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Effects of exogenous calcium ( Ca) on tolerance of Allium cepa var. agrogarum L.

to cadmium ( Cd) stress

WANG Qiaoling,ZOU Jinhua, LIU Donghua, YUE Jieyu *
Tianjin Key Laboratory of Animal and Plant Regulation, Tianjin Normal University , Tianjin 300387, China

Abstract; Cadmium (Cd) pollution is one of the most extensive and harmful environmental problems worldwide. Recently,
coastal water pollution by Cd and other heavy metals have been becoming more serious because of continuous economic
development, including mining, urban traffic, burning of fossil fuels, and production of phosphate fertilizers. Calcium
(Ca) is an essential macroelement that plays a crucial role in regulating plant growth and development. Moreover, Ca has
been shown to alleviate heavy metal toxicity in many plants. Allium cepa is well known and commonly used in many
laboratories primarily due to its many advantages, such as low cost, short test time, ease of storage and handling, large
number of roots, and large cells with excellent chromosome conditions. In the present study, this plant was chosen as the
experimental material to investigate whether the application of exogenous Ca can enhance the tolerance of A. cepa var.
agrogarum L. to Cd stress (10, 100 pmol/L and 300 pwmol/L). In addition, the effects of various concentrations of
exogenous Ca application (0, 0.1, 1, and 10 mmol/L) on the vegetative growth, photosynthesis characteristics, Cd
accumulation, and nutrient minerals of A. cepa var. agrogarum L. under various concentrations of Cd stress (10 pmol/L to
300 pwmol/L) were analyzed. This study showed the following results; (1) Excess Cd significantly inhibited the growth of A.

cepa var. agrogarum L., resulting in changes in morphological characteristics, such as stunted and bent root tips and
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darkened green leaves, whereas exogenous Ca significantly decreased the negative effects of Cd and alleviated growth
inhibition in A. cepa var. agrogarum L. (2) Cd treatment greatly increased the chlorophyll contents and significantly
decreased net photosynthetic rate, stomatal conductance, and transpiration rate, whereas exogenous application of Ca
markedly alleviated the increase in photosynthetic pigments and significantly increased the net photosynthetic rate, stomatal
conductance, and transpiration rate. (3) Cd stress induced substantial Cd accumulation, resulting in serious nutrient
imbalance, such as the significant inhibition of absorption of Mg ( Magnesium ) and Mn ( Manganese ) in roots and Ca,
Mg, Mn, and Zn ( Zinc ) in leaves and a massive accumulation of Ca, Fe (Iron) and Zn in roots and Fe in leaves,
whereas the exogenous addition of Ca significantly decreased Cd accumulation and effectively reversed the Cd-induced
imbalance of nutrients in A. cepa var. agrogarum L. Therefore, supplementing exogenous Ca with an optimal concentration
can effectively relieve the phytotoxicity of Cd stress to A. cepa var. agrogarum L. by decreasing excessive Cd accumulation,

maintaining high levels of photosynthesis characteristics, and maintaining the balance of water content, photosynthetic

pigments, and nutrient elements, among others.

Key Words: Allium cepa var. agrogarum L.; Cd; Ca; stress; tolerance
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Table 1 The numbered list of experimental treatment

SEGALFE Experimental treatment
SgRH

Experimental groups ~ Cd ZEEY/ (pmol/L)  Ca AbH/ (mmol/L)
Cd treatment Ca treatment
A AL(XTRR) 0 0
A2 0 0.1
A3 0 1
A4 0 10
B Bl 10 0
B2 10 0.1
B3 10 1
B4 10 10
C cl 100 0
C2 100 0.1
C3 100 1
C4 100 10
D D1 300 0
D2 300 0.1
D3 300 1
D4 300 10
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Fig.1 Effects of exogenous Ca on morphological characteristics of Allium cepa var. agrogarum L. under Cd stress over 12 days
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Fig.2 Effects of exogenous Ca on plant height and root length of Allium cepa var. agrogarum L. under Cd stress
A:ASEERA(1,2,3,4:A1,A2,A3,A4) ; B.B L8040 (1,2,3,4;B1,B2,B3,B4); C.C 3L841(1,2,3,4:C1,C2,C3,C4); DD SEEA (1,2,
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Fig.3 Effects of exogenous Ca on leaf pigment content of Allium cepa var. agrogarum L. under Cd stress
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Fig.4 Effects of different concentrations of Ca on the net
photosynthetic rate ( Pn) in Allium cepa var. agrogarum L.

exposed to Cd stress over 12 d
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Fig.5 Effects of different concentrations of Ca on the stomatal
conductance ( Gs) in Allium cepa var. agrogarum L. exposed to

Cd stress over 12 days
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Fig. 6

transpiration rate ( 7r) in Allium cepa var. agrogarum L.

Effects of different concentrations of Ca on the

exposed to Cd stress over 12 days

[A]— S B2 h PR AN RN 22 5 B3 (n=15,P<0.05)

2.4 HMNE Ca Xt Cd A T EA Cd FEMEFRITLR
W AP 5% M)
2.4.1 AP Ca Xf Cd WHE T B2 &K &5
Cd 5 R B 2R B & K &=, /MR Ca
RN I 170 0 2 HC R AT 32 (117 ) S AR SE vh B 4

—o— 10pumol/L —v—100pumol/L —v— 300 pumol/L

24 . il 20 - 13
gﬁ d d . .
E d/\;\di 18 L
% c
ﬁ 2 20} c 16 | ¢
z b
Fe s e oy
ey 'ED 18 b 14 | a
2 b a a b - a a a a
R ’ : ;
3
14 . 10 L
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Fig.7 Effects of different concentrations of Ca on the fresh and dry weights ratio in Allium cepa var. agrogarum L. exposed to Cd stress

over 12 days

[RIFF R E 2N FRRES B (n=15,P<0.05)
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HIRARMETE IS Cd WE 2 fAH5E,B1,.C1.DI
H AT (10—300 pwmol/L) H F 1 i+ H b IR 24 1 2%
T A1 ZH (RFIEZH) (P<0.05) H 4% Ab BHZH 6] 2% 5
F(P<0.05) , MEANAME Ca J5 &SI H BAM AN
fif T L e T S B Ca MR AR 5 (> 0.1
mmol/L) & T BEAK , 7E Ca ¥ A 10 mmol/L Y %
(&7,

BAM At T E LA R SR R AR e e —
H(E 7)., BAMAMETELS Cd WE 2N
TS, BE C1 AT D1 A 45 5L g 7] 22 573 . 3
(P<0.05), JEfmANE Ca J5 , A AP BANM AT &
Fei AR e SR RO FE—3, B.C.D 417E Ca ik
JE4 0.1 mmol/L B FLEYS TR, SR R WAL i B
A ;2 Ca W N 1 mmol/L B, B 4 H(E EFF,C.D
HITFRE; XY Ca W R 10 mmol/L B, B .C.D %41
AL EFOIEH S 1| mmol/L Ca AR 2H #H 2
(E7),

242 HME Ca Xf Cd WA T EBZMKAN Cd Fa1
A

Cd 23S BAKN Cd & B cd # B FIHm
B AR Cd 7E B2 R P R R i s et o
B SR (E 8) . HihnsNE Ca B FREILT B.C.D 4
BAMRAFMN F Cd B R (P<0.05)

5000 ¢ "
. .
a000 | R 23
— Ommol/L bbb a§ X
3000 - == 0.1lmmol/L N ’Es
== Immol/L 2N NS
2000 NS ZN
— e== 10 mmol/L as > asg
1 o aagaa (—% ’§ ] g§§:
al 1234 1234 1234 1234
= 2 A B C D
Cg
=1
§ 250 C "
3 200 L )
8 b
!
150 | §§
100 L E§ ‘
NS
50 F ¢ bab EE
1234 1234 1234 1234
A B C D

S Ab PR Experimental treatment

8 FERE Caxt CdMETEH 12d/5,Cd EEH AN
TREFEFHREMS T

Fig.8 Cadmium uptake and accumulation by Allium cepa var.
agrogarum L. under cadmium stress, after 12 days cultivation

with different concentration of Ca

[F—SC B P R 2 ARFIR R 7 B3 (n=5,P<0.05)

AN Ca XFBAMA T Cd AR EA H 215
Mg (& 8), B 4,1 mmol/L 4P Ca B E LI Cd
TELAMRAZ TR (P<0.05),10 mmol/L Ca ¥fH:
MEREITU B, 76 C.D 4,10 mmol/L FM
Ca B EHIRME Cd ZEAR AR R (P<0.05) ;D 4,
0.1 mmol/L #MNJi Ca fit i ZF AL Cd 7 BZM R T Y
LR (P<0.05) , i Ca W R TH g, BEARKCR K
BE (K 8),

5AME Ca X B M R Cd B9 R 52w —
B, BAM F Cd By R R Bl it AN Ca i
BEME(ES) . SRARAMSE,0.1 mmol/L (1 Ca &t
AE S REAIR C 4int F b Cd RS T 7E D 4l
0.1 mmol/L Al 1 mmol/L #MJE Ca X} EZ M H ¥ Cd
PR AR B RS (P > 0.05) (&1 8) .,
2.43 HME Ca X Cd Bl T B AE IR0 R MU

A

Cd W6 x5 B B 2004 P8 B 8 9 0 o 2 R e A,
BLRIN W E R LB A T Mg Mn, it rf Ca Mg,
Mn Zn G0 B & & BE I B AR P Ca Fe,
Zn, M Fe TR &, AL B 2R NG BTE IR
PEaZS; AN Ca W59 T Cd Wi & e e £ 2k
i FeE T BRARNT TUEFRMNRE(ER2) .,

Cd BB R P (Ca) & i & & T X
ZH( A1) (P<0.05) If-Bfi Cd e B By b v i 36 hn 5 A )
WIEAME Ca XF Cd Wri8 T BZUEHNES (Ca) IR
S AHAARFE R (£ 2), A4, ShE Ca ik
FEAET 10 mmol/L B i FH[RMKEAMW AR Ca 197
#(P<0.05) ;24 Ca ¥KETHE 10 mmol/L B  #R R
Ca MOAH S5 B 2 5 T X B4 (P<0.05), B.C.D 4
AN Ca BEFFMICEZMAR Ca T, CafEBA
I 8 TR A RD AR SR O 5 AR R b B R [R] (%
2), Cd WERRMEAT I Ca F&, A,
AR Ca ¥EEE K7 0.1 1 A1 10 mmol/L B | Ca
TR T BB BN T 17.3% 37.8% F1 44. 7%
B.C.D 4, Ca FE BZM F R BBl AME Ca e
AL R SR R R — 2, A Ut Ca )5,
BHRN Ca 2B I B EIE N (P<0.05) ;1M
B.C.D 4 EZKN Ca & A SME Ca TN

Cd 535 M A ) T 6 06 BE (M) 11 I i A AR
F 5 RTRIR EE AN Ca X Cd e R B AN Mg 191R
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S F A AR (R 2), BAMRR Mg & i
BEZFNIME Ca By52m, A Hrh JEmsMNE Ca J5,
BAMR Mg & 300 I 8 E BT (P<0.05) ,
0.1 mmol/L Ca X H B AR &% 5 5 B o AN A X R 4
(A1)1983.3%;B.C.D 21 0.1 mmol/L #}JE Ca jifi
JngH(B2.C2.D2) , BAMEZ T Mg FR{UNIHET Ca
ZH(B1.C1.D1) &1 71.0% .96.0% F1 63.9% ( 3=
2) ., BAM R Mg & R A2 FSMNE Ca 1520
(#%2), SMWRAED Mg TRARMZE, A 4H,0.1
mmol/L #MJE Ca ZbFE T B AN Frh Mg 7 &5 T4
AR N HE Ca AbFREZH (P<0.05) . FfiE Ca MR R Tt
L A Mg A FR 2B R [, 10 mmol /L ik
A% . E KT X4 (P<0.05) ;B.C D45 A 4
i ia—3 . 0.1 mmol/L #ME Ca BER EFEALE
ZIMZE T Mg &2 IFRESME Ca W B2 A3 I AR 2
W/ Mg B FE 0.1 mmol/L MR Ca 4177 2
FHEIN AR IR R ANR Ca ¥R ) T R s/
(%£2),

Cd @ F RS T B AT (Fe) B IL (P <
0.05) ; AR E AR Ca Xt Cd 18 F BAAKN Fe
AR SR A R (£ 2), REP.AB
H Fe S HBEAME Ca MR EERYFmmiHG i, Horh A4
B4 4 Fe & 7050 AL, Bl 400 143.7% #0
130. 6% ;C D 4 Fe i EAME Ca WEEH 0.1 mmol/
L(C2.D2 41) By fe ok, HAE 43004 C1 41, D1 411
107.2% H1119.1% , §5MJE Ca ¥ FE R T 0.1 mmol/L
B, BAMAT Fe SFREBWIA (F2), R,
A.CH1 D LB HIAESNR Ca W EEN 0.1 mmol/L
(A2.C2.D2 &) B v Fe S dc K, HAE 2 5 kb
Al .C1 A1 D1 AHEE M T 111.3% 61.5% 1 44.0% , b
B Ca MERT 0.1 mmol/L i, BA M Fm Fe & &
BT B A BRI FH Fe B TE Ca VREE N
1 mmol/L K, A Bl 401 124.7% ., H Ik, jits in &M
Ca i ZE I B AIKN Fe BYFLE = ,0.1 mmol/L
Ca BRI W,

Cd R ZEMH T EAXNHE (Mn) WRE (P<
0.05) ; AN[FH EEAME Ca Xt Cd Bl F BZRP Mn
FAC SR A AR (R 2), A LA,
AN Ca S EFRAREAMR AT Mn LR & (P<
0.05) ,Ca ¥JEH 0.1 mmol/L I} & ik fe ik, Jy xR
ZHI%) 68.7% ;B .C.D L4, AN Ca b4 i EFF

REBAMWERE T Mn TR E (P<0.05) ,HHA Y Ca
WREETEZ 10 mmol/L B A 23 ffi B A H Mn TR
AR ANREE R (X 2), SREANFNE,
SRR Ca 2 W E M A AP BAM R Mo (5 &
(P<0.05) ,7F Ca ¥} 0.1 mmol/L A F 1 Mn 75
kB Al 4110 157.5% ;B .C.D 28 BA
MR Mn & BE M Ca M B B it b ing B A (36
2) . P, AR Ca fig i E FEAL Cd Ba T BAKN
Mn IR R,

Cd B E e T BAM R EE (Zn) FL R E1
FAWH TR X Zn R (P<0.05) 5 AN [R]vR FE A
Ca XF Cd Bt FBAMRN Zn A91E5 H)FH A 52
AFE(F2), AdH,FME Ca fE R H LI EZR AR
X Zn B (P<0.05) ,0.1 mmol/L Ca &b PR F X%
HEZHIEIN T 29.8% ;B 2 AMIE Ca i 1IN E 2R
Z ' Zn 5 (P<0.05) , Y4 Ca ¥ 1 mmol/L B
KF Zn FLRE MR KA, N B1 4R 122.1%;C 4
H 10 mmol/L Ca ¥R Zn A& 577 A i E A
H(P<0.05) K F LUk B 1Y Ca X 34 JCHH i 5% i
D i AN Ca BE & 06 B AR Mo &8 (P<
0.05) ,Ca ¥ 1 mmol/L BB AR, b D1 4 F
K% 36.8% (% 2), BAM T Zn MBS AN
EBERARANFE (F2), A DA, MIMNE Ca BN 0.1
mmol/L B 7] i E L ¥ Zn 7E B A F LR (P<
0.05) , 1M 10 mmol/L [¥) Ca ‘B E M| Zn 1ETAM A
)& (P<0.05) ,1 mmol/L Ca Xf H:ICHH 50 ( P>
0.05) ;B 525640 ,0. 1lmmol/L Ca & M2 ik Zn 756
AR R (P<0.05) ,{H2Y Ca ¥ | THE, HE
P Zn ERAM AR RES Bl AR EZER(P >
0.05) ;C L 2H AR Ca ARXF Zn 7B ZAM F AL
Fre AR D LAl AN Ca (B & 1N
B Mn 1951 (P<0.05) .

3 itig

3.0 SN Ca X Cd Wil T B K

BRI S B R 0 1 5 55 DL e S
WAE 3, 3B S WOHI BT 22 it (3821, Cd i
PUTLRA T B G AR, (LR K 22 5
WIS, MR Ca BEA SRZR AR Cd B4 7
AR IR LG A B RS XL K 1 0
UL B (P 1P 2) o [ Ca 0 LA AL £
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BRICRZ —, Z 5V 2Ll s 5 2 Fhii
MR AT R L Cd Y EEE R
PP E K

AR 18 A BRI 1 B A i I B 5 %o A ) )
HRRRE, &K A0 e R A ) A B PR —
AR bR, RJWAEAREEE (FW) 5T H (DW) AL
EACRAR R Y &K i, Cd 3 BB AR N &K &y
BFE TR, & AR N K R A (- 7). YA X —
SRAT I ZR VR T2 A AR AT AL B IR e
PLESF IR B Ak Aok S o™ AN Ca fRE3E
TBAMRRN AR, PREF T BRRN KT AR
i (1 7) , TRER th TAME Ca X ARARIRAL B 7K &
A e, AT AT AR R A RS2 (' 1)
Ca fEAHY) AT BB FRICR Z— , S 2 Fh 0 20 7
JRG3 FRCE R, REVE Y 40 ) FE K BE BB i I, iy
200 LR ) A FHLIRZS DA A4 425 0 K ) A AR 3
AR, PR, Ca XF T BEARAE P X0 Cd 1y Wi, K s
Cd XHEHI # % BA AR,
3.2 SN Ca X Cd Jia T B2 BUAFIE AR R

Cd B 18 B Y00 A BACIE 2L, I A Py 1Y
WX, AUTEERY, Mg R RS AR
BT PEAR o, I R A I, R A5 SR RO
FERBOBAE 38 | 255 D6 HL A 8 I 41 RN I A T 4
AR R LR R I EEAFEM 4R a 4
R b MUBLBE M40 R (W HONEHE () | AR L 20 R
(o), TEWME Ed kBT —Fh g ATP
( Adenosine Triphosphate, ATP) iy4EFiz#&E M, 1
TR AERE s B R AT g
R BIVFZNNRAT A= W AE I 7 2 2 e v I 4
PRI T2 B T I A7 R 3 2L 2 2 AR 4
R 2R A5 A0 O 1% 1 o R i 2 3R LR SEAS AR ]
AR [R)— R BUAG I 3] {EL I 2 -2 2K A A Q™
PIRIANREAT B IE B i 2r ZK A DA, TR AR T 1
ot EE, AR Cd HFREHORSE EIHE
FOLEAERR - EZ 8] 7T, e R R T
M e G A P Ak BAT OB AR S, Bl g mp i
2R R WA Sh a1 R K A R T R B REROR T —
UL 2R KA WY BT A ) RT LA e 0 ) B
HEMmSZ S SNE Ca M BRI AR T E™
MBI, BAEM I AR &R ZIMNE Ca KF-1
B, 244N Ca WeJE N 0.1 mmol/ L A B2 F -4

EMZEHE P REEYS Ca XTI LI B 2E TR,
Ca MREETHZE 1 mmol/L B, 028 & R4k L T [, {024
Ca ¥4 10 mmol/L B, H% 5 S i b+ (KT
JEIN Ca 4H) , X ATRE S MR Ca {23 T B2 Pk
Ak HAR KB RSB MR A5 1
B BEANE Ca( 10 mmol/L) X} T 28 41 > Ui vl ik &
— g SR E  fEX A E SR A T, Ca A BE 233 A
SEEIME X 5 AR RO A A 5T 45 SR R — By, B
Ca REI/DI28 3R a b FIZEIAS P RS E TR, 2K
R NREMZIRNREAR, SEAEH TN
RS 1 (PS 1) FDERG I (PS I ) AHIESS, —J7 i
BHLE A A5 2 2R A1 IO B DA S H s ) A%
i, o3 — 7T CRE TR AP i 3R A UK BE fe DG
AL, R PR A A I B AR KT e e —
ERREE LOROGE PR, U8 6 RE A RETR, W
HERDCREXE A P B R, it , BAM 7 7E 10
mmol/L #MJi Ca ZEFE T ORHF T RIS RS
o X Cd g —FhA 3 it

Cd R BAM K EOLEHR(Pr) AL TE
(Gs) FZE WG AR ( Tr) FrLe AR, SME Ca B SIS/ T
HREARIEEE i Pn AERFAER R 7K (B 4) o X AT
REEM T Cd S EZARNY BTSRRI, Mn
1 Ca FBCA AR G EZEA NS, Mn
SEMYIL T E IR ICER 5 HAR N 22 B 00 0 PR AR
R FIR R A X, S S5 RAEM™ . Mn &
ST AT ol Pt A P S R T B, DT T
BARNDEERRDY, MAMNE Ca BEE M HBAN
LA PR EZE N Ca BEHE & ISk — S 8 5
Wi ( Dichlorophenol Indophenol, DCPIP) Y if Jit i
P, A8 PSI34S PSIL & — A i B At L
MIEGEBYER Ca BIES AL XS 5 oA 2—3
ANEERA Ca, I HAER ST Mo E 597, Ca BEHR
5 4K DCPIP Sl ST P T BB A2 Ca fE3E Mn
L A A AR . E A PFRIEY] Ca BIAE
FHAL T Mn () S1—S4 (A [F] S AL 340 JE0IR 28 i il 4R 2
G REZIG R ER AR Y, HAE#E Y e
JF Y Handreck "IN, Ca iRy i 2 &5 M9
HPRER Mg AYRE AR X 5 AR SR AIF SR 45 2R 0 — B0
(F£2), HATE" Wi Ca 4b B 2 PR Mg
AT, v 60 A PHR ol 58 B30 B U B % T A UK
JLF Rt BEAR B —2F . Mg A1 Mn —HE7EAEY) B9

L[5
E(W
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BVERM R R EEMIEN , Mg &M R E L
BT, RIS Mg oA Pl Ao 2 il 1) S Rk i B
K F 2 —, FEBE R £k 1 Q0 o 72 p i 5 HE 1R
P R, Mg (9 i = v 3 s A 91l R
(TETE NN

£ Cd e T BZ RN Zn Fe F1 Ca 5125
Cd ALY B T & A I BT, R Fe MY K
FELER A 2 B Sy, FE AR SR R A R Y
HL R VR, I Zn SHYIZEBEERA K, Zn B3
5K RNOIE R, 26 ERMEA RS
T XS T Cd e T A AN R T A PR S
T A , PR B AT Cd I, NTTEES Cd 7
& —Jr 1, Fe Zn 7 & MM E— 22 R30E T B A
FIIEH AR, T A R T BR2DCAEA R, 5
SN FE RS, Zn A LR RE R R Zn 5
Ca Z[HfFAE LR RS R ) cd Whid Br s s i
JE SR AT A A 1E R A A PR S B
Y RIS ANE Ca REZEMR Cd BRI N
Ca 5 Cd HA MMM T, 2 Cd WAz &Y 3
B AW Ca M Cd [RINHAEFE R, Ca W] i
E AR Cd M ORI B AT EE Cd 1Y
B AEA T AL RS R S 0 B IR (fE
B T2AR ) WAL 2 5 M) A 0 X S 1 W AL K 4y
B, 4 Cd BEME I Ca® il PAEY)IB Hi , 18 Fe 404K
25 cd Wiski >, AR, 7E Cd hE
TLANE Ca AR Ca % W10, LUE T
Jet Bl SE R () 238 G — R I A A RO, DA T i
3 3 R EE P AR (R

4 it

(1) RIEIHEEESME Ca Xt Cd e T Y B 240 #1
12 d J5 , X% Cd a8 v sl ) 0 35 B AN R R B 1 22
fiAVEM . HA 10 mmol/L FYAMNE Ca X BA A KK
SHRER R B3

(2)4ME Ca X Cd et FEBZM AR ORE
R, Cd e EBA 12 d 5SS E a
Fr A N, A B X R 2 R 22 5 (P
<0.05) , A[FEIHEESMNE Ca XF 422 a A3 IR &
AW A I, 1 mmol/L Ca A & B ZZf# T 300
pwmol/L Cd AbHRLH B A M F 4% 2 a S AT 10
mmol/L Ca fff 10 wmol/L Cd AbFRF A M F 483K a

KR BIEE K,

(3) FME Ca XF Cd JHpi8 T BA M B 6 A R
M, Cd B2 12 d J5,10,100 wmol/L F1 300
pwmol/L Cd AbHHE 2= e A R L X R 41 43
WFRET 24.2% .75.8% 1 85.4%, AMJE Ca XHHTF
s AT B s i g, HARR IR, Ca MREE R 0.1
mmol/L B X} Cd 195 % JCHH B2 i AE FH 5 24 Ca VR
ik 1 mmol/L B 1] i 3 ZZf# 300 pwmol/L Cd MY F
(P < 0.05) ;44N Ca ¥ =535 10 mmol/L B, H 1
mmol/ L A B Uf- 1 2% fift /E FH, X} 100 wmol/L Fi1 300
pmol/L Cd %3 YA ] Rt EH]

(4)Cd b5 BAARN Cd & & W& H 5
Cd ¥ S IEM e, H Cd ZE B AR R h IR E &
W TR iy S s, MM Ca WEREAL T
Cd AbFRZH h B2 M R 5 Cd I R & (P<
0.05) . H5AME Ca XTEZMRFA T Cd R 152 M
— 3, BN Cd B R B AR Ca T
A SRR AT

(5)Cd 38 i ol B 200K N W3 I iy o R 2R
fliy , B 25 PR B AR P Mg Mn, I H Ca Mg, Mn  Zn
LR B EW I T EBAM T Ca Fe Zn,
-t Fe TR M &, AL B AR TUE 5710 N
A MR Ca HIH5 T Cd Whid BT vt i i o 28 A,
T T BAMKNG USRI NS,
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