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Effects of biochar types on properties of sludge—soil mixture and plant growth

LU Jie', FENG Jiayi', SHENG Han', PENG Weixin', WU Daoming', ZHANG Xueping’, ZENG Shucai"

(1.College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou 510642, China; 2. Forestry Science
Research Institute of Foshan, Foshan 528222, China)

Abstract: This study aims to investigate the effects of three biochar types on the physicochemical properties of sludge—soil mixed substrate
(mass ratio 1: 1) and the growth of garden plants grown in the substrate and explore the potential of biochar application in sludge
utilization. A pot experiment was conducted to quantify the effects of three biochar types (added at 4.5% of the substrate mass), including
sludge biochar(SB), tree litter biochar(LB), and rice straw biochar(RB), on the physicochemical properties of the substrate, availability of
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heavy metals, and the growth of Ruellia simplex. Results showed that all the biochar types decreased the bulk density and raised the total

porosity and capillary capacity of the substrate compared with that of the control (substrate without biochar addition, CK), with no
significant effect on pH. These biochars differently enhanced substrate nutrient levels. SB only significantly increased total P content,
whereas LB increased the contents of organic matter, total N, total P, alkaline solubilized N, and available K, and RB promoted the total P,
total K, available P, and available K contents. The addition of SB and LB decreased the available P content, while SB reduced the contents
of available Cd, Pb, Cu, Zn, and Ni. LB and RB only reduced the available Cu content. These biochars remarkably promoted root biomass
and the uptake of N and K by R. simplex, while only SB enhanced the aboveground biomass and the uptake of P by R. simplex. The
membership function values showed that the overall effect of the three treatments on substrate improvement and plant growth exhibited the

following order:SB > LB > RB > CK. This study shows that the addition of SB, LB, and RB to the sludge—soil mixture effectively improved

the substrate quality and promoted the growth of garden plants, with the sludge biochar outperforming the others.

Keywords: ecological restoration; biochar; sludge utilization; Ruellia simplex
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Table 1 Basic properties of experimental materials Table 2 Basic properties of three biochars from
V5 e Ab B el ARt AL IR 5 GB/T different raw materials
2348672009 , fih7 IS FEAS KRR A5
f5h% 3 g ey ofsludee disposal uecd In Index Sludge biochar Litter biochar Rice straw biochar
e o o garden or [j_arks GBI/T 23486 2039 i 08 s ol
etk 14 AR 1 e
Acidic soil  Neutral and alkaline C&t/(gkeg) 117.79 667.05 642.90
(pH<6.5) soils(pH>6.5) N/ (g-kg™) 6.01 12.55 8.60
pH 577 152 6.5~8.5 5.5-7.8 HE& 5/ (g-ke™) 8.51 34.80 21.20
HHE/(grem™) 131 0.84 C/N 19.60 53.14 74.76
Tk (g k) 154.69 702.68 C/H 13.84 19.17 30.33
AT (g kg™) 1541 96.54 Cd/(mg-kg™) 8
&N/(g-kg') 070 735 Pb/(mg-kg™) 23 4 17
4P/(g-kg’) 038 481 Cu/(mg-kg™) 122 14 31
£Ki(g-kg') 271 643 Zn/(mg-kg") 735 108 271
WfE N/ (mg-kg') 26.83 428.50 Ni/(mg-kg™") 53 248 233
A P/(mg-kg') 1527 611.08 l‘Hﬁ*ﬁi‘?fE?ﬁ@%CEC/ e L5 5
ALK/ (mg-kg') 65.23 413.27 (emol-kg™)
Cd/(mg-kg") 018 19.88 <5 <50 R/ (m-g™) 13.14 2.08 0.09
Pb/(mg-kg')  29.56 4851 <300 <1000 BALE (em’-g™) 0.09 0.01 0.01
Cu/(mg-kg") 1731 423.66 <800 <1500 - fLAE/mm 24.20 34.72 58.64
Zn/(mg-kg') 4023 863.49 <2000 <4 000 s k=1:2.5,
Ni/(mg-kg) 1010 4796 <100 <200 Note ;"Biochar: Water=1:2.5.
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Ue a1 AR TR AT BN N 3 ke
53 90K 5 e A e (SB) 8 75 490 A= 4 e (LB ) /K
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J - W43 5 0 BE TN AE |, 3% K R T CHCOONH,
R - IRSE S EE T E . 42 CdPb.Cu,
Zn Ni B9AT 75 % F DTPA 18 42 - J5 7 W 436 %
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1.2.3 A3
TS S8 SR BN R EUR A B s in 451
S AREY) A KA TR G VA TR AR,
R(X)=(Xi=X i)/ X=X oin) (3)
R(X) ze=1-(X~Xui) | (Xos=Xomin) (4)
o ROX) ARG b 1 SR T8 BRI 5 R(X) e i AN
T bR S SR T BRI s XM 5 i R AR DI (B 5 X N
JIT 4 A 9 e FAR 5 X R BT A 19 /M
KBS B E R KR pH A LT R N GHERL
PR K PR B AR )RR N ORISR R P
WecE  BARR KR R(X) L Al CARES
Cd AR P AR Cu A RS In AMAENI AR

(X)) T3 feJa R B — Kb BT A 46 b s s R 8
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1.2.4 Hdmab e

K JH Excel 2010 F11 SPSS 19.0 %14 % $ 4 #4140
P43 #7 , K LR 2% (One—way ANOVA ) Fll Duncan 7
AT 220 BT 2 1 H R («=0.05) , F) F Origin 2019
BAFHIE . R A S E AR R (n=3) o

2 HRESH

2.1 AR EREAEROFMm

AN [ A XS 35 5 2y B I XA AN TR 1 £
ER (K 1) . 5 CKAH, LB 3% i %5 & & % (%
14.02% , S ALK B E 8215 9.39% , (H EE Rk ES
CK TG IR 3 25 5% s RB Ab FRIL i 25 1 (2 35 BRI 14.95%,
B LB EE A B A K R B 3 R R 9.86% Al
25.17%;SB AL FIIL A T B ALBUE A B E KRS
CKI B 225 . Al WLAE 3 R AL B b | K A5 A6 AT 4=
W) e Kot B S5 ) B I 1 A R SR A 4

3 il A= 3 ok B AR 2 M TR R I A AE 25 57 (R
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The different lowercase letters indicate significant differences among treatments (P<0.05). The same below.
1 7R [E)Ab 22 B 4 3 1 JoR Y 2 i
Figure 1 Effects of different treatments on physical properties in substrate
® 3 AEAMEXMERUF R
Table 3 Effects of different treatments on chemical properties in substrate
fbm AL AN 2P 2K B N HA P HALK
Treatment pH Organic matter/ Total N/ Total P/ Total K/ Available N/ Available P/ Available K/
reatmen
(g-kg™) (g-kg™) (g-kg™) (g-kg™) (mg-kg™) (mg-kg™) (mg-kg™)
CK 7.48+0.07a 67.43+6.70b 4.03+0.07b 2.60+0.04c  4.58+0.41bc 228.21+0.88b  313.13+17.23b  239.25+6.29¢
SB 7.60+0.02a 66.28+4.20b 4.61+0.21b 2.87+0.08b 4.29+0.09¢  230.03+5.25ab  241.68+8.49¢  237.66+16.61c
LB 7.58+0.03a 93.74+5.18a 5.39+0.28a 3.01+0.41ab  5.74+0.35b  241.38+2.20a 206.58+3.12d 1 185.42+13.90a
RB 7.52+0.01a 60.04+3.44b 4.28+0.20b 3.14+0.05a 7.25+0.48a  223.89+3.39b 365.85+2.49a  867.05+33.65b

VE [ A E 5 AN RN R 30R ab B IR) 22 5 2. 25 (P<0.05) . Rl

Note: Different lowercase letters in a column indicate significant differences among treatments (P<0.05). The same below.
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VRETS Rt Y F 2B FE 5 H

LB B3I T AP 4N 4P B N S K 7
BABARAT AR T T 39.02%.33.75%.15.77%.5.77% Fil
395.47%;RB B E T T 2P & K HR P A K &
i, &R AR T T 20.77%. 58.30% ., 16.84% .
262.40%. {HJZ,SBFI LB {4 P& 54054 CK F#AI%
T 22.82%.34.03% , X ] RS2 KA AP B 150 73k
BUP, 3FAI AT I pH ¥ JC 8 3
22 FAEAEBHEREUSESRESENHIT

3 Tl A 1y e ok R S AT UGS T 4 R B R S N
W (F2) . SBAEEA U Cd Pb,Cu.Zn Ni % 4
CK 43 %] & & B AL T 25.75%. 37.10% . 29.53% .
20.86% .14.69% ; LB Fl RB A i 45 542 Cu 15 43 i
R T 11.66% F118.00% . 7] WLY5 Y8 A 4 e Xof 3 it
ARSE A m IR E R B
2.3 AEIAEIELEE KIS WA

AR 6 AR B AR K3 — R VR (%
4). SBAHWEACH M b MR K& 4 MR AW R4 CK 43 3
EWK T 49.20%.79.91% .54.80%. LB F1RB i i
165 R AR W) 4 B A CK 2 K T 16.50% 1
36.30%, Mih I A fk A 5 CK AR L TG ik 25 25 5
55 CK AL, 3 il A 0 00 o 5 46 ke v 2B 1 2 T W 2

A

R4 AAENEREERSNEYERIH M
Table 4 Effects of different treatments on plant height and

biomass of Ruellia simplex

BF PR Plant oA MY el

teamen el Uyt
CK 106.67+1.86a 31.22+1.39b 6.97+0.04d  38.19+1.38b
SB 110.00+4.58a 46.58+1.32a  12.54+0.13a  59.12+1.22a
LB 106.00+1.53a  31.13+1.39b 8.12+0.23¢  39.25+1.62b
RB 111.00+4.04a 34.00+2.62b  9.50+0.54b  43.49+3.14b

AN [R) SRR A ) e %o W AR b - b T R 43 % 4K
W AR (8 3) , SB I E 2 ik 1 ik 4 5 b3
NP K Kt T3 NP AW, 25 F8 AR 48 CK 430 32 7t
T 70.35%.99.20% . 64.91% . 340.82% . 280.06%. 5
CKAH L, LB g 2 i T AR R B N J2 i 1
T K BRI, & FE AR S R T T 68.77%.96.51%
127.55%. RBY CKAHI B E e 1 i AE R0 T AN
P8 N N O = = 7 s | B 1T
186.30%.96.11% .269.94%. LB Fil RB Xf #b | s T
BB P AU G A e . 5 CKAH L, 3 R A e 38
I 2 AR T RS N UK BRI, AN SB 3 e F
SRRXT P AR

12 0.8 101
T - o
;ﬂ (0] —I—a ab —O‘a a - 8 =a b
g 1 g 06r g b
HE gl —I— i & ab ab S B
< b &2 @% 6k ¢ S
= 2 -
SE 6t EE o4} ol
# S ®e o ol
29 4 e SER
& o T & r
j = 0.2 = 5l
=1 2t = s
g g =
- = <
0 0 0
CK SB LB RB CK SB LB RB CK SB LB RB
Kb FE Treatment AP Treatment AP Treatment
1251 51
—~ a a a —~ a
'op F * Tep —— a b
~< 100 —1 < 4t b =
a0 b &0 —E
.= — L
&2 75¢ = 3t
S = 8
% 5 %5
%3 48
=g sof s 2f
&e g
=~ e}
=  25f = 1f
< o
- e
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0 0
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Figure 2 Effects of different treatments on available content of heavy metals in substrate
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Figure 3 Effects of different treatments on nutrient absorption of Ruellia simplex

2.4 AEEMERYRFEYEKEMOES TN

1% 5 AT, 3 A e i el R RCR 255 HEP A
SB>LB>RB, A UL 5 Je A4 9 o 1) 25 A el R sS0OR e
5 CKA 5 R4 9 Xt pH B 3804 Cd A RS P,
AR Co A Zn A BN RAEY & RN
WA B P AT R P 0 R A T A ML
R BN SR K SR AE LB N AR T B
RB X2 BERRK S AL P & AR Lk K
W AR SRR B

x5 AEMEXNERYRSEYEKNOEMRERBE
Table 5 Membership function values of different treatments on

substrate improvement and plant growth

FEFF Index CK SB LB RB
K 0.21 0.58 0.86 0.90
EERKE 0.51 0.71 0.63 0.93
pH 0.44 0.86 0.77 0.58
HHL 0.30 0.27 0.84 0.14
e N 0.32 0.40 0.85 0.15
HRL P 0.66 0.24 0.04 0.97
ALK 0.03 0.03 0.97 0.65
BRI Cd 0.22 0.93 0.09 0.47
B Pb 0.02 0.69 0.67 0.38
RS Cu 0.05 0.96 0.41 0.60
HRE Zn 0.20 0.92 0.37 0.07
BN 0.28 0.90 0.50 0.62
PRis 0.23 0.44 0.19 0.50
EARAE ) 0.08 0.94 0.12 0.29
PR N IR 0.15 0.90 0.66 0.26
FRR P 0.06 0.73 0.21 0.21
Bk K Wit 0.10 0.45 0.65 0.71
S 0.23 0.64 0.52 0.50
LA HEY 4 1 2 3

3 itig

3.1 AERERAEY % 3T B R M R A &0

A= W i b 25 FL R AR T A 00 R - S S
P, 5 v 3 A R K PE AR ST B TR RS FE
A=W BV B LAR AR, DRI X B i A 45 8 LB
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