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Abstract: Human activities, such as combustion of fossil fuel, production and application of nitrogenous fertilizer,
and intensive livestock production, have been accelerating the production and emission of reactive nitrogen (e.g.,
NH.*, NO3z"), leading to elevated nitrogen (N) deposition at regional and global scales. Human interference with N
cycle has gone beyond the safe operating space for humanity. China is one of the three regions with the highest N
deposition in the world. High N deposition has threatened the health and safety of terrestrial ecosystems, which
should be addressed urgently during the process of ecological civilization construction. The research history on
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simulated N deposition in China and world was reviewed, focused on how simulated N deposition affects forest
ecosystems in China, including soil acidification, plant element chemistry, plant growth and diversity, soil
microbial community and enzyme activities, soil fauna, greenhouse gas emissions, ecosystem N and phosphorus
cycles, soil N transformation, ecosystem N fixation, litter decomposition, and ecosystem carbon sequestration.
The atmospheric N deposition has been concerned since 2000s. In 2002, the first long-term forest ecosystem N
manipulative experiments were established by South China Botanical Garden (SCBG) of the Chinese Academy of
Sciences, which is playing a leading role in the field of nitrogen deposition and forest ecosystems in China. In
2013, SCBG, for the first time, designed a novel experiment with canopy addition of N (CAN) vs. understory
addition of N (UAN) in China. Results from N manipulative experiments across China showed that continuing
high N deposition greatly altered forest structure and functioning, threatening ecosystem health, especially in the
south-central China. The main results are as follows: (1) There is a fertilization effect of N deposition in temperate
and boreal forests, but there seem no positive effects on plant growth in N-rich tropical forests because of N
saturation. (2) Excess N deposition can lead to soil acidification and nutrient imbalance. (3) Elevated N deposition
has accelerated N cycling rate and its transformation process, but depressed ecosystem N fixation rate, and altered
ecosystem P availability and cycling, litter decomposition process and greenhouse gas emissions. (4) High N
deposition reduced understory plants diversity and changed the structure of soil microbial community. (5)
Nitrogen deposition generally simulates aboveground vegetation C sequestration across China, but there remains
uncertain on belowground soil C sequestration. (6) Tropical and subtropical forest ecosystems are non-ignorable
N sinks, depending on the forms and fates of added N. (7) The effects of N deposition on forest ecosystems are
variable, depending on ecosystem N status, land-use history, climate, and forest types and ages. Considering that
there remain uncertainties on the long-term effects of N deposition in China, it is suggested that it is necessary to
continue the present studies in a longer term, and to expand a network research among field sites along climate
gradients. It would be further highlighted to explore how forest ecosystems respond and acclimate to long-term N
inputs, to quantify belowground C and N sequestration, and to jointly consider multiple global change factors (e.g.,
climate warming, CO; enrichment, changes in precipitation patterns), all of which are important for forest
management and sustainable development in the future.
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Nitrogen biogeochemical cycle; Biodiversity; Carbon sequestration
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Fig. 2 Distribution of manipulated N deposition experiments in forests across Chinal32%-34, GH: Genhe; WY: Wuying; LS: Liangshui; MES: Maoershan; FS:
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the manipulated N deposition experiments across China

ittt TEFR E R AR IX B B 5 R R 2
TR IR ) 36% LA BT, R Bl H
A~ NH AR AT NOg IR . AR S5
Beal e ARG I FIERR . R b, 1 mol NH4*
A REYI AL LR NOs KR 2 mol
HB8L, fy 1 H 5 3 R B AT B s s AP (RE LG
FHADIEE ), FETIREE S H e &
PRI AARURL L (1) Eh 25 B 1~ (Ca2* Ml Mg?*4%), JHEE
1166 NOs*HIMRIATI R 28« SRR Ee s n, +
HE pH HE— K, SEAPRY, Fe3* ol MnZ45 51
s shiEsgm, mhAEmAE£.

Hh ] R A AR ARS8 T I 56 B0 R T
5] L ) - IFE R A 1) R, H AT RO SR T
RO S S0P B AT AR AR IR L, AT RE 2% X
3% pH AJRAER R, TR PR RIS, SR,
PO WA AR S R GRS T RE 1 M IR AR,
H G BR VR B . AERR =X, 1% pH
(B A B3 1T 1A R0 B 8 s P32 T BRI O, 7E
P AT T 2R S LD AR AR X, Lu SRS K
WS I 3 BRI T R G AR bR 3R ) & R RE D O
TR AL, ER IR AR RORTN bR i AN B
A [7) b b 1 FH 5 55 B IR A AN [ 2 o 1, 22 S



%5

AR BT b AR 25 RGeS R (KT et 505

BB R, B A A 5 R AR R R
KA IERR AL . T EERAK 2 BRI
RS F(ln Ca?*fl Mg2) & &, iS58
2K iy 13.42-431, 2 pB B X B HGHE TG AE S R A KL
AT GBI B, fEARE IR I
BN RFE DT Ca2t Rl Mg+ (1 ik = 1 FR452 Rz el

5.2 BUTEXNHEMNF TR Y M
KABUIE BEAER THEY), s e+
BeAb A ER (WA R (R A ) 0 23 AT 4491, 3
RAGHAES RGUKT LT R R ET2), T4
DU AR AARAE W) o0 2 A0 5 (1) 0 L B A T
H B3y, X TAEYIH R AT A B =
B o M 1 S R 7 g U e R E G S
i ST N TN, BT 218 S Ak A 55 5
TCE LB a4, xR LG 3 Rh TR AN BRI 5t
FH, FUMAEREOIN TR NS, WinT N5 P,
K. Ca. Mg 1 Mn 05 I LUAR « B& N/P LA, N/K
Fb A AT AR A 40 00 B i) L PR U F i AR 14T Xt
A AR TR, B A 7Y N
B el D IGTE T R X 3 R PR i 1 491
H AT FHRIE 5 41 N SIS 74 A (Larix
gmelinii) %24 & N. P. K. Ca fil Mg &&HIEIA
R0, il iR 4 4 AT (meta-analysis) R #H,  7E
[t TR 3G 0, AT AR A & =
Hahn, AHSE MBS EAR A BBV, XnEkR
B =Rk S s P P e 5 ] T S ES R
BRGHEYN CIN B, 3807 N/P E, (HEX] C/P
IRABIAN B2, RS SR PR R 3 0 7 AR
PSS, AR, Lu ZEISITE «E AU FGHT PR
IR AR, I 10 SER AR AT A B TR
FEARMEYIH - N. K. Ca. Mg 1 Al 0 K& &,
XFEERHTZAESRECOEEINRIBALLLIE
Yir= e B BRIE R TR JEER R T RIS B
PR BB R AS RSy LB IR H
B 75N e J10E B s BT R 4R R P Al . 1K
TH KRBV I A S B0, Fitk

FEARKAHKI T B A 78 > BRI E B R A
RSN 38 B o

RKTHT T, FEGRE IR, E0F5T
Hogm > FxHE et se, Hutisig A s
o Mo SELEN Aty AR IE TER B, SR N3
Ty ARER SR, (EXBEEERA T, S

T N/P P . Zhu 55707 B W AT bk . R
ACRANEY BAAARIRR FE 3R, 9 5 4F [ A o
WAHBRMBAMER S8, Baoihidt— %
B, ABRRRE L RUTRE SN T A EAR A
#(20.2%), 1HEW/D TR AEYE(-12.8%), &
EWINT MR E N S5 (17.6%), FFIK T 408
i) C/IN L, Sz B8 SRR K C &&k,

ATAEH, AEAES RS RZA AT R I
B AN, EEFEFEAA AN E Y, Y
ERKIAAEAA IR TR T AR RR K E R
AIE, FECHNT T R S BBURRAE FE R M e, b
Ah, TV B AR EEIE N M (acclimation), 2 MR
USRI 2= T e 7 el R, sEmatE )
KA IS (<%, HIRE AR s ) ailt—0
v YR e R EAE R X RS R —
RV BRI, T R 5 #ts v AR 25 RGuAE R B
BRE, W2 BEOMBA R RR G, X ERE SE T AR
MRAEAIAT TR B ] BEAEAE 22 5

5.3 BRI EY AR K

MAERRBERE, FAII AN FR YR A K
T RIS, ANFAES RGN T RER R
o G B e SO P BURR R FE AN [, R A MR A P A
— 5 bl JER G AR BB IO0, i B AR A ) R A A A
JERIO6U  E I, TR XS ARAR A T T (NPP)
SAEYAE KRR R RS R, RS
Hh e [ o R0, h E AR AL X FR AR, B
IR INES kg N hm-2at) S8 KR 1,
B B DTN (50 kg N hm-2a) 1E i 248 FAIR,
BRI BRI (75 kg N hm-2a-2) 1E [ 25087 7 2k (681,

AT, B AR [ A K 200 % 1 i )92 7 v 14X
A B FUHROE . RS R A A i R R AN A /N (U
A2 RS g ) m A K B B T AR [R] 164-661 - il 4 i 21641
TP 90 1 BE A0 SR B X 9 T s s RS A i 42 A
FRIEZ I, DA A AS [) i FEE RO ARS A ot 80T o o 97 A 1R
KER, BARM AP E<16.5 m)H2E K5t &7 n
TC 52 2 WA N, T e (R > 16,5 m) [ AR A 7 4
Al %50 F1 100 kg N hm-2a 1) 4b3 | figfe A K 5 3%
T, A BE A WA w8 BE PR — 538, axMohn A
WA R ZETAGRIEAR, Tian 2505HRH 3 4R
SIS0 A1 100 kg N hm-2a-L)fiifiitk% (Castanopsis
eyrie) A FUAK T % i 2E K I 2 B E 2 R G
A KA SZBIFE o 7 SRR (40 kg N hm2a?)



506 P BT A SR

07 %

S K 5 R A (Pinus massoniana) bk - 1 g 1k, Al
RUEA, FHEDEMERKESE FHRE, NKiZHE,
FRUT R X AR V5 A 65 0 1) o508 Tl R4 51 24
Folt 2L RSCRT ARV AT B 70 ) U2

5.4 FUTRENEY 2 FEAERIE W

KAEDCRET = O IR Z FEVE R R 156
ZRIREN I ZE, SR, H EACE > S A ST TR
B ST, FRARME YN IR 2
R, FTACATER EEE RN T B Z
PRI R F o AT 2 SR AR R E YA R,
RSB AR BB T AR AL, DhReRAE LA R 0K
TR FK. R, DulsHRiE 3 41 ANk
Bt b7 SR A AR AR N E A M R
s, (HEEERIN T ORE M, HET
BNEARTEDI ST . (ERAE G R IG AR, Lu
SENTHRGE 5 FE AR IN(>100 kg N hm-2at) & 2
B TR M Z R (R E M Z ), IFE e
HH 7T R0ORE = B - R R A AL 1A DT AN S A e
R SESHLE] . Wu 2R 5t K B 8 4 1 AU
T (>120 kg N hm-2a2) a] i 38 ik A% 358 pH (A1 B
R L B = B R 1 55 Y B AR MO AR B .
Huang Z£4238 15 5% Bt NHNO3 F1 NaNO3 b FEAE IV F#4
L EAARRITERL, PORIRR 32 EE P 2 BE (1 B A
RS EIER S HIERR L RS H . S
BRI MR 45 F I A —F, Huang 5004k IE
TET NI 2 BT pRE 1(30.1~43.3 kg N hm2a?),
B T AR Y 2 P S R U E 2 A
5%, 5 AT R Ca2t A KK FE 2 1E A 6 k4t
BUTPERN AR S L3R 77 G 56, 5 aEMmAHELE,
N EARBLIR AR W AR ) 22 B 1 X6 00T B 1 o 52 AH
S AR,

5.5 RUTFEXS T3 YA e PR RIS M

IR AEYIRE RN ES RGP IEEZ O
i, HARARE RS RGP FAEA
AMBEEGLEN, RIS AR EE &
FasE PR L3R = R A HEIE . RUTREIn Rl 20
IR YIREE RO . AR DR AR R o
5.5.1 IERAEYIRETE

FPAMRIG R, SR INIE R 2 i D A A
P oSN, AN 51 RS 3% pH BEAC. AT R A B
BRAR. IR R A 2 P B AE R > (1 32 22

JEE ERI073-751, {H R A5 B 4R 80 oS 3 s AR ) =
B Bl

BAIATRAEYEREmIE S RN E. iR
IZRAL, AT, RUAEYR I BB . RER
(50 kg N hm-2a )& A i3 SC% i 7 i A (Pinus
tabuliformis) bk -3 RAEYI AV =, HHEMEER
JI(>100 kg N hm2aL) I, 2 B T A=Al
RARAIN(20~80 kg N hm-2a-2)84 i 1 37 H4GH (1) 74
12 (Abies fabri)FiAE el 40 B A= 0 &, AHASAS Z RN
(20~80 kg N hm2a) | B34S 1 4 B A= P 521781, Wang
SR B A ASEAIN(120 kg N hm2a ) EE K
3 3 BB T I AT VA A2 RRA B b (7l 1 A )
TEAKE NN B FE AR RE, (HEHANZE
XA R A ARG R R L 3 AR
WEAH ARV TR B, BN INBRAIS T 22 X 4R i
I NE w47 a7/ bW (E VO Kl Y e WL K W N E )
TR A T R (80T,

G ITAT DA 3R A M A . 1 5,
BININEBUE RS (L AMERE RS
AR E ) LR, BURIN(70 kg N hm2a ) fEZE4s
B InAG 7 V& A BRI T TR S, (HEER
75 ) 2 93/ FH 7 A 1D AR = B B 509 n (50~
100 kg N hm-2a 1) 2> Bk e 92 th 1 0 £y 3 S 1
PRI R AR BB 1 L], (H 58080150 kg N hm2at)
DY ST Ly PR g R MR T AR B A AR =
JEA82, ERAN(50 ~ 300 kg N hm-2a-2) i fdi 7 Hvris i 1
Fax(Pinus elliottii) Mowt VBRI & 1A= FRTAR 3 B ik 2 (881,
FLR, BRI R A B VR IR, BT8R R
TR AT AR, BN I 22 AR =2 R A 4 R 1) AH
PP, B 2 PR MR B /=% EQ R A LT,
BT BRI T R R, RS
W) 248 T PO % B 2L i 18184851, Nliie £5 851438, %N
(105 kg N hm-2a ) 75 Z= 2 BRI A0 1 L g 0 R o
L ) R ERAT B T TR 5, (H 38R T B 1
KO TR ERE . 28 =, RSN M
ST 0 L. A A IR N T ] e S A 7R
MRECTRE AT £, sk AT AR R, TR
[N R 2 LR I T = 7 1] 2 (3 o
(100 0 A1 AR PR LT /4 7 L3 7987), SR AR AR
PRI EUBE /40T LA 5 s leo.8e],
5.5.2 T IEREEE M

R % U5 73 e 4SS AL 80, S0 o T e g R ) -
IR0 B R R s RS . B, BN



%5

AR BT b AR 25 RGeS R (KT et 507

33 9 R B AT B A S A AR M R
WA R B vE M (B L I . e R IR = B IR
By AR, DREGSE), (HSHIN5 Ak (A4
WK ARG ARE S ) RO (B
PEBERREE . FRVEBERR ARG . FRMERERE —HaRESE)
SREUAH G I B G 1 o SR1, BT 6] B AR AR B L3R
B, S INX Y A TR S 00 5 AN 52 4 15 A i B AE
Zatra 19901, AR IN(100 kg N hm-2a b F#A% 7 by
TEIHFARRAR 38 5 (1 i AT I S 1, B 0 2 b
55 18 1 Tl R PR IR 1) M 8 B el 4
NS0 A11100 kg N hm-2a- L) Ba 7 -0 frt A1 B
A PR el 358 2T S SR I R g 6 W T TR
P T TR PR G PR Y, (H S R R S A
(40 kg N hm2a ) B T L4 i@ b k3 51
Wi B WSRO SGERG LR, Fan 2RISR E 20N
(40 71180 kg N hm-Za- )3 i 1 .47 KAidi(Castanopsis
carlesii) M3 JZ 358 11 2. ok 2 J 76 0 Tl A0 IR 12 1l PR
FARERGTE I, (HFEKT T2 LIRE OB R LR
PIETE. AR, B IIRT &2 - e Rk
HOW A B 02931 PRk, G IR - g
PRSI B TN 2 B INRISAL. MRA,
B R 2SR+ E S R R .

5.6 FEUTREXT LIRS PIKIFL 0

I W2 48 g R AR R AR AR & R )
VIR SRR TBEITE NS R B R
PR, XHEEIR . TR0 AR TERE
W DURAS RGLMA DR M 4e e A B 2
YEH .. BUTRERE et LIRSV A& 25
PEMIZH B AR R o

A, BUTRERT LIRS T s R R T
AL R LR X 194951, G RE X AR -3 B 5
W A S50 HEA — 8, il U AR AL 2 B
. Bk, MEERAAERERN .. Xu &4
X R AT 3 A R AR AR (R KU SRPK L B R TR AR
FEFHAR) IR SR, 1 AE IR ER AR 354
A AR RS R, (RREURHE(S0 kg N hm2a?)
B A ERHE AR R LT, i e a4 2
(100 kg N hm-Za )35 H 3L % o Xu S5 108T0] 55l 1Lk
AT [ M A T — R, B TR LIS
T 22 AEE 9 52 0 A7 (E B8 2808 (100 kg N hm=2a1).
FEAG L R B8 N AR EAT 2 4 200 il e 2 3,
H SR E ) AN I SR AN IR A IR, &

WP A F0E BT, s 4 Ff5, IREME A
K43 ) S 3 S I AN B AR T R R S M % R AR
LIRSV E R, YR EA I LS
M) A7 BRELE FH 981, vk, AN [RIAR 2L 1 28T e i 7
AR i O AT BRI B 3 B R
LR VESR R B NS IN  BA, EE AR A S
T P ] PrVE 22 AR T B S J92 0990 ST iy A TR
A2 HORH U N R [R5 A J 25100101 S
I T AR - g A (R HRRT gl ) 1y = 02,

BE AR, AR 1 38 Bl ot T 4 F i 17 A1
ATBEAR— . SRR AR HFA R K M) (Fra-
xinus mandshurica) ]I FE R B, AL AR T BIAR
SANE VLIRS, SEUR e
ML, MEerthEsENn, ARttt
BHEE AR XRFAR S5
TR 3t AS —F 0030, g o, A i 5T 3R
TGRS A P 2 H 3 B T W 3 s, (AT DA O A
S A= 4 (b ] ) F0RE £ PR £ L 8] PR A B AR oG
R, MRS A4 25 R G ThRglod,

5.7 RUTFEXHE Z A HB R W
5.7.1 RUTFEXS CO2 HFRIZ M

FRAR LIRS CO HEAN R EESRE, 1
AR R RT ARAR ST K LA 73 (TR IR S 4
W) BOSEI,  XfT- BR AR AR AR BRI /T Th R AR e 1k
BRPEEAE S DL HIAROR SR A A .
TARMERL, BRI R SRS T ANE, ARk
IR IPIRONT ZGT R (R i B 5 (R A I 74.105-1081 47
lt_EIJ ,ﬂ':‘ )EH [29,107];‘2[] 36/%2 []I’EJ [108-110] R

] Py i I L S5 L T e, TR 2
] [ R O A AR M - R IR g g [,
(X 121X 35k P VR S R AT R A R - SR e R 4 35

SN DLO8Y SN AIN 51 7S A 200 R 2R ) D/ 2 o]

FRAR L35 5 IR0 (Ra) B ELER BRI, T 80 3
F = SR A A DD Sl A B R B AR L P 5
St ST (Rh) BE 77 1 B AR A JL R 127781, — fige iy
Fo RURESE A Y& FVEYE N 15
A HUBR 22 I AR AL B B 51 2 - 398 S S0P IR 26 ) £
ARDOS], B G IR, RUTFEBARFEAR T AR L
RPN AR ) 1.44%I000, FLmiy R B2 55 S50 N A <
A 5. R, SRR SRS 5%
Yooy i (I R R A L BB JLRE VR 5 K AN
R Gia n £ Y A M AR/



508 P AT ) 22 4R

07 %

B8 5 7 VR ) S5 0 2 B T H ke AR A )
S, AECE RO, SN N ]
AR LB, AT 225 00 ) A bR = 332 | SR IR I
AE AT MAEARXT TR R G, RASIRISHE Y
JeEER, AR EY B USKINEZ K ERTR
(UnBESE) AR I, TR R 1Ak 3 H 57
WEIRRE 4. A, G AT AN [RDR ARk L e 0
W AN A, JEHIE LT, NHiNOs &I
RS UK e 7 R 5 L Al 3 EAS-1140 - S Il
IRERBRAIHAN, Rl PR E i Ss ok, b+
BRAT U 1 70 it e A 180, AR AR m RS I A S AN
T3 UL R BRI R AN KRR PR A 52 o T R v JE
X AR A A ol A 2 45 g B i 12 5 i R 5 A2
SRR PR Y TS SRR AE (Quo fE) 271180,
5.7.2 BTN N2O HE ) 520

AR LI N2O IR, & R (NHL =N A
NOs-N)id 1 i A6 Ko S i A 248 1 25, 4 NHo*-N A1
NO3™-N FEAN [A) 2% A1 (4 S8 B DR B0 A AE Al AL B
THALAE I, 7222 NoO FFHFCE KA, HHR
b AR T A2 R AR B R . BT R
N, ARAREIE N2O HESCERG I, JCILAERAT [IE 34
T AR (L3 0 739%) 181, ARk [ Y B AR T
T—RIFE, BT XBAMMREAR, Thag—
FRY P N7 45 T AR o

P o 5 1) 4 o) B A T A T R S
(P JE AT ) AR AR B RIT FE 1S, US4 0 7 R
FAHT AR 3L (DON) &5 5, 3 1M R 38 T
N2O (161191200, 306F 27 [X 3 (4 e VB S8 AR
FEAR MR L33 NLO HESRA FEmi, NN TR S 3
RIS B RUIRZS I AN TR 5 i 7 22 S 6 1200, ]
— AT R NSRRI AR, AN
PR T SRR I N BARERE, BEINEE N2O
HER AR ASARAN S AR - 3R] N2O HEHGE R
SO AN B S (21 g I Ay SR [ 0B A R I AR R
(Acacia auriculiformis)] \ T4k 133 NoO HEBGHE 2 7E
AR OSHIIERTE bl T S il E v i)
(Eucalyptus sp.)AR] i 57 A~ B 511221 56 Y iy - A
MANTIEARMBIBTFLERY, IR E R T N2O
RSO, P 1 4~7 45028, T H NHe*-N 3
38 NoO HE 2 BEE FH s - NOs-ND24, A g2
RN IR T 2 EACAH R B FJZ (H hn ACA. I/
AOB) 3| #2021, Sk B = POk L B (78 R 3 X ) AR bk
AW SN 7R ER) R W], NHaNOs ¥ 1 2 19 i 445

N2O HEE, NHs*-N F1 NO3-N 5t N2O [Tk %
A 7 S 128], SRS Al — Hh X AR AR 38 5N R R
R 7% 6 d, 133 NoO HE 1) 71%~100%K 5 T NOs -
N2, 56 e I8 KA AN AR AR LI AT =
WEEFR, 45 EM NoO. No HERUA N2O/N; HL i1y
BHWHEMR (S0 LER) . ERELET, A
REMN, PR EIE NoO HECER D . N HE
RN, BEEA N N2O/N, EL B AR08, it —2
UOAIE 7 SR Ak et R T R U 4 R B /A AR
PR3 NLO P2 A I R B R

X R LT IR AR BT R, AN
K E AR AR AT PETCHLZEZ(DON)SE AN, Jn e 143
REMAHEER, FHInH3E N0 ke300, %
BefE g AR R EE P ERER )M E R (EKE
FEYROT, G R AT B A s R AR, T N
T4 N0 HERCEDSY;  JRETR I n T Ry 2
L3 NOs-N &, M5l NoO HEUE 245
B pnisa, 541 kA (Pinus koraiensis)AHEL, JbJ7
F] et b 33 R A BT AR U I T B S B A
Yoy i ANVERET L ROTEHLE, 30T AR
TEAAE IR, A BE 2 1) N2O HEHIESR, X 2
TR B R E SRR X R AR B, B
FRACBKE 3N, 5L AN I 2 2 3 0 N2O
HelcaE 75134, B N2O HERUEREE F = R AR 7R AR
KZES, FEAb RV LAk R E R B, BLRLA
I NH4NO3. (NH4):SO4. NaNOs %t NoO Hjitis =
Gy AN T 356%. 266%H1 188%M1%, X K MIAT
B TR E AR AR 138 N2O HEBURISE LR T R A
FIERS. A &= AL SRR H SRR
5.7.3 BUTFEXT CHa W15 1

AR 3 — AN 2 RS CHa B9 (CHa %840
Hre e R E). CEMAERR, BUIHETR
[ AR R L 18 CH, S8 = A i AR A A FAR FE 1
AP

P SRR 1358 CH . MR USCE 6 LT Fr i
IS AT 5T fo 5 LT T R AP (S T L) ) 187,
RIING| L) 13 NHs 5 CHy S8 0T 155 4 DA SR
RIREE T AR R AE I n] B2 51 2 CH4 R ISE &
P/ 1) 3 R PR 82371 ASTE] N 2R T A5 (NHA =N Al
NOs-N)XF CHa WS RE 77 15 1 75 55 AN ] (1251381, L
HA N I 3 PRAIG T TR I R AR ] 5 R O
FHRE) N AR5 CHa WRUSCRE FT, 1% A [ 0 ol
(R IR) N AR 52 LS9, G0 ke sl 1 L ety



EE] AR BT b AR 25 RGeS R (KT et 509

MR AE AR (BT IR AT AR) 45 CH4 MR USOE & 2 2
], AR IZ X I FEAA MR AT i 2 i (40, S50t
R AR AR 145 CHa RSO IR T 5 RGEA B I
SRS R IEAHK K REEN, 54, BT 1%
CHy WS A 5 AR AR AL 2 A 82440, fig -
MRECEF AR ST A BURE, 5 DR 2 ] AR R VR P o i
BRI, IR EAE T 2 A R,

AL H AT, OIS R E AR AR I R =S
AT B S (R SR E LR AT AN T I, R T A B T2
RI(DNA)E Fr H30R S il S0 7 55 T B b ds
AN )il 2 AU B AR YD L VR S S
PRI N, FHFERE S CO2v N2O S CHa it
FERNE R, e B L R AR R T R N
T, BRMAES RGO XIS 2 2 BRAUR AL )%
TEH.

5.8 BUTKEX LR RGE &AL /TR

VB R R ARESREEBENREZRITZ
—o L FEG LT, EVEEENESRSEE
BRERIE, EAS ARG I EAMA J177 H
RAFEATBACHIME 144, SR, BEE Tk &
JE. AR A RS B, KRR E DR
BAE RO, ORI &5 BRAES RS
R BAE J 77 A T . HRAh T, eI 2 15 4],
i b 5 SR AE S AR G0 [ 0 # 2 100~290 Tg N a
BE% A 44 Tg N a1, i S BUZ I G 1) 32 R R 2
N BB 5 P ST el

AR E B S A LB T 2 MAES RS,
AR, WEYE. AEED(EEAK). &
T Py AR I8 FOAE A - S5 #8 2A  S AE P i 4y
ARUATL, S RN R 2 L X T T TR (B
A F) S AR [ AU R i A, 2 Hah AR AN
G N KRR ] G077 A ] 48184l 2235
fPs R R, E OB R SRR B ™
X 2 —182, (H Y FiAA ST o 3 B AR AR [ 50
W) (RIIE FEAR S 8820 o Zheng ZEUSI I SR B, &R
IR T e ] 3 W2 A A L L K A AR 48 AR
WIFIAR R () [ s e, (E A PRI 4% (Eucalyptus
urophylla) pk -t 358 Fry [ 0s 26 o ZITRE xS g 11 A Ak
I 23 256 1 0 1) 25 T AR ok Ay 75 3 5 =X (e
TN AE) 15 DL R0, 75 B [ 7 3 #7530 L) AR AR
HH, Zheng ZEISALLER T AN R & W BEAR AR, R
DUREIH T PR ZOE 2, HXH IR H

W, XIS IR AR OR Y AT LA G AR AR
(IIE B0 /1. BkAh, Zheng ZEBAMBF AL, £E5
T L SR FSE MR P S AN AR B AR
e [ B R R AR, X2 FE P FISHIE 1 Hedin
G ISSIER U 1) AT AR AR BRI B - Wang 25156
R NN S 35 AR 1 VL P AZ AR N TP - 38 ] 2l
A=) A= JRE R[] 0 6 o Tang S 0STHRE Sl LU 1K
LR AR 38 o R X RS I R S AR 22 5, BTG
L AR 38 ] 2 = R A I B BURR ([ R
T = P2 A 3 PRI » 1T ] L AR R 8 [ B 0 AR
TN AR A A (T 2 BT 2 B A kA2 4k ) o T,
RN PEARARM B RO TEAEN LS - (1)IEL 3 Ak
PR AT ORI 5 B 1Tl 5 [ U R (1 5 5 I 351047,
(2)38 3 Jon el - 3 At 77 53 (AR 558 O 0 SR 2 1T A 40
A=l KT AR, (3) it e A ] 0B AR AR AT 4
T R IR 20, AT I o [ %R Y e
GrBE, BE b PR AR [ A R D8

5.9 FUTFEXTEIEEF M

BE I B R A I SO R I
I, RHEMES KRG REZEMN G —. FhE
ARG FIEIA 0] LU MBS NG . SME
FEE N (CEPDE 0. TR FI AU H G
Bk RIS IHER), WGP 48 EAE
AR RGN R EZ R E, SRR 1.
Tl FEANGAE P B R s . B UTRE Rl 2
T E RS KRG RN MM, Lok
BAEAS RGN i e 150,

ZT R0 R 2= 3 e B AR AR AE S RA RN
No FEHE F ERE R ARAR R, B BRI
I, B G EWN RS E R e, BT H
A RHB 7 BT BRSNS 30 #R 2 AE AR T R UIE,
T 80 IR bR 2 325 T b 4802 B 1) B T O A e AR
PGB 71 RSS2 . S e R A
1] & PRI A XS 2 Ll T Je ) A e A2 400 S0 D P 1) 1kl
AT RELEFRAT ST AR A M 1A T BN AR AR 2 07 AR
BNAS B ],

SN 38 I3 2 0 ) AR AR - R AU bk ok
BB A2 R G fc T BRI e R 2 —. B
I 3 AT . ARG IR RTAE 5 AR AR
38N 26.9%. 5.4%. 4.5%F1 17.3%PY, {HE, i
B RN SRS RFE IR, HR
A R4 BRI IR AR B BT IRES , S8



510 P BT A SR

07 %

IR0, 7 B PR LI PP AP TR A AR, AR
(43 kg N hm-2a 1) FIRH A Z0(40 kg N hm-2a L) AR N .
FIIN T L BEREAS U IR0, LE A 1L By
e L 7 NN T O vt NN 2 o o N S 7 N A
MR T BT ERA HLE A T8AL161, il i)
JEAL RO, SRR R T R B, BSEE R i AR
M, B LI EBA R BN K,
AR SRS 2R G0 A RS EEA T B3 40 TR ] 1621,

NI IA] LSO F IR R e R, AR
A AL AN ZUE RE o A I BB A A b 7 7%
PRI I R A R I8 H R I e i BAN 52
W(B8163-1651 Gao AEMEAREARANAE0 kg N hm2al)
B T a7 N e 9P T B o e S (D0 PE Y T
TR AT B R o G I U 0) B2 5y 1)
(Betula platyphylla) ¢ A #K [R] i) 34 00 1 20840 1k
RN A R 08, It T K iR
IR BT S, EX SRR B
M L1661 o 5 v 6] by AT Ay AR, U o) 2™
b B R A (R BRI R 220 syl £ RO, %
IS INBEAR T Sl Ll B AR OR Y XA VS 3 SR R X
(1) 2 ] T PR - S TR A e R4 i b ok e 2671681,
W BEAR T T 00 I NI A R 5 P AT s bR 338 R
WAkl Ze 691700 g 7 GEAN IR A [ AR AR
FHAL I RS B T AN A . PR
BRI [A] DL SRS R 3

HAl, RTRIBES LR R R T
REFBETHRRENIESR, LA TR BT
B, TR R S RED)
BRI Z ML R . AROR T B 2 U B A R
RS LIRRE YRR IR SR A B, DI
TR Bt i 1 7 R AR T B R R AL R ML

5.10 ZUTREST BETEFR IR

PRMEIR A CL 15 8 2 103 Ca o XA BT R
B N ) R S IR « 7R 25 R G075 e o R T 5 (.
SRR RO AR 0 TR AT Bl W B [ ) S A
BTl P T (A7 2 (B B 9 A 1) 2 gt A [ WA PR ) 8
FI T A AT R BT R S BEE A B o> . Zhou
ST S50 AT TR 9 55 T ki il 6
WY, RO R EFK TR T BN BER, HXY
M ARARIR S - ST B 2 TR A S B, I
FRE SRR, D REIEIE A R
A RN SR AP [ R AR A %

VENBERTEA R — 7, LI B BT R
M 2 (AR TE B 5 W, AR AR A RIFAS— 2. AT
R, BUTREREAR 7 LB A 2k, b E 2R dE
LIV AR, SRR — LE W T AR, R
NI B FEAR L 3 0 1 3w A Rk e s,
Wang S5 7400f b HEAT R B IN AR B, R RS
INBEAR T LA AR AR LA WU, R 2%
BEE BT, e R TR IR AR, +
WRER S E. BMBREE AR, B pH. &
PRADFRZEL RS AN - M A D5 AN R A ORI,

MEBRRIN S, RINNSBUES ARG R
RAE RO IR L), JFr] 68 S ER Sk
BRI A AR AT BRI, A AERERR 1 s 7 R W]
LU I — 2 A7) A A T A 2 R o 2 A Tl 2 1) R X
AR o B 5, BUTFEIERERT R i 92781, Deng
SERPAEARTE AR I TER T, RN IE L 22 A
TR AR 2T 55 40 AR TR 1R L 191 e A1 a3 5o T 3 P IR A
PAORSF AR 9 B LI AR 9L, 58—, B\ e it
FELPD Ao B ) EEI WA [70-1800, - See S8 T [F] AN [F]
TR RSB ACIBT FLR ], BEE L3R
REEN BT, SRR ERSCREE T . BRI
IR TT DA I SO A e R (Bt 2 R 5 I
G 5 ) R M) SR 2 54 T4 SIS (Y T
RH, BN SR T L KR R A IR
VERERREES RO, eAh, RSB LR 0 #
X, AR RG-S REL, FRIRBEER N
\lﬂ; \Z;’é?, [171,183] R

5.11 RILFEX %Y 2 MR

RV P A ORGP ST NS, 1
PR AP AL R DD 7R S TR IR B R, 1T
RVEAER A S PR, TR ST R UE )
RIRSORI B E 77 Bl A 25 R G2 2 909614+
Fr e B DURE D R e 4 g 0ed, SR
e E R KT . Wi, FEDLRERER
MR T R RN 145 2 R 3 A
2o R E ARSI T RUTRERE InX SRR 73
T ROAIT T, [ AR AR DR A 4
Wil K E RIS, BTN AR T
W REA . A SRR R R A

H AT, U R T U8 940 0 itk 2 X F 9 45
AN —E, A7 (2 HED8S1871, 1| 188 A8STR I B 22 f
i (1901911, [R] W B AT A S, TR X T 0



%5

AR BT b AR 25 RGeS R (KT et 511

fifb P 2 e LA T B (1921981, £ ) S 8k I o
111 i 390 S i 32 2 e SR AR . Bedh, )
MRS REIL 2 B HERR RN . ST SRR
FERW, GRS R 70 ) 5 i it 7 8y AR b
TR ML RO 1) B o

o ] 2 2 BT R S R o B T £ R
PN THEInAH R B VAL, HAt TEH L AT HL R
BRUCARRT A, FLE U T TR AR s, KRR
E 1L 2 FERREEYIZNE, B IGERIEESIS
IR TT . SUTRERHRTE A 72 AR FENR AT TELS A AR AT
FEARRZE S, R [E VG B A R 7 S5 R AR AR, R
2 AR DL L IR T 73 g (e Hy (133 188-189.095] - 4%
1113 Al 7 ] A AR A 52 0 S T ) i 2 B
NEFE, BB 73 fif 22 B OE 7N, HAR
2RI B BUE R R w7 [185.087.093]

5.12 AITREXEMIRA VIIE R YR

HEYDIR % & VA H1L4 (biogenic volatile organic
compounds, BVOCs) & 5 1 4 B ¥ HE i ik 2
50°C~260°C, =i NEFZER KRt 133.322 Pa 1)
SRS A, FEAFEEH bR (b
Ko Ik ARG SR TR B W B
fik W S92 R A WL . BVOCS SRIFE T A1
B FEA, JE TR (C) 3R AE I B — A 55 B2 BT
5y, HHFCS SRR 7B EMIE, I iafsg
ﬁi% uﬁ&[l%—wﬂo

] P4 ST o AR MR AR BVOCS HE RS Wi 113
TR, AT Sl FEIE SRR T R
XY BVOCs S (B ui AR A . 7EZFR I R4,
BUTBERIE AR T REGMHR AR, AR THED
K, K& BVOCs HHFsZ 210 fERRF
BEBMNRGT, USRS A R T AR
BEFME, ARTHEMIEK, FlE BVOCs kK
HEIM e ARSI AR AR X R AR P S50 L1 i [FR] H 45
B THE, B9 —E R EIR (00 kg N hm2at)
BEH T R 415 (Ormosia pinnata) F1 [ Z (Cinna-
momum burmanni)4/y i FF AT 20 1 ) HE g [199-2000

5.13 BRI A R G RBAF K W

ZEUTC a8 Ik 5 e R AR AR S R 4 3 B (A
Ay B AN B HLBR R )N A2 25 R Gl A7 7 A R
e (P 4) o ST BT A 25 ZR G0 BOAF PR 52 T 0, 458 o) A
# B% FE (vegetation carbon pool) A1 £ 3% H#% FE (soil

carbon pool) (154 . Z80T R i i s M ) e S AR
FH RR TR AR 4D 5 555 K U 5 AR AR A R A ik
(VR A7, (AR SO S M A A 2 A R P i
A= B R /IS S R T o e (A BSR4 VR )
R 2R %) S VA 7 RN 3 B OB AN R,
Gb, BUTREE AR YRR SiE T, AT
g A R 4 2 18] ) A (A A LR T 0 i
W ib5 L IERPIR), F 5 bAoA A A R L (R
W IR R . B AES RGEE 2R
FIMBRAIE, B DLANEEERN ISR A S RG]
A= Jj258, Yue SFBMRIE, UM INE AR
B AR S R Gu b A S R B IR
SN T 25.65%41 15.93%. Chen 2520138 it i
b E AR S RAHEEH AT RS T, AT
] (AL, T PR 3 0 1 b R A, (EH R
L ADRR 22 i 25 gkl o IR AR I nka A S
R B ARG RARIRSS, Tt N A E
e 37 5 A Bk R BB AR R Lu S50 i
4 R it b A2 S R G 3 K il A7 X 20T B T Y
Meta 73BT B, JRUEAS [F B IX 1 AP B E X
YRR N5 AN ], ER A E RBUEm R, B
DAL b RE IR ZE S N T 35. 7%, H [ M
L5 Hb R A= W B0 T R R e . 5 4 BRASE AN [ 1Y)
JRR AT ReAE T E BV R E IR &, BTt
R 2 1 47 2800 AT BEBE Ay B A o ARG B A 3 A
T SHILZE R AR R A, [FIR B IN T AE AR
AMAY RS X 0T R B s i 52 m 3R AL
XA 7= T HRAIER . A, 2 rsE e L
ISR AE 7= T RAM SRR IR . AN IR AR
MM, JCHRAR TS B35 B O8N, TR AR
IRCIAE 75 B I T 07652020 @R, “E A

KAt R

g

D RBERkI4E
Vegetation C pool

2) + B4
Soil C pool
Wy

P 4 FRbkA: 25 R GER A7 I FRHESE K]

Fig. 4 Framework of carbon sequestration processes in forest ecosystems

8759
HA

o —é"//
{lfthw

W&
A



512 P BT A SR

07 %

MDD R Y E RN A > SRR
TNA B e S 123

bR R R AR S R LR . IR
i P S B T A (i, RN g NI L 0 i
IRV g . DRI, MR o) R R A
AR A S R G IR B R, TR R
Yol Rk K or K SR S o 5 A R R R
P A R (0 3 e R 208 o U 5 AT WL o it
ME R R L)Lk b T ASE s r 2,
RUTEE R ZRIIE N, T E #7243t
BB, I, TR SRS v
N RV 7 2 T AR SR A BRI Bl A AR A R S B o

VP2 W IR, BRI IR BAN R AN I =
BEARAT B 2, T AR AT BASR ARk 2
F G 3 2 (2040, A <BUrL AN B R AT R 4
AR, RIS T RVEY o A2, [N A I
IR T N TARR B o i, X5 BAHR 4L
TLZ I SR A AR TR 6Y, (58 AT B V& 0 0 AT S
HX—@%mMk, BEERERHER, E2 5 A
RERRGT, SRR R B PS, H N
Mo, ST SRR TE R BT, RUIE G I
TR BRI, ORORRREE R RUTRE A T RE
SIE R I AU 7 AR A it - IR BRIAT o

5.14 FHESREERITEE MR

DU R AER KRG RS S — R )
H—A 4 NEm: A7 B S %N )
H, DURRTE (S N AP0 HEBO S A7 2 (4
WK B EB RS . BN RER AR EIT
P s ML EIEM A 71 T H, Templer £52061%}
AT AIACTT RS RA NI TR, BN W InJE 5
W2 14F), SRS RGAH BN R4
5% /A, HABECEWLSUZEFIRZN )2 R Y
AL, HIRZEY.

ARk, RE LT 75T N 7R EE T Bt
FUAER R A FIAH GRS . 7E #y (I #r) X
SR SR AR L E R LU PP R R AR U
A AT LU R AE AR B T (SNH4SNOs. °NH4NO3
8 NH4NO3)E M, 5N 7N 1 F 5 AES RS 1N [
W ik 50%~70% A b, 1 3 VR SN [l
FN 14%~33%!162.207-2081  [X] i, DL NH4NO3 N FE
BRI 2 3R A A2 B KR . R0,
FERR PR AT BRARIEAT 1) Nal®NOs 7= E#HIF 7T K 1,

18 N H A 3gEvAE b 15N [ R =k 74%, 3X Sk
THAESRGERMAE S TR B HAR
0% A 60T, 7 K 1L i AR AR EEAT 1 SSNH4NO3 Al
NHNO; /R EEIF R, 1 515 80% °N +8
TEAEIAN I, T3 ARARROT 7R Ay i 4%
W H AR R 5 K, Sheng 251209051 F (1°NH,),SO4
FT KISNO3 i 15N AT /R EFIE AT, SNH4H [
FER DRI ZEA K, BNOs I B R AE A K
TR R AR, R NH B, NOg 3 25 5 W E
BRGEHRE . KR, PR R 2 A
A AR R, T BT RS — P oE
REAMEESRG P IMmIE.

6 ZEiAEE

L ETZRIA, BATRT LG H A B A8
B, W EIL =R AR TR S R R E R,
Rt NOg &Lk Hik, BRI LR,
FrE R R AR = 0 3 AR S RGN E
AITHRE, R o) A A T BT R A R X sk ) v [ g
e EEERIUNT : (O)AL5 AR H AR R R
TEAERON, Ay AR A AT TEH R (1R
KRN (i BRI & FEIRR AT 2K
s QYRUCFEIG IR T RAE R R e i
R, AE] T AR ROE R, JFRm ] TRk, B
SEHAMTCRAI  FIVEN) o3 R AR = AR
T8 (A)YRUTREREAR TR Z ), I T 30
MR AR () R DTRE TS 5N By LA AR AR
T EA AT BRI (B)FRMAES RGN R IR
RS T RGBS ZHR 7 s Afeks
i ARI bR S 4

S HHT A TR R N BR AR R PR Al KT
ek 26 00 o0k o [ R AR AR S R G AR BRI SE MR T AR
TR, (HRAE BT 5 AR LT LA
T EAFRANIR T -

B, R ERNGRBEILLT 3 & (1)
ELEREAT UM A S RGN R ITRERN.  H Al
IR ER 7 BT BT FE IR BUAE (< 10 4F), WETTLs
R RBAER TSNS AR TR IE. (2)Zn5E
ol )L Z R AR BIE T, - DASE S AR T A A R e

IR B R, IR S RG] Rrsk
RS EARSL AR AN E PR . (3)Insmxt B A A
AURATRE R IY A 25 R e SR FE R VA, X 3R



%5

o

BARAE B RGO h E AR AL RS AT ST 513

ARG BRI RIS £y R EFSTTIH
FFEZE S
{AfﬁnW@Lﬁu?BAﬁﬁﬁ“ﬁ%
mﬁ%iuﬁﬁﬂﬁ R DIVASPEINAspuR
B R 11 Aﬁn,lﬁHWMEnEﬁE?%
Jyo (2K RTINS o B AR I A7 5 o] T T 1
SN, R IERIM T REIEA LR E R
MT%%ﬁ (3) 5 E i 5 HoAth A BRAS AL K 5~ (A
RIRARIE . CO2 WL TH i RIS R R ) IR &
WHFL, DA BT A S RG AR R RS

S5 300k

[1] VITOUSEK P M, HOWARTH R W. Nitrogen limitation on land and in
the sea: How can it occur? [J]. Biogeochemistry, 1991, 13(2): 87-115.
doi: 10.1007/BF00002772.

[2] LEBAUER D S, TRESEDER K K. Nitrogen limitation of net primary
productivity in terrestrial ecosystems is globally distributed [J]. Ecology,
2008, 89(2): 371-379. doi: 10.1890/06-2057.1.

[3] GALLOWAY J N, DENTENER F J, CAPONE D G, et al. Nitrogen
cycles: Past, present, and future [J]. Biogeochemistry, 2004, 70(2):
153-226. doi: 10.1007/510533-004-0370-0.

[4] CUI S H, SHI Y L, GROFFMAN P M, et al. Centennial-scale analysis
of the creation and fate of reactive nitrogen in China (1910-2010) [J].
Proc Natl Acad Sci USA, 2013, 110(6): 2052—-2057. doi: 10.1073/pnas.
1221638110.

[5] LUCQ, TIAN H Q. Spatial and temporal patterns of nitrogen deposition
in China: Synthesis of observational data [J]. J Geophys Res-Atmos,
2007, 112(D22): D22S05. doi: 10.1029/2006JD007990.

[6] GUBJ,JU X T, CHANG J, et al. Integrated reactive nitrogen budgets
and future trends in China [J]. Proc Natl Acad Sci USA, 2015, 112(28):
8792-8797. doi: 10.1073/pnas.1510211112.

[71 XU W, LUO X S, PAN Y P, et al. Quantifying atmospheric nitrogen
deposition through a nationwide monitoring network across China [J].
Atmos Chem Phys, 2015, 15(21): 12345-12360. doi: 10.5194/acp-15-
12345-2015.

[8] JIAY L, YU G R, HE N P, et al. Spatial and decadal variations in
inorganic nitrogen wet deposition in China induced by human activity
[J]. Sci Rep, 2014, 4: 3763. doi: 10.1038/srep03763.

[9] BOBBINK R, HICKS K, GALLOWAY J, et al. Global assessment of
nitrogen deposition effects on terrestrial plant diversity: A synthesis [J].
Ecol Appl, 2010, 20(1): 30-59. doi: 10.1890/08-1140.1.

[10] YU G R, JIAY L, HE N P, et al. Stabilization of atmospheric nitrogen

deposition in China over the past decade [J]. Nat Geosci, 2019, 12(6):

424-429. doi: 10.1038/s41561-019-0352-4.

[11] YU G R, GAO Y, WANG Q F et al. Discussion on the key processes of
carbon-nitrogen-water coupling cycles and biological regulation
mechanisms in terrestrial ecosystem [J]. Chin J Eco-Agric, 2013, 21(1):
1-13. doi: 10.3724/SP.J.1011.2013.00001.

T, mi, EROR, 5. B A S RGUR- R KGR &
WA R AR EN B[] T EES RS, 2013, 21(1):
1-13. doi: 10.3724/SP.J.1011.2013.00001.

[12] GRUBER N, GALLOWAY J N. An Earth-system perspective of the
global nitrogen cycle [J]. Nature, 2008, 451(7176): 293-296. doi: 10.
1038/nature06592.

[13] LU X K, VITOUSEK P M, MAO Q G, et al. Plant acclimation to
long-term high nitrogen deposition in an N-rich tropical forest [J]. Proc
Natl Acad Sci USA, 2018, 115(20): 5187-5192. doi: 10.1073/pnas.
1720777115.

[14] PHOENIX G K, HICKS W K, CINDERBY S, et al. Atmospheric
nitrogen deposition in world biodiversity hotspots: The need for a
greater global perspective in assessing N deposition impacts [J]. Glob
Change Biol, 2006, 12(3): 470-476. doi: 10.1111/j.1365-2486.2006.
01104 x.

[15] BOWMAN W D, CLEVELAND C C, HALADA L, et al. Negative
impact of nitrogen deposition on soil buffering capacity [J]. Nat Geosci,
2008, 1(11): 767-770. doi: 10.1038/nge0339.

[16] ZHANG W, MO J M, YU G R, et al. Emissions of nitrous oxide from
three tropical forests in southern China in response to simulated nitrogen
deposition [J]. Plant Soil, 2008, 306(1/2): 221-236. doi: 10.1007/
$11104-008-9575-7.

[17]1 LU X K, MO J M, GILLIAM F S, et al. Effects of experimental
nitrogen additions on plant diversity in an old-growth tropical forest [J].
Glob Change Biol, 2010, 16(10): 2688-2700. doi: 10.1111/j.1365-
2486.2010.02174.x.

[18] LU X K, MAO Q G, GILLIAM F S, et al. Nitrogen deposition contri-
butes to soil acidification in tropical ecosystems [J]. Glob Change Biol,
2014, 20(12): 3790-3801. doi: 10.1111/gch.12665.

[19] MIDOLO G, ALKEMADE R, SCHIPPER A M, et al. Impacts of
nitrogen addition on plant species richness and abundance: A global
meta-analysis [J]. Glob Ecol Biogeogr, 2019, 28(3): 398-413. doi: 10.
1111/geb.12856.

[20] ABER J, McDOWELL W, NADELHOFFER K, et al. Nitrogen satu-
ration in temperate forest ecosystems [J]. BioScience, 1998, 48(11):
921-934. doi: 10.2307/1313296.

[21] ROCKSTROM J, STEFFEN W, NOONE K, et al. A safe operating
space for humanity [J]. Nature, 2009, 461(7263): 472-475. doi: 10.1038/



514 s T ) 2 AR

07 %

461472a.

[22] WRIGHT R F, RASMUSSEN L. Introduction to the NITREX and
EXMAN projects [J]. For Ecol Manage, 1998, 101(1/2/3): 1-7. doi: 10.
1016/S0378-1127(97)00120-5.

[23] MAGILL AH, ABER J D, CURRIE W S, et al. Ecosystem response to

15 years of chronic nitrogen additions at the Harvard Forest LTER,

Massachusetts, USA [J]. For Ecol Manage, 2004, 196(1): 7-28. doi: 10.

1016/j.foreco.2004.03.033.

[24] RUSTAD L E. The response of terrestrial ecosystems to global climate
change: Towards an integrated approach [J]. Sci Total Environ, 2008,
404(2/3): 222-235. doi: 10.1016/j.scitotenv.2008.04.050.

[25] ZHAO D W, SUN B Z. Air pollution and acid rain in China [J]. Ambio,
1986, 15(1): 2-5.

[26] MO J M, BROWN S, XUE J H, et al. Response of litter decomposition
to simulated N deposition in disturbed, rehabilitated and mature forests
in subtropical China [J]. Plant Soil, 2006, 282(1/2): 135-151. doi: 10.
1007/s11104-005-5446-7.

[27] MO J M, ZHANG W, ZHU W X, et al. Nitrogen addition reduces soil
respiration in a mature tropical forest in southern China [J]. Glob
Change Biol, 2008, 14(2): 403-412. doi: 10.1111/j.1365-2486.2007.
01503.x.

[28] DU E Z, ZHOU Z, LI P, et al. NEECF: A project of nutrient enrichment
experiments in China’s forests [J]. J Plant Ecol, 2013, 6(5): 428-435.
doi: 10.1093/jpe/rtt008.

[29] LIU X J, DUAN L, MO J M, et al. Nitrogen deposition and its
ecological impact in China: An overview [J]. Environ Pollut, 2011,
159(10): 2251-2264. doi: 10.1016/j.envpol.2010.08.002.

[30] FU Z, NIU S L, DUKES J S. What have we learned from global
change manipulative experiments in China? A meta-analysis [J]. Sci
Rep, 2015, 5: 12344. doi: 10.1038/srep12344.

[31] ZHU J X, WANG Q F, HE N P, et al. Imbalanced atmospheric nitrogen
and phosphorus depositions in China: Implications for nutrient limitation
[J]. J Geophys Res-Biogeosci, 2016, 121(6): 1605-1616. doi: 10.1002/
2016JG003393.

[32] ZHENG M H, ZHANG W, LUO Y Q, et al. Stoichiometry controls
asymbiotic nitrogen fixation and its response to nitrogen inputs in a
nitrogen-saturated forest [J]. Ecology, 2018, 99(9): 2037-2046. doi: 10.
1002/ecy.2416.

[33] KOU L, LI S G, WANG H M, et al. Unaltered phenology but increased
production of ectomycorrhizal roots of Pinus elliottii under 4 years of
nitrogen addition [J]. New Phytol, 2019, 221(4): 2228-2238. doi: 10.
1111/nph.15542.

[34] XING A J, XU L C, SHEN H H, et al. Long term effect of nitrogen

addition on understory community in a Chinese boreal forest [J]. Sci
Total Environ, 2019, 646: 989-995. doi: 10.1016/j.scitotenv.2018.07.
350.

[35] ZHANG W, SHEN W J, ZHU S D, et al. Can canopy addition of
nitrogen better illustrate the effect of atmospheric nitrogen deposition
on forest ecosystem? [J]. Sci Rep, 2015, 5(1): 11245. doi: 10.1038/srep
11245.

[36] FANG Y T, WANG X M, ZHU F F, et al. Three-decade changes in
chemical composition of precipitation in Guangzhou City, southern
China: Has precipitation recovered from acidification following
sulphur dioxide emission control? [J]. Tellus B, 2013, 65: 20213. doi:
10.3402/tellusb.v65i0.20213.

[37] DU E, BE VRIES W, LIU X, et al. Spatial boundary of urban ‘acid
islands’ in China [J]. Sci Rep, 2015, 5: 12625. doi: 10. 1038/srep12625.

[38] ULRICH B. Natural and anthropogenic components of soil acidify-
cation [J]. Z Pflanz Bodenkunde, 1986, 149(6): 702-717. doi: 10.1002/
jpIn.19861490607.

[39] DU E Z, JIANG Y, FANG J Y, et al. Inorganic nitrogen deposition in
China’s forests: Status and characteristics [J]. Atmos Environ, 2014, 98:
474-482. doi: 10.1016/j.atmosenv.2014.09.005.

[40] FANG Y T, YOH M, KOBA K, et al. Nitrogen deposition and forest
nitrogen cycling along an urban-rural transect in southern China [J].
Global Change Biol, 2011, 17(2): 872-885. doi: 10.1111/j.1365-2486.
2010.02283.x.

[41] LU X K, MAO Q G, MO J M, et al. Divergent responses of soil
buffering capacity to long-term N deposition in three typical tropical
forests with different land-use history [J]. Environ Sci Technol, 2015,
49(7): 4072-4080. doi: 10.1021/es5047233.

[42] HUANG Y M, KANG R H, MULDER J, et al. Nitrogen saturation, soil
acidification, and ecological effects in a subtropical pine forest on acid
soil in southwest China [J]. J Geophys Res-Biogeo, 2015, 120(11):
2457-2472. doi: 10.1002/2015JG003048.

[43] MAO Q G, LU X K, MO H, et al. Effects of simulated N deposition on
foliar nutrient status, N metabolism and photosynthetic capacity of
three dominant understory plant species in a mature tropical forest [J].
Sci Total Environ, 2018, 610-611: 555-562. doi: 10.1016/j.scitotenv.
2017.08.087.

[44] HE X J, HOU E Q, LIU Y, et al. Altitudinal patterns and controls of
plant and soil nutrient concentrations and stoichiometry in subtropical
China [J]. Sci Rep, 2016, 6: 24261. doi: 10.1038/srep24261.

[45] GILLIAM F S, MAY J D, ADAMS M B. Response of foliar nutrients
of Rubus allegheniensis to nutrient amendments in a central Appala-

chian hardwood forest [J]. For Ecol Manage, 2018, 411: 101-107. doi:



%5

AR BT b AR 25 RGeS R (KT et 515

10.1016/j.forec0.2018.01.022.

[46] LI D J, MO J M, FANG Y T, et al. Effects of simulated nitrogen
deposition on biomass production and allocation in Schima superba
and Cryptocarya concinna seedlings in subtropical China [J]. Acta
Phytoecol Sin, 2005, 29(4): 543-549. doi: 10.17521/cjpe.2005.0073.
P, ST, JrisEE, 5. BILEDTFRER B YA AN TR AR &)
AR R TR [J]. AEYAES SR, 2005, 29(4): 543-549.
doi: 10.17521/cjpe.2005.0073.

[471 MO J M, LI D J, GUNDERSEN P. Seedling growth response of two
tropical tree species to nitrogen deposition in southern China [J]. Eur J
For Res, 2008, 127(4): 275-283. doi: 10.1007/s10342-008-0203-0.

[48] YUAN Z Y, CHEN H Y H. Negative effects of fertilization on plant
nutrient resorption [J]. Ecology, 2015, 96(2): 373-380. doi: 10.1890/
14-0140.1.

[491 DENG M F, LIU L L, SUN Z Z, et al. Increased phosphate uptake but
not resorption alleviates phosphorus deficiency induced by nitrogen
deposition in temperate Larix principis-rupprechtii plantations [J].
New Phytol, 2016, 212(4): 1019-1029. doi: 10.1111/nph.14083.

[50] ZHAO Q, LIU X Y, HU Y L, et al. Effects of nitrogen addition on
nutrient allocation and nutrient resorption efficiency in Larix gmelinii
[J]. Sci Silv Sin, 2010, 46(5): 14-19. doi: 10.11707/j.1001-7488.2010
0503.

BRI, XN, AR, S GININRS N 22V R FR 43 4 BE A IR
R R [J]. MolkRl, 2010, 46(5): 14-19. doi: 10.11707/j.
1001-7488.20100503.

[51] TIAN D, DU E Z, JIANG L, et al. Responses of forest ecosystems to
increasing N deposition in China: A critical review [J]. Environ Pollut,
2018, 243: 75-86. doi: 10.1016/j.envpol.2018.08.010.

[52] YUE K, YANG W Q, PENG Y, et al. Individual and combined effects
of multiple global change drivers on terrestrial phosphorus pools: A
meta-analysis [J]. Sci Total Environ, 2018, 630: 181-188. doi: 10.
1016/j.scitotenv.2018.02.213.

[53] YUE K, Peng Y, PENG C H, et al. Stimulation of terrestrial ecosystem
carbon storage by nitrogen addition: A meta-analysis [J]. Sci Rep, 2016,
6:19895. doi: 10.1038/srep19895.

[54] DENG Q, HUI D F, DENNIS S, et al. Responses of terrestrial
ecosystem phosphorus cycling to nitrogen addition: A meta-analysis [J].
Glob Ecol Biogeogr, 2017, 26(6): 713-728. doi: 10.1111/geb.12576.

[55] YUE K, FORNARA D A, YANG W Q, et al. Effects of three global
change drivers on terrestrial C : N : P stoichiometry: A global synthesis
[J]. Glob Change Biol, 2017, 23(6): 2450-2463. doi: 10.1111/gch.
13569.

[56] MO Q F, ZOU B, LI Y W, et al. Response of plant nutrient stoichio-

metry to fertilization varied with plant tissues in a tropical forest [J].
Sci Rep, 2015, 5: 14605. doi: 10.1038/srep14605.

[57] ZHU F F, YOH M, GILLIAM F S, et al. Nutrient limitation in three
lowland tropical forests in southern China receiving high nitrogen
deposition: Insights from fine root responses to nutrient additions [J].
PL0S One, 2013, 8(12): 82661. doi: 10.1371/journal.pone.0082661.

[58] LI W B, JIN C J, GUAN D X, et al. The effects of simulated nitrogen
deposition on plant root traits: A meta-analysis [J]. Soil Biol Biochem,
2015, 82: 112-118. doi: 10.1016/j.s0ilbi0.2015.01.001.

[59] XIAJY, WAN S Q. Global response patterns of terrestrial plant species
to nitrogen addition [J]. New Phytol, 2008, 179(2): 428-439. doi: 10.
1111/j.1469-8137.2008.02488.x.

[60] WRIGHT S J, TURNER B L, YAVITT J B, et al. Plant responses to
fertilization experiments in lowland, species-rich, tropical forests [J].
Ecology, 2018, 99(5): 1129-1138. doi: 10.1002/ecy.2193.

[61] SIDDIQUE 1, VIEIRA | C G, SCHMIDT S, et al. Nitrogen and
phosphorus additions negatively affect tree species diversity in tropical
forest regrowth trajectories [J]. Ecology, 2010, 91(7): 2121-2131. doi:
10.1890/09-0636.1.

[62] de VRIES W, DU E Z, BUTTERBACH-BAHL K. Short and long-term
impacts of nitrogen deposition on carbon sequestration by forest eco-
systems [J]. Curr Opin Environ Sust, 2014, 9-10: 90-104. doi: 10.
1016/j.cosust.2014.09.001.

[63] YAN G Y, XING Y J, WANG J Y, et al. Sequestration of atmospheric
CO; in boreal forest carbon pools in northeastern China: Effects of
nitrogen deposition [J]. Agric For Meteorol, 2018, 248: 70-81. doi: 10.
1016/j.agrformet.2017.09.015.

[64] LIU X Y, DU E Z, XU L C, et al. Response of tree growth to nitrogen
addition in a Larix gmelinii primitive forest [J]. Chin J Plant Ecol, 2015,
39(5): 433-441. doi: 10.17521/cjpe.2015.0042.

XgTe, HEAE, RIEk, &5 R TRAR MM AR A g
W [ AR ASER, 2015, 39(5): 433-441. doi: 10.17521/cjpe.
2015.0042.

[65] TIAN D, LI P, FANG W J, et al. Growth responses of trees and
understory plants to nitrogen fertilization in a subtropical forest in
China [J]. Biogeosciences, 2017, 14: 3461-3469. doi: 10.5194/bg-14-
3461-2017.

[66] JIANG L, TIAN D, MA S H, et al. The response of tree growth to
nitrogen and phosphorus additions in a tropical montane rainforest [J].
Sci Total Environ, 2018, 618: 1064-1070. doi: 10.1016/j.scitotenv.2017.
09.099.

[67] SALA O E, CHAPIN F S 1ll, ARMESTO J J, et al. Global biodiversity
scenarios for the year 2100 [J]. Science, 2000, 287(5459): 1770-1774.



516 T A ) 22 4R

07 %

doi: 10.1126/science.287.5459.1770.

[68] DU E Z. Integrating species composition and leaf nitrogen content to
indicate effects of nitrogen deposition [J]. Environ Pollut, 2017, 221:
392-397. doi: 10.1016/j.envpol.2016.12.001.

[69] WU J P, LIU W F, FAN H B, et al. Asynchronous responses of soil
microbial community and understory plant community to simulated
nitrogen deposition in a subtropical forest [J]. Ecol Evol, 2013, 3(11):
3895-3905. doi: 10.1002/ece3.750.

[70] HUANG L J, ZHU W X, REN H, et al. Impact of atmospheric nitrogen
deposition on soil properties and herb-layer diversity in remnant forests
along an urban-rural gradient in Guangzhou, southern China [J]. Plant
Ecol, 2012, 213(7): 1187-1202. doi: 10.1007/s11258-012-0080-y.

[711 LU X K, MO J M, GILLIAM F S, et al. Effects of experimental
nitrogen additions on plant diversity in tropical forests of contrasting
disturbance regimes in southern China [J]. Environ Pollut, 2011, 159:
2228-2235. doi: 10.1016/j.envpol.2010.10.037.

[72] LIH S, WANG J S, LIU X, et al. Effect of simulation N deposition on
herbaceous vegetation community in the plantation and natural forests
of Pinus tabulaeformis in the Taiyue Mountain [J]. Acta Ecol Sin, 2015,
35(11): 3910-3721. doi: 10.5846/stxb201307141892.

A, FEERS, XA, & B N PR LA N AR R SR
MRELABENISM [J]. AA454R, 2015, 35(11): 3910-3721. doi: 10.
5846/stxb201307141892.

[73] ZHANG C, ZHANG X Y, ZOU H T, et al. Contrasting effects of
ammonium and nitrate additions on the biomass of soil microbial
communities and enzyme activities in subtropical China [J]. Biogeo-
sciences, 2017, 14: 4815-4827. doi: 10.5194/bg-14-4815-2017.

[74] WANG C, LU X K, MORI T, et al. Responses of soil microbial
community to continuous experimental nitrogen additions for 13 years
in a nitrogen-rich tropical forest [J]. Soil Biol Biochem, 2018, 121:
103-112. doi: 10.1016/j.s0ilbi0.2018.03.009.

[75] LIANG L Z, CHEN F, HAN H R, et al. Pathways regulating decreased
soil respiration with nitrogen addition in a subtropical forest in China
[J]. Water Air Soil Pollut, 2019, 230: 91. doi: 10.1007/s11270-019-
4144-7.

[76] FAN Y X, LIN F, YANG L M, et al. Decreased soil organic P fraction
associated with ectomycorrhizal fungal activity to meet increased P
demand under N application in a subtropical forest ecosystem [J]. Biol
Fert Soils, 2018, 54(1): 149-161. doi: 10.1007/s00374-017-1251-8.

[77] ZHAO B, GENG Y, CAO J, et al. Contrasting responses of soil respi-
ration components in response to five-year nitrogen addition in a Pinus
tabulaeformis forest in northern China [J]. Forests, 2018, 9: 544. doi:

10.3390/f9090544.

[78] LIU C X, DONG Y H, SUN Q W, et al. Soil bacterial community
response to short-term manipulation of the nitrogen deposition form
and dose in a Chinese fir plantation in southern China [J]. Water Air
Soil Pollut, 2016, 227: 447. doi: 10.1007/s11270-016-3152-0.

[79] WANG Y S, CHENG S L, FANG H J, et al. Contrasting effects of
ammonium and nitrate inputs on soil CO, emission in a subtropical
coniferous plantation of southern China [J]. Biol Fert Soils, 2015, 51(7):
815-825. doi: 10.1007/s00374-015-1028-x.

[80] CHEN X M, LI Y L, MO J M, et al. Effects of nitrogen deposition on
soil organic carbon fractions in the subtropical forest ecosystems of S
China [J]. J Plant Nutr Soil Sci, 2012, 175(6): 947-953. doi: 10.1002/
jpIn.201100059.

[81] YAN G Y, XING Y J, Xu L J, et al. Effects of different nitrogen
additions on soil microbial communities in different seasons in a boreal
forest [J]. Ecosphere, 2017, 8(7): e01879. doi: 10.1002/ecs2.1879.

[82] TIAN D, JIANG L, MA S H, et al. Effects of nitrogen deposition on
soil microbial communities in temperate and subtropical forests in
China [J]. Sci Total Environ, 2017, 607-608: 1367-1375. doi: 10.1016/
j.scitotenv.2017.06.057.

[83] NING C, MUELLER G M, EGERTON-WARBURTON L M, et al.
Diversity and enzyme activity of ectomycorrhizal fungal communities
following nitrogen fertilization in an urban-adjacent pine plantation [J].
Forests, 2018, 9(3): 99. doi: 10.3390/f9030099.

[84] CUIJ, WANG J J, XU J, et al. Changes in soil bacterial communities in
an evergreen broad-leaved forest in east China following 4 years of
nitrogen addition [J]. J Soil Sediment, 2017, 17(8): 2156-2164. doi:
10.1007/s11368-017-1671-y.

[85] NIE Y X, WANG M C, ZHANG W, et al. Ammonium nitrogen content
is a dominant predictor of bacterial community composition in an
acidic forest soil with exogenous nitrogen enrichment [J]. Sci Total
Environ, 2018, 624: 407-415. doi: 10.1016/j.scitotenv.2017.12.142.

[86] LIU L, ZHANG T, GILLIAM F S, et al. Interactive effects of nitrogen
and phosphorus on soil microbial communities in a tropical forest [J].
PLoS One, 2013, 8(4): €61188. doi: 10.1371/journal.pone.0061188.

[87] KOU L, ZHANG X Y, WANG H M, et al. Nitrogen additions inhibit
nitrification in acidic soils in a subtropical pine plantation: Effects of
soil pH and compositional shifts in microbial groups [J]. J For Res,
2019, 30(2): 669-678. doi: 10.1007/s11676-018-0645-2.

[88] WANG X Y, WEN T. Effects of simulated nitrogen deposition on soil
nitrogen transformation in artificial Korean pine of Xiaoxing’anling
region [J]. Chin J Soil Sci, 2017, 48(3): 604—610. doi: 10.19336/j.cnki.
trtb.2017.03.14.

FAZ, W BINEGTRRRT NN 220 3 XN TR bR 3 R e 1k



%5

AR BT b AR 25 RGeS R (KT et 517

FI5om [9]. H3E@4R, 2017, 48(3): 604-610. doi: 10.19336/j.cnki.
trtb.2017.03.14.

[89] ALLISON S D, VITOUSEK P M. Responses of extracellular enzymes
to simple and complex nutrient inputs [J]. Soil Biol Biochem, 2005,
37(5): 937-944. doi: 10.1016/j.50ilbi0.2004.09.014.

[90] ZHENG M H, LI D J, LU X, et al. Effects of phosphorus addition with
and without nitrogen addition on biological nitrogen fixation in tropical
legume and non-legume tree plantations [J]. Biogeochemistry, 2016,
131: 65-76. doi: 10.1007/s10533-016-0265-x.

[91] DONG W'Y, ZHANG XY, LIU XY, et al. Responses of soil microbial
communities and enzyme activities to nitrogen and phosphorus additions
in Chinese fir plantations of subtropical China [J]. Biogeosciences,
2015, 12: 5537-5546. doi: 10.5194/bg-12-5537-2015.

[92] JING X, CHEN X, TANG M, et al. Nitrogen deposition has minor
effect on soil extracellular enzyme activities in six Chinese forests [J].
Sci Total Environ, 2017, 607-608: 806-815. doi: 10.1016/j.scitotenv.
2017.07.060.

[93] WANG S H, MORI T, MO J M, et al. The responses of carbon- and
nitrogen-acquiring enzymes to nitrogen and phosphorus additions in
two plantations in southern China [J]. J For Res, 2019. doi: 10.1007/
511676-019-00905-0.

[94] XU G L, MO J M, ZHOU G Y. Responses of soil fauna biomass to N
deposition in three forests in subtropical China [J]. Zool Res, 2005, 26
(6): 609-615. doi: 10.3321/j.issn:0254-5853.2005.06.006.

PRI R, UL, A E . RO =R B I S A A
KIS [ ST 9E, 2005, 26(6): 609-615. doi: 10.3321/j.issn:
0254-5853.2005.06.006.

[95] XU G L, MO J M, ZHOU G Y, et al. Preliminary response of soil fauna
to simulated N deposition in three typical subtropical forests [J]. Pedo-
sphere, 2006, 16(5): 596-601. doi: 10.1016/S1002-0160(06)60093-3.

[96] XU G L, MO J M, FU S L, et al. Response of soil fauna to simulated
nitrogen deposition: A nursery experiment in subtropical China [J]. J
Environ Sci, 2007, 19(5): 603-609. doi: 10.1016/S1001-0742(07)60
100-4.

[97] ZHOU D Y, BU D R, GE Z W, et al. Effects of nitrogen addition on
soil fauna in poplar plantation with different ages in a coastal area of
eastern China [J]. Chin J Ecol, 2015, 34(9): 2553-2560.

JAFREE, MR, B, . BRI A FARE RN AR
TIEFIBEE I 3], AR AEARA, 2015, 34(9): 2553-2560.

[98] BIAN H X, GENG Q H, XIAO H R, et al. Fine root biomass mediates
soil fauna community in response to nitrogen addition in poplar planta-
tions (Populus deltoids) on the east coast of China [J]. Forests, 2019,
10: 122. doi: 10.3390/f10020122.

[99] ZHAO J, WANG F M, LI J, et al. Effects of experimental nitrogen and/
or phosphorus additions on soil nematode communities in a secondary
tropical forest [J]. Soil Biol Biochem, 2014, 75: 1-10. doi: 10.1016/j.
s0ilbi0.2014.03.019.

[100] FU X L, GUO D L, WANG H M, et al. Differentiating between root-
and leaf-litter controls on the structure and stability of soil micro- food
webs [J]. Soil Biol Biochem, 2017, 113: 192-200. doi: 10.1016/j.
50ilbi0.2017.06.013.

[101] CHENG Y'Y, SUN T, WANG Q K, et al. Effects of simulated nitrogen
deposition on temperate forest soil nematode communities and their

metabolic footprints [J]. Acta Ecol Sin, 2018, 38(2): 475- 484. doi: 10.
5846/stxb201606231225.
Baz, ING, T, & BRI R AR 3 4 dui vk
SH AN R e s [J]. AEASEAR, 2018, 38(2): 475-484. doi:
10.5846/stxb201606231225.

[102] LIN H, HE Z H, HAO J W, et al. Effect of N addition on home-field
advantage of litter decomposition in subtropical forests [J]. For Ecol
Manage, 2017, 398: 216-225. doi: 10.1016/j.foreco.2017.05.015.

[103] ZHUANG H F, SUN Y, GU J C, et al. Effects of nitrogen addition on
soil fauna communities in Larix gmelinii and Fraxinus mandshurica
plantations [J]. Biodiv Sci, 2010, 18(4): 390-397. doi: 10.3724/SP.J.
1003.2010.390.

FEigiE, SNIH, v Ingr, 45 HERUILXS V& i FA FIK AN AR 05
SRR [J]. B2 REPE, 2010, 18(4): 390-397. doi: 10.
3724/SP.J.1003.2010.390.

[104] SHAO Y H, ZHANG W X, EISENHAUER N, et al. Nitrogen depo-
sition cancels out exotic earthworm effects on plant-feeding nematode
communities [J]. J Anim Ecol, 2017, 86(4): 708-717. doi: 10.1111/
1365-2656.12660.

[105] GAO Q, HASSELQUIST N J, PALMROTH S, et al. Short-term
response of soil respiration to nitrogen fertilization in a subtropical
evergreen forest [J]. Soil Biol Biochem, 2014, 76: 297-300. doi: 10.
1016/j.s0ilbi0.2014.04.020.

[106] ZHOU L Y, ZHOU X H, ZHANG B C, et al. Different responses of
soil respiration and its components to nitrogen addition among biomes: A
meta-analysis [J]. Glob Change Biol, 2014, 20(7): 2332-2343. doi:
10.1111/gch.12490.

[107]FAN H B, WU J P, LIU W F, et al. Nitrogen deposition promotes
ecosystem carbon accumulation by reducing soil carbon emission in a
subtropical forest [J]. Plant Soil, 2014, 379(1/2): 361-371. doi: 10.
1007/s11104-014-2076-y.

[108] MO J M, ZHANG W, ZHU W X, et al. Response of soil respiration to

simulated N deposition in a disturbed and a rehabilitated tropical forest



518 T A ) 22 4R

07 %

in southern China [J]. Plant Soil, 2007, 296(1/2): 125-135. doi: 10.
1007/s11104-007-9303-8.

[109] ZHONG Y Q W, YAN W M, SHANGGUAN Z P. The effects of
nitrogen enrichment on soil CO, fluxes depending on temperature and
soil properties [J]. Glob Ecol Biogeogr, 2016, 25(4): 475-488. doi:
10.1111/geb.12430.

[110] TIAN P, ZHANG J B, CAI Z C, et al. Different response of CO, and
N,O fluxes to N deposition with seasons in a temperate forest in
northeastern China [J]. J Soil Sediment, 2018, 18(5): 1821-1831. doi:
10.1007/s11368-018-1919-1.

[111] LU M, ZHOU X H, LUO Y Q, et al. Minor stimulation of soil carbon
storage by nitrogen addition: A meta-analysis [J]. Agric Ecosyst
Environ, 2011, 140(1/2): 234-244. doi: 10.1016/j.agee.2010.12.010.

[112] WANG Q K, ZHANG W D, SUN T, et al. N and P fertilization
reduced soil autotrophic and heterotrophic respiration in a young
Cunninghamia lanceolata forest [J]. Agric For Meteorol, 2017, 232:
66-73. doi: 10.1016/j.agrformet.2016.08.007.

[113] SUN Z Z, LIU L L, MAY C, et al. The effect of nitrogen addition on
soil respiration from a nitrogen-limited forest soil [J]. Agric For
Meteorol, 2014, 197: 103-110. doi: 10.1016/j.agrformet.2014.06.010.

[114]1 DU Y H, GUO P, LIU J Q, et al. Different types of nitrogen deposi-
tion show variable effects on the soil carbon cycle process of temperate
forests [J]. Glob Change Biol, 2014, 20(10): 3222-3228. doi: 10.1111/
gch.12555.

[115] PENG Y, CHEN G S, CHEN G T, et al. Soil biochemical responses to
nitrogen addition in a secondary evergreen broad-leaved forest
ecosystem [J]. Sci Rep, 2017, 7: 2783. doi: 10.1038/s41598-017-03
044-w.

[116] DENG Q, ZHOU G, LIU J, et al. Responses of soil respiration to
elevated carbon dioxide and nitrogen addition in young subtropical
forest ecosystems in China [J]. Biogeosciences, 2010, 7: 315-328. doi:
10.5194/bg-7-315-2010.

[117] DALAL R C, WANG W J, ROBERTSON G P, et al. Nitrous oxide
emission from Australian agricultural lands and mitigation options: A
review [J]. Aust J Soil Res, 2003, 41(2): 165-195. doi: 10.1071/SR02
064.

[118] LIU L L, GREAVER T L. A review of nitrogen enrichment effects on
three biogenic GHGs: The CO, sink may be largely offset by stimu-
lated N,O and CH, emission [J]. Ecol Lett, 2009, 12(10): 1103-1117.
doi: 10.1111/.1461-0248.2009.01351.x.

[119] CHEN H, GURMESA G A, ZHANG W, et al. Nitrogen saturation in

humid tropical forests after 6 years of nitrogen and phosphorus

addition: Hypothesis testing [J]. Funct Ecol, 2016, 30(2): 305-313. doi:

10.1111/1365-2435.12475.

[120] ZHENG M H, ZHANG T, LIU L, et al. Effects of nitrogen and
phosphorus additions on nitrous oxide emission in a nitrogen-rich and
two nitrogen-limited tropical forests [J]. Biogeosciences, 2016, 13:
3503-3517. doi: 10.5194/bg-13-3503-2016.

[121] FANG H J, YU G R, CHENG S L, et al. Nitrogen-15 signals of leaf-
litter-soil continuum as a possible indicator of ecosystem nitrogen
saturation by forest succession and N loads [J]. Biogeochemistry, 2011,
102(1/2/3): 251-263. doi: 10.1007/s10533-010-9438-1.

[122] ZHANG W, ZHU X, LUO Y, et al. Responses of nitrous oxide
emissions to nitrogen and phosphorus additions in two tropical
plantations with N-fixing vs. non-N-fixing tree species [J]. Biogeo-
sciences, 2014, 11: 4941-4951. doi: 10.5194/bg-11-4941-2014.

[123] WANG Y S, CHENG S L, FANG H J, et al. Simulated nitrogen
deposition reduces CH, uptake and increases N,O emission from a
subtropical plantation forest soil in southern China [J]. PLoS One,
2014, 9(4): e93571. doi: 10.1371/journal.pone.0093571.

[124] LI X Y, CHENG S L, FANG H J, et al. The contrasting effects of
deposited NH;* and NO3~ on soil CO,, CH4 and N,O fluxes in a sub-
tropical plantation, southern China [J]. Ecol Eng, 2015, 85: 317-327.
doi: 10.1016/j.ecoleng.2015.10.003.

[125] ZHANG W, ZHU X M, LIU L, et al. Large difference of inhibitive
effect of nitrogen deposition on soil methane oxidation between
plantations with N-fixing tree species and non-N-fixing tree species [J].
J Geophys Res: Biogeosci, 2012, 117: GOON16. doi: 10.1029/2012JG
002094.

[126] XIED N, SI G Y, ZHANG T, et al. Nitrogen deposition increases N,O
emission from an N-saturated subtropical forest in southwest China [J].
Environ Pollut, 2018, 243: 1818-1824. doi: 10.1016/j.envpol.2018.09.
113.

[127] ZHU J, MULDER J, BAKKEN L, et al. The importance of denitri-
fication for N,O emissions from an N-saturated forest in SW China:
Results from in situ 15N labeling experiments [J]. Biogeochemistry,
2013, 116(1/2/3): 103-117. doi: 10.1007/s10533-013-9883-8.

[128] TANG W G, CHEN D X, PHILLIPS O L, et al. Effects of long-term
increased N deposition on tropical montane forest soil N, and N,O
emissions [J]. Soil Biol Biochem, 2018, 126: 194-203. doi: 10.1016/j.
s0ilbi0.2018.08.027.

[129] XU X K, HAN L, LUO X B, et al. Effects of nitrogen addition on
dissolved N,O and CO,, dissolved organic matter, and inorganic
nitrogen in soil solution under a temperate old-growth forest [J].
Geoderma, 2009, 151(3/4): 370-377. doi: 10.1016/j.geoderma.2009.
05.008.



%5

AR BT b AR 25 RGeS R (KT et 519

[130] GENG S C, CHEN Z J, HAN S J, et al. Rainfall reduction amplifies
the stimulatory effect of nitrogen addition on N,O emissions from a
temperate forest soil [J]. Sci Rep, 2017, 7: 43329. doi: 10.1038/srep
43329.

[131] BAI E, LI W, LI S L, et al. Pulse increase of soil N,O emission in
response to N addition in a temperate forest on Mt Changbai, north-
east China [J]. PLoS One, 2014, 9(7): €102765. doi: 10.1371/journal.
0ne.0102765.

[132] CHENG S L, WANG L, FANG H J, et al. Nonlinear responses of soil
nitrous oxide emission to multi-level nitrogen enrichment in a tempe-
rate needle-broadleaved mixed forest in northeast China [J]. Catena,
2016, 147: 556-563. doi:10.1016/j.catena.2016.08.010.

[133] CHEN Z J, SETALA H, GENG S C, et al. Nitrogen addition impacts
on the emissions of greenhouse gases depending on the forest type: A
case study in Changbai Mountain, northeast China [J]. J Soil Sedi-
ment, 2017, 17(1): 23-34.doi: 10.1007/s11368-016-1481-7.

[134] SONG L, TIAN P, ZHANG J B, et al. Effects of three years of
simulated nitrogen deposition on soil nitrogen dynamics and green-
house gas emissions in a Korean pine plantation of northeast China [J].
Sci Total Environ, 2017, 609: 1303-1311. doi: 10.1016/j.scitotenv.
2017.08.017.

[135] SONG L, ZHANG J B, MULLER C, et al. Responses of soil N trans-
formations and N loss to three years of simulated N deposition in a
temperate Korean pine plantation in northeast China [J]. Appl Soil
Ecol, 2019, 137: 49-56. doi: 10.1016/j.aps0il.2019.01.008.

[136] XU K, WANG C M, YANG X T. Five-year study of the effects of
simulated nitrogen deposition levels and forms on soil nitrous oxide
emissions from a temperate forest in northern China [J]. PLoS One,
2017, 12(12): e0189831. doi: 10.1371/journal.pone.0189831.

[137] ZHANG W, MO J M, ZHOU G Y, et al. Methane uptake responses to
nitrogen deposition in three tropical forests in southern China [J]. J
Geophys Res Atmos, 2008, 113: D11116. Doi: 10.1029/2007JD009195.

[138] XU X K, HAN L, LUO X B, et al. Synergistic effects of nitrogen

amendments and ethylene on atmospheric methane uptake under a

temperate old-growth forest [J]. Adv Atmos Sci, 2011, 28(4): 843— 854.

doi: 10.1007/s00376-010-0071-7.

[139] WANG Y S, CHENG S L, FANG H J, et al. Relationships between
ammonia-oxidizing communities, soil methane uptake and nitrous
oxide fluxes in a subtropical plantation soil with nitrogen enrichment
[J]. Eur J Soil Biol, 2016, 73: 84-92. doi: 10.1016/j.ejsobi.2016.01.008.

[140] ZHENG M H, ZHANG T, LIU L, et al. Effects of nitrogen and
phosphorus additions on soil methane uptake in disturbed forests [J]. J

Geophys Res Biogeosci, 2016, 121(12): 3089-3100. doi: 10.1002/

2016JG003476.

[141] YANG X T, WANG C M, XU K. Response of soil CH,4 fluxes to
stimulated nitrogen deposition in a temperate deciduous forest in
northern China: A 5-year nitrogen addition experiment [J]. Eur J Soil
Biol, 2017, 82: 43-49. doi: 10.1016/j.ejsobi.2017.08.004.

[142] GENG J, CHENG S L, FANG H J, et al. Soil nitrate accumulation
explains the nonlinear responses of soil CO, and CH,4 fluxes to
nitrogen addition in a temperate needle-broadleaved mixed forest [J].
Ecol Indic, 2017, 79: 28-36. doi: 10.1016/j.ecolind.2017.03.054.

[143] CLEVELAND C C, TOWNSEND A R, SCHIMEL D S, et al. Global
patterns of terrestrial biological nitrogen (N) fixation in natural
ecosystems [J]. Glob Biogeochem Cy, 1999, 13(2): 623-645. doi: 10.
1029/1999GB900014.

[144] VITOUSEK P M, MENGE D N L, REED S C, et al. Biological
nitrogen fixation: Rates, patterns and ecological controls in terrestrial
ecosystems [J]. Philos Trans R Soc Lond B Biol Sci, 2013, 368 (1621):
20130119. doi: 10.1098/rsth.2013.0119.

[145] GALLOWAY J N, TOWNSEND A R, ERISMAN J W, et al. Trans-
formation of the nitrogen cycle: Recent trends, questions, and potential
solutions [J]. Science, 2008, 320(5878): 889-892. doi: 10.1126/
science.1136674.

[146] SULLIVAN B W, SMITH W K, TOWNSEND A R, et al. Spatially
robust estimates of biological nitrogen (N) fixation imply substantial
human alteration of the tropical N cycle [J]. Proc Natl Acad Sci USA,
2014, 111(22): 8101-8106. doi: 10.1073/pnas.1320646111.

[147] REED S C, CLEVELAND C C, TOWNSEND A R. Functional ecology
of free-living nitrogen fixation: A contemporary perspective [J]. Annu
Rev Ecol Evol Syst, 2011, 42(1): 489-512. doi: 10.1146/annurev-
ecolsys-102710-145034.

[148] CREW T E, FARRIONTON H, VITOUSEK P M. Changes in
asymbiotic, heterotrophic nitrogen fixation on leaf litter of metrosi-
deros polymorpha with long-term ecosystem development in Hawaii
[J]. Ecosystems, 2000, 3(4): 386-395. doi: 10.1007/s100210000034.

[149] ZECKRISSON O, DELUCA T H, NILSSON M C, et al. Nitrogen
fixation increases with successional age in boreal forests [J]. Ecology,
2004, 85(12): 3327-3334. doi: 10.1890/04-0461.

[150] BARRON A R, WURZBURGER N, BELLENGER J P, et al. Molyb-
denum limitation of asymbiotic nitrogen fixation in tropical forest
soils [J]. Nat Geosci, 2009, 2(1): 42—45. doi: 10.1038/nge0366.

[151] CUSACK D F, SILVER W, MICOWELL W H. Biological nitrogen
fixation in two tropical forests: Ecosystem-level patterns and effects of
nitrogen fertilization [J]. Ecosystems, 2009, 12(8): 1299-1315. doi: 10.
1007/s10021-009-9290-0.



520 T A ) 22 4R

07 %

[152] LIU X J, ZHANG Y, HAN W X, et al. Enhanced nitrogen deposition
over China [J]. Nature, 2013, 494(7438): 459-462. doi: 10.1038/
nature11917.

[153] ZHENG M H, CHEN H, LI D J, et al. Biological nitrogen fixation and
its response to nitrogen input in two mature tropical plantations with
and without legume trees [J]. Biol Fert Soils, 2016, 52(5): 665-674.
doi: 10.1007/s00374-016-1109-5.

[154] ZHENG M H, ZHANG W, LUO Y Q, et al. Different responses of
asymbiotic nitrogen fixation to nitrogen addition between disturbed
and rehabilitated subtropical forests [J]. Sci Total Environ, 2017, 601—
602: 1505-1512. doi: 10.1016/j.scitotenv.2017.06.036.

[155] HEDIN L O, BROOKSHIRE E N J, MENGE D N L, et al. The nitrogen
paradox in tropical forest ecosystems [J]. Annu Rev Ecol Evol Syst,
2009, 40(1): 613-635. doi: 10.1146/annurev.ecolsys.37.091305.110246.

[156] WANG Q, WANG J L, LI Y Z, et al. Influence of nitrogen and pho-
sphorus additions on N,-fixation activity, abundance, and composition of
diazotrophic communities in a Chinese fir plantation [J]. Sci Total
Environ, 2018, 619-620: 1530-1537. doi: 10.1016/j.scitotenv.2017.
10.064.

[157]TANG Y Q, YU G R, ZHANG XY, et al. Different strategies for
regulating free-living N, fixation in nutrient-amended subtropical and
temperate forest soils [J]. Appl Soil Ecol, 2019, 136: 21-29. doi: 10.
1016/j.aps0il.2018.12.014.

[158] MARKHAM J H, ZEKVELD C. Nitrogen fixation makes biomass
allocation to roots independent of soil nitrogen supply [J]. Can J Bot,
2007, 85(9): 787—793. doi: 10.1139/B07-075.

[159] LU M, YANG Y H, LUO Y Q, et al. Responses of ecosystem nitrogen
cycle to nitrogen addition: A meta-analysis [J]. New Phytol, 2011, 189
(4): 1040-1050. doi: 10.1111/j.1469-8137.2010.03563.x.

[160] LIU W J, YU L F, ZHANG T, et al. In situ >N labeling experiment
reveals different long-term responses to ammonium and nitrate inputs
in N-saturated subtropical forest [J]. J Geophys Res Biogeosci, 2017,
122(9): 2251-2264. doi: 10.1002/2017JG003963.

[161] FANG Y T, ZHU W X, GUNDERSEN P, et al. Large loss of dissolved
organic nitrogen from nitrogen-saturated forests in subtropical China
[J]. Ecosystems, 2009, 12(1): 33-45. doi: 10.1007/s10021-008-9203-7.

[162] GURMESA G A, LU X K, GUNDERSEN P, et al. High retention of
15N-labeled nitrogen deposition in a nitrogen saturated old-growth
tropical forest [J]. Glob Change Biol, 2016, 22(11): 3608-3620. doi:
10.1111/gch.13327.

[163] BAO X, BAO X X, LIU X C. Effects of nitrogen deposition on soil
nitrogen mineralization of Betula platyphylla forest in Daxing’an

Mountains [J]. J NE For Univ, 2015, 43(7): 78-83. doi: 10.3969/j.issn.

1000-5382.2015.07.018.

B, B, MRS, HEEX K20 AR AR
BRI [3]. ARAbbRl R 22448, 2015, 43(7): 78-83. doi: 10.3969/j.
issn.1000-5382.2015.07.018.

[164] GAO W L, KOU L, ZHANG J B, et al. Ammonium fertilization causes
a decoupling of ammonium cycling in a boreal forest [J]. Soil Biol
Biochem, 2016, 101: 114-123. doi: 10.1016/j.s0ilbi0.2016.07.007.

[165] TIAN P, ZHANG J B, MULLER C, et al. Effects of six years of
simulated N deposition on gross soil N transformation rates in an old-
growth temperate forest [J]. J For Res, 2018, 29(3): 647-656. doi: 10.
1007/s11676-017-0484-6.

[166] SUN J F, PENG B, LI W, et al. Effects of nitrogen addition on
potential soil nitrogen-cycling processes in a temperate forest eco-
system [J]. Soil Sci, 2016, 181(1): 29-38. doi: 10.1097/SS.00000000
00000134.

[167] ZHAO Y, ZHANG C, ZHAO H F, et al. Effects of N and P addition on
soil nitrogen mineralization in a subtropical evergreen broad-leaved
forest [J]. Chin J Ecol, 2013, 32(7): 1690-1697.

ARABH, sl BAVRAR, S5 BB IS IR SRR AR IR
ez [J). A%, 2013, 32(7): 1690-1697.

[168] CHEN H, ZHANG W, GURMESA G A, et al. Phosphorus addition
affects soil nitrogen dynamics in a nitrogen-saturated and two nitrogen-
limited forests [J]. Eur J Soil Sci, 2017, 68(4): 472-479. doi: 10.1111/
jss.12428.

[169] GAO W L, KOU L, YANG H, et al. Are nitrate production and
retention processes in subtropical acidic forest soils responsive to
ammonium deposition? [J]. Soil Biol Biochem, 2016, 100: 102-109.
doi: 10.1016/j.s0ilbio.2016.06.002.

[170] GAO W L, KOU L, ZHANG J B, et al. Enhanced deposition of nitrate
alters microbial cycling of N in a subtropical forest soil [J]. Biol Fert
Soils, 2016, 52(7): 977-986. doi: 10.1007/s00374-016-1134-4.

[171] ZHOU K J, LU X K, MORI T, et al. Effects of long-term nitrogen
deposition on phosphorus leaching dynamics in a mature tropical
forest [J]. Biogeochemistry, 2018, 138(2): 215-224. doi: 10.1007/
$10533-018-0442-1.

[172] YANG K, ZHU J J, GU J C, et al. Changes in soil phosphorus
fractions after 9 years of continuous nitrogen addition in a Larix
gmelinii plantation [J]. Ann For Sci, 2015, 72(4): 435-442. doi: 10.
1007/s13595-014-0444-7.

[173] FAN Y X, ZHONG X J, LIN F, et al. Responses of soil phosphorus
fractions after nitrogen addition in a subtropical forest ecosystem:
Insights from decreased Fe and Al oxides and increased plant roots [J].

Geoderma, 2019, 337: 246-255. doi: 10.1016/j.geoderma.2018.09.028.



%5

AR BT b AR 25 RGeS R (KT et 521

[174] WANG Q K, WANG S L, LIU Y X. Responses to N and P fertili-
zation in a young Eucalyptus dunnii plantation: Microbial properties,
enzyme activities and dissolved organic matter [J]. Appl Soil Ecol,
2008, 40(3): 484-490. doi: 10.1016/j.aps0il.2008.07.003.

[175] LU X K, MO J M, GILLIAM F S, et al. Nitrogen addition shapes soil
phosphorus availability in two reforested tropical forests in southern
China [J]. Biotropica, 2012, 44(3): 302-311. doi: 10.1111/j.1744-7429.
2011.00831.x.

[176] LI Y, NIU S L, YU G R. Aggravated phosphorus limitation on biomass
production under increasing nitrogen loading: A meta-analysis [J].
Glob Change Biol, 2016, 22(2): 934-943. doi: 10.1111/gch.13125.

[1771 BRAUN S, THOMAS V F D, QUIRING R, et al. Does nitrogen
deposition increase forest production? The role of phosphorus [J].
Environ Pollut, 2010, 158(6): 2043-2052. doi: 10.1016/j.envpol.2009.
11.030.

[178] LONG M, WU H H, SMITH M D, et al. Nitrogen deposition promotes
phosphorus uptake of plants in a semi-arid temperate grassland [J].
Plant Soil, 2016, 408(1/2): 475-484. doi: 10.1007/s11104-016-3022-y.

[179] WANG M, MEAGHAN T M, MOORE T R. Nutrient resorption of

two evergreen shrubs in response to long-term fertilization in a bog [J].

Oecologia, 2014, 174(2): 365-377. doi: 10.1007/s00442-013-2784-7.

[180] GONZALES K, RUTH Y. Nitrogen-phosphorous interactions in
young northern hardwoods indicate P limitation: Foliar concentrations
and resorption in a factorial N by P addition experiment [J]. Oecologia,
2019, 189(3): 829-840. doi: 10.1007/s00442-019-04350-y.

[181] SEE C R, YANAI R D, FISK M C, et al. Soil nitrogen affects
phosphorus recycling: Foliar resorption and plant-soil feedbacks in a
northern hardwood forest [J]. Ecology, 2015, 96(9): 2488-2498. doi:
10.1890/15-0188.1.

[182] ZHENG M H, HUANG J, CHEN H, et al. Effects of nitrogen and
phosphorus addition on soil phosphatase activity in different forest
types [J]. Acta Ecol Sin, 2015, 35(20): 6703—6710. doi: 10.5846/stxb
201405120970.

AR, SRR, WRi, S B BRSNS [RIAR Y L g e me v
s [J]. A= As254H, 2015, 35(20): 6703-6710. doi: 10.5846/stxb
201405120970.

[183] PARRON L M, BUSTAMANTE M M C, MARKEWITZ D. Fluxes of
nitrogen and phosphorus in a gallery forest in the Cerrado of central
Brazil [J]. Biogeochemistry, 2011, 105(1/2/3): 89-104. doi: 10.1007/
$10533-010-9537-z.

[184] SMITH S W, WOODIN S J, PAKEMAN R J, et al. Root traits predict
decomposition across a landscape-scale grazing experiment [J]. New

Phytol, 2014, 203(3): 851-862. doi: 10.1111/nph.12845.

[185] ZHANG Y T, LI J M, LI X, et al. Effects of simulated nitrogen
deposition on decomposition and nutrient release of leaf litter of Picea
schrenkiana [J]. Arid Zone Res, 2016, 33(5): 966-973. doi: 10.13866/
j.azr.2016.05.08.

TRV, FEE, A, S5 BT R LSRR O 8
HFEM BRI []. 52 X8F5E, 2016, 33(5): 966-973. doi: 10.
13866/j.azr.2016.05.08.

[186] YAO X. Effects of nitrogen addition on litter decomposition in
artificial Pinus tabulaeformis forests [D]. Yangling: Northwest Agriculture
and Forest University, 2017: 8.

Ww. B N bR R S e [D]. Mk vt
ARMEBHBCR A, 2017: 8.

[187] LI X F, ZHENG X B, HAN S J, et al. Effects of nitrogen additions on
nitrogen resorption and use efficiencies and foliar litterfall of six tree
species in a mixed birch and poplar forest, northeastern China [J]. Can
J For Res, 2010, 40(11): 2256-2261. doi: 10.1139/X10-167.

[188] ZHOU S X, XIAO Y X, XIANG Y B, et al. Effects of simulated
nitrogen deposition on the substrate quality of foliar litter in a natural
evergreen broad-leaved forest in the Rainy Area of western China [J].
Acta Ecol Sin, 2016, 36(22): 7428-7435. doi: 10.5846/stxb2016010
80054.

JAte, B, oo, % BHERE X R I R
] I AR I R R R B R A 3] AEES
36(22): 7428-7435. doi: 10.5846/stxb201601080054.

[X RARH 4
4%, 2016,

[189] ZHANG W D, CHAO L, YANG Q P, et al. Litter quality mediated
nitrogen effect on plant litter decomposition regardless of soil fauna
presence [J]. Ecology, 2016, 97(10): 2834-2843. doi: 10.1002/ecy.
1515.

[190] FANG X, LIU J X, ZHANG D Q, et al. Effects of precipitation
change and nitrogen addition on organic carbon mineralization and
soil microbial carbon of the forest soils in Dinghushan, southeastern
China [J]. Chin J Appl Environ Biol, 2012, 18(4): 531-538. doi: 10.
3724/SP.J.1145.2012.00531.

TR, XBF5, KRR, S5, FEAKARAE. AR T L 3 R AR
I HURYACA L IR E BRI R [3]. NS IR AR,
2012, 18(4): 531-538. doi: 10.3724/SP.J.1145.2012.00531.

[191] TIE L H, FU R, ZHANG S B, et al. Effects of simulated nitrogen and
sulfur deposition on litter decomposition rate in an evergreen broad-
leaved forest in the rainy area of western China [J]. Chin J Appl Ecol,
2018, 29(7): 2243-2250. doi: 10.13287/j.1001-9332.201807.012.
BREIAE, Fie, sRALR, &5, B, BRI A PG R X W Sk
RO TR I R R R [0, B AR S AR, 2018, 29(7):
2243-2250. doi: 10.13287/j.1001-9332.201807.012.



522 T A ) 22 4R

07 %

[192] LI Y'Y, WANG Z W, SUN T. Response of fine root decomposition to
long-term nitrogen addition in the temperate forest [J]. Bull Bot Res,
2017, 37(6): 848-854. doi: 10.7525/j.issn.1673-5102.2017.06.007.
PRI, EIESC, Fh. SR IR i AR AR AR A I 20 8 f 5 i
[J]. FEYHF T, 2017, 37(6): 848-854. doi: 10.7525/j.issn.1673-5102.
2017.06.007.

[193] CHEN X, ZHOU M, WEI J S, et al. Effects of simulated nitrogen
deposition on litter decomposition in Larix gmelinii forest [J]. Ecol
Environ Sci, 2013, 22(9): 1496-1503. doi: 10.3969/j.issn.1674-5906.
2013.09.007.

VR, FME, BT, S BUUE DR D 223 AR MR VR 2> i
s [J]. AR, 2013, 22(9): 1496-1503. doi: 10.3969/
j.issn.1674-5906.2013.09.007.

[194] MO J M, XUE J H, FANG Y T. Litter decomposition and its responses
to simulated N deposition for the major plants of Dinghushan forests
in subtropical China [J]. Acta Ecol Sin, 2004, 24 (7): 1413-1420. doi:
10.3321/j.issn:1000-0933.2004.07.015.

TOLW, BEERAL, JTISE. ST BRI T o A B R
N UM N, [J]. A7&244R, 2004, 24(7): 1413-1420. doi: 10.3321/
J.issn:1000-0933.2004.07.015.

[195] ZHOU S X, HUANG C D, XIANG Y B, et al. Effects of simulated
nitrogen deposition on lignin and cellulose degradation of foliar litter
in natural evergreen broad-leaved forest in Rainy Area of western
China [J]. Chin J Appl Ecol, 2016, 27(5): 1368-1374. doi: 10.13287/j.
1001-9332.201605.004.

JEEDG, SNGE, FToH, 5. BAEDTRER 4 78 I B X ORIR 4k
W] I PR P A R M AT A R R AR (9], R AL S AR,
2016, 27(5): 1368-1374. doi: 10.13287/j.1001-9332.201605.004.

[196] HOLOPAINEN J K, GERSHENZON J. Multiple stress factors and
the emission of plant VOCs [J]. Trends Plant Sci, 2010, 15(3): 176—
184. doi: 10.1016/j.tplants.2010.01.006.

[197] LORETO F, SCHNITZLER J P. Abiotic stresses and induced BVOCs
[J]. Trends Plant Sci, 2010, 15(3): 154-166. doi: 10.1016/j.tplants.
2009.12.006.

[198] HUANG J, MO J M, KONG G H, et al. Research perspective for the
effects of nitrogen deposition on biogenic volatile organic compounds [J].
Acta Ecol Sin, 2011, 31(21): 6616-6623.

G, FUH], FLERE, S5 YRR A HLIR ST B AT
FREE [J]. AR, 2011, 31(21), 6616-6623.
[199] HUANG J, LU X K, MO J M, et al. Effects of simulated N deposition

on carbonyl compounds released by nursery plants [C]// Proceedings of

the Annual Conference of Chinese Society of Environmental Sciences.
Chengdu: China Environment Press, 2014: 6867—6873.

PG, B, SULH], SE. RN TR T R RO B
EVIRISENE [CY  EIME R 2 ARAE 2R SR, B P
IRBE R AL, 2014: 6867-6873.

[200] HUANG J, MO J M, LU X K, et al. The effect of simulated nitrogen
deposition on the emission of carbonyl compounds from Ormosia
pinnata and Cinnamomum burmannii [J/OL]. Expert Opin Environ
Biol, 2016(S1): 1-7. doi: 10.4172/2325-9655.51-004.

[201] CHEN H, LI D J, GURMESA G A, et al. Effects of nitrogen deposi-
tion on carbon cycle in terrestrial ecosystems of China: A meta-analysis
[J]. Environ Pollut, 2015, 206: 352-360. doi: 10.1016/j.envpol.2015.
07.033.

[202] RAINEY S M, NADELHOFFER K J, SILVER W L, et al. Effects of
chronic nitrogen additions on understory species in a red pine plantation
[3]. Ecol Appl, 1999, 9(3): 949-957. doi: 10.1890/1051-0761(1999)
009[0949:EOCNAQ]2.0.CO;2.

[203] BERG B, MATZNER E. Effect of N deposition on decomposition of
plant litter and soil organic matter in forest systems [J]. Environ Rev,
1997, 5(1): 1-25. doi: 10.1139/a96-017.

[204] JANSSENS | A, DIELEMAN W, LUYSSAERT S, et al. Reduction of
forest soil respiration in response to nitrogen deposition [J]. Nat
Geosci, 2010, 3(5): 315-322. doi: 10.1038/nge0844.

[205] FANG H, MO J M, PENG S L, et al. Cumulative effects of nitrogen
additions on litter decomposition in three tropical forests in southern
China [J]. Plant Soil, 2007, 297(1/2): 233-242. doi: 10.1007/s11104-
007-9339-9.

[206] TEMPLER P H, MACK M C, CHAPIN F S Ill, et al. Sinks for
nitrogen inputs in terrestrial ecosystems: A meta-analysis of **N tracer
field studies [J]. Ecology, 2012, 93(8): 1816-1829. doi: 10.1890/11-
1146.1.

[207] LIU J, PENG B, XIA Z W, et al. Different fates of deposited NH4* and
NO3~ in a temperate forest in northeast China: A 15N tracer study [J].
Glob Change Biol, 2017, 23(6): 2441-2449. doi: 10.1111/gch.13533.

[208] WANG A, ZHU W X, GUNDERSEN P, et al. Fates of atmospheric
deposited nitrogen in an Asian tropical primary forest [J]. For Ecol
Manage, 2018, 411: 213-222. doi: 10.1016/j.foreco.2018.01.029.

[209] SHENG W P, YU G R, FANG H J, et al. Sinks for inorganic nitrogen
deposition in forest ecosystems with low and high nitrogen deposition in
China [J]. PLoS One, 2014, 9(2): €89322. doi: 10.1371/journal.pone.
0089322.



