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Table 1 Basic properties of biochars
EC pH
(g/kg) (g/kg) (g/kg) (g/kg) (g/kg) (mS/em)
BC500 582.7 7.23 0.92 4291 258.1 5.15 10.18
BC600 624.0 7.20 0.94 46.74 293.2 3.97 10.35
(Phytophthora capsici) PCR-DGGE
5 DNA MP
1.2 FastDNA SPIN Kit for Soil
DNA
500 Wang PCR-DGGE (ol
4 CKl1 CK2
BC500
10 g/kg 500°C (PAL)
BC600 10 gkg  (POD) (SOD)
600°C 5 " von PAL o
( >< > =25cm>12cm><12 cm) SOD .
3 8 32 (2]
G-250 (3]
14
Excel
1.3 SPSS17.0
32
3
pH 1:5 pH 2
bes 2.1
B 2
3
B BC600 3
BC500
BC600
BC500
PCR BC600
R2 PWMEE T H & RS PR IR K R BRAUE R B E 3R Y $2 0
Table 2  Effects of two biochars prepared at different temperatures on growth and disease control of Phytophthora blight of chilli pepper
(%)
(cm) (cm) (2) 15 32 (%)
CK1 19.53+0.52b 0.39+0.04a 14.65+0.33 b 0 0 -
CK2 19.18+£0.63 b 0.35+0.03a 12.84 £ 0.54 ¢ 25.0 86.7 -
BC500 21.49+041a 0.41+0.04a 15.18+0.35a 13.3 20.0 76.9
BC600 20.83+0.36 b 0.35+0.02a 12.69+0.59 ¢ 26.7 46.7 46.1

P<0.05
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6
4
BC500 BC600
15 BC500 CK2 BC600 BC500
BC600 46.7% BC600 BC600
32 (
CK2 86.7% ) (4]
20% 46.7% BC500
76.9% 46.1% BC600
15 32 CK2 500°C 600°C
61% BC500 BC600 BC500 BC600
7% 20% BC500
2.2
[15]
3 7
pH [15]
£3 FELERRTIRBILISR
Table 3 Physical and chemical properties of rhizosphere soils in different treatments
(g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)  EC(uS/cm) pH
CKl1 0.66 £0.03b 81.82+2.87 ¢ 1045+ 1.17b 10.60 £ 0.96 a 12.82+1.07b 351+6b 7.93+0.04a
CK2 0.68+0.11b 97.77+2.19¢ 11.01£042b 10.73+0.73 a 1409+ 1.14a 345+£5b 8.01+0.07a
BC500 0.84+0.08a 127.68 £3.58 b 17.05+0.93 a 10.32+0.76 a 13.83 £ 0.25 ab 468 £8a 7.97+0.08a
BC600 0.75 £ 0.06 ab 17554 +2.99a 13.04 + 1.06 ab 10.63+0.46a 1416+ 0.95a 375+12b 8.08+0.09 a
2.3
2.3.1
4
23.2 PCR-
BC500 DGGE 3
BC600 CK1 93 63 1A
CK2 122 83 BC500 DGGE Quantity One
CKl1 DGGE ( 1B)
CK2 ( 95 BC500 BC600
CK1 ( ) 30 32
CK1 CKl (19 ) CK2 (28 )
BC500
CK2 BC600 CK1
e 4 CK2
x4 FRELEBIRFAIEFNEDHEE
Table 4 Population of culturable microorganisms of rhizosphere
soils in different treatments CK1 CK2
(X 10* cfu/g) (X 10° cfu/g) (X107 cfu/g) BC500 CKl BC600
CKI  3.0+04b 424072 31405a CK2
CK2 23+0.6b 22+05b 1.8+0.2b
BC500 28+23a 45+1.0a 22+0.3ab
BC600 19+25a 47+03a 28+03a BC500
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(B)
' 042 0.60 1.00
CKl
0.42 BC500
0.53 BC600
= 0.60
CK2
-
— ,\%
4+ 8 0.40 0.60 1.00
-
d 0.40 BC500
- 0.54 BC600
061
— i % Yo AL CK1
CKl CK2 T1 T2 CKI CK2 T1 T2 -
EWz) Bl .
1 AELERFRTERFMNAR DGGE Eif(A) R BEMIKRE(B)

Fig. | DGGE profiles (A) and cluster analysis (B) of the bacterial and fungal communities in rhizosphere soil

£S5 TRLEMEMFEE. SHMEY. MBEREMBEEY

Table 5 Indices for richness, diversity, dominance and eveness of microbial communities for DGGE profiles from different soils

CK1 19 2.61 0.098 0.89
CK2 28 3.15 0.046 0.96
BC500 30 3.18 0.056 0.93
BC600 31 3.25 0.047 0.95
CK1 33 3.27 0.046 0.96
CK2 24 2.80 0.082 0.88
BC500 28 3.15 0.050 0.94
BC600 32 3.24 0.047 0.95
BC600 BC500 BC600
CK2
24 CKlI (33 ) CKI
BC500 (28 ) BC600 (32 )
CK1 BC500  BC600
327 3.15 324 CK2  (2.80) 2.3.3
CKl CK2
BC500 CK2 2A
BC600  CKI PCR
CK2 4 CK2
CK1  BC600 BC500  BC600
BC500 BC600
CK1 BC500
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Fig. 2 Population of bacteria, fungi (A) and P. capsici (B) of rhizosphere soil in different treatments
2.4
PAL 38%
SOD BC500
(PAL) (SOD) (POD) SOD 106.7 U/g CK1 CK2
(7] BC600 SOD 187.6 1683 190.4U/g
BC500 1.76 158 1.79 BC500
(12-13] SOD CK2 BC600
3 CKl1 3
BC500 BC600
PAL POD
Fz 6 AT RAIBHFHFHM FFAIRF PAL. SOD 1 POD BgiE 14
Table 6 PAL, SOD and POD activities of pepper leaves and roots in different treatments
PAL(U/(g-min)) SOD(U/g) POD(U/(g-min))
CK1 124.7+3.6a 36.6+24a 187.6+2.2a 1034+9.1b 583+0.13b 898£0.26a
CK2 113.1+15a 323+05a 1683+7.5a 1267+ 162 a 8.38+£0.20a 9.44+0.50a
BC500 1102+05a 189+0.3b 106.7+10.5b 1039+ 11.4b 7.80 £ 0.06 ab 9.02+0.85a
BC600 111.5£09a 234+06b 1904+3.7a 1263+7.5a 6.68+0.12b 889+ 1.38a
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BC500
CK2 CK1 BC600
BC600 CK2
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Table 7 Soluble sugar and soluble protein contents of pepper leaves and roots in different treatments

(mg/g) (ng/g)
CK1 322+0.02a 2.78+0.11a 50.2+1.1ab 46.1£0.2a
CK2 3.57+0.182a 1.65+0.14b 532+03a 4.1+14a
BC500 3.94+0.16a 2.02+0.12 ab 462+04b 41.6+1.6b
BC600 3.99+0.28a 1.60 £0.07 b 51.9+0.9 ab 41.8+0.8b
3 .
98% Kim [%
(Terra preta) 25%
P K Mg Ca Fe DGGE
[15]
[18]
RT-PCR
[19]
Gravel [
[20]
Guijarro ¢
21-23] 500°C
[24-25] Elad [26,30]
Elad [9
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Jin?7 ITS
Graber 2! 16S rRNA
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Effect and Mechanism of Straw Biochar on Disease Control
of Phytophthora Blight of Chilli Pepper

WANG Guang-fei, MA Yan', GUO De-jie, WANG Qiu-jun

(Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract: The objective of this study is to investigate the effect and mechanism of straw biochar on disease control of
Phytophthora blight of chilli pepper. The effects of straw biochars produced at two pyrolysis temperatures on disease control of
Phytophthora blight of chilli pepper was studied with pot experiment. Soil physicochemical properties, soil microbial population
and structure, Phytophthora capsici density and plant physiological and biochemical indexes associated with disease resistance
were determined. Straw biochars produced at 500°C and 600°C both showed a good control efficacy against Phytophthora blight,
while biochar produced at 500  had a better control efficacy than that produced at 600°C. In addition, biochar produced at 500
also promoted the growth of chilli pepper. Biochar treatment significantly increased content of total N, available P and available
K of soil, especially available P. Both biochars not only enhanced the population of culturable microorganisms, especially fungi
and actinomycetes, but also increased the diversity of soil microbe and changed the dominant microorganisms. RT-PCR analysis
showed that biochar treatment increased the population of bacteria in soil inoculated with P. capsici, but had different impacts on
fungi population. Although biochar increased the number of pathogens of P capsici, there was no disease incidence. Plant
physiological and biochemical indexes showed that the control effect of biochar on disease was not related to disease resistance
induced by the biochars. Application of straw biochar reduced chilli pepper blight incidence greatly, and improvement of soil
nutrient condition and microbial community structure might be one of mechanisms for disease suppression.

Key words: Straw biochar; Phytophthora blight of chilli pepper; Soil physicochemical properties; Soil microbe; Plant resistance



