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Effect of Salt Ions in Soil on Pb Content of Chinese Cabbage( Brassica campestris L. ssp.) in Urumqi, China

LI Ping, LI Yang, LI Ke, WANG Wen—quan”, LIU Shi—dou, WU Xiang—nan

(College of Grassland and Environment Sciences, Xinjiang Agricultural University, Urumgqi 830052, China )

Abstract:In order to study the effect of soil salt ions on Pb content in Chinese cabbage ( Brassica campestris L. ssp.), the methods of
orthogonal experiment L5 4° and pot experiment were adopted, and five cations(Ca®, Mg*, K*, Na*, Pb*) and three anions(SO7%, CI-, NO3 ) in
the soil on Pb content in the aboveground part and root of Chinese cabbage were analyzed. The results showed that the Pb content was 0.215~
0.930 mg-kg™ in the aboveground part, 1.648~24.33 mg-kg™ in the root, and 81.3% in the edible part exceeded the limit. The impact of those
factors on Pb content in the aboveground part of Chinese cabbage was : Ca*>Mg?*>Na*>Ph*>K*. According to correlation analysis, Ca** in soil
had a significantly negative correlation with Pb content in the aboveground part of Chinese cabbage (r=-0.540 3, P<0.05), Na* and Pb** were
positively correlated to an insignificant difference; Mg* and K* were negatively correlated but not significant either. C1~ and NO; in soil had a
significantly negative correlation with Pb content in the aboveground part (r=-0.540 3, P<0.05), and with SO7 insignificantly and positively
correlated. The impact of those factors on Pb content in the root of Chinese cabbage was:Pb?**>K*>Na*> Ca?*> Mg**; Pb?* in soil had a
significantly positive correlation with Pb in the root of Chinese cabbage, while Ca**, Mg?*, Na*, K*, SO%, Cl- and NO3;, showing an
insignificantly correlation. The salt ions inherent in the soil in Urumqi caused no inhibition on Pb absorption in the edible part of Chinese
cabbage.
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Pb 75 4% IIXELARE AR 2B, ANCRT e ™ it 3, 1
Hola ik - 1EY R 40 0E AWk fa s AR (EE R .
Bl ARG K AR R, AT R R A H 25 1
Jn, A Ph B FR 15 S T0BERE R A R B K
faER, T REEP2006 A1 X 8 AT TR S A
F & S5 BT e R AN R, SRAR I 6 KK
28 FpER g Pb (bR L 85.3%, BiZE Pb &
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mg-kg™), 15YAEEL CME (AR HE(E ) f K (H 5 2
7.98, 5% Pb S E bR . SR8 P &R AE
8.57~48.57 mg-kg ™', I 25.41 mg-kg™, ik T+
HEIREE AR UE (GB 15618—1995)) — 24471 (300
mg-kg™,pH6.5~7.5 ) , 55 3¢ b 13 Pb - Riibr.

R BT Ph EEORIEZ M, R
T - VEYEAE P A —E R, XIF
GO & BN, WA KCL it st 8, 2R 2135 1 e
W Pb it g N, KCl A& 360 mg-kg™ fif + 387
W Pb 3N 106.9%; LA, B Kot A& 34 m,
I Ph S RGN, AR R 1
Pyxt + 3 Pb By Wz 3 B B vk B S, CLRE
PR E KA RN L3R Ph fysRZUM L, 1 NOs A
F Pb AEREFF AV S B, Ca* X HIEE SR ALY
AR R M AELE AN T, e R AT R B b
TR N Ca™REGS 22 fifk 51 4 & a8 XPAE P A i A ]
B AR YN 4 R B, A T A AR P
Chen SEHFFE 3B, 2K RG £ HA N CaCOs (B 1%
T /N B3R Ph R R . YT A B B X
T8 4 W B 8 5 A A GBI SR, £ Bl B -
158 Ph W S —fire W P s T oA G H R R 43
HTEGAENT RS 25 g0 8428 Pb iyl
U SESIER

B IR = VU N Bl , 32 T 525 R 3 P A i

R ARZ R , R TR L AE R LR S B AR R
HhE JE RS AR R XITEN R S D 9 A
ELi 363t 200 A RAE R (AU it AR Bl R
AR Mg K+ Na*,Ca SO%  CIFLEER 55 W I L B,
K" Na*,SOT . Cl"fi + 8y 1 B AIAY 89.54% . 1=l
S0 5 £ R 5 g B DXRH 8 X488 T A [] - b ) 2K
T JZ e A R I T, S0 X AR M) Fi L RB X AR
Pt A8 rp CI- \Na* Ca™ M SOT S8R . TR+
BT R R SN W2 MR T LR G R
YIS E AR P MR A B S ASCRA
Lyo 4° IEAZIRS , 18 1 B2 AR Y Ca™ Mg K* \Na'Hl
Ph™ B T K, WF5E LIEER 70 851X /INE S P
ERAR, LU B8RSR I S 5 4 A
Pb 15 3¢ PR TR AR .

1 #RE5FE

L1 X5e i = 58t

TRIR AT 3, AT RO R R R E S 5
ESRri e

P 1 B T B R SR T VMR T e X B BR
eI, LRI 10 HE/ N 3R (Bras—
sica campestris L. ssp.) fn M R 1L 4T M 22 R P A
BRZA R AE 71 “ IERESS 58 57, 2016 4 11 ] 9 HFh
FE/INFISRE, 2017 421 7 9 HllGsk .

SR FH 325 B S AT 5 2 2 IO BT 1 R A G ik
5 FZ5 O SRR AL, AR 15 em, 55 12 em, HEEH
AR IZESRK DA i o HE K 1] 35 A E 4
J& o b AR AN I o B 1 =, ot
AN FRLHFREL 3 kg LAF, FMRER 2 AUTC L e 5 i %L
SROPRIBURE R Bt 58 70V T 28 1R K v 5 0 ) O
WIIEIA LA IEBERE B H 2B 30 min, -
i —J R 3 ¥ 5 3 A e L b s SRR R R Ab B
A =5, B T 1 kg IFIAGE R
ZEURK AT 12 h JS AN ISR . AR POA 20 %
/INEISERRT BE 3 H TIZEIROKBERE 1 I, BBk i
9 100 mL. BEJEEE 1K, B B 70 B 3 bk, 8
PRGNS, A2 A AROEIR, E il /A

&1 il EEEAMER

Table 1 Physical and chemical properties of the tested soil

TiH  NOs/g-kg' COY/g kg™ HCO;/g-kg™ Cl7/g-kg™ SO /g kg™ Ca*/g-kg™ Mg*/g kg’  K'+Na'/g-kg" CEC/cmol-kg
BUE 0.271 0.012 0.02 0.016 0.493 0.267 0.039 0.017 10.51

i H /g ke ifile-ke?  HERHE/mg ke BlfE A /mg kg A /mg ke AHLTi/g ke HAFE/mS-em™  Pb/mg-kg™ pH
FAgIER 1.36 1.42 20.22 42.35 88.09 159.42 6.41 10.434 7.50
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Table 2 Factors and levels of orthogonal experiment

SN
KA A B C D E
Ca™g ke Mg”/g-kg”’ K¥g-kg? Na¥g-kg” Ph*/mg-kg™
1 0 0 0 0 0
2 0.1 0.02 0.005 0.1 5
3 1 0.2 0.05 1 50
4 5 2 0.5 5 300
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1.4 HiEabE

¥ F Microsoft Excel . 1F 32 %1 B F 3.1.SPSS
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AR /IN SR B P S SR BRALEE 10,1416
HNEEBRR , HFRRIE 81.3%, AEFR 1 R R TR INATAT B
T35 /NSRS P S it R AR

K3 MNEFEM EHHFIRAEPL S

Table 3 Pb content in aboveground part and root of Chinese cabbage ( Brassica campestris L. ssp.)

Pb* & ia/mg kg™

Abxg Ca*/g-kg™ Mg*/g kg™ K'/g kg™ Na'/g-kg™ Pb*/mg kg™ T =
1 1 1 1 1 1 0.569+0.074 6.608+5.405
2 1 2 2 2 2 0.666+0.067 14.890+0.803
3 1 3 3 3 3 0.386+0.056 6.831+2.356
4 1 4 4 4 4 0.840+0.130  15.648+11.457
5 2 1 2 3 4 0.902+0.072 24.330+3.783
6 2 2 1 4 3 0.7230.181 6.2391.711
7 2 3 4 1 2 0.467+0.056 7.548+0.557
8 2 4 3 2 1 0.504+0.001 4.738+0.278
9 3 1 3 4 2 0.930+0.469 2.675+0.867
10 3 2 4 3 1 0.2150.093 5.0922.011
11 3 3 1 2 4 0.589+0.065 16.523+3.804
12 3 4 2 1 3 0.447+0.071 3.588+1.156
13 4 1 4 2 3 0.483+0.031 1.648+0.161
14 4 2 3 1 4 0.292:0.122 6.407+1.324
15 4 3 2 4 1 0.317+0.081 14.0034.784
16 4 4 1 3 2 0.279+0.080 19.910£2.227
W KP 1 RREINT s 7K 2 5 A 57K 3 R ko s AKF- 4 S makor
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FI3ih BB Ph & ik fi s KV 25 1Y S PR ik B2
A Ca**(0.367 g-keg™) Me*(0.039 g-kg™) . K*(0.007 g-
kg™) Na*(5.015 g-kg™) . Pb*(310.43 mg-kg™);/NHZE
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kg™) Mg*(0.239 g-kg™) . K*(0.502 g-kg™) .Na*(0.015
g-kg™) Pb*(10.434 mg-keg™),
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Ph>3%f/INFISEAR R Ph 5 5 52 IR K AR I (B K P
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(0.052 g-kg™) .Na*(0.015 g-kg™) .Pb*(60.434 mg-kg™).,
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Table 4 Range analysis of cation effect on Pb content in Chinese cabbage ( Brassica campestris L. ssp.)

TSR e A:Ca¥ B:Mg* C:K" D:Na* E:Ph*
Hb 3 K1 0.615 0.721 0.540 0.444 0.401
K2 0.649 0.474 0.583 0.560 0.586
K3 0.545 0.440 0.528 0.446 0.510
K4 0.343 0.517 0.501 0.703 0.656
R 0.306 0.281 0.082 0.259 0.255
FWIF A(Ca®)>B(Mg*)>D(Na*)>E(Ph*)>C(K*)
B 7K A2B1C2D4E4
ALK A4B3C4DIEL
Rz K1 10.994 8.815 12.320 6.038 7.610
K2 10.714 8.157 14.203 9.450 11.256
K3 6.790 11.226 5.163 14.041 4577
K4 10.492 10.971 7.484 9.641 15.727
R 4.024 3.069 9.040 8.003 11.150
FEWIF E(Pb*)>C(K*)>D(Na*)>A(Ca*)>B(Mg*)
B 7K A1B3C2D3E4
AR A3B2C3DIE3
—150— http://www.aed.org.cn
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Table 5 Variance analysis of cation effect on Pb content in Chinese cabbage( Brassica campestris L. ssp.)

x5 EEFMERP &

ERMH A ESR

B SR T5 22K A5 Fn A B ¥y F Sig.
b |35 A(Ca*) 0.677 3 0.226 10.70 <0.01%**
B(Mg*) 0.572 3 0.191 9.040 <0.01%**
C(K*) 0.042 3 0.014 0.658 0.584
D(Na*) 0.540 3 0.180 8.534 <0.01%#%*
E(Pb*) 0.428 3 0.143 6.764 <0.01%#%*
R 0.675 32 0.021 — —
i A(Ca*) 111.434 3 37.145 2.885 0.051
B(Mg*) 110.967 3 36.989 2.872 0.052
C(K*) 586.013 3 195.338 15.170 <0.01%#%*
D(Na*) 470.768 3 156.923 12.186 <0.01%**
E(Pb*) 883.123 3 294.374 22.860 <0.01%#%*
R 412.064 32 12.877 — —
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Top ] ]
=4 [
< 06F \ /
g L] L w . - n _."“'
B 'y . . ANy S
&1 Y ' = n
= 04 '\
= [ ]
= 02}
0i..a...:.....:..J..J......:.....a..d......:.....a..a...:........J..J...:.....:..a..a.........:..a..a......:.....J..J......:.....a..a...:.....:
1 2 4 1 2 3 4 1 2 3 4 1 2 3 4 2 3 4
Ca® Mg K* Na* Ph*
16
b b RER T
- l4p " " |
P! LI £ I
S N om P L # 5:
w7 N/ ey | .
& sl Y. L L oa »
= ™ h i I
= 6} [ by
B 4f
2t
Oy B Sammr e
Cay Mgz+ K+ N&* Ph2+

FIFPRAR AR 1 AT 52 0“1 53 S fpRP” 54 D RKE”

1 TEHBEEFI/NE

Sk Ph 2 EBHIRIT

Figure 1 Effect of soil cations on Ph content in Chinese cabbage ( Brassica campestris L. ssp.)

K, BiAsErh PhA R ERY )

N fedt/NESEAR AR Pb Y

G ; Ca™ Mgl Natt5/INASAR & Ph i 5 IE

PYyAea A BHES 5 IR , daafi A T AR 1 R
P 2 il 5 Y BH B 1AMk BERB BE {8, 58 th Al AR B

R, EARE;KS/NAR AR Ph SR B AR,

ZNTE

2.2.3 HIEBAETX/NEZ A Ph SR IR T

ﬂaﬂ( CaClz \Ca( NO3)2 ‘4H20 \MgSO4‘ 7H20 %’f’k,/ﬁ\

http://www.aed.org.cn

BT C17.SOT NOs ¥k BERR R, 3 B B 7 X/ )N
FISEH AR R Ph S R R R IR T N 7
F L CIF NOs 5/ 38 38 Ph 5 f 34 12 1B 35 17
A, SOTEIEASE AR % . L3 3BT

—151—



RUFBERSMEFR-F 355528

R 6 TEFHEBTFI/IERD P FEMEMXR
Table 6 Linear relationship between cations in soil and Pb content

in Chinese cabbage( Brassica campestris L. ssp.)

- B M
i PAH r{H PAE
Ca* -0.540 3* 0.015 0.037 0.445
Mg™ -0.085 0.377 0.137 0.306
K* -0.103 0.352 -0.222 0.205
Na* 0.413 0.056 0.087 0.375
Pbh* 0.318 0.115 0.483* 0.029

2 TR ASEAE P<0.05 K A, TE.,

®7 1EPABEFINEFED P FEHNEEXER
Table 7 Linear relationship between anions in soil and Pb content

in Chinese cabbage( Brassica campestris L. ssp.)

. b L3 ES
BT
r{H PH r i P
cr- -0.540* 0.015 0.037 0.445
SO7 0.267 0.159 0.142 0.30
NO; -0.540* 0.015 0.037 0.445

INFISEHR R Pb S RN B A IEAH G
3 g

ST SESBRNAET T, BmE+
b AR T4 B RIS A AT AR N
Sehb 8 Pb ik i S KA G o A2B1C2DAE4S,
R e A 398 P I B AN TR I Ca%*(0.1 g -kg™) Mg
(0) .K*(0.005 g-kg™) . m v BE AN N Na*(5 g-kg™)
A1 Pb**(300 mg-keg™), ] fdi/NFISE & FHH 4 Pb & i
RENRE K

ABFFE R, HHEP Ca¥%t/N S 3 Ph &
RS e K, RN B2 7R 56 (r=—-0.540 3, P<
0.05) , X 5 A i it SR IR A AR . —
NN, Ca™il ok 58 4 a8 B 50 S AE AR R W7 o5
R RARAR 22 X) B 4 IR, I 5% 1 EE 4 XA A 1)
FEEMEAY, HA IR, Ca> (A S I i 35 34
5 T SRS Ph AR, X AT BESE T 4 i 3
JEARVEAFRAMA , XA A Ca> ), Ca> 38 A
23 B R AT 0 HE A JiE A ST A 3 e AN s i B
A BETS N Ca™f5 1338 Ca By M 0.267~0.367 g-
ke, X 5 4 B AN S SR SFE TR ALK 5 /B X A&
FHHb 22 2 43 Ca? vk BE Y(E 1 I 22 45 2R 0.324
0.316 g-kg™ EH#eL, LRI L, B EARFFHRZE L
B A Ca X /N ISR ] & 4 Ph AW A
—152—

FHIER

Mg Xsf /N 128 H b 13 Ph 5 152 IR 2, 38
B AR (B B2 (r=-0.085, P>0.05) ) o NS A2
A LA N Mg™) L3 Mg 2 0.039 4~0.059 4
g kg™, 5 E B EEAERT S B ORSE T LX S RBIX K
FH b 2% )22 - 58 v Mg ik B 240 9 1 7 45 2R 0.052
0.058 g-kg™ AEH 41, RIS B A RYRZE g
[ 1 Mg AN REI /N 11 2% AT & FHE 43 %5 Ph A i
Weo T 3E R Naf /1 384 Pb 5 5 (19 5
BN, — RN Ry Naxd 55 42 @ B8 10 IR A 5e 4 1 F 44
55K PO MR/

AN [F) R 43 B %o i A W i R 4 S T s el
ANTFIEG, Na* Ca® K M55 FH 2 1~ 2hm g 54
& T AR AR 2R AR A 25 R R i R 4 %o EE
4 J8 B IR A AR T CL- NOs Al SOT 25 P 3 7 2 2
A 3o 251 PR IR W A 0 0 B 4 T AR R Wi A B 2
ARG 13 NOs X /NI E35B Ph 5 A5 i g Bt
R i AR SE (r=—0.540, P<0.05) . A HFFEFRI, SN
() NOs iE A 3 5 B A 2, Bl OH-, 1k
BARBR pH Fhi, 520 T AR By b 5 4R 0 &L
P, FE TS W A ) B 4 S A IR ™, [ SO AT 5
FEH, CIBE B A2 1E 5 K b 3843 AR RS AT FIDRE S X
14 Pb IR . AR 3 CI /N 32 4 35 Pb
T RZ I R BR i 2 1A 56 (r=—0.540, P<0.05 ) , EJ
CIXF /N 3R] £ TR 43 W ie P &5 1 R B 4 i)
X AR B A Ph(NO,), RIS, Clalid 45
SRR AR T /N SERT 2 FHES 43 %5 Ph ™, i
AR AR B S CIH( 38 rh €124 0.002~
0.09 g-kg™ IS T 5 & £ 5B b 9 C17(0.159 g
kg K 0.170 g-kg™), L BH L1 [FAG ) CIXH/ N ISR
Hi #6453 Pb AR SO A IIE A . RIEARORES A
TR FROALFEL, /N3 B35 Ph & it by, 2 A
Ry 3R B S A A T X B T R A
A3 B X /IN ST TR A iR Ph A BRI
AR — R

A, 138 Ph SR/ R Pb A i
MR . TEFRPE L R SE R B, P B 537
MR Z , ML A2 2 B2, X 5 AR
TFFE 25 SRR o AR IR 1 A A o L A 25 R o
Sy 3% BB FAE R X SARAE AR D75 G - 1 AR
Pb IEAIALA Ko

L& RFHERSEN Ph PR B L™, 1S
ARG b A 1R 2 e B R C L, AN
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