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Abstract; To reveal the relationship between forest litterfall and soil under long-term nitrogen (N) deposition, litterfall and
soil samples were collected in the 12th year of nitrogen deposition in a Chinese fir ( Cunminghamia lanceolata )
plantation. C, N, and P concentrations and stoichiometric characteristics of litterfall (leaf, branch and fruit) and soil (0-
20 ¢cm, 20-40 cm, 40—60 cm) were analyzed. Four simulated nitrogen deposition treatment levels were NO (0 kg N -
hm® - a'), NI (60kg N -hm®-a"), N2 (120 kg N - hm” - a") and N3 (240 kg N - hm™ - a™) , respectively. Each
treatment comprised three replicate plots of 20 m X 20 m which were sprayed with urea on the forest floor at the
beginning of each month. The results were as follows: (1) C, N and P contents and stoichiometric ratios of litterfall were
higher than that of soil. The stoichiometric ratios of litterfall showed the same order as soil of C/P>C/N>N/P; The C, N
contents of litterfall decreased in the order of leaf > fruit > branch, while P decreased in the order of leaf > branch >
fruit. (2) N deposition promoted N content in litterfall leaf (+4.24%), branch (+15.97%) , and fruit (+6.47%) ,
respectively; N deposition increased N/P while decreased C content, C/N and C/P in litterfall branch; Medium-high
level of N deposition (N2 and N3) increased soil N content, and low level of N deposition (N1) increased soil C/P and
N/P. (3) Significant positive correlation existed between litterfall N and soil N, while negative correlation between soil C/P

and litterfall C/P, N/P, and between soil P and litterfall N/P. It is indicated that litterfall N was one of the important soil

40 %

N sources, and soil N content mainly influencing the ratio of litterfall N/P after long-term N deposition.

Key words: nitrogen deposition, ecological stoichiometry, litterfall, soil, Cunninghamia lanceolata plantation

H Ak 2211 8 (ecological stoichiometry ) 45 &
T AW At A B A S A SRR AR A
PR ZHAL TR PR K (C) VA(N) |
W5 (P) 2L M Bk AL 2= 08 PR B 58 AR B T T2
H (Elser et al.,2000; F 27 5& fl T 5% #i, 2008 ; %%
4 5E 20105 55 JH) OF 4%, 2016 Shen et al.,
2019) . HETAERRG L AT 2 538 C N,
P SEFR U BE A A TR Z IR RS S AL K&
RS A 45 72 A 1) o 1 2 24 TR A T R AR bR AR 2
WEFE I A A T H R 5T 4 8 (£ 450 T 5t I,
2008; %4445 2010;Shen et al.,2019) .

et W — gl BV RIS T 3~5
% (IPCC,2007) , HLAE A H i — Be i 1 4 7T BE £¢
2% % N ( Kanakidou et al., 2016; Wang et al.,
2017) U E RRFZ A R Y., RER TR
HEA 20 22 80 AF AU LI ZRIHE I, 2t S e
DUFEIX 22— (Liu et al.,2013) . 3T 4F 3% W0 1) 3]
N = PUCBURIIE AT AR R G A9 N P g A

R, FET MM AERRGE T C-N-P F0 A
A, AL 2 1 i L & A2 R (Bobbink et al.
2010; Chapin et al.,2011;Yang et al., 2019) , N
B B C NP R AR A T LR A
Yy 4 K (Chapin et al.,2011) . % h0/> & 0 &
AR T3 NIRGIAE RS BN Z M, WA
LR AT DL 3G i B Mo A= S R S ik I ( Yan et al.
2018) , {HZ, ik e AIIRES & TIRZE
TE A E R ANE AR AT ( Magill et al.,2000) | +
HER AL iR 3 B 7 A 8 (Tian & Niu,2015) -
B R Z RIS N (Matson et al., 2002) =¥ £k
PR /D (2 87452014 ) &8, DT 1) 55 Bl H 2B 25
RGO AF (B WA AT, 2019) , 7E32 N BRI
AR U A AT LR o Bk A A AR R
W, DES Sy fER A 2, HEA B & C/N
B NARII SR T 6B pa i K2 8o ik
B2 AZR A I T P IR Hl ( Goswami et al.,
2018) . AR, NS i A B9 LR RGN R DT 25
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A AH TRD A me 0 X B T AE S R R AL
R iR B A AL AR 2R Rk, A b X AR
MRAR 25 22 Gkt & W 1 14T B 2 IR

+ 3 C/N F1 C/P AT LL4g 7R £ 3HEA ML 4>
5 s 0, AR R BT, A DT X
PO BR AR HE C/N 200 i3 ( Yue et al.,2017) ,
A A EDR C: NP, EEC: N P
XU Ry B RRORR LA T C s N s P R
i) 7, 3 14 BH O Ak 27 T 2 RRAE AH OC 19 2R AR AR 7S
ZGW TR A8 C: N P AR5l e A
DUREIE IS N = P UV b I — A B 47 19 48 b
(Yang et al., 2019) ., M JC ZE F 45 1)/ BT 5
A A U AR (AR OV A
T R B Lk M, B 3 n T ON/P A
(Sardans et al. ,2016) . R & W) o3 i & 3% B2
AR RGH EE sy R A 1 S B IR 5
HEBREMFRTIER (MDY 5 ,2017) . “HE
Y-7EY -1 d ¢ N P Z R TE RS ERAE
M —Fha 2 R ot R AR A SRR, H AT R A
Bl 2 & A= AR A, EE 28 b BRI T 2R T B2 T A )
B AR K (SRR 2016) , 2003 4F 12 A T
oAy MoK T ik Mk H MW OF - 2K
( Cunninghamia lanceolata) W FEXT 4, 2004 4F 1
A IR R TR 5, FR 4 = 2016 20 A 12
a, AT R IAEUIE (>10 ) &4 A
I o (0 OB ) RUOR TR R EE (0~ 20
cm 20 ~40 ¢cm 40 ~60 cm) i C N P & K& HAL
St AR AR, LU A K A AR R S 1 T AR
KRIAIEY S 557 5y Z Y 5 R4 AR = 50
F B/ AEMERRGE IR

1 B KRB IL 5 8% 7 ik

1.1 FHREHBR

RIS AR A — B D BB R A M
(117°43'29" E.26°30'47" N) ., J& b 7 #4345 2= X
A, WUy B RS T, B IR AR AR
19.2 °C,4E [ K i 1 628 mm, LR 271 d
(BEJ5 PR 45 ,2007) o R B0 AR 7R XM 19 (R T
X 21 PRBE 8 /NPERGYE b F 374K 200 m, 3 H

2738, RE RN 1992 458 3 AR AN THK,
AR 6 hm? KR ARG B, L0922 ( Miscanthus
Sfloridulus ) . = H ( Dicranopteris olichotoma ) .
( Pteridium aquilinum var. latiusculum) %54 3 | 5 &
TE 3% ~5% Z 6] 1695 37 1 FIAR 73 26 15 R ALY 2
AN AR 12 Y[ i e A b A b T FR S R
20m X 20 m, NI 15 m x 15 m H.0 X3, LIEBE
WP A rh O XA L B Ak B IX AT AWESE T
2003 4F 12 A #AT T AR A, 35 200 1 2
W PR PSR R RE X3 R4 5 1 664
B - hm? [16.1 cm 12.07 m F131.15°, 3R L PE
FipH.C N F1P 554 4.6,18.39 ¢ - kg ,0.79
g - kg F10.17g - kg (REFEZE 2014) .
1.2 #WEPER I PRI I

B LTI 5 30 B AN om0y =0 A ok
AR RIEATRALL AW 5E S I E S [F] S a0
%%, U0 NITRE (NITRogen saturation Experiment ) ( Fenn
et al., 1998) . EXMAN ( Experimental Manipulation of
Forest Ecosystem in Europe ) (Wright et al., 1998) 3 H #1
Jt.3€ Harvard Forest( Gundersen et al.,1998; Aber et al.,
1998) KU 5T e i, RUTHERE M E S T Y
U TR 1 A B AZ AR X R AR 5 R i e AU
FHE R &K, 73 4 Fhab 2 AR 30 & 43918 2 NO
(OkgN-+hm™ - a' XJH) NI (60 kg N - hm™ -
a') N2 (120 kg N - hm™ - a™") il N3 (240 kg N -
hm? « ™), AEMALEEE S 3 K, 2003 4F 12 A 4
SEREHLSE T 2004 4F 1 7 I bn oE AT AL AU DR b
B A A H A0 DL WY T 2R TET Y 4%
R4 B K SF- 1) 2R B PR R [ CO(NH,,) , | VA iR 7E
20 LK, L = 25 25 76 bR\ Tk ] 1 2 g
W4 o % BEAE 1 (NO ) W58 i [] £ 19 K, LA JsE b A Ak
TR 2K 32 JEO AR A A= 1 L BR A 27 B B Y 52 1
1.3 HmRE LERSHF
1.3.1 A% el % H 2004 4 1 H A HEHLIT
I FEAFEHNBERLE B 10 A 1 m x 1 m (Y7
PINCERAE B ] IR WSO — U AE b R PR T 1, 4%
[F) — N H Y 10 AN W HE v B 3 v 0 TR 5 i —
AFERL U 2016 4F 3 RIS IR Y, A
PR M 925 % 0 NO N1, N2 Fil N3 4b 3 1% 4
Ve IA 253 51 172,77 ,203.41,219.91 Al
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187.56 kg « hm?, £ N X 20 {7 Pyt (75 01) |
PRATE IR (YRR TR SR (T5 ) 3 a4y, 3
36 MNMEYIRE S (4 FIALHE x 3 ANEE x 3 AN TE
W 5y) FE 65 CHEIRAM T T 2 E W E S
it 100 H i, W2 A Lk (C) 2R (N) 4 i
(P) &8,
1.3.2 23 RE 2016 4F 3 I (5B PHE Sk
GEmTI AR ) R HERFEES HEAT Z IR A RE L
HRIFUIRFES, , 53 3 D H3)ZE (0~20 em ,20~40 cm
40~60 cm) IR G, 3 36 A~ AL S (4 Flab 3R x 3
MEE x3ANEE), BEEEHFEFRERE,
SIBRIRIEY AR R KT 2 mm B9 BR5 29, 78
ZEWN KT, BF B 5 3 100 H i, W E C N FI P
T,
1.3.3 MAEZ*x WEYMLELEE C NP &EK
FHIRRE 5 350 22, C R FH B 3% IR B — Tl Vs 6 i 4
PN P 4 H,80,-H,0, 1M & 5, N Rk
FLICE AL, P R R - BRI Tk
1.4 Gt

P8 75 Wy RN 1 R 35 2R ] Excel 2013 Tiigb 2,
SigmaPlot 12.5 {5, >k SPSS 19.0 4¢ it # /4 it

Frfie/N 225 5 1 (1SD) (FALIN 3K T7 2250 # (One-

way ANOVA) UK Z J5 25317 ( Two-way ANOVA)
VAN EY) -2 A ) C N P A fb2A it 5 o6
Z K H Pearson #HK53HT

2 SR E M

2.1 WEEHH

MR R T 225000 (3R 1) KB Wvs 4l o0 o 3%
7Y N P C/N FIN/P(P<0.05) ; A 4bFEXT
PP C N P Jefb @it i LA 5 2 5 A 7%
Y 4y x RAL L E 5w % P C/N FIN/P
(P<0.05), L)ZRE»m L+ C C/P F NP
(P<0.05); A Ab &3 52w + 56 N A1 P & &
(P<0.05) ;{H A2 x ZALHAE B AE X 5 4 ar
S E A AN T E
22 AEMARASD CNPEERETHFITE
HH1E

PEMEN I T mEI N C>N>P,H

FMEY R CON AP & m TACRR (B
1), BRI, AN R AU R K T 08 9% 4 i AR
FoeEAGIE YRR B B EEER . WEY
A AR R FUTRE AL B (NT N2 FT N3) 19 °F
P 5 Xt B8 4 BE(NO) B9 e fH ( HH NO/NO =
100% ) W 2(Z2) o FUTRERE I T 0k A AR N
T W R 4.24% 15.97% 6.47% , R UTK%
BERMT &M C(-3.98%) P(-6.10%) , &k
C(-27.42%) .P(-11.72%) .C/N(~-7.66%) .C/P
(=17.09%) FI&E % C/P(-9.64%) ; 34 T ¥% i
C/N(+8.59%) , ¥ B N/P (+31.45%) FIyx J P
(+21.57%) C/N(+8.81%) ; % M- F1 ¥ S 1y 2F 2%
fe2g it A R B i 22 K

ANFEE VKT, CSF 3 & 5 5 0ot >
Rk, FMEWH C &N 262.50~285.61 ¢ -
kg™, FLBEE BT K F- 38 0 % B8 NO>N3>N2 >
N1 (HAGKS] 0 F 122 5%, MEWA C & &=l
7 187.19~284.90 g - kg, 50 C HFEAEHLKM
A% NO Ab BB R, N1 AL BRI AR, 22 etk i 3%
(P<0.05), 1MifAEYHE C SRMALEE S C
SEAHR, B NO Ab #E I, R A N1>N2>N3>
NO, ANFEZATIREAKT T, N &R byt >5>
B, A By gt (13,93 ~15.17 g - kg™ ) R
(11.02~12.03 g - kg") MK (8.10~10.48 g -
kg ) o M ORCRISR Y N SR BN N3 AL B A
o PP EEAEMEYAH 7 S LRI N
> > H i 43 i (1.32~1.56 ¢ - kg™ |
Fi(0.98~1.30 g - kg") HR(1.02~1.32 g - kg) .
MR P & RN N1 AR &, SR P & Ek
HR UK T E PR N3>N2>NI>NO, X i
HHAS [R) A 0 % 00T e %) e oy AS ], L DA P ) e
PRI

PR 5 W) 45 4153 A A 2E T L RN T Ry
C/P>C/N>N/P(Kl 1), C/NH 5 C/P {575k #a
P—F <R <A NP (H RIS ek, AN
RULKEIKE T, i C/P FI N/P {52 2 30 H N2 4b
P HoRIA B B 25, B C/N FI C/P fE
FRHH NO>N2>N3>N1(P<0.05) , #HH NO Ab B
N1 N2 Fil N3 Ab 3 ) 38 7% PR N/P {8 b 2538
(P<0.05), H C/N{H LA NO 4bH AL, 5 NO 4b B
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K1 AEZEYMITECNPAESUFETENEEZLH
Table 1  Two-way analysis on litterfall and soil C, N, P ecological stoichiometry
P W FAE(P) F value (P)
Component  Factor
C N P C/N C/P N/P
Ry PR IE AL 5y 2.120 112.604 13.037 6.606 1.453 12.338
Litterfall  Litterfall component (0.142) (<0.001) (<0.001) (0.005) (0.254) (<0.001)
AAb 3 0.639 2.537 0.468 2.946 0.622 0.263
N treatment (0.597) (0.081) (0.707) (0.053) (0.608) (0.852)
P 5 < FAb R 0.621 1.712 2.712 2.774 0.682 3.095
Litterfall component X N treatment (0.712) (0.161) (0.037) (0.034) (0.666) (0.022)
+ 4 Tz 4.489 1.146 3.145 2.801 5.092 5.368
Soil Soil layer (0.022) (0.335) (0.061) (0.081) (0.014) (0.012)
AAb B 0.474 3.236 4.162 0.108 1.655 0.898
N treatment (0.703) (0.040) (0.017) (0.955) (0.203) (0.457)
+)Z x FHAabH 0.808 0.553 1.738 1.242 0.481 1.577
Soil layer X N treatment (0.574) (0.763) (0.155) (0.321) (0.816) (0.197)

T ML 25 122 5+ (P<0.05) o
Note: Values in bold are statistically significant (P<0.05).

T CHREMAX, B C/P MNP EBIERRN
N3> N2> N1> NO,fHAEF| g EHPE2 5,
23 TE C NP EERESUFEITEHE

ME 3 ATLE W, AFE L2 C NP H
HHRI K CSN>P, =D HE C HEBLINO
AR EAR , BB A TR AT 1 3G i 3G i, (B AR
RENBEKF, =ALEN EFEHLLNO 4P i
fi%,0~20 em )22 3R B0 BE A DURE K (9 3 n e
T 5 TR, LA N2 b # 5 (P<0.05) 520 ~40 cm
TERVIBFEEMT HEN G, HER AR E,
40~60 cm )2 N &R A N3>N2>N1>NO( P<
0.05), =AN1+ZEP &L NI AR, 0~20
em FJZ RN N3>N2>NO>N1(P<0.05) ;20~40
em TEEI A N2>N3>NO>N1(P<0.05) ;11 40 ~
60 cm )21 P S EESAVIROR T LR #H
2R

AFRIEJER 3 C NP Ak R RN
C/P>C/N>N/P( 3), 14 C/N 1 C/P EFEA
M2 MEVEKF TR LR EZES, =112
9 C/N F24{H 53 91 M 6.81.8.04 H15.54, C/P %
PR B 2 T AR, S 348 43 0 30.79
25.53 1 18.33, N/P £ 0~20 cm> 40~60 cm>
20~40 c¢m, HAE 20~40 cm +JZ N1 1 N3 4b 3

) N/P % NO AbBEH4 i T 36.80% Fl1 13.03% .

A A 2T R DO AL B (NT N2 F
N3) i F 2 {8 5 % B8 A4b B (NO) A L (o
NO/NO=100%) WK 2(#), RULKEFMT, 0~
20 ¢cm 20 ~40 cm 40 ~60 cm 12 C & A3 08 73
W 21.17% . 19.05% . 11.10% ; N 5 & (14 14 18 K
20.55% .23.36% .31.70% ;40 ~ 60cm + JZ C/N 1y
AR R 2.75% C/P 38 IE R 11.03% F1 N/P #3
&k 24.43%

2.4 BAEWME 1 C NP ESKEITEEXRYE

L Pearson AHIC 73 #7  7% W) A= S Ak 24 1 i
ASE (£ 2)  RIEAEB AT R A M (2 3) AN
Y S L Z R AH OCHE (R 4) , LIERBH A V%
Y1458 C N P AEBFIFERIAC KR,

H 2% 2 WAL MY C 5 N.C/N Fl C/P Z[H]
WEEME, MEY N5 P A N/P M A
K, ME C/N BEAAE; MY P 5 C/P FIN/P
WERME;C/N S C/P W EFEIEMK, M5 N/P
WERMEC/P 5 N/P BEIEMRE,

M 3 nl, 3 C 5 N C/N f1 C/P BB 3%
IEME; HHEN 5 C/N BERME, S P AIN/P
WEEAME, LE P 5 C/P M N/P L HUAH 5,
C/N 5 C/P W IEAHE, M5 N/P &2 A G
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161 a 12
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T - 10
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Top -2 7 - b b o
X = ~
1.0 . e 8 ;
a 0.8 L >
- 6 I
0.6
L4
0.4 -
0.2 1 r 2
0.0' T T L T T T 0
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[EIALIE Different treatment

Pl b Bt P (B e R R 22 (n=3) R IR - BE R R DT R AL 31T 10 J 35 14 22 537K P P<0.05, NON1.N2 N3 73 5l R m A &

> 0.60,120 240 kg N - hm™ - a', T,

Data=x+s.(n=3). Different lowercase letters indicate significant differences for the same life span leaf or branch under different nitrogen deposition

treatment levels (P< 0.05). NO, NI, N2, N3 means nitrogen addition 0, 60, 120, 240 kg N - hm™ - a™', respectively. The same below.

K1 AFEEDREACE ST MDA (B 2R ) C NP3 SO A S i Rk
Fig. 1 C, N and P contents and stoichiometry of litterfall (leaf, branch and fruit) of

Chinese fir under different nitrogen deposition levels

C/P 5 N/P BF ML,

RIS HIEN C N P S HAE B AR R
Pearson AH 23T 4% R 22 1] ,{E%% N5EHENE
FAEAE MY ¢/P 513 C/P B UATE
EYIN/P 5 HHEN C/N B ML, Mm%
P .C/P BERMMAKE(FL),

3 W54y

3.1 FRMEIEAZEYMIE C NP ESKFITE
EEn3EA
BRI 12 a J5, FEWRIRIZLS ¢ N
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*2 AEZYWMCNPREREASTUFITEREXN
Table 2 Pearson analysis of litterfall C, N, P contents and its stoichiometry
fojﬁ% C N P C/N C/P N/P
C 1
N 0.364 * 1
P 0.141 0.559 = 1
C/N 0.578 = —0.523 =% -0.268 1
C/P 0.762 = -0.052 =0.504 = 0.676 = 1
N/P 0.242 0.579 = -0.338 * -0.360 * 0.423 = 1
T * FIR P<0.05, #x R P<0.01, N,
Note; * means P<0.05, #*% means P<0.01. The same below.
*3 TECNPRERHEAESHUFITEREXHE
Table 3  Pearson analysis of soil C, N, P contents and its stoichiometry
jb::flg C N P C/N C/P N/P
C 1
N 0.361 =* 1
P 0.100 0.087 1
C/N 0.838 s -0.422 * 0.311 1
C/pP 0.644 s -0.038 —0.437 s 0.572 s 1
N/P -0.169 0.486 s =0.773 s -0.418 = 0.468 s 1
x4 AEY-LECNPESKFEITEHELK
Table 4  Correlation between litterfall and soil C, N, P contents and its stoichiometry
. FYEY) Litterfall
+ 4
Soil
C N P C/N C/P N/P
C -0.200 -0.061 -0.199 -0.142 -0.043 0.111
N -0.050 0.351 = -0.504 -0.275 0.340 0.623 =
P 0.007 -0.455 0.407 0.312 -0.304 -0.601 *
C/N 0.141 0.331 -0.501 -0.037 0.551 0.672 =
C/P -0.340 -0.450 0.309 -0.075 —0.582 * -0.592 *
N/P -0.260 0.096 -0.234 -0.366 -0.104 0.177

TR SR SH M PR M >R >
ROXEEARARRSEX C NP WFHREANRA
Ko RBYBIMEAEEY DR C NP F&EAED
b, A 2zt e A B &2k T AR e, AV
Y C &R RN 187.19~285.61 g - kg, ik
T ARG L (EARPEAE,2011) (BRI &R (R
AE,2016) SEHLIX P79 C &k, A UTRE R3S
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