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Study on the difference of cadmium absorption in five rice genotypes of Liaoning Province

ZHANG Ru-de', LI Jun', QIN Li%, HAN Ying', MENG Bo'!, HUANG Yuan—cai*

(1.College of Land and Environment, Shenyang Agricultural University, Shenyang 110866, China; 2.College of Bioscience and Technology
Shenyang Agricultural University, Shenyang 110866, China;3.College of Agronomy,Shenyang Agricultural University, Shenyang 110866,
China)

Abstract: In order to provide theoretical and practical basis for breeding rice varieties with high tolerance to cadmium and low accumulation,
a pot experiment was conducted with five rice genotypes of Liaoning Province under soil exogenous cadmium added conditions. The cadmium
accumulation in different parts of rice plant were investigated, meanwhile the contents and distribution in subcellular fractions of rice were an—
alyzed to further reveal the mechanism. Results showed that, the cadmium content in each part of rice was increased with increasing cadmi—
um amount and the differences were significant; there were significant differences in cadmium accumulation coefficients in grain of rice geno—
types, there was a downward tendency of the cadmium accumulation coefficient with increasing cadmium amount, among which Shendao 47
and Liaojing 9 were relatively high, while Liaoxing 1, Shennong 15 and Shennong 315 were low, and Shennong 315 was the lowest under all
treatments; the cadmium content in subcellular fractions of stem and leaf at heading stage was lower than that at tillering stage, the cell wall
was the largest, the soluble part was the second, and the organelle is the smallest. The content and distribution proportion in subcelluar frac—
tions of rice were different among genotypes and growing stages, cadmium content and distribution proportion in the cell wall and soluble part
of cadmium tolerance rice variety Liaoxing 1, Shennong 15 and Shennong 315 were higher than those of sensitive varieties Shendao 47 and
Liaojing 9, organelles were lower than sensitive varieties.

Keywords: cadmium; genotype; rice; growth stage; absorption; subcellular distribution
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Table 1 Basic properties of soil used in the experiment

HHLE Wi A Alkalic A (P,05) A (K0) 4% Total A Total 480 Total 455 Total
pH {f Organic matter/ resolvable nitrogen/ Available phosphorus/ Available nitrogen/ phosphorus/ potassium/ cadmium/
g kg mg- kg™ mg- kg™ potassium/mg - kg™ g kg™ g kg™ g ke mg-kg™

6.83 25.21 85.00 10.26

66.51 1.18 0.38 12.61 0.58
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Different majuscule and minuscule letters indicate significantly different between different rice at the same growth stage in

level of 0.01 and 0.05 respectively. The same below
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Figure 1 The different of Cd concentration in rice steam and leaf at different stages between genotypes
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Table 2 The cadmium content of different genotypes rice in mature time(mg-kg™)

AbFE Treatments {837 Parts 3T/ 1% Liaoxing 1 14 15 Shennong 15 %4 315 Shennong 315 J1AF 47 Shendao 47 iIHf 9 5 Liaojing 9

Cdo FPHE Grain 0.033+0.003Dbe 0.029+0.002CDed 0.025+0.003BCd 0.0360.002ABb 0.042+0.003Aa
251 Stem leaf  0.090+0.004ABab 0.077+0.006Bb 0.069+0.01Bc¢ 0.109+0.003Aa 0.108+0.002Aa

FRZ Root 1.127+0.089BChe 0.939+0.009BCc 1.064+0.022Cc 1.247+0.047ABab 1.5010.018Aa

Cd1 FPAL Grain 0.089+0.005BCh 0.078+0.006BCd 0.060+0.005Dc 0.114+0.008ABa 0.122+0.010Aa
250 Stem leaf  0.225+0.032Bb 0.2050.034BCh 0.18120.025Cc 0.244+0.027ABb 0.267+0.043Aa

HZ Root 3.0750.083BChe 2.77220.125Cc 3.086=0.086BCh 3.234=0.090ABb 3.970+0.082Aa

Cd2 FEHE Grain 0.102+0.005Bb 0.108+0.005Bb 0.064+0.008Cc 0.143+0.011Aa 0.157+0.012Aa
251 Stem leaf  0.428+0.020Cc 0.406:0.023Cc 0.340=0.014Dd 0.554+0.032Bb 0.650+0.040Aa

FRZ Root 5.154+0.229Bc¢ 4.389+0.171Bd 4.957+0.233Bcd 6.77120.329Ab 7.386+0.467Aa

Cd3 ¥PHE Grain 0.111+0.013Bb 0.116+0.014Bb 0.078+0.010Cc 0.1860.007Aa 0.2050.010Aa
250 Stem leaf  0.841+0.021Bbe 0.767+0.033Bc 0.740+0.049Bc¢ 1.006+0.097ABab 1.166+0.099Aa

FZ Root 8.911=0.219Bh 8.562+0.238Bh 8.993+0.223Bb 10.516+0.276Aa 12.06020.272Aa

T AT G NG P RE2R AL RIIAITE 0.01,0.05 K- F225 3% Tl

Note: Different letters indicated significant difference between varieties at 0.01 and 0.05 level in the same row. The same below.
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Figure 2 The cadmium concentration factor of grain in different genotypes rice
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Table 3 Grain yield and biomass in different types rice with cadmium tolerance(g+pot™)
KAbFH Treatments — #i{37 Parts LA 15 Liaoxing 1 7B 15 Shennong 15 4% 315 Shennong 315 1A 47 Shendao 47 iL4f 9 5 Liaojing 9

Cdo FPRL Grain 58.66+5.38b 53.74+4.21c 58.14+4.89h 59.92+5.94a 60.54+4.62a
Z£1IH Stem leaf 58.17+4.98b 54.51+4.64d 56.23+4.23¢ 60.01+5.62a 62.20+£5.25a

R A& Root 12.77+1.05ab 8.34+0.66b 7.87+0.56b 14.21+1.24a 15.75+1.32a

Cd1 FERL Grain 60.49+5.32a 52.74+491c¢ 57.32+5.11b 58.26x4.65ab 59.40+4.62a
ZEM- Stem leaf 61.28+5.23a 53.59+4.32d 55.75+4.72¢ 55.02+4.27¢ 57.08+4.64h

HEZ Root 12.80+1.22a 7.60+0.72h 7.10+0.59h 11.80+1.07a 12.20+1.11a

Cd2 FFRL Grain 60.74+5.89a 52.50+4.34¢ 56.87+4.29b 55.87+4.56bc 57.68+4.83b
ZX1IH- Stem leaf 61.39+5.23a 51.95+4.72¢ 53.05+4.56b 53.67+4.29b 55.69+4.74b

R A Root 9.60+0.78a 6.28+0.52b 5.62+0.48b 9.54+0.86a 9.92+0.87a

Cd3 FERE Grain 59.75+4.23a 52.25+4.18¢ 55.80+4.28b 51.36+4.62¢ 52.72+4.23¢
ZEM- Stem leaf 60.03+4.92a 51.89+4.82d 55.63+4.64h 52.69+4.44¢ 53.48+4.63bc

HEZ Root 8.32+0.62a 5.88+0.32h 4.11£0.29h 8.52+0.55a 8.24+0.62a

15 FIPLAR 315 LEUSINSRAL T, APk ™ &A= Py &
IR R R R A U B L SR 0 5 T
47 MILHE 9 5 32 5 Il 3 AP L™ B ML A W i A
R, MR FEROR, Ul BT B R 55
2.2.2 FRAEAN [ S TR /R R 25 R ) I 240 3£
H1Z% 4 T LAFE Y SR D) B 7 25 0 20 25 2 73
R AT o BE SR AR 2525 7 2 2 53 Hh Y
R R 3 e B8] 1402 B A A R B > 2 R 2 >
s .
20 A5 2L P R R o R L A9 DR 1 R0 A
AT S, I B e o BRI A ol 2

it B o 4 1 A i 0.994~1.017 mg -kg™ F1 43T L 4
56.54%~58.41% 5 T HUZAE: H A Y 0.945~0.955 mg -
kg™ i1 50.08%~50.30% , i 14 ft ol 48 Jfd #45 H i 1) 7 o5
0.070~0.123 mg -kg™" 173 L ] 4.10% ~6.86% B .
A% T UM S FP Y 0.283~0.302 mg -kg™ Fl 15.06%~
15.82% , ELT P4 it ot 15 B0 it Pl 2R 00 o A 2 2 22
o MEAN AT PR 43, T s A 1) 3 T L A7)
36.60%~37.76% s T HUBNE 5 Fh 1) 34.09%~34.64% ,
WAR 315 i & RIS T IRAS 47 FIDKE 9 5, H2E
FARE TEMENEA R 2Z S AT LA,
IKAF RN VEAR B S R K R A A 2 i & i

x4 AEERARKEEMWTABMASRRIE(CA LE, mg-kg™)

Table 4 The cadmium content in subcellular fractions in rice stem and leaf( Cd1, mg-kg™)

I35 ME AR I 2H 73 LR15 Wik 15 e 315 LA 47 K9 5
Stage Subcellular fractions Liaoxing 1 Shennong 15 Shennong 315 Shendao 47 Liaojing 9
SrBEMA F1 1.017+0.100Aa 1.005+0.093Aa 0.994+0.100Aa 0.945+0.096Bb 0.955+0.097Bb
Tillering (56.54) (56.80) (58.14) (50.30) (50.08)
F2 0.123+0.009B¢ 0.098+0.007Cd 0.070+0.009De 0.283+0.018Ab 0.302+0.028Aa
(6.86) (5.51) (4.10) (15.06) (15.82)
F3 0.658+0.061ABab 0.666+0.052Aa 0.646+0.55Bb 0.651+0.042Bb 0.650+0.044Bb
(36.60) (37.68) (37.76) (34.64) (34.09)
g F1 0.308+0.017ABab 0.276+0.017ABab 0.323+0.010Aa 0.271+0.017ABb 0.287+0.019Bb
Heading (59.81) (59.74) (59.81) (58.28) (55.73)
2 0.053+0.004Cc 0.044+0.002CDd 0.044+0.003Dd 0.072+0.009Bb 0.081+0.004Aa
(10.29) (9.52) (8.15) (15.48) (15.73)
F3 0.154+0.023ABab 0.142+0.018Bb 0.173+0.011Aa 0.122+0.011Bb 0.147+0.015Bb
(28.90) (30.74) (32.04) (26.24) (28.54)
TE A% 5 BT R AR A AL 040 & i o5 S B T 208 FL ZRJIBE s F2 - A0 R s F3 a4 o0

Note: The values in brackets are percent distribution. F1: Cell wall ingredient ; F2: Organelle ingredient ; '3: Soluble substance.
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