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Abstract: This field experiment was conducted in a 12-year-old Chinese fir plantation. Four levels of nitrogen, that is
NO (0 kg N-hm ?a™'), N1(60 kg N-hm *a'), N2 (120 kg N- hm *a™') and N3 (240 kg N-hm *a”'
annually added with three replicates in each level. After seccessive two-years additions of the nitrogen, the annual litterfall
production was estimated to be 1 164.10, 1 147.30 and 2 599.50 kg-hm ~*, respectively for N1, N2 and N3 treatments,
compared with 976. 47 kg-hm ~* for the control (NO) , indicating that the low-to-medium N loads ( NI and N2) increased

), were

litterfall amount significantly, while high levels of N deposition ( N3) decreased the quantities to some extents. The
concentrations of C and N in fallen leaves increased with the increasing nitrogen deposition, but C/N ratios decreased
gradually from 65.55 (NO) to 65.38 (N1), 61.77 (N2), and 53.77 (N3). The annual C flux through litterfall to the
forest floor was estimated at 474. 70, 544.07, 538. 55 and 474. 02 kg-hm “*  and the annual N at 7. 21, 8.56, 9. 03 and
9.04 4 kg-hm *, and the P at 1.17, 1.24, 1.32 and 1.09 g-hm ~*; respectively, for the above four treatments ( NO,
N1, N2 and N3). The annual N flux responded positively to the increased nitrogen loads, C and P fluxes were promoted
by N1 and N2 treatments, but inhibited by N3.
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Tab.1 Background values of the stand and soil properties in the nitrogen-loaded plots

WA E LA
Stand characteristics Soil properties
b 31 - - - ,
Treatment )H‘W?\ &E %Jgﬁ@@ qzliﬂ:Xf[,’.—,—’J %l’f]iﬂilﬁ %ﬁ‘f}f fﬁ ﬁﬁ“ﬁ
Age/ Density/ Mean DBH/ Mean height/ Mean slope/ Density/  Total nitrogen/  Organic/ pH
a (tree-hm ~%) cm m (°) (grem™?) (g-kg™") (gkg™")

NO 12 1717 16. 1 11.8 32.5 1.06 0. 86 19.23 4.59
N1 12 1633 16.0 12.2 31.5 1.06 0. 68 17. 31 4.76
N2 12 1 683 16.3 12.2 29.8 1.05 0. 80 18. 88 4.65
N3 12 1 625 16.0 12. 1 30.8 1.05 0. 81 18. 14 4.71
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Tab.2 Litter composition and its percentage in subtropical Chinese fir artificial forest of different nitrogen

V& Leaves Y& 4% Branch # Hz Bark % B Fruit 5% Rag
: - - - git
A MR wow WRE mak WER Eor %R moan AER §or Total/
Treatment  Litterfall/ Percent/ Litterfall/ Percent/ Litterfall/ Percent/ Litterfall/ Percent Litterfall/ Percent/ (kg+h ,2)
*hm
(kg+hm ~?) % (kg+hm~?) % (kg+hm?) % (kg+hm %) % (kg+hm~?) % 8
NO 658. 35 65.26 162. 65 16. 12 13.07 1.30 74.30 7.37 100. 47 9.96 1 008. 83
N1 722. 80 62.09 172.37 14. 81 13.18 1.13 100. 65 8.65 155. 10 13.32 1164.10
N2 739.22 64.43 160. 98 14.03 8.58 0.75 80. 08 6.98 158. 43 13. 81 1147.30
N3 590.93 60. 52 116. 22 16. 47 8.73 0. 89 99.78 10.22 160. 80 11.90 976. 47
SE34 Mean  677. 82 63.07 148. 74 13. 84 10. 89 1.03 88.71 8.30 148. 02 13.76 1074.18

2.2 AENLXEAEHMEZES CC NP ELEY
SEHLE

N3 Al A, &4 4 C N FI P T &S R/
A C >N >P HAE N LB 0 R & 8 A LA
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W) CILEMIHE (P <0.05) N3 T % 20 A 1 i
YEH H 22 5 3 A 8 3 i K
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25.38% , I H 5 NO gh #9553 3535 5 i K F (P <
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Tab.3 Average C, N and P element concentrations of the litterfall in the nitrogen-loaded plots %
Qb B L= FE Y4 43 Litter composition
Treatment Element - Leaves A% Branch R Fruit Hz Bark W JE Rag
C 46.61 £1.88 a 45.56 £0.51 a 46.27 £1.88 a 45.58 £0.92 a 39.32+1.60 b
NO N 0.73 +£0.07 a 0.50 £0.05 ab 0.89+0.09 a 0.75 +£0.05 a 0.68 £0.02 be
P 0.12 +£0.01 a 0.097 £0.01 a 0.106 £0.01 a 0.097 +0.05 a 0.044 £0.01 a
C 47.05 £2.15 a 45.58 £0.50 a 44.92 £1.20 a 44.93 £1.82 a 37.95+1.84 b
N1 N 0.76 £0.09 a 0.47 £0.03 b 0.80+0.10 a 0.79£0.12 a 0.58 £0.07 ¢
P 0.13+0.01 a 0.098 £0.01 a 0.100 £0.01 a 0.088 +0.01 a 0.038 £0.01 a
C 47.06 £1.18 a 45.68 £0.24 a 45.38 £1.04 a 46.06 £0.81 a 37.91 +1.40 b
N2 N 0.78 £0.05 a 0.54+£0.02 a 0.81 +£0.11 a 0.83+0.06 a 0.73 +0.10 ab
P 0.14 £0.02 a 0.099 £0.02 a 0.101 £0.01 a 0.087 +£0.02 a 0.063 £0.01 b
C 47.78 £1.28 a 45.74 £0.26 a 45.78 £1.17 a 44.65 +£2.14 a 43.60 £1.72 a
N3 N 0.93+0.13 b 0.55+0.02 a 0.82+0.05 a 0.82+0.01 a 0.83 +0.07 a
P 0.11 £0.03 a 0.108 £0.01 a 0.095 £0.01 a 0.092 +0.01 a 0.047 £0.01 a

© BdaFom , PR £ brrfe2s; Rl —F0h FREE AR, 2% 075 18] 45 A 5] Ab B V& o0 3R 4 i 22 5 W 3% (P <0.05,LSD &) . Results
were shown with mean value = S.D; values with the various lowercase letters in different treatments in same year are significantly different according to

LSD’ s multiple range test (P <0.05).
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Tab.4 Annual C, N and P element return of the litterfall in the nitrogen-loaded plots kg+hm
Qb3 JCE V%W 2H 43> Litter composition
Treatment Element - Leaves A& Banch H Fruit J% Bark )8 Rag /INiT Subtotal
C 309. 74 ab 74.04 a 40.31 b 7.15 a 43.46 a 474.70
NO N 4.80 b 0.76 a 0.78 a 0.12 a 0.75 a 7.21
P 0.83 ab 0.19 a 0.08 a 0.015 a 0.05 a 1.17
C 344.62 a 70.63 a 49.75 ab 7.11 a 71.96 b 544.07
N1 N 5.71 a 0.73 ab 0.89 a 0.13 a 1.10 b 8.56
P 0.88 a 0.16 ab 0.12 a 0.014 a 0.07 a 1.24
C 353.00 a 73.94 a 40.80 b 4.74 b 66.07 b 538.55
N2 N 6.18 a 0.81 a 0.68 b 0.085 a 1.27 b 9.03
P 0.93 a 0.18 a 0.09 a 0.010 a 0.11 a 1.32
C 294.65 b 53.09 b 50.61 a 4.68 b 70.99 b 474.02
N3 N 6.08 a 0.61 b 0.91 a 0.086 a 1.35b 9.04
P 0.76 b 0.13 b 0.11 a 0.011 a 0.08 a 1.09
2.4 FEYHC,NMPTRATENE S BB 4 50 2 (R RR NO AL HH %4 C,P

HIF T ATAL 4 N AR FRJA Y CON M P OTRAE JUERAYIHEEA N1, N2 AR HE & Y19 P oo &R 94
AEFP R L 2 A LT A UG I 5 1 kg i EITE T H L AR BTE 6 H .
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Fig.1  Monthly dynamic of elements flux in litter under different nitrogen treatments
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Ab A VR EE S C/N L TE | AETh R o e

135

TG TN, oA hb B C/N HAE Y R B T % -
BT - TR
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ULH 2 N1,N2 1 N3 b3 J5 , 7% it C/N HeAE 9 F- 35
B H NO &b 3E 43 5 F % 0.27% ,5.78% 1 17.98%
JFH N3 ZhH 5 NO, N2 4bBE 2% 53K 3] B K F- (P
<0.05) 3t 2 B 28 558 R [R] K 7 1 B 40 D B
AEFRIE PR N o R4, SR T M
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Fig.2 Monthly dynamic of C/N ratio in litter composition under different nitrogen treatments
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2007) o 3k 2 A B4 R 9 s 0T SR A B o e g
A 28 S W DL DR R R0 e — R B b g b S A 2K
K (RS A5, 2007 ), S UL R 19 1S A — &
B TR] P 2 B2 3 A A 7 0, o L O 481 el R MRl 22
138 2o it 0 S R AR 2 MR OKR A= K (Tamm, 1991 )

R I (6 2 XA 00 28 7 ) 7 R R
(Aber et al., 1998) , 3R R Ja 191 40 2 0B 5 0 1k
SIS AR AR 77 ) (5L 2 6D (4 R L 4 LR AR
b L B 0 O 7 SR B s SR, S e B
B . MR e 09 55 25 ok 7, 90 26 HE I 120
ke Nehm a2 % 4% A A TR HO U1 LA A% B
G e DR, AE R R I M i 0 30 4 b T R ) ik
4t it K T UL T 2 4R TR L e LR
L A2 AR A TR 94 0 B T R 47 76 /NAE” B 3
AT SR B L e U0 0 3 B L X R
(2004) BF 52 44 W1 1Ly 45 252 bl 06k O 525 90 60T 5 45
AR 30Tl 20 M A 55 R A 7 ) i — o 1 T
I CRAF AR SR, 2000) . 55 4, 4R 47 97 94 4 g
[ 70 7% 0 K SRS B, 1 2004 4 i 5 B F 76 B X
W HH L S IR T F AT 3 4 SR B0, X
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RULBESRMEY M C N ITRERENSRE,C/
N FAE AR & A4 T A8 4k, NO Ab B (% C/N HAA 7 1
SEH AR AR TG B K 59.25 ~79.29,N1, N2 Fi1 N3 4b 3
AR 57.15 ~69.71,50.20 ~ 68.90 I 43.70 ~
61.91, 8B4 N1 ,N2 1 N3 4b 35, % 0 C/N &
M)°F- 2 {8 b NO &b 38 43 3l R B& 0.27% ,5.78% FiI
17.98% . | HE M1k, VP 2 FE W5 T AR %Y
)P R R g D) ) O 3R, i B v it il i R v
FAE A B 48 X f1 E ( Cotrufo et al., 1999 ), Melin
(1930) ffi F C/N LUAE K 43 H1 % it 19 53 ff FEAE . C/
N HCAH 5 ok R A 3% 0 o3 i 19 22 AR bR (£ A
4E 2004 ; Sariyildiz et al., 2003) , Z< B} 5% 347 A UL
et Xof 1181 9 ) 53 ek 2 el ) AF 5 R B, B N3 Ak B4
EY DA S EED R C/N H(E R WL
KFR,RIN C/N PR AR o i Bt (475 IR 55
2008) . N3 kb3 T2 B0 ok 1) 25 5 100 B BT R BAR
TE— 2 B = PR 5 W R ) 0 o, (S & i
RUTREIKT- 2351 53 il 5 1 AE W B 2L i ) IR 80 %
BEAS P W R A v Condy BRI ) A T B, AT
JE 2% P8 P W 89 43 % ( Micks et al., 2004)

NO,N1,N2 A1 N3 4b ¥ %% C JLR W IHIE &
435k 474,70 ,544. 07 ,538. 55 1 474. 02 kg-hm >,
N JC & i 78 & 43 5 4 7.21,8.56,9.03 A1 9.04
kg+hm > P L EMIHE &40 H 1.17,1.24 1. 32
M 1.09 kg-hm > MR G, HEY Z—4
SR, A A 2 A6 2 X 4 Bk U 7 AR

oM, ARWFIE R I, N1, N2 Kb 33U A i 25 42 15 U
%Y CoL RN R, F w5 N, P T E A
N3 AhFEXT C,P IHE A — M EH . X
AT T S W3 BE ) R DT AT AR IR AR A S R 4
AR B, e R A B (NS ) DU R bR AR 285 2R 40 1k J26 A 410
HIVE o SR, A X AU e & 38 AR M AE R R4
IR AE , E B R E T 2 41, Townsend
S5 (1996) #l Richard 45 (2004) B85 45 th, 7E L
R DX, BCR M NEAG TR 4R N 0.3 ~0.5 Pg C
WAF o SR, H A A F 25 SRR W, R RZ AR RS
)R A S AT e 5l i B R 5 Bk 7 A7 ( Korner,
2000) , 1M1 52 B b2 ek 2 AR 3 &R Ge 2R 7 07 R Y f
(Schulze, 1989 ; Cao et al., 1998) . X Lbgkip iy =
S I — B50HE 10 BH LT R X AR AR S R G I i A A
— 5 Y5 M), (AN ] =46 288 78 R AR A Xk 20000 R 38
1) v oy ML) AT RE A TS [

2 % X #

SR, X SC TR, 2R e e, ZEL 2007, W #CAHE A2 K ( Cunninghamia

lanceolata) N TARAEAC T T HEF% 43 X U TCRE i i 17 . A 25 204
27(11): 4630 —4641.

BEJE L XU SCR, BT RE L SF. 2007 A2 AR N MR # 4 E x TR R
T By B AR 2SR AR, 26(9) ¢ 1335 - 1338.

BOE R, XSCK, RO, . 20080 AU RE R ORI
( Cunninghamia lanceolata) 7% M43 f# ok 2 vp C N ST E B B4
fb. A A2E 4, 28(6) . 2546 —2553.

BEJE R, XU SCK, B BRFR 55 2008 A2 AR N T bR U 9 W 43 3 4L DL R
B e B b Aol R, 20(2) ¢ 8 - 13.

BEJG PR, IR R R, ARG R, 47 2000, A2 AR N AR AR 25 R G0 10 4R ) R
R T RARVIFESIAS. NS WAy %M, 6(2):
133 - 137.

BE R B IE S, SRS, 4R 2007 bRt KA EUDT I I 08I 5T b
HEERE, 27(1) 0 7 -9,

BT JE %, S5, 45, 2004, & i LU R T G R gk i A 95
W 20 AR AW MY AR, 28(4) ;445 - 456.

R R, T W KB, 45 1994 i 1l 22 XUH 2 I AR K SC 2
AR HARDE. MY AESFR, 18(2): 194 -199.

EAA, ST, LA, 2004, K [ 5 2 B A U0 A 40 95 o
SIS A A SR, 28 (4) ¢ 457 - 467.

B fi. 2005, FEOH RO DT S R BRI fEE . BB IR S5 R,
(2):59-61.

AL AR, FLE D, AT &, 45 . 2000, 54 150 L 38 8r 2R 40 rbfR 2 Tk AR AR
EPIRFSY. AL ,20(6) : 938 ~944.

JE 5% , 142 2. 2001 S50 38 DX 38R A I K R A 0 4 5 3R iy A % R
MAESREAEME TR W, £ &%, 21(12): 2002
~2012.

Aber J D, McDowell W, Nadelhoffer K J, et al. 1998. Nitrogen
saturation in northern forest ecosystems. Bioscience, 39(6) : 378 —
386.

Cao M, Woodward F I. 1998. Dynamic responses of terrestrial ecosystem
carbon cycling to global climate change. Nature , 393 . 249 - 252.

Christopher S. 1999. Terrestrial biomass and the effect of deforestation on
the globe carbon cycle. Bioscience, 49; 769 —778.

Cotrufo M F, Rasehi A, Lanlni M, et al. 1999. Decomposition and
nutrient dynamics of Quercus pubescens leaf litter in a naturally
enriched CO, Mediterranean ecosystem. Functional Ecology, 13
(3): 343 -351.

Fang H, Mo J M. 2006. Effect of nitrogen deposition on forest litter
decomposition. Acta Ecologica Sinica, 26 (9): 3127 -3136.
Galloway J N, Schlesinger W H, Levy I'T, et al. 1995. Nitrogen fixation ;
anthropogenic ~ enhancement-environmental  response. Global

Biogeochemical Cycles, 9(2): 235 —252.

Galloway J N, Dentener F J, Capone D G, et al. 2004. Nitrogen cycles:
past, present, and future. Biogeochemistry, 70(2) . 153 -226.

Kochy M, Wilson S D. 2001. Nitrogen deposition and forest expansion in
the northern great plains. Journal of Ecology, 89(5): 807 -817.

Korner C. 2000. Biosphere responses to CO, enrichment. Ecology
Application, 10(6) : 1590 - 1619.

Melin E. 1930. Biological decomposition of some types of litter from North
American forests. Ecology, 11(1): 72 —101.

Micks P, Downs M R, Magill A H. 2004. Decomposition litter as a sink

for '* N-enriched additions to an oak forest and a red pine plantation.



5 330

RSCRAE : AN TR &) C, N, P I X 2R A e L 95

Forest Ecosystem and Management, 196(1): 71 -87.

Nihlgard B. 1985. The ammonium hypothesis: an additional explanation
to the forest die back in Europe. Ambio, 14, 2 - 8.

Palviainen M, Finér L, Kurka A M, et al. 2004. Release of potassium,
calcium, iron and aluminium from Norway spruce, Scots pine and
silver birch logging residues. Plant and Soil, 259 (1/2). 123
- 136.

Prescott C E, Blevins L L. 2004. Litter decomposition in British
Columbia forests influences of forestry activities. Journal of
Ecosystems and Management, 5 (2): 30 —43.

Richard D, Bowdena E D, Kathleen S, et al. 2004. Chronic nitrogen
additions reduce total soil respiration and microbial respiration in
temperate forest soils at the Harvard forest. Forest Ecology and
Management, 196(1) : 43 -56.

Sariyildiz T, Anderson J M. 2003. Interactions between litter quality,
decomposition and soil fertility: a laboratory study. Soil Biology and
Biochemistry, 35(3): 391 — 399.

Schulze E D. 1989. Air pollution and forest decline in a spruce ( Picea
abies) forest. Science, 244 . 776 - 783.

Tamm C O. 1991. Nitrogen in terrestrial ecosystems: Questions of
productivity, vegetational changes, and ecosystem stability. Berlin:
Springer-Verlag, 50 —97.

Townsend A R, Braswell B H, Holland E A, et al. 1996. Spatial and
temporal patterns in terrestrial carbons storage due to deposition of
fossil fuel nitrogen. Ecological Applications, 6 (3): 806 —814.

Vejre H, Callesen I, Vesterdal L, et al. 2003. Carbon and nitrogen in
Danish forest soils-contents and distribution determined by soil
order. Soil Science Society of America Journal, 67 (1) : 335 —343.

Vitousek P M, Mooney H A, Lubchenco J, et al. 1997. Human

domination of earth’ s ecosystems. Science, 277 494 —499.

(%% I R)



