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Abstract: This paper aims to investigate the evolution of litter stocks and its nutrient storage capacity along the natural
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restoration of subtropical forest vegetation. We used the space-for-time substitution method by selecting four adjacent
vegetation communities with almost same habitat conditions in Changsha County, Hunan Province, China. The four
communities are comprised of Loropetalum chinense + Vaccinium bracteatum + Rhododendron simsii scrub-grass-land
(LVR), L. chinense + Cunninghamia lanceolata + Quercus fabri shrubbery (1.CQ) , Pinus massoniana + Lithocarpus glaber
+ L. chinense coniferous-broad leaved mixed forest (PLL), and L. glaber + Cleyera japonica + Cyclobalanopsis glauca
evergreen broad-leaved forest (LAG) to represent the secondary forest successional sequence in this region. Permanent plots
were established in each vegetation community. Litter samples were collected up into un-decomposed layer litter (U) , semi-
decomposed layer litter (S) and decomposed layers (D). The standing crop of litter, the main nutrient elements content,
reserves and release rates were measured. The correlation between plant diversity and litters stock, contents of main
nutrients was analyzed. The results showed that; 1) the stocks of litter layers and its different decomposed layers increased
with the vegetation restoration. The stocks in the D layer were the highest, accounted for 41.59%—51.02% of stocks of
litter layer at the same restoration stage. The difference between different decomposition layers increased with the vegetation
restoration. The decomposition rates of litters were from 0.44 to 0.61 at different restoration stages, and the cycle time were
1.65 to 2.28 a. 2) The contents of main nutrients in litters layer and its different decomposed layers were in the order of N >
Ca > Mg > K > P, and presented different variations with vegetation restoration. With vegetation restoration, content of N
and P increased on the whole, but K content was the highest in LAG (except U layer) and the lowest in PLL. Ca content
was the highest in LCQ and the lowest in PLL, as well as Mg content was the highest in LAG (except U layer) and the
lowest in LAG. Contents of N, P (except PLL and LAG) , K, Ca and Mg decreased with the decomposition of litters at the
same restoration stage. 3) The storage of nutrient elements in litter layer followed the order of N > Ca > Mg > K > P at
different restoration stages. The total amount of nutrient elements and various nutrient elements in litter layer and its
different decomposed layers all increased with the restoration vegetation. At the same restoration stage, both N and P storage
increased with the decomposition of litters, however neither K, Ca nor Mg storage changed. With the restoration vegetation,
both the nutrient element storage capacity and the transformed-returned capacity of litters were improved, especially N. The
release rate of nutrient elements decreased with restoration vegetation, indicating that it was beneficial to the fixation of
nutrients. 4) Effects of plant diversity index in arbor layer, shrub layer and herb layer on the stocks and nutrient element

contents of litter were different, among which the effect of arbor layer was the most.

Key Words: central hilly area of Hunan Province; vegetation restoration; litter layer; nutrient element; release rate
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Fig.2 The amount and composition of annual litter size at different vegetation restoration stages
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LCQ( % U JZ4h) PLL(BR D J24M) 25 AR B3 (P>0.05) ; K & &8 ARRWKE B B2 1818 95 9 )2 K [\ — 53 it J2 0
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VI 22 A 83 (P>0.05) s LCQ JVE W2 B Ao it 2 VRTE W) Ca &85, PLL AL, (AL LCQ P& M2
5 PLL 25 3% (P<0.05) ; LAG W2 K HAS - )2 (B U JZ50) 1A Y Mg & & dwe s, G2 LCQ, LVR
Al , Hob LVR PLL 7592 U 21 S 25 LCQ . LAG £ 53 8% (P<0.05) , MEEMBIKE ,N Ca Mg 5
AAREE R, T PLK A AR b/, Rl — R B BE N P (BR PLL.LAG 41) K Ca Mg 7 34 Fifi 5 I8 7 49 43 it i
N, PLL &40 275 P SR LL S B, U BE K, LAG MR R .S )2 > U 2 > D 2 (BEFRFITCES
e NCIEy =rd B P A TE 2SS STvew N T 8

20
0.7 r

0.6
05

Aa Aa
04 F Aa Aa

OO
LR

N4 N content/(g/kg)
P& & P content/(g/kg)

¢
%

OO
9

LVR LVR LCQ
25 Aa
ED éﬁ 20 ABa . "
éb Aa Aa g
s = ABa  ab
1] 3
g =]
8 Aa Aa A 8
M Aa a a A~ [Ba
E}H& . i
Aa a T

v Aa é_

LVR LCQ PLL LAG LVR LCQ LAG

2.0

e N
= 15 F Ab e
= ® . B RAOREZ
g ABb vl B4Rz
=]
a Ba Ca B kifiRE
HIIEEH o O W% EHE
<o
50
=

LVR LCQ PLL LAG

4 AEMREMBBENERITENESE
Fig.4 Nutrient content of litters at different vegetation restoration stages

ARIRE TR R R — R B B R 73 2 2 0] 22 57 .35 (P<0.05) , AN RVING PR A R B Be 2 18] 22 5 8.3 (P<0.05)

2.3 JVEWIE LR OCER MR LR

W 3 FR , V&Y Z SR 02 S i i AR b Bl AR R K 2 i i, AL LVR 2] LAG 34 T 151.13 ke/
hm*, H. LCQ .PLL . LAG ¥ . & F LVR; fiE MBI R ,S )2 D J2F0 0% Bt & b V&Y 2 3257 0 R Bt
HHE s s 709 32.85%—34.07% F1 30.68%—37.43% ,U |2 L s a3, Jy 28.50%—36.48%
(F5) . AEY)Z B Rl — 3 )28 3 )45 57 50 JC 3R 1 it et A b Bl o R o P A2 38 n, o NP K Mg /Y
L LAG ¢, 439k 104.38 2.81.3.92 .6.77 kg/hm”, Ca UL LCQ fxfm, N 62.55 kg/hm’; )\ LVR | LAG,
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N iR AL R, 80 T 89.80 kg/hm?” , HWRE: Ca, 1 P B2 Ak &/ AN T 2.42 kg/hm?®, [/l — KRB BB,
P IZ B A5 3 )= R B AR TR 37 43 T0 2R AR REAKIR R - N>Ca>Mg>K> P, 75 W) 2 Bas o )2 R 15 W) 37 5%
JUE B B N Ca BTER, 2091 5 Bk Y 46.96%—60.33% Fll 32.57%—42.60% , 1fi] P K Mg fif 43
UL 1.42%—1.78% . 1.85%—2.55% 1 3.02%—3.79% . [F—KE B BEBEF U8 590 60 5 ff N P Al S 388
EF M K Ca Mg f#f 8 7E LVR \LCQ \PLL 2 FRE@H 76 LAG B3 (£ 3) . RUIME IR, Ji%
YIZ TR 530 RAEATRE TR AL IR BE 3R i R B N

®3 TERENREMAENERS TENMEREIRME/ (kg/hm*)

Table 3 Nutrient reserve and release rates in litter layers at different vegetation restoration stages

Restoration  Decomposition N P K Ca Mg A7t Total
stage layer
LVR Ko 4.94(2.34) Aa 0.12(-833) Aa 032(34.38) Aa 433(17.55) Aa 031(645)Aa 10.02(9.98) Aa
PoM: 4.82(0.13) Aa 0.13(-7.69) Aa 021(19.05) Aa 3.57(14.01) Aa 0.29(20.69) Aa 9.02(6.54) Aa
o 4.82Aa 0.14Aa 0.17Aa 3.07Aa 0.23Aa 8.43Aa
it 1458 0.3% 0.70a 1097a 0.83a 2747a
LCQ KO 19.05(-5.64) Ab 0.59(-10.17) Ab 0.95(25.26) Aa 22.79(-0.75) Ab 1.75(12.57) Ab 45.13(-1.86) Ab
HIMRE 20.12(-21.31) Ab 0.65(-6.15) Aab 0.71(-1831)Aab  22.96(26.83) Ab 1.53(-1.96) Ab 45.97(3.62) Ab
BAMRE  2441Aab 0.69Aab 0.84Aab 16.80Ab 1.56Aab 4430Ab
ait 63.58h 1.93b 2.50ab 62.55h 4.84h 135.40h
PLL KIMRE  2274(-827)Ab 0.52(-48.15) Ab 1.05(40.95) Aa 14.97(-5.74) Ab 1.60(3.75) Ab 40.88(—-6.09) Ab
Ry = 24.62(-2629)Ab  0.76(-36.84)ABb  0.62(-19.35)Aab  15.83(27.04) Aab 1.54(11.69) Ab 43.37(-5.56) Ab
[y 31.09Ab 1.04Bh 0.74Aa 11.55Aah 1.36Aah 45.78Ab
ait 78.45h 2.32b 2.41ab 42.35ah 4.50b 130.03b
LAG KO 26.02(-26.94) Ab 0.60(—61.67) Ab 1.03(-2.91) Aa 21.27(-10.72) Ab 1.97(-13.71) Ab 50.89(-19.59) Ab
BOMRE 33.04(-3718)Ab  0.97(-27.84)Ab 106(-72.64)Ab  23.55(32.48) Ab 2.24(~14.29) Ab 60.86(~9.84) Ab
EMEE  45.32Ab 1.24Ab 1.83Ab 15.90Ab 2.56Ah 66.85Ah
Ait 104.38h 2.81b 3.92h 60.72a 6.77h 178.60b

5 R T T R (%) R IR S TR P BRI 2 12 B B (P<0.05) RN R 7 R I I B 2 2 5 3 (P
0.05)
LVR .LCQ .PLL .LAG M U J25] S 23/ 0K Bk

. . O ez O EMRE B R4ME
TR RIR 9.98% —1.86% .—6.09% —19.59% , )\ S |2

) D BN 6.54% 3.62% ~5.56% ~9.84% ,[%: LVR = § ” »

h.LCQ PLLLLAG IS s kbR v g B2 00 L [

BIR, F—REEAR TR LRI URHIS BN Eifo| po [T

BEHOK Jy-61.67%—40.95% S0t K s JGUc ca, SEE | |l P

Mg, T P BEAIG; A S JRE) D J2 - 72.64%—32.48%, &5 2

LVR DA Mg f 5, HO® K, 1 P 4%, LCQ . PLL LAG @g 20

LA Ca ik, FEUCH Mg, T P HEAIE (% 3), RUIBEER 5 . .

WKL, 3253 TC 2 B HOCR T W, (EL B % 8 75 400 149 43 i WROree e bAG

MR, AR T 3250 iR 5 FAARENERS TEREEERRSREREDND T

24 YMEZHERRESEAEBEYENGFE FI0K S Fig.5 The nutrient element reserve and its distribution in
%E/‘J *H %@ ﬁj\*ﬁ different decomposition layers at different vegetation restoration

SRl R T 2 BRI T — &R R T
RIS B BE TR A AR R S R R
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WEDZEUAE R FR It R SR AMSEE, 3K 4 iR, AR ZE YR Z R B MY 2 0F 8 N P (BR
Simpson 850N & i 5 B # (P<0.05) 8i#t B3 (P<0.01) IEAH, 5 Mg K. Ca & B AFETEM X (P>0.05)
F% Shannon-Wiener ,Simpson #8405 K & & &2 W 3 A 3¢ ( P<0.05) 41, HEARJZ W Fl ZHEPEFR B0 S S Wi dg b A
FEAE S ARG (P>0.05) o Bk Simpson 680 5 E W 2 A7 N P & it 2 3% (P<0.05) ik 8 3 (P<
0.01) TAAH AN, BA 2 Fh ZAEPEHR B0 S HAWFR bR AR W 2 A G (P>0.05) . RIATTARZ HEARZE FA
JZWFh ZREVEFR BOS PRTE A R FR e R S B E, H R IR AR 2 YR 2 R R R e

R4 TRABEMRBAZNEIAGFEE FHOTEIESYMSHEIERHAXRY

Table 4 Correlation coefficient between existing litter, nutrient elements and species diversity index at different vegetation restoration stages

R %ﬁ%ﬁl’ﬂ%%& i fé‘r%’ﬁm‘i N P K Ca Me
Layer Species diversity index Existing litter
ARz Shannon-Wiener 641 (H’) 0.720** 0.829**  0.704**  -0.062  -0.161 0.286
Arbor layer Simpson 8% (D) 0.624" 0.650 " 0.436 -0.237 -0.287 0.270
Margalef 844 (E) 0.679* 0.881**  0.717** 0.035 -0.067 0.375
Pielou 644 () 0.731"" 0.798**  0.674* -0.125 -0.218 0.255
HEARZ Shannon-Wiener 641 (H') 0.456 0.150 0.052 -0.687**  0.190 0.240
Shrub layer Simpson 783 (D) -0.398 -0.124 -0.239 0.588* -0.285  -0.124
Margalef 844 (E) 0.362 0.412 0.121 -0.331 0.275 0.493
Pielou 845 (J) 0.202 0.283 0.191 -0.107 0.294 0.123
LW N Shannon-Wiener 650 (H') -0.140 -0.159 0.080 0.164 0.285  -0.042
Herbaceous layer Simpson F8%( (D) -0.562* -0.697*" -0.556* 0.019 0.205  -0.116
Margalef 544 (E) 0.007 0.100 0.080 0.182 0.385 0.232
Pielou 84 (J) -0.245 -0.258 0.010 0.219 0.149  -0.212

AR B B b [R] — J2 IR A 0 2 RE AR RO e — R TR M (n=13), * P < 0.05, * * P < 0.01
3 itig

3.1 RGNS P V& )= BT

Wr5ER I, 7% Y))2 DA T2 2Ok TR v Ui SO R S R P e S TE ARG, 5 70 ik R S B A
KT DT VA IR B AR IR R AR IR R LAY A B RS R SE R R R A A A
AR BRI b L 8 9 B K O3t i AN ] DR T AR TR b o 7 1 2 A5 ik J2 0 7 1 IR Bt A
FEZES 2R YO TRV 2 DU R R A 0 A A 3 AR B AN B 4 5, 0 o SO
SRS BRI MBS R TSR, R PRV R AN R B TE M SR 1T, S B i
TR 3t 2 4 75 W = B B A e, B ok R PR U A 808 R R AT, 32 A Vi ) 2= DA B S AR T
PREGRIARGIS ™ FrEe A BIRedeag ™ JAIy 1550 MR A B, UR V& 0 J2 A2k A A O O i 5 i
BN, eSO G AR R R U VA 0 2 AR MU 1 R TITI U  40p J2 BRA d  AR HAR S TE A
KKF, AW, 872 A R B R S g N, 58 FLISL A AT A2 . — 5 I, AR 0K 52 AP 26
BN ARAKER) Z RS R, R AR FBIHE R (3R 1), BR v 2 IR 2 i ) 52 46 RIRUE LA K 7 A it
e, AU VR Py o (&1 2) AH TR AR YR R | X W EE YR B S TR Z Y Z R B
W ARSI T 2R (R 4) FTIRst . 55— D7 I, BEAEBOK A, e N A B8 OB IR IR RS ) 2k
AR TP RE NRE(E 3) A TR IR R

ABHFE R 5] e 2 8 7 Bt R L B A B S T o, 5 7K PR 2 R R A5 A i i 7
TP R AR B, BTSRRI, U R IRVE D IR B T 2 REK R VE W RS R A1 38 52 A0 SR 2 1
AT RRERI SN Y i T PLL DL AR S SRR Fl (32 1) v W LA TS AR B IO 2, A3 Al R IR, U
JZIRVE VIR Z 10 LAG JR7E Y AR 32 (3R 1), 20 R, U JZJR v o it o S JZ A0 D JZ I
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EYImAR R S8 PLL () U ZREYWIGE S T LAG, 1 S JZ2H D 2T LAG, EZ D Z KT LCQ, &
WIRE & AR, LAG Ji 75 Yy Re sl o e B S o It , S A R T HHER A e SRR

WFSE R AN [RI B R 7 90 53k s BE AN ] HASTR] 50k J2 08 7 ) IR St B ) 9 00 00 e T B4, o 0 9%
W) )2 BRAT-H (0 A0 b, T RES 45 20 o BEVRVE D R s R B KO R Y AR op, R IR & B BE )
— AR S RE YRR E AR S 2D EWAE S AT U 2, HEMEKE , |5 iy
i, R EE R E , U ZED I S )2 D JZ T 66 S8, I Yo s Rt = " R Wi ol
S, BT R R VR DR R 22 U 2 IR VR P A e ke /b X LD R AT R R - RV W o e — A~ 52 2 i L1
K i, B A2 Aty 3 Fharfig X0 St K SR R K TE A s bk O 5 A
PR 53 il SR 3R A 1 s B DRV ) o0 il 21 AR 28 R IO 3R S5 X L i ) 0 B AS BRI B 3R (45 43+ v 40 5 10 9
EW R R R S80S ZE D JZMELER,
3.2 HEBEIKRE X IE Y E SR TR B R BRI

WK & 37 53 T0 R & 1 O TR 0T B8 55 43 g WA, TR B X6 53 43 W S A ) B B e L
et R AR REHRACY R — I AR SN R I A A TR AR SR
JCE RN EEMRAYHET R N Ca K Mg Fl P i i 22 W 3R X JF AR AR A . Ca (N Mg K Il P, A5
t,LVR .PLL LAG )2 L N & e, HROE Ca, G & Mg K Fil P;LCQ DL Ca & &y, HUKE N,
JrdE Mg K F1 P, Al G2 i TABFSE Kb 4 3 N AR5 i P A = te sk, B AR, N P K &
ARG, Hoh KA N RS AR, T Ca WA 4R SEUAVE YR N Ca S A5 K S B, Wi P &
RN AR TSR NP SRR b R R R R R N, S R AR e AT g
SRR —F, WEHEERE , K FX & A2 AR 2 I Ca Mg & i S B0 In— T F—38 in A4 0% 3l
BT B R [FAE B B I B AL (36 4) DL RGZFR 9 TC K W | FEIRMSORI] FH R Al A G, A Rt
—B 9, AR PLL YRS 0 R S KT LAG, 5HIE RS S o 45 5 — 5, A5, B
LVR #b, J75 )23 N i (11.07—14.12 g/kg) @ TRIRARAHY) M N(10.9 o/kg) &, 1 P P35
1(0.26—0.37 g/kg) X TABRAAMYI I E T P(0.85 g/kg) &™) KWW XK HEYE N & B T
[5% S ST s 0 S (17 G

oI, b VR D) i 455 0 0 2 & AR AL 5 HOBIOBE A 20 e N B R B R Y5 4 o
it AR AT P AR S . — Rl e & ARG R, O — Rl B R T 4 o i R ™ K Ca Mg bl
P& o3 f I R B 10 P 3 R T2 AR AR K Y UZE Y A S R | K OV S s ) B RV ) gk
T AR ABFTE N S Y i U8 7% 90 50 i 10 A, 7T RE R 0 90 IX T K 2, A4 1 10 3R
WZ , R VE SR EU Y s 5 — O i, 7 KRR E AU Y W he S e s sl , A R T L3 sh s ik
TESh A AR ORI, A s R, BN SRR K SRR, 5 K B Sk m
EE TS LA M B S B ah A 57 [RRE, Ca Mg 7 1 FEYH 7 9043 ff i WA, — 05 1 ] E & 32 itk
VEREM , 55— 5 1 A] fE 2 ek el Y L P S R T IS T R B R — SO0, nTRE S RIS YR N/
P HA LD AW ATEYZE CREAE U J2)N/P KT 30, HBEE B S i i, 2RSS X AR
IR B B, V& D) i A2 N BRI, A2 PR B ARG S PR BRI PSS, i LVR L LCQ ¥
KWz PO BRRIAR RS | A B AR R I PLL LAG =2 P BRI XS 4008 | 4 & S5 5 B, X al et & N
i B PR TS o T R BRI R 2 —
3.3 HEBIKE X JR I Y E SR o T R i R RS A

IEYZF G S RTE Y ZIA RS IR & A 0%, A5, BE YR E I8 75 P B RS
(3 R & TAIRS RN (K 4) , B, &Y 35500 R ah RS Rk 2 msgn, 558
O IR A R — B, R EZ I Y W TR YR N Ca SRR ST P LK Mg,
R A& )2 3% 0 Bl el N Ca SR TTHR, S X075 5 RS Beom 45 iR E 45— 80, ARWFge v, I
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W2 N P Ca Mg it R RlE AWK E AR LA 5 H & B —30, 0 K iR S H G EA -8, RN,
P Ca Mg fifi i e th H S AR Y& 2 BUA7 s 2R R 52 1 K i 22 VG W) )2 IRAF i T

WEoE I, AT o A b = AL AL A IR 3R 03 T R A B AV % 20X AR, PRI T 2209 -4 ) A
YIRS RAVE Y EF A U R S R EREAC/HRZE S AR MERHWIRE , U JZREY RS R
SE RS D EBEHE N, SRR 1) LVR A5 0 R (I 3) , R Bl R K (% 3)
Bl AR BEVK S, LCQ \PLL Hl LAG 435 F25r BEHOR TR (3% 3) , I LVR F20 B R £ 24 U 2, I bl 45 A
PR  FE PR R 20 S 2 D 2R, 2) B AT i R R4 i T B (R VR Y B e A G
(F3) WM R F B S 2D )2, SISO i 7 50 Aot g R —5, R REE A g
52, VT 235 0 2R 1) S B I SR R B A 3R 0 ) U A

WFE R AT o i B R R SR B 2 R 3 B Bl R, s iks R SRk 3 At i,
AT R — WK BB, &35 0 T E BEBCR B TE D o0 i A8k 45 5 (2 3) o BEE TRVE W40, TRIE D)2 N
P it Bk EHEIN, K Mg Fl Ca WIS BUARFRE AR AL, 38451 I oe & R — 3k, BEE R IE Y /i, )4
TEYIZE N AEEBE N, S R T, S 3R B ECRIEN, UL RS P R O B R 561 BB RIS
O3, P A R ETEIN, P P A K T A R, K Mg il Ca HA AR MUA, B R AT Rk
e[RRI S B B 20 3 254 110 2 5, 3 B0 0 A R e i o 6 () R TR 11 3 e L 37 43 o
R ABUREPE

4 Zig

WEE RN, U8 T 02 P45 ik U2 UR Vs W BAF B B TG I, LAG J2& LVR 19 4.97 i JRVE W 0 iR 1
B, A3 1 2 JR T 0 ) > i ) N 28 0 it 2 RS R i D0 35, 41.59%—51.02% V5 ) . 4% o0 it R R e ot . o4
VW2 I A5 O i 2 DRV ) SR Ay U R & i B K O R IR R AR FRRRAE o N P B A R
K &K, Ca Mg &2 — @I shit . BEEABGIKE , JRTE Y2350 0 £ B =, L LVR 2] LAG,
BEINT 151.13 kg/hm® , FEJEH N Ca 5Tk, 4351 d7 S 1Y 46.96%—60.33% Fil 32.57%—42.60% , H 3% 531t
T A T2 GO, TR U R BECR TR, A A T FR AR RAEE, AR ERZ FAZEY) o £
BEHEAR BN RIS W2 I 320000 2 & s AR [R] L rh e R 2 Hsg i i o B B, R IR R e T
TIEWEFREAERE D], AR T SR R SR (RS R G SRR FEA A R ARSI, S R
Ge W) TG IR B R VK 2 e i Ak . RO, A1 R AR A K O, 4 v R A R R 2 R OB S8 A R E 1Y 2 IR
8, B IRV P S IAE i SR BT , SRR RN A e bk - 30 ) 1 B R AR
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