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, 2 Cd DTPA cd
1
Table1l Physoo-chemicd properties o teted il
DTPA
DTPA-extractable (mg kg™ %) Total N Organic metter (5':))
Mn Zn Mg b Fe (gkg™") (gkg™ Y ’
49.0 84.2 46.0 8.02 60.9 2.07 28.4 5.87
2 Snchez ,
Table 2 il Cd contentsin the tregtments before planting (mg kg™ *) 1 nol NADH
d cd 1
DTPA-Cd
Cd addition Totd Cd 1.3.3
0 0.61+0.08 0.35+0.02
[14]
10 10.8+0.5 6.9+0.3 '
20 21.2+0.2 14.3+0.4 134 0.250 g
2.7+1.4 26.7+0.8 100 m , HNOs- HA O,
84.9+0.8 56.1+0.4 ( 31, '
(AAS, HITACHI- Z5000) ,
160 158.0+0.2 8.7+1.9 ( ESP1.
240 241.0%4.2 112.0+2.1 ) Zn Cd Po  DTPA(
) 0.005mol L™ DTPA
1.2 Ccd , 100
0.100 g, 2m HNO3; 1 ml HAO; 1 m HF,
180 8 h, 2%
( ), 4 25
) , 3 SPsSll. 5
135d ,
1.3 2
1.3.1 ,
; 2.1 Cd
L 3 Cd H
1.3.2 cd 80mgkg'! ,cd
Cd 240
[12] 1h mg kgt 137 %,
KNO; NO; Mg 1.02 , 130 % Cd
1h 1d moly - 160 240 mg kg™ ',
1 (p<0.05) , Cd

NADHM mol min™ *mg™*
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3 Cd
Table 3 Hfect of Cd addtion on hiomess o wiole plants o Arabis paniculata F.
cd 1) 1) 1)
Cd addition (mg kg™ %) Wole plart (g, FW) Qortrol (%) Leaves (p) Qortrol (%) Diameter (cm) Qrtrol (%)
0 0.61£0.19 b 100 13.7+2.08 b 100 4.16+0.35¢ 100
10 0.59+0.26 b 97 15.7+0.58 b 115 4.70+0.26 de 113
20 0.68+0.33 b 112 16.3+1.15 b 120 5.67+0.42 cd 136
40 0.58+0.23 b % 16.7+0.58 b 122 6.27+0.57 ¢ 151
80 0.75+0.29 b 123 17.742.52 b 129 6.33+0.21 C 152
160 1.19+0.37 ab 196 24.0£2.00 a 176 8.00%0.87 b 192
240 1.44+0.69a 237 27.7+2.08a 202 9.57+0.45 a 230
: + 1) , 100 %
LD 5% Notes: Results are means + S E 1) Rdaive ratios of the treatment vs CK in biomass, number of
leaves and plant diameter. The same letter in the same column meant o sgnificant differences between the trestments & 0. 05 level. The same below
2.2 Cd Cd cd 240 mg kgt :
1 , cd 160 mg kg™ * cd 10 20 40 80
, cd mgkg * ,NOs-N  NH/-N
cd 20mgkg b, cd (p>0.05) , 10 80mgkg * Cd
10 mg kg™t Cd 160 240 mg NO;-N  NH4-N
kgt o, Cd : cd 0 160 mg kg ®
242 451 mg kg™t Cd lomgkg* (p>0.05) 160 240 mg kg * ,
43 81 d 10% 22%,
, Ccd
cd 10 80mgkg ' 40 mg kg * , 8%,
0.50 0.59 ; (p>0.05)
160 240 mg kg"* 1.51 1.88 , ,
Cd cd 160 mg kg™t '
§ 500 JEEL cd 10 20 40 80 160 240 mg kg *
% | f:éig‘;‘s Jie & 0.67 ,1.29 ,1.54 238 254 |,
- §§ 1. 14
sz 300 12 5 2
SE o
;; 200 O.Sﬁé 2.4 Cd NR GS GOGAT GDH
é 100 {04 §
§ 0 - NI NS 0.0 5 « L
0 10 20 40 80 160 240 cd 40 240 mg kg
Cdi¥f & Cd addition in soil (mg kg™") NR cd 240 g
L o kg ! NR 67 %,
Fg 1 Cd ooncertrations and bio-accumuaion factors in the shoots !
o Arabis paniculata F. (p>0.05) NR
-SH G
23 Cd OGAT ’
_ Cd 40mgkg ', :
o ¢4, NG =N 20 mg kg~ * cd 160 240
NH; -N cd , mykg l '

NO;-N  NH-N : (p>0.05) S AT
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NH, Cd ,DH @DH
4 Cd
Table4 Hfectsd Cd addtion on contentsof NO; N, NH; N, free proline and dluble protein in leaves o Arahis paniculata F.
Cd
Cd addition (mg kg™ %) NO;-N (mg kg™ %) NH#-N (mg kg™ %) Free proline (mg kg™ %) Sluble protein (mg g~ %)
0 36011 b 478 £118 hc 685+251 b 7.74%£0.67 ab
10 146 +59 d 353 +145 cd 458 +177 b 7.94+1.49 ab
20 161+41d 357 +112 cd 883+411 b 8.36+1.32a
40 178+26 d 283+75d 1057 +£360 b 8.36+0.57 a
80 158+18d 334 +41 cd 1632 +221 a 8.14+1.52 ab
160 280+51c 560 +103 b 1652 + 358 a 6.96+0.54 ab
240 437+62 a 765+83 a 782+378 b 6.02+1.27b
5 Cd NR GS GOGAT GDH
Table5 Hfectsd Cd addition on activitiesd NR, GS, GOGAT and @DH in leavesd Aralis panicuata F.
Cd %R0k BE NR &t GS GOGAT &1 GDH {&#
Cd addition NR activity GS activity GOGAT activity GDH activity
(mg kg™') (pgg™'h™h) (pmol g='h~1) (umol g™' h~') (pmol mg™! min~")
0 8.76 +0.82 ab 32.1+7.3 abe 6.48 +0.55 ab 1.60+0.44 ¢
10 7.89+0.24 ab 26.4+1.3 be 5.28+0.48 b 2.58 +£0.83 be
20 9.36£0.71 a 37.5+6.5 ab 6.36+0.84 ab 3.57+0.65 ab
40 8.01+£0.99 ab 39.6+13.9a 6.8+1.12a 3.60+0.99 ab
80 5.45+0.43 abe 27.2+4.2 abe 5.74+0.58 ab 3.87+0.56 a
160 4.75%0.31 be 23.1x4.4¢ 5.26+0.46 b 1.73+£0.47 ¢
240 3.58+0.16 ¢ 21.7+x1.4 ¢ 5.42+0.33 b 1.69+0.14 ¢
(p>0.09) , GS
3 : ,Cd
cd NR
[15] , , [1,3 5] cd NR
Cd, ,NR
[1] ’ (A22]
’ [16] cd (1] .cd
; cd NR
, cd NO; NR mRNA
, , , NR [23]
Zn T. caerulescence Zn ,
0 75 mg kgt 4 GS QORAT 95 %
W zn Zn NH; GS GOAT (4 cd e
160 mgL () GOGAT (3 5] cd
66. 6 %! G &S @OGAT =
[19.20] G &S GOGAT '
- 0.34, ,@DH cd
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EFFECTS OF CADMIUM ON ACTIVITIES OF KEY NITROGEN METABOL ISM
ENZYMES IN L EAVES OF ARABIS PANICULATA FRANCH

Yu Fangring  Qiu Rongiang'?'  Zhou Xiaoyong'  Ying Rongong'  Tang Yetao'?  Zhao Xuan'
Hu Pengjie" Zeng Xizowen'
(1 Schod d Evironmental Sdience and Enginesring, Sun Yat-Sen University, Guangzhou 510275, China)
(2 Guangdong Province Key Laboratory for Environmental Pallution Contrad and Remediation Techndogy, Guangzhou 510275, China)

Abgract Hfectsd cadmium (Cd) on activities of key nitrogen metabolism enzymes in leaves of Arabis paniculata F.
were dudied. Arabis paniculata F. , a nealy identified hyperaccumulator , was grown in oils varying in Cd contert (0, 10, 20,
40, 80, 160 and 240 mg kg %) for 135 days. Fantswere andyzed for conterts of NO; -N, NH,; -N , @oluble protein, proline
and activities of nitrate reductase (NR) , dutamine synthetase (G , dutamete synthase (GOGAT) , dutamate dehydrogenase
(@DH) . Resuts show that the biomass of Arahis paniculata F. increased with the Cd concentration in the il and reached the
highest in the trestment of 240 mg kg™ *. In the treatmentswith Cd contert varyingfrom 10 to 80 mg kg™ *, the contentsof NO; -
N and NH, -N in plant shoots were lower than in the control but did not show any sgnificant variance (p>0.05) , while in the
treatments above 80 mg kg™ ! Cd , both the contents of NO; -N and NH, -N increased with the Cd concentration. Conpared with
the cortrol |, the treatments of Cd varying between 10 160 mg kg™ * did not show any sgnificant variance (p>0.05) in NR ac-
tivity , but NR activity reduced sharply to 67 % of the cortrol in Treatment 240 mg kg™ ! Cd. Furthernore , the activitiesof GS,
@OCGAT and soluble proteinin dl the Cd treatments showed no significant variance (p > 0. 05) fromthe control. The GDH activ-
ity increased with the Cd concentration from 10 to 80 mg kg™ “and then decreased dranetically when above 80 mg kg™ *. Gonr
pared with that of the cortrol , the conterts of free proline increased obvioudy in the Cd treatments except in treatment 10
mg kg™ * Cd.

Key words Arabis paniculata F. ; Cadmium; Nitrogen metalolism; Ernzyme activity



