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Physiological responses of Hygroryza aristata to cadmium stress

XIE Dezhi', WEI Zilu', ZHU Junyi', DU Ying', JIN Shuihu', YUE Chunlei’

(1. School of Forestry and Biotechnology, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 2. Zhejiang
Academy of Forestry, Hangzhou 310023, Zhejiang, China)

Abstract: [Objective] The purpose of this study is to observe the physiological responses of Hygroryza
aristata to cadmium (Cd) stress, for protection and utilization of H. aristata. [Method] The effects of cadmium
on the growth, photosynthetic physiology and antioxidant enzyme activities of H. aristata were studied using
hydroponic test in which plants of H. aristata were treated with cadmium at concentrations of 0 (ck), 2 (T,), 4
(T,), and 6 (T5) mg+L™" and sampled at 0, 4, 8 and 12 days after treatment. [Result] The plant height of H.
aristata gradually decreased as the concentration of cadmium increased. By 12 days after treatment, the plant
height of T, T, and T; was 16.35%, 21.27% and 27.29% lower than that of ck, respectively. Similarly, the total
length of roots and the total number of root tips decreased significantly(P<< 0.05). The mass fraction of total
chlorophyll, chlorophyll a and chlorophyll b in the leaves of H. aristata decreased, so did chlorophyll a/b. The
net photosynthetic rate (P,) dropped significantly(P<< 0.05). By 12 days after treatment, P, in T, T, and Tj
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decreased by 55.44%, 58.77% and 96.47% respectively, compared with ck. After treatment for 8 days, P,, the
transpiration rate (7,), and the stomatal conductance (G,) in Ty, T, and T; decreased significantly (P<<0.05),
while the intercellular CO, concentration (C;) increased significantly (P<<0.05). Compared with ck, the mass
molality of hydrogen peroxide (H,0,) and malondialdehyde (MDA) in the leaves of H. aristata increased
gradually with the increase of cadmium concentration. With the extension of treatment time, the increasing rate
of H,0, and MDA mass molality in each treatment showed a downward trend, and the maximum increasing rate
occurred between 0—4 d after treatment. The proline (Pro) content in T; first increased and then decreased,
reaching a peak on day 8 and decreasing by 53.85% on day 12 compared with ck. The activities of superoxide
dismutase (SOD), peroxidase (POD) and catalase (CAT) in the leaves of treated H. aristata plants gradually
increased with the increase of cadmium concentration. [Conclusion] Cadmium has a serious toxic effect on H.
aristata, whose growth and photosynthetic activities are obviously inhibited under cadmium stress. Long-term
cadmium stress limits the activity of antioxidant enzymes in removing reactive oxygen species (ROS) and
protecting against oxidative damages, which further weakens the ability of H. aristata to resist adverse stress.
[Ch, 4 fig. 2 tab. 47 ref.]
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Figure 1 Changes of height of H. aristata under cadmium stress
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Figure 2 Changes of roots of H. aristata under cadmium stress
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Table 1 Changes of chlorophyll contents in leaves of H. aristata under cadmium stress

LR E Bt S 8/ (mg- g7

Ab PR K/ d AL -2 FKa/b
BAHERER M4k Ra M-4%3Rb

0 ck 2.02+0.13 1.61+0.10 0.41£0.06 3.89+0.12
ck 2.13+0.09 a 1.71+0.08 a 0.42+0.02 a 4.06+0.02 a
T, 1.70£0.01 b 1.36+0.01 b 0.34+0.01 b 3.96+0.03 a
N T, 1.65+0.01 b 1.30+0.01 b 0.35+0.01 b 3.70+0.02 b
T 1.42+0.01 ¢ 1.12+0.01 ¢ 0.31£0.02 ¢ 3.63£0.02 b
ck 2.03+0.15a 1.62+0.12 a 0.41£0.03 a 3.93+0.01 a
T, 1.61£0.01 b 1.27+0.01 b 0.34+0.01 b 3.68+0.02 b
8 T, 1.56+0.02 b 1.22+0.02 b 0.34+0.01 b 3.61+0.01 b
T 1.29+0.02 ¢ 0.92+0.01 ¢ 0.36+0.01 b 2.58+0.03 ¢
ck 2.15+0.02 a 1.72+0.01 a 0.43+0.01 a 3.98+0.02 a
0 T, 0.52+0.02 b 0.41+0.01 b 0.11£0.01 b 3.65+0.02 b
T, 0.47+0.01 ¢ 0.35£0.01 ¢ 0.12+0.01 b 3.06+0.02 ¢
T 0.32+0.01d 0.21+0.01d 0.11+0.01 b 2.03+0.01d
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Table 2 Changes of photosynthetic parameters in leaves of H. aristata under cadmium stress
AbHREd FRAL P,/(umol-m2s™") T/(mmol-m?s™") G/(mmol*m?s™") C;/(umol- mol ™)
0 ck 10.32+0.55 1.80+0.03 230.76+9.51 334.36+5.92
ck 9.98+0.27 a 1.83+£0.01 ¢ 234.41+4.15b 337.7242.76 ¢
T, 8.35+£0.04 b 2.14+0.01 a 264.41+4.06 a 394.94+0.51 a
4
T, 6.35+0.10 ¢ 2.06+0.01 b 259.90+2.63 a 386.37+1.87 ab
T; 4.80+0.06 d 1.30+£0.01d 140.55+1.94 ¢ 377.3843.63 b
ck 9.46+0.02 a 2.07+0.01 a 246.28+4.76 a 339.38+0.38 ¢
T, 5.35+£0.02 b 0.89+0.01 ¢ 213.64+1.52 b 373.2845.60 b
8
T, 4.91+0.02 ¢ 1.21+0.02 b 115.23+£3.77 ¢ 374.4843.58 b
T 0.57+0.02 d 0.80+0.01d 79.83+0.69 d 404.33+1.37 a
ck 9.14+0.03 a 2.17+0.07 a 253.3944.27 a 341.14+0.67 ¢
0 T, 4.07+0.04 b 1.52+0.01 b 194.70+1.02 b 374.57+£7.36 b
T, 3.77+0.03 ¢ 1.30+0.01 ¢ 134.09+4.39 ¢ 377.42+1.51b
Ts 0.32+0.01d 0.55+0.01d 50.56+1.39d 405.83+0.47 a
YA s AR/ INE TR R — R BRI ) A [ 4 o e B2 ) 2 5 (.3 (P<<0.05)
200
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—

12 0 4 8 12 0 8
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ANHAKEFRFRF WP EIRE T, AR 2 525 5% P<0.05); AFR/NG FRRRE—AH
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[ 3 4k FRAR HyO,. MDA #= Pro %9 %44

Figure 3  Changes of H,0,, MDA and Pro contents in H. aristata under cadmium stress
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Figure 4 Changes of antioxidant enzyme activities in /. aristata under cadmium stress
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