B2

M1 A LIE Y, BENH, NSRS /N LA
% W e, 7E BV I8 B s (CW, 8.29

mg-kg ') ; [HE, HIHENO, N &5 /N E A K
7O R IL, 7E LB G B B I (CK, 6.64
mg-kg ™). TENEZ 3 ANEF N, ANFESMEAE L
ALFEXT - HENH, N %A 52, i 7E AN, CE
CW A1 WA AbFRAINO, -N¥ B o XT R i 25 3 e (P <
0.05).

F1 LIENH; -NFINO; -NEEME AOA, AOB IR WL AR SHMIEH (H')Y
Table 1 Concentrations of soil NH," -N and NO; -N, Shannon-Wiener index (H') of AOA, AOB and denitrifier

SRRERT ] Qb3 NH; -N/mg-kg™'  NO; -N/mg-kg ™! AOA (H') AOB (H') SAHAL AN (H')
CK 4.84 £1.25a 10.22 +2. 50a 1. 18 0. 06¢ 1.74 £0. 07a 2.06 0. 03a
e CE 4.55 +0.33a 12.35+1.63a 1.29 +0. 02ab 1.78 +0.02a 1.91 +0.03b
CW 3.99 +1.73a 10.39 1. 32a 1.35+0.02a 1.72 £0. 02a 1.96 0. 03b
WA 4.34 £0.37a 11.55 2. 11a 1.24 0. 05¢ 1.77 £0. 03a 2.04 £0.03a
CK 5.77 £1.47a 7.79 +1.09a 1. 11 £0. 09¢ 1.76 0. 0lab 2.15 0. 02a
— CE 6.28 0. 65a 8.93 +0.95a 1.25 0. 02ab 1.70 £0. 04b 2.04 +0. 09
- cwW 5.89 +0.90a 9.67 +1.00a 1.16 0. 05he 1.73 £0. 02ab 2. 11 +0. 04ab
WA 4.55+0. 11a 9.05+2.23a 1.27 +0. 05a 1.79 +0. 06a 2.05 0. 02ab
CK 7.69 +1.37a 6. 64 +0. 28¢ 0.77 0. 08ab 1.50 £0. 07ab 2.27 +0.02b
e CE 8.80 +0.17a 8.58 = 0. 42h 0.74 +0.03b 1.58 £0.0la 2.35 +0. 08ab
cw 8.29 £0.71a 8.87 +0.31b 0.90 +0. 06a 1.59 +0. 06a 2.41 0. 04a
WA 7.86 0. 62a 9.82 +0. 80a 0.72 £0. 11b 1.47 £0. 02b 2.29 +0. 04b

1) AR F AR R — R R AR R B2 (8] 19 22 5 3% (P <0.05, n=3)

2.2 R CO, e R B T X il £ A S A Ak ik
A BE 5 )

INFEZE A HE AOA | AOB FI S i 1k 20 7 3 (X 4%
DI 2 Fros, AOA F1 AOB 3[R 32 B 43 il 76
8.63 x 10° ~3.27 x 10 copies-g~' 1 3.07 x 10° ~
4. 14 x 10" copies-g ', HoXt KA CO, e BT i ATt
T B AP AE2E 5. SXTHRAEL , CE T WA Ab3 i
T AOA FBE i CW A PN H A . (H
S TERNEIA A B CE AP B L E T AOB
B, CW ARHR{UE S T HhAR A AOB F- 52,1 WA
AEBRREAR T B A AOB F B

AHXF T 13 AOA F1 AOB, J2 A 1k 2 B 55 AH
A T, KL B EAE 3.68 x 107 ~ 1.23 x 10°
FEATBEI | AN [R) b BE A S A Ak 20 0 =F
WA AL e AR A ALY, CE A B S A
AR AN P =F B 55 00 BROFH L 35 2 8, T CW AT WA 4b
P SR T 4 o B TR 2 .

2.3 KA CO, e s AR E T % i Ak Fn S s A Bk
A= IR T S5 R 1 5 T

AR Y038 T T-RFLP B XS 3% N 763 D e
HEVIREIR SR HEA T AT LRSS SR R 1 PR,
AOA | AOB IS A £k 4l 7 22 A M X R CO, e
Fh ATHEA A IR 7 5 B R, CE

. -1
coples*g .

T CW AbFEIRE = T AOA ZFEVE, WA AbHER & T Hh
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