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Effects of leguminous green manure crops on cadmium and arsenic availability and enrichment in alkaline

soils in Yunnan, China

LU Benchun"?, WANG Yingxue', YANG Wei’, WANG Wei', CHEN Jianfeng', YIN Mei', CHEN Hua', WANG Zhiyuan', FU Libo", YANG
Zhixin*

(1. Institute of Agricultural Environment & Resources, Yunnan Academy of Agricultural Sciences, Kunming 650205, China; 2.College of
Resource and Environment, Yunnan Agricultural University, Kunming 650201, China; 3 Kunming Agricultural Products Quality and Safety
Center, Kunming 650118, China)

Abstract: This study was conducted to evaluate the impact of different legume green manure crops on the cadmium-—arsenic (Cd—As)
availability and enrichment in Cd and As (Cd—As) co—contaminated soils, to provide a theoretical basis for the safe production of
subsequent crops. A field experiment was used to carry out this investigation. The experiment consisted of twelve treatments, and include
eleven types of winter legume green manure crops: smooth vetch (smooth vetch, Ximu 333, and Longjian 1), common vetch (Dongshan,
Xuanwei, Yunshao 8, and Dongchuan common vetch ), hairy vetch (Mengshao 1, and Lushao 1), other green manure (Lathyrus sativus, and
crimson clover), and winter fallow as the control. Soil and plant samples were collected during the full bloom stage and at the same stage as
the green manures. The soil physico—chemical properties, Cd and As availability, and the shoot Cd and As content of the green manures
were measured, and the bioconcentration and translocation factors of green manures were calculated. The results showed that compared
with the winter fallow, the contents of total nitrogen and available phosphorus in the soil planted with Ximu 333 increased by 91.67% and
36.60%, respectively. The fresh grass yield was the highest at 31 016 kg-hm™. There was no significant change in the available soil Cd and
As, and the ability of the plant to enrich the soil Cd and As was lower (0.096 and 0.038, respectively). Planting Lathyrus sativus increased
the total soil nitrogen by 98.61%, decreased the available soil phosphorus by 31.07%, and the yield of fresh grass was the lowest at 10 339
kg +hm™. There was no significant change in soil available Cd; however, soil available As decreased by 32.82%, and the ability of the plant
to enrich the soil Cd and As was higher (0.136 and 0.071, respectively). Correlation analysis showed that the total soil nitrogen was
significant positively correlated with the available soil Cd, and a significant negative correlation with available As, Additionally, the
available soil phosphorus had a very significant positive correlation with available soil As, C/N had a very significant negative correlation
with fresh grass yield, and a very significant positive correlation with the shoot Cd and As contents. Planting lower C/N Ximu 333 had no
significant effect on the Cd and As availability, but had a lower Cd and As enrichment capacity. Planting higher C/N Lathyrus sativus has no
significant effect on Cd availability, but can significantly reduce soil As availability, and has a higher Cd and As enrichment capacity.

Keywords:legume; green manure crop; cadmium; arsenic; availability; bioconcentration factor
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Table 1 Information of the test leguminous green manure crops

SEAE A Cultivar — ZE/IEA/EY) Material 11T 44 Latin name SEAE AP Cultivar — ZRE/EY) Material $i1 T 4 Latin name
iYL Hi B Vicia sativa L. et f RNHET Vicia villosa Roth var.
i YL PiH333 Vicia sativa L. EMHT FH 15 Vicia villosa Roth
il Bl 15 Vicia sativa L. EMHET By Vicia villosa Roth
et RJEH Vicia villosa Roth var. T 4= (Al &) Lathyrus quinquenervius Litv.
Jem ¥ r B REH Vicia villosa Roth var. = z =t Trifolium pretense L.
JeMH T =H8E Vicia villosa Roth var.
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Figure 1 Fresh grass yields of different green manure crops
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Table 2 Soil basic properties in different green manure crop treatments

Kb Treatment pH HHLTSOM/(g-kg")  2HTN/(g-kg") AR AN/ (mg-kg")  ARWEAP/(mg-kg") R AK/(mg-kg™)
2S5 8.31+0.04a 10.71£0.21a 0.72+0.14g 62.83+1.28hc 15.19+2.01bc 76.52+0.99hc
BB 8.32+0.11a 10.54+0.11a 1.39+0.09bcd 64.33+7.02abc 12.68+2.85hcde 64.67+4.73cde
PG4 333 8.28+0.14a 10.31+1.66a 1.38+0.09bcd 75.67+13.58a 20.75+1.56a 97.00+12.29a
B 55 142 8.36+0.03a 7.23+0.63¢ 1.27+0.02de 61.00+6.00bc 17.17+2.67ab 89.67+17.04ab
Rile# 8.29+0.08a 7.82+0.73¢ 1.100.06f 57.00+2.00cd 13.110.92bcde 76.00+2.65hc
HROLH 8.34+0.07a 7.65+0.74c 1.20+0.02ef 47.00+7.21d 11.32+0.51cde 66.67+3.06¢de
nH 85 8.30+0.05a 8.65+0.71be 1.32+0.04cde 69.67+2.31ab 13.96+2.89hcd 55.67+4.04e
HRINEF 8.25+0.06a 10.34+0.22a 1.62+0.08a 71.33+3.79ab 9.43+0.08e 59.67+4.62de
1= 8.36+0.07a 8.61+0.62hc 1.45+0.16bc 71.67+8.33ab 15.52+4.48bc 71.3348.33cd
s 8.32+0.07a 8.55+0.24hc 1.24+0.03def 67.67+3.06abc 14.67+3.27hcd 78.67+12.58hc
AT A 8.29+0.05a 9.60+0.39%ab 1.43+0.09bc 67.0024.00abc 10.470.62de 68.3323.79¢de
Zg=nt 8.36+0.06a 8.50+1.63bc 1.5220.10ab 57.67+4.16cd 13.77+2.06bcde 78.0027.55bc

VE [ A B 5 AN R /NG S BE 3O AN [ b 3R] 22 5 .25 (P<0.05) . Il

Note: Value followed by different lowercase letters indicate significant differences among treatments (P<0.05). The same below.
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Different lowercase letters indicate significant differences among
treatments ( P<0.05)
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Figure 5 Cd, As contents of different green manure crops
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HROGH 0.118+0.021b  0.047+0.002¢
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2.6 XM

M2 4l B3RS Cd 5 2 A A R 8 %
FHSE(P<0.01) 5 345 80 As 5577 i A3 RS AL
B B TE A 56 (P<0.01) , S BRR HE R4 1 A%
FE A E(P<0.01) 5 3B Cd 555k & H S 40 8 2% 1
AH I (P<0.01) , 55 5 fifp &L 422 4 35 17 AH O (P<0.05) 5 Hhy
B As 5 A b S AR B 3 O A OC (P<0.01) , 5
R 2 A G (P<0.01) , 547 308 2 2 M
Ko HEELRS HEAMES AR A, A
RS AR RS As AHOC R B K B AU L S
6 Cd A 138 As M 56 R B, A 3 A
+ 5 Cd SR R MR, A ST L1 As
SO K, SRABAE YD iR A X 34 Cd  As 5 Y
i fe A

% 5 AT, 7= 55 0 A b SR 0 2 B R 56 (P<
0.01), 57 2wk 24 3% IEA 56 (P<0.01) , 2R 56

R4 ERERIBEMFE BREL S TERHESCASR
i EER Cd As IR

Table 4 Correlation analysis between yield , C/N ratio of

leguminous green manure crops and soil available Cd, As

contents, and shoot Cd, As contents

fibn  RHEARESCd LIRSS As M ERRCd ML B AS

Index Available Cd Available As Shoot Cd Shoot As

Pt 0.041 0.630%* -0.265  -0.448%*
TRAE L 0.002 —0.521%% 0.578% 0.549%*
AL 0.338 -0.324 0.134 0.191

2R 0.458%% —0.500%* 0.119 0.172
TR A 0.150 0.018 -0.352% -0.230
AR -0.114 0.718%* -0.208 -0.423%
B -0.067 0.5827 0.043 -0.204

T ORI EAHISE(P<0.05) - FR M i EAISE (P<0.0D) . T,
Note: * indicates significant correlation at P<0.05 level, **indicates
extremely significant correlation at P<0.01 level. The same below.

BT IR S S A 5 1E A OE (P<0.01) , A 800 5
R A S IE AR OE (P<0.01) . f /= S ak A HL A
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LR A A 0 LU 5 M = e ) R LR 3 TSR NEAE )
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3 iTig
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A3 R KRR I A R R Y A
FE R B, AR BEAH L, GORF SR AEAE S vl $E i 1 4
AR 52.78%~111.11%, 3% 5 & 2 PFHEPWF 5T 45 3
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I IEAR G, IE S A R AE nl [ i 42 5 e AT
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[ A FAE RS N -3 55 534 B4 v R [ Bs) 38 W LAAH
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Wy, 38007 S e A TS AT i 2k AR v ]
BEE N T A AL & B (AR b, L3
FHLT A LA PR A T 1.59%~32.49%, 5 F 3R T
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IR T - HESL T e A L, R R RN 1R
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BUBR I o 55 Ah LA MU R AR 5 G Rk
VEYIRT - A BB A A2 DIAROG . 3 Y 3 [
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Table 5 Correlation analysis between yield , C/N ratio of leguminons green manure crops and soil physicochemical properties

47 Index i Yield AL C/N A P SOM S5 TN B 2 AN HRWEAP HEE AK
s 1
WA L C/N -0.641%% 1
AP 0.080 -0.118 1
EA -0.335 0.195 0.6027* 1
i ik AL 0.210 -0.221 0.505%* 0.483%% 1
R 0.511%* -0.441% -0.021 -0.066 0.266 1
AL 0.411% -0.328 -0.023 -0.135 0.088 0.6317%% 1

1% WHART]
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