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FHE I =2 B] AR I G =, R IR AV o 1) 3 2%
Y B> W B L Y AR
B R Y R AR -V R e Y e E W
(] 5 R v v 118 B PR R 2 (] ) R A Y
RER R VS ST IR X B S &R
b b ST Hb BT A A 25 A A R AR R R
[ 5 Vb 8] 37 3 28 R b AR K v A i
9 6.88 t-hm™, F5HE 4.32 t-hm™, AL W= R 5 & R &4
HI# 62.8%, M £ U M (E LU T # = ) 25.6%. {HJ2,
H A 26 T AMCE 1 J5 AN TR KN e Bl T + 4
BEAVAE T K T8 A 5000 A3 A DG A S R G 5%
B,

WA E S HIEE DI TV R
b B XeF - 4 B AR I 5 ) ) B 5 4 mR P IRED S B
B BERRAE AR T I o 2RI YR U S RN 2 b VD Fr
N [ T A7 # T  X0 LN Tk B 3 i B 7 kA 7
WFFE , 22 BV Fe AN R0 A0 rh E) 4 38 LN AR A AL
i R Mmep AR REe, RS E
R BE TN S RE R A, AR V0 e S BR ARV R (IS v
R AR 53 A0 1 43 T8 AE BT DL R RAE IV Ak
FR LR

TRk ARG T BRI b A T A
T v A 8 1 KRR AR RN 7 3 1 TR AR AR AE S 3 TR 4
B MR B 56 2R & BLUOME 4R B RE AR b R AE
A Vb Ak v AR Fpr A R 45 4 N IR 4R Ol A R v
TR AR B W VE S AN - 80D A i AR 1Y) — T 25
PEE AR PR . (HJ, IV FH e IS A% BLVD B 75l DL
T i S e [ V0 VR AR s S5 - 38 v A AR AR Y ek
SRR MR T, ST AT DA A B VD
SRS 8 AT N R KN B O 1
A RN - FERLAR 23 A1 (R 40 TR R AIE , IR
I35 AR T O R | B AR R A HL VD
N T A i B R TR RNV e i b Y 4 9
AR 0 B2 53 T8 AE B0 43 A B, 6 TS N Tk
W AR HEAP R B R L,

1 HRE5FE

1.1 HREH#ER

W 5% 48 b 457 T 185 A% L VD U85 AR R 2% 9 A 2 Ak
B B EB X (36°59" —37°43'N, 104°17' —105°
37'E), @R AL TR AT, IR R R . 1R IX
WAEATREDW ZE LA A RIRZER KWK Z

MR R RKERZERE N A 9.2 °C, AFEFEK
i 184.1 mm, FEKEE R AE 7—9 H s AE 28 K i 2 300—
2500 mm, AFEXYRGEH 2.9 mes™, FEER A PEILR,
HENER K, AT/ HHEE K 2%—3%" .
[ A% B YD AN [ K/ T B o3 A, T 5L VD Fe ik
M AR K, DL shvb B ok 3 O [ e v
Fr DA RS e v Fr s v eIk 3248 8 H OB U Fedik
KR VD B RS A ) VD B A R X R 10—
20m'",

M SEAE b A 2013 AR FL I B 7 48 I 5 1 T A
Mo SR REFL T, RO RS FLIE RS 1 mx
1 m; % 1 mx1 m A1 1 mx3 m(BRIE A7 1R ) 49 590 3% A
¥y 25505 )L (Caragana korshinskii) F11E ¥ (Hedysa-
rum scoparium ) , J¥- 1 5 5 A& N UG 75 (Artemisia
ordosica) B K. 100 m* A KATFZER 3G L 21 #K
245 0R 0.93 m, -2 0.76 m, 4 100 m® YT
FAEFEF- X5 2 3 3] 6 BRI 13 Bk, - 34 e i 40 1) ol
113 m Al 1.60 m, ~F- 21 J5 73 51 4 0.66 m 11 1.43 m.
FEARIFBFEAFE Y A 5t I (Corispermum mon-
golicum) . %5 VKZE (Bassia dasyphylla) F1V03% (Agrio-
phyllum squarrosum) . For 52 BSOS Y% B oy
40 Bk -m>, 5 BN 0.09 m; 55 VKL AV & Y
B LAY R 27 Kk -m T AN 2 Bk -m PR B R
0.03 m #10.05 m.

1.2 MRF=*E

1.2.1 RiETt

T 2018 4F 8 A 768 1 5 A FE VP HE AR, A
PN FEVD B ik A DR TR . AR SE VD B IS IfT
Y e KV e o B N B3RP 2k
I eTrex 209x/309x GPS {X1E T & & i ik &
T B A 0 T AR VD P IS AR o AR YD
R E 3ANEE U R 200—500 m. 7E%F
ANYD Fr (R 390 XU R | rh i | e T0U R AU rh LT
BB AR B A R A, M RAT S B IR A B >3 A
Fr A3 A =45 FE
122 TEHEMRESHW

FERRASTEARE S, R 5 SR (A TR A
FE B AL S A/ IME DT BT T AR 10 emx
10 em) R A H i TR L FEIR 5] 5 e A A 348
(HURER BE R 0—10 em, HURE T H A /INVERERK) |, i E
FELRIRAR i M S0 % . AR)E 7R A ARIRE TR R
T, 3k 2 mm 30, IF IS BRAG AL IS iR R T AR
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TESCWAAE A% HL YR AR R 2 [ U0 AR - S BRA o Je IE 45 211

Y, AT A OCHE AR I A, L 4G - 5 pH L FL &
RO BRI AR N . R 7E RS A
FESUHIFR JT (100 mL ) >R G207 fif J5R A 14, T
TIEAEFEMWE . 540, RIS SR B B R +
FELAS, T RIS RRAME . AR = R
(TPJ-21) I 2 /> 8 A A o509 398 R 2R (0—
15cm),

IR (%) R A (grom™) RAHET
FRERINE . +pH M SR (uS-m™ )R 1:5+
K HCIR S L 23 B ] PHS-3C BRBEH- A 5 :0H 5
AL (F 1 DDSI-308F) AT o - HE 4 fik (%)
fdfi FHICE {0 (2 KR DK6,UDK 140)5E , 3%
42 41 R FH Mastersizer3000 38506 17 54z B 43 Hr
{GHATINE . ARYESEE LA (USDA) il -39 b 73
RARAER] Sy 185 b AR A (1 000—2 000 pm) A
i (500—1 000 pm) | H1 & (250—500 pm) | 4f b
(100—250 wm) . #% 40 % (50—100 pm) | ¥ ki (2—
50 pm) FERL(<2 pm)"™ . R Tyler % 3L+ +
Bk AR R R OB T 08 o T AR ARy TR 2
(D), ~Ah,

[V (r<R)]/VT = (R,/RL)®™ (1)
K SRR s ROARIAR R 2 R IS i Bk AR s V(<

R)H/INTFRLAR R 1) = HERURLAR B VT Ry £ B H0kE
SMRBL RL N - HERL AR 73 G (W e KR AR AR5
T RL M 250 pmo TS 20 2 i [a] s JBO £, i
TR ER 2 2 I AL T R SR R AE, /D
A1 3 R 4EEL(D) .

1.3 FEAESSH

T A5 K04 SR FH SPSS 23.0 3k A7 48 11 o0 M
K FH 5K K 7 22 43 BT (One-Way ANOVA) WA %
7 2253 i (Two-Ways ANOVA ) J5 s 43 87 A [6) 5 3
ZH 18] Y 22 53+, F) ] Duncan ¥5 JEAT A0 P 6] £ 8 HOAS
K FI Spearman AH 3¢ 22 K00 B AS [R] 48 B [8] A9 AH S
B IKFH a=0.05. H Origin 2018 1E K],

2 HBREH

21 TEEYER

H1 8 1R, 3R ANED AN S L 4B 2 70
T RN BT (P<0.05) , 7552 Vb Fr R B 52 0 (P<
0.05) . LIEFIKAR BT BRI AL 2
2N FEARAL A 2R (P<0.05) o T HEZ T N2
U e RN L R/ E IR0 (P<0.05) .

F1 B EXNOFBLAN TEBUERESHEHHRNERFTESHT

Table 1 Two factor variance analysis of the effect of sand dune size and position

on soil physical and chemical properties and fractal dimension

K5 FkER Eo pH LIRSS K KR & 4ieb IR
AT NAN 1.865 1.907 0.401 1.432 2371 7.25° 2.025 2.892° 3217
v AR AL 2.886" 1.032 0.412 18.345° 3218 18.697° 7.398" 12.856" 10.865"
F/NERAL 1.219 2.6327 0.727 0.737 1.352 0.499 1.330 1.089 0.928
" P<0.05.

2.1.1 TESKXRMITERS

L L AT, ARV B, S X - 85 K e 0
A 7= A 3 RS (P<0.05) |, 1 X 4 358 25 75 G i 3 5
i) (P>0.05) ; 38 5 7K 3853 A 3 90 5 KU rh s>
5. fErp v B Ot e S KGR 4 &
P T0 8 350 (P>0.05) o 7E/NVD e, St JE % + 39
E KR IC B F M (P>0.05) , M4+ e 8 77 4k
FEREA (P<0.05) 5 375 8 R 80 Ry 2l XU Hh 5 | e T
I XU T S 3 v T B S 77200 XU I
JEH .

b b R/INKE 4 3 B /K 3853 A1 T 18 3 52 e (P>
0.05) . HAETS KU i, vb B R/ 3825 = A

250 (P<0.05) , RIAK b i 2 w5 /N
Fr.(P<0.05) ; 1M 7 Hifth 4 A3 % Hh v B K/ i £
A O 3 R (P>0.05) .
212 TEpHHMBSER

ME2 R LA R i B RV e, o
JE KT 448 pH AT §oR 3 0 18 2552 ) (P>0.05) . ¥
Fe KN 5 AN 1 pH 4347 ¥4 7C 5 25 5 iy (P>
0.05) o {HY> Fe K/ b TE + e v ok = A ) 2
S0 (P<0.05) o 730 KU RS ER A e, 0 B K/ xF
- SR B 7 A 2 R R (P<0.05) 5 73 XL
RS, L3 SRR R B FE KT
Fr, (HAE 0 XU R A SR B KU e e E R TN



212 H

[ w41 %

B KE OFPE B /APE

—
oo
T

a a
ad 2agmpmad 44, 2

TR E/ (g om?)

s o = =

(o)} O [\S) w
NS

(=}
w
T

o
=

e B = = =

2 + \H + A

) £ £ )

K K K K

= = r A
AT DA

AN [ PR B R A B ) 25 5 . (P<0.05)
RN G ARV AR Sop e IR i F i

12
A o kvE OHvE K/ME
a
1.0F
ab
%%
0.8F ab
. 0
K ab =E) ab  ap
<P e
% (P e 7
2 b B
| Kb 0s%
= 0.6 % B
: b e 7
QL K& 4 | =7
KX R y
i ab X< B | KIS
Nate R AL b
KA ab R KA
T & SR
04 1 s PRI | B
58 bl B / k&
R 2% PR3 kA
%% ks o / %
PR 0% %58 / kS
02H & bR il W
: el £ B ] B
5 e B4 1 B
5 e ] K
q P 4
WA KL B R BT K
& = = = B
bl =+ i= H+ bi<g
b5 b i fr
R AL
Fig.1
A ARVE OHPE B AMPE
90
a a a4 aa aaa ad@ a a
a a
XY = | e~
751 ko 2 B X!
P 4 XX
b R %
]
6] %% )
<% o ol
g0 K
%! 9503 &
’ ;|
4 <
s K
0 K
£ S%5e
b e
loss oo
L5H b o
s ]
b o
R KA
00 XA 1 ! ! %t I
b 5= = 5= 3=
g % B % g
=) =) fr fr
Vb FERAL

Distribution of soil moisture content and bulk density in micro topography of different dunes
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Fig.2 The distribution of soil pH and electrical conductivity in different dune micro topography

Fro FEH R P, U0 B R/ Nk g L R R 03 A
A SZ I (P<0.05) , RIS KD e i ZAR T/ b
Fro 78 Fe TURE RBEIEER , 0 B R/ g e e
Gy AR G 8 3 52 (P>0.05)
213 TESEHR

FH & 3 AT, FE R VD B, S XoF 338 4 ik 53 A
A S (P<0.05) , 230 A 30 XU IS 3 . 35 v
F R, 729V, Sl e 398 4 ik 53 A G 3%
M (P>0.05) o 7E/ND B, o X6 4 398 4 b o0 A
A I 2 (P<0.05) , F 3R T KU v I 2
TR, R/ S AT IE 438 4k o3 A ¥ 0

B ERm(P>0.05)

2.2 TEFRARS D RIS

M 222 IE W 5T X TGRR A, LIRS N
F MRk Z . N AT AP (50—100 wm) | 207>
(100—250 pm) F 55, 5300 81.50%—87.79% .
9.37%—17.96%, V- ¥ 73 31l 4 85.79% H1 12.25%.
TR (2—50 pm) & A, FE R 2.50%

2T LUE 78 KD e, X - ek b
TR A B R (P<0.05) , % A EA A
FNARRD & 53 A1 3170 1 252 0 (P>0.05) 5 1 L
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FI N b TR AT W R AR . e b
e, SO Xof = Sy R AN AR A0 55 4 3 A 17 A
FHRR (P<0.05) , M4 34 b & ft o3 A1 JC .35 5
i (P>0.05 ) 5 = HEMRE 2 B A 1 KU IR 50> XU
JEGFA >0 X3 r &8> F Tt i S A b 5 e R B A

T IRV RS S A0 T AU R Fe T, AR /N T
Fr, S TR X = A s A AR 0 R 5 i 2 TG I 2 5 T
(P>0.05) , {H X 4 S 40 b & 12 7= A Wik 2 5% ) (P<
0.05) ; 3N R F g B T 5 3 1 100 XU Jie 35
H

FEIM R ER , 0 B R /N 3 A B i 2E
R (P<0.05) , (EX e 4 b fn g ab 5 514
TC i 5 (P>0.05) 5 -3k ki & s R BN D
BERS TR EAVND B A6 R rp s, v ek
ANXF R AR AR i T R (P>0.05)
EXF 4 e ammb & 1 = A 2 B (P<0.05) 5 140
WERRINPY BB EMT/ND . R,
T R/INRE A 3R 55 4041 T i 3 52 R (P>0.05)
EUXF A SR 20 00 R A D B 2 7 A 2 R (P<
0.05) ; e ANAD R B R IR /IND B B IR TR
U A YD B 8 - A e RN B
TR A Fe o 6T KU A Y B RN
FyRL A A0S A0 D B 38 T B 25 (P>0.05) .
TETF RIS, 0 B K/ W 40 A ib 4 6 3
S (P>0.05) , {HXF KA ™= A i 2552w (P<0.05) 5 +
R G R AP Y E B E ST RY EAN
Wi,

FH 2% 2 AT AT IX - 40 4E %0 2.59—2.78 .

®2 AR ERGRTERZES T RES REL LT

Table 2 Distribution of soil particle size and its fractal dimension in different dune micro topography

A TNAN iR i e A e SHIBUEEL
(2—50 wm) (50—100 pum) (100—250 wm)

* 300 IR\ B P 2.32+0.12" 87.56+0.54" 10.130.56% 2.78+0.10°

30X 1.53+0.400 87.79+0.21° 10.680.60" 2.7240.02:®

T 0.72+0.16¢ 85.74+1.33° 13.53+1.48% 2.76+0.01%®

G TR 2.72£1.07° 87.29+0.97* 9.99:£0.33" 2.68+0.04

TR 2.89+1.03° 85.84:0.92: 11.27+0.38" 2.67+0.04"

i 300 IR\ I 5.2140.63¢ 84.63+1.28% 10.16+0.70t 2.59+0.02°

3R TS 2.99+0.59" 87.64+0.60° 9.3740.13¢ 2.66£0.02"

F- T 2.24+0.39™ 86.58+1.09* 11.18+0.86" 2.68+0.02%

IR R 3.70£1.07® 84.75+0.98® 11.55+1.36™ 2.64+0.03"

B IR 4.89+0.66° 81.97+1.82° 13.13+1.62% 2.6040.02¢

N 3 XU RS 2.1540.30" 83.68+1.53® 14.17+1.78 2.69+0.01

300 R 1.39£0.21¢ 84.80+1.25% 13.80+1.46 2.7240.01

T 0.55+0.06° 81.50+1.86 17.96+1.91° 2.77+0.00%

T 1.98+0.37% 84.72+1.22% 13.30+£1.51% 2.70+0.01%

5 e T 2.26+0.31% 84.20+1.94® 13.54+1.76" 2.68+0.01%

[RIFIAS [ /NG PR3 Ab B A 22 57 B 3 (P<0.05) o
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FERUY B, (b T8 X+ 5853 T2 4k 5™ A i 25 52
(P<0.05) , & B A 20 AU B> 15 WG R . 7E
Vb B RU/INYD B A5 i T X6 - 38 43 T 2 0 TG i
S (P>0.05) o 7 KBRS, ¥ B K/ X + 4
I3 AE 0™ A 35 (P<0.05) |, 1 7E oAt 4 4>
b T VD e K /N X 43 T8 4 8034 TG i 3 52 i (P>
0.05); T HES /B ER MR LR EEHG TP
Wi,

2.3 IR TERRIAMR S 5 R4 E
EESESES

MR 3 AT LUE , el S ik i o

[iH] 52 IEAH G (P<0.05) , AHC R 5053 514 0.692,0.346,
M5 F7KR AHE pH Z [T (P>0.05), +
e b 5 H R 2 A O (5=-0.367; P<0.05) ,
M5 S KCR R pH k& i 22 B T0H O
PE(P>0.05) . 34D 148 4 ik 1 [A] 52 6 A G
(r=-0.305; P<0.05) , IMii 5 %7K % 458 pH HL F %
Z [ ToAH e (P>0.05) o

FH 1l 4 W0, 3T AR A0S e b 2 ]
LR 1R G (R*=0.652, N=45, P<0.01) , Tlij 5 1 4
4 b & i IA] At 2Pk OE AH G (R*=0.090, N=45, P<
0.05) , {H 5 + Seplk A0 Ab & 1 2 0] R R I AH OGPk
(P>0.05),

®3 TEENSHSTEBUMEREEXYE

Table 3 Correlation between soil particle distribution and soil physical and chemical properties

+ R Bk A pH R R/
BB (2—50 um) -0.047 0.083 0.057 0.346" 0.692"
WA (50—100 wm) -0.099 -0.039 0.137 -0.367° -0.064
Y05 (100—250 pm) 0.210 0.035 -0.125 0.097 -0.305
* P<0.05;™ P<0.01,
3.0F 3.0fF
[ ] L ]
29F 20t
3=0.037x+2.781
R=0.652, P<0.01
%o %o
\ i\ ®
Y B = ® o
X ® S e A JEN
2.7 2.7 o o o o .3
. e ©
.. L ]
[ ]
26} 26} * o e
[ [ ]
25 i 25 i i ; i i i
1 2 3 4 5 6 7 76 78 30 82 84 86 88 90
BHRLE 8% AR ARS8/ %
3.0fF
[ ]
3=0.007x+2.598
291 R2=0.090, P<0.05
§ 28F
R
&
27F
26
25

K4 IR SRR

16 18 20 22

DB R/%
T AR (W gnab 4y &, P>0.05)

Fig.4 The relationship between the fractal dimension of soil and the content of each particle.
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(4 A= 0 65 e, DT 0 M 5 7 2 388, 76 8 K 348
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>0, X 5 B R R R B SRV S 4
WL ¥ ERIZVYIR R E ), 78T RS
PERITR 300 XU A Fe T30 22 100 1) 3 KUk 2 80,
V02 5 5% H 32 B HE A () 55 FL b 3 o7 B [, ik
BT KORBAR ™[RI, U AR B 0 78 M FEK K+
R ZE T SRV R [F] e 362 5K 4y
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Physical and chemical properties and fractal dimension distribution
of soil under shrubs in the southern area of Tengger Dseart

abc

Wang Wenfan™, Liu Rentao™, Guo Zhixia", Feng Yonghong™, Jiang Jiayu™

(a.College of Agriculture / b. Breeding Base for State Key Laboratory of Land Degradation and Ecological Restoration in
Northwestern China / c.Key Laboratory for Restoration and Reconstruction of Degraded Ecosystem in Northwestern China

of Ministry of Education, Ningxia University, Yinchuan 750000, China)

Abstract: Soil physical and chemical properties and fractal dimension distribution characteristics of different
dune micro topography after sand fixation and shrub forest construction in Tengger Desert. Taking sand fixing
shrub forest in Tengger Desert as the research object, the windward slope, dune crest and leeward slope of large,
medium and small sand dunes were selected as the research sample plots. Through investigating the fractal char-
acteristics of soil physical and chemical properties and soil particle size distribution in different sand dune micro
topography, the influence of sand dune size and micro topography difference on soil physical and chemical prop-
erties and soil fractal dimension distribution of sand fixing shrub forest was clarified. The results showed that:
(1) The soil moisture content and total carbon were significantly higher in the middle of leeward slope than in
the dune crest; the soil bulk density in the middle of the windward slope, the dune crest and the bottom of the
leeward slope is significantly higher than that in the middle of the leeward slope, while the bottom of the wind-
ward slope is in the middle; and the micro topography of sand dune had no significant effect on soil pH and elec-
trical conductivity. Moreover, the soil bulk density of large and medium-sized sand dunes is significantly higher
than that of small-sized sand dunes; the soil electrical conductivity of medium and small-sized sand dunes is sig-
nificantly higher than that of large-sized sand dunes; and the size of sand dunes has no significant impact on soil
moisture content, pH and total carbon distribution. (2) The content of soil silt(2—50 um)was as follows: the bot-
tom of windward slope > the bottom of leeward slope > the middle of windward slope > the dune crest, the con-
tent of soil very fine sand(50—100 um)was significantly lower at the bottom of leeward slope than at the middle
of windward slope and at the dune crest, the soil fine sand (100-250 um) is higher at the dune crest than at the
bottom of the windward slope and in the middle of the windward slope. Large and medium sand dunes are mainly
composed of soil silt and very fine sand, while small sand dunes are mainly composed of soil fine sand. (3) The
fractal dimension of soil is between 2.59-2.78, which shows that the bottom of windward slope is significantly
higher than the bottom of leeward slope, the other three micro terrain habitats are in the middle, and the large
dune is significantly higher than the middle dune, while the small dune is in the middle. (4) Correlation analysis
shows that the higher the content of silt, the higher the soil conductivity and total carbon content; the higher the
content of very fine sand, the lower the soil conductivity; the higher the content of fine sand, the lower the total
carbon content. The more the content of fine sand, the larger the fractal dimension. The results show that the ef-
fects of different dune micro topography on soil physical and chemical properties and fractal dimension are differ-
ent. Therefore, it is necessary to carry out plantation construction and ecological effect evaluation according to
the dune size and micro topography.

Key words: Tengger Desert; physical and chemical properties of soil; fractal dimension; soil particle size dis-

tribution



