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Spatlal DlStl'lblltlon of Sml ]}al:hcles and Heavy Mel;als’ Under leferent

Psammophlllc Shrubs inthé Ulan Buh Desert / 7 b P,

DAL Nu-jie' || GUO Jian-ying”, DONG Zhl , Ul Jin- -rong”, LI Hong-li" r

(1 T’alshan Foresty 'Ecosystem Research | StdthI’l Shdndong vamudl Key Laboratory of Soil Erosion and Ecological Restoration,
College of Forestry Shandeng Agricultural Unlver51ty,T-alan-27IO__].8 China; 2. Institute of Water Resources for Pastoral Area of Ministry
of Watér Re%ource% Hohhot 010020, China) =

Abstract; Aeolian sandy soil was collected at depths of 0 to 100 cm at intervals of 0-10, >10-20, >20-30, >30-40, >40-60, >
60-80, and >80-100 cm from under the cover of psammophilous shrubs Ammopiptanthus mongolicus , Hedysarum scoparium, Oxytropis
aciphylla, Nitraria tangutorum and Haloxylon ammodendron and from a mobile dune in the Ulan Buh Desert. Multi-fractal theory was
used to determine the soil particle size distribution ( PSD), which measured the fractions of @(Mn), w(Zn), w(Cr), w(Cu),
o(Pb), @(Ni), w(As), and @(Cd), as well as their distribution status in the laboratory and analyzed correlations between the PSD
and heavy metal content to identify the relationship between soil structure and heavy metal pollution. This result shows that a range of
different types of shrubs can increase the distribution of fine soil particles, and specifically Ammopiptanthus mongolicus and Hedysarum
scoparium can increase range, heterogeneity and degree of dispersion of the PSD. The heavy metal content in the soil under the different
shrubs is ranked as @(Mn) >w(Zn) >w(Cr) >w(Cu) >w(Pb) >w(Ni) >w(As) >w(Cd). In the first 10 cm of the soil under
the shrubs, the concentration of all heavy metals are higher than samples from the mobile dune except for Cr and Cu. Average value of
®(Mn) and w(Cd) is 354.899 and 1.429 mg-kg™' under Ammopiptanthus mongolicus and Hedysarum scoparium respectively.
Concentrations of Mn and Cd under Ammopiptanthus mongolicus and Hedysarum scoparium shrubs are significantly higher than those of
mobile dune (P <0.05), and the concentration of both is significantly various between each soil layers (P <0.05). The highest value
for (Mn) is in soil layer between 30 and 40 ¢cm below the surface and the highest for @( Cd) appears between 10 and 20 c¢m below the
surface. The average w(Pb) under Hedysarum scoparium is 13.556 mg-kg ™' which is the highest among all the shrubs, exceeding
3.24% under Ammopiptanthus mongolicus and higher than samples from mobile dune. However, average w( As) under Hedysarum
scoparium is exceeded 0. 37% under Ammopiptanthus mongolicus but still higher than samples from mobile dune. The grain size of

¢ (silt) and ¢ (medium coarse sand) are determining factors for heavy metal concentrations in fine and coarse particles of aeolian sandy

Wi EHER. 2017-04-13; f&ITHHA: 2017-06-03
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soil. Heavy metal measurements all positively correlate with ¢ (silt) and ¢ (clay) , however, they negatively correlate with ¢ ( medium

coarse sand) , except for w(Cr). The correlation coefficients between heavy metal contents and the multifractal parameters are similar

for ¢(clay), @(silt), and ¢ ( medium coarse sand). Therefore, multifractal parameters can describe the correlation between heavy

metals and their determinant soil grain size. This study shows that, Ammopiptanthus mongolicus and Hedysarum scoparium can entrap

and deposit fine particles from the sand flow to surface soil layers around shrubs and improve the condition of PSDs for different soil

layers with respect to heavy metals. Hence, in aeolian sandy soil these concentrations are higher than for mobile dunes after planting

Ammopiptanthus mongolicus and Hedysarum scoparium. Therefore both should be used to promote good soil structure of particular areas

to entrap and in-situ control heavy metals to decrease heavy metal pollution in downwind cities.

Key words : psammophilous shrubs; multifractal theory; soil particle size distribution; heavy metal; Ulan Buh Desert
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T > HH > R > s Ji 5 D, BI{EAEMEL. D,
iﬁ{ﬁizﬁ% WS, VAT AL, R AT
Wahvb & 15.31% . 12. 65%\ 12.57% . 9.02% .
1.48% , K, E AT PSD AR 47— %) 384 fin 4 F A
i A R R R W3 (P <0.05) , H 557 Sk il
HUbAF R ZERIHA T .

D, /D, FRAE PSD B #2 BE , £ {E 8 K ) PSD

%ﬁﬁft¢M]Dﬂ)ﬁﬁm%ﬁ&@f0%0
~2.633 Z I, KN LRI B > Bk > 1l
>5E§%ﬂiu > ke > V4AE, 5 D, YIHE M,
Hp W& FEM TR T 174.27% , 4648 . ik
L, R R AR TR B Y B 163.56% |
146.07% . 117.60% . 5.73% , X Itk , # A X%} PSD
B HIORE B 0 3 0V BA L b 4 9 1 0RO Ok
BFE(P<0.05).

H % 2 vl T sh b e AR Y PSD 4 — 2
BRI IS AR &S TR o (40D ) I3k S5 R E
ARBRIERE o (401) N 67.95% , i T HAAHEKR
R shib i, o (B4R ) S 2. 76 % A & T sh b i
o (R0 Ko (R B R 0. K WEART o (R AT)
VI B & TRy i, DAL R R B, MR K,
WHEHEART PSD EHF o (4180) LT, A ik
85.03% , i T HARHEN, Ho(FKL) . o (HPhL) [FA:
JETRHEARZHE.

2.2 AN[FVEART -84 8 28 (8] 3 A REIE

- A R v B ) E A SR Ik Rl AR
PEVE B3R5 75 4> I 2 vl i, R IR R T
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Table 1  Fractal parameters of the PSD in different soil layers and shrubs
Y ok FJERE/cm N
Rl aeH 0~10 >10 ~20 >20 ~30 >30 ~40 >40 ~60 >60~80 >80 ~100 Hti
D, 1.339£0.047 1.355+0.045 1.34220.041 1.360 £0.048 1.350£0.051 1.36520.043 1.355+0.044 1.352 +0.046°
sl D, 0.499£0.015  0.47420.019 0.492 0,011 0.59320.022 0.484+0.018 0.573 £0.013  0.503 £0.015 0.517 +0. 016
D/Dy  2.686+0.085 2.861£0.081 2.7270.092 2.293 +0.088 2.789 +0.087 2.381+0.072 2.695+0.096 2.633 0. 086
D, 1.598 £0.048  1.450 £0.045 1.545£0.051 1.458 +0.062 1.492+0.046 1.5500.046 1.563 +0.059 1.522+0.051"
S D, 1.846£0.055 1.183+0.031 1.865+0.036 1.040 +0.041 2.065+0.081 1.8590.030 1.851 £0.043 1.673 +0.045°
D/Dy  0.866+0.026 1.226+0.035 0.829£0.021 1.403+0.025 0.722+0.036 0.834=0.041 0.844 +0.035 0.960 +0.031"
D, 1.641 £0.062 1.649 £0.071 1.597 £0.069 1.566 £0.075 1.546+0.066 1.427 +0.077 1.487 +0.054 1.559 £0.068°
Tt D, 1.757 £0.054  1.796 +0.051  1.809£0.055 1.857 +0.063 1.914+0.047 1.090%0.058 1.149 £0.056 1.624 £0.055°
D/Dy  0.93420.025 0.918 +0.033 0.883£0.039 0.844 +0.034 0.808 +0.041 1.3090.046 1.294 +0.031 0.999 0. 036"
D, 1.386£0.037 1.380 £0.041 1.364£0.039 1.365+0.045 1.368+0.047 1.37020.051 1.369 £0.052 1.372 +0.045°
o D, 0.575£0.017 0.549£0.015 0.506 £0.011  0.5040.026 0.500 +0.021 0.543 £0.029  0.500 £0.026 0. 525 +0. 021"
DDy 2.409£0.065 2.513+0.061 2.696£0.059 2.708 +0.064 2.739+0.068 2.523+0.062 2.737 +0.070 2.618 £0.064°
D, 1.550£0.047 1.563 £0.041 1.623£0.052 1.453£0.056 1.574+0.062 1.436+0.053 1.464 +0.057 1.523 £0.053"
il Dy 1.883£0.056 1.860+0.059 1.811£0.061 1.079 £0.043 1.8860.047 1.050+0.052 1.057 +0.058 1.518 £0.054°
D/Dy  0.823£0.022 0.840+0.035 0.896+0.038 1.346+0.049 0.8340.041 1.369+0.053 1.38520.057 1.070+0.042"
D, 1568 £0.049 1.456+0.056 1.448+0.052 1.4270.065 1.444 +0.043 1.446+0.046 1.527+0.043 1.4740.051"
&Y D, 1.903£0.051  1.025+0.056 1.040£0.041 1.074+0.040 1.062£0.038 1.067+0.033 1.927£0.055_ 1,300 +0,045°
D/Dy  0.824+0.049 1.420+0.056 1.392+0.046 1.320+0.051 1.360£0,057 1.3550.064 0.793 +0.041 1810/ +0. 052"
1) ARING G R R R A RIRE A [F]— 48 b5 6] 22 57 . 3 (P < 0505, BUZ) ; )
(o ¥ I A | & & & —¢
%2 FEBRAT o(PSD) EH/% | | ' Ay
Table 2 Thé @(PSD) values under different shrubs/9%+" i ‘ - &
B R wi | et aw e b NV e R
EBE S sr0.00 0.00 L/ 8/ 10,»3 £0.02  59.30«1.81 7 37.03%1,13) @158 0.07 1.15 £0. 06|
A L P19550.09 5.13 £0.235 1 1250 +0.52  50.55£2.06 /19.09+0.79  7.01£0.32  {3.77£0.19 &
Wk 2.83:0.11 8.86%0.41 /145550076  58.79:2.98 /' 149507790 0,03 £0.00 .0.00"
MR 000 0.00 |/ 4 2,76 £0.13 67.95+2.76 125.29/20.98 1.82 +0.07 2.18 00T
’ 'Zﬁﬁ%ﬁg 1494 £0.07 5.40 t“O.]& 16.421£0.59 | 43.16+1.53 | 13.80°=0.51 12,26 +0. 45 7.01 £0.25
s 0.62 +0z02 4.87 0127 12,55 £0.35" 32.73£0.87  20.73+0.56  20.32 +0.54 8.18 +0.26

. 7 -

BREAZESE SRR, BIERHA N o(Mn)
>w(Zn) > o(Cr) > o(Cu) > @(Pbh) > w(Ni) >
w(As) >w(Cd). HiJH T o(Mn) B{E R 427. 229
mg-kg ' T T HAAEAR R sh i i, H A& )2 0]
ZFRE(P <0.05) , MR MEARZ I M 5
Ak YR IR 43 S RAE >20 ~30, >40 ~60 cm
+J2,H0~10 em +Rw(Mn) & TR F; W4
H Fow(Mn) H1H K 354. 899 mg-kg ™", ALK T4 &
H,HA L EEZREE (P <0.05),MM 0 ~10 cm
+Ro(Mn) & TR E AL VA ET
o (Zn) BHEMXTR ARG TR e, & L2 E 2
SBFE(P<0.05),0 ~10 em HEE TR &
HRMEAR. 1R Fo(Cr) ¥EW BAL T I RAVEAR K
Wb i, BB 42 IR o (Cr) B AR, 0 ~ 10,
>10~20 em ¥ B E R THALIZ(P<0.05); £
R4 T o(Cr) YA 5058 26. 756, 20. 166
mg-kg ' L)EEZEREE (P <0.05) , A& FTF O

-

~10 cm 120 (Cr) B TRDV E. o(Cu) HEHSS
VEA [R]AH 22 50/, W & TR B 43 3 R 12.936
12.901 mg-kg ™', L 2EZERF B E(P<0.05),H
THEME TRV (10.891 mg-kg™'). HHET
w(Pb) ¥ H 13.556 mg-kg ™", B T H AW A M ik
SR, & L2 EZEREE (P <0.05),0~10 cm
JZ 14.828 mg-kg ' N TR LEZH, WEAET
o (Pb) BEAK T AEHE 3.24% ,0 ~10 em +)Zw(Pb)
BEBTHATE(P<0.05). #£HE Tw(Ni) K+
RIS NG RS, BME R 11,179 mg-kg ™', & T
AT 0.96% , i T shvh it 15. 06% , B Sk 4 0
~10 em £ 2o (NI F RN fhb, HAHEAR S &
TR F. BRR KT o(As) ¥ 1H R 3.346
mg-kg 'K T RNV B 4.48% 4, i A HEAKRT
w(As) H{H B & T3 sh ¥ i, ol Sk o) & i
32.21% ,Ib &5 31.15% , AEFE & i 30. 66% .

FWA T o(Cd) & TR E, b, @R T



38 %

4814

et

1

3kl

1EHE

o
= 2 OO,

BN e I I IIIIIITITITIITF,
= fM RO, |
= I

e W Al

1EH

Y

Bl Ak

Hi

ek

fr 5 i =
R LT T aaTaTa e TeTes: S o
= = o
R B )
R | 7 ®
2 £ 2 88 8 8 g =
nR % F 2 =2 4 &8 =
I LU
= = = = TITTIT
=1 m m m m mm s LILILLILILIILIT m W i1y CIIEE
L =t=1=T=1=1=] = SRR AR RN
=9I g ]
locoooo —_ = e I — — T
SANRIRE |- B Py o % o
77 . = = =
28 gk . : %
® ® 2 a %n S
#® & = TTEEE <
e e
® ®
= iR AN ARA A ARREA AR \L- R ARSR RS ARARRREiARaRREEEa
. - oy o ]
' 4
B ° P B S —
1= - } H o Sisasassasad
; W aa \\\\\N\\\.\\am. M w - ") s
E] ; = q 7 i =
8] uwm ] ) - = SRR AR AR .—m wm ~ - “M.ll7
wy -] ] - ol < o0 ) < w < wy < wy
e = = = - = = = 7 - - i = &
Twu_ m_E____H—w.ﬂ. _lwv_ WE__HE.ﬁ Tmu_ m_E____ﬂw.@‘ me m_E____E.@‘

SE]

Hete Wik

A JEE
AN
WS LIEE SRR

iiah b

Hete Akl =il

ek
HATR 2

Wiahib b

7N

AHRIEAA ] + 2 0] 25 53 35 (P <0. 05, BUR) , i

7N

KRNG5

H2 FARARARELEESESE

Fig. 2 Heavy metal contents under different levels and shrubs
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w(Cd) ¥IE K 0.988 mg-kg ™", Eith 1.75% , b4
wh 47.17% , A6 20.39% ,0 ~ 10 em 2
o ( Cd) B MIEAR T i sh Vb A, AR Y & T
M Fr.
2.3 AFFERT PSD A, S8 S HHEESE &
AR

R EHS PSD (VL ¢ i) 4 X 2 %)
Pearson A T &5 LK 3. E4 S EYYE
e(FRL) | e(HhL) IEH 3¢, (Ho(Fh) Hw(Cr) |
w(Cd) RANEE , o(BF) So(Cr) . o(Cu) XFH
AN, He(Wrh) 58 4 )8 & & 1A e Mok T
e(FKL) M 8 MH GRS o (HAD) | o(4if)) [A]
REG—HHELER; BRo(Cr) i, HAFES RS &
¥ 50 (Prb) i3, Ho(Cu) . @(Pb) . o(Ni) &
AARE M 8 MELES oCHD),
e(MAAD) [ AR R — M KR, AT UL, o (KHKL) 5
o (R 43 R ke RD A h E 4 JE E  A AR 1
9 Kokt 3. "

Frw(Cu) . o(Cr) REE, o(Ni)95% KT i 2%
Gh HAAESIR S ®YS5S D, FD, W82 EAH

K(P<0.01),1MiBRa(Cr) 5 D,/Dy EARISN, HAR

RS DD, B, 3o (Mn) oG |
o (As) P BECP 0. 01) , 0(Zn )AL F(P'<0.05 )5
%MQWhﬁ%g@@ﬁiwsAmmﬁaﬁw
@(Mn) 4 o(Cd) gw(As) . w(Zn) B # (P <

0-0F) ,&(Pb) % (Px0.05).
{ : “’I.
3 W

3.1 FEARXS HHERAR 15

VDT DXl 0 Ui 7 A 1 g e A A5 LD
- R ZH B2 B B . SRR AR AN T
TP LG, IR AR | BRI, VD854 AR R B
PP 38 2o PR AT XGPS R 4 /N - 4
VU v R EE SR A we L i w3 LA B TR A 1
TE e AR AL T dE R . R A ]
FEA VDA REAR EA X A0VD | B AR VD Rk U0 25 28 /)
- R AR EA AV T, L e IR R AR B A e AR
BARAE I — 25 18 S [R) VD A TE R T B R
s 55 4 /)N b 1 UL % 42 48 S DT I AR AN TR A
[ 8100 ARSI AR SCHR [ 15 ] YR AE OBk AR 44k
FIW RS (50 ~100 wm) | ZHEP (100 ~250 pum) . H
(250 ~500 wm) . HLHEP (500 ~1000 wm) , & P55
AT o(WAIed) ¥ E & TR E, o(hED)
B AR T I shid i, Mo (RRL) | o (HRL) BRIRIZ

-"-d-

SNSRI TN, o (A1) BR AP A9 1T F
B L, BEIHE A K G A I OB Y U
FE T b 7 R U T 452 O B R
AVAD , (A PP A M B A0/ SR B A
ST LR R A O 03 A T B
W IR A+ o(PSD) IR, A HEAR 1R
Wl (B Bep (KPR 1 0, T o (A1ED) 2z T
L, BT RE TR BB ) 4 0, R
Bl DRI T AR AN T 4 1 e R A T A S
SORERTII g 3 ~ 4 1, PR M B A 14 b T IEmF sl
RS X T IR e AR A B R B
LA T M TEHR I A | X TR A A B 9 4
W LERE S SZRE NI T 704 el
U BV BT T £
B, fiE S5 Bk, Btk (BB . (KPR |
o (WZHED) HEWR W ., X D, . D,/Dy B {EHT 35
(P <0.05) , BIvb 4 7 AT 3 1 m PSD i s ik
PRI O Al BT 4 (R A (T A
F T2 L W40 ~ 60 em L2 B1/D,
T Dy SR 321, B PSD 3 Bl K 59 R A
PRI R, PSD A G TR — B R AL
FLAE S RV Bl g 34995 4 A0 SRR i 38
I, Jia ST HIPA TR M AE 50 ~ 70 em
VRIE -2, TR 0 AT S R 4 4 T O A5
TR (VR AT M B R, 3% R (1

4 1Dy DD, (T HA L.

3.2 EHERARNE AR S RN

- UK A K /INAT S S e P AR
7, Zong 2=l6J3) k1 Cd . Cr. Cu. Pb. Zn 7E <2 wm fJ
R PR R R RIAR R E SRS e T
Hoft w72 138 10 Cr BRAEF R Kt & A 4h, 78
1000 ~2 000 pm K745 30 B P R RE & B4, Ak,
w(Cd) | o(Zn) RERLAR (1326 98 1 R a4, T I
T HARESE. mE3 AL 0(Cd) Se(Fk) 1)
FHOCFRECH 0. 300, I8 T H AR I [, (3 EE 1 42
PETFHAE T4 Xof I Fhr A% ) s U, B B AE o (AP M
o (PP R K —0. 428 2 —0. 427,55 Zong 25
(IR TR 45 RAFAE— 8 22 5, 3K AT BB h T Kb £
IR 4Y | FR40 S s s 1 R0 8] (Y 26 25 11 I
Xof H 4 R B A BT MR LG T e,
4@ 55 PSD [B] A HH 556 7 [RIAE L& 55 7™ 46 1) B4
Ho (Cr) 5 o (PSD) [A] A AH 5 R A A T H v H#
4 )& 5 PSD [ AAHOC R AL, HiPw(Mn) | w(As) ¥
He(FRL) . o(BIKL) | @ (B AND ) # 1 25 1E A 5C
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(P<0.01), He(H#h) B B Z A (P <0.01),
HARKRBAE o (WANED) | o(PED) I 53 i K,
M w(Cu)., o(Pb), o(Zn), o(Ni) N ¥ 5
e(THP) | o CHEY) | o(BAHAD) T AH G, 5 H 4
PSD IEAHSE, BIH 42 @ S 4k B S i EAH G 5
HURL 3985 B 7R OC , XTI, Ajmone-marsan 5% A
ShrRE B 5 1) 4 /0N A 4 0K (] EL A B K ) 4 fik
L AR T K 1 42 M 7 B W B g (A 4 JE
E AN LR e i S = T 11 P N 3 T A LT
LRGSR 0 55 s B [ R T 5 2 4 B
THERE AR SR, NI, AR R S AN
L (] RIEASCOC R | AR & 2 ] 2 30
TSR, IR, AN [R) E 4 e AN [k 42 4 e ks
RS EIFAE S AT R, M R RS B
K. WEHENHEEARAT 0~10 em +J2 D, K.
M D,/Dy BN (E 1), 0(FRL) | (BT K o (T
M) B (£ 2), HO0~10 em L EVERFR
w(Cu) S, i FRw(Cr) SN TR (' 2) ,
VLB VD AT Ko A TR U2 W KD P R by
WL, W AR o 3% 2 - HE UK 2 R M A A R A

WL 45 PSDAE K% 6 Bk BE 38, 5 (57 (AR

TGN t};ﬂg%ﬁ R AR Tt Xt E/ﬁ‘}%’ %’:yﬁ
2 MR B K S ), DRt SV

St M ROV P 49 T 20 AR,

PG T G AP . A
A B o i 252 St AR

7

ST G AL A RIS el

i
4 g

(1) B 22 A ROV BEAN )5 A= A 24 AT 248 XL b
T RIS B ORE (1 2 U AERE A SR [ 2 T ek s
AT PSD R B, 1 fm B A AR AR 5 o (BRL) |
e(KYRL) | @(HRANED ) S5 4/ NFURE , HAHEA TT B @ 1
I PSD JE | AR5 TR R R B HORE BE i - s S0k
ANEUEE TR A5 R AR TS, [R5 A8 4iokr i
FRL) .

() AFEART RN+ Ea)E S mESR e,
KL How(Mn) >w(Zn) >w(Cr) >w(Cu) >
w(Pb) >w(Ni) >w(As) >w(Cd) B Cu FSHEAR
T0~10em 2 EEE S B S TR, B
AR AL S A P it v 8 4 % Al s - S RORE,
el TR AR HE A ], 38 I J 30 3R 2 KD 4 i 8 46
Jim % e DA T4 T XU T 174 2 s 75 .

(3)8 P& Jm 5 @ (FhRD) . o(HPFL) 1E A

K, B o(Hhn) MAH MR T o (B0hL) , BRo (Cr)

b HREREA Se(hih) A BE SR & &

B HARIAR R - UL [R) R H B 5 — M KR

Bl (Ckyki) 5 o (i) 235 ke Kb + v 4 s

SRRSO+ B R AR 52 E S

B2 Bl /MK R B o(FKL) . o(BPRL) |

o (D) ARARL, B 22 J 53 4 BI04 AT 950 b A1 ik

4 A i 5w Pk EOR ) YOG &R

(4) 5 2= A FIYD AN [ i A= FE A AT 28 PSD AR

DL T 4w A i Hop YD A R AE R ] B A

R it v 485 < T A4 /S S AU A 2 TR BRI
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