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Abstract . Nitrogen deposition is a serious threat to the healthy development of the terrestrial ecosystem. Forests are the
important part of terrestrial ecosystem, and high levels of nitrogen deposition seriously influence forest structure and
function. Litter is an important part of forest ecosystem nutrient cycling,, which has an important role in the soil, forest
ecological. We investigated the effects of Control ( CK, no nitrogen fertilization ) , low nitrogen (LN, 5 g N m™>a'),
medium nitrogen (MN, 15 g N m~Za’') and high nitrogen (HN, 30 g Nm™a™') treatments on the , nutrient contents and
fluxes caused by litterfalls in a subtropical Cinnamomum camphora plantation located in Hunan Province, China. According
to the results, the annual litterfall production in CK, LN, MN, and HN was 4.53 + 0.32, 3.95 + 0.28, 3.56 + 0.41, and
4.46 + 0.48 t hm™ a™', respectively, suggesting that low-to-medium N deposition decreased the litterfall production

significantly. The order of nutrient contents was C > N > Ca > K > Mg , after nitrogen fertilization. Furthermore, the
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nitrogen content of litter had little impact on the carbon content. However, the N treatments (LN, MN, HN) decreased C/
N ratios, compared with CK. The order of nutrient fluxes was C > N > Ca > K > Mg, and nitrogen fertilization reduced the

amount of C, K, Ca, and Mg fluxes, but increased the N flux.
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20 tH22 80 AEACHI LI, BRIETTJ 1 OC T RITKEXT ZRAR L1 A D) RESE i A WF 5 , BT 58 N AN ¥ 58, I8
WOE U2 FER DT RFSERE I T 5 R RIE BB L I Ty g B, 2002 4 10
SEYTWISEAET 7R ) L A= 49 P O DX e 56 Pl B A RER PR RO R MR S R GEAE ST TR AR et d i A
TR R G T R TR S AR A 25 R R A5 A T BE S e S HHLER S 2ot T TLAR B A(UT
R, T E R TR TR 78 2013 4F 9 A, ARHBete e v ) el {7 o E 5 B3 S RHIE L B S8 B —
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AP A= 25 R e A R A R KR BRI B R Z Y R i sk ], K
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1.1 XA

T 5 57 T 180 Pl 2 AR A B (113°02'—03" E,28°06'—07" N) , 54K 50—100m, 3 120—21°; g S g
ZTIE b X, M2 3 R 5 DU 20 ST T 1) o AR I S0 21+ TP 5K 5 i M IX AR 2 SR 2 o0 17.2°C,7 A ek,
1 29.4°C i e U 40.6°C 51 A B, P34 4.7°C B iR ARIREE - 11.3°C , J& - S 280 (1) S Ry 8 11 2
WG s AR TR 270—310d ; I TSI, AP B R 200 1422mm ;4583 H BRI A 1677.1h,

MR A F M ( Firmiana simplex ) . B W ( Camptotheca acuminate ) . & "W K 3 T ( Litsea mollis
hemsl.) i 2% ( Camellia oleifera ) | LI 2 4 ( Radix Liriopes ) . & % ( Carex tristachya ) . — ¥ %5 £ ( Solidago
canadensis) ¢ T % ( Ampelopsis sinica ) . ¥ 3] ( Vitex agnus castus) . K ( Clerodendron cyrtophyllum ) | ¥ ¥
( Dalbergia balansae) %%

PRI FEATE LI 1,

1.2 W55k
1.2.1 SRt
TR SR A AR LA AR A TR N7 12 B[ i, A 1 /N 25mx25m, WP FE AR 73 1)
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A AV A 5 FFRR BEA TSI R b A BT AL B, AR G b AR B TR 15 5% (29kg hm ™ a™") A% H B [F]
KW X R (CK, no N added) , XA (LN,5¢ Nm2a™") ;& (MN,15g N m2a™") , &% (HN,30g N
m” a4 FEIR KT S8 3 Bel G AR, TRINEER R NH,NO, W57 FIr e ZEBH0 1) NH, NO,
WAE 201 [ KK, SR TG 35 i 1 A0 ISEITE S5 A0 L, 3oF BERE 7 {UIBETS 20 1L [ 2ok, 2010 4F 5 A, B kAT
RALEE R R P OGHAT , TR M 5 H 10 A &,

R1 EMRARSFEN LEER

Table 1 Background values of the stand and soil properties in Cinnamomum camphora plantation

. G i pA B 7 i A
¥ DBH it i L R
. Density/ Crown Soil bulkdensity/ Organic/ Total nitrogen/ pH
/cm Hight/m Age/a N . 3
(tree/hm*) density (g/cm’) (mg/g) (mg/g)
14.92(1.21) 12.55(1.03) 21 1600 0.9 1.5(0.11) 13.18(0.51) 1.27(0.03) 4.00(0.03)

F55 N AFRIEIR2E . Values in parentheses are standard errors

1.2.2 P77k

TERE I K E E AL T N BENLIE R 2 4 3mx4m | B H I 5 % 50em AR & Py s g, 4k 2x12=24
A BRI RS LR IRTE Y, PR, JEIOREH Rl 5200 25, Z v i TR R TR SR K e S gy TE
8O°CHEIE A FHET 48 /NP ZAEE . WedEmF A 2011 4F 10 % 2012 4E 10 A . A [Eit 2 K F A bR e 7%
Py AFE PR vE LR 2,

R2 EWRRAERSEREEWEAR

Table 2 Litter composition in Cinnamomum camphora plantation under different nitrogen treatments(t hm™> a™')

Qb CK LN MN HN

k)8 7% Branches production 1.09+0.14 0.99+0.18 0.70£0.20 0.85+0.13
-8 7% Leaf production 2.91£0.22 2.49+0.17 2.25+0.19 2.99x0.12
B E Fruit production 0.08+0.04 0.09+0.02 0.07£0.01 0.230.02
Z=HJR7% B Debris production 0.45+0.07 0.38+0.09 0.54+0.10 0.39+0.08
H3t Total 4.53+0.32 3.95+0.28 3.56+0.41 4.46+0.48

1.2.3  FVEWIFR 55 w0 E ik

W 2o ad T AL B (08 e V5 0 RE i HR i CRARICS  SEA TR R O | A IR — S AR R A TR E 4 C
i PLRGEAENE 2 N ErE KOEEETHIE K TR & R TIIAONE Ca Ml Mg B IR0 & e Itit
BRI SR VAT
1.2.4 Bdsnbr

FIF Excel 2003 F1 SPSS 18.0 Gt {4 %25 b4 T 4387 , R FH B 2 5 25 50 M1 7771 (One—Way ANOVA)
Fb A AN ] it S AL BT SR 95 4035 o0 B S A i 25 5 i v, 3 KR 0,05,

2 EHRE5S

2.1 WHEWSAD TREFH S

RERT PRI P25 A b TR & im0 C, & iR Mg (L3 3) AR TRiE 2 K b 3 F (CK,
LN MN HN) , &7t E & A RAR

PR AR TR C TTE &l 534.68+43.80g/kg Ik P E b A AL BE R VSR € TTE & &S
539.65+50.40 ,495.64+£76.54 510.16+65.20g/ kg , ATt AL FLAY VR LAY C JTuR SR 5 A AL B R 43 5
7.3% 4.58% , Ui | = AR B XA VR R C DR SRR AR RIME R . BYERE A RIS
TN JGEAS RN 8.92+2.47¢/ke ik I HE R AL BE N UHVERLA) N SRS R 14.34+3.11,12.57+2.86,
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13.21+3.55¢/kg, i AAL PR T (LN \MN HN) J8 75 B0 A 5 5530 FL X B4 =5 60.76% ,40.92% (48.09% , H ATt A
Ab 35 it R A B TR) 22 5 38 5 (P<0.05) |, i B it 280 Ak B X A ARS O] 9 A 1) R B i AR I R AR EVE . 7R
AT K SR &R A R/MIUF &y MN>CK>HNSLN | MN 2R BRI 7&A T K SR & B2 A /e, LN
HN ZbHR B — 2 I HIVE R, Ca JUE & =B K/MIF A MNSHNSLN = CK, £83d MN HN Zb3, 7% 4%
Ca JTCEM S HIHNNT 28.83% 27.14% , LN A FEXS Ca TR S HEIA F P ] B AE EE . Mg o
TENE FALFE T (&8 /N TR MR AL B, H 2253 B3 (P<0.05) , 156 W it 2040 BT 95 A Mg JC R 1Y & 84 1
TAHIVER

F3 ERHKARELEAEYSENTEFRSESE

Table 3 The nutrient content of litterfall components in Cinnamomum camphora under different concentration of N treatments ( g/kg)

JGZ Elements AL BEIKF- Treatments #% Branches I Foliage IR Fruits

o CK 534.68+43.80 536.09+69.30 492.54+60.34
LN 539.65+50.40 560.96+53.56 514.44+58.89
MN 495.64+76.54 557.96+88.16 458.57+73.21
HN 510.16+65.20 487.14+86.25 459.13+62.39

N CK 8.92+2.47 12.88+1.92 7.34+2.03
LN 14.34+3.11 17.30+3.38 10.67+1.78
MN 12.57+2.86 17.33+3.12 7.71£1.32
HN 13.21£3.55 11.93+2.21 7.83+2.32

K CK 4.24+0.78 2.83+0.96 10.30+1.26
LN 3.04+0.69 3.54%1.35 13.42+2.09
MN 5.55+1.82 3.170.32 11.30£2.11
HN 3.82+0.93 3.371.36 12.51£2.67

Ca CK 7.11£1.64 9.52+2.88 3.98+1.34
LN 7.09+1.58 8.75+1.91 4.52+1.26
MN 9.16%2.19 8.661.99 3.57+0.83
HN 9.04+2.44 8.32+1.07 4.24+0.66

Mg CK 1.21£0.29 1.24+0.03 1.73+0.23
LN 1.13£0.18 1.31+0.05 1.97+0.11
MN 0.91+0.07 1.30+0.04 1.69+0.26
HN 1.14£0.11 1.24£0.31 1.82+0.35

RIS R BRI T C TR &8N 536.09+69.30g/ kg, Ik i ZALBR FUR75 M0 C LR &8>
560.96+53.56 ,557.96+88.16 ,487.14+86.25¢/ kg , A< Jifii 8 Ab L (%) 8 Y I C JC 2 5 1 LA | v 04k 38 43 01 A1
4.64% 4.08% , 11 fe AL IRV b X6 FRARFRAIG 9.13% , 25 Ab B[R] 22 5 248 i 2 Ul WIAIK | rp 604 382 %o A A 0 %
i C JCE & w = E AR AR VR A i = R AL BRI B HIE . JVE e HARIRE T I N T E S
N 12.88+1.92g/ke Ik P R AALBE T RIS N TR SR 17.30+3.38 17.33+3.12,11.93+2.21¢/kg,
% AU B R P75 M N JCE &R0 9 et BEZH I N 34.31% 34.55% , H .22 5% 5. (P<0.05) |, M & AU AL 3
P N JCER i LA ZAL 38K 7.38% , U BRI | 2040 3L 25 P A A 08 3 o %) S0 7 7 2R B B R EVE T, &5
AL I R I E R . AEPR s K TR S AR/ NIT R LN>HN>MN>CK, Jife 52040 B0 5 7%
mrf K SCR S XA IER . Ca SR & 8B K/MIF A CK>LN>MN>HN, 2808 it A AL 2, 4 3% 1 rh
Ca JCE M & &AL T 8.09% .9.03% 12.61% , Uit Wit A AL FEXT Ca JEER & f A 30 B B (30 Hi1E
Mg JTCR LML EAN I T 9 5 AR Z AL AR E, 350 T 5.65% .4.84% , i B it 04k BT IR 75 i Mg JT &
) A R e R

VGRS AR T C TTE S &N 492.54260.34g/ke A% P B AL P RIS RN C TE SR
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514.44+58.89 458.57+73.21 ,459.13+62.39g/ kg, AT AL FLAY V& Rl C TLR SR 5 AL 4055
6.9% .7.39% , i LAR AL BRAIG 4.44% , VLB | AL B S XA 08 75 10 C J0 R & 7 A= B i i 4 il 8
FAREAE B S0 = AR R AR HEAE F . JRVESRTE AR T N JCR S 5N 7.3422.03g/ke, I e
RACPE R RS N TTE S8 K 10.67+1.78 7.71+1.32 7.83+2.32¢/kg, i AAL B R (LN . MN . HN) J#7% 54
Py o R, B B 5 AR A A P 25 5 0 3 (P<0.05) 1 B it a0 Ak 38 2 X ARE AR A 95 SR A AL 1
FEAARMEE R . fEURTE SR K STCE S A/ NEF R LNSHN>MN>CK , jifs Z AL BEXTETE SR b K ST ZE & i
FEAERIVERT . Ca JCR &R AR/MIUF  LN>HN>CK>MN, 2853 LN HN b3 P75 B Ca JCR & 1)
FIHEINT 13.57% .6.53% ,MN ZbHEXT Ca JCE & i B = AR EIER . EI8 S AL T Mg T E
) E e KT AME AL, 76 P AL BT, Mg Te R 1 & /N T AR RS PR, A IG | = ZUA B PR 75 SR Mg o
1) B A R A SRR rh U BT A R i R

2.2 RUCREXTIHIE YA 5 C/N LA R0

1 AT LU AU & PSR4 5 C/N FUIERIA BT R R,
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Fig. 1 Effect of increased nitrogen deposition on C/N of litterfall components
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383
S

CK AR, 758 C/N i F2{E M 59.94, 45 LN MN H1 HN AbBEJE  N/K HCHSE 208 435010 9 37.63
39.43 38.62, [t CK AbBHFAAR 37.22% 34.21% F1 35.57%, CK 5 LN MN HN 4b 3 2% R 455 5] i & K (P<
0.05) . PaEIZ it EACHLIG , A& AL HP ik o o kAl ARl AR S, S R IRVE AL C/N FERRE,

HARRAET , M C/N FeAEIME Jy 41.62, 45 LN MN Fl HN AbBR)S , C/N F 8908 5351 K 32.42
32.19 .40.83, . CK AbHH R % 22.10% .22.65% 11 1.90% , CK 5 LN MN 4b3 25 5383 g 2K (P<0.05) , iX
RN T AR AR ACF RIS, A T /S ' A, S R IE I C/N TR

CK ZbH R JH7% 35 C/N HeiISE4{E M 67.10, 2 LN MN A1 HN AbBRJ5  N/K HCAYSEEI(E 20 9 K 48.21
59.48 58.64 , [t CK AbHHFEAE 28.15% 11.36% Fl1 12.61%, CK 5 LN MN HN &b 22 525k ) i K (P<
0.05) .

2.3 JAVEWIC R VHIE 6 R TR A I

bk AR A EEOR IR R IE YR IR VA TV W T R iR SRR VR YT T R S B S R Y
ETRF, BRI, it Ak P o AR O 95 4 B AR P54 R T R 1 B T e T R A R

ANFEZKE R T , 7% h e R B AR 38 5 R /NIF R . C>N>Ca>K>Mg (L3R 4) , 433 CK LN MN |
HN Zb3 P37 C JCR AR IR 550 3]k 218.22+39.38 197.74+37.23 ,163.44+36.32,199.57+38.53 g m™>
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a”!  FIXTF CK AREHE, LN \MN HN ZbH#fif C JTTR WAFEIHA = AIFEIL T 9.38% .25.10% .8.55% , 1 I it A AL P
X C TR WA A A P HVER , B /A B At R A #E 22 5 18 35 (P<0.05)

F4 FRAKFRLAEBDEYTENELRTIE

Table 4 Annual elements flux in litterfall under different nitrogen treatments (g m™> a™')
fb3 C LR Hid it N JCRHiE & K JCR I iE Ca JLRHif Mg TR I
Treatment C flux N flux K flux Ca flux Mg flux
CK 218.22+39.38 4.78+1.15 1.36+0.42 3.57+0.66 0.50+0.08
LN 197.74+37.23 5.83+1.34 1.30+0.43 2.92+0.73 0.45+0.11
MN 163.44+36.32 4.83+1.50 1.18+0.41 2.62+0.73 0.36+0.10
HN 199.57+38.53 4.87+1.37 1.62+0.40 3.35+0.67 0.51+0.09

N JCE WA B0 R 4.78+1.15 .5.83+1.34 4.83+1.50 4.87+1.37 g m > a™', %3 LN MN HN Ab#f
Ji N IR AR TR & e CK AR R 21.97% . 1.05% . 1.88% , 15 Wit A AL FXF N JC 2 AU4AE I8 B A {E ik
YEH , EAR AL 5 A it AL B 25 5 .3 (P<0.05) . K JCEAAFEIHIA M 1.36+0.42,1.30+0.43 . 1.18+0.41 .
1.62+0.40g m™ a™', HN AbFRIS I T K JLRIHE & LN MN Zb#U /0 7 K SRS & Ca JCEAYFE TR
M 3.57+0.662.92+0.73 2.62+0.73 3.35+0.67g m> a”' ;Mg JCR AY4EITEHN 0.50+0.08 ,0.45+0.11 ,0.36+
0.10.0.51+0.09¢ m > a™', £ LN MN HN #ZbBH Ca Mg JCZ HETLHEE/NT CK 4L FE (B HN 43T Ay
Mg JCZ ) , Ui A it Z AL FEXT PR 95 - Ca Mg JCZ B4R I 0 B 7= A 4
231 FFEEOTRFERGE

TEA&MEA/KF T (CK LN \MN HN) , 7% B C JeR AR IHE 553900k 58.28+11.26 ,53.43+£10.53 ,34.69
+9.68 43.36+10.81g m™> a”' (LK 2), %5 LN MN HN kb3 C JC &K W4E 0 &5 CK 2R /0 T 8.32% |
40.48% ,25.60% , Jiti AAL TR P A T C oo R B s A I HIEA, o s A AL B 5 A R A P 25 R I (P<
0.05) , Ui H i EALHHA B A C TT R VA St A AR A
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Fig. 2 Response of annual C,N,K,Ca and Mg fluxes in litter branches to nitrogen deposition

AEAEHE N SR AR 853504 (0.97+0.23) L (1.42+0.30) . (0.88+0.28) . (1.12+0.26)g m™> a™', &t
LN HN #b3 N JCR AR e CK ARFEIGIN T 31.69% .15.46% , H. 2% 5 .3 (P<0.05) , 1fif MN ZbFE N T
RWAFE A L CK A3/ T 9.28% , 22 A2, W] LN (HN AbFEXT N T2 AR I fa A7 B i () 4 i 1
FH T MN &b PR ER I R S i AR H

Bt B ACEAL ], K JC R AYAE T4 (0.46+0.09) . (0.30+0.07) . (0.39+0.08) . (0.32+0.10) g m™> a™';
Ca JLEMYAEIHA RN 0.772£0.15.,0.70+0.18 ,0.64+0.20 .0.76+0.19g m™> a™" ; Mg JC 2 FU4E T i85 4 (0.13 0.
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02) .(0.11+0.03) ,(0.06+0.03) . (0.10+0.02)g m™> a', £33 LN MN HN 4ZbFf K Ca Mg JCERAYF L &Y
/NTCK AR B 350 B R A B R P A K Ca Mg TT 3R B4R IHE & = A IR
232 JHEMITRFHIEE

FEA A KT (CK LN MN HN) , 75 it C JGZ B4R IH A 153514 (156.00+£26.33) | (139.68+£24.
69) .(125.54x24.31) (145.65£25.57)g m™> a” " ( WK 3) , 25t LN MN HN AbFE | C TR AT B [ CK Ak
D T 10.46% ,19.53% ,6.63% , 45 AL FHA] 22 5 A 34 3] ik 2 /K7 BT it AU B0 R 7 it b € TR IR
HAMGIEN

ANEAEFE N JCR AR 8R40 3.75£0. 90 4.31+1.01 .3.90+1. 02.3.57+0.08g m > a™', Ze5 LN MN
AEFR N JCR AR IR e CK AFRISIN T 14.93% 4.00% , i HN 403 N JC R fY4E T30 & e CK AL B> T
4.8% , 2= AR E UL LN MN APEXT N JCE B4R A A R EVER 1 HN AR B e

2t K TR B K JC R AYAET I8 B R 0.82+0.29 .0.88+0.31,0.71+0.30 ,1.01£0.26g m™> a™' , LN _HN 4bFf
BT K SR A &, MN AAHDE /D T K TR WA i Ca SCE AFEIH IR 8 2.77+0.48 2.18+0.53 1.95+
0.51.2.49+0.46g m™ a™' ;Mg JLE HIAEITA 4 0.36+0.05,0.32+0.07 ,0.29+0.06 ,0.37+0.07g m > a™' , Zext
LN MN HN 4b#, Ca Mg JCZE YAFIHIL &4/ F CK ALFE (B HN AL FE R A9 Mg Jo R ) |, td B it 040 X 0R 7%
- Ca Mg TG BYAF I s 7= A AR H

200 6
¥ 150 %2
I 100 Ha 3
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Fig. 3 Response of annual C_N K ,Ca and Mg fluxes in litter foliage to nitrogen deposition
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Fig. 4 Response of annual C_.N K Ca and Mg fluxes in litter fruit to nitrogen deposition
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