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Selection for low—Cd-accumulating cultivars of pakchoi (Brassica chinensis L.), effects of sulfur on Cd con-

tent, and quality characters under Cd stress

DU Xiao—ping, KANG Jing—quan, LU Jin—yin’

(College of Life Sciences, Northwest A&F University, Yangling 712100, China)

Abstract: In order to reduce the risk of heavy metal pollution, pot culture experiments were performed to screen out low—Cd—accumulating
cultivars (LCACs) and high—Cd-accumulating cultivars (HCACs) from among 36 pakchoi cultivars, and plot experiments were conducted
to investigate the influence of exogenous sulfur on Cd content and nutritional quality in edible parts under Cd stress. Results of the pot cul-
ture experiments revealed that the biomass and Cd concentrations of the edible parts of the plant under the three Cd treatments varied signif-
icantly across cultivars. Two cultivars, ZLL and AJH, met all the screening criteria of LCACs, and thus could be categorized as LCACs. In
contrast, HPCGB and KR605, which had the highest Cd concentrations in edible parts under Cd1(1 mg-kg™ Cd) and Cd5(5 mg-ke™" Cd)
treatments, were selected as HCACs. The plot experiments further confirmed the results of the pot culture experiments and the low Cd accu-
mulating traits of the two LCACs under various Cd treatments. The soluble protein, soluble sugar, and nitrate content in the edible parts of

the four selected cultivars was higher than that in the control when exposed to Cd1, and the nitrate content in the edible parts of the four se-
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lected cultivars exceeded the National Food Safety Standards in China (GB 18406.1—2001) under the Cd5 treatment. Exogenous sulfur

could effectively decrease Cd and nitrate content, whereas it increases the soluble protein, soluble sugar, and vitamin C content in edible

sarts of pakchoi. In conclusion, cultivating LCACs (ZLL and AJH) with a Cd concentration < 1 mg- kg™ as well as applying sulfur could
I p g g Kg pplying

reduce Cd content in the edible parts of pakchoi and improve vegetable quality.

Keywords: pakchoi( Brassica chinensis L.); selecting; low—Cd-accumulating cultivars (LCACs); cadmium; sulfur
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Table 1 Tested cultivars of pakchoi and their providers

L5 B Provider iR Cultivars L1 B Provider

Rl Cultivars HEI R Provider A Cultivars
P 4B T 2 (SIQN) A SR (SZQ)
Mm% JL(YDE) B Py H M (SYM)
P e (KRXF) C FHE(WYM)
JEETIMNE (AQSZQ) C i (XG)
EHEEFI(ZIXF) C R (HG)
JE3E =5 (TCSH) C 2375 (LX)
BB (AKQ) C 22 L (LZX)
FHEH (TAQ) C A E(SYB)
¥ (SHQ) C HHi 605(XK605)
FE T (MGQ) C K3 (HBC)
LEHQBQ) C 8% (71L)
kZ 7 (HZQ) C HR(ZX)

C TR (ATH) D
P47/ 3 (STXBC)
L 605(KR605)
FE1(GGB)
A (ZGB)
ZHEFI(EZB)

M EH(JMC)
KitHH Kk (DYHDT)
FIRAF 3 (MWD)
A 2R (ZYHYD)
S HIELYM)

D TIHAAL T (HPCGB)

S 0O 0 oo o o000
0 0= =2 O 0O 0O 9 o Jd

o)

=

TEAERIET A USRI BRA R B, I =LA BRZ 7 5 C, B B IRk OFFERT D, 1 A ROl A BRETT A ] B W =i Fol A

FRATL,

Notes: Providers: A, Hangzhou Lvye Seeds Co., Ltd.; B, Hangzhou Sanjiang Seeds Co., Ltd.; C, Nanjing Qiutian Seeds Research Institute; D, Nanjing

Minghua Seeds Co., Ltd.; E,Zhejiang Sancheng Seeds Co., Ltd.

B2 (ZLL) MUR I (AJH) , J 24> Cd & B 3R
AT (HPCGB) 13T #4 605 (KR605) -
1.2.2 /NXGRE 15T

RIS Hb S R A R 1.1.2, 7E R AL Cd¥5
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Jiti A CdCL + 2.5H,0 F1 Na,SO,, 5 T34t $E 35 57, -
60 do BEA/NXAEFD 44 AN, A K 35 d SR IR A
FERE , DU 7 A5 T A PR R o

#2 RBEESAT

Table 2 Experimental factors and levels

Widb P 7/ Cd b PRV i /mg - kg™
mg- kg 0 1 5
0 CK Cd1 Cd5
50 — Cd1+S50 Cd5+S50
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3 XCT S ALY B8, 1 100 B 7, FRER 2.0 g T 3R AL
THEIE R, A B oK SR 5 A 15
mL HNOs, T #2248 i srfd , IF i Ll 78
ZE T M 5 A HNOs—HC104(4: 1, V/V) 10 mL,
220 CVVRIH R, 78 208 T R A5 )R E INA 10 mL
HNO;, FEFE S 28 Z0T K 18, 8 45 %225 mL, B3
KGR F I Y BE T -3 Cd 5
1.3.3 &SR AR
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TR 2, 6- A HEM LAk,

1.4 CAIRFR B MF(LCACs) Tk dr

5T CAdFEA R ShFP R R 25 5 25525 TR ™ i
Fr i T . AR DL AR B SCk A T A Y BF Y 2
Js2s2el ARG o Cd AR AR 2R i A 0 BE A v A DA
AR bR . — A CA AR R SRR ] & 10 Cd &
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PEFRE -
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A Bs Fl B3 B3R 5 mg - kg™ Cd RN AE 2%
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1.6 #iEAESHH

K 1 OriginPro 2016 % {4 i 17 |81 B Ak B, SPSS

(SSiNE

20.0 477 2200, 38 3 e/ 1 35 9 (LSD) K 56 25 5+
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2 HEREHR
2.1 CAIMBETEREM=TL
Cd Ab PR AN [r) 56 [R 80 32 n] 350 40 A Wy i A7 AE
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36415 K b Rl AT B A AR 43 BN 0.385 ~ 1.984
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0.233 g DW. MBI 2R Jr 225007, B3 Al 2043 A=

R3 CAMMET 36N BERAMARHIENERCIEE
Table 3 Edible parts biomass and Cd contents of 36 pakchoi

cultivars under Cd stress

Cdhhm H%X)i%g?i/ Tiﬁ;{szci\% i/
CK 1.005+0.296 0.044+0.032
Cd1 0.91620.215 0.292+0.107
Cds 0.782+0.233 0.74120.251

ANOVA
mn 12.986% 3751
cd 2.715%% 26.997%*

s x Cd 6.7877%* 4,182

RN AE0.01 KF 225 2 n=3,
Note: ** indicate the differences were significant at the P<0.01 level,

n=3.

Yy 52 5 S 5 AP (P<0.01) | 3 Cd #kJE (P<0.01) K&
W52 HAER (P<0.01) 1Y & 520 (£3) .

DL Cd Wi B 7 324 9 i o (BRS) VR M PE
ShR(E Do 361 325 FP ) BRSFEFREUEAE-62.5%~
96.4% , 5 %} BE CK A H , CAS AL B R |, 22 4~ 32 5
(59.5%) AT B 43 A W S B 2 T B, 6 Cd Jilpa 36
PRAHUER, 5475 22 WAt b 340 A8 W S R o v
L9 Eh A (25%) AW 25 /A B A3 WYM,
LX.TCSH.SZQ .DYHDT . ZLL,LZX,SHQ #1 AJH ( &
1), #3647 3T Cd i 32 122 5B 8., Cd
N E A0 T A A3 S A R AR
22 CABmETEXRMRAS CIRE

16 CK . Cd1 Fl CAS AL BT, AN [R] 5 3% i b ml &3
4y Cd 7 & 22 5 5.3 (P<0.05) . 36 75 32 i f CK

120
80
< 40
b
o
e TS L[]
a0k ns o nsnsns***** ¥ % s -
***** sk stk R sk *****J_
el A*********
OCHOODUEXK IO AXKOIDRRLA= OO Koo az~==
> — ad 5 N [Cn= “NOIIZA =)
R A PEEREEE VR AN EP e
E T MMU\Q:E
1
[2]8]
ns EFTER AR CK RN CdS ARBEF o] &3 oA Wy 22 MR i 3 L IR 2% (P<0.05) Al & 2% (P<0.01)

ns,* and ** indicate the differences of the biomass of edible parts between CK and Cd5 treatments are not significant, significant

at the P<0.05 level, and significant at the P<0.01 level,respectively

E1 CdRMBT 36 Fh&E 3 M AT R ARG A ¥ 2 Mg Kz

Figure 1 Edible parts biomass response to stress(BRS) of 36 pakchoi cultivars
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Cd1. Cd5 &b #F AT & & 40 Cd & & 4391 Ky 0.011~
0.125,0.144~0.559 mg - kg™ FW F10.337~1.242 mg -
kg FW, ¥ 15 43 % 4 0.044 +0.032, 0.292 +0.107 ,
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F P 2 0] 1, % B 36 /1~ 2% i Rl ] 258 4 Cd
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CAHRPEN S mg-kg ' B, 36 1 32 M A AT 234> Cd &
PR SR B AR, RIS YA TR, 364
0 G B B A G CA IR B Fl(LCACs) . R ]
CA AR B AP BURAEAR Cd V5 + 3 fp T &3 43 Cd
TR TR E AR ME AR Cdis g £ 1%
P 2 2 A E R AR
2.3 CARFR R RFMHIHiE

FE Cd1 AT CAS A FER R [R] 7 3% S Rl T 23584 Cd
R IEASE(P=0.000 3) (K3). WRIE4EY
SR A S EORT Cd 2R A TN FE CdLE T,
36 DN S L A 8 AN i AP AT B A Cd SR AT
1 b A E FARUE , KX 8 A A AT A CAIRFL 3
i Al (LCACs) 55 — 45 i i A i . (HAE CAS ZEFET L5
A~ 3 4 Bl SYB HBC . SJXBC . ZYHYD 1 LYM £ 3t
AR AU LA AR A R W i B R R, A il FE AR
36.53%.22.45% . 43.04% . 48.70% F1 35.66% , 3¢ L
A 34 AR ZLL  ATH FI SZQ 754 W6 A< i e 16 b
FE CAS Wrift F , ZLL  AJH A1 SZQ AI &R 4> Cd 1% 1 43
IR E 2 A FE G FRME (0.2 mg-kg ™) Y 1.89.2.45 %

141

RN IRERIZ 2R A RYE Sy

141

- GB 2762—2012

* 1ot o AA

¥

& 10f

41

= 08F

= >

Eg 061 <>/Q<> o y=1.3412+0.350

[a) L < - = -

3 04 [N o r=0.573(n=36,P=0.000 3)
0.2 s . . .

0.1 0.2 0.3 0.4 0.5 0.6

CATARFER Cd 7 e /mg - kg
07 e 4% i A L 5L Rl (A ) : HPCGB HIKR605,
i AR A R S Al (D < ZLL R AJH
Selected HCACs( A ) : HPCGB and KR605,
Selected LCACs(H) : ZLLF1 AJH

B3 Cdl#1Cd5 BT 36 FhBEERFAT R AL S
CdEEMmxXH
Figure 3 Correlation of Cd contents in edible parts of 36 pakchoi

cultivars between Cd1 and Cd5 treatments

4.9 65, AL, $E#8 ZLL A AJH 4 CA IR R 3 5
Fifro
TEFTAE TN 36 4 32 b Rl b, A A 11 (HPC-
GB) FIHT#4 605 (KR605 ) H. A 4 i (1) o] 3 43 Cd 1
o B HAE AR Cd m A B E R AN, 5 24k
F Cd FEFH 2250 b 22 %5 22 (ZLL) FIJ BA 2 (ATH) 76 K
H/NX Z5E T 98 AN it B 6 7 32 i1 3043 Cd 7 4
TR 3 B A 5
24 Bt CdiTRTIERBRTRIBL CAEEN N
F AL LA R FR 7 3 A R T 2
53 Cd T it Bl A Cd Ab BEK T 35 n 22 30 4 25 7 o5

-+ CK
T 12} V- Cdl I %é
o A Cd5 &
£ 10r AD pay s B b=
i pa
& 08F A L 2 A SN A
= A A A S
T 06 A ~ 8
S8 as & 2 A vy ¥
Z o4l 4, A & A vvvvvvvv
& o YYTYYVYVEYY GB 27622012
= ,-—ﬁv—g—v—v—?—ﬁﬂ—ﬁ—vva‘ -
= =
OgmmEEmm BB oomp?® m8%¥gg mm:nmmmmmmﬁag
DU I AR EONIORZXROEE DO OS KA OHE DR O
CNETCHEEETELERgNNREZ2C225 8 N8787 8885
Al

b2 A E AR MEE S P TS e BR 4 (GB 2762—2012) (Cd<0.2 mg-kg™ FW)
National food safety standard maximum levels of contaminants in foods (GB 2762—2012) (Cd<0.2 mg-kg™' FW)
B2 RERE CdiEX 36 RMMA RIS Cd & BHFN

Figure 2 The Cd contents of 36 pakchoi cultivars in edible parts under different Cd treatments
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R4 SMERXT CdBME TERAI RS Cd & EHFM (g kg FW)

Table 4 Effects of exogenous sulfur on the Cd contents in edible parts of pakchoi under Cd stress (mg-kg™ FW)

Cd =B R b CAfICF R S Ah
AbFR
HPCGB ZLL AJH

CK 0.11+0.010Ad 0.09+0.017Ad 0.08+0.028Ac 0.07+0.005Ad
Cd1 0.55+0.092Abc 0.53+0.046Ac 0.16+0.011Bb 0.18+0.016Bc
Cd5 1.14+0.114Aa 1.11+0.109Aa 0.36+0.053Ca 0.69+0.067Ba
Cd1+S50 0.38+0.732Ac 0.42+0.030Ac 0.13+0.003Bbc 0.14+0.007Bcd
Cd5+S50 0.76+0.066Ab 0.69+0.058Ab 0.32+0.025Ca 0.50+0.044Bb

E  ANA/NG TR AN AR B R] 22 57 125 (P<0.05) 5 A Al R 5 - BER R AN TR] il Fl 1) 2 5 1. 25 (P<0.05) o R I+l

Note: Different lowercase letters mean significant difference among treatments at 0.05 level, different capital letters mean significant difference among

different cultivars at 0.05 level. The same below.

P, 24 CARAR R FP 58 % 24 (ZLL) HUZ A& (AJTH)
A4 Cd f & AE Cd1 . Cd5 . Cd1+850 il Cd5+S50 4k
BER 2 8 E KT 24 Cd = AR R A K A
(HPCGB) ML 605 (KR605) , FLBE# Cd AbF i /& 14
T 2 A [) B R R 8 S R 22 S S G .
— Cd A FRAH B, A i B B A T AT 043 Cd % i
Cd5 Ab 3R, A it i X 7 32 o B A B 11 (HPC-
GB) . BT # 605 (KR605) 1% i & (AJTH) AT 1343 Cd
B R A3 ) i 35 AR 33.33% . 37.84% F1 27.54% , T H:
by Ak B R X AT A 43 Cd 1 BRI I R N B
CA1ALFET  AUAT CAMRFR R AP 48 % 24 (ZLL) FUE
B (AJH) Al 343 Cd & A8 T 8 5 42 4 B K br i
GB 2762—2012(Cd<0.2 mg-kg™") , P B 7E—E 15 YL 5%
PR, CAMRF R SRR RIS A 2 fh 2 42
2.5 Bzt Cdis R T EP B ERRIBIRAZME

F 4 AT, B Cd b FEKSE (34, Cd i FL 2R
i A A AR L (HPCGB) APt #4 605 (KR605) 7] &
5 T A R R T M Y R A, Cd
AR A AN R B 2% (ZLL) AR 5 (ATH) e T 5 %
. 5 CKAH L, CdS AR FE T, ap i A% 11 (HPCGB)
AT A3 O] VA I PR AT AR R 0 i) S R
39.23% F1134.64% , HL 3 605 (KR605 ) A £ 37 43 Al i
BE S B BN T 38.22%), 1 48 % 2% (ZLL) Fl &% ) 5%
(AJH) A £330 7E Cd1 A FEAK SR, TR 1 & i
A3 59 58 N 37.65% F1 39.47% , AT AW 43 )
S I 34.719% F138.88% , i HoA b FH K SE R & i
A ANBH G A ARAS )RR B 38 5 Cd b3 T 75 28]
TR AT AR RN A S i A CdS AbBEKOF
T, AN AR 28 % 2 (ZLL) AR R 5 (ATH) w] %5 b
R AR 21.76% F119.99% , 25 5 B %, A
ALK At R 4 Fh i 2 T A AT i

AT MR 22 AN B3

X R CK 25 E T, 3 38 0] 23R40 il B £k & w48 41K
T bR o i 32 28 R AR % i <3000 mg - kg FW
(GB 18406.1—2001) . 5 CK A H, Cd 36 & 2 5 fin
T 4T SRR AT S R AR i (8l 4) , CdS Ab
PR, 4 80K AE 11 (HPCGB) A #4605 (KR605 ) 1 £
TR R T R E N T 29.55% 1 36.54% , 8%
2% (ZLL) FUE R (ATH) v B3840 s IR 5k o 2 w5 4
T 62.41% F150.72% , 4568 18 £ i 2 4 E b e it
S 25 Y R £ PR B A v 5 Cd1 AL BRYE E R, B4 605
(KR605 ) 1% 5 & (ATH) 1] £ 355 70 filf R &k 7 it i 3%
HENT 31.19% M 11.81%, #8 1:d FE F bR v 3 2K i R
PR B FRUE, T L% 22 (ZLL) Al Ay il R 4k & i
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