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Screening and preliminary rhizosphere mechanisms of low Cr/Pb accumulation cultivars of Chinese flowering
cabbages(Brassica parachinensis L.)

CHEN Hui-jun'?, TAN Ling'?, LI Qu-sheng"*, LUO Tao'?, FANG Hao'%, YU Dan—-ping'?, HU Ni'%, YANG Yao-shuai'?

(1.School of Environment, Jinan University, Key Laboratory of Environmental Exposure and Health of Guangzhou City, Guangzhou 510632,
China; 2.Guangdong provincial research center of environmental pollution control and remediation material, Guangzhou 510632, China )
Abstract: A pot experiment was carried out to select relatively high Cr/Pb accumulating cultivars(HC) and relatively low Cx/Pb accumulating
cultivars(LC) from 37 cultivars of Chinese Flowering Cabbages(Brassica parachinensis L.). A hydroponic experiment and an experiment by
Ca ion channel blocker were performed on the selected HC and LC cultivarto investigate the mechanism of Cr/Pb uptake and mobilization by
roots of LC cultivars. Two HC cultivars(Tejichutiao and Yougqingsijiu) and two LC cultivars(Lvxing and Jiping) were selected out. Cr and Pb—
concentrations in rhizosphere soil solution of LC cultivars are significantly lower than those of HC cultivar, but were not significantly differ—
ent to those of bulk soil solution. Meanwhile, the concentrations of dissolved organic carbon(DOC) in the rhizosphere of LC cultivars were ob—
viously lower than that of HC cultivars. The pH values in the rhizosphere of LC cultivars were also higher than those of HC cultivars. These
results indicated a lower mobilization of Cd/Pb in the rhizophsere of LC cultivars. Ca ion channel blocker significantly inhibited Cr, Pb and
Ca uptake by roots( P<0.05), which suggested that Cr and Pb might be absorbed by cabbage roots via Ca ion channel, although these metals
might also be absorbed through Fe and/or K pathway. The less Ca uptake possibly meant inactive Ca ion channel in roots of LC cultivar, re—
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sulting less Cr and Pb uptake through Ca pathway. The translocation of Cr and Pb from roots to edible parts of cabbage has no significant

(P<0.05) effect on Cr and Pb accumulation in edible parts of cabbage. In conclusion, less DOC and H* secreted by roots, and inactive Ca

ion channels may result in lower Cr and Pb uptake and accumulation in Chinese flowering cabbages.

Keywords: Chinese flowering cabbage( Brassica parachinensis 1.); lead; chromium; low accumulation; thizosphere mechanism
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Table 1 The Chinese flowering cabbage cultivars used

in the experiment

' Al P A
Number Cultivar Number Cultivar

1 AR3E 60 Kl M 20 50 KLk
2 At 21 ZR5E 70 RYSK MR
3 G 50 Kt 22 W AELR 701 Api-F
4 FRFLE 23 IESNy
5 et 4k 24 [N
6 ik 38 it 25 AREEAVPIF 50 X
7 Bt - 26 AR5EHk 80 K
8 AR DY U 27 Py 31 S
9 W 3 % 28 4k 80 K
10 RIHHE LT 29 ARIEAVP T 60 K
11 FRYOH % 30 £
12 ME I 31 T OHERF
13 42t 40 K 32 Ao
14 HHEE TR 33 B2 701 ZEHMINEEOE
15 HEHE 34 it
16 HinHZmE AL 425 | 35 FUE L
17 RN LE 100 R AEH 36 BT
18 L 5 Sl 37 ARIE 2 S
19 E NN
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R2 37 MROATRABDENE (g-pot” , B E)
Table 2 Biomass (g*pot™, FW) in edible parts of 37 Chinese flowering cabbage cultivars
v Gk7/E T Al EEL7/E T Al A h Ek7/ET
1 20.27+1.02ijklm 11 16.10+0.82mno 21 18.60+1.60klmno 31 23.30+4.20fghij
2 30.40+1.47ab 12 27.90+1.48bcde 22 15.60+3.05n0 32 23.27+3.00fghij
3 27.40+0.61bcdefg 13 17.37+1.991Imno 23 20.07+0.90ijklm 33 24.50+0.66defghi
4 25.60+2.35¢cdefgh 14 26.43+1.60bcdefgh 24 18.70+4.06klmno 34 28.50+0.95abed
5 23.33+1.99fghig 15 23.27+2.95fg 25 20.27+1.22ijklm 35 26.50+1.21bcdefg
6 20.33+0.50ijklm 16 23.00+1.39¢ghijk 26 30.70+1.93ab 36 33.43+0.81a
7 26.80+0.76bcdefg 17 19.27+0.83jklmn 27 27.70+1.85bedef 37 29.93+1.05abe
8 21.43+1.23hijkl 18 11.10£0.150 28 25.33+0.87defgh
9 20.33+0.83ijklm 19 23.47+0.55efghij 29 19.03+2.78jklmn
10 26.70+1.48bcdefg 20 19.20+0.96jklmn 30 25.30+0.53defgh
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Figure 1 Cr and Pb concentrations in edible parts of the Chinese flowering cabbages in pot experiment
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Figure 2 Relation between Cr and Pb concentrations in edible

parts of the Chinese flowering cabbages in potexperiment

Cr.Pb &8, 5T LC iZR A Mk fiti 3% Cr . Pb
R E A E 48 AR PR A R S
JULBAE N C Sl e 2 A 1, b
&R C b, B S RAR, S0 T TG AL 3
() Cr . Pb A RERFH WL MGIE AR . £ 4 BoR, SAER
PRV AR L, ZEARBRE T Cr P . DOC ¥R
F¥G IR, H LC B &L F HC; MRPr 1 pH ¥ B EK T
JEMFr L, H HC (%) pH {58 % F LC(P<0.05), iX
Ui HC A, LC A DL 5 B4 B0 i1k
+3% Cr . Pb RE J1AAK, S B AR Cr P /D,
2.3 KEZETHI S RREIHERR ST Cr,
PhHRRER

M1 2% 5 AT, BR T AR B T 3R A i K B
SAF RS LY A BE N MR T
43 HC MR Cr Pb i B2 5 T LC(P<0.05) , i
T POJUHRER Cr Pb & i fie ey , S0 R AR Cr Pb & i
i #FR Cr Pb & 2 1 i A 22 AR R AUK R 5 T
FIIEA 3, W0 Cr P & a4 51

®3 ARFHTEMNS/RBRFKOZEHS Cr.Ph EE

Table 3 Cr and Pb concentration in different parts of HC and LC in pot experiment

TH - RS> M B 2%
Cr/mg-kg Pb/ug kg™ Cr/mg-kg™ Pb/mg-kg™ Cr Ph
HC FRYUR 45 0.51+0.04a 18.95+4.18a 2.27+0.14a 2.17+0.32a 22.44a 0.87b
&L 0.52+0.03a 18.73+3.46a 2.1740.01b 1.79+0.08b 23.76a 1.05ab
LC En3s! 0.19+0.02h 12.39+0.33b 1.07+0.01d 1.04+0.03¢ 17.31b 1.19a
B 0.22+0.02b 12.33+0.48b 1.38+0.00c 1.18+0.02¢ 15.91b 1.04ab

®4 BREHTRELIEREL

&% Cr.Pb.DOC 2EF pH(AFLit)

Table 4 Cr, Pb, DOC concentrations and pH in solution of rhizosphere and non—rhizosphere soil in pot experiment

miH hnvl Pb/pg-kg™ Cr/pg kg DOC/mg-kg™ pH
AR PR+ 1.090.00b 1.7620.19¢ 38.7022.69¢ 7.09+0.14a
HC ARBR L LA 3.05+0.12a 4.18+0.75b 76.64£6.47a 6.79+0.03¢
HE UL 2.88+0.13a 9.00£2.15a 70.39+4.73a 6.68+0.01d
LC kRt £ 1.42+0.17 b 2.700.39be 52.80+3.70b 6.90+0.02b
i 1.26+0.11b 2.50+0.29bc 45.39+2.54bc 6.93+0.02b
x5 KEZHTHENSERMEINMERAELMMEMLEERN Cr P EE
Table 5 Biomass and Cr, Pb concentrations in different parts of HC and LC under hydroponic culture
. ARy Ui 538 R EU%
fief 7 /g pot™ Cr/mg-kg™ Pb/mg kg™ fief 7 /g  pot™ Cr/mg-kg™ Ph/mg kg™ Cr Ph
LR 11.20+1.23b 0.36+0.01a 0.85+0.03¢ 1.48+0.17a 3.00+0.380b 10.08+1.27h 12.03b 8.56¢
Sl 9.711.68b 0.36=0.06a 0.98+0.04b 1.3620.16a 523x1.12a  19.65t1.41a 7.14c 5.09d
LR 11.61+1.05b 0.34+0.03a 1.22+0.05a 1.30+0.11a 1.87+0.15¢ 6.73+0.53¢ 18.57a 18.18a
it 16.03+3.14a 0.32+0.03a 0.96+0.03b 1.58+0.32a 2.81+0.34b 8.57+0.99bc 11.43be 11.24b
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47 0.32~0.36 mg-kg™ F1 0.85~1.22 mg-kg™', il Fli 25 5
R, Pb 2 250 LC B &= T HC, Cr #i2 R 5L
FEHC/LC Z 8] A S B Al LA B 2557

2.4 55 F 8 B0 FI 3T 0 MR AR R AR UL Cr.Pb
SapA)

H1 2 6 PN M F N A7 S 2 1 e 22 5 A
FRA) 22 57 (P<0.05) o HT/KEEH W Cr Pb BYALFVE
JEBER S EO B RIS A i S AR BT, 30
Pl Cr & B AAFAE B35 1 Rl 22 5 (P<0.05 ), Pb %
SANEXT BRI N AR AE B3 AL Rl 22 5 (P<0.05) , 1] Ca
r HEEXT ORI A B 55 4 N TSR R AEAE (B 3 T D 22 5%
(P<0.05), 7EXTHEZH  HC AR A XS Ca BIWICR T LC,
UERA LC A9%5 2 1B 5N TG BR o 05 1 -3 T8 417 i) 551
AEBRS RO 2% B EARTI Y Ca 75 5 HOGT R 2 43 51|
KT 34% 43% . 555%F REALAH EL , 65 12 30 1 00 o 79) (o
FEOR 25 (HC) Y Cr.Pb &4 HIFEAK T 60% 81%,
fifigg 2 (LG Cr . Pb St HlFEIR T 46% .87% . 5%t
HRLH A EL , ZE BRI 50 AL FRLH 30 22 1 Ca .Cr P
S BE T e ED Cr Ph AEIE AT 45 85 738 3 F AR
AN
3 iFig
3.1 Cr.Ph EHBSMREREMIRRELES BN
HER

FEX i BB R AT 384 Cr Pb 5 i 33 W 2
FHIXHIE S AN (P<0.05, 3 3), MWL E S8
I H s BRI T4 — RS R e
YIS AR s - 49 T 4 T AR 200 L T R o LA R B o
W AR R A BN gz i A, O B i Ak R
FHEAVEM . SARMRER LB e, HC/LC AR PR 35
H) Cr.Pb . DOC 4 , pH 3MIK, RO R
SRIBEA ML AT B AL 13 Cr P 5520, 7EAR
BRyE W LC 19 Cr.Pb.DOC % i FIARBE 1 pH #4%
F HC(F 4), B LC SRR 250 A WL LA I HY
D W S [ SE Y Cr Ph YR AL RE 185, B &
FH O ATy Co P EAK B ER . YT

I AR RAG LT 8032 21 5 4 Ja e B R 2 43 W K
AR . 2R . WEREY I, XY iy 15
DOC [ 4r E4&,DOC 5 HXAHY)IE b 1 4 8
B JRYEAE R 50 W RIS LA S B A AR il P 22
S AR HC RRORLAS T DU LR PRI TR
DOC il H& & i 5 T LC B% 2 k(R 4), =
 HC G LIRS L8 Cr Pb B & i, 38 K %Y
R, 523K Cd &L AP (QLQ) AR Hb  HFE &
Cd AP (T308) AUARPR - BErh 4t £ . He SR
BT 250 R I YIAEAE AN 22 5, S BUR PR 1- 4%
LRI BAAEMN RIS N5 T X 2 FE 4
J& BB RS
32 Ph.Cr S HMRRR BRI HEZELE
BRANER

HEJE Cr P 1ENHY I ES T T RARA £ —
B A R A A . R A B RN R
s, DRI B 4 J8 R A A 5 2 Tl E AR R N
LaCl; 2N AR Ca B&F3a M), seAifl Ca &
T A s A B A AR SR 6 BRAHAR [, LaCly 4
PRZ HC F1 LC BARFES Ca & i F R, Cr Pb & &
I8 2 FEAIR (P<0.05 ) o VA8 IS 5 380 308 41 1) 591 i J 2
PO SRR Cr . Pb B, $5EBH Cr Pb 138
T B 1 A SO ARER . Cataldo SEPEMF5Y K.
BT TIRIEE R . dEHe S IER 5 P s ik
B, Cd . Pb ] eI 2 JoT 5 b % 5 2 - 38 1 A 20
W o WA iR IE SRS 1IN T 22 [RARXT Cr WL, B
LA DT 2 PR ] 3 e kA 3 PRI G2, e g 1
3 TE AR R A8 S 2 R INAE B T AR X Ph A
PRI, Cr P AT 38 2o 45 25 38 18 78 A S O AL 2 i, 5
ANHERS 8 o HAsm R Cr Ph, ARSZER A F Cr,
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Table 6 Influence of LaCl; on Cr and Pb concentrations of the Chinese flowering cabbages cultivars

S QbR HRAEEH /g - pot™! Cr/mg-kg™ Pb/mg-kg™ Ca/mg kg™
FRORL % A 5] 0.77+0.13a 10.81+1.75b 1.37+0.31c 171.42+16.03¢
[T ) 57 .86+0.06a 7.11£2.23a 92+1. 23+14.14a

A 5 0.86+0.06. 27.11+2.23 8.92+1.20b 259.23+14.14

KA 1] 59 .90+0.10a 0=x1. 17+0.13¢ 27+4.400
S T i 75 0.90=+0.10. 13.0+1.42b 1.170.13 116.27+4.40d
EIE Rl 0.75+0.04a 24.09+2.05a 7.32£1.05a 203.52+6.26b
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