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Effects of green manure crops on cadmium availability in dryland soils in Yunnan, China
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Abstract: This study investigated the impact of different green manure crops on the availability, absorption and transportation of cadmium
(Cd) in moderately Cd—contaminated soil (average total Cd content=1.21 mg-kg™), to provide theoretical support to green manure—based
soil safety production methods in Yunnan dryland. A pot experiment was used to carry out this investigation; the experiment consisted of
eight treatments, including seven types of winter green manure crops (i.e., Chinese milk vetch, hairy vetch, common vetch, smooth vetch,
February orchid, rape, ryegrass), and winter fallow as the control. Soils and plants were sampled during the full bloom stage and the same
stage as the green manures. The soil physico—chemical properties, Cd availability, and the Cd content in the roots and shoots of the green
manures were measured; then, the bioconcentration and translocation factors of green manures were calculated. Compared with the control,
the soil dissolved organic carbon (DOC) content of the Chinese milk vetch and ryegrass treatments increased by 29.3% and 33.7%,
respectively. The seven green manure crops all significantly reduced available soil Cd content, in which the available Cd in the soil treated
with common vetch, smooth vetch, and ryegrass decreased by 32.1%, 29.2%, and 33.0%, respectively. The total Cd in soil treated with
Chinese milk vetch, hairy vetch, common vetch, and smooth vetch decreased by 45.4%, 34.9%, 34.5%, and 33.2%, respectively. The four
types of leguminous green manure mainly accumulated Cd in the roots, and the bioconcentration and translocation factors were lower than
the other legume types. The Cd in the gramineous and cruciferous green manures was mainly concentrated in the shoots, and the
bioconcentration and translocation factors were significantly higher than the leguminous green manure. Among them, the bioconcentration
factor of the February orchid was the highest (0.813), and the translocation factor of rape was the highest (0.772). Soil nutrients had
significant positive impacts on the available soil Cd, whereas DOC had a relatively significant negative impact on the Cd content of plant
shoots. This indicates that an increase in DOC content may reduce the Cd content of plants. Planting leguminous green manure, particularly
smooth vetch, improves soil nutrients and quality and reduces the soil available Cd content with a lower bioconcentration factor and
translocation factor.

Keywords : green manure; cadmium; availability; dissolved organic matter
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Table 1 Soil basic properties in different green manure crops

b3 H AP SOM/ AH TN/ A3 AP/ HAE AK/ TFoHLA Nmin/
Treatment P (g-kg™) (g-kg™) (mg-kg™) (mg-kg™) (mg-kg™)
2K 8.56+0.08a 9.94+0.34a 0.54+0.02a 19.23+0.37ab 94.00+1.47a 27.81+1.98a
BRW 8.59+0.04a 9.74+0.55a 0.67+0.04a 19.97+0.80a 80.20+4.81abc 3.83+0.43bc
EMHE T 8.55+0.02a 9.99+0.41a 0.52+0.03a 18.43+0.58abc 76.00+3.62be 5.26+0.63b
ik s 8.51+0.10a 9.71+0.39a 0.55+0.05a 16.97+0.87¢ 75.00£2.45bc 4.49+0.50b
et 8.51+0.06a 10.62+0.33a 0.61+0.11a 17.65+0.62bc 82.60+3.87ab 3.87+0.27bc
s 8.57+0.07a 9.70+0.27a 0.58+0.03a 18.05+0.71abe 82.00+4.09ab 4.40£0.17b
blii B 8.53+0.04a 10.46+0.23a 0.69+0.01a 17.33+0.74bc 90.40+4.04a 3.67+0.09bc
AL 8.49+0.08a 9.52+0.37a 0.54+0.06a 16.39+0.66¢ 66.40+7.27¢ 1.11£0.49¢
RN R AU A A A% 5.5 (=5, P<0.05) . .
Note: Different lowercase letters indicate significant differences among different green manure crops (n=5,P<0.05). The same below.
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Different lowercase letters indicate significant differences among different green manure crops (n=5,P<0.05). The same below
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Figure 1 Effects of different green manure crops on soil DOM and DON contents
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Figure 2 Effects of different green manure crops on soil available

Cd content
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Figure 4 The content of Cd in shoot and root of

different green manures
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Table 2 Bioconcentration and translocation factors of different

green manure Crops

Qb wHIER RN
Treatment Bioconcentration factor Translocation factor
P 0.074+0.015d 0.008+0.001h
EBMET 0.150+0.033d 0.028+0.003h
i 0.273+0.019¢d 0.047+0.004h
ST 0.156+0.047d 0.025+0.008h
A 0.813+0.225a 0.587+0.068a
i 0.63620.057ab 0.772+0.149a
A 0.505+0.080be 0.137+0.029h

Cd & 54 W E g, 1545 2805 518 -0.60.-0.59
—0.25 F1-0.48 ; %] - & 4> 1 Cd FIAE PR F 3 Cd 75 &
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WEIER M . DON AR #L T &8 Cd & 38 S X R ik
M B Cd 5 i AR R B AR R - 0.82
F1-0.41, Hrdr DON XJ b b &8 Cd 75 & 1452 M 3K, 150
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Figure 5 Interactions between green manure and soil nutrients and Cd activity
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