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Abstract

Aims The role that litter plays is essential for shaping C, N and P cycling in forest ecosystems. The objective of
this study was to investigate how organic C, N and P in differently decomposed litter layers would vary with for-
est succession.

Methods The study site is located in Tiantong National Forest Park, Zhejiang Province, China. Stands of five
successional stages were selected to measure forest floor litter mass and concentrations of C, N and P in litter
samples for each of the un-decomposed layer (L), the semi-decomposed layer (F), and the decomposed layer (Y).
The successional dynamics of forest floor litter mass and C, N and P were then analyzed.

Important findings Along the forest succession gradient, forest floor litter mass and C stock decreased signifi-
cantly (p < 0.05). Across successional stages, litter C concentration was greatest in the L layer, intermediate in the
F layer, and lowest in the Y layer. C stock was larger in the Y layer than in the F layer (p < 0.05). Both concentra-
tion and stock of N were significantly lower in the early successional stage than in the intermediate and late suc-
cessional stages (p < 0.05). Amongst different layers, N concentration showed an increasing trend with succes-
sion, and a decreasing trend from the top to the bottom litter layers (Y > F > L). P concentration was lowest in the
intermediate successional stage relative to other two stages, and ranked in the order of Y > F > L among the three
litter layers of differential decompositions. There was no apparent successional trend in P stock for the whole litter
horizon, but in the L layer, P stock decreased with forest succession. With the succession, litter C:N, C:P and N:P
decreased (p < 0.05). Among the litter layers of different decompositions, C:N and C:P were in the order of Y < F
< L, whereas N:P showed no apparent trend. Overall, during the secondary forest succession of evergreen broad-
leaved forests in Tiantong region, forest floor litter mass and stocks of C, N and P in litter horizon decreased, but
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concentrations of C, N and P increased. The patterns of C, N and P among differently decomposed layers demon-

strate that C and nutrient cycling in forest ecosystems is optimized with succession.

Key words carbon pool, decomposed layer, forest floor litter, litter mass, nutrient pool, succession
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Table 1 Characteristics of study plots in a secondary successional series of evergreen broad-leaved forests in Tiantong, Zhejiang

Province
R BORE 0 ERe TER W i) =3 o9 O L o
Successional stage and community type Age Altitude  Slope  Aspect Height  Coverage Dominant species
(a) (m) (m) (%)

I: J-+HEAHE 17 164 25°  SE20° 5 100 #7 Lithocarpus glaber
Lithocarpus glaber + Loropetalum chinense shrub WA Loropetalum chinense
I ORI 60 135 15° SE 10° 16 95 Y Pinus massoniana
Pinus massoniana community
I 5 R AR 70 121 5° SE 45° 15-20 95 I EAA Pinus massoniana
Pinus massoniana + Schima superba community ARt Schima superba

¥ Castanopsis fargesii
IV: REFHE% 90 163 20° SE 70° 20 95 KAif Schima superba
Schima superba community
V: BERETR 150 196 26° SE 45° 25 90 ¥ Castanopsis fargesii

Castanopsis fargesii community

doi: 10.3724/SP.J.1258.2014.00078
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Table 2 Forest floor litter mass in evergreen broad-leaved forest stands of different successional stages (mean + SE, thm )

I II

111 v \Y

CMRE 4.75+0.42%°(23.08)  3.10£0.32%(18.34)
Decomposed layer

Ry = 7.88+£0.84%°(37.98)  7.03 +0.395(41.42)
Semi-decomposed layer

M 8.13+0.65%°(38.94)  6.78 + 0.45"°(40.24)
Un-decomposed layer

ATt Total 20.75+1.81° 16.90 + 0.88°

2.83+£0.194(21.71)  4.55+0.64""(29.49)  3.48 +0.38"%(26.52)

5.85+0.47(45.74)  6.80 £ 0.615"(43.59)  5.90 + 0.36%(44.70)

4.18+0.39%%(32.56)  4.20 £0.38™(26.92)  3.80 = 0.28™(28.79)

12.85+0.72° 15.55+1.02° 13.18 £0.61*

I. I, O IV, VIEZEL F—FhARRRS FRRORZER B E p < 0.05); A7 ARG FREORZ R W #E(p < 0.05). 55 HEdE

MAZIZE P SR (%) o

I, II, IIL, IV, V are the same as in Table 1. Different capital letters within the same column indicate significant differences (p < 0.05). Different lower-
case letters within the same row indicate significant differences (p < 0.05). Values in brackets are the proportion of the layer over the whole litter ho-

rizon (%).
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Fig. 1 Organic C concentrations in different layers of forest
floor litter across successional stages in an evergreen
broad-leaved forest (mean £ SE). I, II, III, IV, V are the same as
in Table 1. Different capital letters indicate significant differ-
ences among the three differently decomposed litter layers
within the same successional stage (p < 0.05). Different lower-
case letters indicate significant differences among successional
stages for the same litter layer (p < 0.05).
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Table 3 Carbon stock in forest floor litter of evergreen broad-leaved forest stands at different successional stages (mean + SE)

I II il v N
B4 )2 0.96+0.12%(18.15)  0.69 £ 0.09%*(15.90)  0.50 £0.04**(15.77)  1.09 +0.13*°(23.49)  0.84 £0.11**(23.14)
Decomposed layer

Ry 2.15+0.22%°(40.64) 1.89+0.20%(43.55) 1.52+0.145%%(47.95) 2.11£0.14*°(4547) 1.66+0.135%(45.73)
Semi-decomposed layer

KR 235+030%(44.42)  1.91£0.13%°(44.01) 1.25+0.09%(39.43) 1.44+0.15**(31.03)  1.16+0.08"*(31.96)
Un-decomposed layer

Mt Total 5.29+0.61° 434 +030° 3.17 £ 0.20° 4.64+0.26° 3.63 +0.22°

I L I IV, VR FJ—5h 8RR RS PR R 2R B3 (p < 0.05); [/—1FHHARFNE FEERREREE @ < 0.05). 375 PHdE
H%SE P AR LA (%)«

I, IL, IIL, IV, V are the same as in Table 1. Different capital letters within the same column indicate significant differences (p < 0.05). Different lower-
case letters within the same row indicate significant differences (p < 0.05). Values in brackets are the proportion of the layer over the whole litter ho-
rizon (%).

o
=]

Bb

o

o0

o
o
)

Bb

o

AQm  Cb

& Content of nitrogen (g-kg")

&0
be E
A = Zl=
g ; — ? 0.6 b é = Bb b =
15 } = b H = s = 3 =
= ?, é = <., = é = 1 9.5 =
= | P Z- = ) = Z Sl = =
10 | = [P xE - = 7 ol = =
= = 2 = =HR: =HR: = =
= | E .. = E | E E | E
5 = | A Z = : = H | e | P =
4 = | E - = = |(E | E =
® 0 = é % = ig o U = S | ﬁ = =
I 11 111 v \% 1 11 111 v \%
BB Successional stage B M Bt Successional stage
0 &4 f#)= Decomposed layer B K i#Z Un-decomposed layer
oM Z Semi-decomposed layer B°F14 Mean

B2 AR AR RSN BE VRN EQA). @) & 'CEMERERZE). I I O IV, VEEL. [ EEp B
AR P REORANR 3 Z Z 18 22 573 B3 (p < 0.05)0 ANFVNG P RERIR Rl — MR IR AEAN R B A 2257 2% (p < 0.05).

Fig. 2 Nitrogen (A) and phosphorus (B) concentrations in forest floor litter across successional stages in an evergreen broad-leaved
forest (mean + SE). I, 11, III, IV, V are the same as in Table 1. Different capital letters indicate significant differences among the three
differently decomposed litter layers within the same successional stage (p < 0.05). Different lowercase letters indicate significant
differences among the successional stages for the same litter layer (p < 0.05).
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TELE, RS HER P & fi i (p < 0.05) B (25)o B RAABER FOC N 5K T 5 R AR+ A A
Pt B R AT RN FT+MEARTER > R AMO AL (0 < 0.05), (HHC:PHIN:P# 3%
PR AR BEE > B> AR BE VR > S RAA R R (R s T (p < 0.05).
3)o FESHETE T, Phg AT AN R 23 il 2 IR I AN ] TE& AR, CNFCPHBEINYE< FE<
LEM+REARTETE R D R BEVA R ILN: YIE< LIZ<F L2 WTCN, FRM+HE ARSI A A G VR
2 R AR RATHER . AR BEE LUK REE R, b, HAWBA &2 2 A 23 Z R (p <0.05). C:PH
FOREPHERIN: LE< YE<FZE. #—320 RIBAMEES, (AR EERENYZSF
WikE, 7EYZ, BRMBERMIKE < 0.05), Hirlh  BEZHERFAEE. ES5EBNE, AR RE
LLAB420.18%; MI-+HHEABER e i (p < 0.05), (HI%FT  ZAINPESAEZE . 6 TYZ, F+-EARREICN
d LUK, AR VA B (36.24%) . FEPfEER  EE 5 THABR@ < 0.05), HIXFE NP L
FHEFHATRARIE HE B, LEPHEMEE R TIHEREE < 0.05). FR, EYEMNFE, &
BT T PR, FRABEAINC: P = T IR S (p < 0.05).
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Table 4 Litter N and P stocks across successional stages in an evergreen broad-leaved forest (mean % SE, t-hm 2)
I I I v \Y%
Bt CAHRZE(Y) 0.053 = 0.006* 0.065 + 0.008* 0.063 +£0.014* 0.081£0.009**  0.076 +0.016**
Nitrogen Decomposed layer (25.24) (20.31) (28.64) (35.22) (33.04)
stock 5y i 2 (F) 0.080 + 0.009" 0.131 = 0.007% 0.093 £ 0.011* 0.098 +0.011 0.110 £0.012%
(thm?) Semi-decomposed layer (38.10) (40.94) (42.27) (42.61) (47.83)
KA R IZ(L) 0.074 £0.008%®  0.113 +0.007™ 0.060 + 0.013 0.054 = 0.005" 0.045 + 0.003
Un-decomposed layer (35.24) (35.31) (27.27) (23.48) (19.57)
Bt Total 0.21 = 0.02° 0.32 £0.02° 0.22 = 0.04° 0.23 0.01° 0.23 = 0.03"
At LM (Y) 3.12£0.21% 1.12+0.11% 221+0.16* 2.70 £ 0.32%° 2.45+0.18%°
Phosphorus ~ Decomposed layer (29.10) (20.18) (26.11) (36.24) (32.10)
stock (thm™) sy sy i ) 3.81 +0.42% 2.3040.15% 3.90 + 0.36%" 321+027% 3.61+0.57%
Semi-decomposed layer (35.53) (41.46) (46.09) (43.10) (47.34)
ARIMARZEL) 3.34£0.34% 2.01+£0.11% 220+ 0274 1.60 + 0.23" 1.59 +0.08*
Un-decomposed layer (31.15) (36.22) (26.02) (21.44) (20.86)
MiF Total 10.72 +£0.77¢ 5.55+0.23" 8.46 + 0.58° 7.44 +0.23° 7.62 +0.90°

I, I, 1L IV, VEEEL. =3 AR K S FRRR 25 B < 0.05); F—A7 P MARNSFRERRZE R BFH (P < 0.05). 55 P EdE
HAZJ P SR (%) o

I, IL, IIL, IV, V are the same as in Table 1. Different capital letters within the same column indicate significant differences (p < 0.05). Different lower-
case letters within the same row indicate significant differences (p < 0.05). Values in brackets are the proportion of the layer over the whole litter ho-
rizon (%).

RS E GRS RREE B BH R Y CNPAL 24 T 41T
Table 5 C:N:P stoichiometry in forest floor litter of evergreen broad-leaved forest stands at different succession stages
I i 11 v %

C:N £/ Z Decomposed layer 18.16 + 1.84% 11.50 + 0.59* 891+ 1.75%  1225+0.72" 11.60 + 1.05*
432 Semi-decomposed layer 27.03 £ 1.69% 1690 £0.98%  16.87+£2.04*™  18.73 £0.59™ 16.20 + 1.55™
HK4Hi#JZ Un-decomposed layer 31.52+ 1.12% 2054+ 1.13%  2290+347%  21.95+0.54<° 25.91+0.97
¥4 Mean 25.10 £ 1.39" 13.67 +0.36 1521 £2.30% 19.84 £ 0.65° 1652+ 1.12%

C:P £/ /Z Decomposed layer 307.88 + 34,15 664.04 £ 8.50  231.82+£27.17 369.49 £ 18.18""  353.15+£37.14*"
V- o3 2 Semi-decomposed layer 56431+ 18225  957.45+3599% 389.30+7.17%  567.93+£33.15%" 484.70 £ 55.18"
RIMi#)Z Un-decomposed layer 707.65 + 84.43% 115287 +£27.39< 582.74 £44.23% 763.10 £ 48.64<" 742.06 + 85.88"®
T35 Mean 490.73 £ 36.34° 782.87+39.39%  376.63£19.13"  621.68+18.69°  492.35+47.71°

N:P .42 Decomposed layer 17.00 + 1.38% 58.11+2.61%  28.28+538"  30.22+0.68"° 30.79 + 3.29"°
oM JZ Semi-decomposed layer 21.24+1.94% 57.18 £3.62%°  2431+3.54%  3026=0.874 3021 +2.87%
KMz Un-decomposed layer 22.33 £2.20M 5642+ 1.92%  2670+2.84"  3484+255" 2871319
P4 Mean 19.68 + 1.67° 57.27 +2.64° 26.46 +4.04™ 31.37+0.86° 29.99 +2.76°

I, I 1L IV, VIR /=3 AR KRS SRR R 2 5 3% (p < 0.05); [Fl—AT P IARINS FRER R 2 7 3 (p < 0.05). LILILIV, V
are the same as in Table 1. Different capital letters within the same column indicate significant differences (p < 0.05). Different lowercase letters

within the same row indicate significant differences (p < 0.05).

3 1t

3.1 REBMNMREEMENR N

it S AR AR R T, MR H )
R EFEC. SRR Y R R S N R
FINFRARI T, SECOCREIEY), Fea2a/
RS A5 AL T B, AN S o0 e, 3 RGP0 AN
FAR o T R YT L AL P A fr i R R R
PrE K/, XS RERE T VR SR I
¥ B CN LU BE K (3R5), 70 i i (A 1

&, 2004), PRI /R OK BT R, S EUXRE T
YA R LR A, TR AT L
PR G 20 o m, CNEU/NGERS), iR
VTHE, DT b TR ) Vi 0 2 A DR ) e S, A
B2 DA AU

B A+ HEE AT Vi RO ey BT A0, AR % 1)
KIVEDERIA: FE> LE> YE, LI E
B, AHRAE ARG A 8 8 OO R V4t 5 A I B i i
P2, XK (1998) BT T RS A 25 ) o 38 X
Tofr &5 L1 5L IR AT BB 2 F 2 v B IS U] e A, BT DAY %
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HiKE . HARPEE ST, SEREDRIFR
AR BRI 3, R AR BT RIRE VR
CLoM 2 BT o L K T ILA R, T i 20754
T S T T R LR TR AR Z A )
I 45 ¥ R R T PRI
3.2 EEBEWNHRIAEYC. N, PHEI

o RAARHA I IC & ik 2 S T R
BEUHREVEA G, SERE AF(2002) KIBF ST, T
BE IR B AR R R 0 R O 2, B R R &2
BV CEr i L R B R R 1.6%-3.4%, X 2 Utk
PRI TE Y CNER R ) SR DR (E A AR 4E, 2004).
T M & ) 1) C 5 B AR A OB B, #RI A
LE> FI2> Y2, K& F Y )25 b i £ fk i Ak,
ORI, BTLLY 20 7 R B 2 AH N s TR

b AT, MR TR MIC Ak BT T R,
Py AR A BETE A1 o 1K A2 DR A -+ AV Ak
TEEYIW, L AR TIERK, FETIEM
TTERNIR 2, XAE— e R L st R U T 4 e 1
K, BT+ AHE S R S Cit B f . M
MR EY 5 IR ER T, Rl Chig b s
B AT BB, 02 R E R R 2
e T T o I FLAE IR 00 o S5 Pk 348 Jn B
o K2 RN BEE O AT, MR o it
RS, ol O MERED T, N
M2 O i ECRERIG N . 170 i 2 ¥ B I TR
175 JEC (912 )2 0 Vi 4 et B o oo AT I 9 o, 3238
KoM ECRit L R DL FIRE 3

B T B BAAREE TR Y E NG R
i, FEAZ I RAA AR I, B R A
NG R, 2 s, 1 ok I8 % 4 46
TR, (R R R, o T A 3 e [ K
Nz, L&Y )= N & 5 12 m (Taylor er al.,
1989; Tian et al., 1992). BLAh, BT R BEK
V2O EROK, il N B 2 A . [RIRE, v
B 10 P A AR TR R VR N B AR BT
JLRBE, HIENAE &5 R B AR AT B V% LUK S 3
(RS IR 2 IR JE B 22 5, IX 2 PR A
) 2 AT R R B o S ) R AA R
T FETE R A B VA VA 02N BT 5 AR TR,
X 5 AR BT R T 2 IR R T K

WA R S BEVR ION S B AP B (10 2 4
IEBRRDA: YE> FE2> L2, X55K7HZ(1990)

www.plant-ecology.com

(TS s FAH A o & N T 7 Lo B A o A T
(AR A CRE AR R, R Ol 2 A i 2
G T, MRS ZE T K. SR %P
WM, LA AR EAR, 11 DL A AR VR
e, AR 2 R 2 5 A B . V&) )= Pl
O S REWEEA S Bk W, JED)E
N, PFEIMiti e 2t MR VA ) 2 BAT = s, 19
W, IR A A B SRR D)
H, HPiEWm B2 m T HREA(p <0.05).
3.3 EEMMRIEAEMCNPILFITEHFEITNE
B A 2 R R AT, HBERIAVE IR CiN,
CPRINP AT F%(HS). CNEM S, UWHING &
G, DA 5 A 5 A WL () 40 i, 1 C:NAHE
I 5 YR (1) B R A0 B T A A 0 T AN W B
o Ly RAARETE BUR Ol 2 M CNRAIG, i T1E
ARFAF ) T A 20U ok i PR AT IR RN PR
B B R AR UE AR T AR B P AT, T 5 AR
TR ARSI T HE LA o RIS, A R vy
(1 CFr B FURF IR (1) 55 43 3RO X i T C:PFIN:P &
BT HABREE (p < 0.05). FI-+HEARFEVEN:P & 2
T HAREE(p < 0.05), XULHAD T E
K, 2 N TRV R A Z 2P IC #
BRAIEE/D, 1% 5 e B 245 (2008b) AL b X [FATF 7T 45
— B [FII, AERS MR 2 ], C:NAIC:PAES K 3K
WAYE<FE<LE. W4 FAHE5EQ2004) I, 11
RS FEPN, PERESRAAZ. MYZMHICN
HICPLELIZ D, Ui BT IAE A R v A DA+ 28
IO SN, Poos, FEULCNAICP .
M2, BEAE B HEAT, R SRR AR
wP R TR, HRRAREDNC, NP EET
ThiE, Cv NFIPff &8 FEAIG. FyEHE, C. NAIP
TEJH ) 852 (0 23 Akt Jey B AR AR B T B A 3
REHEAT, BV AE M A AR B 5 T A AL
tho HRIHIEDIKICNG C:PRIN:P & bifi %5 J8 55 11 12F
1T IR, BB TR o ERE I oK B
DL AR R W 7 R T 1 DX ) 5 S I AR ok A=
BOE R R, AHYORIE W T AR 3 SRR
I R R, C NP B o it e F B4,
C:N.C:PHIN:PFEC s A Jie, BB i 1 v 5 i
R IR IS FIEC. NPT RERE 2, i
ARG C, NAIPERFEAG, T R %
YIFIC. NATPIEIA bR, 2034 (98 T4 4 56
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