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Effects of Different Planting Patterns on Concentrations and Migration of Soil Heavy Metals in Dryland in

Southern China

WEI Xiang—dong', ZOU Hui-ling?, TIE Bai-qing', CHEN Huan', CAI Dan', CAI Lei', FANG Ya-yu', YIN Xiao—hui'

(1.College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China; 2.Library of Hunan Agricultural Univer—
sity, Changsha 410128, China)

Abstract: Plant species have different impacts on forms and transformation of heavy metals in soil. Here an experiment was performed to in—
vestigate the effects of single and inter—planting of soybean and maize on content, forms and migration of soil heavy metals in dryland in
Southern China. Results showed that the content of Pb, Cd and Zn exceeded the second grade levels of the National Soil Environmental
Quality Standard(GB 1518—2008 ). Compared to the soil with single planting, Pb, Zn, Cu, Cd, Fe and Mn concentrations under the inter—
planting tended to decrease in both rhizospheric and non—rhizospheric soils. However, plating patterns had significant effects on forms of soil
heavy metals. The forms of soil heavy metals were significantly different between rhizospheric and non-rhizospheric soils. Residual form was
the main fraction of Zn, Cu, Fe and Mn in both rhizospheric and non-rhizospheric soils, accounting for more than fifty percent. The forms of
Pb and Cd were significantly different from those of Zn, Cu, Fe and Mn. Oxide bound Pb was the major fraction in both rhizospheric and
non—rhizospheric soils, constituting about forty percent in non-rhizospheric soil and about fifty percent in rhizospheric soil. Percentages of
exchangeable and carbonate bound Cd were respectively 14.01% ~15.82% and 9.56%~9.90% in rhizospheric soil, while 0.63~0.85 and
1.38~1.48 times more in non-rhizospheric soil. The content of Pb, Zn, Cu, Cd, Fe and Mn was significantly different between soybean and
maize, and influenced by planting patterns. Lead and Cd in edible part of soybean were 37.95~43.45 and 50.5~52.6 times higher, while in
maize 47.2~56.8 and 9.7~15.8 times more than the limits for pollution standard in food (GB 2762—2012), respectively. These results show
that food crops planted in the tested field had high health risks and that changing from paddy field to dry land is not an option for remedia—
tion of soil contaminated with heavy metals

Keywords: planting patterns; dryland; maize; soybean; heavy metals; migration
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Table 2 Total content of heavy metals in rhizospheric soil(mg-kg™)

At Cultivation patterns

C i

Hewy  ERWA KEEH EEEK EFAE
metal  Monocultured  Monocultured  Interplanting  Interplanting
maize soybean maize soybean
Cd 14.92+0.42 14.69+0.28 14.60+0.10 14.85+0.21

Mn 133.29+23.39 116.28+12.03 101.30+15.92 103.77+11.88
Zn 176.41+20.27 163.17£5.92  141.64+7.72 171.65+10.36

Fe 17 630+£754 16 812+1476 15 613648 16 281+70
Cu 25.96+2.41 26.58+0.89 24.18+0.82 25.33+0.16
Pb 85.28+7.71 87.20£7.70 86.20+3.85 79.09+6.04

PR, ATRR SEMMEYWIR Z B R A K
RGP, FRBF IR R 1380 Zn Fe F
Mn &gk, (BB EHES . MRRTHORE,
FREVEY S, T3 Pb . Zn . Cu.Cd Fe Fl Mn &1
TR, HER T REIR R (HIC B P22 7 (R2),
MR EE AT, Bl A RAF T EE RSN, 32050 R AR &

F1 ERERIEFELEEZE(mg kg!)

Table 1 Total content of heavy metals in non—rhizospheric soil(mg-kg™)

Ff%aC Planting patterns

KB F Monocultured maize

K G B R Monocultured soybean E 7 Intercropping

HEm RARE
Heavy metal Sampling depth 2514 Control
Cd 0~10 em 14.79+0.24
10~20 cm 14.67+0.11
20~30 cm 14.80+0.13
30~40 cm 13.53+0.04
Mn 0~10 cm 152.94+26.34
10~20 cm 131.53+24.00
20~30 cm 203.21+39.44
30~40 cm 680.78+70.91
Zn 0~10 cm 231.33+24.32
10~20 cm 231.69+20.33
20~30 em 230.75+22.16
30~40 cm 167.71+23.48
Fe 0~10 cm 21 505+2955
10~20 cm 20 384+3242
20~30 cm 24 8214234
30~40 cm 26 678+1857
Cu 0~10 em 27.86+2.84
10~20 cm 28.44+3.59
20~30 cm 28.82+4.35
30~40 ¢cm 25.21+2.68
Pb 0~10 cm 95.82+10.59
10~20 cm 92.93+13.30
20~30 em 75.69+11.87
30~40 c¢m 39.56+1.78

21 333+2670
22 606+3631
25 736+2266
26 682+1876
29.54+3.44
31.50£3.75
26.81+2.25
26.18+0.94
100.36+9.96
104.92+8.75
62.34+12.51
44.23+1.93

14.95+0.27 14.69+0.04 14.79+0.34
15.01+0.30 14.78+0.12 14.79+0.57
14.09+0.29 14.49+0.41 14.05+0.27
13.48+0.15 13.37+0.16 13.70+0.10
165.91+35.55 194.68+14.88 122.09+13.74
175.84+23.59 178.06+29.68 120.88+18.97
287.27+64.09 356.85+29.45 158.98+20.14
588.75+75.47 705.91+178.10 343.28+60.55
237.83+17.72 232.70+20.09 196.53+12.78
230.91+12.93 231.63+4.60 187.77+15.67
226.04+18.84 184.05+14.54 191.41+29.93
168.53+13.42 153.98+22.20 99.19 +14.13

23 055+2805
22 767+1918

18 472+4070
18 351+1923

26 274+2789 18 970£1152
29 227+3158 20 783+1933
29.71+2.58 28.03+4.24
30.00+1.14 27.00+3.21
28.01+3.79 23.63+1.73
26.56+4.41 20.47+1.11
91.65 +16.26 95.24+11.26
96.85+8.16 88.81+12.75
69.35+20.77 58.18+12.64
45.27+4.63 36.46+3.27
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Figure 1 Distribution of heavy metal fractions in non-rhizospheric soil
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Figure 2 Distribution of heavy metal fractions in rhizospheric soil
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Figure 3 Distribution of heavy metals in soybean
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Figure 4 Distribution of heavy metals in maize
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FERE ) 2.82~3.18 £, Cu Fe 1 Mn 7E £ K HH AR -
2R A R R Y 42.16% ~43.04% 64.53% ~
67.85%F1 74.72%~84.15% , X W, KT W Z ¥
Cu.Fe Fll Mn $ ik 2| 3845, FKRNE Z 44 Zn
ik B M ARy . M ZE-HiE B8 KT ,Pb . Zn Cu,
Cd .Fe fil Mn 7£ LKk TR R m, B 79%.
5 KA, Pb Zn .Cu ,Cd  Fe il Mn £ K &/ ) 25—
M E RS A X AR, HIIRT 80% (B Pb FIEF KL
Cu BIERE KAL), Al UL, B ARK B 25 & SR G 7 AE T
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Table 3 Migration of heavy metals in soil-soybean system(% )
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48 Heavy metal FPAEIR K Planting pattern

+—# Root—soil  HE-25 Stem-root

25—t Leaf—stem

25-5¢ Shell-leaf  5E—#7 Soybean—shell

Pb A 51.84
EFh 57.02
Zn 2 54.28
=hh 68.31
Cu PR 94.92
e 97.77
Cd iRl 73.32
B 89.25
Fe 2 4.09
Bl 4.50
Mn K 73.37
Ehh 99.24

34.38 84.74 76.38 84.32
32.09 117.12 80.79 85.48
20.88 63.58 51.13 54.79
21.70 60.55 53.45 58.82
101.14 75.40 69.74 52.13
101.18 82.73 76.84 54.73
67.73 66.40 84.21 82.53
62.62 73.90 92.28 84.46
39.15 5591 51.87 76.76
39.35 53.14 50.04 79.92
26.65 70.91 66.77 74.20
28.05 63.76 54.65 87.09

®4 EERELE-FRRAGPHIBAER(2)

Table 4 Migration of heavy metals in soil-maize system(% )

48 Heavy metal FRAEAR L Planting pattern

+—#2 Root—soil  HE-2% Stem-root 25— Leaf—stem

Z£_5% Shell-leaf

Fe—ki Maize kernels—shell

Pb A 54.52
e 65.36
Zn 2 7227
B 70.80
Cu HFh 233.75
Bl 249.23
Cd A 86.04
el 90.51
Fe ) 15.45
B 17.09
Mn HFh 108.53
= 142.06

35.30 141.95 66.21 86.77
32.40 177.55 72.60 86.84
79.79 91.07 59.73 58.57
90.65 80.52 52.06 63.55
42.64 129.26 79.39 6291
43.55 128.19 85.99 5491
60.44 97.38 53.53 52.32
85.49 79.03 51.61 56.66
26.56 81.72 57.76 79.49
25.39 83.68 58.15 81.77
2242 82.61 70.07 83.56
20.96 82.39 68.06 83.79

Frhe MZE-5efse kT ok A , Cd 7ERE 27
HFE—RIT A L F RS 1%, TR Z 4R Cd
MBETT T K

3 He

F R A L E RO SR e, R T
G E SO IR A AR 55 2 — O A RIS A
PR ORI R . AT B, AR X B
LA E— BB R e Al , HARE Al S PR
IR BER R, — B IR FE SR e S B T kAR HE
T, AEL T b Aol B 52 ) 3 DX SRR vl £
TR I B 4 R R EDRAR o X ] RE R AR Al farHE
BEAT Tl A 75 G R b o FR (ELA s T
I, T AR B SR G R I g, — 5 I, BN

Xrag e Al i W, ks oA s o — 5 T iR T B
— AR A B E R IR K RGP T RS
DI O 7 b1 Bl WA g K | 311/ 2 A

R T aE R, T I A I AR 45
HHEAVER A ERSESZm, A b i E 4
JEWIERE e i 22 , FER RAE IEHHEZ I
EHHEZ(0~20 ecm) N HIEE S B TR E EZ,
bt )2 TR S RIS YN E TR EIR 2 E 4
JR SRz 2, AR & B, TR)Z 115 (20~40
em)H Pb . Zn Cu . Cd &85 %2+ (0~20 em) FEA
AHIA], AT GBS B il X 2 75 et [ 40, T4/ AE
NZEHHER L M ER TS SEERT,
B T ZER TS, Xt S A5 45 R — B,
HFRZE L EPESE SRR, 1 BE X N KR
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B A — e R

V2 8RR fE RS R s L3 Edk T &
FRAYIRME R AR, AT DA S VR i AR ) e F
e R, BRIESBEED AR
i, 0F AR U R i G s o s s
I, TR AR 5 AL Bl P AR R T e s Y Y
SRR Z — o SRMIASHFSE A BN, 701050 DIl o R 25
Fa FNAAE AR R, it X - B8 4 g v YL ih 2
JeRHY , S A 5T ZE 0 AN R AR ZH i
I K B, 72 G X AR K RGBS A5 K Cd & ik
4.39 mg kg™, AR IERR & 20.95 5 AWK
B, FEi X AR, KA E K Cd & 5300
5.15~6.36 mg-kg™ A1 2.14~3.36 mg-kg™, /35| i R
TARE 24.8~30.8 /51 9.7~15.8 175, (K1t , 18 o b
AT AN R O WL P w3 R R R S B D W WO
AT K B, AR FORTFT R ER 3 Cd @ AR BT
KRR, H Pb & & R G bR ™ 8 (KRG /bR
48.0~53.5 1%, TR MbR 47.2~51.8 %), ML, 7EH 4
Ja 55 T e DI, R AR AR A R B 0 - I )
TS YL TOR o [, TR U7 3 pH (AR, T3
AR YA SN T A A ) L A B AR R O
MR T E S s, NN HEY AT i H R &
AR . AR R, I X AE YA RS Cd 29k
AR T3 Cd FEA—2F, R R I Cd 5 H1920%;
YA RS P 29 AR R 148 Pb SR 15%, 2
MR TR 20% T8 X 3 rh A WA 2GS Ph
FCd e fl#se s, RS R EOK IR PSR Pb I Cd /Y
R, IR ARy Ph Al Cd AR E . Hitn]
DL, FE R DRI R M BV E I AR AR e 4 ARG, W 3%
U2 A R e R 2 DR B RE IR , TR
AR SRR Y 52

[Fi] — R AE RS ) B4 W AR R TN
AN R A % [] — o B 4 Ja A IR ' S fiE T AN
()28 A R B, KN R AR RS [R] 4 S o
RIRICE ERE 1A, 6 BB TR AE FORFIR
&5 R/ NIF A Fe>Mn>Zn>Cu>Pb>Cd, St A4k
TH AR —F20 SR A )0 EE 4 i R I RE T R
ERETI A R T 1 - HRIE RS R AR 2R RS 450 M
WS RE T (-T2 )R, FAFIR S 6 Fil
L/ ILEBE 10K /NI F 4 A Cu>Mn>Cd>Zn>Pbh>
Fe; WE LR (M-ZKiTH A ) EER , KES KA
[, KRG E% 6 fa/EIuR e I/NITFH Cu>
Cd>Fe>Pb>Mn>Zn, [fif K & Zn>Cd>Cu>Fe>Pb>Mn,

HUILA I, R F KRR G A Ph F Y& T Cd &
i, HERARE WIS Cd RE I ¥ m T Pb, T
HIE K, GBS FA— 3 A AR E )
PR 5 & S L5 AR AR R AR | R SR R AR Rl
R REEY), Kb GRUE TR R EY , RARHE T
HAEFLREYRI, SRTTAIFSE & B, FORAR (25 Fe
K Cd F TR SR (RSN ), Pb U AH
S, BRERAR (i FEFTRL Y Ph 5 34 8 T R A
AL (ZEBRAP ), R KRG E 4 Cd R 1 T oK,
W 4 Ph ORE G T oK IR, (AR BE R 1A Y
Cd i, ARXERE KGR TR E S Cd BT AY5R ST,
HAHY) & B H A SR RE 1 32 i RIS AR

R A e A - 4 v G R N A - g
) i MBS ik 5 13 Fe Mn Ca S50 R 1Y
VMG, RZHFER L, 2 L Fe Mn Ca
Z I AEP W Pb Cd \Zn S5 T ER A N,
[, A FFEAE i, Y D Ferad 20, x4 4 ™
AT EL I YR E A s E S ROUR 2 -
Herh Fe F it RHIE S M52 AP R, AT X 4
Herh Fe Sty  (HRIGRIE SN ]SS S AR IR
LA B BRI (2.86~6.38 mg-kg™), {U N L Fe
SR 0.019%~0.03%, & LI AEYIA RS Fe (1)
FBIEAR, (EAT5 T Hoagland™s & R W Fe #kJE
(2.8 mg- L"), MRS X AN ETE R B = thAS
2R Fe i AR

4 g

(1)iR 56 X 13 Pb Fil Cd 75 YL /™ 5, 7630560 X b
TR A E YA AE B A R AR, 2 Rt 6 X A
TR b

(2)3R 56 X /K H 2 2 1, JEie it il e Fp,
KE ML AKFTEHR4> P fl Cd Mbs+43 8, A
1 X3 1 A S5 R VR LR RESZEE Ph Fl Cd 5 4%
ERLIONS N
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