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1.1 FREER

AF 5 DX ASE T A 5 38 A V1 iR MR X B 1 5
A X, SE SO I 3 500 m, A IR AL P
I L PG R AR ARG, Ak 2 i Ak ) 2 T R A i
PEAET o X B A M A s ) S iR L A
AR N 29 °C, J R AR -10 °C L AESE SR A
8.2 °C,4F H BAmtH] 4y 1 500~2 600 h,3—5 F .10~12
HEATZR (A0) Z 5 i M R S F /D AESE 4 R K
HON 652 mm, I ZE & B 1 239.9~1 704 mm, 6—
8 H MFKI, 0 H Z=IRAE4 A IkiKI, + ek
FE AN T+, F W E R W

TR e O B T 7 ST o S - K7 i
£ 57 , FEAMLE = ¥ (Picea asperata) V3 ¥ (Abies
fabri) ¥ K (Cupressus funebris) . 7% M ¥5 (Larix
gmelinii) . 1= LR (Quercus semecarpifolia) . 4 #% Hf
(Dasiphora fruticosa ) . 4& Wk (Sorbus pohuashanen-
sis) 2 ¥ Mg (Sorbaria sorbifolia) .V ik ( Hippophae
rhamnoides )55 .
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HR AR5 DX (14 = Hh A1) FH SR D B A1 8 2 2 A
A R R ST P S U] S B R R X VT 4 X - 48
PEATRE SR AR I8 SO RS (B 1)

B SRAE 55 AT L 1 0 U A, g
R e % M 4 2 0~10.10~20,20~30,30~
40,40~50,50~60 , 60~70, 70~80 , 80~90, 90~100 cm
SR 1002, H LT A6 A6 g2 A A R 43 L
1 kg BAE(EI2) 2 B ER = 28 HAR KT S 25 H .

BRI R AL ST b A R E R i 2 HR R T
488/ T IEAE AT A B, AL S R (5 T 18% ) (B
H 5 HE 14%) R EE 12%) it (5 e 18%)
52 V0 H (5 FE 22% ) I sh v 3t (7 e 16% ) .

1.3 A E

1.3.1 TEENEARNE

W R 2 mm 05 5 R R BE R 10% 3 48
L& 10% R 2 bR A ALY MR 46, & B0 ML E
SEETH3~5 Wa , U NS I Wi R B R4 T 40 1, 56 A
an FAL 34, PSD il € 5% FH 9 [l Mastersizer 3000
SR EEAN, 2 AT 3 3k e O BB S il e 25 28, B
P UMARUE 43 He R, B8 PRI 25 <20.5%, MERR PE
e 25 <+1%. R A2 AR 4l 3 [ & k. #F (United States
Department of Agriculture, USDA ) + 3 Jiit 1 73 2 b
HEILRN 200 T AN TG, 40 0 N FERL (<2 wm) B3R
(2~50 wm) B 40K (50~100 wm) 407547 (100~
250 wm) PR (250~500 wm) HLEHRL(500~1 000
wm) FA KL 7 K2 (1 000~2 000 wm) , I 1% BE 25 kL
(<2 pm) KK (2~50 wm) K7 (50~2 000 wm) Hb
B Ers + b+ PHIE L B EL Bt
MRS Bt AL R BE L At
124> TS B A
132 TEGRBESHSFIER

T 2 4 EAURL A R TR A3 98 A B A S Kt
RN (RN T S 2 G = RN W
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D=3-—— (2) IR X SRR AL UBYRE (6.15%~32.06%) |
lg(Rm) e 4 B R (14.17%~35.5%) | 4l B ki (24.58%~

K VRN TR R 5 BARTL (%) 5 V, R
1) e SR (%) s R AP 73 BE % R 5 R, (B RLAR
BF- 4 E (mm) 5 R, 0 3R 5 o B KOk A%
ARSI OB AR BUE 2 000 pm ; 4 53R 15 330k 1Y
R4 D™

1.3.3 HXUmeE S1358(AERID)

BT Chepil 28 MUl 5 B2, 456 KU R (9 )
PHAFVE 50 RHIRPTR Tl 5. 1 P4, R 2R B0hs
LR R A =Vl we= £/ AN YT DA (< /A= W
AERI=(a-D+S-SOM+y-CNR+6-NPK)-CF (3)

CNR = Wa,, + Fe/Al (4)
~ Sand%
TN+ AP + AK
NPK = Sand% (5)
CF=1+0.1-In(P/ET,) (6)

Kb D R IE Ae %, R RAE T A5 #5221k (8
= B PR AR s SOM o A WL & i, % (i
30 s CNR I FR4TIEES H, SO T4k “# e 45 86 75 5
Wuy N Sand% J VKL s Fe/AL N E ALY L ; NPK
KR EE AR E B (TN HERA: Wi 3, 36 i
G E S W T A R AR E T B (AP) 38 2 W 1R
ER I 25 A FH sk /D SR 23 1, B (AK) I 1B 8
JE AW T2 CF RSB E T 5 PR K&
mm; ET, A28 & e, mm. AR = JE T 47 14
PR IRk IR R A, AR R R «(0.3) 4+
(0.2)+y(0.25)+5(0.25)=1,
1.3.4 TEEAMERNE

- EHA S AR I R DA i A AL
(SOM) ——H 5% TR B1 A #4325 2 8 (TK) k
6 BE 1 s RN (AK) ——NH,0AC 27 &4
(TN) FL I E Ak 5 28k (TP) NaOH %4 il
s HURCBE (AP) ——4H 5 L 07 5 K% £h (WSB)
HLF7L
135 HIELETRE

FIIH SPSS22.0 B A 1584 A M 5 1 X6 £ 4l 2
TG AT, >k FHBALK 2R 7 2% 0 1 (One-way ANO-
VA) $li iR B8 25 5% 18 3% 1 5 R I Excel 2020 1158 £
HE TR YR ; {8 Origin 2022 22 4] .

53.63%) . D RL (2.98%~25.15%) N 3, 1M Zh ki
(0%~1.29%) . Hl # ki (0%~9.4%) | # #l &> ki
(0.02%~4.59%) Fr i Bl . b 3R =2 i by
L (AMH 27%) A 208D (3418 30.8% ) A KL (I 1B
29.7%) 41N, Bl - )2 TR B 32 44 R St AL AR AR Ak
Hofth 5 AT # i A HER AR X8 R A0SR (I sh VD s 34
1B 52.3%> V0] Wt 241 (H 47.1%> [ 5 V5 1 1 {8 41%>
T (E 37.1%> PR M 4 (8 32.4% ) 5 Lk i s, ELIE
- )ZURBE RGN, By R S g B R
R AN G R AR 22 ek R A R A
T M AR R PR | 2 VD B 0~20 em .
20~40 cm £ JZ T AR RL R AR R B Y W T
TA] e 1 A B V0 Hb (P<0.05) , T 4R ki & &
Jo g FE M2 5 (P>0.05) . Horp Wikr & & R B AR
H1(26.9% ) >#kH1 (26.8% ) > 1 (15.7% ) > [ 5 V0 Hb
(14.7% ) >l M (9.2% ) > sh 70 H1.(9.0% ) o

/N A AT LA AT 2 6 Fh T H i £
HUH Y 4E R (B 3) , FROHE (2.028~2.415) > #F b
(2.264~2.310)>70] 3t 1 (2.139~2.321) > il (2.059~
2.326)>[H 5E VP Hb (2.078~2.311) > 3h 7 1 (1.983~
2.215) , v B b R[] 2 VD MR - SEASURL 73 JF 4k 5L
R B 22 A R 3538y v BEARARL o Bl R R BE IR
AR HIL | b R[] VD M ) 43 B G BCR D Bh T RE E
£ 5 ) R L SR Y LR R 4 LB Ny
B DIE R O <k

22 TEFOHESEESHEHEXE

AN B AR bR 2 e R AR
0~20.20~40 cm [ + 2, H. 25 MR B 0 HIL (R
2)0. 0~20 cm /2 4, M A0 A HLF (15.53 gkg ™)
AL (5.62 mg kg™ ) & AR =, 035 = T ER AL
(9 Al 4 R #A T (P<0.05) 5 % Hb f4 38 040 (50.8
mg-kg™) % it i, 2 Tl S AR Rm (P<
0.05) 5 YT 4fE i1 5 3L 5 b Hiu 59 AT ML 3 2k A0 55 ek
94 2.38 g-kg” 5 3.21 g-kg™ . 13.5 mg kg 5 20.8
mg- kg, ¥ W F AL T H A 4 B R #H (P<0.05) o
20~40 cm 2, MM A HLE (11.9 g-kg™) GHERL RS
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Table 1 Soil particle composition for six underlying surfaces

- e - BRI/ %

Fom R Bk g & YL LR A ik MR b
fem <0.002mm  0.002~0.05mm  0.05~0.10mm  0.10~0.25mm  0.25~0.5 mm 0.5~1 mm 1~2 mm
b 0~20 0.62+0.6™ 22.82+16.1" 24.1+7.13* 34.34+13.75° 14.27+9.57" 3.543.13° 0.2440.37°
20~40 0.56+0.6" 20.19+13.6° 21.81£9.27° 31.18+10.23" 12.3243.6° 9.4+12.24*  4.59+9.75"
40~60 0.21£0.3" 12.1949.88" 19.12+12.29°  37.68+15.29™ 22.11£16.7°  7.82+10.91°  0.87+1.92°
60~80 0.19+0.27" 12.1+12.24° 18.02+13.38" 42.84+18" 19.6£14.36°  5.91+11.37°  1.28+2.82°
80~100 0.140.2° 11.04+8.82° 17.98+13.62° 39.48+422.3 18.06+10.13°  8.76+16.9"  3.77+8.41°
Mt 0~20 129138  32.06+25.69° 22.78+8.14° 31.61420.57° 10.11£9.37° 1.92£221°  0.22+0.21°
20~40 1.07+1.5% 28.1425.94° 20.24+8.28" 35.79+24.12° 11.85£11.5° 2234373 0.64+1.11°
40~60 0.86+1.23"  25.27+23.55 19.63+11.33*  33.61+18.89"  16.74£17.42°  3.4146.09°  0.42+1.15°
60~80 0.64+0.6° 24.15+20.4° 21.79+13.46° 30.3+17.59* 14.91£14.93*  6.68+13.45*  1.47+3.33"
80~100 0.63+0.68"  25.16+24.25° 23.09+14.8* 30.48+19.23" 13.85+17.95°  4.61%8.15° 1.78+4.96°
Bt 0~20 0.5+0.3" 26.16+6.36" 28.43+11.5% 30.14+7.5° 10.87+7.94% 3274278 0.59+0.68"
20~40 0.49+0.53*  27.35+10.97° 25.48+8.89" 27.99+7.46° 12.94+8.31° 4.44+4.08"  0.59+0.68"
40~60 0.59+0.55°  29.85+11.16° 25.87+6.73" 28.12+9.14° 12.62+8.33* 2.8842.18"°  0.59+0.68"
60~80 0.65+0.38" 27.8+9.96° 23.73+7.53" 29.25+5.1° 14.88+9.77* 3.66£3.12°  0.59+0.68"
80~100 0.590.43" 22.78+8.66" 24.3948.14" 32.82+4.47 15.07+11.14*°  3.24+235"  0.59+0.68"
bR 3 0~20 0+0° 6.16+3.7° 18.7£16.95* 43.27+13.92° 25.15+25.1° 6.61£9.32°  0.11%0.15°
20~40 0+0° 6.15+1.99° 18.82+14.28" 48.73+8.73" 22.86+20.17* 3.43+4.8° 0.020.03°
40~60 0.28+0.4° 13.7149.74° 27.79+19.98" 39.6148.02" 15.33£18.26*  3.18+3.68" 0.1£0.14°
60~80 0+0° 11£3.9° 29.23+0.14° 51.69+7.11° 7.3742.32° 0.560.79° 0.14+0.2°

80~100 0.14+0° 9.05+0° 35.5+0° 52.34+0° 2.98+0° 0+0° 0+0°
Eile 0~20 0.61£0.57°  20.08+12.17® 28.43+5.7° 40.55£15.49° 8.84+5.34° 1.44+2.06 0.03+0.06°
it 20~40 0.36+0.35° 15.17+8.78" 26.94+7.41° 43.29+14.68° 11.79+9.15 2.3944.42°  0.06+0.13"
40~60 0.19+0.26" 12.47+9.75* 23.82+10.31°  43.89+14.86®  16.07£14.43*  3.45£6.41°  0.1130.25°
60~80 0.19+0.3* 11.36£11.09"  21.42+12.46°  40.31+17.64° 18.4£12.46"  6.66+10.75"  1.44+4.18"
80~100 0.22+0.34° 14.36+14.66°  20.41+14.61°  37.12+16.77° 19.17+18.17°  6.21£10.32°  2.05+5.2°
s 0~20 0.12+0.26™ 6.82+8.34" 14.83%15.7* 52.47+22.93" 17.9£11.37" 4.78+9.81° 2.6545.93"
it 20~40 0.22:+0.4° 10.08+12.28°  15.21+16.85°  52.95+19.37° 19.77+14.65° 1.41£2.01°  0.32+0.72°
40~60 0.16+0.23" 10.22+11.99° 15.8+15.72° 53.63+19.46" 18.08+13.08° 1.84+3.04°  0.29+0.64°
60~80 0.1+0.18% 7.7149.06° 14.17£17.58°  51.76£20.88"  20.46+15.57" 3.0344.9° 2.1144.73°
80~100 0.2+0.27° 10.12+12.37° 16.97+15.4° 50.44+23.95" 17.03£10.07°  3.96+7.33 1.28+2.86°

TE  ANF/ING PR R 6] — TR BE AR T # 1h AY L SRR 4R 7T 4 FE B 28 57 .35 (P<0.05)

(429 mg-kg™") Fratfivfm, W& = TN AL - 52.6 g-kg'.18.45 mg-kg" 5 19.2 mg-kg', ¥y I &
4 TR (P<0.05) ; FEHLAY HUBCH (48 mg kg™ )% ARTHAL 40 FHIH (P<0.05) . ASHEFRTE 40~60 cm
T, B T A 5 AP R A (P<0.05) s Tl 60~80 cm . 80~100 cm + 2 Ay & 25 BAEREA 5
SRR H A AL RSB 1.91 g-kg! FRE L —F IEHE A E R BN i
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Fig.3 Soil single fractal dimension for

six underlying surfaces

BIRE, LN E LS TP AP TN 5 &=
P S P B 2 TE A SE (P<0.01) , 35 SOM & it i
FIEME(P<0.001,4), HHEAHLE S AK WSB
S B EASE(P<0.01), 35 TN TP AP &
BB EIEME(P<0.001), W& T ERE, 115
FE MRS OM TN TP & ¥ 2 IEAC IS
TK &2 2 A,

2.3 TERRHEE1TEE(AERID)

fifF 5% X 4% T 43 32 )2 3 (0~20 cm) ) AERI
(B 530 0 2 R 2 8] 43 S (P<0.05) o A Bl 7 o 2 A8
AERI 3 8 0y AR b (1.086) > 5 11 (0.955) , 3= % 51 ik
KT D HTSOM B , BB TR A REVE PRI IR 2 AR 2 [
o SRR T ) J2 ol R Z S5 R U EE ) B R AR
BT 13.7% ACH T 25 AERT R 3L #f Hb
(1.012)> [ & b b (0.856) , T % 57 ik > I T SOM
IR L5 A HE B (NPK) 22 57, BB AR b 17 2l i it
JIE (NPK 4 28.6% ) FIHFE (£ HFEK 12%) ek R +
AL . [ SR RR R M AERIT 2R 30 A I ik b
(0.711)>Uish b (0.675) , e 1 bk 5 it (>85% )
X 50 e 45 HEAE KU (CNR) A 2R G2 PR R, e HH + 58
SEFRAE R M 22 DU BE T 555 (£ 3) .

3 itig
3.1 HERREARRENERNERYE

AT T DX A5 i a7 4 2T DR - F19EE A
B Oy T G e SR R R AT ML £ g R A

DUBVRRAE o BF R IR 32 2L 35 55 DU 22 vk )1 D RUE
B VKA A 2 OK DT 2 T3 v BV R
B BARTAT PR o ARy, e R - e R 2 7 A 1 XUAk
FAE S R IR G UIRUA . XRZRE S
4B TSRS B, S B T 75 98 15 5 2 P 5 T A Mty A
(14 b 5T 1y S e R ARG DR IR B R AIE |t AR A |
P T 3 B R R AU AN A DR ALK . A5
I T A SR AR 2 A K R (16.9% ) A 4f b
H(21.7%) AREDHL (38.9% ) FH VKT (16.5%) , TN %k
LA AR KL ERT A H 2 6%, 5 L 2 A D
JTE AR £ 3 5 % R A P O L X AN
(7] = i ) FH 7 = 1% - 48 PSRRI 9 i A5 25 18 AR AR
TR RL S = A HLET B i 34 3R I AR k> >
> [ 7 VD b > e] W > Y S v b . 3K R TR
5 5 s Vb M LT A m b A 55 A2 KT K T
(ST W= e o9 7 A Al w2 S W
FTE AR, (2 2 P AR I T 1 30 A8 4 A
S RE R AN SRS TR E oy

M A B, Ml R | VD R TR
LA iRy VARl R AR o D SR iy AN & LUy A A
DL R FE 03 5 5 ) 20 i 3 o X2 i TR | BT
Hb [ VD R )2 4 2 A AT S AR X L
HE AR REAE 7] g8 v 43 b RS ) BG4
JHL GG 7% 0 B it = W S A S B 2 (W o, AL RE
eI 2 A ARG R R e M i T DAk -
A5 AR F7 7K, (o A 33 0y 4 - 3B i A= Wy i —
Lo Aifl, SR N A 5 LR, ik )2
TRIE B IG , + MR A& M Wi sh it — 25 kb B
BT EL ) SR AR A R o3 B i B A A
ARG S o] b - ERURL A3 A7 AR AL B 5 AR
by FE b, [ E VD A B, BRI AR AR
Rl SR Sy RS b2 o = P = & I e ] % B 0
TFEE VLI A B, A8 F2 A W ol vR KT8 5 L iR
R /IS B - R RTORLRS B 25 K 8 & VR R T i
TRJZ R 28 KRS F RS 70 Tkl A
i B v b ) 52 N ZEHEAE 3 A0 XU B 5 AR T A B
() 5% M, - 38 J0URL 20 B oK BE R B 2 B0 RN A

AL
32 HENESTAMHERFSERERE

SR I TN 3R AL S 3 T, AR
BRI | STl LA S N\ R i gy, — i B ) 4
B BUE MR, b A0 BORE OB | DRSS R
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Table 2 Soil physical and chemical indicators for six underlying surfaces
T REWE REAPUR R X £ X0 A KR
e fem /(g kg™) /(mg-kg™) /(g kg™) /(g kg™) Hgkg™") /(mg-kg™) Hgkg™")
L 0~20 8.95+0.7° 50.8+6.14" 20.06+0.8" 0.05+0.01° 0.68+0.11" 2.42+0.62° 0.3£0.1°
20~40 6.28+0.65" 48+4.95° 19.52+0.92° 0.05+0.01° 0.62+0.1° 2.11+0.29" 0.3£0.1°
40~60 4.72+0.76 44.4+4.16° 18.9+0.96" 0.04+0" 0.59+0.1* 1.87+0.2° 0.28+0.08"
60~80 3.33+£0.66" 42.8+4.66" 18.32+1.01° 0.03+0° 0.53+0.09™ 1.73£0.15% 0.24+0.09"
80~100 2.1940.53" 40.4+3.58° 17.64£1.15° 0.02+0™ 0.49£0.08™ 1.6£0.13® 0.2+0.1°
b8 0~20 15.53+3.54° 34.13+10.18"  19.35£1.77* 0.09+0.01° 0.65+0.19™ 5.62+1.88" 0.24£0.07*
20~40 11.9£3.15"  32.13£9.49" 18.81+1.7* 0.07+0.01° 0.59+0.13° 429+1.8° 0.23+0.09*
40~60 7.79+1.71° 29+8.45" 18.3+1.65" 0.05+0.01* 0.55+0.1° 3.38+1.2° 0.19+0.08™
60~80 5.87+1.87°  26.75+7.61° 17.65+1.66° 0.04+0.01° 0.53+0.1% 2.59+0.7° 0.16+0.07
80~100 3.89+1.6° 23.75+6.23° 17.29+1.61° 0.03+0.01* 0.47+0.08" 1.98+0.46" 0.15+0.05™
Bt 0~20 13.86+4.74° 38.5+5.8" 16.84+5.35° 0.09+0.02° 0.82+0.21° 3.64+£2.33% 0.23+0.05%
20~40 9.29+3.33" 36.5+5.07 16.43+5.26 0.07+0.02" 0.79+0.17" 2.68+1.59® 0.2+0™
40~60 7.3+2.16" 34+5.89 15.94+5.34° 0.05+0.01° 0.71£0.17* 2.04+0.89" 0.2+0%
60~80 5.6+1.18"  32.75+4.43" 15.3145.05° 0.04+0.01° 0.64+0.11° 1.77+0.66"™ 0.180.05°
80~100 2.7740.6" 33.75+3.95 14.8145.13° 0.03+0.01° 0.58+0.07" 1.4+0.47" 0.18+0.05®
AT, 0~20 2.38+0.7° 13.5+3.54° 18.45+0.49° 0.02+0° 0.56+0.08° 1.94+0.39° 0.15+0.07°
20~40 1.91+0.16° 13+£2.83¢ 18.05£0.49° 0.01=0° 0.53+0.07° 1.43+0.25° 0.15+0.07°
40~60 1.78+0.1¢ 14.5+0.71° 17.75+0.49° 0.010° 0.51+0.06" 1.2340.23" 0.15+£0.07°
60~80 1.46+0.34° 12+2.83° 17.2+0.28" 0.010° 0.47+0.03" 1.15+0.14" 0.15+0.07"
80~100 1.33+0.47° 11.5£2.12¢ 16.75+0.35° 0.0120° 0.45£0.01° 1.02+0.04° 0.1£0°
[ 0~20 7.06£2.15° 30.67+6™ 20.21+2.35° 0.04+0.02" 0.62+0.1% 2.81+1.45 0.22+0.08"
it 20~40 5.48+1.29 29.33+5.2° 18.8+1.49" 0.04+0.02" 0.57+0.07° 2.46+0.98° 0.22+0.08™
40~60 3.91+0.9" 28.78+5.95" 18.59+2.04" 0.03+0.01 0.51+0.07° 2.15+0.94™ 0.22+0.08™
60~80 2.67+0.32*  25.33+5.66 17.9+2.08" 0.02+0.01° 0.49+0.07° 1.94£0.77% 0.19+0.08"
80~100 1.79+0.45%  24.22+4.84° 17.6+2.36" 0.02+0" 0.47+0.05" 1.7440.46" 0.16+0.05™
Wil 0~20 3.21£1.18° 20.8+4.6% 20.32+1.75° 0.03+0.01° 0.56+0.03" 2.34+0.71° 0.18+0.08™
ity 20~40 2.6+1.13% 19.2+4.44° 19.82£1.6° 0.02+0.01° 0.52+0.03" 2.15£0.57" 0.16+0.05°
40~60 2.27+1.01¢ 18+3.81° 19.12:+1.58" 0.02+0.01% 0.49£0.05° 1.89+0.58" 0.14+0.05°
60~80 1.73+0.82" 16.6£2.7° 18.46+1.55" 0.02+0.01% 0.46+0.04° 1.65+0.42* 0.14+0.09*
80~100 1.17+0.41° 15+2.83¢ 17.8+1.66* 0.01£0% 0.44+0.04° 1.37+0.36® 0.12+0.04™

T AR ING FRER R[] — TR BEAN ) #1143 0RAR 40 A 0 Fe i 22 57 1835 (P<0.05) .

2%, R R S a5 AR E M B s (2, 4%
T A I AR R (IR T R 2R B 2K
X ] R TR SE XS A 3 000 m, )= £ 4
KA 2 URRARER , 7690 31 A A T T 4508 kLA
KL JE ARG L0 BRBE R AT, A
N E Y R P AR B ARG A S R G A

JEE R AR St R UCHEA , IXAT B B AR ML S
UNIEZERI I R B0 | 2 %5 & e K (L
R NI B A RS2 R 3l R A R A0 1 R
PEST T s S ol = K S0 TR Y D AR K i
PAE RN RADIRRIE A, 138 B 52 o ik 7275
20, Al AR L F- AT A R 0 B S I B0 T, 473



53 3 TAEARGE AT VL PR U A M R AR R 4RO BT RE 337

0~100 cm 0~20 cm
AKlx & @ @ @ o A[x @ O @ ©
OM| 057  om . . . . . (1)(8) OM| 065 om . o o . . . (1)(8)
TN| 064 098 ™ @@ ® & & 0.6 TN| 058 o098 T e 00 o 06
WSB| o8 o056 059 wse @ @ @ 8‘2‘ WSB| 092 050 wsB 8‘2‘
TK ® 0 TK 038 -048 ® @ 0
TP| 062 079 083 054 r @ @ :gi TP| 069 076 080 067 TP :gi
AP 090 086 ¢ 052 a @ -0.6 AP 087 086 a @ -0.6
amin i 063 0.54 0.50 050 4%y :(1)3 amin i 063 052 0.58 smas :(1)3
AK OM TN WSB TK TP AP g AK OM TN WSB TK TP AP g
Ei2/4 Ei
20~40 cm 40~60 cm
A @ @ @ 3 Al @@ @ @ o
oM| 061 om . ® o O . o (l)g oM/ 060 oum . o 00 . (1)(8)
T™Nfos 06 ™ @ © @ @ @ 0.6 T™N|joze 09 ™ @ © @ @ @ 0.6
WSB| 093 050 059 WsB 8‘2‘ WSB| 094 0.55 WSB 8‘2‘
TK 032 037 w @ O 0 TK 047 036 v @ O 0
TP| 059 060 075 077 | 1P :82 TP| 061 070 072 -0.80 T . :82
AP 089 078 @ 0.6 AP 077 072 » @ 0.6
amin i 065 049 -0.45 0.57 st :(1)3 amin i 085 071 067 0.62 | 0.6] s :(1)3
AK OM TN WSB TK TP AP g AK OM TN WSB TK TP AP g
Ei2/4 Ei
60~80 cm 80~100 cm
Aix @ @ @ & Afx © @ @ @ o
oM|oss o @ e 0 0 o] oM|oss o @ @ CBN ) o
TN| 068 09 1 & . . ():6 TN| 063 092 1™ . () . . ():6
WSB | 089 WSB 8; WSB| 099 046 066 wss o o 8‘2l
TK 053 -0.41 ® . . 0 TK -0.49 T® . . 0
TP| 062 081 080 -0.81 TP @ :85 TP | 0.67 071 065 -086 TP o :85
AP 074 073 AP -0.6 AP| 0 071 067 052 A @ -0.6
AT HEE 0.49 20.73 | 049 Sy :(1)8 iy 2090 057 | -040 s :(1)8
AK OM TN WSB TK TP AP 4 AK OM TN WSB TK TP AP 4
i i

T * s BB (P <0.05) , **Fm il A SE (P < 0.01) , ***F s i H i 4156 (P < 0.001) .
Ela LR R AR B R AR DA DG I

Fig.4 Correlation between soil single fractal dimension and physical and chemical indicators
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Table 3 Wind erosion resistance of 6 underlying soil types

RS AR THA YL/ % Fror s L TR LR AR AUEBIEN T TR BE 11 L

b 2.290 0.895 0.015 0.696 0.915 0.955

Mt 2.400 1.553 0.027 0.597 0.915 1.086

it 2272 1.386 0.014 0.575 0.915 1.012

VT b 2.289 0.238 0.005 0.165 0.915 0.711

[ 7 V0 Hb 2.283 0.706 0.014 0.423 0.915 0.856

AN 2.033 0.321 0.007 0.249 0.915 0.675
A B KT 1 5 T 4R AL BRI L R oK R, Ry AR ) 4 i

TR SRR S SOM & R B A IEAHOC BRI T AT TR A AR LRI IR A BREE , (i LS R B A
(P<0.001), 5 TP AP . TN & & S BIMR B3& EAHOC A WAy sy R BRI SR IE 5t T
(P<0.01),3X Al gEJ& T EEA UM IR IR T IEm &, R E SRS AR &
ML) A B TR B R AP (R PR S 1, e i 2 (A A i 35 AR OGP, JOF 5 1 S T b 2 TE A
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Fractal dimension characteristics of soil particle size distribution
and wind erosion resistance in the middle-lower reaches
of the Yarlung Zangbo River wide valley

Wang Xuelin, Chen Jiangbo, Liu Hao, Gong Hang, Wang Hanzhuo,
Ding Guodong, Zhao Yuanyuan

(School of Soil and Water Conservation / Ningxia Yanchi Maowusu Ecosystem National Positioning Observation Research
Station / Key Laboratory of State Forestry and Grassland Administration on Soil and Water Conservation / MOE Engineer-
ing Research Center of Forestry Ecological Engineering , Beijing Forestry University, Beijing 100083, China)

Abstract: Extensive aeolian depositional landforms with distinct regional characteristics are developed in the
mid-lower Yarlung Zangbo River valley. To investigate the potential dust emission capacity of different underly-
ing surfaces in this valley region, soil samples from six land cover types (forest, grassland, cropland, riparian
land, fixed sandland, and mobile sandland) were collected in the Milin section. Particle Size Distribution (PSD)
analysis and the Anti-Erosion Rating Index (AERI) were applied to assess dust dynamics and inform ecological
restoration strategies. The main results are as follows: (1) Valley soils exhibit extremely low clay content
(<1%) , dominated by fine sand (39.9%) , and classified as sandy loam, loamy sand, or sand. Soil texture coars-
ens with depth. (2) Monofractal dimension values ranked: forest (2.315) >cropland (2.289) >riparian land
(2.261)>grassland (2.171)>fixed sandland (2.165)>mobile sandland (2.084) , significantly lower than typical
values for analogous soils. Monofractal dimension showed strong positive correlations with organic matter
(SOM) (P<0.001), total phosphorus (TP), available phosphorus (AP), and total nitrogen (TN) (P<0.01), in-
dicating nutrient enrichment via physicochemical interactions with fine particles (clay/silt).(3) Significant spa-
tial heterogeneity in AERI (P<0.05) was observed: forest (1.086)>cropland (1.012)>grassland (0.955)>fixed
sandland (0.856) >riparian land (0.711) >mobile sandland (0.675). Vegetation and agriculture improved soil
properties (D, SOM) , while sandy exposed surfaces (Sand%>85%) showed minimal erosion resistance. This
study demonstrates that fractal theory effectively characterizes soil quality evolution across heterogeneous surfac-
es, providing critical data for dust emission research and soil texture improvement in the Yarlung Zangbo River
valley.

Key words: Yarlung Zangbo River; particle-size distribution; fractal theory; nutrient characteristics; aeolian

erosion resistance



