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A —E BAAIBEE L, RE RO R R R
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Sl 5 SR 9T 38 W3 0 2 S Ak ot TR XA ALk 1 o) R
HEHRA— T,

Bt X5 A% = HERR IR (1) o - AR AR 2F 3 UL 3
LI D) 2% B S SR A A B T REAE IR 3 R AE T
FEVEH . Shen®F 1 R B [ LR + R AOA R
AOB R E A X Ik R 43 A 5 3 WL & =
ERFIEMACKER, MENERLE W LA LY
TR RE % 1035 R0 b M S SRR ARVE T L AR T
it MEAE B A R e 0, A WP R AR F
HLAEAE , K307t A AUAE B 0 & 35 o ok 1 1 4
RS AL 1) o X ) T RIS T R i 2T 8 (0 I 5 0 3
B AHLEHLECESE T P AOAFIAOBIEL
R, MG S F RO AR 7 R
ATARF R 2 B, A PLIE S5/ T R H3EAO0A
amo AKE P FE DK 255 TR A HLE 145 %
WA MR XA VLA b T B4 58 B 28 Rk B 1
i, R E RN R Y, LR
TS M v R A R BE L R
i, kA AV E I (i MEA LA .
AWK . A HLERECHETCHLE ) A AR ¥ R R
ST P, AWFTEER X HGHT R M AR AR 13
WHE THTFHEANRRLE, @A ISR
HHLRIE . AHLAIR . AHLERIEBCGICHLA . FFF]
FCHLXF A R A AT B e 222, wkgk
AR 25 1 AR X 1 S A AR R R 2 S b 2 TR RN
R RS

1 PRSIk

1.1 #HREXER

F 5% XA F 4 A KT R Ak B AR PR B IX
A AR T PE 29 km ) B iE 2 BN,
MR A4 118°02'22" ~118°0923", b4
27°02'28" ~27°03'32", I FL189 hm’, H IR
XA L Fe bR AT, 44234 ~ 556 m. R T
WA XA S e, K, 6. EEFEE, R
I18.7°C, AEXMEMI N1 664 mm, {547 X AR
TR EIR6.1%, MM EE . wHEH A I
FREERZ ARMCRAE B3, EHERTEN A R BT IAHE,
1.2 it

HER R T20144E 12 11H ., RAZ A
RAERFEERELZE (0~15 cm) LI, HAA
BARN, AWRSERE, KBRAY . 4R, 22 mm

i, 4CORAF . R P BRI AR I E +3EpH (K +
Fbh2.5 1) 5 {32 mol L'KCIEH#2 145, 14
AR (NOS-N) FIEAA (NH;-N) & &40
IENASIKH (4- (EEH) M) k>
Bl s e Y M . AR B BRI F
pH4.61. HHLEK37.8 g kg™, &H2.02 g kg™, #E
A.68.0 mg kg™, FHAES.92 mg kg

1.3 HIERUEIERTRIRE

I B 590 K SAE W) MR 2R 43 0 ) R Sk Rk Y
Bl Y, MAE. B B RBMNA T, MR A
SRR AR . M AR . PR . TN EE . L-%
. y-EIE TR ER N 0 PR T M
W SR, B SFA LY (AR TS — ¥
AN EBA WY R A WL, & A ALY RN
HHOLR ) , WA K. WA (GLU) | #7
2 (CA) . NEIRR (PA) , BAHLA: y-ZH TR
(GABA) . L-F& & (GAA) , WF5INER LY
Wkt £ A R, BRI E
e KR S R R RS, FRI30.0 ¢ (T
) EHEET120 mUER, T EHEM0. 1%
TIERB AR ALY, FEEN(NH,),S0,, &%
B 2] A A B X BE A HENH - N ) 4 Tk
15200 mg kg™, FFUHTT HHEIK A 2 60% 1) I K
KA A G TR R AR % B 5 B T A Ak 57
Fo 28 CHHIR . BOCIEZRFR14 do BT dF it
AR IS RN AR R, 14 dEFRER)E
e MR A . A MM oRAE 10 g HIERES (T
+5H ), LIMENO;-NFAINH;-N7 &

SCUGTZE R R My -2 BT R W AR o T 4
QAR S . PRI B T SIS T T B SR S
B, WifR b om . B RE SR
k. B EN T . OXEAR (CK) |
@(NH,),SO 4L (AS) | @y-% I T MR kb Fg
(GABA) . @ T MR+(NH,),SOMLH ( BA+AS) ,
FEASAC BRI B H R TC £ B Ry 5R St
4x2x3x6=1441F% . ASHI . GABALZE,
BA+ASKNFRGE — SR 14.0 mgYNH;-N, I 4h,
BA+ASAFRFIGABARZL AN A B T MR A it — 3. &
IIANEAT I B2 b B ( BPCKALFE . ASAbEE )
FIHETOCTH RARFFAA, 4 H37.8 ¢ kg™, HiA2
AL ETOCE B 2% A . &5, i
Agilent{1 51 28 58 A C,H,(100 Pa), HERi3742 d,
BT R RAE— R, BFR6 d EFREE10 = 00
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T 05 00 IR 1 SR A 5 R AT S0 (R N Ak B BT AR T
100 PalyC,H, ) o F3 BWSCAR B I v& O rp Y T S
i, IRAEBURA L g3 (FHE) , -80CIRAF
TREMBKFRH; 5oR%E10 ¢ H3E (FLHF) U
ENO;-NFINH;-NF& &2l o HARGSEAE:
B G S AR 2 40% 7 E 5, TS8R
10 min, BEEBIEIRIGERIRI; &G P
AEBEANIN00 PaffyC,H,, FEREHIG %, 4ksiiE
MG

EEXTSCI BT o R 308, FR T HTAES
SO HT . RS AALE (T Bl ) FEZ L K
FEHI28K . HEA2 KM - HERE S PR A A M
ZIDNA,

1.4 TIEMEVERBADNAERNLH KA ES

PCR%&#7

KR H & (MP Biomedicals, LLC) 347+
B AR LA DNASR IR, HAR+HEDNASR
UL R A% i OGRS E BT S . B A5 3 Y
i%%}%ﬁf%%gﬂDNAﬁélﬁJ*%Bﬁ;iéﬁﬁNanoDrop
20000 %E DNAMR FEFAEE, 57— 53 -20 CARE &
AR

FI I SE I 52 6 2 T PCRA H 4P Y AOAFIAOB
AR R . RAFETSYBR greenyeflikal i i
PCREGARKG I + 3 hamo AT RERL N FBE, AOAFI
AOBJE fit PCR AT 1 43 h #8356 D] % s oy 4% 14 n 5=
s 7

R1 KHATEE PCR ¥ E5I YRR

Table 1 Fluorescent quantitation PCR amplification primers and reaction conditions in the study
HEH FIFF) (5'-3") SRR PEHE HEPCRAAF
Gene The sequence of primers (5'-3") Hhe length of Fluorescent quantitation PCR conditions
fragment
AL amo ASEA amoA-1F 491 bp 94°C, 5min; 40x (94°C, 30s; 57C,
amoA gene of ammonia- GGGGTTTCTACTGGTGGT 455s; 72°C, 60's; 85C+EM ) ;
oxidizing bacteria amoA-2R BERINZ65.0 ~95.0°C, HAN0.5C, 5 s +iEH
CCCCTCKGSAAAGCCTTCTTC
AT B amo ALK Arch—amoAF 635 bp 94°C, 5min; 40x (94°C, 30s; 55°C,
amoA gene of ammonia- TAATGGTCTGGCTTAGACG 30s; 72°C, 30s; 83°C+EM) ;
oxidizing archaea Arch—amoAR B £65.0 ~95.0°C, HHN0.5°C, 5 s +i%R
CGGCCATCCATCTGTATGT
K K& T AW THEA R A A HISYBR® Premix 2 éljjf %

Ex TaqTM ( Perfect Real Time ) i3 & T CFX96
Real-Time PCR System § 3{Y 4 #r. E&EPCR
HHE2S nl MR ZR, {24512.5 pnISYBR” Premix
Ex Taq™. FTFWESI#450.5 pl (20 nmoL pl™) |
2 WIDNA BEARHN9.5ul i KB M Ak o BT B
K 2K A DNARAR
1.5 HESH

P AR LT R E R R, A HSPSS18.0%K
fF, 47 TREGE T . R Tukey’s HSDM 7
R E] +ENOS-N . NH{-N | 5"k 5 K 4
W, HE N amo ASEHE N B EE2E . A
i E VKR Ap <0.05, i Origin 9.0, Adobe
Hlustrator CS6.037EF7 MG 24

2.1 BRI IR TE SRR

- M i A G R G o R g Ak i R Y 3
fit. HCKIE, EHEEANAMANLT, v-2
AT, L-mamREERET LM, +
HEPNOT-NFL S B E RN M4 (GLU) |
FPER (CA ) FINEIER (PA) W+ 3EFNO-N
TR EFEEZA (L), RS PR R T
INAREIEUE - m i i v . HIENH-N R AR 1L
(1) 5NO-NIZEfLA ., y-ZAETRR . L-&
AN L HEPNH;-NF & BT CKAHE, i
i E (GLU) | FriEmR (CA) FINEIRR (PA)
VSN A B e A NHG - N it 5 0 B Ak B CKAR b TG
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70 r 300 .
1
a
60 . 250 | I
< a a T T
- 2 2
§_s0fp b b 2 I :
S 2 I I I g 200}
CH! : %32
ge * ¥BS :
§~§§° 30 HBES b 1
HEE HZ 200} }
ET2F B
z HS E
E7 sof
10 b g
0 0
CK GLU CA PA GABA GAA CK GLU CA PA GABA GAA

Kb¥E Treatment

i

Kb¥E Treatment

CK, X, L3P IaIEm; GLU, WINEAN; CA, NI ER; PA, WIMKNERE; GABA, Wy-22E T ;

GAA, WIML-FETR . K E R FHME, RELWIRMEE (n =3) o AFEFRARLMER2ZEREE (p< 0.05) . A Note:

CK, control, no addition of organic carbon or nitrogen; GLU, amended with glucose; CA, amended with citric acid; PA, amended

with pyruvic acid; GABA, amended with gamma—amino butyric acid; GAA, amended with L-glutamic acid. Data in the figure are

means of triplicates and error bars represent standard deviation.Different letters above the columns indicate significant difference between

treatments at 0.05 level.The same below

K1
Fig. 1

T, XL RERY], LA WA T A
AR, A HURR IR IS X e e AL FE T
R

22 BHAEBEMENRENLEEFRE L TE

B 52 M)

FEACH, Y7742 dBY T A AL B -3 P NOS-N
WIHARFEAAE (KE2b) , MHTAVENT E
A, BIENH-NERIER RS TR A T W
e, E R I AR (El2d) o FEFREA
C,H B 3242 dBY i Ab B 43 NOS-N BB g 2%
RTARIPACHAIE BN HRFNA N £ Hehb 2
A ENOS-NI IR 2 i, IR 42 dJF &5 Ab B
H IR AR X 38 S AL VE T B DTk, Rk
B A SRS BT TR R A e . GABALL
H (96.5%a) >ASKEFE (93.0%b ) . BA+ASAbHE
(93.7%b ) . CKALEE (92.7%b) .

TEWA SBT3 R R M
R, BRI NO-NIY
T CK=E AR IR+ NOS-N R 825} 118.5 mg
kg™, HREALE A K227 mg kg™'d” (R’=0.926) ;
BA+ASKMFE 5 CKANFE | ASKEEE42 K+ HENO;-N
WA R EESR, SMEA VLR T X - 6 Ak T
PETC W E R ; (ERERENE, GABAKGIE -5

A LB AN AL AT S 3l A A 2R bk - S A A e A Y 52

Effects of amendments of organic carbon and organic nitrogen on ammoxidation processes in subtropical acidic forest soil

EN=

NO;-N& i
fib A b 2

FHENHI-NE R (El2e ) WEG7H B
T HIENOS-NW AL . RINCH &M, 44 ab3g
1 HENH-N G SRR T RS, (AR
PO ARME . CK. ASFIBA+ASKEFE— 1 5 Tl
P GABARN BRI JESE BT T R

TERA IR B, Z Hm il B9 kb BECHLA
Mo (NO;-N+NHG;-N) 7Eds % 5 AR FRfae, 2t
ARAE (KE2f) 5 WA LHHH A kb2 i T
TIEAREA T IEN, A SR (NOs-
N+NH;-N) 5 EF#as, IFERFRA R G5
FETREFEN . NN, CK. ASFIBA+AS
b FRAE R SR B P EHLE R B L TR RO R
X3 M IARTE, GABAKMFRTEREF£29 ~ 42 AT
LA SRR T (K2e) , JFHIZARE (RN
Be) 780 ~ 28 dFI29 ~ 42 dAT L E (F2) B
i T HAR3A A,
2.3 TESSEMHENAREamoAERRMEETL

S TIAS () e 260 U8 U8 n B 7% 3o i 4 HE s R Ak
R A R amo AJE R F FE AR AL AN E 3 . 42 d
BRI, S0P+ AOAamo AR R £ & 14
2 ETHER, SIS ECRAER R (0, 28,

iAF]180.5 mg kg', WEE T H
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300 a © b
—=— CK
0 AS
= 20T —a— GABA I
== —v— BA+AS
ﬂ§§ 200 -
5z I
@e= 150} P i
SER e
5_‘%% 2100 o -
Z st L -
0 ram— X ) . , <> $ Y ¢ ~—
300 ¢ rod

250

150

100

(mg kg! dry soil)

TSRS R
Ammonim nitrogen content

50

TG E

Total inorganic nitrogen content
(mg kg™! dry soil)

1 3E W} H] Incubation duration (d) 3£} H] Incubation duration (d)

[ CK, X, LHOPRY TR AS, WG ; GABA, WRMy-ZE T ; BA+AS, BN TRMEMKE. K2 a. ¢, MA
2 b, d. fHIFRTELHINEIR 2 PGSR . BT EE, RELARNEZE (n=3) o T Note: CK, control, no addition
of organic carbon or nitrogen; AS, amended with ammonium sulfate; GABA, amended with gamma-amino butyric acid; BA+AS,
amended withbutyric acid and ammonium sulfate. Soil were incubatedin the absence (a, ¢, e) or presence (b, d, f) of C,H,. Data in
the figure are means of triplicates and error bars represent standard deviation.The same below
K2 SR R PE AR AR LIS Iy -2 TR AL (NH, ) SO 3 FR i Fit vp RIS iy 224k
Fig. 2 Variations of the contents of nitrate (a, b) , ammonium (c, d) and total inorganic nitrogen (e, f) in the subtropical acidic

forest soil amended with gamma-aminobutyric acids and ammonium sulfate under incubation in the absence (a, ¢, e) or presence (b,

d, £) of G,H,

R BARRBABIEMEAT LER

Table 2 N mineralization rate in the incubated soils relative to treatment

e S| AW L3 FN mineralization rate (mg kgil d")
Incubation duration (d) CK AS GABA BA+AS
0~28 1.52 = 0.35b 1.16 = 0.35h 3.89 + 0.19a 1.38 + 0.12b
20 ~42 1.08 = 0.10b 1.58 + 0.19b 3.66 + 0.28a 0.69 + 0.31b

W FHE + i R —T R F AR AR £ 3 W3 (n= 3, p<0.05) Note: Means = standard deviation. Different

letters indicate significant difference between treatments (n =3, p< 0.05)
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16 -
[ 80
Q I |:] AS a 2 a o a
e [ caBA w8
ggg 121 [l BA+AS wSZ 60}
m.g [y B 5 ;
< o b b ms 5 -
S5 o 1 <g-
£%s gk be S5 yok b
S< g c S8 b
Ss& nga a
g52 o§s
225 S b b
S | a2S |
-H<OC 4 _Hg:v 20
c
. d
0 v o LT T
0 28 42 0 28 42
B2 W}HH] Incubation duration (d) 1432 W} A] Incubation duration (d)
A BPE N (E, REL MbREZE . O AR FRACRFEN AR AR E25% (n =3, p< 0.05) Note: Data are

means of triplicates and error bars stand for standard deviations.Different letters above the columns in a cluster indicate significant

difference between treatments (n =3, p< 0.05)
K3 y-ZEE TR (NH,),SOXE P FRTEFR A LI h Z B (AOA) amoAJEN FEEFIZ AL E (AOB)
amo AR =F B 152 10

Fig. 3 Effects of amendment of gamma-amino butyric acid and ammonium sulfateon abundance of amoA genes in ammonia-oxidizing

archaea and bacteriain the subtropical acidic forest soil

42 d) ZRfFEREZER . Kigi28 dJF, GABALL
PR L HEAOAamo ASE P 3 i 1 2 5 T CKAL #L AN
BA+ASKRFE, ASAMHEH) +HEAOAamoAJE N =
B Em TCKANRE, TMBA+ASALFEAICK AL BTG i 3%
ES . W3542 dJ5, BA+ASKFRAY +HEAOAamoA
FERERERGIE M (76.6% ) ;5 AS, GABA,
BA+AS = MAL PR 1 EAOAamo A KL K F B W % 1
FCKALHE, MHEZ AT W E2ER .

BAEEEME, SEAMAHREM, LA
AALAEAOBH amo AFEN £ W3 7, (H454b
Pt amo AJE P F B A 2L 5 AOA R AHIA],
BRI (K3) . CK. AS., GABAAbHE
T HEAOBamo AZEH A —H 2 B FAEHEIFH
ARE ANETHALA P, BA+ASA B + 1
AOBamoAFEN F B Sl /D J5 3 m . 528K, #4k
BRI AOBamo AFER FEFER/INLEFR N : AS>
GABA > CK>BA+AS, H#5 AR 54 35 1 2
So 42 AR ARG, AN 1 HEAOBamoA
HHEEEMRNRER L AT A ASKFELREE
ZHIR ISR T, 42K HEAOBamoA S
D A i 3 i THAR = AN Ab B GABAKLERAY 1
HEAOBamo AFE N A BRI 28 A K o B A T I
12, TMBA+ASAh IR A KL K = B2 W FE36 ~ 42 dIBIIH] i}
PR HGERE N, 28 dAf R E R T CKARBEAR M 42 d
A i 3 1 T CKAR 3

e

3 3
3.1 SNEENE. EXEAEESEm

EER IRy DO v R AT S N ERTE A R
F A G h S E A W A A FLB T 2R 47 5 5%
AL B VE I PT DA 2 ARG o A L e A 5 AR 1A )
X IV AT R P PR 48 - SR AL TR PR A
i) 5 17 575 A A0 I L -4 S R Ry - & T R RE
R - s AT P, R ENOS-N LR . L-
BHRRMy-Z R TR 5. FER . IR &
BEMNEFAET: AIHES T &AQEMEY
FIRYI—2 A, (HTA A ER N5 = A NH,-N,
TN P 34 I A RE R REL- A &R fy -2 T
iRt HERS AL AE FH il X R ZE IR ERE, 54N
PITHESEAM L, HHEAPLED = A 2 5T
FEG R AR, #0057 5%
Ak T . o AT REIR I, A LA LR 57
AE AL S [ R 2 A Yy At i B e,
FE A Wy A A G N3 o 40 B R B
AT &S A B, 82T T &R
R N 18 B 2 TR P93 SR o 0 A - €2
Y A A LR K B R, R n] g A — ]
R =y, X8 = 4 nl Re AT I T 2 A R T A A
BRI RS AR A, (R EAR AL B T
ARG 2L s, AILER L EA —EE
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AR 27, T b S p HA 4 25 U A 5 3 $ TH N HL
J, BETR SR A s
3.2 HMNEAENER. EXEEUHEYREIE

FEXT AR A LR B, 0~28 d
PIBA+ASAEBE +HENO;-NFH B i 3 K T HoAth b
B, AOBEE I/ & 25 . BA+ASARHER
AT REA —ENAEYEETE, AOBMAERKZHT
B b, TAOAFFARZE M, i TAOB,
AOAFLA B ) A B Huai vk, FL s R Rl B oy 1 40 i
AT MR ) R B ik B B 5 K A S I3 R 1)
gipg Lo 28 dRUJE, TR TR UK 5N B R
feor i, AOBRYA K AN HEAZ B4l .

A7 A B 1T ML AL R T
VLA RS SR b, R R AR AR S I 1) 4 b
i ANH-N, 7EIEHAERE KK SHET, £
AN A CK AL B+ 3EAOA 5 AOB amo A B [H]
= B LU B SR W R, (R B Rk R AR
NH;-N#ll# 7 +HEFAOAFAOBR A=K . & A Wt
FRWAOBEA LI AL RE ML A 3= 417K
g TRHLE RN AR 0% B A O BRN BB Y
B U SRS R AR — 2, (A IEHLRIE R
T AR 23550 1 SEA OBREVE M 4L &4 14 o AT
TP AN FEAOBI MK E T T LA LY
WAL A INH =N . BT THLA, AL
FAHEREHIAOAR K ), T LA A LY
WAL EINH =N, ASKFRHIEAOA WA 5 B3
o, AR IEE IR A AOBREE . AOARIAOB
R4 K 8 TR T AS AL PR SRS AL TS . TR
WAEH B #E4T, ASAAI S5 CABALLHE - EAOALY
IECR: b 22 BRI TN . T GABALL BV Y
RN 5 o i WA LRI, T LA AL B £k 36 m
FTEHLAE S 3 TCK . ASHIBA+AS A, AR 4%
Henderson-Hasselbalch 5 #2355 H GABA #b 3 +-
- NH, M (308.0 nmol L7') WK TASLE
i (602.8 nmol L") . S5AOBHIHL, AOAXTE S
T A SR AN O R AR A T A ) e
(2~20 pmol L™ NHy) 7', HHUAy-2HT W
FESL0 1L P B A IR MR B NHL B A1 T - 3EA O AR
Mo WA SRR, GABAZH + 1A fifk
W s X CKALRE, RiR4i s, GABALLH
AOAZEHFE R B K, AOBIFRA B EHH K.

4 4 it

g LTk, A LR X T IS R M AR AR 1 A 1k
WHTEEZW, MANA (v-E2ETR., L-&
KR ) W E R T RIER . A LA
677 HE N H, 2 1T BRI T 2 A A Al R AOB Al
HAOAAK s THERAYAETE AT BB ST AR AR 1 EAOB
ARG, TMAOANIRAZ M, L AOAR
AOBXT EHLAVE ((NH,),S0,) . AHLEE (y-%&
BT ) HAAFE MR HA, 2B S Al
P AE 3 p e KA ST REAE AR A 22 5% .
X BB 5 25 S Sy e ) S AL A P AR T
R R R AL B IR Y R AL SR T
2%,

2 % Wk
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Effects of Amendment of Organic Carbon or Nitrogen on Ammonia Oxidation in
the Subtropical Acidic Forest Soil

XU Jie" 2

HAN Cheng' > ZHANG Jinbo' *

DENG Huan''*

ZHONG Wenhui' '

(1 School of Geography Sciences, Nanjing Normal University, Jiangsu Provincial Key Laboratory of Materials Cycling and

Abstract

Pollution Control, Nanjing 210023, China )

( 2Jiangsu Provincial Key Laboratory of Materials Cycling and Pollution Control, Nanjing 210023, China )

Samples of subtropical acidic forest soil were collected for incubation in an in-lab microcosm

chamber. Some of the samples wer eamended with organic carbon or organic nitrogen. Then the incubated

soil samples were analyzed for soil nitrification activity and abundance of functional genes of bacteria AOB

and archaea AOA, and further for rules of extraneous organic carbon and organic nitrogen affecting ammonia

oxidation in the soil. Results show that the amendment of extraneous organic nitrogen stimulated significantly

soil nitrification activity. Acetylene inhibition tests demonstrate that autotrophic ammoxidation explained

over 90% of the soil nitrification in the subtropical acidic forest soil. The addition of organic carbon did not

have much effect on nitrification activity, nor did the amendment of organic carbon and inorganic ammonium

simultaneously. However, the addition of organic nitrogen enhanced soil N mineralization, thus causing

soil ammonia content to increase, which may probably be the main cause of the significant increases in soil

nitrification activity and abundance of AOA and AOB.
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