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Abstract: The effects of vegetation restoration on soil nutrient elements and their ecological stoichiometry are receiving
increasing attention. In order to understand the characteristics of soil carbon, nitrogen, phosphorus storage and eco-chemical
stoichiometry under different types of restoration, four representative restoration stages in Samachang watershed in the

degraded mountainous area of central Yunnan, China were selected among typical vegetation ( shrubland, yunnan pine
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forests, mixed coniferous and broad-leaved forests, and secondary evergreen broad-leaved forests) , and the changes of soil
organic carbon(SOC ), total nitrogen (TN ), total phosphorus ( TP ) stocks and stoichiometry in soils with different soil
depths were analyzed under different vegetation types. The results showed that the types of vegetation restoration have
significant effects on soil SOC, TN, TP stocks and stoichiometric ratios. Vegetation restoration significantly changes soil
carbon, nitrogen, and phosphorus storage capacity and stoichiometry, and overall decreases with increasing depth. At 0—60
em of soil, organic carbon stocks are the highest in secondary evergreen broad-leaved forests, reaching 123.41 t/hm’,
followed by mixed coniferous and broad-leaved forests ( 115.69 t/hm’) and Yunnan pine forests ( 93.08 t/hm”), and
shrubland (89.56 t/hm’ ) is the lowest. Total nitrogen stocks are in the order of mixed coniferous and broad-leaved forests (4.
91 t/hm”) >secondary evergreen broad-leaved forests(4.58 t/hm’) >Yunnan pine forests(4.43 t/hm’) > shrubland(3.98 +/
hm®). There are significant differences of TN stocks among 4 vegetation types. Total phosphorus stocks in yunnan pine
forests are the highest(2.57 t/hm”) , and the secondary evergreen broad-leaved forest (2.2 t/hm”) presents the lowest value.
The soil C/N under the 4 types of plant cover varies from 15.77 to 30.18, C/P ranging from 29.24 to 65.33, and N/P
ranging from 1.28 to 2.68. The secondary evergreen broad-leaved forests shows the highest on the 0—60 cm soil layers. The
analysis showed that the influence of different vegetation types on soil carbon, nitrogen, and phosphorus storage and
stoichiometry is a complex ecological process. Vegetation restoration significantly changes soil carbon, nitrogen, and
phosphorus storage capacity and stoichiometry, but the overall trends go down with the increasing soil depth, and the best
physical and chemical properties of soil are represented in the secondary evergreen broad-leaved forests. The growth of
vegetation in this area is mainly restricted by nitrogen shortage. The results of this study characterize the features of soil
major element changes in the process of vegetation restoration in the degraded mountainous area of central Yunnan, and
contribute informative support for revealing the relationship between vegetation restoration and soil ecological function

evolution.

Key Words: soil nutrient; soil stoichiometry; vegetation restoration; degraded mountainous area; central Yunnan Province

TR (SOC) 2R (TN) A2 (TP ) 2 T3 FEE SRy, & LIAE AL 7 ) i) B 229845, 7ERG
WA ZS R G R R AR KRR AR PR O T AR SR Y XS i HIE SR AR M4 2 2 (R AN T
W R A S Rt E ) B e AT A A i AL 2 TR, SO m T L A R SR A W ), A
Y15 LR B UIAE DG 3 C N P LU (E B S T ATy Il R T A TR AR B K
LUK, LSRR A AL A TR B2 M D — S E B HORMEBEFR A0 3 AR A e 55 R Rl 22 (]
RS EOEE (A o 1 B 7 WS SR SO 9.0 ke 2 N A T L VAR S A T e 4 L ORI o 5 1 9 N i
MBS E DB A= AR AL, X TIPS 2 B o 3R S R A TR R R B g Y

LR IR PRSI 4 Bk AU A2 A B U B /K b PR | b M8 oo o3 R DX 22 5 e e T 32 31 ) 42 5%
PV SRR DCHII R, 13 SOC TN I TP fAfif 2 RG22 Tk LU 5 ARk S 28 B DA OG> | B0
C N s PARAE T 2 AR 8 A R 2 52 2 , SRR T RAAIE | R i 35 R D R 2 2 1
LHE C N R PR A2 A T RESE A A REVE B R LR T AR T S U AR R 4
YIS 3 C N P FRMER AL T SRR 22 5 L R TR R S X T
SOMAAT 22 57, — SeRP o0 R B AR S T AR HE A VR T 3R A BB B Wi 7 4w R 3 soC
TN 1 TP A2 AR 5 3 W) L S R T S AR A Al 25 S B 30 43 ik i R
W, T AN TR R R A A 8 - S A SRR A R e 7 PR R A ) S

e FE L+ ol DX ARV 3 ) B VD YRR, 2 R R R T K PR A A S B X, e B
AR, ARl St B R MO 1 DX o S TR AR 07 T 4 ), i) 2 20 4D 50 AR AT AR i sty
HIBEBIRTRRS, i AT DAY 4 3t BB AL 3 B W) R R M KR iR AR S R G e R iU

http ; //www.ecologica.cn



13 1 it S SRR AR A R BRI 4427

FREERAE 2 S TR R GRS R G TR, e AU AR L R BRI AR AR B
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H TSR BRI 45 SOC TN Al TP it 2 Ak 22 128 (0 AR AL R AE | 2 8% 78 3% X 3 W 1 AT 2
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IRA, KB YR 2R 2% 5 5 e 4877 [l S 88 %, A AR KT IR IS L 0, F 1 R S B8 Ar i DU 2
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SOC o = SOC, X BD, x D,/10 (1)
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Table 1 General information of study plots

MAEEL

| - R S AH 4% s g
’fﬁ%ﬁx’i it it 17!:4%““5‘1’ Figgke PN Forest s Yrkhd & JE
Vegetation . Dominant Mean Mean . Species

Altitude/m Stand age/a . . density/ Coverage .
type species height/m DBH/em ) richness
(#k/m?)
T3 X ( Cyclobalanopsis glaucoides) .
KY 213545 s RO Pk 8 ) 6.99+3.41  7.88+2.90  0.68:0.30  0.82+0.37 23

T K ( Keteleeria evelyniana)

T K2 ( Keteleeria evelyniana)
7K 213545 40—50 Z i (Pinus yunnanensis ) | 7.14£2.12  10.28+2.63  0.42+0.27  0.85+0.25 14
T X ( Cyclobalanapsis glaucoides )

YNS 216010 40—50 ZiMiF (Pinus yunnanensis ) 8.18+1.46  11.85£2.72  0.26+0.10  0.57+0.13 9

= ( Pinus yunnanensis) AL
HCP 2160+10 10—20 THINAZ (Keteleeria evelyniana) %, — — — 0.69+0.14 12
By ) ( Eucalyptus smithit) S

H B ERIRIT AR Secondary evergreen broad-leaved forests ; ZK , £ TR 3 H Mixed coniferous and broad-leaved forests; YNS, =B #ABK Yunnan pine forests; HCP,

KY, %
FEERT A Shrubland ; DBH ; Jii#% Diameter Breast Height

1.4 i

K Excel 2019 1 SPSS 20.0 34X 55 2E47 b 3, I FH B PR 2 7 22 93471 ( One-Way ANOVA) ) LSD %
XoF AN [ L 288 780 R A e SO R s Sl i i S ALt i FE A T B MG 50 (0= 0.05 ), PR AL I 5 ik Ut i
AT A 22 ] (A A SR Pearson 2087, SR FHBLE R I 2593 HT ( Two-Way ANOVA) #F 5% T A 9 25 AL A + 18
TR K AR EAE FE A S B AL 5 R 38 SOC TN TP i Fil C/N .C/P Hl N/P LA RIS (P=0.05) .

2 HREHS

2.1 N[BT 1 e b o

ATl Bl S R AN ] + 2 0 3 B S 0L 36 2 s, W o] LU Y, Bl R B A 3 i, 4 45
pH 1 HHEZE T MG O, 85 /K3 3R ALBRE (SOC TN 1 TP 5 B A B -+ 3 R P e i/ . WK
A A R HERR pH (R8T HA 3 AR 7E 0—20 cm JZFAK (4.51) 5 T3 A /K ST A [R)AH B 28 75 )
TREES; HIEFEE 2 B 40—60 cm 2 K (1.49 g/em’) , FEBEHE B 0—20 em 2 ik (1.22
g/em’) 5 HHERFLBRBE 7 A B S A AR 0—20 em 25K (48.75%) , 25 FEFAHK 40—60 em JZ2 Ak (37.95%) ,
T T N A Z IR I K

- R BB 1 He A () — A AN () )2 R[] — - J2 AN TR A B ) £ A B 25 22 5% (32 2) ,SOC TN Al TP 75 3¢
T (S PR AT IR 2SR 0—20 em J2, 43514 20.8.0.79.0.36 g/kg; SOC Fl TN KA 1 = B FA MK
40—60 cm )75 (9.87.0.42 g/kg) , 1l TP & T AE R A B LR FFA AR 0—20 em J2(0.26 g/kg) Ak, 4 FEBEEA+
1 SOC & HE7E 9.58—21.33 g/kg Z ], A8 F BN 0.25; TN & HH1E 0.42—0.82 g/kg Z ], B F 2% H 0.21
TP F AT 0.24—0.27 g/kg Z 0], A8 5 ZHUL 0. 11, BRABE S A R RN C>N>P, A2 RUA - 4
TR R 50 3 pH A H B ALBRE  SOC TN Fil TP ( P<0.01) , P 2 8] 59 58 H.AE 4% B 35 5200 pH |
SOC . TN #1 TP ( P<0.001) (£ 3) ,
22 RIEMEBEH ek A Wi R LA TR RE

AN TR 2 A - ek R i e AL A T R R AR DL 4 RNE 1 i, W3 4 AT LR, 7E 0—60 cm 12
b4 FAE DL SR A A W i e AN A 2R T R LU AR AE B 22 R (P<0.05) , 118 SOC fiff f 78 K 2B 5 & id] I Ak
(123.41 v/hm?®) i, b 20 TH MR AS K (115.69 /hm?) Fl = R FAKK (93.08 t/hm?) , 537 HE 55 A (89.56
t/hm?*) MK, 5 AN PRORISESTE  DAB] JC B835 25 57 5 48 TN B i R BUOM BT IR 3SR (4.91 vhm®) > TR A 2
FEAI AR (4.58 v/hm? ) > FAAR(4.43 v/hm? ) STEHHERL N (3.98 t/hm?) 4 FiAE HE AL [0] 25 5 b 35 5 100 TP i 5t
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TE = R, R 2.57 v/hm? | B35 80 T oAl 3 FioRE B 2678, AR SR R I MR ARG, oM 2.2 v/hm?, YR A ¢
AR EFRRIR SRR FE S BE B A Z R TE i 2% 0 C/N C/P FI N/P e i B 15 2 Uk AR o S B v, 43 1) 2
27.22.56.16 f12.08 , HoH [ C/N Fl C/P i 3 i T HABA A 1 N/P H ST M 22 2 B3 C/N H
C/P B AR SE = FEAAAK, 43501 R 21.36 F11 36.92 , N/P 5l My S e s N Ry 1,71,

FR2 4 FEWAER B R
Table 2 Physical and chemical properties of soil of 4 vegetation types

_— e LAk 2R X THATE w58
Y R b k% ‘ "
. . Organic Total Total . Soil bulk fLERE
Vegetation Soil . pH Moisture . .
\ denthy carbon/ nitrogen/ phosphorus/ ent/ % density/ Soil total
e epth/cm content/ %
P P (¢/kg) (¢/kg) (/kg) (g/em?) porosity/%
KY 0—20 18.44+1.37Ab 0.74£0.01Ab 0.29+0.02Ac 4.51+0.02Cc 19.26+1.21Aa 1.29+0.2Aa 48.75+2.88Aa
20—40 14.41£0.72Ba 0.5+0Bb 0.27+0.01ABb 4.86+0.01Bc 18.06+1.38Aa 1.35+0.03Ab 41.74+1.1Bab
40—60 13.41+0.11Ba 0.48+0Ca 0.26+0.02Bb 4.93+0.02Ac 18.55+1.8Aa 1.38+£0.06Aab  44.8+3.39ABa
VA'S 0—20 20.8+0.58Aa 0.79£0.03Aa 0.36+0.01Aa 4.98+0.02Ab 18.86+0.63Aa 1.25+0.12Aa 47.85+3.63Aa
20—40 13.58+0.16Bb 0.62+0.02Ba 0.28+0.01Bb 4.91+0.02Bh 18.71+£0.59Aa 1.29+0.06Ah 43.72+1.1Aab
40—60 10.14+0.51Cbe 0.47£0.02Ca 0.27£0.01Bb 5.00£0.03Ah 18.17£0.56Aa 1.41£0.13Aab  42.76+2.72Aab
YNS 0—20 12.95+1.9A¢ 0.71£0Ac 0.29+0.02Ac 5.04+0.05Aa 18.11+0.35Aab 1.27£0.02Ba 45.43+2.52Aa
20—40 10.61+0.09Bd 0.48+0.02Bh 0.33£0.03Aa 4.99+0.02Aa 18.7+1.84Aa 1.46+0.08Aa 39.05+5.92Ab
40—60 9.87£0.12Bc 0.42+£0Ch 0.3£0.02Aa 5.05£0.02Aa 17.72+1.49Aa 1.49+0.07Aa 37.95+3.01Ab
HCP 0—20 13.17£0.24Ac 0.6+0Ad 0.33£0.02Ab 4.95£0Ch 16.69+1.36Ab 1.22£0.12Aa 46.06+3.26Aa
20—40 11.65+0.02Bc 0.5+0.01Bb 0.32+£0.02Aa 4.99+0.03Ba 17.64+1.71Aa 1.28+0.01Ab 47.43+1.89Aa
40—60 10.68+0.32Ch 0.47£0.01Ca 0.28+0.01Bab 5.05£0.01Aa 18.71£2.17Aa 1.29+0.09Ab 47.59+2.44Aa
SRR
Variable — 0.25 0.21 0.11 — — — —

coefficient

AR P 3 [l — RO R Z TP 2 25 5 (P<0.05) AR/ NE PR Rl — WRECR R B 2 IR AP 83 2% 53 ( P<0.05)

Ivi] — L 4 R R[] 4 2 AR — - J2 AR TRl Bl S A0 1] 1 - S R it d A AL~ Tt b 25 57 18 3% (P<0.05)
(B 1), 14 SOC M TN fiti& K C/P LA N/P Heae A Bl 2 n 25 FAIK, C/N e = B FAMK 0—20 em
JZHAR AL 18.23, TP i i BR = F AR 0—20 em )2 B Z LT HABJZ AN SRt bE )2 g mi B A% . S 4m 7,
LR S AR - SRR K L AZ A 34 %6 - JE i Rl it et R Ak~ i LA B Y 3 A 52 A ( P<0.001, b 4- 18
TREEXT TP fifi T W5 m) (£ 3) .
2.3 AR EHE C N P i MRS S - i P o A A DGk

AR C N P i Sk n i b S 3B B 2 [ A A DG L6 5 B, s ml i,
14 SOC it 5 SOC Fr& M TN &= B E IEAHXE (P<0.01, FIRD) , AHE R 551K 0.979 1 0.746, 5 + 35
SFLBRE B 3 IEAHOC (P<0.05, T [A]) , 5 pH {EAR 3 S AHDC TN fif it 5 SOC & Al TN & HbAl b 3 IEAH G,
FHIE B3 1K 0.821 F110.977 , 5 - HE M FLBREE A TP & & B EAH G, 5 1A T/ pH (8 5 2 6 6, T
TP i bR 5 TP & w3 IEAHDC (M R ECh 0.827) 4b, 5 HAB AL BB A MG, C/P 5 -8 ETL
BREE SOC &Ml TN & il b 3 IEAHOC, 5 pH (EMR B 2 M C, 5 1 B i B 2 1M ¢ C/N 5 SOC & &
W i FEARDG 5 pH WE A N/P 5 RIS LB SOC & #EF1 TN & Bl 3 IE ARG, 5 1 e i f
pH (A i 2 ARG, T A KR Sh AR iR At LU TOAR DG

3 iTFig

3.1 RHISRIN R R R A R R
SR S3 ik R A% 1A BE 398 A 7  Y  fEORN B3 R Y R B X Y - HESOC i 1 /E89. 56—
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Table 5 Correlation between the different soil physico-chemical properties and C :N :P stocks and stoichiometry in the Study Area

. Ak BALBREE L B &
44 AT d-k? fLBE At ﬁb”z ) i

. . Moisture pH Total Organic Total Total
Items Soil bulk density . .

content porosity carbon nitrogen phosphorus
N N
/ﬁﬁLﬁ.ﬁhﬁgﬂ -0.314 0.244 -0.586"" 0.404 " 0.979 ** 0.746 " 0.317
Organic carbon stock
RN . v
. ﬁlﬁﬁm -0.379" 0.212 -0.462"" 0.409 " 0.821"* 0.977 " 0.353"
Total nitrogen stock
e pod .

SR 0.302 -0.077 0.239 -0.268 0.028 -0.037 0.827"*
Total phosphorus stock
C/p -0.398" 0.253 -0.698 ** 0.453** 0.880 " 0.682"* -0.112
C/N 0.001 0.107 -0.335" 0.091 0.472" -0.090 -0.032
N/P -0.462"" 0.208 -0.541"*" 0.445"* 0.659 " 0.856 " -0.148

* Fe78 P<0.05 1 E M ; + « IR P<0.01 1) &1k
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123.41 t/hm® Z i), A% T 3 [ A1 42 BR AR AR+ 8 ¥4 (293.55.189.55 v/hm®) ™ | 1fii TN fif ft ( 3.98—4.91
t/hm? ) TE B T3 FE AR L 290 (34.64 v/hm®) Y 90 537 i AR WK 0 i P o, A T 224 b 3 45 T 4 Y
YA B SR AR 3 SOC AT TN fif ket (123.41 ,4.58 t/hm® ) 1% T AH ] A0 28 Y B4 JEL F o i 88 4k 10 &% V] 1 b
BRAME I (219.21.6.39 t/hm? ) ¥, +3 TP 278 2.2—2.57 v/hm® Z [6], W& 5 T H BEE %11 (0.71—2.0
t/hm® ) 3 TR TR ) A R - SR % DU )1 R RN A 3 TP A (153 vhm?) Y GRS R
THOTE SRR SR R IR R Bl 28 R RIS A 15 Bh AR R B O RS PR A
A et 5 4 )l ) A M 2K 70t X ) 2 57 ] RS I 5 IX R A A 2 1 s A PR R AR S A M B4 T A
Ko AR T4 i R] 288 A0 1l DX 7, A 5 DO A VK A2 3k R e R s i A X RIS (5 F 5 X 2007
AEDSUHI LG, - R A A TR e, RO R M E AR R BT R HOTR SR AR PR A
it S AR R IEA D (R 5) , ARG R, Bl A Pk 52 AF B A 8 n, #5242 &5 + 8 soC i
TN F &,

B o A S IR A AR ARSI | IR A K 3 sh W AR W i Sk T ¢ N A PUY
HE SOC EFRIE T M FRANIEY MR S5R39 TN & B T HEA WL A= B R Ak
fRVEFY | BEE BB UEAT , 4 SOC A TN ¥R BEHE I, {5 TP W BERRAR (T 1,3 4) , X — 45 R W
BN T SOC A TN v B Fnfiti it , S HAMAF 7T 45 R —80 2 | BEER BB R T MRS YR EE
JFERN T BE TR (R 1) A AR Y R AL VR W E R 20 Rk T A I AR A A A B B
SOC HI TN AR /i AXHIF I IX ARG 7 4 5 AU FIAR A B R R 9 R W Bt 2 R O AT R VR I AR A= 9
SN 3 SOC B A 25 R A MORI T I HE B AR 35 22 5, T RE R Bt 25 Ik 2 A BR A 184 i, e b
FEROAN B T AR Z AR B TR R TP FEORIE T A A KL, S i R A
RN P s BR AL AR AR 1 TP Vi B A i B 5 TR ) A T SRR AR B, P REJE R TR TR A T
HIPIRE TS DR & BE B W R (2 1) LA S 396h i) pH (IR R (3 2) , S80I A K B A 75 R 4 fip 1)
AR pH (A TCHLBE S R AR 45 A AR T - 5 BB IR 35, 5 Gao % AN A 55 —
., AN, AT R BR A & A S UM O, SRR S R A, SR S R A R
XFFFE DX A SEHLARAEL B BIF 5 25 R S 7R U A B 403 ] I bR R s 0 53 AR 5 1 T 7 0 B 5 A 1 Ve L 461 e
KT GARMEGE P A AL — 3, BFEE SRR B TR A MR T R A o R A i, X
T A UK R RN R A B BRI AE R
3.2 MBI R AR A T R AR S

e R B AL R AR R AR AR S RN E AR AL B A PR AR AR R T2 a5 i el
Wi P R A LR i o, R TR 3 C N CAEERTT IR AT R, C/N 54 LT 2 fifk i R 2 A
M AEARFFSE T, C/N 5 SOC & i ARG (R 5) o WFEIX +HE C/N ERI7E 15.77—30.18 Z IRl & T
TR 4Bk 3 C/N FHKF (10—12,14.3) 7 RSB A T BE 3510 (5.35—16.42) 7 iy 2—3
1%, RIS DX A ML 1) 40 ik R 508 SR A B 00 Sl B D B, A R AL AR R+ ¢/p B3R
T - S Al A A FRAR T mT AT B B A ot A AL OB A, AT L 4 R B 2SR 4 C/P
SEHIE N 451 KT A EEIE (61) ) RN la) A R0 1 TR R Hi X (82.69—155.87 ) , A WF 55 R BAMKAY C/P fig
B B A Wt BT 40, BN SR 40 Bl i 0, R 12 M X S R B Mk, R S R
HERE R A K R B T TSRS, N/P IR 43 B 4 00 [ et NOARRTA TS AR
WFFEIX 3 N/P A+ F 1.28—2.68 Z[u] Ik T T E AN 2R + K (3.9,5.9) 19 I T[] A< e 2 A
(YRR 3 7 L R X N/P LGB (8.09—12.75) . ARFFTRIM, S+ N/P<10 B kB 2R K52 N ORI
Ul B2 DX Sl b e P S 1o e A2 380 P 1 R 3RO ), R TR b T R A2 E T FAN ) 5 2 | 4k
T AP R TR B AR I SR N R R 0

R R M i E b 2T R L R R 7 AR g b A 2R A 2 5 m 1 3% C/N L C/P Al
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N/P HAH (3% 3) , BEE RS E B A BES T, C/N . C/P FI N/P HWAEZ BTG K, 0 C/N B B soc & &
(#5) ,BEHER I T,SOC &= IMF KT TN KF TP (% 2) , fHi15 C/N Bk, B A ML 1 53
R B A Bl R A UEA T M K, AR H SRR ARG C/N S T A 3 R RS | R s R AT
Yy, SOC 7t i T AR B 2R 4 A 56 A TP g R W 1 4 C/N 55 AR Bt 26 1 ELA ) B 3 IR A 6
PES S C/P RN N/P EUAE 310 R AL S i AR K, 43 IR 56.16 A1 2,08, 5 HAZ = Y SOC FIl TN & A %
(F4), T3 /P A N/P AU HES 3 SOC AT TN &8 W EEASE (3 5) | HIMR T A0 RS A2 AL 1)
TR KL s AR AR A 48 C/P(70.9) R N/P(6.2) EL{E ™', BFFEIX 35 C/P FIl N/P H(EAR (LR 3455 0 4t
LA Ouyang 267 BRFFE 45 SR — 20, SR007 DY BT se 45 AR , 22t 455 89 SOC AT TN 7
WS,

3.3 AR E AL E T AR B R A AR 1R

T HEVREE R 1 1E SOC TN FI TP fif & AAb 24 M e LR R 220 ARBIgE oy, - HEUR B il 255
M) 1B SR A B RN (TP R BRAL , 3 3) , 5 R BB G 45 e — %) 4 Fiok 9t 2 0B Ak
AR B R R T ARG, 1 (0—20 em) W TR £ (40—60 em) ( = FAMMMRERAN, 2, 1), EZRA
SRR A ANRIAEE K 2 | A W R b TR 5 4 TP R A B VA S R R (RS e R TR T AR 3R 43
FEEPAELHERZ, FESOC TN A TP R ZREMGE ' A, AHLUR AL Z 3] - 5B B 4
43 gt R AR R RS B 98 X 3R 2 R IR DN, RIEFLBREE K (3R 2) B MRy, 3R
WAk A YA VR R ) S BCR 2 B IR B0 s AR B IR A BN, R AR R b AR
AR TR A A A R b AR A R TR R R SR R EORIEDT ) WA AR, e FAALER
JEE AR R MR I AR e R R A EE AR AR (3R 5) o M T SOC AN TN fif e i 7, - HEVR X TP il 2 R i
R (F3) X 5K S5 X e B L A I 45 SR — 2, RO B S BORTR T A XUk, 32 BE T 4
K, TP ARSI (AE SR R AR 0.11) WA AR T 52 - HERE R A2 maob , 5 2L SRR A e s A 5,

4 FAEHE 14 C/P I N/P HEFR)Z (0—20 em) BIK TR 1 (40—60 cm) , KN RIZHGIE YK 8 25500 B
ENIFRZ P S Z RN, AR C/N 2R —80, TR S SOC A& = A HE pH (54 %
(£5) , WAHGRMTH 0—20 em |2 C/N SRR SSHA T HE 7R 22 57 R 8 3%, 5 3856540 i 5E
G — 3, F WA T 1 1 7 T ) R A AV AN — 2 AR 30 C/N BAE L 1T C/P Bl - SR B 1 i
MREAR , 5452 e Br & 8 AR A A 56, 16 20 em DUF 3 AR 3 SR M ARAY ¢/P .C/N F1 N/P
FUAR B A K T A R 4 28 78 S DR R AS TR B 28380 14 3 sh g A i S TR) B R e 30 AR - 4
i A B R AR i) A Sh e BN 1 A R, AT RERE 2 A VE N LR Z A AR R,
HETT R R AR 2 09 30 SOC & i, AEARIRSE i AR QR+ 3R VR B FIE AT T AH B AR FH S 3 b s
T SOC TN F1 TP ¥k BRIt it (3% 3) , R WA WA -+ HEVR B &5 M) 3552 4y sr M M BB &R

MR AT UGB Y PR X 8, BR824 b 5 i S5 AR B —— R A b, JHL 4 B 20
it AR A, A A AT R 45 A2 R X ) S5 7 0 45 Y v s X 408 4 VD YT AT 43
A, XHEEENEIES BRI L ER, BKE T AESNS X, ASBEMREE R KX g
ORISR T B, 0 e VL b I 55 26 2 X AR B R R ST R PR T X A A i B WA VT
S ERRmAAEERE Y,

4 it

(1) AR S REAS W 28 1 I3l Ak 1 3t 4 M e ROt i, Bt 0K A2 TR O E 47, 1 SOC (TN i 5k 328 ¥ 16
R, TP it B WA, AR W Sk B bk SOC i i vy , 1K 123.41 v/hm® TN fiff 75 S ] 1R SR 2 (4.91
vhm?) TP LR B (2.57 vhm®) 183 (P<0.05) & T HARFE B YA R A M MAAR (2.2 vhm®) .

(2) BRAEWERE AR 0—60 cm 2 JZ b MR - SR 2 i % £ 0L I8 A1 119 7 5, A U 2I TR A 1 SRR R % 2
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HAE RS e Wk B AL SR LU, oA A R R LT E L R 5 MR AR SRR R A i A Y
EEL A

(3)WHFEIX C/N 5, AR FA VLM FLR, C/P A N/P BAK AR 52 8V A A iRl R & i
AR LAY C/N N/P Fl C/P LU (R T IHABAR B R, Xof L e BRA R S AR S A8CR e . ALK R 803 T
FIEFRIIRDL iR AL IR ARG T

22 3R ( References)

[ 1] SistlaS A, Schimel J P. Stoichiometric flexibility as a regulator of carbon and nutrient cycling in terrestrial ecosystems under change. New
Phytologist, 2012, 196(1) . 68-78.

[2] Batk, BFEA, RE2, CHEE, BHHET, 5% 584 mh KRR IR AR 3w R oA 2Bl R E. A3 24i, 2017, 37
(10) : 3385-3393.

[ 3] Fujita Y, Van Bodegom P M, Witte ] P M. Relationships between nutrient-related plant traits and combinations of soil N and P fertility measures.
PLoS One, 2013, 8(12) . e83735.

[4] EZER, 5w ASRERAPDTR N AEDETHESRE. A5, 2008, 28(8) : 3937-3947.

[5] Agren G I, Wetterstedt ] A M, Billberger M F K. Nutrient limitation on terrestrial plant growth-modeling the interaction between nitrogen and
phosphorus. New phytologist, 2012, 194(4) . 953-960.

[ 6] iK%, ZR8GE, 50, BH, XIFRAE, #oRE, DR ARMREZARN TR L C NP LR E O 5 e i 56 &
HZSEEAR, 2019, 39(7) : 2520-2531.

[ 7] kMm%, F3E8, R, 2m3C Bl 5 Fhbis s mui L St AL, A8, 2019, 28(1) : 73-82.

[ 8] YueK, Fornara D A, Yang W, Peng Y, Li Z, Wu F, Peng C. Effects of three global change drivers on terrestrial C :N :P stoichiometry: a global
synthesis. Global Change Biology, 2017, 23(6) : 2450-2463.

[9] YuZP, Wang M H, Huang Z Q, Lin T C, Vadeboncoeur M A, Searle E B, Chen H Y H. Temporal changes in soil C-N-P stoichiometry over the
past 60 years across subtropical China. Global Change Biology, 2018, 24(3) . 1308-1320.

[10] Rudel T K, Coomes O T, Moran E, Achard F, Angelsen A, Xu J C, Lambin E. Forest transitions; towards a global understanding of land use
change. Global Environmental Change, 2005, 15(1): 23-31.

[11] BastinJ F, Finegold Y, Garcia C, Mollicone D, Rezende M, Routh D, Zohner C M, Crowther T W. The global tree restoration potential. Science,
2019, 365(6448) . 76-79.

[12]  sROLAE, B, Hulli, BIAL. ABIE PR FAE B2 AL 13 A AL 2P R R R I ST, 2N R 224l AARRL AR, 2019, 55(4) .
533-540.

[13]) ZofEfE, #%, FHFE- 8 m b p U AK T i R DR SRR, A, 2019, 39(21) : 7996-8002.

[14] Chen LY, Li P, Yang Y H. Dynamic patterns of nitrogen: phosphorus ratios in forest soils of China under changing environment. Journal of
Geophysical Research: Biogeosciences, 2016, 121(9) ;. 2410-2421.

[15] Bui E N, Henderson B L. C :N :P stoichiometry in Australian soils with respect to vegetation and environmental factors. Plant and Soil, 2013, 373
(1/2): 553-568.

[16] GaoY, He NP, Yu G R, Chen W L, Wang Q F. Long-term effects of different land use types on C, N, and P stoichiometry and storage in
subtropical ecosystems: a case study in China. Ecological Engineering, 2014, 67 171-181.

[17] FangJ Y, Chen A P, Peng C H, Zhao S Q, Ci L J. Changes in forest biomass carbon storage in China between 1949 and 1998. Science, 2001,
292(5525) : 2320-2322.

[18] Xiao HB, LiZ W, Dong Y T, Chang X F, Deng L., Huang J Q, Nie X D, Liu C, Liu L, Wang D Y, Liu Q M, Zhang Y R. Changes in microbial
communities and respiration following the revegetation of eroded soil. Agriculture, Ecosystems & Environment, 2017, 246 30-37.

(197 AWL, WAL, BoHkss. 574 B 1 Bl AN IR] b bR FH 26 R -3 U Bt i 52 . 7K - OREEIFSE, 2016, 23(4) @ 318-324.

[20] ARIEHE, sk, IrmE, BRfRAE, XIBEHE, XIS, 3B H , Reve. R 2 FhEF Ak 3 i Rt it B Ak 27 o X 22 1 ) .
K ELREFEAR, 2019, 33(1) : 165-170.

[21] Yang W], Cheng H G, Hao F H, Ouyang W, Liu S Q, Lin C Y. The influence of land-use change on the forms of phosphorus in soil profiles from
the Sanjiang Plain of China. Geoderma, 2012, 189. 207-214.

[22] &, SEEHE, ki, ESURL, ERE, 5, SUKE, Bk, WHERASAET LB A B I 5 A S TR RRAE. K PR
4%, 2016, 30(6) ; 181-187, 192-192.

[23] FuD G, Duan C Q, Hou X L, Xia T Y, Gao K. Patterns and relationships of plant traits, community structural attributes, and eco-hydrological
functions during a subtropical secondary succession in central Yunnan ( southwest China). Archives of Biological Sciences, 2009, 61 (4):
741-749.

[24]  Z=Pl. PR3/ MR [ BB PF R TS G RO SR MK BURFEL D). BT “RIRAE, 2011,

[25] #kn. LR AR /INA A 25 R EUIR 55 T RE I R A —— LIRS S R 5 oA B[ D). BW] . ZFFR%4, 2018.

[26] % WP/ INGRIRAS ) A b 2 0 VR 2354 45 T U 5 e R RRIEFST [ D R BRI R, 2015.

http ; //www.ecologica.cn



13 1 it S SRR AR A R BRI 4435

[27]
[28]
[29]
[30]
[31]

[32]
[33]

[34]
[35]

[36]

[37]

[38]

[39]

[40]

[41]
[42]

[43]

[44]

[45]
[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

5. P B S A R PRV S5 5K SCTaE  TIEIE TR A PRI (D). B BRI, 2009.

FE G R AR T r i, JUat, v E R S AL, 2000 334-334.

B ESEARARA T (=) . dbat: P ERL AR, 2000.

Guo L B, Gifford R M. Soil carbon stocks and land use change: a meta analysis. Global Change Biology, 2002, 8(4) : 345-360.

Al-Kaisi M M, Yin X H, Licht M A. Soil carbon and nitrogen changes as influenced by tillage and cropping systems in some lowa soils.
Agriculture, Ecosystems & Environment, 2005, 105(4) : 635-647.

ZEERMK, WS, WK, SCHMEE. LT SRR AR L. FRAEMOL AL, 2004, 31(4) : 4-7.

EEGE, B, B8, A48, . BRI R A S R G0 RO SR OC R it ik SO R, BRI AL, 2019, 48(6) -
93-99.

BRI, R, A FE, B/ IR, S B DX/INAUAN R - st R 5 X -3 B A 2ROV R 2018, 46(31) 1 133-137.
R, KPR, RALIE, JERT, PV R TP KR A R AR AL AR TR e S . B AR B R S22z, 2019, 39(10) ¢
116-122.

SCEL, sRERE, ZErhAN, RO, U b AS [ AR R VAR X 5 6 1 R ZE Rk A R AR . K LR R, 2009, 23(6): 123-128,
153-153.

Clemmensen K E, Bahr A, Ovaskainen O, Dahlberg A, Ekblad A, Wallander H, Stenlid J, Finlay R D, Wardle D A, Lindahl B D. Roots and
associated fungi drive long-term carbon sequestration in boreal forest. Science, 2013, 339(6127) . 1615-1618.

B, W30k, W ME, BGRAR, L, RO SRR DA P R B S R OE R, AR, 2012, 32(3):
852-862.

Ouyang S, Xiang W H, Gou M M, Lei P F, Chen L, Deng X W, Zhao Z H. Variations in soil carbon, nitrogen, phosphorus and stoichiometry
along forest succession in southern China. Biogeosciences, 2017, doi; 10.5194/bg-2017-408.

Deng L., Wang K B, Chen M L, Shangguan Z P, Sweeney S. Soil organic carbon storage capacity positively related to forest succession on the Loess
Plateau, China. CATENA, 2013, 110; 1-7.

JEAE. TN LR A TR R R R R SN AEL D] B TRk, 2019,

Carrino-Kyker S R, Kluber L. A, Petersen S M, Coyle K P, Hewins C R, DeForest J L, Smemo K A, Burke D J. Mycorrhizal fungal communities
respond to experimental elevation of soil pH and P availability in temperate hardwood forests. FEMS Microbiology Ecology, 2016, 92(3) . fiw024.
Reich P B, Oleksyn J. Global patterns of plant leaf N and P in relation to temperature and latitude. Proceedings of the National Academy of Sciences
of the United States of America, 2004, 101(30); 11001-11006.

AR, 2R, ARG, BT, KISy, T NSRRIV L ORI VD A A L. M ERERAE R, 2011, 26
(7): 779-786.

TRERE, A, 0E, SR EL EOPAR MM AE YRR N O IR S, e, 2011, 42(4) . 852-858.

An H, Li G Q. Effects of grazing on carbon and nitrogen in plants and soils in a semiarid desert grassland, China. Journal of Arid Land, 2015, 7
(3): 341-349.

Tessier ] T, Raynal D J. Use of nitrogen to phosphorus ratios in plant tissue as an indicator of nutrient limitation and nitrogen saturation. Journal of
Applied Ecology, 2003, 40(3) . 523-534.

Cleveland C C, Liptzin D. C:N :P stoichiometry in soil; is there a “Redfield ratio” for the microbial biomass? Biogeochemistry, 2007, 85(3) :
235-252.

Tian H Q, Chen G S, Zhang C, Melillo ] M, Hall C A S. Pattern and variation of C :N :P ratios in China’s soils: a synthesis of observational data.
Biogeochemistry, 2010, 98(1/3) : 139-151.

FREAR, SRR, FRLL, AR, VARG, SRIE, WINAE, U, T I e A 2 R e L MERR R LU A3 A RRAE. R
2014, 23(2): 9-19.

Zhao F Z, Sun J, Ren C J, Kang D, Deng J, Han X H, Yang G H, Feng Y Z, Ren G X. Land use change influences soil C, N, and P
stoichiometry under 'Grain-to-Green Program’ in China. Scientific Reports, 2015, 5. 10195.

KO, AR, AR, B, BEE, arfh, FIEA, SR B Jemniank K LR R R G R — L S
VLAY, AR, 2016, 36(3) : 675-687.

Wl , 2, WA, L. B b S O R A 2 AR L AR R AR [ T]. AR AR, 2016, 31(11):
1881-1891.

XITFE, JRaoR, R0, skaks, ZERS0 Z R SR KU SR AR R R R 3 C NP AReE TR AR, AR5 AE R, 2010, 30
(23) :6581-6590.

EE, W, B SCEE, FEITRE, JRWEIE. AR R S S TR AN AR S A S SRR PR BT AR A G R, ARSI, 2018, 38(11):
3979-3987.

#Hah, Tk, KEN, KR, BIRF. & 190 b SR B XOR[R] st R 7 3R 3R A i . W AR A2, 2014, 25(4)
955-960.

http ; //www.ecologica.cn



