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3T TR, WL T 315199)

B RSO AR, AR RS Ao A A ) s B Tt A S A AR, SRR RS TR
BRRERT IR IR SR SR AR K R . S5 RRY . EAMRIAT IS R, AR IRRIEARE T 50 gkg B AMEME
ZH 439 pH 435I\ 4.20 F11 4.39 HEINMZE 6.48 1 6.00, WM A FEHERERS I+ HEA PUTURIBE SR> B ik, 48 DR TREE FUIREG G 1
MR ES B AR, MEXTBY, EAFRUEEA AR E3 T = 4.5 6%, /. 8. MRS 13.4%~31.6%.
119%~141% F128.5%~81.1%, £ DAL, BESMEREGIEE SAORI AT SCERRIL T i, G2 DI b VR AR r B VR T
KR AWBTR; AW EaE ghecd; HImRAMR; EWEK
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Effects of Phosphorus Modified Rice Husk-Oyster Shell Based Biochar Composite on

Properties of Acidified Soil and Growth of Chinese Cabbage

HUANG Yanghua'?, DENG Shengning'?, LIU Zhao'*, CHI Haifeng', ZHANG Youchi'*, CAI Chao'

(1 State Key Laboratory of Regional and Urban Ecology, Institute of Urban Environment, Chinese Academy of Sciences, Xiamen,
Fujian 362100, China; 2 International College of Juncao Science, Fujian Agriculture and Forestry University, Fuzhou
350002, China; 3 University of Nottingham Ningbo China, Ningbo, Zhejiang 315199, China)

Abstract: In order to develop environmental-friendly amendment, a phosphorus(P) modified-biochar composite (ROP) was
prepared from rice husk and oyster shell powder, and a pot experiment was conducted to investigate the effects of ROP addition
on the properties of acidified soil and the growth of Chinese cabbage. Results indicated that the addition of ROP could mitigate
soil acidity. In soils adding 50 g/kg ROP and two different doses of fertilizers, soil pH was increased from 4.20 and 4.39 to 6.48
and 6.00, respectively. Meanwhile, the concentrations of organic matter, nutrients like P, and the activities of phosphatase and
urease were increased in ROP amended soils, while the concentrations of available heavy metals were decreased. For Chinese
cabbage, the dry weight of aboveground parts of plants under ROP treatment was 4.5 times higher than the control, and the
concentrations of N, P and K were increased by 13.4%-31.6%, 119%—141% and 28.5%—81.1%, respectively. In conclusion, the
application of ROP can improve soil quality, and alleviate the threat of soil acidification to plant growth.

Key words: Biochar; Oyster shell powder; Composite; Phosphorus modification; Alleviation of soil acidification; Crop growth
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A 0 5 e e — ol 3 e R S A A A M R 5 ) 4
JEORHE 28 1 A8 A G R D RE AL R , IR AF R 7E R R
U T T2 . AR TR R R, A
Yy T H i 1 pH, MR + SRR LR phaE 1. SR
T, A= 90 3 o A B 2 SRk 8 BRI T 2 455
FFM, PRI AR AR F o A 9 5 A B - 9 R A ek
HACRR2E R BE. Fln, Dai SR, WL
A W R RS 7 A T T (4T RD 1 pH 4R 1.28~
2.16 AR, T SEFE A 5 i b B 4 18 pH 5% R
FE o R FHSCME S B 7 TR T A W Tk PE R . PN
2571 e 6 A W O e ANV A SR AR 0 R A b R S A
[t , st T e g, R T 2 A
RHE - HEAREE P 2 k% He SR H0, Al
HNO3/H,SO, SttEA ) Fi i, 3600 1 A= iR £ A
PUE BB A, A4 e 1 AR B ) 4 pH )i
THES O AR LI, A WE5E ) B CaCOs,
W A 0 I UL 5 A g S R S A s 1 A 0 IR e 1
BB S, Ca¥t AE AR AT R IR A )
JoR R % 1A LR RE T 43 AU, DA 5 bR e A
H™ RcEmib R R mae . a5 Mk, %
R AL 3L A AR I R 5 3 B 6 28 5 Wl 1 K Adh
PR 4R 5 Y s 2 R TT , Ak 3 Aol )L 5T
B LR GEARGE , AHSCRLRE TR AN B A

O, ARHIFZ A0 a4 1% ol e 1 A A5 3 A A
MEHROP) N WF T X 5, 35 BURE 72 A= ) I 7k (RH) I
0 5 AL R (OS)WE R Xt R KL, g 2 Ak i 50
RF&, ¥R5E ROP My AJafafb 3% pH. scHbbh g &
L IR MO PR A, /i ROP Xk
FISEA RIS, 256 VT Ah 9 e 1k o 5 3 52 5 b L
FEUCE R AL - 5607 T skRE . DUARR AL HIRLE AR
PP LRI S

1 #MREIE

1.1 ket

A Bl O o 5 5 G BOBHROP) L Fef e Fl 4
WEZERy CRiAE/NT 100 H )R JERH & o BAR 5
FRIURE S . HWFFE R S K HPO, IR, $ Bt [ 80 -
8 : 1LIRA, M@ /KRG, BEHEY5); Fi)E T 80 C
NREDIBERE 2 b, ARURSEHCT BT E T
PrhBREIE, 500 C RN 4 hy BHIE, PSS
10 HfigH . Hs bR ARG 52 A 1 5 e (RH) FI
R FE IR BHOS)PIFR . FLARTI 2 5 R 43
FREURE 72 s W5 5 8 1 5 i i b BR AR, 500 C

RV 4hy VHIE, DR 10 B M. 3 Fet R
BHEAEME BTN SR 1 PR .

MR HER AR AT B SRE R Z , b+
B, pH b 4.19, MRS EM 6.23 cmol/kg, H
LB & ik 28.1 g/kg, HHAJE Pb. Cd. Cu. Zn F i
S31h 81.2, 0.18., 44.1. 136 mg/kg.

BEAPEY I e, B0 T E T A R 52 T
Yo AP SRR B, R IaZEA A

Fz1 HIAMRMBERBELER

Table 1 Basic physicochemical properties of materials tested

PE RH 0s ROP
pH 10.30£0.01c  10.65£0.02b  10.83+0.01a
BB (mmol/kg) 1.59£0.09c  18.5+0.38a  4.53+0.44b
SR (g/kg) 1.41£0.06b  0.85+0.13c  8.75+0.16a
3005 (g/kg) 0.36£0.02b  0.02£0.00c  2.28+0.07a
M PERE S (g/kg)  1.294030b  0.42£0.01c  6.21+0.25a
SRR (g/ke) 2.14£0.01b  0.14+0.00c  13.1=0.11a
SV B (g/kg) 2.79£0.11c  295+1224a  67.0£5.04b
WREREE Fr i (mol/kg)  1.44+0.12c  8.27+0.17a  4.32+0.08b

Ve P REATARFING 85 R R B 1A 2 57 3%
(P<0.05),
1.2 REigit

HRAE T 25 AR 45 5, 108 0 R AR it
R 50 g/kg, ANEHEHE A N 150, 400 mg/kg M
AR NPT ARG IR0 AL 8 AN b FE HAR R .
Jit ST A 7] 350) 8 FIESARk £ %o R Ak 3L (N150-CKC T N400-
CK). RH ZbPHZH (N150-RH F1 N400-RH); OS 4ZbPHzH
(N150-OS Fl1 N400-OS), ROP ZhHHZ{(N150-ROP I
N400-ROP). G MAEIRL U 6 DA . 15 [m]
FEN 1 P,0Os 0 K,0=1: 1 : 1 fH ) 52 B s AR A AE
IRIGE, K 700 g 438 5 2k B A RHRUAS [ 7] & AR RHE
GG RA 1.5 L SRR 2 a4 o AL R K
T8, 7 d JERERUR SR 15 kL, B H R PTIRE
KFEY; 10 d ST R 5 Bk, SRR 50 d &
IR LR
1.3 XRiES5HH

IRIGEEHG , WORMEYIRE S, BRI R AE TR
o SR FHHLA I 2 3 pHOK LR 2.5 ¢ 1, Vim).
R FH S AR A 4 R 2 10 2 Ac bl S 5 AL
Bebbar S, IR E s ek iR ) SR A R AN
P R TR AN A AL A D E A LB & & o R A 1 mol/L
TR B AR BOE I e sC e tE ER B PH S+ i . ()
0.5 mol/L R S AN AR I -3 A 20w, R
PR B L SR UM VA PRl , I8 SR B B Le 2 i e A7
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SO A R A YR HC10,-HNO; JH fif 12
SEHHEAA | 28 2 nE B R Solarbio
- 8 it 3 P S D3R B o MRS A, A KR
PR R BERR B . () 2 mol/L S AL
WA rp LA, G R 0 i A A
BRESATHAR &N EHER . WSS
Ao, KA =R LR (DTPA)R LB &
25 B PR B AL (ICP-MS) & 5 + 1 v 3 42 8 A 3L

PO =N
BEE.

F4h, FEWFAPIAESET, 1/ BERC-502 AT
R g 22 0N e P S 4 3R & i, IF e stAs bR
R MR RRAS o RS RAEAEDIRE &, K5 355 it
SRR AR b o A T AR ST, WA T
i Vario MAX JCE AT e A b |35 h &L
ik, 218 GB 5009.268—2016( & i EEhE &
T RE Ave N <0F1 Vol Byl s = 001 N2
5 sy E A4 JBITR(Cd, P, Cu, Zn) &g,
1.4 HFELHESSH

K H Excel 2019 ZbHHXE0% M, ik SPSS 26
HEATALBRIE] 5 22 53 M B B 2 A K, SR A Origin 2021
il 1l

2 GRSt
2.1 M RMPX LRI

2.1.1  BCRAPEG 4 pH FISCH R & e A
[FIAhEE A 398 pH W3R 2 iR, IR 2 AIAL, Ehnek
RBEHE 3 pH 438, 3 Fobtkbxs +4 pH 195
Wi B BE AR Y OS>ROP>RH. 7EAKH & &N 4b ¥
(N100) ', #shn RH, OS #il ROP J5, 3% pH Hi CK
REFRAY 4.39 43R E 2 5.31, 7.08 il 6.48(P<0.05),

B A RN, 5 pH 2 R RS 78 m
HANELFE(N400) N, RH AbBHAY+3E pH 5 CK 4t
P2 8] 24 5 1. 2 (P>0.05), 1H OS F1 ROP AbF 1)+
% pH 15 CK AbFREY 4.20 209 BEIE 2 6.68 Fl
6.00, XJEHN RH, OS F1 ROP ¥ hmstEAT R, i
AT IEIRET 5 v 4 pH. SR, Bl R
I, NHL BT . b5 W i AR A i+
e HY FIEREE B 70010, 304 pH RRIK. PEER
1 TR0 AR AR Rk o, 3 FAT R R
FIREIFEAEZE S, A Ab 34 1] + 8 pH Y R KR
JEA . e 5w IL %5 ROP iRk 55
BRCPE o3 it e T RH BB b 3 T, X358 T ROP
5+geh B A ROBRE ST BRI, ROP A B Fifm
R AR S IRT OS, iX ] B2 i, ROP Ab#H 4 + 3
pH B4/ OS AbHAL Y FZ2 A

AN TR & SR VAN IR AR B Y B A
DRSS S o, BN 3 FhbTRHA AR I 2 R K 35
PERR B (P<0.05); Hirh RH AbFEZ] %]+ ez o ig
SR REARIE B fe /N, 1 OS Al ROP AbF4H 27 ]
S (P>0.05). TEALRIZAICAEET, W0 RH.,
OS F1 ROP Ji7, TR & 70 il CK AR B
1.14 cmol/kg FEfKZ 0.24, 0.02 £1 0.02 cmol/kg;
E AR ACAL B, AR e R S 4 S B CK Ak
FHAY 1.31 cmol/kg FEAKZ 1.12., 0.01 1 0.14 cmol/kg.
Bt AR AT R 3 Y W, W ST Y
AP, NI ARG - (1 s e R 2 1 U™, AR EL B R
¥l RH, OS #l ROP f4 pH FIBRE T &, & & CaCOs
WLy, H ROP R & K BRI 54 VL E AEH,
AT 3 A St SR A A RN, PR it FH el R
A EE ROP X} - 3Esz etk 8 i A IR = T RHL

£R2 URMAIXLIE pH FITIREES BTN

Table 2 Effects of amendments on soil pH and exchange acids contents

Jife 4k B EiELan CK RH 0s ROP

N150 pH 4.39+0.21d 5.310.10c 7.08+0.052a 6.48+0.09b
A R A (cmol/kg) 1.14+0.08a 0.24+0.02b 0.02+0.00¢ 0.02+0.01¢
2k S it (cmol/kg) 0.56+0.01a 0.20+0.02b 0.02+0.00¢ 0.02+0.01¢
AR % 1 (cmol/kg) 0.59+0.09a 0.040.03b - -

N400 pH 4.20+0.02¢ 4.17+0.12¢ 6.68+0.04a 6.00£0.04b
A MR B & (cmol/kg) 1.31£0.10a 1.12+0.17b 0.01+0.01c 0.14+0.02¢
et & i (cmol/kg) 0.72+0.04a 0.60£0.10b 0.01+0.01d 0.14+0.02¢
LA i (cmol/kg) 0.59+0.07a 0.52+0.08b - -

T RPRFTAR/NE SRR AR o R b B ] 22 5 1 25 (P<0.05); “ -7

FR R IR AR S R AR TAIER . TR
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Fig. 1 Effects of amendments on soil organic matter contents
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Fig. 2 Effects of amendments on concentrations of soil total N (A), inorganic N (B), total K (C) and total Ca (D)
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OS Ab¥ +HE 2B AR feuE s IR(ET 20), X
AT RESE P iR — S e IS, ROP Y8R & 2 i 3
7T RH F1 OS, K4 A ROP AT DL fin 34 4 4

IS RAPENS, A i R K
Hirp OS AbHEZ () 455 & 5 1 iR 35 (P<0.05) i T
ROP Ab#2H (K] 2D). %45 RRH, HMLLiEH 0S, W
B ROP A LIS/ Ca*™ M A, XA B TREAR Ca® X
S5 R Y A M 45 5 1 2 1 KU .

AN b BRZE rp A3l A SR A& 3 R .
VNN ROP W4 T e m & i, ROP AbFHAL
S4B S EEAH LU R RSN T 23.0%~25.6% ; T 1E
RH 5 OS Ab¥ZHrh, +HE2ph o i 5 X 2 2 [0 0
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PR, St 5 30 e A B

4 TR S IR B A B A A T R Y
F5kw . AIRIGSE R, RH Fl OS ZbBRAL A+ 3964
O Fr IR IR, AN ROP J& , AN i 71l i AT
AEFER A i R RIS R 3B), X TR

TIPSR ERE(E 3C), TS HN ROP & 138k
VR R W E N (P<0.05), 1M OS AbBRA M 1
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TEARE AL A4 R 53 R4 22 0] JC . 3 25 5(P>0.05).,
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Fig. 3 Effects of amendments on concentrations of soil total P (A), available P (B) and citric acid soluble P (C)
3 BRMHMIEEEEEYSIENEM
Table 3  Effects of amendments on concentrations of soil available heavy metals
Jiti S AL T e )E CK RH 0S ROP
N150 Cd (ng/kg) 31.1+3.80ab 32.5+4.00a 27.4+1.50bc 26.6+2.60c
Pb(mg/kg) 3.26+0.16a 2.42+0.10b 2.31+0.08b 2.324+0.08b
Cu (mg/kg) 3.33+0.21ab 3.67£0.30a 2.85+0.06b 2.91+0.47b
Zn(mg/kg) 3.38+0.15a 3.374212.3a 1.32+0.08¢ 2.02+0.33b
N400 Cd (pg/kg) 40.7+1.9ab 42.6+3.6a 36.6+3.0b 38.6+1.9ab
Pb(mg/kg) 4.92+0.45a 3.97+0.43b 3.12+0.44c¢ 3.17+0.36¢
Cu (mg/kg) 3.31£0.27a 3.42+0.33a 2.87£0.34b 3.23£0.18ab
Zn(mg/kg) 4.66+0.33b 5.47+0.40a 1.79+0.25d 2.99+0.17¢
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Fig. 4 Effects of amendments on activities of soil urease(A) and acid(B), neutral(C), and alkaline(D) phosphatase
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Fig. 5 Effects of amendments on heights (A), root lengths (B), leaf numbers (C), chlorophyll contents (D), and dry weights of above ground
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Fig. 6 Effects of amendments on concentrations of N, P, K, Al and Ca in above ground parts of plants
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Table 4 Effect of amendments on concentrations of heavy metals in above ground part of plants

Jiti Ak HE)R CK RH 0s ROP
N150 Cd(ug/kg) 1.130.54a 0.69+0.14b 0.48:0.08b 0.55+0.11b
Pb(ng/kg) 4.73+0.44a 2.75+0.63b 2.24+0.35b 2.29+0.29b
Cu(ng/kg) 12.4+2.29a 10.6+1.34ab 8.66+0.77b 10.4+0.50b
Zn(pg/kg) 157+11.2a 54.0£6.65b 26.3+2.42d 38.9+7.78¢
N400 Cd(ug/kg) 1.96+0.56a 1.56+0.15a 0.75+0.12b 0.74+0.17b
Pb(ng/kg) 9.76+0.18a 5.3420.44b 3.46+0.61c 2.49+0.32d
Cu(ng/kg) 15.8+2.47a 11.1£1.07b 9.90+0.49bc 7.89+0.75¢
Zn(pg/kg) 167+16.8a 140+13.3b 30.5+1.85¢ 34.8+3.68¢c
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