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Abstract; The upper or alpine timberline( AT) can be either a transitional zone or an abrupt border between continuous
forest and herb, shrub and high mountain cushion communities. At present, Although there have been more reports on their
positions and dynamics which may be controlled by limitations imposed by abiotic environmental conditions such as low
temperature, aridity, wind and snow on the production of viable pollen, viable seeds, seed germination and the survival of
saplings and adults, but there is lack of information to understand the effects each other between changing vegetations and
their soil properties in this geographical region. Therefore, in a short distance, the physical, chemical and biological
properties of the soil mainly taken place in residual deposits in subalpine timberline ecotone, scree meadow and fir forest,
were investigated in Wanglang National Nature Reserve in this paper. The results show that from scree meadow to timberline
ecotone then to fir forest, with the changement of vegetation some physical structure parameters such as the content of scree,
silt, clay and physical clay, aggregate degree, structure coefficient, and some chemical parameters such as the content of
soil water, hydrolyzed acid, organic matter, total P, total K, available N, available P and soluble K, exchangeable base
content, cation exchangeable capacity content, base saturation percentage and so on in the topsoil (0 —30 cm) all were
increasing slowly, showing that the soil physical structure and chemical properties were improved but developing slowly on

the residual deposits. Furthermore, in the topsoil of the subalpine timberline ecotone, the microbe quantities of bacteria,
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fungi and actinomyces, enzymatic activities of acid phosphatases, neutra phosphatase, urease, invertase, catalase and
polyphenol oxidase were highest among three vegetations, implying that as a ecotone, the soil biological and chemical

activities in subalpine timberline ecotone were more active than them in the adjacent vegetations.

Key Words: subalpine in Western Sichuan; timberline ecotone; soil physical and chemical property; soil microbe;
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AR L b2 7 SO 8 LR LA B I 7 SRR, R — 20 B AT R R AL R TR 3 U AR S
B RS o — B, BEE B A SR R SR ] SC R R Y S AEVE R A B A SRR b
TN A R SRR B A S A F IR E X R — EREN R AEBERR N FENE . BRTRER
JBE ) F ] T B T R B 5K R 2 56 T AR R R A AR B T o BLARTR [R) MG 1B U RE A6 3 M B AR 2%
HITE BB B2, B A (5] Fry ot 28 DX 3, 8 L T v LU AR A 8 B o S [ R SN FIAS ) ) 48 IR BE S R A
WERHE, T H B AT ML R G AT T BAANRRITE A E, B, R TFHRENIE R BE TR B TR
BRI

MRS TR R SRR, RIRE A P A KA AR AR ), AR et R S e 433 1 A o AR B
HHEMER . TR RS RS, IR S A S H T LR - v R R A iE v, R
BRI R A A R R K PRSI . BRIRIRS  RH 3855 7 FE LA B K (R4 A 3L
PER] BB R MR AR b 0 & e A A R A B A 285 R o Xt 3R, 8 TG 5 M PR 2 A T SR 1 285 7 S 5
o (HEFNED WX TR IRIE . B, A< SCHERE) 78 . m LLARZR A P B b S i A e o ) RV AZ K
MR IR ES AR ST 3 SRR TR R A IR, DU IR T MR ARER X AR B A X
TIEMER A, NAES R A EIRAREAE S TIBE ZIHLH] ARG T8 B 3h A SR B LR B
1 MREEREHZE
1.1 5 XAEEA

FEERFP X (103°55" ~104°10" E,32°49’ ~33°02' N, ¥4k 2300 ~4980 m) A7 FPu)I| & FiE N, HE
b 96 G SR — )| 2 b P S U Y B TP B -PA TR VR S . RS ARE MR TR DX KR Ik S 3 I L
MRS AR FRAR-EN-B )" E A B, 35 & Sm x 10 m [EEFEHE 5 4>, E 104°017, N 32°59”, ik
3300 m, 4E¥IE 1.0°C,1 AHSIE -6.6°C,7 <R 8. 9°C AR EE 70. 0% ,FE/K & 859 mm, JifHEE
B FZE LR (Cyerus sp. ) B HL(C. kansuensis) 1335 (F. ovina) 3, HEL) 16% it . TR DML E
W IRA D BIRTIAZ (A, faxoniana) FIRE R AE (B, wilis) ; HERZ FEZ AR ILFELIE (S, alpina) FEEY
( Rhododendron spp. ) \\& LLMI(S. paragplesia) WIFBZ4(C. hispida) \FEMk ( Sorbus sp. ) .7% 7% ( Rosa sp. ) , 55
BEIR T0% LA b s A R LAV R (Cyerus sp. ) HEF(C. kansuensis) N E, FHEA 27% . FTHRIEMBTIAREEE
HIRTL#2(A. faxoniana) ,BFEER 182 #% + hm > KE 15m, fig1% 24 cm, BRFH B 0. 56,

1.2 MRS

G3HTE 5 A MBI RRMEARE W B e A b, B RSB R R 1A, S S A HIERE AR . 2
BRI PR AT S RA T A MR 70 m, TR T >3m, WX FREF A RIRA RS
ART70 m gk, 4%« 27 FRIFEYLIERE S m 3513 H I 1A, 20508 S A LR . AReod Bk LR R R R
BEFRIER O ~ 15,15 ~30.30 ~47 om, Jii R Wk fa) RIRIEBEFT 5> 0 ~ 15,15 ~26 em, F BRI BIRFAEE
430 ~15.15 ~30.30 ~64 cm FFJIBUREINE + 3T, 53 SMIR AT (B SE 06 2, R 43 XU Tk - s 34k o S
FrorE BIE , BB 4°CORAF, I HIRBUE Y BEIE .

1.3 WETE
(1) TR RS '&NE FAOFER 2 K ATIE L EEREKE DIEAE LRE, =
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PIAHT H R T2 LR I R AR A HUR S HIRIE A T B AR SRRk,
pH {8 A0 , UM BRI A B A0 hT F E T i, TR T LB B S 3R J] — R BURE S 800 < ,
PVUR S B K,Cr, 0, W HRR ALt , & N AR MEYLRE:, & P A s, & K KGR, 33 N
PEOR N , HA P IR S SNR RAR BT L (a1, B K 2 BRERIB R SR

(2) HEHAEYRCRIE A0 R AR SR, A B R 4d SR B, B R A O R R
B BERE 26°C H55% 4d R IR R R B R R— SRR MR 26°C 1 5E 4d B A,

(3) TIEEHEVENE  WREEIE M I 52 P b € , BEMH G PRI 2 ) 6 1, R A v Pl R G 335 e 0 2
FIBEBRAE 4 e fa sk i AL S EHE PRI E A Bk, S B A LB PRI R e

DA EmiEY 3 A EE,
1.4 FdEsHr

MREEIT P S AR IAR B I B SRR TR R (%) = (b-a)/bx100% ,a.b 535 A4 A
RARFNEORL BT RS RL( < 0.001 mm) F & (%) ,ARE(% ) = (a-b)/ax100% ,a.b 535 J F R4 F0
ORI FOEDRL(1 ~0.05 mm) &8 (% )M, FIF SPSS 11. 0 BfF, K ZHEA )7 2K % ( One-way
ANOVA) FIZ T H: (LSD) BFFE ARG it s e ARSIAB B () R Rl L2 5540 AR Mg B R P25 5
2 ER545H
2.1 ARG P S ARUTAE B - Y S M R

IO R R A ) TR — . iR 1 W, WA MRE (0 ~26 cm) AER ARL(L ~
0.05 mm) & &, ARL( < 0.001 mm) 5Y3EHHRERL( <0. 01 mm) & AR, BRL B RLFURSRL T & L] 2%
A, LY E T, WFA MR AT B R M, BAR 0 ~30 cm RERRL S P H MRS L
SRBWE OSBRSS BRRSMR, (BB RV BT & EL 5538 , TR aR B2 . B 4h,
MRS P K BT A MR A A AR A R A B, A0 A R R A AR, HL 2 B B IR
RT3 75 5 AR, Vd B X IR - S FORE AR R 3 B R BB MR AR Ed i £, WA W
T >R TR >R AR, B BRE R K, TR E SEWKRYE (S REER) R K, -
HOK /& BB Rk P RE ISR

x1 HESEFRBEES TIEOY R ERIFE
Table 1 Soil physical properties of the timberline ecotone and the adjacent vegetations

= 4 2% V. (mm) 4 % mm) 4 % ZE Kb
_— +2 FRRR HR B N 41 50k (mm ) 2 AR (% ) B (mm) H (% ) %’lfl e s
- Layer "7 KR BUE HE 1. 005~ 1~ 005~ 0.01~ o REC o0
(em) (%) (%) 0.05 0.01 U< 905 o0.01 0.001 U (%)

A M B ) 0~15 47.82 35.67 62.74 0.98 52.38 24.46 3.22 19.94 62.09 27.64 7.83 2.44 24.22 15. 64
15~26 94.67 12.49 33.84 1.74 69.34 15.73 2.26 12.67 74.31 21.7 2.12 1.88 16.81 6.69
MRS PE 0~15 35.49 39.16 68.82 0.82 45.67 20.89 8.95 24.49 60.65 23.88 9.14 6.33 29.27 24.70
15~30 54.61 42.2 52.85 1.24 48.42 26.24 6.02 19.32 58.32 30.04 7.18 4.46 25.91 16.98
30~47 85.82 13.89 39.92 1.58 61.12 20.38 2.08 16.42 67.15 26.13 5.05 1.67 19.71 8.98
Y 0N 0~15 26.73 47.26 71.86 0.74 42.35 28.14 11.76 17.75 59.12 27.02 6.34 7.52 36.05 28.37
15~30 48.52 58.11 44.87 1.45 47.17 30.18 7.81 14.84 56.46 29.19 8.68 5.67 27.40 16.45
30~64 74.45 18.98 38.4 1.62 58.05 21.58 2.96 17.41 67.03 25.44 5.19 2.34 20.95 13.40

FiBkE: The content of scree; [ #R 757K & Natural water content; 258 The total porosity ; 4l + 45i4i2H /i, The composition of clay; FZ{AZH i,

The composition of physical clay; HIZRJ¥ Aggregate degree; 454 % structure coefficient; 255 Bulk density; i f7 ¥t #i48) Scree meadow; ARk it P

Timberline ecotone; ¥ #2#k Fir dominated forest

2.2 MRl B R BEAR B AL S R R

2.2.1 HIRTHNERESIRIE
IR T Ac R (CEC) B IR B SR R 0 MIBE ST o ISR 2 AT IR, A e ) > AR R 7
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-, 13 CEC FER/Z 138 (0 ~30 cm) EZHHMIES . 13 CEC 5HhMIRIE R THMER S E
2 BEEMK(HRRET 51 0.9857" F10.762 ") , - 3 S84 P 3 B T K At 1R R Fr) 22 AL 7E 4% S BUAB 1 1) 5
CEC AA —BZMME, hTRAMES LIRSS, MBS, RKPEREZE , K VA 58 B
K, BB ARAEEREZE , 350 TR A ™2, R B 12358 CEC UK ARIERR St dh 2R & B 5 Eh B I A BE AR A, pH (H
B MWARET BT B T S AR, B TSR B 54 (932 22 B0 LA AR B30 3 JBE RVRR AT B F) B K, /K it i
YEFIA PrEAik , 3% CEC UKARIERR St SR & B 5 3h B A AN BEAR B A P A2 ) 8 4038 1 , LR /K AR AE
PERENE IR . RARGHH MO LR A ST e P Eh B A X B AL S (BB T S BT WRSE R, AR IS
WA T A s AR B ™ A BT VR I PR PR R , BT ALK A PR R v , 4R Ak, 0 1% pH {EIK
FARE AT BT R A W B A

F2 HETEFRMILER T B IRERETEESE
Table 2 Soil exchange property and acidity of the timberline ecotone and the adjacent vegetations

RA /8 pH KRR SRHdERRSE CEC* BRSO
Types Layers (H,0:Soil) (mmol+kg™')  (mmol:kg™') (mmol-kg~!) (%)
A MEE 4 Scree meadow 0~15 6.81 48.76 70.78 119.54 59.21

15 ~26 6.96 32.40 28.63 61.03 46.91
LR P& Timberline ecotone 0~15 6.57 79.43 159.69 239.12 66.78

15 ~30 6.89 54.26 114.22 168.48 67.79

30 ~47 6.82 37.72 51.75 89.47 57.84
Y22k Fir dominated forest 0~15 5.92 134.16 198. 67 332.83 59.69

15 ~30 6.27 96.38 162.94 259.32 62.83

30 ~64 6.75 51.01 78.34 129.35 60.56

JK A BR Hydrolyzed acid; 3245 3 Exchangeable base content; FHES T 32 #i#t Cation exchangeable capacity content; & 5E/fl 1B Base
saturation percentage. * CEC H/Kf#th BRINASHubkEh It BiEi14  CEC is the sum of hydrolytic acidity and total exchangeable base

®3 HETEFRMVEEHTEFIHYE

Table 3 The soil nutrient properties of the timberline ecotone and the adjacent vegetations

o 2k AP &N 4P £ K HHN AP BRK
Tyoes L: ers SOM Total N Total P Total K Available N Available N Soluble K
» Y (/Ke)  (¢ke)  (gke)  (e/ke)  (mgkg)  (mgkg)  (meg/ke)
Wi MR fa) 0~15 54.04a 2.79a 1.56a 18.69a 83.57¢ 1.64a 145.56a
Scree meadow (7.12) (0.45) (0.34) (1.83) (6.91) (0.57) (4.32)
15 ~26 5.93b 0.47b 0.42b 9.16b 16.46b 0.85¢ 43.42b

(3.67) (0.21) (0.08) (1.47) (3.03) (0.38) (2.48)

FRER o PE Y 0~15 180.17¢ 4.50d 2.18f 17.94a 134.78a 4.63b 198.73¢
Timberline ecotone (15.48) (0.78) (0.34) (2.82) (8.12) (0.92) (6.65)
15 ~30 79.51f 3.27¢ 1.05g 22.95¢ 64.17f 2.81d 125.13f

(9.66) (0.67) (0.46) (1.78) (6.38) (0.76) (3.54)

30 ~47 12.64d 0.56b 0.62b 14.38¢ 18.72b 0.79¢ 64.26¢g

(3.78) (0.24) (0.27) (1.90) (4.15) (0.41) (4.29)

Bk 0~15 225.48¢g 3.87f 2.90¢ 26.41f 167.05g 5.76f 213.07d
Fir dominated forest (14.56) (0.75) (0.41) (2.35) (7.74) (0.87) (5.35)
15 ~30 82.35f 2.68a 1.72a 32.78d 94.87 h 2.57d 150.43a

(10.38) (0.42) (0.54) (2.06) (3.34) (0.56) (6.11)

30 ~ 64 14.24d 0.64b 0.96d 15.59¢ 29.08d 1.61g 96.56 h

(5.27) (0.28) (0.23) (1.67) (4.40) (0.74) (3.82)

TSN bR , R — S P AR FRARR ] — AR R 1R 2 Bl 22 5 B % (P <0.05, n=5)  SD in the bracket, Different letters

within a column indicate the significant differences among the soil layers of same and different vegetations (P <0.05, n=5), F[f] the same below

2.2.2 HIHEFHMER
M3 WA, EHIERE AN b, SR SR FRI N EE I E R g, HEAVR. 2 N4
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P & K FIA %L NP M3 K & EEHEK. BT, 0 ~30em K2 HIFAVR 2P & K A% N.P HE
MK GREFEE(P<0.05) WA > RAS P > AR M, e N RAEiT & BERS. KELE
BRULA MR ) B RS , MRS 5 T SR B R R A B
2.3 MRS BRI IR YRR

M 4 T, P R ARG B A A2 O (R 4 S0 B B O T A AR ) R B 3
W2 B A R BN BE LR IR B K. WAE YRR, & LR AR R SIS, S
YIREH 84.9% ~95.7% , EW BB IR Z , G A B H 3. 4% ~12. 1% ,AEHBERD, 5 1.4% ~
4.8% o MHEPLO ~30 em +JZAALE , Wi ME M A0 H  F R L B A AR Y B SO R R A, T AR S P
B fm , TSR AR PR, T2 3008 TR B . AREd B 40 3 K BRI B B0 B
11 2 PR i 5 i 0 3 0 ) R A2 WA L SEAS 1 T4 R A e A o

R4 HRETEFRMBEER T HMEDHE

Table 4 The quantities of soil microbe in the timberline ecotone and the adjacent vegetations

Sl +2 1A W% The quantity of microbe( x 10° CFU-g ™! dry soil)
Types Layer (cm) 4l Bacteria HH Fungi JHZTE Actinomyces BB Total
P ) 0-~15 46.16(6.28)a 2.18(0.97)b 0.72(0.19)a 49.06(5.98)a
Scree meadow 15 ~26 3.28(1.94)b 0.29(0.14)a 0.18(0.05)b 3.75(1.75) e
P i v 0-~15 106.76(9.17)d 14.73(5.65)c 3.92(1.64)d 125.41(7.27)¢
Timberline ecotone 15 ~30 62.68(8.31)f 8.87(3.92)d 2.12(1.81)c 73.67(6.83)f
30 ~47 19.17(4.76) e 0.72(0.32)e 0.38(0.17)f 20.27(3.02) b
B 0-~15 87.69(10.68) ¢ 10.58(2.76)f 3.17(1.56)d 101.44(8.10)d
Fir dominated forest 15 ~30 58.24(4.03)f 8.04(2.98)d 2.25(1.09)c¢ 68.53(4.58)f
30 ~64 21.65(5.82)e 0.79(0.24)e 0.67(0.31) a 23.11(5.42)b

2.4 ARGt R AR A g IR ERE AR

B 5 AT, X LA W S IR A S — 8 W AR 6 , IR  REWE G , BRME S Hh PERE IR , 2T A fk
Al A A S B A5 SR T R T 2 A A AR I R, BB SR B IR T REAR . S5 A PEEL A A
LA, MRER T PR O ~ 15 om +ZJREG FEMEEG BRIERERRES | b YRR EREG . 2 B A AL BS LA S ML SIS M 47
R 2.04.2.49.1.91.1.70.2. 03 £ZF1 1.57 45,15 ~30 em 124> B3R5 6.44 .8.70.8.03 4.02.2. 74 fZH1

x5 METEHERBEER T HEEEE
Table 5 Soil enzymatic activity of the timberline ecotone and the adjacent vegetations

x5 R Wi mokms mwsmn o oon  ZERRE
. Neutra Polyphenol-
Types Layers Urease Invertase Acid phosphatase . Catalase
phosphatase oxidase

A M B ) 0~15 0.435(0.124)a 1.017(0.312)a 0.265(0.101)b 0.182(0.075)b 1.185(0.478)a 2.721(0.728)c
Scree meadow 15 ~26 0.068(0.012)b 0.214(0.076)c 0.067(0.019)a 0.042(0.008)a 0.459(0.127)b 0.760(0.283)a
- 3uR Lt 0~15 1.296(0.351)c 2.784(0.419)b 0.736(0.132)f 0.347(0.132)c 2.870(0.624)f 4.968(0.671)b
Timberline 15 ~30 0.438(0.098)a 1.862(0.470)e 0.538(0.126)c 0.168(0.080)e 1.259(0.350)a 2.970(0.749)c
ecotone 30 ~47 0.075(0.021)b 0.434(0.103)f 0.089(0.025)d 0.047(0.031)a 0.684(0.267)e 0.905(0.460) a
YEY 0N 0~15 0.862(0.173)d 2.127(0.511)d 0.652(0.130)e 0.252(0.109)d 2.187(0.511)d 4.034(1.542)d
Fir dominated 15 ~30 0.311(0.078)e 0.985(0.217)a 0.514(0.083)c 0.162(0.141)e 1.131(0.603)a 3.438(0.420)f
forest 30 ~64 0.081(0.023)b 0.472(0.084)f 0.093(0.032)d 0.072(0.064)f 0.920(0.341)h 1.362(0.612)e

Urease (NH,-N mg+g ™" dry soil, 24h, 37°C) , Invertase (G mg+g ™" dry soil, 24h, 37°C), Acid phosphatase (P,0smg+g~" dry soil, 2h, 37C),
Neutra phosphatase (P,0smg+g ! dry soil,2h,37°C) , Polyphenol oxidase(0.01mol/L I,»g ! dry soil, 2min, 30°C ), Catalase(0. Imol-L~!KMnO, g !
dry soil, 24h, 37°C)
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3.91 f%, FHBHEMH 0 ~15 em + 24 B35 1.36.1.90.1.79.1.38 1. 69 £ZF1 1. 48 £%,15 ~30 cm + 24051
P75 4.57.4.37.6.18 3.82.3. 34 f5 1 4. 52 £%,0 ~ 30 cm + )2 45 BEIE M SRR I 0 I A W ) B AR, MRER T
PR, BRI Z . X TIRIE 13, R AZHR (30 ~ 64 em) + )2 & T 3B FEE PEFE M T ARG P (30 ~ 47
em) + 2, HEFRIKXBZEWKFE(P>0.05),
3 itig
3.1 ARG W K SR AE 4 IR AR L

G 355 1L A e B ) PR ER T W >R 20K, LR T3 TR b AT P i % (B3R B 230, i EpL
PR B 2, AR A B AEDRL S B, SRR, TR A, 28Kk EEMK. HEZEFER
AIREZE T : (1) )1 VG WPy LLAPRER X+ 38 88 AR KRR B ¥ A LL e TR P A 4 (BRVE Sk IT% ) DA R S B A &)
AL AL E T AR R o KR IR R B i e, R AR UE R R B R AR
(2) TIETE AT F R B4 BB AL DA A i KA R AR S 7 R IR BREE 4 T 3k
WIRALES , Y3 AR 2 B AL 72 5 (3) HUTE BEIE 2 fi s, I S S sh i %, B W B LR R T
(4) PRER DX 358 4 338 J&) 390 14k s b 0 2 2 i) 3 A SRR AR B M o MR XK R A K B 4F (11 7 ~ B4E 4
), KEEMTIA R, iKEx KB BARCRiZ > 0.25 mm) e M mk IR BE IR T 1 B A4, VR BB R IR A1
PR R AA (s 1, B AR OB RY , AT S0 TS A B8 Al R R s PR S

AT R, PR W IR R TS AR T L AR A M A T &R - Bk, HIFEHE
TETF : (D) VRN A S A5 ko B IX o T i 000 AR MW A B N E B A SRS . Bf %
REPERRES , 4 Y0 FA R St i A R AR Z , IR A RS PR Y o (2) MR W AR S AR
FERAR T F &R, K ZFP, 70 2 5 FHG BR800 B & TR R AR 148, BARARER Bk
FE 1) 4 A 35952 R S0 5 LLi AR i PRI BE 4% o , (LR RS N R PO L E 22 57t PT RB R PR 3o B 3R E 3K
2. EEBEES T TSR UM RER., BATAMREEIREHERSE TR, B EAR HEE LR
EFRoT M AU B R S BE A TARG S WA o 8 LU AR 4 308 A M B TS P 8 T4
VEAEAE AR B T AR P X — ek 1 AR 23S B , LA BB AL W DR X 1% BR A BT A A8 ST 4 1 — R 3k
TRl b 2 A PER A AR W — T &R M AR, TR S AR MRS SRS L8
HE IR GLZE A BT ot , O T 0 i LU R B o AR S A v I 4 R B R A A
3.2 MR BRI AETFERE X

T LR B AR 3175 — BB AR AR B2 TP 4R e B U ™ . iR X, (R IR Ak
LIC MBS R 8 A B H F, TR SRR BI85 7K B 7T AR v Al SR B & CH T35 48
EB . BRIRE RSN, H K IR AR TE B S S AR K. 0K B L KL R AR A R
B4, R EEE , SRR R BT T, /N TR ) 25 5 0 b S IR 00 2 R R AR A AR M4 7 B BT
Te ) & AR R I otk 46 24 o X8 LUARSR M A4l o 1) 25 IR R iR I B 9 th R B, B T 8 O K BAR 5T 5 40
HIFETRA RS, B RS ML T 72, TR 1 T3 58 0 R AN BB I Fp 1 MBI B R R &2 %7, 118
RIA RIS S B SNEETRBIIM A, RN, ALk X0 1 1 Y B g b v 22 A /K P REA , 7K 23 1)
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