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Breeding and Experimental Demonstration of Cadmium Low
Accumulation High Quality Conventional Rice Shaoxiang 100
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Abstract: The rice variety Shaoxiang100 with low cadmium accumulation was developed through heavy-
ion mutagenesis of the aromatic high-quality rice material 44-5, through applying the M, TDS technology and
the mutation of the OsNRAMPS5 gene. The variety Shaoxiangl00 underwent multi-location testing in Hunan
province from 2021 to 2023, and has also been part of national independent trials for varieties with low
cadmium (Cd) accumulation. The mutation of the OsNRAMPS5 gene reduces Cd accumulation, and also
manganese (Mn) , which is essential for plant growth. This study investigated the Cd accumulation
characteristics, yield, quality, and low-temperature tolerance of Shaoxiangl00 and its original strain 44-5.
These multi-location experiments revealed that Shaoxiang 100 exhibited stable, low levels of Cd in rice grains,

with a reduced accumulation of Mn in plants. However, no significant difference was observed in yield when
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compared to the original variety, 44-5. For main agronomic traits, except for plant height, no significant

difference was detected. Both Shaoxiang 100 and the original line 44-5 exhibited a significant decrease in

fruiting rate when delay sowing applied. However, late sowing didn’ t affect yield or other main agronomic

traits, except for plant height. Additionally, the relative cold tolerance coefficient and variety cold tolerance

index were 0.75 and 0.75, respectively, indicating a decrease of 47.2% and 49.2%. The low-temperature

tolerance at the spikelet stage was classified as level 4, indicating sensitivity to cold. Compared to the original

strain 44-5, Shaoxiang 100 did not show a decrease in Mn accumulation or low-temperature tolerance. Both

strains were found to have general cold tolerance. Collectively, it is recommended that Shaoxiang 100 as

double-crop late rice, can be planted in Hunan and Jiangxi to prevent yield loss from low-temperature stress

during the late growth period.

Key words: rice; cadmium low accumulation ; Shaoxiang100; pilot demonstration ; low temperature tolerance
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*PIRTEP < 0.01 K- F 2R 0%
A: Comparison of mutation loci; B: Comparison of Cd accumulation

in roots; C: Comparison of plant phenotypes; ** denotes
significant difference at P <0.01 level
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Fig.1 Comparison between the original strain 44-5 and
Shaoxiang 100
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Table 1 Soil background and Cd content of rice grains of test materials at three experimental demonstration sites

I - s A 10054 Cd XF B LA R A Cd
e SR bHpHE  dHRsgemE T - .
1 A . . o1 (mg/kg) & it (mg/kg) X B
. (mg/kg) Soil pH Level of soil ) . . ) ) )
Test site . L. Shaoxiang 100 rice Control variety rice grain ~ Control variety
Soil Cd content value contamination
Cd content Cd content
T 0.71 5.1 B 0.03£0.01" 0.38+0.05 44-5
Liling city
AL 1.05 5.4 L) 0.04+0.03" 0.89+0.13 BRI
Xiangyin county
FIMCRES 1.52 5.6 i3 0.05+0.01" 1.35+0.02 BRI
Xiangtan county
TN BIFORTE P < 0.01.P < 0.001 KRB E ;T
** *** indicate significant differences at the P < 0.01 and P < 0.001 levels, respectively; The same as below
R2 BE1005FBRRM4-5KEERKILR
Table 2 Comparison of agronomic traits between Shaoxiang 100 and the original line 44-5
o AR (ERYSY R ) TR (g) A (kg)
4R B (em) i (em) > L5 (%) ¢ ‘ y
X . Number of Total number of o Thousand kernel ~ Yield per 100
Variety name Plant height . Ear length . Fruiting rate .
effective ear grains per ear weight plants
SX100 109.9+3.11° 14.4+1.63 23.7+0.42 133£5.20 74.2+0.04 24.9+0.65 3.43+0.16
44-5 116.742.49 13.1+1.86 23.840.43 128+7.00 77.3+£0.06 25.940.29 3.46+0.28

SX100: #7100 *55 /R 1E P < 0.05 K- 227 B3 A

SX100: Shaoxiang100; *Indicates significant differences at the P < 0.05 level; The same as below

Mn SEAH Y HE AR TR A A KX Mn i
7oK — KT 50 mg/kg . A HEE 100 mg/kg, {H 27K
FEN) Mn A AR 3244 , BE 224 5000 mg/kg i Mn H.
AR EAER . XTEERLE A0 58 2022 4- 712023
AR 100 F1JELHS 5 2R 44-5 GInF42 8 o0 K o B
FW A 10060 Cd TR S =438 0.05 mg/kg,
0.06 mg/kg, F H R IR & & 44-5 43 901 F B 80% Al

3 ZHEI00E5FBHE4M4-5H8IF Cd. MnEELLE

77.8% , 2 BRAFIN R £ 7K F-(P < 0.01) 5 #77 100 81
Mn G E 55439k 1519.26 mg/kg, 1618.24 mg/kg,
AH EC IR i R 44-5 53 51 R B 39.5% T 47.3% , ib
i E 7K (P <0.001) , {HZER A 100 &) Mn % it
Y37t 5 A 5 2 Min R AIRBR B (6 3) o 7 1
Mn 7 a2 32 B Hi DX R AR G AR B2k e, Mn IR WS i
FRAAE AR H A

Table 3 Comparison of Cd and Mn contents of flag leaves between Shaoxiang 100 and the original strain 44-5

. St Cd % 2 (mg/kg) St Mn 7 i (mg/kg)
AEO Cd content in flag leaf Mn content in flag leaf
Year
SX100 44-5 SX100 44-5
2022 0.05+0.01"" 0.25+0.01 1519.26+219.00™" 2511.89+228.62
2023 0.06+0.01"" 0.27+0.01 1618.24+184.22"" 3070.53+192.98

222 BEI105FEBHRM-STEKBBEEN X
2022 AF R YN T 0 5 A 100 A AG 5 &R 44-5 19
FEARVEA TR . 25K W7, 5RA 100 5 50A T 3R 44-5
FEA b B A AR AR A A 2 22 5. #5BR NYY/T 593-
2021 & FAAE SRl b BOPRHETEE , & YR 8] T
JoT— G B AR R A 5 B An o (3% 4) , D W 7E
OsNRAMPS BEH 5878 2 J | R A& 100 2K it oKk 52 5%

M. FAAF 100 FIRF 8 LT, W R Tk, B
KIATFAET i

223 HBEFI0EERBRREABEERIEHH
T 2021-2023 4F, F1 A 100 (S04 24 1 LA
100”) 00 T FER R BKRE WA B 50 K0T
o AR TR RS . 134 XSRS S A
TEWRE YLVG AR WL P S A X, 202148
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W13 1 57 7 549.21 kg, R AL & (CK) 1§ ™
4.78% VT M S KT B A HL 1] 38.59% 5 4x
B 111.8d, LRI 4.0 d. 2022 4ELER T4
77 536.66 kg, LA L0807 3.28% , I b i 2
KOV K7 15 ] 53.8%; 2 1 117.0 d, K RARAE

R4 BE100 54455k R RIEKELE:

2.4 do PIAEXRI T H T 542.94 ke, LR
T 15 97 4.03%, 177 5 1] 36.4%; 4> A &
114.4 d, RIS FE3.2 do 2023 454 PRI -1
™ 515.74 kg, ERARAE 5807 3.07%, 3497 2 L f51
14.3%; 24 E W 117.0 d, lERIEE S HR#43.0 d.

Table 4 Comparison of quality traits between Shaoxiang 100 and 44-5 rice

KA RS EASETES - HERER

il FRE = ‘ WE meRE Bk . &4
s D gy KOO ERE D e Akt ) Ry KRR

AN

) Rough Y Ratio of (%) Chalky I o Rectilinear )
Variety Refined . . . Transparency elimination Gel Synthesize

. polished Chalkiness  grain . starch ;
name rice rate . value consistency length judgment
rate rice percentage content

SX100 773 71.3 65.3 0.1 1 1 6.8 63 16.9 7.8 43 —2%
44-5 77.1 70.2 63.0 0.4 3 1 6.1 67 16.0 7.7 42 —%%

FER VR X IR 560 25 A RN B
AR 18.9 JT Bk 113.0 om, K 24.5 em, £
TR 138.3 8, 2552 81.1%, T-RiH 26.4 g, 4
SN 65% R 5 2021 4F K 14,2022 4 01,
BRI S L BIPIAERT A 00 BUMEPRARLE G RN
TR 25 B 50 5.2 O, BRI R R e = 0 7 95 1
A e e S O, T3S G v Rl = 2 9
G, IR G, KT EAG IR AR L5 G R PR
K T79.0%, K K H 69.5%, B K 2K 55.0%, ki K
8.1 mm, K F& b 4.5, W [Tk K 4%, 15 0.6% , i
HHRE 1 2%, B 1 6.5 9%, B8 B 62 mm, B4 VE By
T 15.4% . LRATFHONTIRILITRT 2 9. Ak 4
JE AR DX S0 285 RO A AR R R . AR X
I G R A 7 6 ARG T 445 SR 8 o K R e A e A
S {EH 0.09 mg/kg, XIXEE R FIHTR A 100 7M1
J A R URE b A AR B AR R, 3B ML
Fr M KRB
23 HBE1005R5HMER 4-5KETZ LR
231 SAEHRETHER 202246 H-11 1,
FER VD BB TR AR 22 Tl 56 b I o i A1 T X 56
PLT,.<23.0 C Hi#ELE 3 Rag L Fov ki ia , 9 A
21 H-9 A 23 HA110 A 5 H LU J9 8 ia it B,
A s ] B 35 SR BRI B 3 B (1 2) o Faedh R A
MR LT Z )5 R — B[] A Il 15 0 S 5 A7
FIC IR0, 50 100.44-5 BIWE R T 32
FEERTV T 55V Al R 400 i) 22 52 BRI 36, i 55
LD TR A st A R AR 8 2514, 9 1 28 H-10
H 3 H W BN IE TR B o 28 S #
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Fig.2 Changes in September-October temperatures at the
Changsha County Rice Park site in 2022
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Table 5 Record of fertility period and low temperature stress of the participating varieties at each sowing stage
gt pRIL SBII IV FEVil
SR 2 B Phase | Phase II Phase III Phase IV Phase V
Variety LS. (LS (S (S Gk
name FERIT AR i j]ﬂg R L [ FER fliAk Wit FER A [ FER A Wit
s TS osp TS = osp TS s TS s TS -
LTS LTS LTS LTS LTS
SX100 6/11 8/29 N 6/21 9/2 N 6/29 9/15 N 7/11 9/26 Y 7/21 10/10 Y
44-5 6/11 8/28 N 6/21 9/3 N 6/29 9/14 N 7/11 9/25 Y 7/21 10/8 Y
CLYFZ 6/11 9/2 N 6/21 9/7 N 6/29 9/17 N 7/11 9/28 Y 7/21 10/9 Y
NX32 6/11 9/5 N 6/21 9/5 N 6/29 9/18 N 7/11 10/1 Y 7/21 10/14 Y

SX100: % 100; CLYFZ: GIMI{EF 15 ;NX32: 7 32 NFIR ;Y Fmfd; NI
SX100: Shaoxiang100; CLYFZ: Chuangliangyoufengzhan; NX32: Nongxiang32; SP: Sowing period; TS: Tasseling stage; LTS: Low-temperature

stress; N means No;Y means Yes; The same as below

x6 ZiA@MBZBRELRRTHS TN

Table 6 Evaluation of fruiting rate and cold tolerance of the participating varieties at each sowing stage

. o TR i
GESEH(%) ATV 2 K e
L b o . . . Species cold tolerance
Fruiting-rate Relative cooling resistance .
A index
Variety TRHE  FEE iVt
S £ ST IV SV R R RE g gy
name ; Cold (%) Cold
Phase I Phase 1T Phase IIT Phase IV Phase V OT LT Ratio Rank i Rank .
resistance Index resistance
SX100 81.3+6.0a  72.6+2.2a  56.6+7.4a  51.5+112a 252+0.7a 81.3 384 0.75 5 —f 472 4 s
44-5 78.2+43ab  72.5+0.5a  58.4+18.0a 53.4+8.1a  23.5+0.7a 782 385 0.75 5 —f 492 4 ey
CLYFZ 67.1+6.4c  62.7+2.7ab 63.3t11.2a 69.8+6.5a  32.7+10.0a 67.1 51.3 1 / / 76.5 2 HEEmHA
NX32  67.1+2.1bc  55.348.8b  58.143.6a  47.7+12.1a 152+1.8b 67.1 31.5 0.61 7 L& 469 4 s

WA FEEFRRTIEP < 0.05 7K |25 5 B 3%

OT: Ordinary temperature; LT ; Low temperature ; Different letters indicated significant difference at P < 0.05
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