RN S
- a »

NS ‘ ¢ &ISS wr 3

L AL
- =

EJ A2k B B



(TEFHIBREZRS

* & v FIE
HITH E: (WERKLEBHF)
T % % E 5t % F A By ¥ FHK RAKE
ZF K& ZF M FRE F Mt R 4K AR KEA
K H & K 18 4t P 1E A IR % A RS W E
SR B (& JA R % JE i R 4 4 iE e K il
e T 9 35 7k WA RN R th E 4 W K r 7
B Al YL "= TFWE ELA w4 w R
£ & B X AL B R B AR HEE
WEEEME: KEHA
RESRE: AhE P g i AL
r & 2 i ACTA PEDOLOGICA SINICA
Turang Xuebao
(XA T ,1948 4F461 ) ( Bimonthly, Started in 1948)
H52F 2l 201543 H Vol.52 No.2 Mar. ,2015
i oL EEADH HE RS Edited by Editorial Board of Acta Pedologica Sinica
sk FE LR AR S 71 B WS 210008 Add: 71 East Beijing Road,Nanjing 210008 , China
LT 1025 - 86881237 Tel: 025 - 86881237
E-mail ; actapedo@ issas. ac. cn E-mail ; actapedo@ issas. ac. cn
F g5 o 2 IF Editor-in-Chief Shi Xuezheng
¥ CE B 2 BE Superintended by Chinese Academy of Sciences
* Ihoh + e & Sponsored by Soil Science Society of China
K I P EBEBE R R ST P Undertaken by Institute of Soil Science,
Chinese Academy of Sciences
H IR 4% 4 & B ik Published by Science Press
HOHE < b 55 7R S AL B 16 5 6 B4 100717 Add: 16 Donghuangchenggen North Street,
Beijing 100717 , China
Bl R 23T dbm R EI R AR A F Printed by Beijing Zhongke Printing Limited Company
- e 2 & M F23 Distributed by Science Press
Mot < AE 5 A MR AL B 16 5 EECZR :100717 Add; 16 Donghuangchenggen North Street,
Beijing 100717, China
HL 1010 - 64017032 Tel: 010 - 64017032
E-mail : journal@ mail. sciencep. com E-mail : journal@ mail. sciencep. com
M Ah k47 hEEPRE SRS S A A Foreign China International Book Trading Corporation

Motk b5t 399 (541

IS B 24 7 - 100044

Add:P. 0. Box 399, Beijing 100044 , China

[ N 45— F]5 :CN 32-1119/P

= A B AR5 2 2-560
B A % & F % 17

[ 4h K155 . BM4S FE i+ 60.00 T

ISSN 0564-3929

“‘ ‘“ i
97770564°392156 ml”‘



H52% W2 +
2015 4E 3 1

%o ik
ACTA PEDOLOGICA SINICA

Vol. 52 ,No. 2
Mar. ,2015

DOI:10. 11766/ trxh201408280430

Fx Pk L S AL AR T K S/t P Ny
Mo Rz A SR R

FARE B2 FHm' Eix4' hER
FRA EHAKE OF A i A5 A°

(1 v [ ) 2 e o BB 2 5 R YR S o, A A R GE WL S AU S 0 %, b st 100101)
(2 R ERR 2 e R BEIR S BRI 24 B, JL AT 100049)

W OE AN N0 ORIE T IR R E AR RN, S AL SR AL A A A B A AL LA R AR 2 R
A = A A S 7 . 2R, AR W AT Aobk 13 N, O HEAF FE i AL s i Ak E A Z 4,
X A LR T Y o 7 A DA R Bl A A B S L A 0 AN A . SRR T AP R N, O Ol R A AR E T TR % 2R R
G0 ARAR L HE B R AL AN N, O HE RO 38 SR e B KL, 3 NS N, O 57 AR T T v 0 A 0 2L A S, OF 98 O
SR WSS R S AR MM R E . BRI, ARobk 3 N, O HE O I 0T R 3 iy mig 7 52 B0 AR 4R Pk, f 458
#7401 I W o S e 39T 4G 04 0 A S 1 A B = A B B IR T ARMAE S R AT R E . A SR
AR LA RCR R BT R ) AU EE A AR N ks T 5 A A 20 TR RS AN T A VR R S A, T S
T3 N,O HEjlc. i T AR N, O HERCHE I | £ 30 B SR AL A N, O 7= AR T A 9 sl A8 0 98 2 D M 2 BB AT Y,
K LB BB W D RE RS N, O HERZ 18] AR A 6 FR o RO B IENL %A HLE A N-T0 BRIC I 4 F AR ) 4L
A HER AL AR AR 1 N, O FROR U, 45 7% ZRbk £ 3 N, O RO 38 %01 3R Ze A g 7 AL BT

%g@id
FESES Q154 X ik AR 12 A5
AT A (N,0) & 2k K< LR F CO, Al
CH, 1945 = KR % UM, T4 R E 321 N,0 1Y
HE IR S (GWP) 43 Bl & CH, Al CO, Y 21 1% Fi1 298
B, X A ERAS W A TR 6% o I IR RN A1
N,O 76V 3 2 th ml g F — 2 44k 8 NO, B2 S R
AEWHM EERKNZ—" K& N,0 7E KX
H PR /N Rl 2 7 A K 0 T R ) B T oA A T
AN I N, O HE R H T I I A R 7 0 R P
AR EW, T % 150 FR AT FH AR
N, O FETHE T 18% , H ATy LLAEAF 0. 25% (1) 3£ Ji
gt EEE, KA N, O R SN T, A
Kbl N, O U8 (%) Al 35 A7 R AR K B9 AS 1 1 o i
ik, BRI N,0 Wik 16.3 Tga ™', AR IR HIA
FUE A S 67, 5% F1 32.5% 5 Hirp {1 4R R Bk 1 1
N,O HEB R K 6.6 Tg a ™', (5 H ARG 60% ',

KR ; A0 R 5 P 20 0 5 SR AL 4 15 [ 10 3 AR e s 20 TR W o

AFRRSN,0 IR 12.6 Tg a ™', F B AL 2 B
e g NO . 3 1 5 b 8 A 1 =S 19 £k - 1 3 T3
VLR R R, R HERK PR 6 N, O B 0% i B g %
55000 TR N0 BIBE R AE R, R
KA N,0 W ER RS fe—ERE LS A AM
Bt N0 HER A .
NZETEHBARALIE IR N, O Wk JE [7) i 3 23 ]
RO R B T R R, T BOR AR T S
e a2 150 43k, A HERCAY G PE U 1S Tg a ™!
BNE] 187 Tg a™'°7 . % 20 42 90 4EL, 23Rk
AV R E R ik 105 Tg a™', I 5% 4F 3 it
B RER AR = RIS R X 2 —, RRADT
FESEHI N 12.9 ~21.1 kg hm =2 a7 fi %
NH, F1FURE 25 %60 B LR, J5) 30 4t IX (442 38 S i el
) AU ERL 99 ~117 kghm 22" H

« [ SR BM2E 3 40 H (41471212 ,31470558 ,31290221 ,31130009 ,31290222 ) . [6] 5¢ 1 4 5L R 58 % J 1% 70 H (2012CB417103) . [
A2 b b B 7 5 VR S0 T R4 AR F5 35 AR A 4 T H (2011RC202 ) Ao [ L2 B 5w 1 58 T R % 3T (XDA05050600 ) ¥t Bl
TEZ R T RAE(1978—) , B L HOER M I+, BI0F 58 5, 2N+ R AU A W BR AL 22 BF 58 . E-mail; fanghj@ igsnrr. ac. cn

W ks B399 . 2014 —08 - 285 W E & AR H 117 :2014 - 12 - 05

http ; //pedologica. issas. ac. cn



2 4 T3 AR ZEAR  FROPR A 38 S A S U HR BIORS SR AU TTC AR 1 g o) 7 P 5 0 263

RIRE T, AMAETRE LI EEZIARR
il e 2 26 B Y G O AR MK R IR AR AKORE IX
(Biome) . KA UTKENE N BE W% 32 & b b A= 8 R 5
RE TR, B 55 — A7 07, 7E — 2 2
BE b AT LLA# R R BR R IE T (missing C sink ) [ 43
it (R R R LR N HE N, O Rl CHL 3l
R W, A DT R AR R T kU DR B HIKE
53%~76% """, piit AT UL, BE A bR 4 N, O HEK
X R TIT A 185 o 1 i) 2 v A DT p DX R AR
A R G B A R TR ARG AN,
o7 b 3K Bl TR 17 % %) B0 R AR X N, O HE L
TR B, TR A AL T ZR AR 4 N, O HE &
AP OB ST AF S — S BF 5 R IR, i TR T
o AR AR DTG I 2 /= T 1 26 B i DX AR AR L D
FHRESRZRERART A HE, 8% X 50
oA HER N, O 0 KM Lok o 5 4 B b X 1 4K
FEHE 48 N,O HE i Z 40, T & S Bk N,0 1
AT I 2 AN E PR RN 2 —

WF I8 AR AR 14 N, O HE il X AR DL R 38 1
M o7 HL A A PR S S B A . ) B R K -
KAFTH N,O WA 38 5t | 35 20 7™ A 1 FE A OCHE 1)
RETHU A W 1 T 20 25 0 3G 8000 ey 137 A1 B, 2 A 3 - 1
N, O HEBON 15 Z e i 22 B Be 452 = 1 2118 BE it , 1 02
St 35 fili b 2R S R Gtk AR A L R G, IR
AFRff AR L1 N, 0 i S 23 A & % 1k i
k- A Ak 4 e BV Bh A 22 1] RS A MLBE , 78 32 5 AR
MAERGRE AR 6 5N, 0 HE P A%
DX 3l e Y5 A GRS i M AE T T 3 OC B,
SR, T RRMAE S RS E A 0 2% M DL B
)28 1) 5 M, B i E A0 % 80 3 BE oY i R 2 e
B A 300 s ) 52 6 B0 i =, IR Sh LA R 52 4 v
o K, ASCAFRMR L5 N, 0 i A K2 E F,
GG IR R SRS N,0 P AEZ M A
MR, BN, O SR IE 5500w 1 R AL & k45, 1%
N, O X 38 %0 05 i) 1 B AR DA S0 e i I AR W 2 ML
FFF8 H 255 S0 8K 1 T 55 28, BH A R Ok T BB Y
58 3 A5

1 R S U A e i B R 8 S
M i
AR N, O BRI T S A P 1L

A SR A A (TR 1), 52 R KA A RO
R C/N pH DL b 4 88 2R W e v 4 Ry 52

W R [ Y BR BT AR, SR £ N, O
AR AV BRAR KRR 2R, 76 BN IE  JER
ANH, & WA 7 FRAR A8 RS /E FH SCRdE +
2 N,0 R . AR, T K AN RS R 4R
Wi H NO, AT E 4 09 W $Ay -H0s Rk - 58, I A
fEJE N, O [y FF = A #2201 Venterea 45 7 3k
T3¢ [ H v 2E M 2 e s AR AR 0T R B 401 4 o 3k
5, K BB E ALY (N,0 Fi NO) i it 5 + 5 i 1k
AL N NOJ ¥R B2 1 AH G, TR N £ B i 68 410 ] i £k
REARFD NO By A, R W] H FR A AL AR 2 NO 3% i
EBJF N, Rosenkranz % ° 45 4 s v 96 R BRI A
Mo i N, O WOCRT NO HECS 3 THLA &
KA OC s NO B 3R 5 SVE 1k A AL
FIEARG, 5 45K 3 W 35 AR O, 2 B IR
T 4 0, MIHAE LN & N, O I i, Ambus
R A T 11 b AR AR R AR A
N, O HEjik, & 8L N, O HEjik 5 S hs 1k 3 22 1 A0 ¢, 7%
AR B SR AL T3 N, O HE i E AR N, O B/ R
sk R E ¥ B 3 S T & i Ak, Kachenchart
2020 TR A5 4% ARG R bR N, O R 1
55 RS K AL (WEFPS) (S i Ak G2 0 A=
SRR YIAR OC, 05 RS AL T O, R T HLA
AT E B T EE R WPFS i 53 5 fild 1k 1 F2 452 441
& HEN,O AyHE . HHET DL, AR R A &
SR R A R, N, Ok 5
o 2 AN R AN S PR R fA BN i g p e
gl

RUTREXT ZRAR 0 b i 16 F0 s A Ak 19 5% i)
A B AR A TE R A R, Bk
THRMESRZGE AWM BB FiE A
A7 IR Y R UT R S AR S R G0 A A
YIRS R BT, AE S R G A B A R A
AR, 51 AE W A g e AU AE O R R A — R A AR
AR o A R, A U M B A HL R
(SOM) W fir, C/N LU R, 34 1 4 i 2o 72 v &Y
BEE 2 T R U NS B, AR T M b
Tt ) 303 2050 5 R e S R T L A B T % i
B &S B 3 T LA B Y 3G e 2, SRR R
AR AR R TR i T AR A i A
FH NH,-N, + 56 4k /E FH 3 58, NO, -N k¥ il N, O
HEw 2Rt gk — e 5 & BT S
AR TR RR i R AR 48 A Ak RN Ak R (H R
A5 Ty 1 22 0 % 9 5 60 335 57 SOET A0 A 85 % i

http ; //pedologica. issas. ac. cn



264 + e 2 Eid 52 %

H: 4 [ % N fixation

A% % Ammonia volatilization T
5 l
\ Decomposition N,O
BB A LA AMO I HAO _ NOR . VI
PON NH," /NH, NH, OH ——— NO, ——— NO,; =~ ,%»;;;%
3 s
174 Aerobic A4 A8 Al Nitrification I I \ %o
JR%4  Anaerobic e NO, NO,”
’f
7’
L Z l Nar l o
& = (<
AT AL 5 S = =2 ] gm
P “")164— Vd 6\0 = s‘v NO =3 %
(DON) S g5 Nno . CFS
RN s Nir & ¥
2N oS ) =8
=] ‘y;&. ,1';6\)'\ = E} g =
S g B
2|5 W g NO NO
% |E Rt 2 N
E /’»@ S = Norl
g PN
< 2 N N,0
/”,o\% : N l
»” os
NH,* A EA \

Z

W

Anaerobic ammonium oxidation

PL BRbR - 3 R 208 B o A e oG B i Ak il
T AMO Sy S 5N 4B, HAO S 52 e S8 AGSE JRUBG , NOR g 31l iR S8 AL 3 TRt , Nar Sy il TR 538 IR , Nir S U AH R 348 J5L i
Nor Jj— S8 AL A b J5E [ , Nos %84k W & 38 5 i Note:AMO, HAO, NOR, Nar, Nir, Nor and Nos stands for ammonia monooxy-
genase, hydroxylamine oxidoreductase, nitrite oxidoreductase, nitrate reductase, nitrite reductase, nitric oxide reductase and
nitrous oxide reductase, respectively

Fig. 1  Nitrogen transformation processes and key enzymes in forest soils
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Continuous accumulation of nitrous oxide (N,0) in the atmosphere leads to global warming and ozone de-

pletion. Forest ecosystems act as source and sink of atmospheric N,O, posing a great uncertainty in budgeting of atmos-

pheric N, O. Exogenous nitrogen inputs into terrestrial ecosystems are an alternative explanation for this uncertainty.

Therefore, exploring mechanisms involved in responses of N, O emission from forest soils to increased atmospheric nitrogen

deposition is of some important theoretical and practical significance. However, due to complexity of soil nitrogen cycling

and high spatial heterogeneity of forest ecosystems, progress of the research on soil N,O flux response to N addition has

been quite slow. N,O emission in forest soils is mediated by microbial communities, and nitrification, denitrification, ni-

trifier denitrification and chemical denitrification are the four main processes of soil N,O production. Presently, which one

of nitrification and denitrificatiopn is the leading contributor to soil N, O emission under nitrogen enrichment is still contro-

versial ; and how N, O emission responds to increased N deposition and what mechanism is involved in soil microbes driving

the porcess are not well known. In this paper, a review is presented of the progresses of the study on identification of
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sources of N, O in forest soils using the stable isotope labelling technique, laws of the responses of total N transformation in
and N, O emission from forest soils to nitrogen addition, as well as effects of increased N depostion on activity and composi-
tion of soil microbial community. Also, the paper points out weak links in the present studies and possible research priori-
ties in the future. Generally, soil N,O flux is influenced by many environmental factors including soil temperature, soil
moisture, pH, Eh, and N availability. Increased nitrogen deposition may increase, decrease or have little effect on forest
soil N,O emission, depending on forest types, initial nitrogen content in soils, and dose and duration of nitrogen applica-
tion. Overall, the response of N,O emission from forest soils to increased atmospheric N deposition exibits a nonlinear pat-
tern, including no significant response at the early stage, linear increase at the medium stage, and exponential increase at
the late stage. The three-stage pattern depends on degree of " N saturation" of the forest ecosystems. Besides, significant
relationships were observed between soil NO, content and abundance of denitrobacterial genes, between soil NH,  content
and abundance of nitrobacterial genes, and between soil N, O flux and abundance of denitrobacterial genes. Nitrogen
application leads to change in status of soil available N from N deficiency to N sufficiency, and hence changes in abun-
dance and composition of nitrobacteria and dennitrobacteria, thus affectng soil N,O emission. Moreover, as the monitoring
of N,O emission from forest soils and the researches on transformation of soil TN and dynanucs of N,O producing bacterium
communities are often carried out independently, making it hard to elaborate on the coupling relationship between soil mi-
crobial functional groups and soil N,O emission. It is, therefore, suggested that future researches should focus on the fol-
lowing three aspects 1) to lay out and conduct some multi-dosage multi-form N fertilizer application experiments to work
out equations for response of soil N,0 to N addition and threshold of N deposition that may cause significant change in N, O
flux response curve; 2) to define relationships between soil N transformatioon and soil N,O emission and explore relative
contributions of soil nitrification and denitrification to soil N, O generation by means of the "N-"0 labeling technique in
combination of molecular biology, of which the findings may explain the difference between the forests in North China and
in South China in source of soil N,O; and 3) to quantify the coupling relationships of soil N,O flux with major soil micro-
bial functional groups, such as nitrifiers, denitrifiers, and ammonia-oxidizing bacteria, and use molecular biological and
matagenomic methods and techniques to determine effects of N addition on abundance and composition of N,O producing
bacterial community. By so doing, it is expected that the mechanism of the non-linear response of N, O emission to in-
creased N depostion in forest soils could be fully understood.

Key words Atmospheric nitrogen deposition; Nitrous oxide emission; Nitrifying bacteria; Denitrifying bacteria;

Stable isotope labeling; Molecular biology
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