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Characteristics of Soil Aggregate at Different Altitude Gradients in
High-Frigid Mountain of West Sichuan Region

GOU Tianxiong, LIU Han, SHUAI Wei, JIANG Xinhua, LI Jing
(Ganzi Institute of Forestry Research s Kangding , Sichuan 626001, China)

Abstract: In order to research the effect of altitude on the characteristics of soil aggregate and its stability in
High-Frigid Mountainous region, based on field investigation and experimental measurement, we determined
soil aggregate along altitude gradient. The results showed that the content of >>0.25 mm air-dried aggregate
was greater than 80%, the content of water stability aggregate was greater than 70% ; the content of =>0.25
mm air-dried aggregate in 0—60 cm soil layer increased with increase of altitude, and the content of soil wa-
ter stability aggregate decreased at first and then increased with increase of latitude; the organic matter con-
tent of >0.25 mm aggregate was highest, it increased at first and then decreased with increase of latitude,
and decreased with increase of soil depth; mean weight diameter and geometric mean diameter decreased with
decrease of altitude, while fractal dimensionality in 0—20 cm soil layer showed the increasing trend, but the
pattern wasn't obvious in >>20 cm soil layer. These results indicated that the surface soil structure stability
was better in the alpine mountain of western Sichuan, and prevention of soil degradation should be the focus
of ecological protection in this area.
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1.1 HRERHER

WF 5 XA U )1 48 H Ao 3 22 1 P63 (307007 —
30°08'N,101°44'—101°51'E) . #r Z 11 b K FH 1 — k.
J& T 9 AR &, o K 4 962 m, B F IR
4 298 m, WFFT XSS g W FE 7 2 KA 5 i i
R i M A 32, AR R R R FE L AR H IR 2 000 ~
2 500 hP b, 4 SF 4 FE KB 1 600 mm, AR 8°C LA
ToAFEK,CHEEE, FE LM & LR
R HE R g 1L A R A R LA A A R s R A2 A
IRt U B AR R 3 800 m ) g Ll MR ER P F] 4 000~
4 200 m Y& LLIE N FL A
1.2 TEHERRESLE

2016 4F 8 HAERHE BT 2 I AR Y47 LR O
(AR AR ARYE 2 HRZR IR ZU7E 3 800 m [ SEBR1E L L FF
B E LA 3 800 m ARZE I T BB 200 m 1 AR A
Ji7 LBk 3 400 m,3 600 m,3 800 m,4 000 m,4 200 m 3t
5 AR BRRE . BEANEIRRR BEAR I /N M AR 1) 22 5 4%
B 31> 20X20 m BYAREREHL (R D, JFH T sUR AR
Ay TR} 0—20 ¢m,20—40 cm,>40 cm REREM
(i) s FH SR 2R 4 i R Al SR A 3 BT B [k A AL
RRAE LN SR N TN

F1 EMERBR

4K/ m T

F BB

3400 LML RT AR

JIE &5 WA (Quercus aquifolioides) & WM (Salix oritrepha) .z #% (Picea asperata) .

Mk (Sorbus pohuashanensis)

3600 1Ly s A4

R ez g (i T
3800 s i e e AR ) (Abies fabri )

4000w ILHE M R A+ o
myrtilloides)

4200 Ll E R )

JIE &5 L BR (Quercus aquifolioides) &% (Cotoneaster integerrimus) .z ¥ (Picea
asperata) AERK (Sorbus pohuashanensis)
F18% (Rhododendron simsii) 3% WM (Larix gmelinii) . = % (Picea asperata) & 1%

FLBY (Rhododendron simsii) | 5 W 45 2% %5 (Spiraea alpina) . WK G5 £k %5 (Spiraea

Fe & A B (Rhododendron intricatum) ¥ JE AL BY (Rhododendron telmateium) iR B ¥l

A% (Rhododendron flavoflorum) iR #& 1§ (Potentilla glabra)

1.3 ERNERITE A *

R A A N B S RO AT ol A 9 (LY / T-1999)
D7 A DG AR Rt AR E R BR D 0 s 0
P SR 2 A 7K Btk 1A 3R A R R 7K Bt AT SR A L R 7K AR
P A 2 A 07 325 L /K R T SR AR 1) o R FH IR O
W . 5 ML o 5 IR A1 I A 5

AT R AR BT i HAR (MWD)

X, KW,
MWD="——— (D
W,
r=1
AR LA F- 34 B 42 (GMD)
SW, Xlg X,
W,
r=1




14 AR < VVY o T 1Ly AN () T 4R g P2 98 AT SR AR R A 49
T A A(D) - mm) F 1 >2 mm AR KEAPER R R 2 .0.5~0.25
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A X, A — R GV B PR R A O 1 AR
(mm) W, ik + 38 5 i W, st i FX, 117
BIRFW <X N/NTX, B Z LR
X o H B IR B AR (mm) , R 0] U3 A4 O 6
i 1| R [ mon gt 1| X it
TEE TR A 2 e e B PR & 3— D, Bl
TR R R R TR 4EE(D)
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2.1 ARk EIEKTREFRE T

VAL SR A DAy 2 8 8 1) e 4 L J S R R
F1% 245 A TR A AR FG K 38 2% o DT A 3] K R 45 1 1
Mo HIEARAFRPREGR/NR AT & F 23 H ] 3R W AT 3R
REOHUBER E P, 3R 2 W LA MY &g 3k L R K AR
PEZRIA 0—60 em LR RAR & R/N R (2 mm) >
(2~1 mm)>(1~0.5 mm) > (<20.25 mm)>(0.5~0.25

(52.3%)>>3 600 m(50.23%)>>3 400 m(42.38%)>>4 000
m(42.21%)>>3 800 m(41.06 %) , H.Ffi i3k 4 B A8 Ak J A
AN, 5 R Y VA R T v 2 a0 T S S R Y
v, HAER 4 200 m AY 13 >2 mm FEK R M R AR
B o5 L v T HE AR 3 800 m Ffik. {H>2 mm JE/K
TRtk BIRAKRTE 0—20 em )2 [, By i bE A /MR
WM 24 200 m(60.42%) >3 800 m(55.74%) >3 600 m
(53.07%6) >4 000 m(49.37%)>>3 400 m(38.87% ), F&
4000 mAhE I H Fif v 4k 3 R 2 B TR i A, R B
0—20 cm LJEHP T & KRR Rk 2, HMEE L2
PR IR T R ARG o (EL G A b A2 B 0 S B &, — A
=>0.25 mm Y A FRARFR A 1 8 HORE 45 M I, 2 4 47+
SREE R REE By A L B R R B AR S T
RS AR R 2 AR BN R+ > 0.25
mm FiAR H AR KRR A SRR B R R /N R4 200 m
(87.06%) >3 600 m(86.61%) >3 800 m(86.08%) >
3 400 m(81.70%) =>4 000 m(80.58 %) , Herp i K&k
4 200 mfy T3, F/ N AR 4 000 m /Y 13, 2R
W4, A R RE R LT g #A.4 000 m Ak
AT BB 55 12 1 $5 0 AR B A R R A A TR R T
NG TR R S

®2 FRBABSELEFEKGEREAR

R oK Rk SR AR AL/ %

M4/ m +J2/cm
=>2 mm 2~1 mm 1~0.5 mm 0.5~0.25 mm <0.25 mm
0—20 60.4243.27a 14.85+1.16a 10.26£0.82a 6.76£0.13a 7.71£0.09a
20—40 48.4641.15a 16.18+£0.62ab 11.59+1.05a 8.68+0.16a 15.10+1.16a
4200 40—60 48.0142.04b 16.5240.85ab 11.71+0.39a 7.75+0.34a 16.01+£0.94a
WE 52.304+2.15B 15.854+0.88AB 11.19£0.76 A 7.73+£0.54A 12.94+0.73A
0—20 49.3742.13a 14.01£1.96a 13.84+2.26a 10.51%1.68ab 12.2741.19a
20—40 40.86+2.13a 14.67+1.02ab 13.64=+0.26a 11.86+1.26a 18.96+1.04a
1000 40—60 36.40+£2.24ab 13.1441.74ab 12.03£1.33a 11.394-0.84ab 27.0441.75a
H{E 42.21+2.17A 13.94+1.56A 13.17£1.29AB 11.25+1.26 AB 19.42+1.33B
0—20 55.7442.75a 15.33+1.67a 12.75+1.36a 9.00+1.81ab 7.1841.12a
20—40 46.25+2.28a 15.15£1.19a 12.41+1.36a 10.78+1.24a 15.41+1.02a
3800 40—60 21.1841.97a 21.3041.69b 19.96£1.53b 18.3941.03b 19.164+1.94a
H{E 41.06+2.34A 17.26£1.52B 15.04+1.42B 12.72+1.36B 13.92+1.36AB
0—20 53.0742.17a 13.69+0.26a 12.19+0.82a 9.96+0.43ab 11.09+£0.77a
20—40 48.1142.18a 15.99+0.83a 13.23£0.97a 10.40+1.19a 12.27+£1.06a
3600 40—60 49.51+2.88b 13.7240.37ab 10.5740.43a 9.40+£0.85a 16.79+1.46a
HE 50.234+2.41B 14.4740.49A 12.00+0.74A 9.92+0.82A 13.39+1.09AB
0—20 44,57+2.06b 11.51£0.26a 10.22+£1.47a 11.5740.96a 22.134+1.16a
20—40 43.70+3.05a 12.8040.41a 12.9441.03a 12.4241.49a 18.15+1.69a
3400 40—60 38.87+1.76a 16.38+1.15a 16.68+2.81a 13.47+1.45b 14.6041.34a
Yi{E 42.38+£2.29A 13.56£0.61A 13.28+1.77AB 12.4941.29B 18.30+1.39B
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2.2 AEERTEARERDREISFE

- 8 AT R AR R M G SR K AR AT SR A2 S
LS E AR AR 5 A BUR AR ) DL B
A EEVMER" . hE 3 LA M, KR
R 138 >>2 mm B 7K AR M A R AR AE 4% R A2 b L A7)
B R/ NIBUF J9:3 600 m(35.34%) >3 800 m
(34.19%) >4 200 m(33.88%) >4 000 m(31.06%) >
3400 m(30.35%) » 2 i Bl Bk T 155 P B AR S 15 m
R HESAREE, N0—20cm £EFH,>2
mm B 7KFaPE R 4 000 m A5 30 H bl I 4k 19
MZ W H, 20 0—20 em + 2T & K&
PERRLAR AT R AR L3 e, BB+ )2 09 m

I Ho A b A2 BLAE R B & . =0.25 mm R0 4R A9 K
Pk AT SR AR & 4 K/ Ry 2 3 800 m(80.18%) >
3600 m(78.67%) >4 200 m(75.01%) >3 400 m
(74.14)>>4 000 m(72.03%) ., >>0.25 mm R 2K+
BEK R P SR AR I BE R T R 2 S T i BRI
HFHGHE 3 800 m R AL f & . BAWTIEE4R 3 800 m Ak
LR I A BTAK TR PR AR X AT AR T R R TRk
Y -3 K RS e PEAR R AL 22 . A W] TF 4K 123 <C0.25 mm
7K AR AT SR A 5 ek D) 52 A e 1 R AR 1 (B /N it
FFoM 4 000 m(27.97%) >3 400 m(25.85%) >4 200 m
(25.00%6)>>3 600 m(21.34%6) >3 800 m(19.82%0)., %
Ab [l — Rz [ — RN 22 AN B 3

®3 AREBREELEKBERAREAER

4/ m LB /em KA A R AR B/ %%
=2 mm 2~1 mm 1~0.5 mm 0.5~0.25 mm < 0.25 mm
0—20 47.38+1.40a 17.42+1.75a 14.174+1.20a 7.4741.08a 13.56+0.49a
20—40 29.77+1.06a 13.4241.46a 15.94+0.36a 12.94+1.46a 27.92+1.84a
1200 40—60 24,49+1.29a 14.36+1.33a 13.64+1.97a 14.01£1.29a 33.51%1.16a
¥l 33.881.25A 15.07£1.51A 14.594+3.00A 11.47+£1.27A 25.01+£1.16B
0—20 40.0441.39a 14.2741.98a 16.31£1.02a 10.43+1.25a 18.95+2.96a
20—40 29.68+2.02a 14.7940.79a 15.31+1.34a 12.01£0.66a 28.24+1.79a
4000 40—60 23.47+1.27a 14.6541.49a 14.1941.21a 10.9941.29a 36.71+1.16a
¥iE 31.06+=1.56 A 14.57£1.42A 15.26 £1.19A 11.14£1.05A 27.974+1.97B
0—20 47.854-1.56a 16.094-1.35a 14.37+1.29a 8.601+0.87a 13.08+1.13a
20—40 35.594:2.07a 15.0941.24a 15.2841.47a 10.84£1.06a 23.1941.43a
3800 40—60 19.14+1.62a 20.75+1.33a 20.93+1.38a 16.01+£1.22a 23.18+£0.96a
YA 34.19+1.75A 17.314+1.31B 16.86+1.38A 11.824+1.05A 19.82+1.17A
0—20 38.34+1.82a 15.31+1.28a 14.434+0.85a 10.7240.95a 21.21+£2.61a
20—40 35.06+1.39a 19.50+1.00a 16.30+0.48a 10.46+1.02a 18.68+0.89a
3600 40—60 32.6141.49a 15.780.18a 16.18+1.10a 11.2941.22a 24.1341.62a
¥l 35.34+E1.57A 16.87+0.82AB 15.64+0.78A 10.82£1.06 A 21.34+1.35A
0—20 34.4341.54a 14.704-0.49a 14.504:0.33a 11.9240.69a 24.4541.95a
] 20—40 28.8541.28a 16.95+1.16a 18.32+1.86a 13.04+1.64a 22.8441.39a
3100 40—60 27.7741.62a 14.784-1.24a 14.46+1.88a 12.714-1.35a 30.27+1.84a
¥iE 30.35+1.48A 15.480.97A 15.76 =1.36A 12.55+£1.23A 25.8541.73B

TE B S A /NG 8RR R — R AR [ — 2 AN R 3028 5 VR 38 (p<<0.05) A IF RS 7 1 7R R Rl 338 8 22 5 1 .35 (p<<0.05)

23 AEBKRIFEEXBEARGCEINREE

- P O - A SR AR Y RS L [ A
& A LB OR AT (0 E 2 T % RIS ) R4l
AU AR AR = A R AR e B A R
B, HRATLEL, NBEIKEE, AILR & & F
FEPAH>>0.25 mm KR RKERE D, 5 H A
80U A » B it R/MIF 23 800 m(361.25 g/kg) >
4 200 m(315.01 g/kg) >3 600 m(276.19 g/kg) >
4 000 m(269.14 g/kg) >3 400 m(265.05 g/kg), A
3 800 m Ak 5wy o Fifi VA A T v 2 IR S 3G i JE AR Y
A B )23 R B R T S B O T R AR A R
<20.25 mm B4R A AT SRR NP AR B . 78 020 em

TR AR AR KRR P SRR T A L & B R B 3
800 m>>4 200 m>3 600 m>>4 000 m>>3 400 m., [l 5 B}
HE RSy WY I T A T v S 0 S I Y o
20—40,40—60 cm WM FEAPE ., >>0.25 mm
AR 0 A SR AR v A AL AR R R 1 SR R — )23 b Bl
- 1A AR AR 1 AR Ak FLA AL R AR AR A I
MR HZS AR,
24 AEBHITERARE MWD,GMD & D BT
HHE
3 K- 35 i w H AR (MWD LA S 34 5 4%
(GMD) FI 4 JE 45 (D) 2 F T 97 A 3R A R e o 1+
Gy EEBERE AR o ORI R I 1A SR A 2 R L 451
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) RS < 1 7Y g 2 1L AN [ 9 A g S e B A 3R AR R A 51

MWD sk, + A RAR R E . h&5.%K6
ATLLE 020 em L )2, + 8RR R M AT R AR FI
K AR R ARAE 5 RO [ 4R 3 MWD g K9 J2
MR 4 000 m By 3, /MY 2R 3 400 m /Y 1
B, GMD R 24K 4 200 m A9 32, 4K 3 800
m [ H R Z L B/ N JREER 3 400 mo () 4 Sk
FH,0-20 em + 2 &R & E LB KRR B R
T 5K Fa kA1 5k MWD, GMD #5 5% 51 bl ¥ 4k =5 B
B TF S AR AL i, 20—40,40—60 em + E MLAAR B
5B EA B T R R R i MWD, GMD U #5231
0—20 cm A9 A5 fb B4, B 2 B0/ B . AN
[7i) ¥ - M it b J2 R B B3, AR KRR M A SR A 5 K
Fa kA AR MWD, GMD ¥ 5 31 F Ay #a 34,

- AR S5 K8 (4 53 T8 4E 5 (D) J2& PF Ay - HE AT R

MR E M — 0 38 A o AR 45 44 43 T8 i B0E /) + 3
1) &35 B RN R Pk R A, DU RE Jy bk, R 5. % 6 W]
LA 020 em + 2 B KRR R AR 5 K RabE
SR AK 53 T 4650 D {5 /ME & 4 200 m,3 800 m K
253 400 m {H i K, (HRE A 5 BB V4R T v 3G R Y
HHG M 20—40,40—60 ecm HJE MNP R, 46
PR IR AR D IR AN B 2 R T 4
KA, 5 PR 6] 1 $ 4 HE P 3 R B dE7E 0—20
em LEHRESG T TE. EARBIREE 020
em 2 H3EP R 4 200 m FI3 800 m - HE ) A B
AR PR, I AS M R e, T WK PN R 2
S B 43 BIORE R B ol A A T 4K 3 400 m - B Y
MWD, GMD FHX] 3K D {8 %8 m o B2 1R F1 5) = e
P Al A X 55

x4 FAEBREELIEFABEARGCENEEIREE g/kg
Wi /m LB /em AR K R v P SR A A/ V6
>2 mm 2~1 mm 1~0.5 mm 0.5~0.25 mm <C0.25 mm
0—20 107.8143.18a 100.1542.42a 97.1441.58ab 103.94+4.14a 100.42+3.50a
20—40 76.18t1.61a 73.79+1.35ab 81.12+3.36ab 78.31£1.79a 79.81£2.5%
1200 40—60 57.90+1.41a 58.4143.29b 55.68+1.02ab 54.59+2.04ab 52.16t2.14a
Yi{E 80.63+2.06C 77.45+2.35B 77.98+1.99B 78.95+2.65B 77.46+2.75C
0—20 101.234+2.38a 94.9944.05a 90.0742.91ab 90.8242.54a 84.4444.09a
20—40 62.05+1.94a 48.62+1.67a 59.85+1.37a 66.2741.02a 69.0141.69a
1000 40—60 54.08+1.31a 34.8841.74a 47.61+2.62ab 56.95+1.65ab 59.88+2.14a
Y4 72.45+£1.87B 59.5E2.47A 65.84+E2.29A 71.35E1.74A 71.11+2.64B
0—20 112.1743.85a 99.824-3.44a 121.27+4.10b 128.4746.43a 103.24+3.21a
20—40 96.05+1.89b 85.8612.79b 92.18+3.88ab 111.65+6.76b 76.53+1.25a
5800 40—60 55.3741.49a 55.62+3.62b 59.12+1.03ab 66.18+2.93b 53.96 £ 1.59%a
{8 87.86+2.41D 80.4343.28B 90.8643.00C 102.145.37C 77.914+2.02C
0—20 92.18+1.79a 82.2942.56a 82.784+2.01a 88.03+3.76a 83.13+3.16a
) 20—40 84.60+1.72a 64.61+£3.97ab 67.47+£3.75a 75.88+1.75a 66.04+3.98a
5000 40—60 51.46+1.67a 46.95+2.59ab 44,7742.08ab 47.53+2.03ab 47.6642.32a
(e 76.08+1.72B 64.62+3.04A 65.01£2.61A 70.48+£2.51A 65.61E3.16A
0—20 87.97+2.34a 81.79+1.69a 83.68+1.96a 91.72+4.60a 106.15+2.97a
20—40 85.38+2.29a 75.43+2.14ab 84.12+1.42ab 81.08+2.69a 71.68+2.81a
5400 40—60 35.37£1.03a 26.93£0.74a 29.78+£1.70a 31.92+1.78a 34.72+1.37a
A 69.57+1.89A 61.38 £ 1.52A 65.86 - 1.69A 68.24£3.02A 70.85+2.39B

T B 5 S BN B R R R — R A% [/ — + 2 R RN 25 51 83 (p<<0.05) AN R R 5 8 2 m A ) i 3 4 (8 25 S B 3 (p<<0.05)
x5 AEBHSELEEAEEARE MWD,GMD E D KL 41T

. MWD GMD D
4 /m
0—20 cm 20—40 cm 40—60 cm 0—20 cm 20—40 c¢m 40—60 cm 0—20 cm 20—40 cm 40—60 cm
4200 2.4494+0.33a  2.077£0.02a  2.065+0.12b 1.27940.11a  1.110+0.04a  1.104+0.06a 1.5484+0.19a  1.958£0.02a  1.965+0.12a
4000 2.970£0.29a 1.8214+0.05a  1.638+0.14ab 1.13840.18a  1.009£0.02a  0.920+0.08a 1.87940.23a  2.154+0.02a  2.28940.12a
3800 2.31940.20a  1.999+0.37a  1.30440.49a 1.23940.12a  1.0994+0.24a  0.889+£0.06a 1.65940.16a  1.94240.27a  2.37740.20a
3600 2.205+0.11a  2.077+0.12a  2.074%+0.17b 1.16840.04a  1.126+0.05a 1.094+0.07a 1.84340.05a  1.9314+0.11a  1.98040.15a
3400 1.799+0.33a  1.888+0.21a 2.881+0.40ab  1.044£0.19a 1.034+0.14a  1.00840.09a 2.079£0.21a  2.09940.26a  2.125%0.30a

T B 5 AR NG B R0 R — AR 7] — 2 A [ ¥4k 28 S P i 35 (p<<0.5)



52 /N S O 52T B
R 6 TEEBHREELHEKERARE MWD, GMD & D E{HF1E
. MWD GMD D
A/ m
0—20 cm 20—40 cm 40—60 cm 0—20 cm 20—40 cm 40—60 cm 0—20 cm 20—40 cm 40—60 cm

4200 2.07140.27a  1.446+0.44a  1.269£0.12a 1.12540.08a  0.87040.04a  0.80340.03a 1.916+£0.10a  2.382£0.07a  2.48440.09a
4000 1.801+0.30a 1.456+0.11a  1.23440.16a 1.01740.10a  0.87440.05a  0.79340.08a 2.11840.20a  2.3734+0.07a  2.478+0.12a
3800 2.07340.24a  1.656+0.28a  1.227+0.06a 1.12940.08a  0.95940.10a  0.855+0.07a 1.904+0.17a  2.21840.17a  2.42540.12a
3600 1.746+£0.16a  1.704£0.08a  1.57240.88a 0.9854+0.06a  0.992+0.03a  0.927£0.05a 2.18640.11a  2.18540.08a  2.292+0.09a
3400 1.46540.10a  1.611£0.12a  1.38840.10a 0.914+0.08a  0.929+0.04a  0.845+0.03a 2.316£0.13a  2.28440.13a  2.41940.03a

TE B J5 AN TR NG B R i) — R AR ] — )2 A (] W4 22 S 1 . 35 (p<<0.5)
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