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Abstract: The effects of heavy metal cadmium (Cd), alone and in combination with zinc (Zn), on the root growth and activity of
antioxidant enzymes superoxide dismutase(SOD) and peroxidase(POD) in Cucumis sativus L. hairy roots were studied. The purpose
was to study the possibilities on using C. sativus hairy roots for phytoremediation of cadmium contamination. The results showed
that less than 10 mg/L Cd enhanced the growth of C. sativus hairy roots and increased root diameter only in 5-15 days of root culture.
At Cd concentrations above 15 mg/L hairy root growth was gradually inhibited with increasing Cd concentration. The roots formed
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were shorter with smaller lateral roots. Among all the Cd concentrations tested, except with 10 mg/L Cd, the soluble protein contents
in the C. sativus hairy roots cultured with the other Cd concentrations decreased, but the POD and SOD activities increased gradually
with time during the culture process. Further tests were conducted using a control culture containing 25 mg/L Zn alone. The addition
of 1mg/L Cd to the 25 mg/L Zn culture stimulated the growth of C. sativus hairy roots after 7-15 days of growth, compared with the
control. At all other Cd concentrations the growth of C. sativus hairy roots was inhibited compared to the control. Growth inhibition
increased with increasing Cd concentration, and the hairy roots formed fewer, shorter and smaller lateral roots, the tips of which
became swollen. After 5 days culture with different concentrations of Cd + 25 mg/L Zn, the root biomass and the activity of POD and
SOD were lower than in C. sativus hairy roots cultured without the addition of Zn. However, the soluble protein content was
significantly higher when the culture contained 25 mg/L Zn. Our results suggested that C. sativus hairy roots have higher tolerance to
heavy metal Cd but higher concentration of Cd inhibited the growth. Cd in combination with Zn would result in more serious

Cd-induced growth inhibition.
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Fig. 1 Effect of Cd concentration in the medium on growth
and morphology of C. sativus hairy roots. A-F: C. sativus hairy
roots cultured with different concentration of Cd for 15 days. A:
0 mg/L Cd; B: 1 mg/L Cd; C: 5 mg/L Cd; D: 10 mg/L Cd; E:
15 mg/L Cd; F: 20 mg/L Cd.
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Fig. 2 Effect of Cd in combination with Zn on growth and
morphology of C. sativus hairy roots. A-F: C. sativus hairy roots
cultured into medium with different concentration of Cd +
20 mg/L Zn for 15 days. A: 25 mg/L Zn; B: 20 mg/L Zn + 1 mg/L
Cd; C: 20 mg/L Zn + 5 mg/L Cd; D: 20 mg/L Zn + 10 mg/L Cd;
E: 20 mg/L Zn + 15 mg/L Cd; F: 20 mg/L Zn + 25 mg/L Cd.
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Fig. 3 Effect of Cd alone and in combination with Zn on the soluble protein content of C. sativus hairy roots.
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Fig. 4 Effect of Cd alone and in combination with Zn in the medium on POD activity of C. sativus hairy roots.
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Fig. 5 Effect of Cd alone and in combination with Zn in the medium on SOD activity in C. sativus hairy roots.
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JE Cd ¥i I /K M YA N i) SOD . POD #il CAT
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3 ol 875 00 il 3 1 RIS AR Cd X AR A 1 B AR
a5 P X s ARSI Y 4 SRR SE A — 3. A
By, TEASZEG R, Cd. Zn [RIRHELE e Cd Bl A7 AE
IF, AN ] B B RAR A AR, (5 B bR AR
ARG, BH WA, AR S Cd (R as i
20 mg/L Zn {UFERE SRV RESE = &R B Cd K=Y
#RBRM A SOD 1 POD 1k, {H bifi %5 1% 5% i ]
A HE:, Zn A1 Cd [R) s it fin 2 8 25 A 3 IR R AR 1
SOD F1 POD I 4:; iX T BETEEH, Bl 1% 3% i o] S 4K
Cd. Zn [AIBAETE L Cd B A7 7E X R BARAR A K
A B, SR AN [V EE Cd 55 57 1 BB AR
HMF, Zn w] A i BT AL R i SOD Al
POD & PEMIINE Cd X 5 K EARAR A K 1 3 il 7 H,
B Zn XF Cd 51 1) 3 TR ERAR A K 140 41 25 B )
SUMAUET . XA Cd A Zn AV FH 25 5 0977 4 7] fg
SRS B RAR A 2 A A R R D R A S
FHE Zn W2 R NSRRI R A X

ARIB R ELH, N EARR A R &
4 )& Cd Mtz fE 41, Wi zn Jin Cd & & 4bFE 4N Cd
X H N B R AE K il 2 B8 F AR . AT 2
FNA R IRN AR XT E 4R Cd AW ICR
b, DA A B B R AR B FL P A R B X A7 3 4
J& Cd V54 RS TAE 8 &2 258 T AH G 1 T
T ARG NP T AT REME
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