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Abstract: Soil carbon (C), nitrogen (N), and phosphorus (P) conditions reflect soil fertility, and their stoichiometric

characteristics play a vital role in indicating soil nutrient balance, and achieving sustainable forest management. Soil C, N

HETH . BZKE S0 & T (2021 YFD2200405 ) 5 o B ARl B0 5% Be FEAR B 55 9% % 35 ( CAFYBB2022SY021)
175 H #5:2024-11-26; % £& H AR B #8 : 2025-00-00
# WIRAE# Corresponding author.E-mail ; shizm@ caf.ac.cn

http ://www.ecologica.cn



2 xR 45 %

and P stoichiometry are significantly altered by forest succession, however, the results are not consistent. The knowledge on
the dynamics of soil C, N, P and their stoichiometry along subalpine forest succession in western Sichuan is still lacking. To
explore the effects of subalpine forest succession on C, N, and P and their stoichiometry, and to reveal the mechanisms of
nutrient accumulation and cycling in soils during forest succession, thereby providing a theoretical basis for evaluating and
enhancing subalpine forest ecosystem service functions, four forests along a successional sequence—pre-successional
broadleaf forests ( Stage 1), mid-successional mixed coniferous and broadleaf forests ( Stages Il and III), and late-
successional dark coniferous forests ( Stage IV)—were selected as study objects using the “space for time substitution”
approach in subalpine region of western Sichuan. The changes in soil C, N, and P contents and their stoichiometry ratios in
different soil layers along the succession sequence were studied, and the successional patterns of soil C, N, and P density
and the key influencing factors were analyzed. The results showed that the succession stage and soil layer had a significant
effect on the contents of soil organic carbon (SOC) , total nitrogen (TN) , and total phosphorus (TP) , as well as the C:P,
and the N:P, but had no significant effect on the C:N. The SOC, TN and TP contents, C:P, and N:P showed an overall
trend of first increasing and then decreasing along the succession sequence, while decreasing with soil depth. The SOC,
TN, and TP densities within the 0—60 cm soil layer across the different successional stages ranged from 7.27 to 15.86 t/
hm*, 0.41 to 0.99 t/hm*, and 0.21 to 0.41 t/hm’, respectively, with the higest values occurring at stage 1. The Mantel
test results showed that the SOC density across different successional stages was significantly affected by N:P, C:P, Rao’s
quadratic entropy index, functional dispersion index ( FDis), and available phosphorus. In addition to the above factors,
TN density was also significantly affected by available nitrogen and plant richness, whereas TP density was only significantly
correlated with C:N and available phosphorus. The results revealed the effects of forest succession on soil C, N, and P
contents, density, and stoichiometry, emphasizing the important role of relative soil nutrient limitation and plant functional
diversity in regulating the accumulation of C, N, and P along the succession sequence. This can provide scientific basis for

the improvement of soil function in subalpine areas of western Sichuan.
Key Words: stoichiometry; C, N and P; soil depth; forest succession; subalpine
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Table 1 Basic information of forest sample plots across different successional stages

L7 TR M B Successional stage

Indicator BBt I Stage 1 BBt Il Stage II BBl Stage I BBtV Stage IV
I Forest type ([N B TR 23S bR B iR 2T bk W it S5 b
A8 HR Coordinate 31°45'N, 102°50'E 31°37'N, 102°51'E 31°46'N, 102°50'E 31°35'N, 102°51'E
i Stand age/a 20—30 40—350 60—70 >120

4% Elevation/m 3201 3240 3399 3328

Wi Slope/© 29 34 33 35

W1 Aspect NW NE NW NE

WP Density/ (#k/hm?) 2150 1925 1440 475

-4 £ Mean DBH/ cm 9.70 10.45 14.53 34.59

SE-HH S Mean height/m 10.2 9.8 12.4 18.6

DIRER A 2.24 2.73 2.33 2.80

Functional dispersion index ( FDis)

Rao —WKMH48%L

. i . 11
Rao’s quadratic entropy index ( RaoQ)) 3.06 5.7 383 5
PR A Z1ME Betula albosinensis Kt B2 HE B. wtilis 21 HE B. albosinensis IR 2
Dominant tree species FHEW Acer davidii WRYTYS K2 Abies fargesii  WRITIS K2 A. fargesii A. fargesii var. faxoniana
var. faxoniana var. faxoniana #1B% Rhododendron spp.
EREN

Picea purpurea

TERRAFE M P BEHLEERE 3 A RAEE A F2H 60 eom R BRI, 432 R4 0—10 cm , 10—20 cm ,20—40 cm
1 40—60 cm SEAR[R] 2 0 - HERE S, Rl —FE b AR R £ )2 00 R R TR &, H SR 4R 10 38R i A [R1 52 56
FHT I, AR R T (100 em® ) SREEART 2R+ i+ HE28 5 (BD) A E
1.3 YN

ST R A 45 R IR RE P B PR AR AR 5—7 bk, &R M 5—7 K, A —FEst A R4
P A SR R —A~ F B4R 5 |, e A A DK B ORI & rhly 100 SE 50 3 A Tt R DhRe MR PR ds
HRL(LA) (FJERE(LT) T4 & & (LDMC) | Fe R (SLA ) (i ik (LFC) (A& (LEN) Flf (LFP) % &,
VEPEYIFP = & B (Species richness ) FAEYIFP ZAEME  JL T HEVE INACE-YE D RE AR T RAE R R 2
FEAEPEAR 23 1] (14 Foe KBS TURE (1) ) BE B8 HUHE B0 (FDis ) AR AERE & Hh IR — B0 ) Rao M5 4L ( RaoQ ) Sk 48
NP REZFEE | MISEAR PRI E S WIS Y AR () fn(2) ™ 85 1,

FDis = L (1)

4;

RaoQ) = 521 i d; P, P, (2)
A, a M 2535 Y F {19 22 i FEC B AIAUFC RO B 25 5 S V% rh R g, P AN Py 2 R A i R
AMARELE L, d PRl i A G IR EIR A R 25
1.4 3G A E T ik
SR BE TR R e 325 o 30 pH R A HLA 0 vk (R g HI2221 FREETT) Ml , 7K: R (VW) 2y
2.5:1; EHEA PR (SOC) R H FEAK TR A AL TA M E 5 220 (TN) SR FH IR A it — L FC e 20 A , K PE &L (AN)

SR FHBRR B 55 57 - WL AE 5 42l (TP ) SR AR - S B 1T L Gk DN 5E A 28 (AP ) R AL B R FR IR #1241
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DX =Y (X, x L, x BD, x 0.1) (3)
i=1

i, DX T3 C NEL P % (vhm?) X, M55 i J2 SOC. TN 2 TP & & (g/kg) ,L NS i 2 TJERE (em)
BD N i 2 IR (g/em?) 0.1 JBAN R R A

A AT ERFIE (C:N:P) 2 SOC TN F1 TP [ L3, SR WU 5 2550 Bk e 8 | 2 A8
HAEHIX -4 C N P & i LA R AR A SR FHERL DR 2R T 22 0 A e TR X - 48 € N P R
Wi, 5% F Tukey HSD 472 HL# . (H Spearman #5&ME4 M AN [ ZR AR ERBY BE 3 € NP & it K HAL
AR AE 5 A - SRR B AT 19 56 2R JE8 ] Mantel #6530 A% BT 5200 38 C N P %5 116 6 SR R A 3
B, B0t 52 E R Bl ] SPSS 22.0 58 B, DI 6E 2 P45 B0 1152 F1 Mantel £ 35 18 R 3 fF
FE M o
2 ER55H

21 +HECNPFE

WO BOF 2% SOC TN #1 TP &8 B W E M (P<0.05, K 1), SOC & &#7E 0—10 cm Al 10—20
em +ZRIA BB 1A IV 5 ZART BB 11, 37 3 & TR B 1; 78 20—40 em )2, BB LA IV W&,
HIR J B B 1L AT 7E 40—60 em )2, rBE T ANV B35 TRE I, BB ITAY TN 7E 0—10 ¢m . 10—20 cm
F120—40 em )2 B35 T HABBY B, LA, 76 0—10 em +)2, BrBC 1 I A IV 0] G .38 22 5, 7E 1020 em
)2 BB T BT BB IV, B S BB T 25598 38 76 20—40 em )22, BB T AT W3 TR BE 1V,
40—60 cm T )2 TN FKH-MHBE 11 832w THB 1 L, TP 7E 0—10 cm F140—60 cm + /)2 BB 11 1 3

] O R 192200 G — =3\

A Bk 2R U
Soil organic carbon/(g/kg) Total nitrogen/(g/kg) Total phosphorus/(g/kg)
0 20 40 60 80 100 120 O 2 4 6 8 0 0.3 0.6 0.9 1.2 1.5
T T T T T 1 T T T 1 T T T T 1
Ac Ab b
0—10 Ab A Ab A ab A
Ab Ab Aab
Ac ABc b
10—20 3 ABa - ABa ABa
——— HABb ABb I:ﬁ ABb

+ 2 Soil depth/cm

Be Be
Cb BCc
HBa ABb AB
Bb Bb b
40—60 o Ca c Ca Ba
Bab

ab
Ba  HBab
B P<0.001 W P<0.001 W P<0.001
12 P<0.001 12 P<0.001 1 )2: P=0.005
HEEXLE: P=0.108 HEXLE: P=0249 HEEXLE: P=0953

E1 AEEEMRAKLECNPEELNLERENETN
Fig.1 Changes in the contents of SOC, TN and TP in forest soils along the soil depth at different successional stages
AR K T FR [R] — TR B B[] 12 ) 22 5 3 R TR) /NG g 30 () — 2 A R 8  B B i) 22 7 {2 35 (P<0.05) , JEXoF o “F Bk b
FIREFARBE(P>0.05) ;S0C; FIEA HLBK Soil organic carbon; TN: 4% Total nitrogen; TP ;427§ Total phosphorus
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E T BB 176 10—20 em )2 BB T & fe i, 16 20—40 em HEZ AR BRI Z AR E (K 1),

BR T BB 1AN 104 TP fEA TR £ 2 B2 5 AN B340, SOC TN Hl TP 76 + )2 F 2 /My (K 1),
FrBE IV (1) SOC BB T AY TN FIFBE 11 () TP EF A 0—10 em + )2 B 5 F 20—40 cm 1 40—60 cm, ¥ 5
10—20 em HE LB FEZES . B IV TN F1 TP H 0—10 cm & H T 40—60 ecm, BBt 1 Y SOC 7E 0—10
em F110—20 em 23 & T 10—20 em F120—40 cm, BB 11 /5 SOC EIH 0—10 em 23 5 F 20—40 cm
40—60 cm,10—20 em {B3E = T 40—60 cm; BB 111 1) SOC 7F 20—40 cm 1 40—60 cm [H2Z A RE . BB
11 A1 IO A TN &5 7E 0—10 em 439 8 2 5 T 20—40 cm A1 10—20 cm, 7E 40—60 cm 5K, HEEH BRI
+JZXF SOC TN Fl TP & 8 A28 HAE R A 3 (P>0.05, & 1) ,

22 4 C N P AL EHE

BB 2R C:P A N:P HAT B350 ( P<0.05) , % C:N B MA B (P>0.05, K 2) . AS[EE
BB BLE C:P I N:P HAE 10—20 cm fl 20—40 cm + /225 83, Hp [ 10—20 em +)2 C:P FHAFEL 11
IV I 3 5 TR B 1, 1 7F 20—40 em 2 AR BB 11 B E & T B I, N:P 7E 10—20 cm F120—40 cm
TEHRI BB 10 E TR B AL BB IV B2 Tor B I, AR 2 C:P 7ERY B 1T R H 0—10
em B2 BT 20—40 em F140—60 em, FEFTEE IV HEIH 0—10 em 825 F 40—60 cm, HrB: 1114 C:P Al
BrBE 11 A9 N:P RPN 0—10 em 5T 20—40 em 1 40—60 cm, 10—20 cm i 3 = F 40—60 cm; 1 B Bt
I ) N:P HAE 20—40 cm A1 40—60 cm [B1ZE 5 AR E, RGBT ZEX C:N C:P #l N:P 32 BAE
Wi A .2 (P>0.05, 8 2) .

B 3 R B Brgen 3 BBV

AL CN BBk C:P S NP
0 10 20 30 40 0 20 40 60 80 100 0 1 2 3 4 5 6
T T T 1 T T T T 1 T T T T T 1
| ——HA

e b
10—20 Al a?Ba Bab ABa
ABa ab
c c .
20—40 BC cBa Che BCa
ABab ab
B

+:)2 Soil depth/cm

W P =0.069 W P=0.001 W P<0.001
+)E: P=0.569 +2: P<0.001 +J2: P<0.001
WEX 12 P=0989 WX LR P=0826 WX LR P=0.787

B2 AEEZEMELTECNPUFISHEELIERENTL
Fig.2 Changes in SOC, TN and TP stoichiometry in forest soils along the soil depth at different successional stages
AR KRG T FOR R — T B B[] 12 ) 22 5 0 35 R R) /NG b 0 [R) — 1 2 A [R]3E  B B i) 22 5 {2 35 (P<0.05) , JEXoF o “F R b
FIRZEFRARZE(P>0.05) ;C:N: A ratio of SOC to TN; C:P:BitH  ratio of SOC to TP; N:P: & #i L ratio of TN to TP

23 tHEC NPEE

ANFEEEB B 0—60 cm 1J2 SOC TN F1 TP %5 8 22 5 W& (K 3) . BB 1T FIBEL IV 1) SOC %5 B 4351k
215.61 /hm* 1 180.54 v/hm’, B = TR B MI(111.65 t/hm®) FFEE 1(103.08 t/hm?*) . BB 1(5.78 v/hm?) (111
(5.63 /hm®) F1 TV (8.89 t/hm®) [] TN #5223 &, (HI B E(LTBrBE 11(13.34 v/hm®) , BrBE1(4.15 /hm?)
FIBE 11(4.75 v/hm*) (Y TP %55 i 25 TRYEE T1(3.20 v/hm® ), 35BBE TV (4.06 v/hm®) 23R B E
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WM B Successional stage

B3 FEEEHE0—60 cm T E1H C.N.PEE
Fig.3 The density of SOC, TN and TP within the soil depth of 0—60 cm in different successional stages
AN IR R R AN R R B Bl 22 57 1 35 (P<0.05)

2.4 13 C N P &EIMATTERHES SR KRR

ANEEER B BE SOC TN F1 TP 5 2 S HAb 24 11 R iE 5 - 38 AL 3 AH S % 43 B 8 (1] 4) , SOC | TN
TP ZERY B 11 8] 25 IEAH 56 BB 10 /f SOC A1 TN TN 1 TP 439 52 i 2 EAH S BB 1 IV ff HA SOC
TN B EIEASE, BD AR EL 1 5 SOC B A C, MAER B 111V 5 TP BE A, BRITE 1Sk, pH
5 S0C . F A, FFAERBE 1A IV Hh3 55 TN TP 38 TaAE . AN FI TN 76 A [ 6 B o B h 1 5 i 2%
IEAHE, BRBYEL I 4N, AN 5 SOC B3 1EAHC, 1 AN HAERE: 11 H 5 TP 2 B IEAHE . BrEs 11 MpE IV
L AK 5 TP W IEAHG,, ANFEEZSHB NP 5 TN B FEAE, BB LA I TN 5 C:N BE AL,
TP 5 C:P HAEMEL | W A,
2.5 3 C N P EERI R R

Mantel Kz 507047+ 4 C N P %% S54EY R FRIMHE R WL R ER (KB S) ,N:P(r=0.72,P=
0.001) .C:P(r=0.70,P=0.001) ,Rao - WJHFEEL(r=0.61,P=0.003) IHAEES BLHE XL FDis(r=0.39,P=0.021)
AP (r=0.33,P=0.020) % SOC % EA WE#m, TR+ N:P(r=0.84,P=0.001) .C:P(r=0.52,P=
0.001) AP(r=0.34,P=0.016) fl AN(r=0.33,P=0.032) , L\ XAEH [ FH 1Y Rao —IRIEHEE(r=0.56,P=
0.001) DIBEBS AR 2L FDis(r=0.32,P=0.020) F¥Fh 5 (r=0.29,P=0.031) X} TN % B W& 50, TP
W H 5 C:N(r=0.43,P=0.005) Fl AP(r=0.27,P=0.034) B FHXK,

3 e

3.1 FRMIEEEAN L ZN 4 C N P SR R 5
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