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Research on a safe production method for soybeans on cadmium—contaminated farmland

WANG Tianyu"?, CHEN Jian®, SHI Jiachun"*", FU Xujun®, XU Jianming"? HE Yan"?

(1. Institute of Soil and Water Resources and Environmental Science, Zhejiang University, Hangzhou 310058, China; 2. Zhejiang
Provincial Key Laboratory of Agricultural Resources and Environment, Hangzhou 310058, China; 3. Wenling Crop Protection and Tillage
Fertilizer and Energy Sources Station, Wenling 317500, China; 4. Institute of Crop and Nuclear Technology, Zhejiang Academy of
Agricultural Sciences, Hangzhou 310000, China)

Abstract: To discover a safe and feasible planting method for soybeans on cadmium (Cd ) —contaminated farmland in southern China, low—
Cd soybean cultivars were screened. Combined with the application of soil amendment, a field experiment was conducted in a strictly
monitored Cd-contaminated upland field to test the accumulation of Cd in soybean tissues, as well as the yield. Field experiments were
carried out in a section of the Cd—contaminated area that was deemed safe[total soil Cd content (0.49+0.04) mg-kg™', pH 6.31] in order to
screen low Cd accumulation cultivars. The results show that the Cd content of the soybean grains did not exceed the national limit and that
the varieties Zhenong6, Zhexian9, Zhexian12, and Zhexian19 exhibited low levels of Cd accumulation. These four cultivars were then
planted in a strictly monitored Cd—contaminated upland field[total soil Cd content (1.69+0.25) mg- kg™, pH 4.65] to test the effect of soil
amendment on soybean Cd accumulation. The application of 1 500 kg +hm™ soil amendment led to decreased soybean grain Cd content by
30.4%~79.0%; that of Zhexian9 and Zhexian12 dropped to 0.13 mg- kg™, reaching the national food safety limit (0.2 mg-kg™). There was

no significant difference in the Cd accumulation of soybean grains between treatments with 3 000 kg  hm™ or 1 500 kg « hm™ soil
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amendment. The yields of Zhenong6, Zhexian9, and Zhexian12 increased by 14.7%, 16.7%, and 16.1% respectively with 1 500 kg - hm™

application of soil amendment. Therefore, applying 1 500 kg hm™ soil amendment and planting Zhexian9 and Zhexian12 can meet the

conditions of safe soybean planting in a strictly monitored Cd—contaminated upland field.

Keywords: soybean; Cd pollution; low—Cd cultivars; soil amendment; safe production
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Figure 1 The grain Cd content and BCF i, of different cultivars under Cd-contaminated safe use area
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Figure 2 Effects of soil amendment on Cd fractions

distribution in soil
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Table 1 Field test of soil physical and chemical properties with soil amendment application

e %?Sfﬁ . ﬁﬁ’ﬁ‘fﬁ ﬁiﬁl@i ﬁ'mﬁﬁi Jstis 75’?&?&%%
Treatment Ammonium nitrogen/ Nitrate nitrogen/ Available P/ Organic matter/ Total Cd/ Available Cd/ pH
(mg-kg™) (mg-kg™) (mg-kg™) (g-kg™) (mg-kg™) (mg-kg™)
CK 12.72a 21.46a 29.09a 16.17a 1.59a 1.23a 4.65¢
M 18.27a 15.90a 25.03a 15.47a 1.74a 0.95b 7.75a
L 14.24a 21.36a 14.06b 18.31a 1.66a 0.49¢ 7.31b
1 [FSUAN R NG B RS AR R 22 57 1 3 (P<0.05) , R,
Note : Different lowercase letters in a column indicate significant differences among treatments at P<0.05. The same below.
K2 REZFHIBEE(mng-kg)
Table 2 Cd content in different soybean tissues(mg-kg™)
K& 5 Soybean cultivar AbFE Treatment FFRL Grain # Root 2 Stem M Leaf
Wik 6> CK 0.72+0.15a 1.64+0.14¢ 2.11+0.29d 2.04+0.57a
M 0.36+0.02bed 1.29+0.54¢ 3.37+0.30bc 2.50+0.60a
Wit 95 CK 0.41+0.14bc 5.38+0.43a 3.27+0.50bc 2.50+0.06a
M 0.13+0.06d 1.13+0.21¢ 2.24+0.76cd 1.72+0.21ab
Witift 19 5 CK 0.46+0.07h 2.32+0.38b 3.57+0.17h 2.06+0.48a
M 0.32+0.11bed 1.46+0.01¢ 3.71+£0.27h 1.21£0.23be
Wit 125 CK 0.55+0.25ab 2.22+0.31b 5.15+1.40a 1.81+0.57ab
0.13+0.11d 1.46+0.15¢ 3.33+0.57he 0.73+0.14¢
IL; 0.19+0.05¢d 1.29+0.32¢ 5.80+0.48a 1.72+0.58ab

1% WHART]
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Table 3 Effects of soil amendment on Cd bioconcentration factor in soybean tissues

K& 5l Soybean cultivar Qb3 Treatment BCF gin BCF oo BCFen BCF .
ik 65 CK 0.53+0.26a 1.18+0.45hc 1.47+0.34b 1.53+0.82a
M 0.20+0.05bc 0.75+0.44cd 1.83+0.20h 1.41x0.57a
Wit 95 CK 0.24:0.06bc 3.2120.15a 1.95:0.27h 1.49:0.11a
M 0.08+0.04c 0.68+0.15d 1.33+0.42h 1.03+0.16ab
Witk 192 CK 0.29+0.03bc 1.46+0.30b 2.2420.14b 1.30£0.36a
M 0.200.08bc 0.9420.07cd 2.39+0.32h 0.7820.19ab
Witk 125 CK 0.37+0.20ab 1.440.10b 3.42+128a 1.23+0.58a
0.07+0.06c 0.800.13cd 1.84+0.49h 0.400.06b
L 0.120.03c 0.7820.17cd 3.3520.60a 1.04+0.35ab
fro 5 MALEIRHLL, LAREE T #E 1250 BCF i BCF 45007 5 ok
Feitk—25 FWE, BCFaun BCF 5 CK UM 5 22 57 ~ el
H P 3 AT, 15 CKAR EG  MARTRAS B 4 6.5 k
Wi tef O B T BE 12 0 7R R R 14.7% . 16.7% Q27000 2
16.19% T8 10 5007 5 W T 5%, %5 Bk ks 5 2 1800 ¢
FOKF . AELARFLR U RE 12 57 B4 CK R Tt iy
34.6% , 35 3 B E K- o
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3 itig
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F B 3 A% R 2 5 BOR ] i Bl R G065 1) B R
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Figure 3 Effects of soil amendment application on soybean yield
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Grain Cd content
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Leaf Cd content
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Stem Cd content
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Root Cd content
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The size and color of the blocks in the figure indicate the strength of the positive and negative correlations among various environmental factors. NH.

indicates ammonium nitrogen, NO; indicates nitrate nitrogen; AP indicates available phosphorus ; SOM indicates soil organic matter; T-Cd indicates total soil

Cd; A-Cd indicates available soil Cd. Lines indicate that the Cd contents in different soybean tissues were correlated with related factors

4 TERRBERFS5AERSER mantel 47

Figure 4 Mantel analysis of soil environmental factors and Cd content in soybean tissues
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