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The growth and physiological responses of Melia azedarach L. seedlings to cadmium stress

SU Ming-jie, LIAO Yuan-lin, YE Chong, CAI Shi-zhen*, LONG Cong-ying, DENG Hui-ming

(College of Landscape Architecture, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: Melia azedarach L. is a garden tree that can grow in poor soil, and has high ornamental and medicinal value. In this study, the ef-
fects of cadmium(Cd) on growth, cadmium accumulation, photosynthetic characteristic, membrane permeability as well as osmotic adjust—
ment in Melia azedarach L. seedlings were investigated in a pot experiment. Results showed that the biomass accumulation was enhanced
when <60 mg-kg™ Cd treatments, whereas >60 mg- kg Cd* inhibited plant growth and biomass accumulation, however, <120 mg-kg Cd
treatments had no significant differences on plant height compared with CK(P>0.05), plants could grow normally and keep large biomass.
Melia azedarach L. showed capacity in Cd accumulation, and the Cd content in roots,stems and leaves increased when Cd content increased
in soil, and root was the main accumulation area. With increased Cd concentration, Chlorophyll a+b content and net photosynthetic rate were
reduced but relative conductivity(REC) and malondialdehyde (MDA ) content were increased, however, no significant difference with Cd
treatments( <60 mg-kg™) was found. Cd stress caused the content of soluble sugar decreased, the contents of soluble protein and free pro—
line were increased at first then decreased when Cd concentration increased, free proline content was always higher than CK. By increasing
soluble protein and free proline contents Melia azedarach L. maintained the osmotic balance under Cd stress, thus alleviated Cd toxicity.
These results suggests that Melia azedarach L. has strong tolerance for Cd?*, the threshold concentration is about 120 mg - kg . Therefore
Melia azedarach L. can be used in Cd contaminated soil, which remediate Cd contaminated soil.
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1.1 #RlFnsbiE

2014 AFAREJEEF DU )IIRIT 7~8 4FE A4 P iRk vk ok
EERERD 5 T A R R, 2015 4F 3 ] AR
FhZE b 42 15 cm 5 15 em 3Rk 3% Fh L T
bl 1 R AN VTR A s AR B R 5:3:2), T pu )|
b R 2ERMIF I N B 55

Pk A= C EE R el 45 e A [ v=5:1:1 8 el £ KL
T WA SRR 2, WFEE | 5 Rk b A Vb L R

G5t 5 mm 840, PR 800 £ 2 1A RN, HE
FURRE 45d 5, $EIREEZL 7 kg ORISR AT FEEEAY
45 (1042 25 cm, & 20 cm) i, AN Cd T30
JOT A3 7K A il G 8 5 K Ay FH )45 7K 1 1) 6096 . Fr
AL 2R B 285 R 50 43.05,
0.47.0.69.3.72 g-kg™,Cd %5k 1.8 mg-kg™, Z=Ha[H
R A EIAEE T A oG ) 1| 3 4 S s Y
RIS LAAEIN Cd A%t PR (0 mg-kg™; CK) % B Cd &b
PRI L b Cd 5 508 ) VR EE#R B 30,60,
90,120,150,180 mg-kg™, Fi4r#fr4k CdCl,-2.5H,0 fic
il T A 2 500 mL ST GelE AL L, B IR I
Hmpe, HE Co* 5 HIRA WA  EERENFE 15d
Ji AT .

8 AWIEHUAERIER . KEAIT BRI,
25 Cd AbF LRI, AL 3 bR, AN
P10 45, it 210tk BARIE A 1 ALRIER R R
KL JEJE ER A, a5 R R 3 d 5é 400 mL i
K ZE H [l K, e AR B 60 d. %R I8 At s ot
%k 80%, M N TR A1 (25+3)°C, 2 N AMELEEH:3 , A
XHREES 70%. 433 T 4% /5 20.40.60 d -/ 9:00
B YIS 3~5 F MR EF 745 70 A BE A0 2 , 60 d
BEE L S I B SO SRR, e A9 i .Cd %
s ADGEVERAE bR
1.2 MEEREFZ*
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AEFR 60 d J5 , FAREIC SR B ) i T A4
AN FRVEE 3 MR — Btk , TS RO AR AR B
Mg, HAPIEAE A PROIRR S s ORI BIAR |
22 M ECRKGES S FE T ZE K ek 3 3k , 105
CAvH 30 min, 80 CaERAML T 245 , 1 7 KF-FRE .
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AbFE 60 d 5 B AR 2R AR LT R A
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(ISRl PR 7, AA320N A1) lE 4R |
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1.2.4 SeE MR
Ab3H 60 d J5 , I FH N i - 2 R 4 120 5 A R
5 A5 HOL AL (Li-6400XT , 5[ )& Uk

ﬁd‘ﬁé?”%ﬁl, W E 32 72 R AR IE DG & A 25 3 4 1000
wmol -m=2-s7, K< CO, ¥ )& & 400 pmol -mol?, M=
R 25 C,
1.3 #EE

>%FH Microsoft Office Excel 2007 #4743 40 TN
12531, 31 SPSS 20.0 S 4 (A E A 7 B IR 28 5 22
4 #r (One-way ANOVA) #r & # 227 (Duncan’s) £
B, BFEMEKFEEE «=0.05,

2 FERG5HMH

2.1 CdZ*xtﬂﬁiﬁiJmikH’J Al
ARFAEI % B, Cd AbBEXF R TR A TG B &
AR Fﬂi Cd ¥R BB, il B0 e 28 i AR v (1B 1) 6
Cd* M i <60 mg-kg™ I, it J 52 AR &R 44 MR B2 90~
120 mg- kg™ Bsf, i F B 1 B ok 150~180 mg - kg™
BF, M TR B, IS e R p R G i ) L
T,
F % 1 7] 0L, Cd JBihif 5 4 i i A K 32 ) — e 5
W, HeERT 60 mg-kg™ (Y Cd 4bHH, X4 AT EA
—EMR PR, 5 CK Mo 34/ T 2.58%~
16.01%F/1 4.78%~11.85% ; #f = 76 Cd? ¥k iF <120 mg-
kg™t ZbFE T 5 CK 22548 B3 (P>0.05) . #k AT
HAAZEER T EAE CA™ Wk 2 180 mg-kg™ B, RUKHKL
CK [ T 19.83%.17.04%7F/ 18.50%,
2.2 CI*EERLEIR . ZEP IS RIFIE
2 BN M ZE R Cd Rl Cd ih
W RE YGRS, CA* 3 AR e AR >ZE> 0, Cd* ik
£ <30 mg-kg™ B}, MR ZE[H] Cd % 25 AN MY
25 it Cd & s i m T CK(P<0.05) ; Cd* ¥k i oy
60~180 mg-kg™ i}, AR Cd &t b JHiEEE Eﬁijﬂﬁx
FIN, k2519 1.80~3.45 %5 I [ 2.26~4.51 %,
25 it Cd iR K fH H B7E 180 mg-kg™ Cd ALHE,

3

R 1 AERE Cd AT HERAEH S IRETERM
T ERF
Table 1 Effects of cadmium stress on the caulis height, root and
stem dry weight of Melia azedarach L. seedlings

Cd 43 Cd R AT ERTE
treatment/mg-kg™ Plant height/cm Root dry weight/g Stem dry weight/g

0 42.00+2.65ab 5.81+0.42b 4.81+0.27¢c

30 44.33+1.53a 6.74+0.16a 5.38+0.04a

60 41.67+0. 58ab 5.96+0.51b 5.04+0.39b

90 39.00+1.73abc 5.53+.029¢ 4.72+0.03d

120 37.33+1.53abc 5.36+0.23d 4.49+0.10e

150 35.00+1.73bc 5.01+0.11d 4.19+0.09

180 33.67+1.53c 4.82+0.07e 3.92+0.17f

IE: RPEFEARVNG FRFIRR R Cd 4B A A7 B35
225(P<0.05). T,

Note : The different small letters indicate significant differences among
different cadmium stress(P<0.05). The same below.

4354 181.94 wg-g*.52.65 wg-g™ 1 40.36 wg-g.
2.3 CA*xt &R B EIER MR

Bl Cd Jpif vk BEd K, - Jy 4% % a(Chla) i
4% b(Chlb) FEL 2% 2 (Chla+b ) & W A T F,
2% % a/b(Chla/b) TCH R AE L (3 3), 4 CA™ Wk & <
120 mg-kg™ A, Chla 1 Chlb 5 CK 25 %R i 3 (P>
0.05)., Chla+h 7£ CA2¥k i <150 mg-kg™ B, &V i
Ii1] 22 5K i 2 (P>0.05) , {H £ Cd®* ¥ & =90 mg - kg™
i, LT CK(P>0.05); % W AL FE T Chla/b 2 [i]
22 HA % (P>0.05) , (HEH% 5 T CK, 180 mg-kg™ Cd
A3 Chla . Chlb 1 Chla+b & f ik, #% CK 435I F
K& T 37.00% .47.62%7%i1 39.16%.,

FH 3R 4 WAL £ 000 A S8R Cd APk B 1Y
FEHNT T [ o CA* ik BE <60 mg - kg™t B, ¥4t 45 i %
(P,)  Jf[a] CO, ¥ i (C)) M ZE 5 i % (T,) 5 CK 2
SRR (P>0.05), M4 A L NS AL T (Go) 4 8 3%
{KT"CK(P<0.05), 180 mg-kg™ Cd Z4¥H K, P,.G,.C;
T A CK AR R & T 34.59% ,37.50% ,20.39%
#140.00%.,

150 QY 180 (mg-kg™)
”“ ‘3&- Rl

B 1 REWKE Cd XEaR4y &It R ESR#Mm(60d J5)
Figure 1 Effects of cadmium stress on the leaf morphology of Melia azedarach L. seedlings(after 60 d )
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2.4 CAFIEBR4N B IR EEMA —B S =M
3¢ 5 R, Cd AbBRIE , H I F A 440 e 5 3 1
WA, i 20 d, &R EE ARG L SR8y B 2
CK(P<0.05) , 156 B M J5 4t i i 27 5] Cd> 4535 . Jbfrifs 40
d 160 d, Cd> ¥ & <60 mg-kg™ i, XL 5% 5 CK
FHE 22 58 (8 25 (P>0.05) , 15t B il 360 4k B — B st i)
i, TR A T — % WA W 150 mg -kg ™t Al
180 mg-kg™ Cd AbFE T 2= AR E, Uil CA MR IA
Bl BT, X L PSS A %) S5 e S A 55
MDA & 5 Cd ¥ 1 in F2 2218 I Tt %4, Cd Jihia
20 d .Cd>* ¥ F =60 mg-kg™ L & it e kb 38 40 d F11 60
d.Cd*¥k i =90 mg- kg™ A, MDA 5 &t 2 5 T X 1]
(P<0.05); —AMAbHA ] 25, Cd* ¥k B >h 180 mg -
kg™ I}, MDA & #2431l /& CK i 6.38.,2.19 5 F1 1.90

R 2 RERE Cd BhHEXI EMRLER =

¥, 1M H e 20d, 5 150 mg-kg™ Cd Zb3AH 1L, 180
mg-kg™ ZLFRF MDA &4 b I IR EEAT R
2.5 CI*XEMRN B ZERT YRS =M

W 6 FrR , vl R i hE Cd e vk B2 14 n
M4, 180 mg-kg™ Cd 4b3 4 fiz/IMHE , 20,40 .60 d
B, %5 CK 4331l T R 27.21%,20.36% 1 24.23%, Tfii 30
mg-kg™ Cd Zb3 5 CK 2% 5 A % (P>0.05),

AR 1 5 bE Cd Ab R BE (W 3G i Se Tt e
[ ,20 d i1 40 d (UG H IR AE Cd> ¥k J& 60 mg-kg™
I, 43 % CK | FF 15.65%F11 35.48% ; 4B 60 d, U5
{8 4 B AE Cd2* vk BF 30 mg -kg ™ B}, % CK | FF
18.06%; H Cd* ¥ iF <120 mg-kg™ B, AT yAPE &R 11 &
HIHAMET CK,

i 2 A T 20T 5 =t B A2k B i B Se Tt e

At Cd & ERIR0

Table 2 Effects of cadmium stress on the Cd content in the root, stem and leaf of Melia azedarach L. seedlings

Cd 4b#f Cd treatment/mg- kg™ 0 30 60 90 120 150 180
#R Cd %= Root Cd content/pg-g*  11.40+0.34g 31.85+2.80f  64.48+0.51e  85.24+2.41d  116.53+3.34c  140.02+4.40b 181.94:3.51a
25 Cd & 1= Stem Cd content/pg-g*  11.14£0.23f  30.54+0.83e  35.80+1.60d  37.36+1.77d  45.09+0.75c  48.15+0.70b  52.65x0.44a
- Cd &+ Leaf Cd content/pg-g*  10.36+0.13g 24.23+0.40f  28.56+0.54e  31.38+0.79d  35.10+0.35c  37.66+0.82b  40.36+0.82a
& 3 AEIRE Cd IRt HHRLh et R R & ERIRM

Table 3 Effects of cadmium stress on chlorophyll contents in leaf of Melia azedarach L. seedlings

n-4¢Z i Chlorophyll contents/mg-g™

Cd 434 Cd triatment/ 43 alb Chlorophyll a/b
mg-kg H-432% a Chlorophyll a M-4%2 b Chlorophyll b S H-4%Z Chlorophyll a+b

0 2.46+0.20a 0.63+0.12a 3.09+0.31a 4.06+0.55a

30 2.23+0.09ab 0.51+0.02ab 2.75+0.10ab 4.39+0.17a

60 2.19+0.14ab 0.47+0.06ab 2.75+0.10ab 4.80+0.63a

90 1.91+0.02ab 0.45+0.04ab 2.36+0.02bc 4.35+0.41a
120 1.88+0.42ab 0.42+0.07b 2.30+0.33bc 5.11+0.96a
150 1.67+0.31b 0.38+0.01b 2.05+0.31bc 4.45+0.08a
180 1.55+0.05b 0.33+0.03b 1.88+0.06¢ 4.78+0.49a

F 4 RERE Cd EXWNERDEXEERSHAZM
Table 4 Effects of cadmium stress on photosynthetic parameters of Melia azedarach L. seedlings

Cd 4b3f HOtE % Net photosynthetic S L5 Stomatal Mala] CO, #e i Intercellular CO,  ZE M % Transpiration rate/

Cd treatment/mg-kg™ rate/wmol -m2-s* conductance/mol -m2-s* concentration/pwmol -m=2-s pwmol-m=2-s
0 8.76+0.58a 0.16+0.02a 283.66+17.45a 2.70+0.15a

30 8.11+0.47a 0.15+0.02b 269.42+8.45ab 2.66+0.39%a

60 7.7£0.17ab 0.14+0.01c 259.99+23.93abc 2.48+0.23ab

90 6.95+1.08bc 0.14+0.01c 250.02+9.66bcd 2.17+0.12bc

120 6.68+0.24bcd 0.13+0.01cd 238.24+15.88cd 1.84+0.20cd

150 6.39+0.75cd 0.12+0.00d 227.66+6.15d 1.78+0.02d

180 5.73+0.48d 0.10+0.02d 225.83+13.21d 1.62+0.21d
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Table 5 Effects of cadmium stress on leaf REC and MDA contents of Melia azedarach L. seedlings
Cd 4b3 Cd FHXT 5% Relative conductivity/% N & & Malondialdehyde contents/pmol - g™
treatment/mg kg™ 20d 40 d 20d 40 d 60 d
0 26.73+0.20e 28.65+0.06e 31.06+0.40d 4.07+£0.13e 13.44+2.30de 17.43+0.17e
30 31.33+0.83d 32.34+1.96de 33.12+0.10cd 5.02+0.91de 17.01+1.16de 18.80+0.71de
60 32.08+0.77d 33.12+0.56d 34.84+1.40c 5.34+0.47cd 19.80+0.63cde 21.07+2.28cde
90 34.24+0.52c 34.92+1.23cd 36.81+1.69bc 9.51+0.17cd 20.48+0.51cd 23.17+2.72cd
120 35.75+0.37bc 37.56+1.87bc 38.62+1.75b 9.94+0.82bc 23.17+1.04bc 24.77+0.20bc
150 36.36+0.36b 39.16+1.36ab 43.59+0.77a 13.63+0.48b 26.80+0.07ab 29.43+1.74ab
180 38.94+0.81a 42.71+0.51a 47.12+1.04a 25.95+0.40a 29.46+0.34a 33.13+1.47a

R 6 AERE Cd EXWNERYHAAERE AIRAEEOMEFERERSENZI
Table 6 Effects of cadmium stress on the soluble sugar, soluble protein and the free proline contents of Melia azedarach L. seedlings

Cd 4b3 Cd A] A i Soluble sugar contents/ ] i Soluble protein contents/ 2 Il 2 % & Free proline contents/
treatment/ mg-g* mg-g™ mg-g*
mg-kg™ 20d 40d 60d 20d 40d 60d 20d 40d 60d
0 5.69+0.07a 4.58+0.20a 454+0.18a 12.57+0.18bc 14.98+0.63de 15.13+0.29c  0.60+0.01e 0.62+0.01e 0.87+0.01e
30 5.43+0.01ab  4.45+0.03a 4.26+0.20b  13.20+0.10b 17.20+0.20bc 17.87+0.44a  0.88+0.01d 1.03+0.05d 1.34+0.03c
60 5.33£0.00b  4.31+0.04ab  4.15+0.07bc  14.53+0.24a  20.30+0.51a 17.03+0.37ab  0.92+0.02d 1.41+0.01b 1.95+0.05a
90 5.25+0.05b 4.23+0.04b 3.98+0.02c  12.97+0.09b 17.63+0.07b 16.17+0.12bc  1.41+0.04c 1.95+0.03a 1.52+0.02b
120 4.84+0.05c 3.93+0.12c 3.73£0.01d  11.93+0.19c 16.20+0.15cd 13.83+0.26d  1.57+0.02b 1.46+0.04b 1.29+0.04c
150 4.62+0.07¢c 3.82+0.02c  3.63+0.03de  11.10+0.36d 13.73+0.44e 12.30+0.25e  1.75+0.03a 1.22+0.04c 1.10+0.13d
180 4.15+0.21d 3.65+0.03c 3.43+0.04e 9.83+0.23e  10.73+0.67f  11.22+0.52f  1.47+0.03c 1.44+0.04d 0.90+0.03e

K% ,20.40.60 d FLug{E 43 1) 3 BLAE Cd> ¥k B ok 150,
90.60 mg-kg™ B, 4> BIl%E CK T} 193.38% .214.32%
#1123.03%, HAAIE T Bl & & w1
Xf I (P<0.05),

3 it

Cd BAYI A KA FMARLEICR, (HIHAE L
A R R S, 5 WO N, AT 2 WRLRE ) 25
YRR JGE VR AT O 45 1k A A A
Cd X HE M 75 3 16 o S WA A= i i AR Ak B0, 5
BRI B CA* MR M, W R A AR 25 T
E A RS S TR . X HATE Cd A4 el ARAE )
i A VA AT 5 48 R — B8, L R L T AR A I B R
Wi Cd AbBEY LI TH R, i BRA HAR 25 R Y Cd
Fi BT, Cd 7 RN B A R AE AR > ZE>IH HL
M Cd i TR, BlWIARR w ARA R Cd
B, X E Y e PR A R A
[7] , (EL15 [) S R ) A A A ZDAE IR T ST 45 R — 2L,
AT RE S AN [ A ) A s LR A O o v DRGSR 3R
I 5 (17 PR Co 545 , REREZESRr L 3R AL B s

Pk, MRERFME R 5 Y H ).

Mo R R D EEMEE AR, LS
AR AAE B UIAHDEM, ARWF5E KT 90 mg-
kg™ Cd AbHH, B4 1 1 |- Chla+b 5 CK JG i 3% 2=
5+ (P<0.05), 1M 24 Cd* ¥k i # 3k 120 mg-kg™,Chla 7l
Chib &5 TR, R B AR IR R T8, A 2% . v
JER, AT RS2 2 vk B C> 5 IS 44 v 25 11 T A B
(=SH-)Z5 4 BRI SR 25/ N DI Rk , e 2 3 8t
LR R, Ak, CA25A n] LI A il R 2R SCE R
G P BRI P R el AL 40 D P A0 A% | Lz i i) 42
S ) E AR P, AKF 60 mg-kg™ Cd Zb B
P, 5 CK2Z 5 A I 2 (P>0.05) , £ A 27 B XK 1k B
CAHABGRAIEA T2, Bl Cd AbBRMR 3 i, it
T P Gy FiT Ci B2 T R U B SAL IR 435G A
JETRRI A BRI A 3 R R, 120 mg- kg™
Cd Zb BRI P, .G .Ci Al T, BRR AT CK, LBk 4 i
A HLIA AR T B35 T R, L5 5 <AL il 5 | ke
(1) Ci FEARLA & Chla+b & &8 FREA . 1 T, FREFEL
(R 2R BRI RRAIR S 755 1 R 43 1 IR A 327 LA
KA FE— R
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FEERE I A AL, S B H S5 R A e 4™, MDA &
HES g b S AR 8 7= 40, S 1 v AR R 40 o A 1 1
AR AT DL B2 B R A7 1 3 P RR RS AR,
WeRE Cd JBA T, wBR A A L S 3838 K, MDA
i bt Cd*iE T A ROS B R 2| —E f B, ]
DMEHECA™ 57 NS JEA 8 8 (145 &, Bl 6
HE(-S-S-), FEUBR 118 18 25 PR TR AR e 2 Ak
F,REC F1 MDA & i 48 fb A i 2 (P>0.05) , 13d B Uit
B R REE IE 7 a1 T, AT Re S A 8 THi AL
PFOHLEI RS LA

FE A 3 T 5 AR IR DA 4 ) a4
WS, e R R 2 R AT R R T ATV R
FHEEOR LA A ML S — R AB S JE T )0, I
FEI B A RE JTE0, WA AR T LA RO R A
RS, BRI K B[R] ot 2 ) A 0 KT A e 2
FE L REERIEP, A5 kKB, Cd* ik B & T 60
mg- kg™ ], AR AN AT R O IR T CK(P<
0.05), X 5HIBELEPIRIBFTEEE RAR], AT B Kl
CA* T4t 1 8O0 35 T4 JoT A W A R 43 B, 145 4 Ak
A REZBH , DT S BT M 5 i R R,
Gh, B R BB S A WSS TR YA s, 75
BN PE R AR A BE P, R AR S R T
(531N S ol o/ STE N NI S G B e S Rl = ewa ) =1 el |
B2 RN AIRHR B CA BB S AT A Cd 455 B 1
(Cd-Bp), tn4: Ja m £ 1A 28 4 8 2 5 8 1 4593, AT
FEAIL Cd 5, 38 MR BT i 5 59— J i3S in 79
AIVPERE (1A B TAERR AR 0 1, SRR ) 617 1
B ARG 2 CA* Mk = T 90 mg- kg™, WA MR
P T REFFAIR T X IR, SRR Cd® ik B & &l ad
T ORISR R R B, SRRy Ca ] T
DNA (&1, e 7 & AR s g, SEHESET
K. IR & 2 — , a8 5
YA P R T o, PR LA (AR T FE RS A
FES S5 )y THI A L 4 o A Y, L i AR A AR 32
B EEINE I —FME S o AT e IR A i 2 i 2
PR Bl Co vk B A3 hn 2 e T e B i i 3 (H 45 Ab
PR 2 5% T CK(P<0.05) , ik B R I 25 i 2 1R
LR F s nL Ik IR Y 2~3 5. Il &
HOINAE— R RYERE T SIS R, PR T 4
gty Mo aery Y, AR TR R RN
ROS, 1875 4 i A0 fb 340 it L 349 4t g Al gk Cd iy

it 2 Ve FLA T2
4 it

(1) hfxt Cd A —E MR RAEST, H. Cd i1
FRIE A >ZE>H iR SRR Cd /) = 2E5R0 .

(2)fiF 60 mg-kg™ Cd AbHE, Xt 15 BRI 1 AR |
AT EA B EEUEVER, X Chla+b 754 (Pn AH X}
HL 3% D) K MDA 5 2 G i 35 52 i), Rk BB - b A
;120 mg-kg™ Cd 4bFH T, ¥k .Chla i1 Chib &5
CK TG i % 22 5+ (P>0.05) , FE MK RE 1 A K FLARFR 4K
KRB SRR Cd A —E TR 52 BE

(3) TR &Iy i AT P 2 1 A 8 i R 5 1 Y
CA? MR B (8 K R e THE BRI 3, IR C? ik i kb 3
T BB AT AT O B i I R A N
Bl R CoP e B IS U LA 9 il 2 R A 1 o

ZE bRk, BN Cd M af i R R TR 2
120 mg- kg™, B mT LAE Ry g Ak RNt s b niz A+
Cd 5 YTt B2 py 3k s A X, HHAE +4% Cd i
L& rp HAT BRI I Y T o
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