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Abstract

Aims Spatial distribution and influencing factors of soil organic carbon (SOC) content among different climate
types were studied to gain new insights into the estimation and dynamics of SOC.

Methods The study areas are located in the mountain meadow in Guanyuan City, Ya’an City, Liangshan Prefec-
ture of Sichuan Province, China. Plant populations were recorded according to species, number, coverage, mean-
time, and soil samples (0-10, 10-20, 20-30 cm) were collected and analyzed for SOC content, the carbon content
of root, soil pH value, and soil total nitrogen. The diversity indices for plant community diversity (Shannon-
Wiener index) was also calculated to analyze their relationships with SOC content among different climate types.
Important findings Results showed that: (1) SOC in three sites was significantly different and was in the order
of Ya’an > Liangshan Prefecture > Guanyuan, and decreased with soil depth. (2) The percentage of SOC content in
each vertical layer out of total SOC was lower in the 0—10 cm layer at Ya’an site than at the other two sites, but
was higher than the other two sites in the 10-20 cm layer. (3) At Guanyuan site, SOC content in 10-20 cm was
significantly positively correlated with plant species richness index and SOC content in 20-30 cm was negatively
correlated with plant Shannon-Winner index, while soil pH value and soil total nitrogen were significantly posi-
tively correlated with SOC content in each layer. At Ya’an site, SOC content in each layer only had positive corr-
elation with soil pH value, but not with other examined factors. At Liangshan Prefecture site, SOC content in each
layer only had positive correlation with soil nitrogen content, but not with other examined factors. (4) Principal
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component analysis showed that, at Guanyuan, Ya’an and Liangshan Prefecture sites, the total contents of SOC

were dominantly affected by climate, followed by vegetation type.

Key words climate factor; grassland; soil organic carbon; distribution characteristics; correlation analysis
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I N A ER R AR S R G A O G 4y,
2961500 Gthix DAA LT I A7 e T %, &+
B WLk B R PE S S 2/3 0L E, Y
T P AR K S 2 AN Ol L 388 B B 1 1/3 811172 (Fang &
Chen, 2001). TI8RKEVE ARG LA S RGRRIEH +
(R AR 4y, FEAINIR B )28 0 R 2 5 o oK ik
MR, MO KRS R CO MR, Bl R =
I, NI NT A 3R A A S A A0 1 2B K 7 2E 5 ) (Parker
et al., 2001). M5 R AR H b 2 520 -1
HHUBR A BE 5 R, I 3 e RS e i
BT BRIR A 77 A — B RS, Fe 240 S A AR R
= RFNRGHER . BRI, 87 858G HLEKR 1 5
RFAE R R 208 U A RS IR AR
s, TR Ko - VR R P Ay 4 BB A1 BA B i) 52 o2 %o A%
A5 Ak (19 AH L e B 43 B ) R (R AT,
2005).

IS SIRED) . UEYRAR S I i)
ML FE R, AR KN SZ N B 3 )
e it DA S 3R ) 3 AR AE FH T (458 2R B 3 ) ok
5E(Post et al., 1996), Kk 43 hik g /N S fie . Al
Bev NN #UBSREZ R T, B ENRE
YO b, DR 2 AT RE R R R L e 2
HH 3 43 A7 AR A R 1) = 22 )5 [A] (Pennings et al.,
2005; FKZEZEE, 2011), SR L AR 5 KA X 3k R
FEVERI N, AAMRAAE R . HAESET. HhE
SR DL B N D R 25 4 P 2 [ 5 i ) T e A v e 38
A B 23 8] 73 A7 1 25 22 iR R (7K B3 5%, 2009). 12
DRI 2% L, A3 A Hh K R AR S K SR 2% A 0 - 438
MUK 25 5 I SO IRZI I, 32 R A 2R 2
JERPHFES . PR LA B S R T 2R A ik
Il (Ritchie et al., 2007), HEHFHZEF FH T A
I DX A e 2 Y S o XA A A 7 ) B E R .
e NG A BERE, — 7T, M TEY)
IR Ay R sE T I R R A R AN (RE AR
&5, 2013), U7, TIERRII RS A I
TEE D 53 FRAE /NI, T AE A P 2 S,
R GEEE . P52 (Davidson et al., 2000;
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EL-ghamry et al., 2000). [F b, A% K 2 128400 T
IR E AR A+ R . R
J7 E TR B AR 6.8% L |, AN E R
B, T 24 HT O T FL R O SO0 LA LR & =
PSRBT L8 2 ([ 5545, 2010; PREZREE, 2012),
ARG T DU 1] Ll AN [R] S Al S 28 ety - 3 A L e 2
H P ATRE S - SR e A DS e b .

P9 il A T o B 74 R IE L, A T 97.35°-
108.55° EF126.05°-34.32° Nz [a], HihmIRiE 4%, LA
o FER, BAg it R P JE A R4
SRR Fod DU 1| 25 Hb R Zx s AR,
W SRR B, ARMX SN RN ZE RS
B LA AR & B L R E 2T R R, Bk
g5 AN R b XS fige FARLA R TR DY 1] ol s FE AT AL
TS B AT R S R . AR DAY )1
WARISERE A ESAE . R KR L E
B A (34N 3 X B A B 7R, BTk S
2 AP S B (0-30 cm) A1 B 25 7] 5 A B 1)
225 R IEAT 38, AN [R5 2R 2 B - 43¢
APk fE SRS ER ML —E S

1 WRMXAMARTIE

11 WHREXER

ARUCGRIRA T FONANF) SRR, A
IEFAEDY )N A bR 7 oy e i A
FN3AHBIX

JUoeT NS R eHIX . SR BN
U6 b, P AR AR A T 105.28°-107.12° EF131.84°—
32.56° N, S8 & W #ACHy 28 KPR IR i <A,
Z XK Rl PR 2R KU, K ARG Ao ToRE B
SRR AT, ks FEH AT AR 161 C, R
KEAEL 000 mmZ A7, S5 HEBES A1 300-1 400 h,
TCFE 2202607 ) T T N T ade A b e 22 45 )
76200 mUAPY, “F3EkCNT774 m, FHZEASA L
BPR R AL, B B 40 A 13 (Imperata. cy-
lindrical) A< R B RN, 398 287 32 TR [ Hh IR 14k 4%
.,
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22 T N DADUIR B i b, A7 T ORI VAT
PR, WU )1 23k 5 7 5 v Ji () D 2 1 ) 4 Ay
AR, B EE AR BR A T 102.49°-102.89° E Al
29.29°-29.61° N, J& )75 g Ll Hb 0 s S X, |
FH B E SR EE R EE, MR MR, K
g, AR . R 2 4, PR
H17.9 C, WHEREKE™EAY), £4HT5-10H,
TRAZZEWHE, HAEFIIXZ, WAMXA, Zith
X 524 XCFE M, B ] 2 3 IR S AR, T R BR
()T FRT A SA  FHRE EL F 7K 2742 mm e
A7, FHIEE R 475.8 h, LA HA300K .. BLIEEFT
e BE MR R E B HITE300 mBA N, PSRN
1103 m, HHIZRAU T I AR T N, B
DL AR s 5 ) 52 5 (Schizachyrium delavayi) . #5F
(Heteropogon contortus)Z4 8 HAEAE ) 8 1, 14528
BN e R

O L P BL s B BRI 2 7R ELAE Dyl Bt s 3
A FRAT101.93°-102.66° EFI26.24°-26.79° N, %
Hhy X S0 AR T I SR X, SRR, W
MEZE, HERAE, TREK, A &R sk
AR B . BT R AE T 4RR 5.7 °C (15.1 CHI

=L R
Tablel Survey of sampling plots

162 C), fERF/KELEL 200 mmbl L, FE/KEHI90%
DA ESERE6-10H, 4 H &I a2 300 hEk b, Tofk
W62 KA, X TRETHE, HRRE. &
HEA SR E N PTG E ZEZ S HIE 300 m
DL, PR N1 770 m, BB A L AR 5L
N, FE B SCNE S Bl (Arundingla
anomal a) Fl1 45 31 7% % (Eupatorium adenophora) %t M,
IS BN R R 4T

PLE3 ML IX RS2 PSR SR K &
S H RN 1A) R Pk S5 Sk B AP e I B 2
I oa, M SRR A S, KR TA
[ SRR ).
12 #HgERHEHIAE

20144E7 ), 1E)7 70 LRI GE L3k 15 3 7 Hhy
. FHISRAY . YR 2 A R R R — B
bR IR RS AR AT RE AT R, R R —
JEJT BB 100 mifLk, BEFE20 mAii—10.5 m x
0.5 mIFETT, BAAFELR FILESAFETr, X
L2507, FEHLBESL LR 1o BTN RUCR A
W L3R E, 2H—41.5 m x 0.5 m x
0.3 m (KxBE xR HUEST, 18 FRAETT TR T

RFAE [X {8} &5 Area and site

Characteristics —
J"JGT Guangyuan City

M2 Ya’an City

il Liangshan Prefecture

SIEE. GEE. JuIX PR EL S SRE
Jiange and Cangxi counties; Hanyuan County Huili and Huidong counties

Yuanba District

754 (616-831)

105.47°-107.20° E
31.84°-32.56° N

il Middle mountain

WL HBER AR B S Temperate
woodland meadow type rangeland

SEZZ TSN
Imperata cylindrica + forbs

FHJMEHR Mean elevation (m)
245 % Longitude & Latitude

Hif b3 Landform
it Grassland type

B3I EiNnY

Dominant vegetation

1103 (921-1217)

102.82°-102.89° E

29.29°-29.61° N

#1l1 Middle mountain

T AT A HEAR R B

Tropical shrub tussock type rangeland
B BPARKEN

Schizachyrium delavayi + Heteropogon
contortus + forbs

1770 (1 651-1917)

101.93°-102.66° E

26.24°-26.79° N
11l Middle mountain
LT HbE A FE A EL ]l Mountain shrub
meadow type rangeland
TOFL B EL, BORPE L A
Heteropogon contortus + Arundinella
anomala + Eupatorium adenophora

HIRFEE Grass coverage 79.76% 78.72% 59.9%

HEA G Bush coverage 1.25% 0.69% 0.92%

T4 Soil type 2+ Purple soil Hh+/FHE Purple soil/Yellow soil /TG4 L Yellow soil/Laterite
FIFI5®E Utilize intensity BJEFA Mildly used AT P /4 R BRI

Unutilized/ Mildly used
ME A2 AR AL T IR 205 MEFAGHT PG SB35 Western
Humid subtropical seasonal -wind climate
(The special dry and hot climate)

DA )R ERITA IR (]
Humid subtropical seasonal
-wind climate

SAEJEAL Climate type

h

EREKE 1000 742
Average annual rainfall (mm)

HFPHAR 16.1 17.9
Average annual air temperature (C)

G INE 1 300-1 400 1475

Annual sunshine duration (h)

Mildly used/Moderately used
subtropical semi-humid climate
1200

15.7

2300
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YR BRI, A N EEES em, (KRR
100 cm’ (3R TJ4%HE0-10. 1020+ 20-30 cmFIiEE
M EZFERE, FERSANESE, KA JZE KU,
AU T hRid Rl = N 105 CHTFRIERE, I
PRI &

iz F HE, RIEas B WA THE T N &Y
o SRR T AR R L, i e R R o
FE, FEXERETT WA — A Ak (N B B 3E4T St
THE Y P E B X £ FF 1% (R F Shannon-Wiener 2
FEPEFR D), K4ET7 N AR 2 3 W) Bk Hb i DA B )
B SRRy FBY JI5F BT N, DUEAR R A gt
i B SR AR

F & e S=H R A

Shannon-Wiener % FEIEFRE S SW = —ZS: RInR

i=1

K, POREETR AN RS o B RS 2 nir) b
B, nCAEEIFRANMAEL, noR BT E RN AR E S, B
Pi=n/n;i=1,2,3, -, S SHWIFHL.
1.3 tFmRENNE

T 1 FR AN RE T B HOR I P 75 AR i 2 2D
e, LIR4-otiiRe, TRE348RE, BURERR
FETT N 858 2 005k RE W AN 4 B BE T3, SR JE
5 em B2 E4/70-10. 10-20. 20-30 cm3L3 )2 KK
HURE, TERETT N Bl AAR Bl D B DU, e J 4 L
RE L, %2 a5 e AR T, WSS R
5, JCET B BRI B = A IEATRRRIE .

TIEHE NS =(SOC). HIELR S EAEY
R Z B & 5 58 R H T & 43 M (Vario, Max CN,
Elementar Company, Hanau, Germany)J| &, 1-3EpH
8K F . £ i+ (Myron L. Company, California, USA)
MHE
14 HAEALIE

K FISPSS 190K 455t -5 HLak & & AT 5

2 AFEHIX0-30 e tIEA PR & 2 HI LB P B EEbRE R 2, n="T)

K= 7 2504, AN Rl X FIAS R 2 S 88
Pl & &, 13452 . Shannon-Wiener % F£ 14
¥ WMEEE. IER S EM L IEpHE A H 2
B PRI 22 575 R FH Pearsonl S 14 43 #r L35 73 J= 6 LA
BRI R

2 HFERMI

21 AEXEMHIEGHRSENTK

DAl 2 5 B T AR P 1 AR e R RO, HL
0-30 cm =34 HUAR & X A0 TR 53 R A X RURK,
R AT H o 7 34N X 0-30 em =345 HLAs & &
Je e B AT S LR 2) .

MEH 3R LR S R, 3/ HBIX
AN & 2 18 BT B3 122 7 (p < 0.05), HEzet
AN S B A ((62.18 + 4.40) kg'm D), il
WZ((51.06 £ 3.54) kg'm?), | &AL ((37.91 +
3.76) kg'm%); MEIETRE B A MRS, 3K
THAVR S RHAREUG, HEE - ERER M
MR, RIN0-10 cm B2 5= 11020 cmF120—
30 emBIEA PR S E(p < 0.05), 1fi)E M #2017
B ZER(p > 0.05); MAFEIHIX 5 2 388G WLk
BRE, MLMEILREO0-10 cm) A YIRS &
BE T Ju(p < 0.05), 1MifE10-20 cmF120-30 cm
Mz AR B E S T oA LL(p < 0.05),
HIEW& 2 81583 Z F(p> 0.05).
22 AREHXSEEM IR SR TIEEHIRAIEL 5

1F 9034 b Xy 39 L A 7E T BRI T F
IIATRHER BT T fRAS R S 2R BT - 5ea MR 1
O3 PRV AR, 7] At 6] v Aff Ay B - 33 P LA
— B R TR NER2AT DUE H, 34X 3 HL
B 53 T B0 A5 I - SR P (R 1 in 3] S PR AR e 34,
TG~ MELZA L HIEA VR S EEF M TRE
0-10 cmib, 73558 H3#0-30 cm)AHLIR S EH

Table2 Soil organic carbon content (0-30 cm) in different areas (mean + SE, n=7)

HilX Area A HUB SR Soil organic carbon content (kg m %)

0-30 cm 0-10 cm 10-20 cm 20-30 cm
] 76 Guangyuan 37.91 +3.76" 18.42 + 1.614 11.46 + 1.40% 8.02 +1.21%
% Ya’an 62.18 + 4.40 25.04 + 1.66™° 20.80 + 1.614° 16.34 + 1.56%
1l Liangshan 51.06 + 3.54° 23.44 + 1.34% 15.14 + 1.31% 12.48 + 1.48"

AN/ R R 2 1B XA (9 22 37 B35 (p <0.05); AFIRE T BERIRAS A 38 J2 VR A (9 22 57 2. 35 (p <0.05).

Different lowercase letters showed significant difference among different areas (p < 0.05). Different capital letters showed significant difference among different

soil layers (p < 0.05).
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B g3
270
.ﬁ@% g 60 | O J~JG Guangyuan
SRR B B% Ya'an
Hax 555 0t : i
IKE &8 § e B i1l Liangshan
f’jﬁ—s 8E 40t
3 O e
BEE 2 30) %
KH 635 %
Sages™ %
=
E g8 19 ”¢
K 28 LA | EA |1
° 0-10 cm 10-20 cm 20-30 cm

Bl A D R AU S &GS A LS & L
CPIMELRERZE, n=T). RE/NGFRERRAFE L2 2
FE#E(@p<0.05).

Fig. 1 The percentages of soil organic carbon content in each
layer out of total soil organic carbon in the three sites (mean +
SE, n = 7). Different lowercase letters showed significant dif-
ference among different soil layers (p < 0.05).

51.05%- 40.87%K1147.50%, ka2 1AL
g i LR ER T oA L (p < 0.05), TAE
1020 ecm T2 B E ST HARMH(p < 0.05), H™
TN L 2 (8] TG 5.3 22 5 (p > 0.05), {H£20-30 cm
TR e A B G RS TR e A L,
HIEWi#EZ MR ZEZR(p>0.05). WARFRMX +
BN E G R AEORE, 5 oA
LA O AE 22 43 2 33 WL o LU B R 2 1 R
W5 2% .
23 AEIHXEHhAE 4 B R FHIE X T IEHE KB R
MFRIHFETLAE tH, FiE 22 ) R SV HE AR SWIE 3
E T e ME (p < 0.05), TG 2R E %
St(p > 0.05); MELZHERSWH =X HERAK, 1) T
Al (A JE 535 22 - (p > 0.05). LA 25 S i o A
LY ZREVE(FERR A KT oMt . 28T
MYIFEEE FRE, T oolE = X gk, AR

/3 ANFIHX A ST R AL 2 A G bR

N RS BEKT B, 1M BRE AR R
BELSFELEREEZERI, HRYWHEKTT T
Al .

A3 TN, 3N X 0-30 emth R AR R A% & E A
T pHAE K YA 22> 1> e, Tt -3
SEREES T UAEZ(p < 0.05), 105
222 (p > 0.05), FEZ AN L IR H Y K
T 7t(p < 0.05), H FRP/ X G2 3 2 R (p >
0.05).
24 A [EHXE B B 7% FHE & IR HE K6 4R
SMHIESEENHREEHEN

MEAT] LLE H, T 70 5 A S & SW 20—
30 em b2 HEEAHR S ERA RS R
(p < 0.05), MPIFFEEES510-20 cm - IEH UK S
BAH WS IEMIGR R, MMl A k&
B HEMSVEYIMFE BB TR EMLKR@P >
0.05). X VLA T0 2 LHEA VLK & B2 B R
FRAER 20, Forh ™ u B AR Z AR 2 AR TR 2
(20-30 cm) HIEAHUEKIIAR R, TR E G
T A 0] 2 S5 LR AR 2R, T 2 e 1L B
AR B I8 FEAS 2 R E I MU & = E B &R

W T2 R, 3/ HLIX AR Rk & X IR
530 RS & 2 I AR IE B B A, 1X 1
IR BEANFRARAS R R 3 E A U B
2, T e p HAE AN L3 05 B AE 3N X L35 4y
EwEEfgm bAE -2 ER, K)o
0-10. 10-20. 20-30 cm+3EH ZW &85 +1%EpH
A TR S ES R IR IEHKEKRP <
0.01), 7EMEZAN 5 - epHIY FA 52 M IE A 8
A(p < 0.05), MAERLSHERSEAFWEER

Table3 Plant community characteristics and related soil parameters in different areas

WiH Item J~JC Guangyuan ez Ya’an 1l Liangshan
Shannon-Winner#§ %1 SR Total 0.71+0.20° 0.90 +0.21° 0.61 +0.24°
Shannon-Winner index WEA Bush 0.30 £ 0.05° 0.21+0.08° 0.27 £ 0.07
B Grass 0.19 +0.09° 0.56 £0.17° 0.15+0.09°
YR JfA Total 20.88 +2.70° 7.36+0.42° 16.28 + 1.69°
Species richness WA Bush 3.84+0.42° 1.72+031° 2.16+0.18°
FA Grass 17.04 + 2.40° 5.64+027° 14.12 £ 1.70°
A& & Root carbon content (kg'm ™) 0.28 +0.03¢ 2.08+0.18° 0.70 + 0.05°
+3EpHIE Soil pH value 6.02+0.18° 7.13+£0.11° 6.48 £0.19°
+3E 2B &8 Soil total nitrogen content (g-kg ) 0.10+0.01° 0.11+0.03° 0.15+0.01°
4375 Soil bulk density (g'm ) 1.49+0.01° 1.37+0.05° 1.34+0.03

ANF/ING FRERIR AN R X ) 22 7 2 3 (p < 0.05).

Different lowercase letters showed significant difference among different areas (p < 0.05).
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R4 ARFHLX 35 EE NS S RS RAE K IR bR 2 TR BUAR S R 3L
Table4 The relationship between soil carbon content in each layer and plant community characteristics and soil parameters in different areas
ST R iR ol 52
Guangyuan soil layer (cm) Ya’an soil layer (cm) Liangshan soil layer (cm)
0-10 10-20 20-30 0-10 10-20 20-30 0-10 10-20 20-30
Shannon-Winnerf&%{  # A Grass 0359  -0251  -0489" 0208  -0.140  -0.184 0320  -0.118 0.055
Shannon-Winner index #EA Bush 0170  -0225  -0.437 0.268 0.191 0.167 0272  -0.077 0.059
KAk Total 0293  -0259  -0.503" 0.102 0.083  —0.025 0301  —0.101 0.062
Y E LA Grass -0.092 0.666" 0.254  -0.328  -0.369 0.068 0.306 0.161 0.132
Species richness WEA Bush 20031 0355 -0.034 0395 0301  0.38 -0239  —0010  -0.128
SR Total 0.077 0.645 0.220 0.084 0.063 0.147 0.210 0.169 0.144
M A& B & Root carbon content (kg m ) 0.196 0.382 0.380 0.322 0.247 0.290 0.324 0.105 0.105
+3fEpHfE Soil pH value 0.527" 0606”7 07177 05177 0477 0.403" 0.020 0.356 0.346
34 F &8 Soil total nitrogen content (g'kg!)  0.8677  0.860"  0.834"  0.239 0.103 0.027 06777  0.6817  0.634"
+3%%5 % Soil bulk density (g'm ) 0.073 0.016 0.063 0.101 0.204 0209  -0.122  -0329  -0.378
* p<0.05; **, p<0.01.
5 ANIE] M DX R TR B 1) R A 4 2R
Table5 Factor analysis results of soil physical and chemical factors in different areas
A5 Variable J"7t Guangyuan M Ya’an %1l Liangshan
F1 F2 IC F1 F2 IC F1 F2 IC
B AShannon-Winnerf§#{ Grass Shannon-Winner index 0.963  —0.248 0.939 -0.954 0.183 0.944 0.959 0.118 0.933
#E A Shannon-Winnerf§ % Bush Shannon-Winner index 0957 -0.155 0.939 0949 —-0.123 0.915 0.966 0.020 0.934
HfAShannon-Winnerf§ % Total Shannon-Winner index 0.921  -0.300 0.989  —0.068 0.512 0.267 0.979 0.077 0.965
HIEA IS B Soil organic carbon content (kg m ) -0.097  0.981 0972 0388  0.504  0.405 0333  0.871 0.870
+3 4% & Soil total nitrogen content (g-kg ") -0.146 0911 0679 -0.180 0825 0713 0011 0908  0.825
AW & Root carbon content (kg m 2) -0.268 0444 0269  0.761 0.107 0590 —0494  0.178 0275
+4FEpHAH Soil pH value -0.385 0726  0.676  0.680  0.648  0.883 0428  0.691  0.660
¥AEMH Characteristic value 2943 2.691 3.040  1.677 3350 2112
fi# B i Heterogeneous value (%) 42.04 38.45 43.42 23.96 47.86 30.18
LR R U Accumulative heterogeneous value (%) 42.04 80.49 43.42 67.39 47.86 78.04

Fl, SMRHE; F2, MYWRE; 1C, LR,

F1, climatic factor; F2, plant factor; IC, intercommunity.

IEAHSRK R (p<0.01). LA Egh i B -+ 3pHE Al +
BARTERYW GRS EHEEMNEERNE,
T2 AL L4059 32 -3 pHAE AN T3R0S B AR
25 EMARMXTIEEENHRSENEZSH
N3N b X R - 3B MU B R
Mo ] 25, K 338 - AL FE AR AN R H B T IR S 4L
BEAT b, MR BEA B R ) P AR AT £ H 3R
T, EBREEVEZREME . A VLR, IR
MR Z B A I p HAE 55 7 A R FE A gk AT T R 7
SMT(ERS), W LAE Y, 256 HdE o3 A B AH 08 STHR,
BR, BEARKSRSWEEF R, EEZAEET
g, 3 WA 4 2 E B2 A K B R,
DR Rl R —dr 2 AU R R, R R i & )
K, M3NHLIX R i s RoRE, oo, i

IS
5

B,
W

=2
5
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Kl & e SR BN FEER K, MR R
IREERIF o LA _F 45 3R B34 1 X 1) 1= 33 5 A ALk
TEIEZAERENEm, HICEDFEE.
it
31 ARSELBTEMTIEBANKEEZE S
FFE

] P 0 X R AT W LB i 5 443 FE 2 TR A AE
FAHR KR, LR ER L, ANk E 2%
R (F S, 2000), TMHERFH500-2 400 m
Z AN Ll b X, B 9 AL ity 08 O A2 AR
R 2 T (%) 2 T T 2 0 L Y . 1) 2 T 9 A7 SRR AIE (Jeny,
1980; Alverz & Lavado, 1998), iX ¥ B2 K Mgtk
FEHGIN100 m)5, R 2 FF{K0.6-1.0 °C, TiFEK

=
w2

3

1S 2A
-z

©U 00000 Chinese Journal of Plant Ecology



TR AR SEIEAT DY) B L B s () 0 A SoEm R 303

I IN30-80 mm (FRIEMLEE, 2014), Hbif Lok
oy AR R S 2T HIEOK S BRI, 4k
WD T LR RCE IR R . R, BEEE
W) BT, IR R BRI, A A T g
AR B R 2, 2R T T . SR
AR, BITC A IR (A AR
RN, 2 (5 3 2 A WA S A
mT i, HIERRER: 3, MR )ET
BB AN K EAE 2 ) 12 RECR (TR X),
FHEOZXBHEFIK B ER R, MMAERZHESE
Z, HEMIAELS 2 X A A SRR, T S HE
THEZEYYF KSR, 2008), FET 1E
EHBEERAER, 5=, sl ER AN TR
{6 b 3R AR 8 (1 75 P2 15.60.82%), 7K -3 S 1) AT R
PRSI, IR SR, B A LR KT
BN, SECT LA PR T E AFE PR (Holt et al.,
1997; Smolander et al., 1998); %5 =, 7EFEHLU AT
RI, Brt Ll BH R AR K A AR E)
NZIBLS, HHb AT R R AR i S, (3483 1
B IEVE IR, S SRR RA, R R
TIEA YRS E R

BRI LR S B SR . HUE. R
FA 77 20 % R P A5 DR 2 A 4 ), 7 IX 3 e P 3R B
— B [ RE RN, T 7E B AR (A0 A b, RN BE
T ERER IR EEEY, HAGHEMRENS,
HFRRE TSR EHIEREEY AT, R4
EHREFEDAMK. BEHLT, FihR)ZE 5 R
KIIEDFE MR EE, BT REFNK, FEE
T Z VR BEIN, HR FR 2 R b S AR A i ek
S5 BUE I LR S B IR R B (R 4,
2014). UMbk, HEYRIARKIE T SOZ B K5
R K R S R R B 20 (ST P, 2013), KA
BT B 2 () 2 ORI X3 ] R i i b X A
Y2 #EPE(Tilman et al., 1993; Curtis et al., 1999;
LT, 2008, FKFEEE, 2010), BfFHAEIEPIRIZ
AR R ENFEE 5 RIE, BRI R 5w
g R N O, T A A MR AR R
2o BRI, 34 H0 X B A AU [
FEH LT B AR RIS, HL I R B2 38 n i A,
X5 HT AT AL R (RIS, 2014)— 3, SAITEA
[FASERAT, AN E S E SRS E S
KBl L7 B ) 22 e, R R WA AE

1020 em 5 LR T o, RIVH NKZ
FIRZE T IEA LK T RS RCE 2 p S, XA
BRI ST 25, KA f ks
A X O R A R E R, A
R Z 43 ] AR AR B, TR N T - 45 B
TRETZENRER, R&Em 7 HEE S EE
IR 3 AR AL o
32 AEHXEMHEHEEIKRS=NEMER
B 3 BB U A R I R A i A
R4y, WA BETE AR IR I 5
& B BB (T HEE, 2005), S =AY
Sl 2 A S AR D R R, o Hoa]
IR PR SR R A LI e R S
TEPE, R0 - S AR R AR AR T O3 R
&G ESH YRR RN AZ A (Alverz &
Lavado, 1998; F24u& %, 2004). K, FHUAEHEE
B, HHCE RV IR S E R 2 B RR R
2. AEYBEEAE Y SRR AR TR,
PR SRR R, HYFh 2 FEE I 2 1L,
ANFEPER T B S RAAESHE T
DR 22 3L (R R A 7 40 1) 23 18] A (CF tHESE, 2010).
ARG, 2 T S A HLBR R S SWEY =TT T
g, (HHYFEEERAE N =R, XF
BREAZHL X 2 A SRR, )
Pl —, 2 LR A 5 HAR RO IE AR N
P (a0 5 548, AT 5 EUE R
e T IOAEN SR VLK B IR AR ER, EH T RE AL T
[va) E 5 M P B, DR b B R 2 R 4R AL
X E; A EFEE, BRNE HES, gk
AR E 1 700 m)BE RS ES, HE T2 A
NFRBERE ., RENIR, TR FEC T B Fh
ZHREPERIBRAR. FHh E 3 M UBR ARSI T - B
i 5 LI R H R (BRIEMLSE, 2014),
AR A B IR Rk S s T oL,
X5 =X B R IER ARG ENSR 8. -
B pHAR X 5 b 3 HLAR 1 5 M = R JE i ) £
EREI I RIS VM B DL SR A A s
GO PP A o NIRRT 1 nT LA ) 1438
T A= 40 P 3 1 N TR A AR A ML 5 1) 20 T B, TRk,
+EpHIE 5 A WU 2 & L (K 3L %, 2011). 48
AR IS 1, 34N X -3 pH A 5 & 3 FLAR AR
iE A —8, X PTRE R B T HipHIE Ak, M.
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FIFH 7 2QE5 14 A S Bt = 3 AU O B R 2R
TR A IR EE Ry, HEE
KN FEREARRS T L 358 Fh AR B AR R S N 5 e T 338 00
AW Oy R, Gl E AR LT LI LR S B
BT ERA IR RRRN SR, L ERE
S nad gk, H FE BRI FE DR 2R R A P SR T AN [R] T
T —EMZERMEHA E AL 5, 2005) ARL A+,
3 X M IR RS E S AR S EA I,
KU NE L H AR S Em TR oo, R
AIREAN R R 1) 22 5, AR I IS N (R ] R
HE T R IR A S 2 RARFE R E 5, 2004). AT
NBFFEN A IR Hbk vy, L35 UK & 2R AIL,
Bl B3 Il S R RA RS B R AR
(Franzluebbers et al., 2000). Ai{5K45 R0 BoR) ot
B E 5 A LR S B =X O R s A
ICME, [RIFESE I R H S R E WUk S B (A AF
FEFAH KRR R

398 o WU R A3 A AN SZ R AR A A
IR, T HL 325 PR FR 20N 1 e Ak g
PEIRZIE, DA 43 J2 A LR 1R 5 i R 21 2
LRERIN(EIETE, 2015) ARG, X343 XA [
oy R R G LR & S W A S B (R
Rt pHIE. T84 50U T 9825 5 3T AH ¢
A AT IR RIL, AN Je 30 JE ik A s S R R
AL 8] EAT WY AR S, e 22 At Ll ) R )
BERNL . XU O R YRl 2 R S R
K2 LIEAENES R, EET AR TR AL
TR G AN, KP4 nog, g fh &
B, BRI Rh A H B 2 S S EUR R S i A
WM Z R4k, SN T TR YRR A R
Ik 7 AN ) 50 il Je 775y To R R, %%
SERZE AP B R, X 52K 55(2006)
IR 18 4 55 (201 2) A VR JZ RN EL AR JZ W Fh 22 14
5 gemditE R AR R R —8 IkAh, T
TCHEE M 5 B 3G NG R 771020 emil R 7347
B2, NLSEOZE IR VRS & R T
AN LR RHIE S 20 2 A AL S Y ARk 2
BFEM K, T AHE TGRS F A& L, 2014)H,
A HAAGE R, IX AT g A2 R IX A X B B 46
IR T RSB IRAS, X TR0 B3 G AN 55 (Carson &
Pickett, 1990), BEIUHEVE WA RRAE I AN A2 52 03X R
X 5 2 LAY S B R ER R R AR
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B & pHE . 3384 BN 84 B EATAH G It 2y
Tt ot Ja KB, AU i T3 pHAE A+ 3 A F 2 R
Wi 7y J2 A AL S S EE R R, (HIEAF X
MR 5, RIEpHAE A R AR AR Ty
AU S B E TR, 12 A L ) o
WIZIR T HiEpHE M IR S . XU, oy
ZE AR S B BRI A 2R
AL TR, AL AT RE N R . R
. AEBE R L], R T35 T HARE R
XPE R, T pH{E 2 i LS R 3 2 3 LR
FAT I AR OO R T B S 2 T i p HIE (7  n
SR G ER TR, DR B 3R HLR
I T HRRIE ., FRE, 7L e i R g
RAE AW IR A EER R, KA
BEA RSB AE BENIEHX R,
33 AEHXEMTIESAIRS SN IIER
ANFEXERE T, B PR 028 7 &
Hsem M EEERBEARKMER, B
FUT AR X 58T b - 5 HUAK £ 5 14 7 5 (Wang
et al., 2010). BRI hnssas XEOR B R Bt 338G L
B kA B DR 2R 10 3 W A BT W Af At 55 b - 3 st
o SRR FE AR A H DX 2 77 77 A
R A ] i 246 1 2 R, g - 4 LR SN
(10 2 TSR 2 A R VR 0 1D o3 F RTbR A, TR AR )
R R E R SRR RS2, LR AR
SZAEPIR R IR0 o ARE A 32 5o AT 6 R EOR,
TG R L 2 A2 A A IR 2 o 20 (B 7 22 Tk
RO N4A2.04%- 43.42%F147.86%), FIRSZAEA K
s (H 7 ZE TR EE 43 0 38.45%  23.96% A1l
30.18%). X FE R KN EF =, TEEFIE K
ST R R A A K R LR R, e LR
B TR UE T A B 098 T FNAR R 4 WA (U ZE T
2 2004; HREEEE, 2009), 1A 03 M X 2
Wl TR BKE. S9ESERIER T ARHEK
SRR, s 7R R B TR T, R T
THEEE N S EE LIRS ENR . B, 723
b X, A PR 25 R (R 2R 3 ) 5 T A S i v 1) K
N, R AAER R G S, BRI R IR E
PRI 2%, R 6) Bl 4 398 5 AL Bk 75 e A
g BT, KRBT, SEFE R 2%
i) Bt - e S A LB S B E R, A /NG
P, AN [R] 4p J2 9 LR B ) 32 A2 R R A
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YIRS R I FA L B A SRR MR . T
F AT S0 5 - 38 LB it B O A S AT SR A7 AE AN
SEME, 7 T2 A O A (7] X5t - 33 ) Rl R %,
SRR 53— 7 T 52 PR O AS [ 3t DX TR i PR 2R
(22 59 P P 20 T R R ik B A R AN HE R E o AL,
RO AN [F) S R LR S AT LR 3% B AR 2 (8] 43 A b
R 22 S0t T HE R A B B LR R B A — E BB 4
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