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Abstract: [ Objective ] There are urgent requirements to solve the problem of cadmium (Cd) pollution in farmlands and rice.
With the rapid economic development in Southern Jiangsu, Cd pollution in soil and rice caused by industrialization has
significantly increased. The purpose of this study was to screen low-Cd-accumulating rice varieties from main cultivated
varieties in Southern Jiangsu, and to deduce the local soil Cd threshold for the safe production of rice. [ Method ] In this study,
field plot experiments and field investigation were conducted at different sites and years. Eighteen local main cultivated rice
varieties in Southern Jiangsu were selected, including 15 Japonica conventional varieties: Wuyunjing 30 (WYJ30), Suxiangjing
100 (SXJ100), Changnongjing 10 (CNJ10), Nanjing 3908 (NJ3908), Nanjing 5055 (NJ5055), Changnongjing 12 (CNJ12),
Nanjing 46 (NJ46), Changnongjing 11 (CNJ11), Jiahua 1 (JHI), Changxiangjing 1813 (CXJ1813), Changnongjing 8 (CNIJ8),
Wukejing 7375 (WKJ7375), Zaoxiangjing 1 (ZXJ1), Yangyujing 3 (YYJ3), Zhennuo 19 (ZN19), and 3 Japonica three-line hybrid
varieties: Changyoujing 6 (CYJ6), Changyou 4 (CY4)and Changyoujing 11 (CYJ11). The differences of Cd bioconcentration
factor (BCF) in rice grains among these varieties were comprehensively compared, and the soil Cd safety thresholds at different
pH ranges were deduced using the species sensitivity distribution (SSD) method. [ Result ] The results showed that the order of
grain Cd accumulation among tested varieties was consistent between field investigation and plot experiments. There were
significant differences in Cd BCF among 18 main cultivated rice varieties, with a maximum difference of 4.7 times. The Cd
accumulation in some varieties like NJ46 and NJ3908 was stably low. Based on the SSD method, the deduced safety thresholds of
soil total Cd to protect 95% of rice varieties from exceeding the standard (0.2 mg-kg™") (GB 2762-2017) under soil pH 5.0-6.5,
6.5-7.5 and 7.5-8.5 in southern Jiangsu were 0.52, 0.80 and 1.78 mg-kg™', which were higher than the current risk screening value
(GB 15618-2018). It was verified that the deduced thresholds remarkably improved the accuracy of Cd risk prediction of rice in
Southern Jiangsu. [ Conclusion ] Based on field plot experiments and field investigation, numerous local main cultivated rice
varieties including NJ46 and NJ3908 were screened with stably low Cd accumulation capacity, stable yield and high quality, and
therefore are suggested for cultivation in Cd contaminated paddy fields in Southern Jiangsu. The deduced local safety thresholds
of soil total Cd to protect 95% of rice varieties from exceeding the standard were higher than the current risk screening value. The
results have important implications for the safe utilization of Cd contaminated paddy fields in Southern Jiangsu.

Key words: Paddy soil; Cd; Low accumulating varieties; Soil pH; Safety threshold
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Fig. 1 The frequency distribution of pH and total Cd in soils and brown rice in field investigation
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Fig. 2 Bioconcentration factor ( BCF ) of Cd in brown rice of
different varieties in field investigation
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Table 1 Soil and rice information in five experimental sites
i K% diicd K i il ) Kok cd
Ju4 14 pH IR £y TR A Rl
S, Longi- Soil Cd/ Number of Grain Cd/
Latitude Soil pH Year Name of rice variety
Site tude (mgkg™!) rice varieties (mgkg™)
A 31.39 121.1 6.21 1.70 2019 6 NJ5055, NJ46, SXJ100, CNJ10, CNJ8, CY4 0.130~0.805
B 31.58 120.9 5.90 0.70 2019 5 NJ5055, NJ46. SXJ100. CNJ8., CY4 0.006~0.242
NJ5055, NJ46, SXJ100, CNJ12, CYJ6. NJ3908
C 31.45 120.5 6.21 0.27 2020 8 0.020~0.200
CNJ11. WKIJ7375
NJ5055. NJ46. CNJ12, WKJ7375, CXJ1813,
D 31.45 120.5 6.41 0.18 2020 8 0.012~0.097
YYJ3. ZXJ1, ZN19
WYJ30. NJ46., SXJ100. CYJ6. NJ3908, CNJ11,
E 31.53 120.6 8.02 0.10 2020 8 0.004~0.016
WKJ7375, CYJ11
Al 1 5o XHRMAKEHEE (B 1) MlEx FEBEARTA] S AR B R K Cd AR B m (R AR Sk R
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LK 10 5. FIfE 3908, Note: Data are mean = SD. The varieties
from left to right are Changxiangjing 1813, Zhennuo 19,
Wuyunjing 30, Changyoujing 11, Zaoxiangjing 1, Yangyujing 3,
Nanjing 5055, Wukejing 7375, Changyoujing 6, Changnongjing
12, Changyou 4, Changnongjing 11, Nanjing 46, Suxiangjing 100,
Changnongjing 8, Changnongjing 10, Nanjing 3908.
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Fig.3 The relative accumulation index ( RAI ) of Cd in brown rice
of different varieties at five sites
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Ak 1 %5, Note: Varieties from left to right are Wukejing 7375,
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Nanjing 5055 ,
Changnongjing 10, Yangyujing 3, Changyou 4, Changnongjing 11,

30 , Changnongjing 8 , Zaoxiangjing 1 ,

Nanjing 46, Changyoujing 11, Nanjing 3908, Changyoujing 6,

Changnongjing 12, Jiahua 1.
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Fig. 4 Combined analysis of Cd BCF of brown rice of different rice
varieties based on field investigation and five sites
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4, Wuyunjing 30, Changnongjing 8, Zhennuo 19, Suxiangjing 100,
Nanjing 46, Changyoujing 11, Changnongjing 11, Changnongjing
12, Jiahua 1, Nanjing 3908, Changyoujing 6, Wukejing 7375,
Changxiangjing 1813.

K5 ARDKAE S FIRE K Cd FRRAE T 2L
Fig. 5 Cluster analysis of Cd accumulation capacity in brown rice
of different rice varieties
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Fig. 6 Correlation between soil Cd and brown rice Cd
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10, Yangyujing 3, Changyou 4, Wuyunjing 30, Changnongjing 8, Zhennuo 19, Suxiangjing 100, Nanjing 46, Changyoujing 11, Changnongjing
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K7 =4 pH XA KRS M FREK Cd & 4R R A M EUEHE Ak (SSD) itk (a: pH5.0~6.5, b: 6.5~7.5,
c: 7.5~8.5)
Fig. 7 Species sensitivity distribution ( SSD ) curves of reciprocal BCF of brown rice Cd in different rice varieties at three pH ranges ( a:
pH5.0~6.5, b: 6.5~7.5, c: 7.5~8.5)
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Table 2 Comparison of soil Cd threshold for rice planting in
Southern Jiangsu/ (mgkg ")

+4
5.0~6.5 6.5~75  7.5~85
pH Soil pH
AR
- 0.52 0.80 1.78
GB 15618-2018 0.40 0.80
) 0.60
K H® (pH5.5~6.5) (pH>7.5)
GB 15618-2018 0.30 0.60
) 0.30
Hoth™ (pH 5.5~6.5) (pH>7.5)

(DCd thresholds derived in this study, @Paddy field, @ Others.
:I: N
4 5w

ARG I 3 22 47 22 1504 ] /)N DX 56 A K 522
A, O H RRE 46, REHE 3908 4F Cd IR A
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ik, ST IX 41 pH 5.0~6.5, 6.5~7.5,
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