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Abstract: This work aims to study cadmium Cd, zinc (Zn), selenium (Se) and various combinations of them on the germination of
rice seeds, growth and development of plants, and the Cd contents in different parts, as well as to explore the alleviation mechanisms of Zn or
Se or Zn-Se interaction on the toxicity of Cd in rice. Having rice variety Nanjing 9108 as study object, germination and hydroponic experiment
were conducted to measure the germination, growth, physiological indexes and Cd content in different parts. The experimental results showed
that seed germination was promoted at low concentration of Cd, while inhibited at high concentration. The inhibitory effects of Cd on the
physiological indexes of rice seeds were alleviated after Zn added, and accumulation of Cd was reduced. Instead, the inhibitory effects of Cd on
the physiological indexes of rice seeds were not alleviated after Se added, and high concentration of Se increased the toxicity of Cd on the seeds
and led to the physiological indexes of seeds reduced. The synergistic application of Zn and Se promoted seed germination, but did not facilitate
the growth of rice seedlings. Under 5 mg/L. Cd stress, adding Zn or Se at different concentrations both significantly increased the lengths
of roots, the heights of seedlings, relative water contents of leaves and the value of SPAD, alleviated the toxicity of Cd to rice growth and
development, as well as significantly reduced Cd contents in the roots of rice. The heights of seedlings and SPAD decreased dramatically, and
lengths of roots and relative water contents did not change observably after Zn and Se were added together. Therefore, appropriate concentration
of Zn and Se may effectively decrease the Cd accumulation in rice, and reduce the toxicity of Cd to rice.
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Table 1 Effects of different concentrations of cadmium on the germination and growth of rice seed

I R \ FBE Shoot N ROERE
AbFE Treatment/ o Lo HEEEE Root fresh . MK Root 2K Shoot 'El . MEAE R

o Germination Germination . fresh weight Germination o
(mg- L") weight/ (g/ Il ) length/em length/em Vitality index

potential/% rate/% / (/1) index

CK 60.67 +0.02a  78.67 +0.02b 0.24 +0.02¢cd 0.32+0.03¢  3.09+0.21b  3.01 £0.18ab 59.87 £3.06a  169.90 + 24.42a
Cdo.1 60.67+0.03a  82.67 +0.03b 0.25+0.01¢ 0.32+0.0l¢ 343 +0.25ab 2.98 £0.18ab 59.69 +3.08ab 175.63 + 12.00a
Cd0.5 54.00+0.02b  84.00 + 0.02h 0.29 +0.01b 0.39+0.01b  3.32+0.12b  3.01 £0.13ab 56.56 +3.05ab 177.86 +29.51a
Cdl 61.00+0.04a  90.67 +0.04a 0.31 £0.02a 0.47+0.02a 3.66+0.14a 321+0.19a 60.34 +2.43ab 202.26 +22.37a
Cd2 58.67+0.03ab 8533 +0.05ab  0.21 £0.01d 0.31+0.02¢  2.26+0.03c 3.01 £0.05ab 55.85+0.82b 172.61 +4.19a
Cd4 52.67+0.01b  66.00 +0.02¢ 0.17 £0.01e 0.29+0.0led 1.99+0.10d 2.73+0.16b 4633 +0.67c  119.38 +3.60b
Cd8 42.00£0.03¢  60.00 £ 0.04d 0.16 + 0.00e 028+0.02d 1.54+0.13e 2.66+0.19b 37.55+1.98d 91.43 +10.69b
Cd10 22.00+£0.02d  44.67 +0.03e 0.12 +0.01f 027+0.02d 1.21+0.07f 2.81+0.13b 23.60+1.03e  61.60 +3.55¢

T RPEE T+ bz, RREVNE FRF0REREE (P<0.05), TH

Note : The data in the table are mean + standard deviation, and different lowercase letters indicate significant difference ( P<0.05), the same below
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Table 2 Effects of different concentrations of zinc, selenium and cadmium on the germination and growth of rice seed

ZEif T Shoot

KRR

Kb Treatment o L . F Root ZEH Shoot . JLWAE S
o Germination Germination fresh fresh weight Germination o
/(mg - L") . . length/cm length/cm . Vitality index
potential/% rate/% weight/ (g/ M) / (g/ ML) index

CK 46.00 £0.02a  82.67+3.06a  0.24+0.03a 0.329+0.05a  2.76 £ 0.04a 3.01 £0.18a 50.94+1.02a  153.48+9.47a
Cd5 11.33£0.03d  47.33+3.06d  0.14 £0.04d 0.29 = 0.04b 0.48 £ 0.04e 2.75+0.11b 17.13£0.82e  47.08 +3.52¢
Cd5+Zn5 31.33+0.11c ~ 74.00£2.00b  0.20 + 0.06¢c 0.25 £ 0.04¢ 1.32 £ 0.05¢ 3.12+0.14a 3891+0.53¢ 12141 +6.22¢
Cd5+Zn10 39.33+0.08b  82.67+5.03a  0.23+0.08b 0.33 +0.05a 1.61 +0.03b 3.12+0.04a 4485+ 1.57b  139.96 £ 6.67b
Cd5+Sel 8.33 £0.05e 2933+ 1.15¢  0.14+0.05d 0.24 £ 0.04c 0.48 £ 0.03e 1.94 +0.02d 10.78 £ 1.36f  20.92 +2.67f
Cd5+Se5 6.00 +0.01e 24.67+3.05¢  0.01 +0.06g 0.11 £0.04e 0.45 +0.04f 1.80 +0.01d 7.39 +0.45¢ 13.30 £ 0.81f
Cd5+Sel+Zn5  6.67 +0.05¢ 1533+ 1.15f  0.07 +0.03f 0.12 +0.03e 0.46 +£0.03ef 221 +0.06¢c 8.25+0.8lg 18.28 +2.20f
Cd5+Se5+Zn10  30.00 £0.09¢c  57.33+23lc  0.12x0.1le 0.16 + 0.05d 0.50£0.03de  2.72+0.12b 32.66+042d  88.81+2.82d
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Fig.1 Effects of different treatments on the cadmium cont-
ent in the young roots and shoots of rice seed
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Table 3 Effects of different concentrations of zinc, selenium and cadmium on the growth and physiological indexes of rice

REPE Treatment/ (mg -+ L") K Root length/em

Fk 1 Plant height/cm

FHXT & 7K Relative water content/% SPAD H Arbitrary units

CK 18.20 = 1.35¢ 54.46 + 6.15a
Cd0.5 15.40 £ 0.89d 34.53 £ 3.10e
Znl 22.80 = 0.95a 53.68 £4.67a
Se0.5 17.80 = 1.05¢ 44.50 + 4.39h
Cd0.5+Zn1 21.40 = 1.30a 38.47 +3.55d
Cd0.5+Se0.5 19.00 + 0.56b 41.96 + 6.22¢
Cd0.5+Zn1+Se0.5 16.50 + 0.89d 26.73 +3.61f

97.41 + 1.05a 4133+ 1.11a
81.75 = 1.46¢ 27.57 £ 0.83e
96.96 +0.77a 4255+ 1.01a
89.89 + 1.60b 38.23+1.17b
89.09 +2.22b 35.63+1.22¢
95.69 + 1.06a 31.10 £ 0.92d
80.41 £ 1.24¢ 23.07 £ 0.67f
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Fig.2 Effects of different treatments on the cadmium con-
tent in the roots, stems and leaves of rice
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Table 4 Effects of different treatments on the cadmium
transport in rice

AbFH Treatment M — 2% Root-Stem 3 - 1 Root-Leaf
Cdo.5 0.22 +0.04a 0.09 £0.01a
Cd0.5+Znl 0.22 +0.02a 0.08 + 0.00ab
Cd0.5+Se0.5 0.10 = 0.00¢ 0.04 + 0.00c
Cd0.5+Zn1+Se0.5 0.15+0.01b 0.07 + 0.00b
T8 ZB AN — 2RI e / LA et AL — B PR o /AL
s

Note : Translocation factors : Root-stem refers to the cadmium content in stem/
cadmium content in root, and root-leaf refers to the cadmium content in leaf/ the

cadmium content in the root
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