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Effects of biochar application on the bioavailability of soil heavy metals in paddy fields fertilized with biogas
slurry

YUAN Gen', TANG Yifan'?, SHEN Jianhua®, ZHU Yongli'*

(1. College of Biology and the Environment, Nanjing Forestry University, Nanjing 210037, China; 2. Collaborative Innovation Center of
Sustainable Forestry in Southern China of Jiangsu Province, Nanjing Forestry University, Nanjing 210037, China; 3. COFCO Meat
(Jiangsu) Co., Ltd., Dongtai 224200, China)

Abstract: To determine the influence of biochar on the bioavailability of heavy metals in farmland soil fertilized with biogas slurry, four
biogas slurry application levels of 0, 250, 500 m®*hm™, and 750 m* - hm™(equivalent N application amounts of 0, 205, 410 kg*hm™, and
615 kg-hm™, respectively) and two biochar dosages of 0 t*hm™ and 15 t-hm™ were applied to investigate the bioavailability of soil heavy
metals (Cu, Zn, Pb, and Cd) at 0~20 cm soil layer in a coastal paddy field. The results showed that the mass fractions of the four heavy
metals in the weak acid—extracted form in the soil had no significant changes under the low biogas slurry dosage (250 m*+hm™), whether
biochar was added or not. When the amount of biogas slurry was increased to 500~750 m*+hm™, the mass fractions of Cu, Zn, Pb, and Cd in
the weak acid extraction state increased significantly in the absence of biochar, but the mass fractions of Cu and Pb were significantly
lowered when biochar was added (P<0.05). In the absence of biochar, the application of biogas slurry increased the Cu content in rice
grains by 44.0%~116.5% but did not significantly change the Pb and Cd contents. In contrast, in the presence of biochar, the contents of

Zn, Pb, and Cd were not significantly changed, but the Cu content in grains was reduced by 21.8%~37.5% under the dosages of medium
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and high biogas slurry (all four heavy metal contents were below the limit values of GB 2762—2017). Our results indicated that addition of

biochar can significantly reduce the bioavailability of Cu and Pb in paddy soils under biogas slurry application and that it is an effective

measure to reduce the Cu content in rice grains in paddy fields fertilized with biogas slurry.

Keywords: biogas slurry; biochar; paddy field; heavy metal; bioavailability
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Table 1 The basic physicochemical properties of biogas slurry
used in the study

545 Index % & Content FEF5 Index 25 & Content
pH 8.38+0.43 TP/(g-L") 0.13+0.01
EC/(mS-cm™) 10.22+2.03 TK/(g-L™) 0.69+0.07
TOC/(g-L™) 1.63+0.28 Cu/(mg-1.") 2.94+0.66
TN/(g-L™) 1.13+0.14 Zn/(mg-L™") 10.31+2.69
NH:-N/(g-L™) 0.82+0.08 Pb/(mg-L™") 0.19+0.19
NO:--N/(mg-L™)  32.95+4.27 Cd/(mg-1.") 0.02+0.01
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Table 2 The basic physicochemical properties of biochar used in the study

FE 5 Index P it Content FE 1 Index i Content
pH 9.41+0.20 P 1% 5546 i Cation exchange capacity/(emol -kg™) 32.51+4.67
C/(g'kg" ) 491.3+5.0 F R Specific surface area/(m?*- g ) 229.4+8.9
N/(g-kg™) 5.32+0.25 Cu/(mg-kg™) 1.21+0.14
K/(g-kg™) 3.94+0.13 Zn/(mg-kg™") 10.68+0.64
P/(g-kg") 0.74+0.06 Pb/(mg-kg™) 0.27:0.05
W4 Ash/(g-kg™) 356.9+12.5 Cd/(mg-kg™) 0.03:0.01
R®3OKERIT
Table 3 The experiment design
qb g o ?E?ﬁﬁﬁfﬁ%%ﬁ HE W R ?E?ﬁﬁﬁﬂﬂ?z ‘ }ﬁ/u\%?hi‘ . i%mﬁﬁﬁ
Treatment e apI.)hcatlon level of Application of biochar Dosage 0f3b10gis slurry/ Nitrogen appllcitlon Dosage of l{lzochar/
biogas slurry (m’+hm™) rate/(kg*hm™) (t*hm™)
S0 ANt ANt FH 0 0 0
SO+B ANt FH Jiti FH 0 0 15
sl (L8 ANt i 250 205 0
S1+B {8 Tt FH 250 205 15
S2 Tt ANt FH 500 410 0
S2+B i Jiti H 500 410 15
S3 = ANt 750 615 0
S3+B [ Jiti o 750 615 15
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Different lowercase and capital letters indicate significant differences among different biogas slurry dosages treated with or without biochar,

respectively (P<0.05). * indicates significant differences between the two treatments for each biogas slurry dosage. The same below
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Figure 1 Effects of biochar application on the contents of Cu,Zn,Pb,and Cd in soils fertilized with biogas slurry
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Figure 2 Effects of biochar application on the distribution of four fractions of Cu,Zn,Pbh,and Cd in soils fertilized with biogas slurry
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Figure 4 Effects of biochar application on the physicochemical properties of soil fertilized with biogas slurry

R4 REREMRNEAENRLETIREECEBRIEIGERENHE TIEELMRAHEXE
Table 4 Correlation between mass fraction of heavy metals in the weak acid extractable form and physicochemical properties of soil

under treatment with and without biochar

bR At FI A= ¥ No biochar application Jiti F A= 19 5% Biochar application

Index Cu Zn Pb Cd Cu Zn Pb Cd
pH -0.691% -0.663* -0.578* -0.725% -0.789% -0.829% -0.781% -0.585%
EC 0.368 0.398 0.260 0.362 -0.015 -0.140 0.432 0.083
SoC 0.860* 0.806* 0.714% 0.8427 0.923+ 0.777* 0.650% 0.773*
TN 0.248 0.408 0.266 0.404 0.708* 0.822% 0.801% 0.653*
TP -0.337 -0.275 -0.066 -0.398 0.821% 0.753* 0.644* 0.776*
TK 0.605* 0.576* 0.581% 0.752% -0.333 -0.308 0.299 -0.332

T RS R Z I BAT B F A N (P<0.05,0=12) . Tl

Note: * indicate that there is a significant correlation between different index (P<0.05,n=12). The same below.
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Table 5 Correlation between heavy metals in rice seed and soil heavy metals and their four speciation under treatment

with and without biochar

WH Kt FHAE #995% No biochar application i 2= W) 5¢ Biochar application
Ttem Cu Zn Ph cd Cu Zn Pb Cd
|- HEE 42 J8 ik The content of soil heavy metal ~ 0.764%  —-0.605%  —0.054 -0.023 0.397 -0.680%  -0.300 0.200
F1 0.728%  -0.802% 0.436 -0.091 0.074 ~0.824% 0.028 -0.305
F2 0.670%  -0.700% 0.090 0.191 0.265 -0.729% 0.043 0.100
F3 0.292 0.454 -0.369 0.361 -0.064 -0.216 -0.214 0.203
F4 -0.807*  0.641% 0.057 0.208 -0.263 0.831%* 0.113 -0.242

A S R AT BB AE T — T, A el il R 1T 1Y
A e (I—OH ,—COOH . C—0 % ) 5 w iy, T
HEEBRSA5 %A R L E SRS 55—
AT, Jiti FH A= 9 o 0 Hp L VR RO T 48 pH 3
FHOCE 23 B 45 St 3R B, 55 R 42 U Cu (Pb A T o
3305 488 pH 2 B 3 O ¢, B -3 pH (Y B 0]
AE/Z Cu . Pb ZE WA RUPEREAR I 2 K . — J i,
bt pH (T, L35 L0 4 A WL DL SO AR 2
J T4k, (A5 A 398 0k 2 1 R far B, S 3 ek
4 PH 7 10 55 R R R BE 7 3845, DA IR
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WL A, I — B B E 4R 7E E b R sh
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B E R, X 0] 5 R [R HE 4 8 8 7 2 A Y 3
B OC, B Cu . Ph B S W B, 17 A 9 5 % Zn . Cd 1Y
Mg N o kA APV NIGHTINGALE JR™HA A
i F Zn>  CA* K AL A2 K, 78 LW FiFad 75 b 5 %
B FoAh 43 s RS R

WFFE 2B, Jiti FH A= 400 o RE A A8 i VE P % 22 4 R
AW, B 22 SERIETE R B, ) B 4 S 15 Y 1 e H
Jiti FH 2%~8% FA 2 (R AT A= W e I, IK A FF R Cu
Zn il Cd 75 & B PR, ZHENG 25591 | 8] a4 56 th
T AP A Y R A G AT A % (20 t-hm ™) BE 2 R4
R H 42 B V5 YL Fd 398 Cd  Zn  Ph 1 2 1A 30tk , I
T EE 4 AERE K i & R AR T 26%0~71% . A
R USINA Y He i, Bl A TR VORI , KA FF
i Cu &t B BT AHOCHESS SR 8RR
Cu % 5 3 Cu % &2 S 55 PR PZBUS FT & /r 3 2
IR OC . TR, APt VA AR 48 P Cu 59 1R
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