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1160
3 mm
2.6 g/kg
28.4 g/kg 17.3 g/kg 63.2 g/kg
CEC 4.23 cmol/kg
[1s-21] 400°C 500°C
600°C 1 h 100
500°C 60
1
1
1.1 70 cm x 17 cm x 20 cm
0~ 20 cm 7 kg
#1 BREEFTRIIMER
Table 1 Properties of rice husk and its biochars
(g/kg) (g/kg)
C H N S
RH 79.7 122.4 623.2 174.7 427.0 55.0 5.8 1.6
400°C RHC400 54.6 270.1 275.6 399.7
500°C RHC500 41.7 306.9 143 508.4
600°C RHC600 30.6 385.4 139.9 444.1
1.2 40 ml 0.03 mol/L 25C
6 2 h
C() Cl C2 C3 C5 ClO 24 h 0.5 mol/L
0 1% 2% 3% 5% 10%
6
N 1.5 g/kg P,05 A=cucr > [vo~(enaon X V)/euer 1>
0.1 g’lkg K,00.1 g/kg [22] 36.5/m
( ) ( MicromeriticsASAP2020M)
XRD BrukerD8Adance X
7 XL-30-ESEM
1.3 - -
100 cm?
1.4
pH pH (pH-720 ) SPSS19.0
1:5 (LSD) Origin 8.0
2 h [23]
B 2
- 2.1
t 400°C 500C  600°C

0.2000 g

100 ml
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pH 500°C CEC
[12] 3
pH 1 400°C 500C 600°C
( ) 500°C
(RHC500) RHC600
(2
2 RH RHC400 RHC500 RHC600
03706 2.9627 8.7869  183.526 m%/g
¢ D
96| pH 168 105 132
941 o i L _
+ - 166 10.0 30
921 i 7 % D ogs 28
L0 W 7 ] B
9.0 §/ 64 & E <
88k ~ m&H 9.0+ 426 ©
& T & 5
8.6} _62% & 85t 124 g
84} ® 8
80t 122
821 160
8.0 75F 420
78 L 1 1 7.0 ! 1 L
RHC400 RHC500 RHC600 RHC400 RHC500 RHC600
N IRV PRI B IR T ¢ AN RV AR E RS E 2
1 AREIAMREERFESRBE 2 pH 2 FERBRERFEERXK CECIEYHI 2
Fig. 1 Alkalinity content and pH of the rice husk biochars produced Fig.2 Cations exchangeable capacity and available K content of the
at different pyrolysis temperatures rice husk biochars produced at different pyrolysis temperatures

AccV SpotMagn Det WD Exp F———— 20um
100KV 40 1600x SE 75 10  SCAU

®

AccV SpotMagn Det WD Exp ——— 20um
10.0kV 40 1600x SE 7.7 10 SCAU

)

(A B 400°C C 500C D 600C )

3 TERKAIERKA SEM
Fig. 3 SEM of rice husk and its biochar
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4 PDF XRD Cs Cy
KCl (24]
RHC600 KC1 K,CO;3
KHCO; RHC600
( 2) CEC 2.3 CEC pH
CEC 7
2.2 C G
(Co) C G Cy
(P<0.01) C, CEC
5 6 52.16% 187.02% 214.35%
CEC
CEC
C, G 500°C
(P<0.01) C; Cs Cyo
Co 0.11 0.28
042 g/lem® C; Cs Cy pH 8
1400 b4r B
1200 12+ )
o )
21000 g LOf )
s ) /?
= 800 w81 /
E 600 E o6} |
=400 = o4t
200 RHCA400 02k )
0 1 1 ! 1 1 1 1 1 0.0 7
10 20 30 40 50 60 70 80 C Cy
20 (°) A3
(A KCl B K,CO; C Carbon D KHCO;) P<0.01 )

Fig. 4

4 AREIAREERFERR XRD EE
X-ray diffraction spectra of rice husk biochars produced at
different pyrolysis temperatures

66

LA (%)

CIO

6 FERARIRMENDEFLRERF M
Fig. 6 Effects of the biochar applied at different rates on the
porosity of red soil

Fig.

5 WERARRMEMDEFARRENF N
Fig. 5 Effects of the biochar applied at different rates on the
bulk density of red soil

16

_— =
S N B

e RS F A (cmol/kg)

(=R S e )

( P<0.05 )
7 RBERLCEMOERSFIRETL

7 Changes of the cations exchangeable capacity of the red soil
induced by biochar
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or C G G G Cy Co
| . 19.72% 15.99% 12.47% 27.26% 92.15%
8t !/
I s
i\i/
- 7r G Co
& 82.87%
H gL
6 Cio
S 21.60% 3]
4 1 1 1 1 1 1 J
C, C, C, G, Cs Cio
Ab R
B8 LI pH MTHL 1% ~10%
Fig. 8 Changes of the pH of the red soil induced by biochar applied C, G
at different rates
Cs Cy Co 5.18% 4.15% 1.6%
Cio pH 45 8.4 18.65%
600 500°C
24
2
#2 WERTERMEXNTERODEZHZMN
Table 2 Effects of rice husk biochar at different application rates on the fertility factors of the red soil
(g/kg) (mg/kg) (mg/kg) (mg/kg)
Co 26.4+0.055 f 38.65+0.70d 19.3£02¢c 79+£04f
C, 31.6+£0.02 ¢ 70.68+1.79 a 19.5+£0.1¢ 143+2.0e
C, 30.6+£0.10d 56.45+0.83b 203+0.1b 246+3.0d
C; 29.8+£0.06 ¢ 41.55+1.06d 20.1+£0.1b 361+5.0b
Cs 33.6+£0.01b 52.55+0.67 c 19.6£0.1c¢ 335+2.5¢
Cio 50.7+£0.01a 30.30+£026¢ 229+0.1a 607+5.0a
P<0.05
2.5 14.22% 20.69% 33.19% 4.03%
3 6.58% 8.49% 4.25% 20.38%
C1 ~ C]() C0
23.31% 49.69% 38.04% 3
19.02% 25.15% 7.76% 9.48%
*3 BERAREIFMWEN TR EENFIN
Table 3  Effects of rice husk biochar at different application rates on the nutrient contents of mustard
(g/ke) (grkg) (grkg) (g/ke) (g/ke) (g/ke)
Co 1.63+£0.02¢ 232+£0.02¢ 47.1+0.02¢ 1.07 e 1.58 ¢ 473+£096¢
C 2.01+£0.05¢ 25+0.1d 49+0.2d 1.13d 1.46d 522+0.10d
C, 244+0.01a 2.54+0.02d 502+0.1c¢ 1.23 ¢ 1.49 cd 53.5+0.30¢
Cs 225+0.01b 2.65+£0.02¢ 51.1+£0.1b 1.36b 1.47 cd 582+0.44a
Cs 1.94+£0.02d 2.8+0.04b 49.1+0.1d l.le 1.78 b 56.4+0.62b

Cio 2.04+0.02¢ 3.09+0.01 a 56.7+0.1a 1.87a 2.38a 52.6+0.36d
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2.6

Co

5%  10%

5%

x4 BERTERFMEMFTRFERTYWRERZIT

Table 4 Effects of rice husk biochar at different application rates on
the yields and dry matters of mustard
(g ) (%) (g )
Co 108.4 £ 6.25F - 9.85+093 E
C, 1229+525E 13.40 10.61 £0.95 E
C, 279.1+5.82C 157.54 26.68 +£1.12C
Cs 242.3£4.67D 123.56 2523+£0.6D
Cs 542.9+£2.65B 400.97 91.38+0.67B
Cio 608.1 £1.96 A 461.11 98.32 £ 0.09 A
P<0.01
3
pH
500°C
pH
5% 10%
500°C
5%
10%
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Effects of Rice Husk Biochar on the Physical and Chemical
Properties of Red Soil and Mustard Growth

DU Yanhong, JIANG Enchen’, WANG Mingfeng, LI Zhiyu, ZHANG Shijun, LIU Yongxin
(College of Materials and Energy, South China Agricultural University, Guangzhou 510642, China)

Abstract: Ameliorating effects of biochar as a soil amendment vary with its feedstock, properties, application rate, reaction
time with the soil, and soil properties. The objective of this study was to investigate the effects of rice husk biochar at different
application rates on the physical-chemical properties and nutrient availability of red soil and mustard growth using pot experiment.
The biochar prepared at 500°C was applied at six rates, i.e. 0, 1, 2, 3, 5, and 10% (w/w) (C,, C;, C,. C3, Cs and Cy). The results
indicated that the physical-chemical properties of the red soil were significantly improved due to application of the biochar at C;,
Cs and Cyo. The soil bulk density was reduced by 0.11g/cm’®, 0.28g/cm® and 0.42g/cm’, respectively, compared to C,. Soil CEC
for Cs;, Cs and Cj, treatments increased by 52.16%, 187.02% and 214.35%, respectively, compared to C,. Soil pH significantly
increased from 4.5 for Cy to 8.4 for Cyo. The organic matter content, available P and available potassium of C;, Cs and Cy,
treatments increased significantly, but the alkali-hydrolysable nitrogen content decreased for C;, treatment compared to C,.
Application of the biochar also increased the contents of nutrients in plant leaves and plant biomass yields. Leaf tissue N
concentrations increased from 1.63 to 2.44 g/kg, leaf tissue P from 2.32 to 3.09 g/kg and leaf tissue K from 47.1 to 56.7 g/kg. The
mustard yields increased significantly from 108.37 g/pot for C, to 608.7 g/pot for Cyo. In conclusion, application of the biochar at
5% (w/w) was appropriate for the red soil with high acidity, low fertility, and poor water holding capacity. The biochar applied at
this rate can promote mustard growth and increase uptake of N, P, K nutrients by the plant.

Key words: Biochar; Red soil; Physical-chemical properties; Mustard; CEC; Available nutrients



