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Screening of rice varieties with low accumulation of heavy metals based on multiple target elements and their
absorption and transport characteristics in rice plants

FENG Ai-xuan'?, HE Hong—zhou®, LI Na'?, LI Wei’, WEI Shi-qiang"*", JIANG Zhen—mao'"*'

(1.College of Resources and Environment, Southwest University, Chongqing 400715, China; 2.Chongqing Key Laboratory of Agricultural
Resources and Environment, Chongqing 400715, China; 3.Chongqing Agricultural Technology Extension Station, Chongqing 401147, China)

Abstract: In order to obtain rice varieties with low accumulation of heavy metals for safe rice production, an in-situ field experiment was
conducted in Chongqing. The accumulation capacity for heavy metals, including Cd, As, Pb, and Cr, of the 13 main rice cultivars with

different genotypes was compared, and the characteristics of heavy metal absorption, translocation, and distribution in rice plants in relation
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to the heavy metal contents in rice grains were analyzed. The results showed that the extreme values of the Cd, As, Pb, and Cr contents in

rice grains of different rice varieties varied by more than 3, 4, 20, and 3 times, respectively, and the accumulative capacity of the same
variety for different heavy metals was also significantly different. Thus, multiple elements should be considered while screening for rice
varieties with a poor ability of accumulating heavy metals. The heavy metal comprehensive accumulation index (P;) was adopted to
evaluate the heavy metal accumulation ability of rice varieties. The 13 rice varieties were divided into three categories, namely low (P<
0.7), medium (0.7<P;<1.0), and high (P;=1.0) cumulative capacity. Among them, Y Liangyou 1, Longliangyou 534, and
Longliangyouhuazhan accounted for low cumulative varieties. The genotype differences related to heavy metal accumulation in rice plants
of different varieties were mainly reflected by rice grains, followed by the stem/leaf and root. The transport coefficient was an important
manifestation of rice genotype differences, and was positively correlated with the content of heavy metals in rice grains (P<0.01). The yields
of the 13 rice varieties ranged from 5.85 t-hm™ to 10.61 t-hm™ with a maximum variation of 44.8%. The yields of the top six rice varieties
exceeded 9.00 t+hm™, and the average grain number per panicle was found to be the main yield determining factor. Longliangyou 534, Y

Liangyou 1, Yuanliangyou 908, and Yuxiang 203 are recommended as suitable varieties in Chongqing in consideration of both rice yield

and heavy metal accumulation ability, which can not only achieve a high yield, but also safe rice production.

Keywords:rice varieties; heavy metals; genotype; accumulation; distribution; food safety
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Table 4 Introduction of the tested rice varieties

il KA bR AR
Genealogy Rice varieties Source of parent
R 22 438 7K AR P 908 % S(2)R908(8)
PITEAR/ N 5 A15S(9) BE225(8)
R 5814 Y58S(Q) N 4114(8)
Y P15 Y58S(2)93-11(8)
CHIILAE S C815S(R)1E 4 (8)
PR il 4155S(R) 45 (8)
R AR e} 638S(R) 1 5 (8)
FE W 534 L 638S(2)R534(8)
RIS = R 4K R HAF 3724 B TA(RQ)LRIK 3724(8)
HAE 2115 HAETA()HEW 2115(5)
I 203 HAE 1AW 2103(5)
Jith 66 T 8A(R) Fitk 66(8)
FHAE B A(R) R6547(8)

®1 gl T EEBAER

Table 1 Physical-chemical properties of the experimental soil

UL OM/ BA pE¥T g5t HA R A PH g St
pH ( 'lj") Total N/ Total P/ Total K/ Available N/ Available P/ Available K/ CEC/
gTxe (g-kg™) (g-kg™) (g-kg™) (mg-kg™) (mg-kg™) (mg-kg™") (cmol+kg™)
6.79+0.18 29.78+1.01 0.52+0.09 0.54+0.06 19.33+1.32 42.11+7.1 9.46+2.56 137.31+9.28 21.31+3.64
F2 TIEEHUER
Table 2 Mechanical composition of the experimental soil
FEHR Index MUV KL Coarse sand AP FIL Fine sand HrRL Silt FhkE Clay
Rt d/mm 0.2<d<2 0.02<d<0.2 0.002<d<0.02 d<0.002
JiiE 78X Percent/% 9.9 432 324 14.5
3 R TEEEEES=(mg-ke)
Table 3 The contents of heavy metals in the tested soil (mg-kg™)
F547 Index B Total Cd BV Total As B Total Ph 5% Total Cr
(gt Sl 0.39+0.01 6.46+0.11 25.96+0.72 68.96+0.71
B PEE (GB 15618—2018) 0.6 25 140 300

— 990 —
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Figure 1 The layout of field experiment plot
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Figure 2 Picture of the test site
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Figure 3 The content of heavy metals in brown rice of different varieties
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Figure 4 Cluster analysis chart of heavy metal contents in tested rice
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Table 5 Enrichment and transport coefficients of the tested rice

oY Sy vz 1
BCFy CHILAE 5 3.08320.374e 0.2200.008¢ 0.57420.063abc 0.437+0.036¢
YHL 1S 4.550+0.116b 0.166+0.008g 0.603+0.024ab 0.362+0.022¢
BIWAL/IN S 4.088+0.211¢ 0.295+0.013¢ 0.564+0.033bed 0.555+0.029h
FOA i 4.579+0.195h 0.208+0.024e 0.501+0.043ef 0.51120.013b
ra LA 4.234+0.161be 0.219+0.009¢ 0.442+0.017f 0.41920.032cd
FEMII 534 5.647+0.233a 0.199+0.006ef 0.513+0.008de 0.645+0.042a
R A 3.029+0.185¢ 0.205+0.004e 0.46620.021ef 0.288+0.012f
TP 5814 4.449+0.009b 0.176+0.005fg 0.528+0.025cde 0.458+0.034¢
Ttk 66 3.318+0.326de 0.193+0.013ef 0.627+0.039a 0.55020.010b
HA 3724 4.058+0.135¢ 0.199+0.014ef 0.475+0.022¢f 0.297+0.009f
HAEM 2115 3.506+0.141d 0.479+0.026b 0.503+0.028ef 0.382+0.009de
A 203 3.086+0.137e 0.262+0.009d 0.483+0.040ef 0.462+0.047¢
ML 908 3.470+0.045d 0.518+0.025a 0.492+0.033ef 0.534+0.019h
TFrost CPILAE & 0.051+0.003a 0.195+0.008ab 0.005 6+0.000 8ab 0.161+0.032de
Y i 15 0.040+0.003abc 0.218+0.018a 0.004 620.000 7abc 0.309+0.022ab
BIFH/N 0.018+0.003¢ 0.125+0.013de 0.004 80.000 9abc 0.273+0.016hc
P & 0.043+0.004ab 0.179+0.015abc 0.004 3+0.000 4abc 0.223+0.014cde
b AR 0.027+0.004bcde 0.094+0.006¢f 0.005 0+0.000 2abc 0.261+0.046hc
REwifi 534 0.020+0.003e 0.149+0.019¢d 0.005 7+0.000 2a 0.158+0.028e
REm A 5 0.02820.002bcde 0.11820.006de 0.005 10.000 5abc 0.30720.011ab
RM{E 5814 0.025+0.002cde 0.139+0.008cd 0.004 2+0.001 labc 0.229+0.039bcde
Jith 66 0.03420.001bcde 0.218+0.029a 0.003 5+0.000 9¢ 0.240+0.045bed
HAF 3724 0.03420.003bcde 0.157+0.009bed 0.003 7+0.000 2be 0.379+0.03%
B 2115 0.03120.003bcde 0.078+0.008( 0.005 7£0.000 7a 0.27720.043bc
WA 203 0.03020.002bcde 0.15320.023cd 0.005 0+£0.000 7abc 0.23120.023bede
FPI 908 0.038+0.001abcd 0.0710.002f 0.005 10.000 5abc 0.205+0.045cde
TFa-c CHIlAE 0.43620.027ef 1.494+0.062a 0.6110.047f 0.158+0.002b
YW1 0.393+0.033f 0.664+0.111e 0.066+0.004i 0.11020.008d
BIPIHE/N ik 0.927+0.054h 0.538+0.090f 0.769+0.070de 0.152+0.012bc
FOA i 0.599+0.039d 1.113+0.041h 0.549+0.046f 0.069+0.019¢
LA 1.221+0.015a 0.897+0.070cd 1.403+0.007h 0.122+0.004cd
R 534 0.552+0.144de 0.793+0.039d 0.090+0.007hi 0.1190.019d
REPIILAE 0.761+0.081¢ 1.011+0.058hc 0.116+0.002hi 0.124+0.025¢d
EHI 5814 1.194+0.072a 0.936+0.041c¢ 0.732+0.032e 0.140+0.024bcd
Jitk 66 0.951£0.017b 0.559+0.052ef 0.835+0.003d 0.162+0.018b
HAF 3724 0.51620.108def 0.490+0.090f 0.152+0.018h 0.161+0.024b
HAEM2115 0.78820.029¢ 0.563+0.053f 0.465+0.082g 0.230+0.021a
7 203 0.438+0.053ef 0.357+0.038g 1.822+0.014a 0.157+0.016b
= Wik 908 1.02620.075b 0.487+0.054f 0.929+0.058¢ 0.116+0.005d

T : RS ING - BEROR 28 53 . 25 (P<0.05) .

Note : Different small letters in the same column represent significant difference (P<0.05).
0.403) ; X F Cd Fl As IR IT ER , TR, 18 15 47K HE 42
J i L B TR ARG X T Ph AT Cr WA
PN TE
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FFL; Cd A P AR R [ 250 1 5535 BB ) — i, B i
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Ik BB T 4 K R i o 190 07 20 8 0 200 e T 7K
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6] , A (B A 22 8K, 3k 44.8% , V- 14 77 2 8.61 t- hm ™,
Fie i R4y AN R ORE R WKE R ) 2438 K FEFIA
S IUN-EW/EI T EINpNCE W Y3
IR I 2R 2R A K R SRR = R 2 2 KRR AR A 7 i 2
SR 25 (P<0.05) , MR 28 4% 58 K AR 7=t i T il A
CRISOKAE, HIRA LRI RS R A3 C
PR BIPOE/N b7 R P 908 i A 203 E LA
AR 2115 754 A Y r= i A2 9.00 t-hm™ |,
5 T H AT PR T KA -3 77 4 (8.25 t-hm ™) ZKFM,
Y WG 15 BRI A 534 VR 3724 IR ML 5814 LA
wl A R AR 7.50~9.00 t- hm 22 [8], J&@ K . H
A S A PR R, 7E 7.50 t-hm 2 LA R o AR K b b
FEA it 22 5 5 7 A R 2R B A O XA 7 i
L MR R T T Zon etk AT SR LT
[l R

77 i (t-hm™)=(58.70x 43 U TS +16.16x T ki 8 +
34D TR B +5.24% 45 50 %~ 1 276.88)%0.015

®o KEESERUHEEERBIBUEEESEMNHEXME(=39)

Table 6 Correlation between heavy metal uptake and transport in rice and heavy metal content in different parts (n=39)

HiH Cd As Pbh Cr
liems MR)  ZEM(SL) FPRi(G)  M(R)  Z2ErH(SL) FPRL(G)  AR(R)  ZEMF(SL) FPki(G)  M(R)  ZEMF(SL) FPRI(G)
BCFx 0.972%%  0.403%%* ND 0.996%*  0.982%%* ND 0.987#*%  0.464%* ND 0.987%%* 0.362% ND
TFr-s. ND 0.803**  0.506%* -0.659%*  0.505%** 0.400*  -0.489**  (.851%*%* ND =-0.738**  0.698%* ND
TFsi-¢ — -0.321%  0.651%* — -0.373*  0.825%%* — ND 0.954%%* — ND 0.778%%*

1 3R P<0.05,r=0.312; ##3%/R P<0.01,r=0.403,

Note: * and ** represent statistical difference at P<0.05 and P<0.01, respectively.

R TBRRERFHESMEEH
Table 7 Yield and composition of rice varieties
B A N W L R -
E AT o THE SRR s .

Effective panicle Thousand kernel

Rice varieties Tiller number

Average number of

Seed setting rate/%

Production/(t-hm™)

number weight/g grains per ear
CHlAE 11 12 28.6 145 74.0 10.61+0.56a
BIFAR/ i 9 9 24.7 163 88.3 10.21+0.46a
HFE908 8 9 26.7 194 73.6 9.94+0.40a
203 10 11 31.2 120 78.7 9.64+0.59a
FOA i 8 8 31.5 160 67.0 9.42+0.67a
HAEM 2115 10 10 36.2 85 84.9 9.32+0.74a
Y Wik 145 9 10 27.8 134 71.7 8.99+0.75a
FEWi{l 534 11 12 22.5 140 68.9 8.29+0.87h
HA 3724 8 10 28.9 156 72.8 7.98+0.56h
RM{E 5814 8 11 24.2 179 62.3 7.75+0.50h
n LA 10 12 20.2 141 68.6 7.44+0.81b
R 9 9 23.5 135 66.9 6.46+0.54¢
Ji1lt 66 8 10 25.3 121 72.9 5.85+0.44c
http://www.aed.org.cn — 997 —
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