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Effect of biochar on the size and composition of soil-pool capacity (SPC) of copper in organic matter fraction
WANG Yu—yang, LUO Chun—yan, WEI Zeng—hui, ZHAO Qing—jie’, WU Wei-dong

(Institute of Tropical Agriculture and Forestry, Hainan University, Haikou 570100, China)

Abstract: To investigate the regulation capability of exogenous biochar on the size and composition of the soil-pool capacity for Cu in soil
organic matter, representative soils from the tropical secondary rainforest and rubber plantations in Hainan Province were selected for fur-
ther study. Per their soil organic carbon (OC) contents, we separated the soils into Soil, (low OC), Soily (medium OC), and Soily (high
0C). Tested soils ( Soil;, and Soily) were amended with corn—straw biochar ( Soili.; and Soily.; ). We spiked the soil samples with differ-
ent levels of Cu(NOs),, forming different Cu—contaminated treatments. Results showed that the saturation capacily of organic matter—
bound Cu was 8.70 mg-g™" and 9.76 mg- g™ in SoilL.s and Sioly.s, respectively, equivalent to 3.69 times and 3.12 times that of corresponding
Soil, and Soily. Compared to Soil, the saturation capacity of FA (fulvic acid)—Cu, HA (humic acid)—Cu, GRSP (glomalin—related soil pro-
tein)—Cu, and POM (particulate organic matter)—Cu in Soili.s increased by 1.71, 2.83, 2.75 mg+ ¢, and 0.09 mg- g™, respectively. The sat-
uration capacity of BC—Cu decreased by 0.76 mg+¢™" in Soil..s. Compared to Soily, the saturation capacity of FA—Cu, HA—Cu, GRSP—Cu,
and POM—Cu in Soily.s increased by 1.66, 3.75, 2.68 mg- g™, and 0.07 mg- g™, respectively, whereas the saturation capacity of BC—Cu re-
duced by 2.14 mg- g™ in Soilu:s. The contribution rates of amended biochar to five organic—matter component—bound Cu pools in both Soil,.
and Soily followed this order: HA > GRSP > FA > POM > BC. Thus, biochar significantly increases soil-pool capacity of Cu bound on or-
ganic matters and different organic—matter components in the soil. This is of great significance in improving the buffering capacity of soil
for heavy metals.
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1.1 TEHRNRESLE

P 3 AR b A1) R 39 ORI AT AL 5T
SrrE K YR FRTFR A Soilk  Soily A Soil,,) SR FE 5,
Ja& F BT g Pty 2R R X, AE 4 24.3 °C, K BHAR
SPEAEL 135 kI em ™, AP YRR & 1600 mm DA F o 4
BRI AL B A KA K 8 T R 213

Soily K F VLB 3 £ U4 B SRR I XA R AR FAAHF
AR (ARZ 109°117, 4646 19°057 , 14K 1145 m)
To N R T 5 Soilw R T H IR Az TR £ 1 Ok 19 265 1
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19°28" M4 125 m) , 20 42 50 4EACHF B, - Hb A1
58 R o

A SSE I 2 S URE B O A T EORE  HAR Y
T AEREAN BORE 55, 25 bk 38 Mo 4 9 22, B 20 em LAY
M2 R AU A LS, AR,
ZeBR L PR AT HE A 2% 0T, 0 2 mm 0, AR PR AF S
o T3P R WA 1.
1.2 E¥xfl&5Rm

PRI T RAEFERY 05 J5 AR b T4, 3 2
mm i , 350 CH# 2 h, FH SRR S B , 2 0.25 mm
it , B NIBEASLRAT . 53 BRI Soil, Fl Soilw 500 g, LA
Soily AT HLEK % 5 A AR IE , 4350 S 0 3.1% 1 2.3% 1)
FORFEFFEY B, 43 BIE A Soilws 1 Soiliwe APk
FEARPER I 2,
1.3 TEHRNELEESE

B3 2 mm G 19 Soily . Soili.s M Soilyes 1 R 5L 25
TR AN SR RSl K R A 8 K #) H R R
11 70% , AN AN IS R0 Vs (s A5t ik 1 3 1
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Table 1 Basic physico chemical properties of the tested soil

HEIR 439 Tested soil Soil, Soily Soily
pH 4.98+0.07a  4.64+0.07b  4.53+0.18b
AL/ g kg™ 4.65+0.31c  12.01+2.55b 35.31+2.97a
R A B g ke 0.64+0.05¢  1.52+0.30b  5.17+0.35a
BRI g kg 0.83+0.13¢  2.40+0.38b  5.39+0.79a
[EL A 1.07+0.16b  3.03+0.77b  7.47+2.45a
BREEF R /g kg 2.34%0.22b  5.85x1.03b  17.353.54a
A g kg™ 0.5120.03b  2.49+0.37b  6.32+1.31a
P& 158 it femol - kg™ 2.45+038¢  7.36+1.12b  12.33+0.31a
AT/ em™ 1.5520.03a  1.48+0.06a  0.8320.11b
/% 70.45+3.15a  42.86+5.40b 41.41+2.02h
k% 7.561.19h  12.24+2.05a 12.79+1.17a
Fihi/% 21.99+4.29h  44.90+6.12a 45.79+1.17a
Hil/mg - kg 23+1.9a 12+0.5¢ 19+1.2b

TE A /NE FREFOR Al — 8 b T A [l e 00 22 e .25 (P<
0.05).
Note: Different letters within a column mean significant difference ( P<

0.05).
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Table 2 Basic properties of the biochar

— 4 o7 2réb A~ B
JCR U % AT FHE M
Element . . Functional groups/
.. Basic properties o
composition mmol - g
C 6887 pH 8.9 FRAk 0.65
H 325 WKx1% 12.32 FREE 0.98
0 241 HERM/m? g 34.66 RS 0.09
N 098 | MALBAR/em® g 0.051 PR AL A 1.58
S 0.28 FH 5 - S8 ff it/ 55.68
mmol - g™
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Figure 1 The change in amount of cooper bound on organic

matters with added amount of Cu contamination
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KT 14.456% ; 45ME Cu i &k 45 mg- g B, Soiliw
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Figure 2 The change in amount of Cu bound on organic matter fractions with added amount of Cu contamination
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ORI T 4.384% K2 1.77 4% 5 44N Cu M N
30 mg-g ' i}, Soil.s 7 BC—Cu T4 648 wg- g, ik 511
Fl, J2& SoilH BC-Cu R 75 1 19 0.46 %5 . 4 4P Cu
TN K F] 45 mg - ' ], Soilyes 7 BC—Cu & Hy 815
pg- g BB, B Soily Y 0.27 £% . AESMNE Cu
e R IS A= 4 2k X Soily 5 Soily F BC—Cu & I3 1
R )M 0.32~4.38 45 F110.19~1.77 15

AW e PT DA 2 S IR B 2 R 455 A5 4 (GRSP-
Cu)# (2). 1K Cu(0.025.0.05.0.25.0.5 mg-g")i5
YLKV, B Cu W8I0 2 B3 I0 , U8 i0 A= 40 o I L
A ML 43 GRSP-Cu 12 43 5134 i T 0.02,8.08 .
3.20.6.51 1% % 1.62.1.98.4.53 . 4.98 1% . 1EA%A HLJ%
+ g Y ANE Cu TSN R 2.5 mg - o7 B, PR ROCR
N IS INAE Y R e GRSP-Cu it #1517 18.41
% 5 24 ANJR Cu US4 30 mg - g7 B}, Soili.s GRSP-Cu
T8O 2980 wg g, R B AT, S Soily 4 AT A 13.09
o FEHR A ML S AMNE Ca s &E A S mg- g™
B, PR R ol B, GRSP-Cu B T 13.40 1%
M AN Cu TR 4 30 mg - g7 i, Soily.s Y GRSP—Cu
1M 2905 pg- g, IS BT, J2 Soily 161 AN ) 13.00
o RSN Cu ¥k B2 T WS INAE ) 5 X Soili 5 Soily H
GRSP - Cu & 1 1§ Jin 4% 243 il 4y 13.09~18.41 £% Fl
12.69~13.40 1%,

TSN A ) < AT LA S 3 1 UKL A AL 235 5 285 ]
(POM-Cu) & (2) . 7ERH A Cu(0.025.0.05.0.25 .,
0.5 mg-g ) IGYAAF T, Bl SN Cu dS N 9 3E m
TS IR e AR oA HILT 38 POM-Cu 1243 51| 2
BT 8.60. 24.73. 61.97. 31.67 1% & 25.01, 70.01,
68.65.22.41 % ; TEALA ML L3 rh 72 SRR Cu S &
IKEN 2.5 mg- g B, PR RCR T R B3 WS I AR W i
J5 POM-Cu 3440 T 85.37 1% ; 244N Cu WS i i Ky
15 mg- g 5, Soilis H POM-Cu & 4 726 png- g™, ik
TR, J2 Soil, HP i R Y 4.23 1% . A8 TR A AL 1 3
g, AN Cu U &R 2.5 mg-g (ISR AL S ]
B2 A % BTG POM=Cu 341 T 13.86 4% 524
AR Cu B HNHEH 60 mg- g7 1}, Soily.s HF POM—-Cu 12 %
KN 670 pg- g™, J& Soily FHI AT 1) 1.96 5. A[H] 5k
TR Cu M BE R A I AE 9 7% 5 Soil 5 Soily 1 POM—-Cu i+
B3 04351 °h 0.97~85.37 5 F10.87~13.86 %

ANFEAMIE Co W BE T WS I A= W) e i A WL 25
A 2 5 25 A WL 2 53 i ) S AR G (3R 3) 6
2.2 BHLES G 75 EE 28 R X SINIR A 40 7 B Pl RZ

M3 (a) AT LAF H AR LS 3 v, A=W 0

¥ FA-Cu 5 OM-Cu i [ 43 75 1t 1 2.27%~6.45% Y&
51| 8.35%~24.81%; 24 MR Cu s iR /N T 15 mg - ¢!
iF, A= 5 HA-Cu 5 OM—-Cu i E 43 & i 1.54%~
17.83% K# %1 0.03%~1.17% , {H 24 SN Cu 75 111 5 15 2]
15 mg-g' Ji, A4 & & W 0.59%~1.76% 3 Jin F|
2.66%~32.61%; "= 91 145 BC—Cu df OM—Cu FH 775
it M 29.80%~65.37% /N El] 5.27%~27.67% 5 >4 51 5
Cu 74 4 0.025 mg- ¢ B, GRSP-Cu f OM-Cu £y
H 43 BN 0.64%, 24 ANE Cu T8 0B K F 0.025
mg - ¢ B, A4 & 11.28%~49.66% 5 F
34.54%~63.66% ; 24 ANE Cu TN i/ T 15 mg- g ' i,
POM~-Cu (i OM=Cu [ 4375 i FH 1.39%~7.06% $2 =
£ 11.43%~40.16% , 4 5MJE Cu WM K E] 15 mg - ¢!
&, @ 4> & i 19.58%~31.76% Vi /)N F] 6.56%~
12.83%.

WE 3(b) iR, fE A HLT 5 AR ol
FA-Cu (5 OM-Cu 1 & 47 7% 5t HH 1.88%~12.17% ¥/
F| 14.30%~29.80%; 24 4N Cu TR IR /N TF 15 mg- ¢!
iF, A= ¥ 5 HA-Cu 5 OM—-Cu 1 E 43 2 5 i 3.53%~
30.95% %31 0.30%~1.43% , 44N Cu B I ik 2] 15
mg- g J5 L A 2 0.54%~2.43% 1 2 7.34%~
38.75% ; £ ) K5 BC—Cu i OM=-Cu A 73 & B M
34.68%~78.10% I /I F| 5.02%~19.20%; £ ¥y ¢ ¥
GRSP-Cu (5§ OM-Cu Y H 43 % & H 6.05%~31.90% $&
1 3] 28.46%~59.87% 5 24 HMJE Cu B &E /N F 15 mg -
g i, POM=Cu 5§ OM-Cu /Y B 4 % & H 0.81%~
7.74% $2 755 7 8.99%~34.35% , 24 AR Cu Fs il 2 15 F)
15 mg- g Ja, A 70 &% & i 11.15%~16.45% 18,/ 3|
5.19%~6.63%.

3 g
3.1 BUREASFESS K/ 4 Y% i 5
AN 5T 45 T 26 BH AR W i BE I 25 18 A AL 2 40

SIS RETT 4w A LRSS 5 S A
(B 1), 35 A A e 45 2R — 22 Xt il T8

R3 TEANREES CuESENEAS CuliEXES
Table 3 The correlation analysis of Cu bound on

organic matter and each unit

FA-Cu

RUSIMAED I 0.948%
WM 0.929%
TR RRTE0 .01 AKCF CRUI) | i AR

Note: ** Means extremely significant difference at the 0.01 level.

HA-Cu GRSP-Cu BC-Cu
0.606%*  0.939%*  0.987**
0.615%*%  0.994%*  0.987**

POM-Cu
0.811%*
0.97 1%




860 KA AER 2R MR
() fICA ML - 58
< 100 O M B O =00 O An A or mr
8 - | | | | || |
RS — - L
ﬁ 80 1 | | ] N
E as ] il [
i 60 ] 7% 7 a7 2
5 5 74 7 <f
J!'EE i 7- ; A VA
5o 7 &
% 717
&)
£ SYRIBIB IR
S LA |
NI nll Wi Al " %
‘(’\]7 [==] gm m [==] /| Lgl=- Ngla=) 2 m % m ‘Q m % m
S, Su sw S Y h h S b <
oda < A o S - Nl =~ ©
g =] =
MR Cu BN /mg - ¢!
()P ML 14
7§100 o = — — M 00 ] n ] ]
S | | | ||
&K 80t ] u | | - 7
i L AN %
= -
S ./
) 60+ ; 7 7] L - 7 7l
= 7 308 N
L N 7
£ e @ NP %
= VA
S /) 7 - 7
& 201 é 717 v
g ol O 1
& | il g
g m gm g m o nnm Nglan) E m 2 m @ m % m
S Swn S S T4 A 4 S 4 S
=§ "2 "¢ S 7 -5 E
(=)
HMIE Cu ¥ N i /mg - g
J pom [GRSP BC HA [ FA

3 HAHS Cu GANVER Cu B EEBESNE Cu iR inER TN

Figure 3 The change in percentage of Cu bound on organic matter components with added amount of Cu contamination

Yy 1 32 A B ELA T A7 fef 1) RB D, R) TR T i
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