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Table 1 Heavy metal content of basal soil,biogas residue and pig manure mg « kg !
i H Items Cu Zn As Hg Pb Cr Cd
+ 3 Soil 22. 165 59. 785 8 265 <Z0. 040 14. 393 31 302 0. 053
i Biogas residue 429. 506 3 500. 800 12. 165 <Z0. 040 8 771 15. 880 0. 418
%% Pig manure 224, 664 3 090. 744 1. 812 <0. 040 2. 676 4. 805 0. 140
*2 TERERSHRAE
Table 2 Environmental quality standard for soils mg * kg !
I H Items 2 5 Grade — %% Grade | %% Grade [ =% Grade [
Cu < 35 50 400
Zn < 100 200 500
As < 15 40 40
Pb < 35 250 500
Hg < 0.15 0. 30 1. 50
Cr < 90 150 300
Cd < 0. 2 0.3 1.0
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Table 3 Effect of application of biogas residues on plant height,stem length and yield of cowpea
i B eyl Yrf 667 m? ik 0T HE 38 ok
Plant height Stem length Equivalent to yield Production increased
Treatment
/cm /mm per 667 m?/kg more than control/+ %
Xf B8 Control 0. 6la 2. 06a 220. 29a —
A 1 Group 1 of biogas residues 1. 52b 2. 97b 689. 85b +213. 16
it 2 Group 2 of biogas residues 1. 60b 3. 00b 921 55¢ +318 33
7Bt 3 Group 3 of biogas residues 1. 72b 3. 43b 1062 08d +382 13
%% Group of pig manure 1 74b 3. 18b 950. 54cd +331. 49
A+ 5% 2% Group of mixture of biogas residues and pig manure 1. 70b 3. 21b 1 354. 91e +515. 07

T SR NG 7 by RoR 22 5 3% P<<0. 05. T [,

Note: Different lowercase letters in the same column indicate significant difference at P<C0. 05. The same below.
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Table 4 Heavy metal content in soil after harvest of cowpea and increases or decreases of
percentage compared with the soil before planting mg * kg !
Hit 1 R 2 i3 bES itk + 2
b 3 X 1
Group 1 of biogas Group 2 of biogas Group 3 of biogas Group of pig Group of mixture of biogas
Treatment Control
residues residues residues manure residues and pig manure

Cu 21. 696b 27. 810b 29. 014b 121. 562¢ 15. 994a 26. 952b
Cu/+t% —2 114 +25. 466 +30. 901 448, 440 —27. 843 +21. 598

Zn 55. 128a 97. 457b 120. 943b 440. 264c¢ 45, 624a 113 841b
ZIn/+ % —7.789 +63. 013 +102 297 +636. 412 —23. 686 +90. 417

As 6. 968a 8 177a 7. 482a 33 401b 5 188a 5 117a
As/+ % —15. 691 —1 064 —9. 475 +304. 132 —37. 232 —38.093

Hg <0. 040 <0. 040 <0. 040 0. 040 <0, 040 <0. 040
Hg/+% - - - - - -

Pb 11. 964a 16. 156a 13. 497a 69. 902b 10. 602a 11. 730a
Pb/+ % —16. 874 —12. 247 —6. 225 385, 667 —26. 341 —18. 505

Cr 22. 959b 27. 768b 25. 329b 103. 965¢ 15. 886a 21. 370b
Cr/+% —26. 653 —11. 289 —19. 082 +232. 135 —49. 251 —31. 728

Cd <Z0. 040 <Z0. 040 <Z0. 040 <0. 040 <Z0. 040 <Z0. 040
Cd/+% - - - - - -
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Table 5 Effect of biogas residues on the heavy metal in the edible cowpea mg * kg !
Ab P Treatment Cu Zn As Hg Pb Cr Cd
it 3 Group 3 of biogas residues 1. 361a 7. 465a 0. 063a <20. 010 0. 094a 0. 262a <0. 040
%2 Pig manure 1L 176a 8 1l4a 0. 050a <Z0. 010 0. 075a 0. 207a <Z0. 040
1B+ 5% #¢ Group of mixture of biogas residues and pig manure 1. 030a 6. 906a 0. 069a <0, 010 0. 090a 0. 204a <0. 040
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Effects of Biogas Residues on Yield of Cowpea and
Heavy Metal Accumulation in Cowpea and Soil

QIN Wendi, XIA Jinliang, JIANG Hubo, HUANG Lingzhi, XU Tiechun, LI Jinhuai
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(Guangxi Zhuang Autonomous Region Forestry Science Research Institute/Guangxi Key Laboratory of Superior Timber
Trees Resource Cultivation, Nanning , Guangxi 530002)

Abstract: To achieve rational and safe use of biogas residue,a field experiment was carried out to study
the effects of the biogas residues on the yield of cowpea and heavy metal accumulation in cowpea and
soil. Different treatment combinations were set, i. e. , control (CK, without applying any fertilizer),
group 1 of biogas residues (applying biogas residue at 1 000 kg per 667 m*) ,group 2 of biogas residues
(applying biogas residue at 1 500 kg per 667 m?),group 3 of biogas residues (applying biogas residue
at 2 000 kg per 667 m”) ,group of mixture of biogas residues and pig manure (applying biogas residue
at 1 000 kg plus pig manure at 1 000 kg per 667 m*) ,pig manure (applying pig manure at 2 000 kg per
667 m?). The results showed the yield of each treatment was higher than that of control (CK). The
yield were 689. 85,921, 55,1062 08,950. 54,1 354. 91 kg per 667 m” for group 1 of biogas residues,
group 2 of biogas residue,group 3 of biogas residues,group of pig manure, group of mixture of biogas
residues and pig manure, and increased by 213. 16%, 318 33%, 382 13%, 331 49% and 515 07%
compared with the yield of group of CK (220, 29 kg per 667 m*) ,respectively. After harvest,the heavy
metal in the edible cowpea was lower than the value of the National Standards (GB 2762-2012). But
the content of some heavy metals in soil were higher and above the range of the National Standards of
the soil with higher application amount of biogas residues. The content of Pb was 69. 902 mg « kg™ ' in
soil with application of group 3 of biogas residues, was increased by 385 667% compared with the
content before planting, and the content was above the range of the National Primary Standard
(35 mg * kg™ ') of the soil. Higher application of biogas residues caused rise of heavy metal in soil.

Keywords: biogas residues;cowpea;yield; heavy metal
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