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Identification of Cadmium Tolerance in a Subset of the Core Collection of Chinese

Rice (Oryza sativa L.) Germplasm
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Abstract: Plant uptake and accumulation of heavy metals show significant intraspecific difference namely ge-
notypic differences. In this study, the relative difference of root length (RRL) and the relative difference of plant
height (RPH) of 90 core collection of rice seedlings after 50 pmol-L"' cadmium (Cd) treatment were analyzed
to determine the Cd tolerance of different rice materials. The results show that 11 cultivars display better resis-
tance to Cd stress, whereas 9 lines sensitive to Cd treatment. Next, the contents of Cd, Ca, Fe, Zn, K, Mn and
Mg were detected in the different tissues of rice grown in Cd-contaminated soil, and the results indicate that Cd
affect the absorption of other beneficial elements. Furthermore, the distribution of the metal elements displayed
tissue-specific. Compared with other materials, the Cd content of ‘BINIRHEN’ was remarkably lower, and the
content of Zn, Fe and Mn in the spike was higher than that in the stem. These results suggest that ‘BINIRHEN’
was the most promising material for genetic improvement of Cd stress. The results of this study have certain
reference value for the screening of Cd tolerant rice lines, and for cloning key genes controlling Cd tolerance in
rice.
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Fig.1 The phenotypes of different rice cultivar seedlings under cadmium stress in two concentrations
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Table 1 The plant heights, root lengths, RPHs and RRLs of different rice cultivars under cadmium stress
#RE/em HRK/em
'S AR Fif ml A FRXT R AHXSARAC
CK CK Cd
83 Japonica ‘JUMALI’ 18.93+4.84 22.00+1.78 -0.16 8.07+0.42 8.80£0.52  —0.09
16 Japonica ‘IRAT 13’ 17.17+1.75 19.75+0.95 -0.15 7.60+0.79 8.80£0.57  —0.16
105 Japonica ‘BINIRHEN’ 18.23+1.42 19.32+1.63 -0.06 6.77+1.07 8.28+0.81  —0.22
86 indica A 24.60+1.77 25.40+1.31 -0.03 6.90+0.83 9.50+1.32"  —0.38
55 indica LI 14.67+0.58 14.93+1.00 -0.02 10.40+1.44 10.83£1.15  —0.04
92 indica ‘KEQING 3’ 17.02+1.38 17.00+0.78 0 8.78+0.55 10.10£1.02°  —0.15
113 Japonica ‘PRATAO’ 23.80+2.43 23.34+1.59 0.02 8.28+0.64 8.56£0.67  —0.03
17 Japonica ‘KN 361-1-8-6 17.37+4.16 17.00+2.00 0.02 5.63+1.34 6.60£0.75  —0.17
112 Japonica ‘LAC 23 20.90+1.92 20.38+1.21 0.02 8.92+0.96 10.18£0.63  —0.14
94 indica FFPRIAL 20.42+1.28 19.70+1.11 0.04 8.60+1.71 8.63+0.96 0
67 indica ‘Dalai Aman’ 18.80£1.06 17.97+1.27 0.04 7.3040.50 7.20+0.61 0.01
42 indica ‘MONOLAYA’ 12.60+£0.99 14.06+2.72 -0.12 9.20+0.57 8.70+0.61 0.05
77 indica ‘DS001° 17.50£1.09 18.18+1.09 -0.04 8.66+0.90 7.95+0.37 0.08
102 Japonica ‘“TODOROKIWASE’ 23.1242.98 23.83+3.61 -0.03 8.82+0.41 8.23+1.11 0.07
5 indica ‘c22 20.03+0.87 20.20+0.26 -0.01 7.90+1.35 7.27+1.36 0.08
71 Japonica ‘IR 10781-75-3-2-2" 19.90+3.93 19.5042.52 0.02 6.00+0.20 5.67£0.75 0.06
68 Japonica ‘CICA 4 14.90+0.66 14.55+2.62 0.02 10.87+0.47 6.90+2.12 0.37
112 Japonica ‘LAC 23 20.90+1.92 20.38+1.21 0.02 8.92+0.96 10.18£0.63  —0.14
82 indica NUN 23.78+0.55 23.12+0.54 0.03 10.44+1.18 8.54+0.09 0.18
78 indica ‘SML 81B’ 18.24+2.55 17.38+2.27 0.05 7.06+0.94 6.32+0.51 0.1
25 aus ‘LAMBAYEQUE I’ 22.97+0.97 21.87+2.39 0.05 6.23+0.84 6.10+1.31 0.02
85 indica CRE A 18.00+2.69 17.10£1.97 0.05 7.72+0.55 7.68+0.83 0.01
93 indica ‘Rikuto Norin 21’ 21.40+1.93 19.87+4.96 0.07 12.05+1.53 9.80+0.36 0.19
10 indica JAC 5100 20.38+0.65 18.90+1.98 0.07 9.30+0.99 6.90+1.84" 0.26
61 indica q1-32 B’ 14.53+1.50 13.40+1.65 0.08 11.33+2.57 9.30+0.82 0.18
91 indica ‘PR 403’ 18.44+2.00 17.00+0.72 0.08 8.60+1.29 9.16£0.99  —0.07
74 indica NI 20.00£1.27 18.34+1.00" 0.08 8.26+1.05 7.76+0.33 0.06
54 indica ‘NORIN 24’ 14.93+1.44 13.50+1.00 0.1 11.17+1.26 7.30+1.47 0.35
36 Japonica ‘Iguape Cateto’ 25.50+1.50 23.03+£3.46 0.1 7.13+£0.29 8.17+1.97 —0.15
32 Japonica ‘DNJ 171 17.30+5.90 15.60+2.85 0.1 7.6043.18 7.27+1.16 0.04
69 indica ‘B 20.47£0.15 18.43+2.28 0.1 6.83+1.36 5.10+£0.95 0.25
12 Japonica “T 1095’ 21.3542.13 19.10+1.04 0.11 13.1242.64 12.43+1.64 0.05
101 indica NNy 22.28+1.08 19.85+1.38" 0.11 6.22+0.77 6.17£0.92 0.01
103 indica ‘CARTUNA’ 15.42+1.10 13.70+1.68 0.11 5.10+0.82 5.50£091  —0.08
7 indica R 18.58+1.78 16.37+1.38 0.12 11.02+0.78 7.65+1.17" 031
114 indica EE1S 15.96+1.34 14.02+0.89 0.12 6.7240.56 6.36=0.76 0.05
107 Japonica g8 16.15+0.47 14.17+3.88 0.12 14.17+3.88 5.70+1.25 0.6
20 Japonica ‘TORIDE 1’ 23.43+4.67 20.53+1.62" 0.12 11.03£0.49 6.57+1.00" 0.4
24 Japonica ‘MIFOR 6-2’ 22.73+1.42 19.90+5.55 0.12 6.560.55 5.63+0.31° 0.14
9 indica ‘DINALAGA’ 18.48+1.39 16.13+3.00 0.13 8.70+0.88 7.03+0.78 0.19
34 indica ‘Jappeni Tungkungo’ 19.23+0.25 16.77£2.63 0.13 6.20+1.40 5.03+0.87 0.19
13 indica HRRT25 23.24+5.70 20.25+1.91 0.13 8.66+0.86 7.45+0.25" 0.14
119 Japonica ‘C 418 23.80+1.35 20.70+2.03 0.13 7.96+1.27 9.28+0.65  —0.17
97 indica ‘IR 65907-116-1-B° 19.40+1.66 16.83+0.15 0.13 5.45+0.77 4.43+0.06" 0.19
100 indica “Nep Huong’ 23.85+2.61 20.63+1.55 0.14 8.18+3.41 8.63£0.45  —0.06
44 indica ‘BPI 9-33’ 15.43+1.42 13.20+0.96 0.14 9.83+1.27 6.47+0.60" 0.34
129 indica GRS 18.08+0.66 15.40+2.76 0.15 7.2240.64 6.80+0.60 0.06
123 indica R3S 18.36+4.02 15.60+2.81 0.15 5.54+0.68 5.32+0.59 0.04
64 indica FHLL D 14.37+0.71 12.13+0.75 0.16 10.57+0.85 8.10+0.78" 0.23




VL AREE: IKFERZ O DT i A e % 5 1621

F1(5h)
R /em K /em
'S R Fef i FHXS PR e AHXTARE
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27 Jjaponica LRy 19.47+2.75 16.43+2.76 0.16 6.73+1.08 6.53+0.75 0.03
115 indica rf1 209’ 19.02+2..54 16.001.07 0.16 8.28+0.28 8.52+41.32  —0.03
66 Jjaponica ‘DJAUB’ 18.97+2.05 15.87+2.06 0.16 6.07+0.31 3.70+0.62° 0.39
31 Japonica ‘NAVOLATO A 71’ 16.33+2.34 13.63+1.69 0.17 7.0742.97 6.40+1.04 0.09
37 Japonica rh E3 27.17+1.04 22.63+2.51 0.17 9.23+0.06 9.07+0.55 0.02
120 indica PRIB 19.66+2.67 16.28+3.14 0.17 11.68+0.88 10.02+1.24 0.14
73 indica ‘MRC 172-9° 20.54+1.81 16.98+2.02" 0.17 7.7240.56 6.04+0.76" 0.22
19 Japonica ‘IAC 1246 16.93+1.29 13.87+0.40 0.18 11.40+1.01 8.17+1.19" 0.28
121 indica YPRIB 19.82+1.55 16.1242.50" 0.19 6.98+0.48 6.34+0.80 0.09
99 indica “TAITUNG 16 18.95+2.43 15.25+3.54" 0.2 7.6240.95 7.62+0.46 0
127 Japonica il 18.86+2.01 15.16+0.89" 0.2 6.24+0.21 5.66+0.70 0.09
49 indica ‘PR 325° 15.83+0.23 12.70+0.36" 0.2 7.5343.52 7.5740.40  —0.01
57 indica “DTO01° 19.50+1.80 15.57+0.67" 0.2 7.93+1.10 5.83+1.76 0.26
96 Japonica ‘Blue Belle’ 24.32+1.49 19.40+1.65" 0.2 8.66+0.10 7.57+0.06" 0.13
79 Japonica ‘ITA 141° 22.02+1.61 17.48+1.54" 021 12.22+1.65 9.54+0.61 0.22
59 Japonica JAC I’ 16.40+2.36 12.97+2.97" 0.21 7.9042.10 5.57+1.65 0.29
81 indica ‘IR 30358-084-1-1° 26.08+1.65 20.52+2.28" 0.21 11.92+1.21 11.40+1.70 0.04
26 Japonica ‘UvVs’ 20.40+2.47 16.05+2.05 0.21 8.66+0.87 8.60+0.62° 0.01
58 indica ‘Dourado Agulha’ 17.9343.15 14.10+3.00 0.21 4.80+0.56 3.70£0.26" 0.23
72 indica ‘BALA’ 26.46+1.80 20.80+1.96" 0.21 11.58+1.60 9.66+0.51 0.17
23 Japonica ‘KU 70-1 23.50+5.89 18.47+3.97 0.21 7.93+1.46 6.83+1.95 0.14
15 Japonica WAVEE 22.33+5.03 17.55+3.75 0.21 9.10+2.13 7.55+1.34 0.17
62 Japonica ‘BENGUE’ 25.33+2.08 19.80+2.42 0.22 9.07+1.37 5.37+0.32 0.41
87 Japonica ‘IPEACO 162’ 14.20+1.93 10.96+3.29 0.23 11.90+0.35 9.28+1.37 0.22
98 indica “Tres Meses’ 25.54+1.04 19.53+1.27" 0.24 9.92+0.30 10.53£0.81  —0.06
39 indica ‘Khau Meo’ 15.37+5.20 11.53+0.99 0.25 11.07+2.69 4.40+0.53" 0.6
6 Japonica R 27.37+0.25 20.10+1.08" 0.27 13.33+1.33 9.900.90° 0.26
70 Japonica ‘MIGA’ 20.73+0.81 14.93+1.96" 0.28 11.37+0.25 6.70+0.95" 0.41
3 Jjaponica <R 24.83+0.38 17.22+3.73" 0.31 12.20+1.61 10.40+1.58 0.15
28 Japonica ‘Bico Preto’ 24.23+0.70 16.40+4.16" 0.32 7.1742.32 5.87+1.55 0.18
84 indica ‘Bico Branco’ 27.83+3.20 18.00+2.317 0.35 9.77+0.51 7.50+0.94" 0.23
90 Japonica P i 28.88+2.16 17.53+2.19 0.39 8.66+0.10 7.73+1.08" 0.11
53 indica ‘COLOMBIA 1° 17.33+0.58 8.50+4.24" 0.51 10.00+1.00 9.50+4.95 0.05
11 Japonica ‘MILT 1444’ 21.38+0.89 15.03+1.16" 0.3 14.02+1.20 10.13+0.47" 0.28
51 Japonica QGRS 26.00+2.00 18.00+1.73" 0.31 17.27+0.64 11.00+1.00 0.36
8 Japonica ‘SILEWAH’ 24.90+1.24 16.00+3.15" 0.36 11.42+0.79 8.33+1.24" 0.27
56 Japonica ‘Emata Yin’ 19.17+3.33 12.23+5.86 0.36 11.50+0.50 5.13+1.80" 0.55
18 indica ‘IR 75942-9° 21.93+4.87 13.43+3.40" 0.39 12.37+2.22 8.60+2.00 0.3
128 Japonica GPE3E 21.18+1.19 12.40+2.27 0.41 13.25+0.41 9.44+0.79" 0.29
60 Japonica ‘IR 442-2-58’ 23.33+4.04 13.50+1.32 0.42 13.90+3.78 8.23+1.05" 0.41
38 Japonica EEER 26.33+3.06 12.73+4.94" 0.52 15.5042.65 7.67+2.84° 0.51
40 Japonica FE3E 21.80+0.85 10.50+1.35 0.52 12.75+1.06 5.33+1.15" 0.58

“Cd” 450 pmol- L™ A3, 27 ] — S FhCa b T ) M o AR A 5 % HE AT LE 22 57 (2. 35 (P<0.05) .

15 i S R A 22 S, AR TR B A N 2= Rl
IR B 25 5 (GrantZ52008; X1 4k 35 A1 & f52010)
1 AEIMMKFENCITTEE /NFE(Zhang®52002). K3 (Wus2003; Tiryakioglu

MRS L EE R ) EAMERIE 252006) A1 K (FR 58 77 252010) 25 /4 A [ 3 4] 7Y
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Table 2 Concentrations of seven kinds of metal elements in eight different rice lines grown in Cd contaminated soil

s A M4 Cdimgkg' Zn/mg-kg' Fe/mg-kg' Mn/g-kg Mg/g-kg" Ca/g-kg" K/g-kg'
40 B3 o 0.41£0.07° 31.60+2.97° 107.34+£17.85*  0.19+0.03*  0.95+0.15"  4.29+0.47° 14.75+2.88"
2 0.53£0.09 60.96+12.78" 54.50411.53°  0.14+0.02"  0.75£0.11°  0.4240.07° 16.86+1.76"
B 0.12+0.03 53.47+5.08™ 38.86%4.95 0.10£0.01°  1.34+0.03*  1.11£0.04"  8.68+1.04°
18 ‘IR 75942-9° M 0.32+0.02° 27.70+5.27° 53.46=7.89 0.43+0.07°  1.23+0.50°  2.37£0.82" 10.65+2.12
2 0.60£0.03°  176.38+20.69° 68.60+8.56 0.38£0.03"  0.88+0.15"  0.76+0.17° 12.14+2..33
B 0.26+0.04° 53.57+7.42° 65.65+10.46 0.18+0.01°  1.29+0.20°  1.37+0.28" 12.46+1.96
32 DNJ 17D o 0.62+0.12° 53.09+8.92" 102.75414.07"  1.3940.19°  2.61+0.30"  4.03+1.11"  15.52+2.35
2 1.93£0.39°  227.81£33.53°  117.43£13.37°  0.51+0.11"  1.52+£0.31"°  0.64£0.09° 33.56+4.56"
B 0.5240.11° 81.38+20.66" 50.27+10.32°  0.46+0.06"  1.71£0.06°  1.24+0.23° 12.06+1.29"
36 ‘Iguape Cateto”  Hf  0.52+0.06" 49.11£6.12° 140.7421.87"  1.01£0.14"  1.39+0.01  3.38+0.72"  15.88+0.49"
2 2.11£0.40°  177.12+£28.40°  139.83+10.57°  0.37+0.07°  1.20£0.11  0.44£0.01" 24.01+2.27°
B 0.72+0.17°  399.99+54.67" 90.52+16.80°  0.31+0.11°  1.34+£0.04  0.97+0.11°  14.10+2.90°
107 58S’ "o 0.55£0.09° 37.31+5.93° 48.27+2.89" 0.62+0.12°  1.61£0.29  221+0.37" 14.46+2.41°
0 1.1440.11°  289.63+43.67° 95.81+6.41° 0.7240.14"  1.78%0.37  0.73£0.13°  20.61+4.47"
o 1.18+0.11° 98.30+19.72° 75.03£11.39®  0.21+0.07°  1.89+0.22  0.97+0.03° 25.10+4.69"
96  ‘Blue Belle’ m0.06£0.02° 12.58+0.97° 108.27+8.52° 0.27£0.03*  1.1240.20°  3.38+0.35" 12.91%2.50
2 0.15£0.03° 26.81+2.49" 73.87+12.40°  0.09+0.01°  0.88+0.19°  0.71+0.12° 17.53+3.89
B 0.06+0.02° 69.43+4.22° 617.15£94.91*  0.14£0.04°  1.48+0.25*  1.78+0.20° 13.56+2.81
67  ‘Dalai Aman’ M 0.23£0.01° 65.35+5.31 130.26+15.43 0.48£0.03"  1.66£0.25°  3.98+0.84" 20.37+2.13"
2 1.20+0.22° 70.63+10.52 84.78+14.38 0.28£0.11°  1.13£0.17°  1.64+0.26° 19.68+3.63"
B 0.42+0.07° 48.23+6.90 100.97+9.70 0.23£0.06°  1.39+0.28"  0.98+0.16°  6.57=1.02°
105  ‘BINIRHEN’ o 0.20+0.02° 12.9+1.6° 71.24+15.12°  0.28+0.06"  1.06£0.12*  3.95+0.62"  9.32+1.90"
2% 0.31£0.03° 60.03+9.70" 62.44+6.72° 0.11£0.01°  0.86£0.17°  0.46+0.09° 14.58+2.21°
o 0.18+0.03° 85.65+14.11°  360.45+47.23"  0.17+0.02°  1.36£0.24"  1.38+021°  6.41+0.80"

AN BRI A — A AS [ R ) — e R S0 3 35 B 2 W) 22 5 i 35 (P<0.05)
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