+ 1% (Soils), 2012, 44 (4): 581-587

THFAARTAARTIER SN MEDEEIZm”

B OE, K&K, HIOES BEMEF, FER"
(1 FHE G AR AT R R RS Ch R BRSBTS, RO 210008; 2 ERREIRHIIUAERE, Jbi

3 MHUIVER A2 AR 2 22 e, F T

100049;
210097)

OE: USRI WAL X SRR A R B IR LD TN B, SRR A RIS AR SRR K B AR 5 AR
RGO 1 PN TR, 3, RN 9E st i PCR (Real-time PCR) BARNIE T A MLME (AOB) Rl Ak
(AOA) MIBHE TS, KA PN KU [FAL 3R o bl FEE AT AR 45 & 10 7R E T 30z . g5 E0R, KsE
PRYR I A 2R b 5 pH AR, 38 AOB HUR AR, AW FPRIRET B R 438 7 45 pH, (L3l 7 AOB 2B K, A HA
FM R T 2 AU, THIGUE TR SRR R R, IS AOB BURAAAE B MAMIDCH:, I AOB AL K A 2 T
MR o S A ARIE 41 T AOA ) amoA FEPKI#E VLAY SR B 168 rRNA JEDH 1 LLFI#E /AN T 1% (0.01% ~ 0.64%), {EANVFIH

TR ETIE 5.32%, RUPGFARFTA R S A& &L e dE A amoA,  ZUILHE I vl R HE T 2 AL BT I

KEEIR:  FRMEACEE; AR FOLSER R PCR; PN FRE AL # AR
FESES: S154.36; X172

B A A P 2 e 2 U A O I 2 S S A )
AR, R AEREE IR R T i
R Ry WL AT NH; — NO,” FINO, -NOs™, i
FOERBOLIR . —HLCR, BEEN B Ay WA
REAYNEE (ammonia-oxidizing bacteria, AOB) #iA
A F IR A R d B vk P AR, SR
I i e B IR AL B (ammonia-oxidizing
archaca, AOA) RN, H42 S8 A A4 b 40 vy s e
R R CA IR R AOA A 2 i T
B AR Y I 2 B AR BT, i LA SR T R
T2 S N 4AURl amoA S DRI (145 DT ik B AR T B A
415 amoA JFEPHIH) 3 000 £5°). Sk A K AOB
Y, A T RERE AOA ZEFAE K. — et i
N, AOA TE 358 38 i A7 70 FH S5 = (1 2 R
AOA of Z HL A7 BURR ¥ s o o Rk U)o Sl vp iy
Nitrosopumilus maritimus 7 B 226757 & B, H K, {50
0.133 umol/L, JERAEI{E/NT 10 nmol/L, LEZEAK TP
HEH AOB7 . Hlr (IRF It — 20 S RE T DT
Yyrp s ) BAT = BESR R 1 AOA I e H
B A SRAT 118 AOA 2l bRl & S 774, Ha ik
AR AT 2P, AOA 1 AOB X H FR AL

(R AHAT DTRRATS & 18 I A A SR AR E R B R B R
M -3 S AL E A% TR DNA FIFIE KB, 0 A
P e e Al - S A ok R ) S B R g O
SR, WE TSR AOA 5 T kg 22t 7R A [ +- 4%
A FEY . 528 FARIAEE T R T AR AR
R LA TR A A T — R &R .

P PR R BT S B A A A 7 7 R AR AR,
I pH A& RG] BE 2T T AOA AE 2575 XU H AR
R, C41 AOB 5/ KofE A 1.92 umol/L™, AR )
BT SRR4 AOB 4K, SHumE %
AOB [EE i 2= R, [ 20 tHhad 80 AR LUK, K
FEFIT R IALE A (A pH /AR L3, B AOB 24k
AAEITTREE S T AFRBAE A, s b, &
TR, AOA TERRTEMRMYEIA L h R T
IRSRIOR TG, (02 AOB FEBcA Bk,
Ab, RS R ITEE AOA HAG Faral ek A4 K
(IR FER T, S AR TSR W, 1% AOA
{1 A T e AR FH KRG R R I 1 Ay el 2R KU,
MW EZRGWEAIBRS R, Enl e R
TR L AOA IR AR K I BR . F58 b, VF 2R
FFRMAE AR 5 T bk LI 1 A0

OFEEIH: MK ARFIAEGIE (40830531, 40921061) Flrp ERNZE ARG HEE T I H (KZCX2-YW-QN405) % 8.

* WI/EH (zccai@issas.ac.cn)
RIS DR (1984—), &,

PRGN B NP /S S 1 it S e 9V B 2 U A G B 7 B T

E-mail: thuang@issas.ac.cn
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RS20 fH L AOA B S IR EMG pH ARkt
Bt B R P A ARG 4

PR PR LU E AR R A IR A )z, R
LML 21%, JF He BAK pH FURASAIE PR
B e (HAE, HurTERYEARM LS AOA XLt fE vt
BRI > . FRAT TS 2B 5 Bl FARRAE AR 1
BN TR NIRRT e (1) amoA FEIK, WF5Y
REAAREY B XL BRI E R 25 . Sk, kAN
AIHT T AR RN IR O TR 1) 16S rRNA LN 1

1R

R UL

TRER A AR T ARAR R ORGP X, A T A
BALEE, KL 118°08" ~ 118°09', b4 27°02' ~ 27°03',
X EIEK 1.82 km, RV 58 1.04 km, TR AN 1.89
km®. [ARARY XML FEfR s, ik 234 ~ 556 m,
bC N b N e T T | o 71 e o & e [ ov o [ P, S
JETF, ARIAUTAEBE, a2z, B
WEFFI o AU JE T 3 2 A S, K
Jo. HREBEERE, FPAE 18.7°C, RN E
16638 mm. TN G R B ML AL
600 ZAEHTIRA— N AR, KBRS, &
BT LA A0 PR 2 A Y B P 5 kg T P A
ZRRAMAR, B BAT I AR SO FARAE, ek
V. FA 17 ok 1 3 VP DX ) R 4 X P R 40 i T AR R
R SREEREUT 6 PRSP 3 0 41 AR R T A

1.1

WILEE . TERE . MDA AZACRIAS el FE 4k 1) - 43¢,
Hpig A EHEAl 80 AEATRMAE I AR, FilE A
10 4ERES, AEHIRUIE R 80 kg/hm’,
1.2 HIEHERRE

TIERARIT ]2 2009 4F 10 JT, SKAE L IERICY
4R T B CAltingia gralilipes, ALG ). #iT
( Cinnamomum chekiangense , CIC ) . ¥ % #%
(Castanopsis fargesii, CAF). # Y A (Tsoongiodendron
odorum, TSO). 27K (Cunninghamia lanceolata, CUL)
FikEpE (Orangerie, ORG) %5 JLFPSLAIRI B o KA 55
CIC. CAF 2T 1B, RFERTALG 20 T 1lil], SRAFE AT
TSO AT i 5 thBHAZ #, KA CUL. ORG A& T
. KM Z RREGRFFERERZE (0~ 15em) ©
8, "R EEER 3 ANEEN, RAREREN,
WIS R, ERRAY). A, o 2 mm 0, 4°CIRAE,
W AT SR E D T 5 R S
e R R S R s R SR, Py B R
AE TN 8 S A0 KA 5 P H N 58 . 33 pH B I &
KA WAL AT e R H RS IR S A A Rk
A RINE R I AR e R s - H Pt i
s AN E SR FH A — B RS s KA U E SR
PR 80 s A R e K H A B B - B e L
ks HUBAIE R H IR AR IR RiE . B R
TEACAIZEE R R PN AR [ 36 et A o A B e A5
TR G5 10 7 e B g 7 AR [ R R4 X -1
FE St AL LR 1,

F1 FREHFET HIBERBLIER
Table 1 Basic properties of soil under different vegetations
ik pH A BB 2R IKARTER g A2k X P el CN Onny
(g/kg) (g/kg) (mg/kg) (g/kg) (mg/kg) (g/kg) (mg/kg) (N pg/(gd))
ALG 4.12 bc 109 a 38la 293a 0.494 ¢ 4.02b 8.8lc 55.7be 28.7a 0.194 de
CIC 4.08 bc 50.5 be 2.74b 233 be 0.681 be 2.89 be 15.7a 107 ab 18.4 ab 0.653 b
CAF 4.65b 50.3 be 1.77 ¢ 209 ¢ 0.623 be 2.85be 14.1a 132a 28.8a 0.119¢
TSO 4.00 c 57.3b 2.99b 255 ab 0.532¢ 3.97b 13.5ab 37.7¢ 19.0 ab 0.371 cd
CUL 4.60 bc 378¢ 2.02¢ 209 ¢ 1.03a 1.95¢ 10.5 be 157a 18.6 ab 0.501 be
ORG 551a 15.2d 1.36d 124 d 0.947 ab 182a 16.1a 64.3 be 112b 198 a

A RPEEELEYLUF L RSP AR FE T RERORE P<0.05 KPEREFE: Ovay RN NOs A%,

1.3 TIEMEYERFELE DNA REMIMRALER
PCR 534t

KM FastDNA® SPIN Kit For Soil (MP Biome-

dicals, LLC) & 7l % fl FastPrep® 24 bead-beating

instrument ( Qbiogene, Inc.) 41 i Z4 fig A F2 B 13 it

DNA. FRHX 0.5 g H3ERES, Hulm @ E vl Wl se
Ko D PRAAT T3P 5 DNA 3R, DNA £ R
T 20°CHE L. AR SRR ECA AR A = AL
R E S PCR 3T IR 737 ARk Y B S RS s i 3 2
I
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Table 2 Primers and PCR conditions used in study

FER AR SIHIFH] (5°-3°)

FBKE

EH PCR RNV

4N 16S rRNA [ 515F GTG CCA GCM GCC GCG G

907R  CCG TCA ATT CMT TTR AGT TT
S 16S RNA JE[Rl 771F  ACG GTG AGG GAT GAA AGCT
934R  GTG CTC CCC CGC CAATTC CT
AN amoA JEA amoA-1F  GGGGTTTCTACTGGTGGT

amoA-2R  CCCCTCKGSAAAGCCTTCTTC
A H amoA ZEK Arch-amoAF  TAATGGTCTGGCTTAGACG

Arch-amoAR CGGCCATCCATCTGTATGT

382bp 95T, 30s; 35x (95°C, 5s; 55°C, 30s; 72°C, 30s BEH);
Rl 4% 65.0 ~ 95.0°C, HH10.5C, 0:05+EH
95°C, 3.0 min; 35x (95°C, 30s; 55°C, 30s; 72°C, 30s BHfO);

flE 2R 65.0 ~95.0°C, M1 0.5°C, 0:05+L4R

163 bp

491bp 95°C, 5.0 min; 35x (95°C, 30s; 57°C, 45s; 72°C, 1min; 85

T, 5siEHO; R#IZ 65.0 ~95.0°C, B0 0.5°C, 0:05+i4K

95°C, 3.0 min; 35 x (95°C, 30s; 55C, 30s; 72°C, 30s Bf);
FlE I £E 65.0 ~95.0°C, M1 0.5°C, 0:05+4R

635 bp

Z: [ He SEPURIERI J7iE, SR8 SR H .
A TR S S TR 23 A B AT ) E A TR
R T 0 SRR BE AN BT AR A 2 5 % (6.02 x 107 427
H/mol) 43 il v A5 E AR DN DI, b 4n1R ol 1.48 %
10" $ D8y, JRE B R 1.30 x 100 #2 8yl 244
RENE N 1.34 x 10" # D %uu, 258 # Y 1.32 %
10" % D 8uul. 43 HILL 10 (50 SRR R 4% L IR 41 i
B, WL SER S E B PCR RGN SRATH . &
AN T S A TR bR 2, AR 3 IR
=18

KHRIE 3 A ) TREAT R A A1) SYBR® Premix
Ex Taq' " Perfect Real Time il 5T CFX96 Real-Time
PCR System # H{X b /3#r. &5 PCR [ MNAK RN
20 pl, 35 1 pl DNA £, 10 pl SYBR Premix Ex
Taq™ Perfect Real Time, Fi- J55/#4% 0.4 ul (10
umol/L) I 8.2 pl KB K . SR HEHT KR XL
LKA DNA BN VAR .

1.4 SHitHHh

g R LI (105°C, 24h) KRk, F
F SPSS17.0 #cAE, XT4UAAR T . Wiilee. BiFss.
WA A2 AR el 6 FRAEA 135 RE (5% 3 AN ESD,
AT T MRG0 4T

2 HR5SH

TIEEARMER

BB LA RN R E RN (R D. A
SRAEAE IR MERC, pH 7 4.00 ~ 4.65 2 [0); A%l 1
) pH W& T ARk R (E ) R . HIEA WIS =
LEBT T 45 PF T AR g A it 1 A 20 A,
A Dol AR 2 1 b 2 AR T LA A At 45 A (P<<0.05)
58 R w2 S /51 W5 T == [ P 1w S = W6 = e

2.1

] AR T AR B AR T 18 (P<<0.05),
A pH it AP A el 39 e A U A T 3 K 5
e, b A ARRE TR 3~ 10 i,

2.2 TIEME. REE. SELAE. EELEFE

*E

T IS SN 9O E T PCR SRAFIA B SR B 2
AN B B B A E AR E 2R 1 RP O 0.994 ~
0.999, § %% K 91.9% ~ 105.9%, HhZk 1R A4 -3.189
~-3.532 Z iAo SE ARSI AR LNV A o

WHLHE BIFRE . 4URART T BDEARFIRZA 5
T E SR A T g B (I 1A AR 1w (B 1BD
5T 16S rRNA JE R 5 1) 4= FE 347 vy T el A A 1438
SRR TR T A B R R Y R, R DR DL
Ay IR BAFTE T4 1.39 < 10" 1 1.46 x 10", 4il4if T
WA B S N e IR AR m (R 1), nlfg
A A KA T 5 i AR . A 1
Y200 A1 R S o TR B A, T A A e A A N A DR 2
AT AR N AEMBE SR aE 5.

AOA/AOB JEWFFT H TR AT AE AR X DTk % 1)
—ANEZERR . AR LIRS R, ZE AN
M (AOB) MIHCEAL AR N Ch—80 iz
B (AOA) MEEAL LK. 5 B B AR ST
3% AOA MEUE =T AOB (Kl 2), AOA/AOB
Fb N 1.2 3] 15.4. f5E H3E AOA HUE %A W8 ok
A%, 1fi AOB %t W ¥ m, M AOA, FHUHM -
it AOA/AOB LLHAH 0.5, BEAL, 5 FP FARFEB 4
PER AL H amoA LN HE DB R T 16S
rRNA FER LB N 0.01% ~ 0.64%, A%l 32 11 Eb 3]
K EFEE] 5.32%. FRgE R R, AOB i At i
MR W, T AOA A=A K (i o 1 nl fig 5 o &

.
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&1
Fig. 1

1.OE+09 5 1.7 15.4 4.4 9.5 12 05

AOA/AOB
—_ a
] T
ﬁn 1.0E+08 1 A B
E=y 3
= ]
T 1.0EH07 4 AOB
K i p b
= E
2 ] —b} HAOA
1.0E+06 4
= E
1.0E+05 - L
ALG CIC CAF TSO ORG
Hifgl

CEIh A0 7 HE PR 726 7n S M T3 AOA/AOB L%, iRz %
TFREEIR 7, NI RER IR 22 57 B3 (P<<0.05), /NS R IR AOB
M4 R, KRS FRERR AOA IMELTH4E YD

B2 FEEHFHTIRSESCAENSSCEEFERILE
Fig.2 Soil AOA and AOB abundances and AOA/AOB ratios

under different vegetations

2.3 *Ha‘@lﬁ"*ﬁ
A T L A DAL PR AR PRI AN

TREE#HEHTLEMAE (A) MREE (B) £E

Abundances of soil bacteria (A) and crenarchaeota (B) under different vegetations

5 (R 3), A3 AOB F /55 HHEA MR T
WEFME (r=0.650, P<0.01). TIEYIHAHLH R
51138 AOB F R B B3 IEAOCER (r=0.714,
P<<0.01), 15 JLAh & TAk A= P = JE AR AN W I o

3 itit

KB N ) A AR T8 pH<<S. UE4h,
il Hh X ZUTTRAR AP, LR TN TR L SRRAE T
Tk e )52 21 13 3 B 2R LB ), AOB iﬂlgﬁﬂi&,
EA s R, WMEAERPIR LA T, T
Pir fREF—2 1) AOB E &7, dusektlid s, +3% pH

(5.50) WaFHem, HAFHHENE, BBl T AOB
MK, HFEEH ARSI NS T 2 MUER, &
FRFE T4 1.32 % 10° A% 5. R HI 38 AOB 1R
LR HENY], T3 AOB X AEAE T, i) &
TRAF BRI, o DA (R Rh 2% B 21 3 A A I il R B 158
VU 2021 - A RS RG L0338 g S R I . JR 2T 2
m P HOKMR A R, AT R IREE R, (R

®3 TIEMEMEESLIRERMEXS R

Table 3 Correlations between soil microbial abundances and soil properties

pH H LB ot el Ak AW KRR A C/N Oniy

AOA -0.253 -0.076 0.071 0.321 -0.044 -0.190 0.033 0.051 -0.121 0.028
AOB 0.352 -0.446 -0.267 0.528" 0.195 0.650" -0.366 -0.213 -0.465 0.714™
il 0.093 0.355 0.274 -0.320 -0.148 0.259 0.101 -0.322 0.051 0.076
SR 0.228 0.355 0.274 -0.187 -0.192 0.442 0.067 -0.489" 0.055 0.205
AOB/AOA -0.081 -0.247 -0.238 0.113 -0.051 -0.367 -0.226 0.163 -0.134 -0.167
AOB/#H B -0.278 -0.063 0.097 0.318 -0.042 -0.208 0.058 0.072 -0.117 0.017
AOA/S T W -0.252 -0.087 0.102 0.349 0.008 -0.123 0.067 0.107 -0.137 0.085

VE: = FORAE P<<0.05 /KPR,

#x KIRIE P<0.01 K REMK, n=18.
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A AR, 3R A A R A A0S (U,
AWFFERE I, it L AHE 5 1338 pH A 0% AOA Hii,
T LA, 7 -S98R B R R AN R B R
B (1,

AOA HI AOB XJ +3¢ [ IR AL FE KA DTk 2
S H AT R I I SR I A A M A A i B — 0,
20 4l 90 fEARJE, o TARRFEHITURIR
3T T HOEER S RO ERES, B T AR SR A X
A TP RHOm A B S . BeAh, SRR AR S 1 E R,
A R IR 39%Y, s A R
FITTIA 12% B R S5 TR - R PRIE o (199 A L K
A IhRE H AT AR B gl L R
PN-pool & B4 AT 78 98 4 X R M AR bR L3 9%
A A FH IR W, BT AOB A K BT fa &l
FHEI g, RS T AR AN 2 A AL T amoA
FEPR BRI R AR A B AR G MRS A, i 2 SE L A
LR R CREREREED . e, KH
BN e [ 2 SO R AT A BE AR TS A1 45 45 1 7 250
SEVTRAEA A 25 HER I, K el IR ) 20 A i 5
Lo T AR I8, Fmik 16.6 5 GIDEA), i
Kl 3.03 (A fif. MEHIEYIZAHLE SRS AOB £
SEREMZ (r=0.714, P<0.01), 15 AOA L
FARME (r=0.028, P>0.05, % 3) ¥, S5 1%
TEAGAE I A AU E D 2R BT & AOB T A 2
AOA.

UEAh, ARG 5 B A SREE A A AT R A R
() amoA DA #% D1A 5 SR B 16S rRNA JE DAL (1) Lb 5] #48
/NF 1% (0.01% ~ 0.64%), £ el - 35 Lh gl K E 7+
B 5.32%, [FN, AN AR A B N,
MR X e 45 SEHEN, it P ZUIE AR n] e it 1 2 Akl
R ARDR 2R, i L 398 AR 1 B 1 SR o R A
amoA KA, mREAHAZEEE T, S5 i
WIS R &0, thah, S AN R R+
IREE A (e B HLBE AT BEAEAEAR R 25 5%, 5 R
S B N IR W K. A
I RN EREFHEVILR. VN AOB/ACA
L BIE o amoA KPR =2 FRBFFUM ¥ X0 H 7k
VE R PAR S DOk — e R BR R, SR RS A k%
FRIRET H A B 7 2 A Ay B A AR S AR
IR, WREEHE—DHITIE A
4 Lk

XIAR I T AR FLARREAZEAE B AR ML A 5 30

T B IRAEAAE I SR, KB GR R I H
SRAEAE LI pH<<5, 1-3% AOB HEMif%, A NHtIE A
KAEHET AOB [AEK, HFERL ARKME FiEm T 2
ANMCERG. R PN R R 28 b ic R A R
AHES G 1T € (1) T IR IRl % AOB #E
S EF WA (r=0.714, P<0.01), 1 AOA &
BEMSCHE, M AOB S L/ER I E oK) # . {H
JE, XML A AOA KIS BRIk, WX
71 B amoA FEPH/SR T 168 rRNA LA [ Lb ] -
W, RUIFIEITA L AR S s A D e A
[Kl amoA , ZUIE it FH th m Be e — @ R BRI T 2 Ak
TR
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putatively nitrifying and non-nitrifying Archaea in the deep North

Abundances of Ammonia-oxidizing Prokaryotes and Gross Nitrification Activities in Forest Soils

Under Different Vegetations in a Natural Reserve

HUANG Rong"?, ZHANG Jin-bo', ZHONG Wen-hui®, JIA Zhong-jun', CAI Zu-cong'
(1 State Key Laboratory of Soil and Sustainable Agriculture (Institute of Soil Science, Chinese Academy of Sciences), Nanjing 210008, China;
2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China; 3 College of Chemistry and Environmental Science,

Nanjing Normal University, Nanjing 210097, China)

Abstract: In this study, the relative contribution of ammonia-oxidizing bacteria (AOB) and archaea (AOA) to nitrification were investigated in

acidic forested soils derived from granite in Wanmulin nature reserve, Jianou, Fujian Province of southern China. The abundances of AOA and AOB

communities were determined by real-time quantitative polymerase chain reaction (qQPCR), while gross nitrification activity was measured using

"*N-pool enrichment technique in soils under five different vegetations over 600 years plantation one orange cultivation system. The results showed

that soil pH, the abundance of AOB and gross nitrification rate were significantly lower in natural vegetation soil than those soil cultivated with

orange plant. Furthermore, a significant correlation between the population size of soil AOB and soil gross nitrification activity suggested that AOB

might dominate autotrophic nitrification in forested soil typical of the low-pH ecosystems, particularly in orange soil. The copy number ratio of

archaeal amoA to crenarchaeota-specific 16S rRNA genes varied from 0.01% - 0.64% in all five natural vegetation soils while up to 5.32% in orange

soil. The results indicated that not all archaea possessed ammonia-oxidizing functional gene of amoA and fertilization may facilitate AOA growth in

soils cultivated with orange as well.

Key words:  Acidic red soil, Microbial abundance, Real-time quantitative PCR, '°N stable isotope labeling



