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Table 1 Basic properties of the soil and biochar in the experiment
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Fig. 1 Dynamics of disease incidence relative to treatment
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Fig. 2 45 days after the peppers were transplanted into the pots
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Table 2 Soil chemical properties relative to treatment
- AL
JLsL] EC AHLTOM HAR AR R Readilyavailable
Treatment pH (4 em™) (ke Ammonium N Nitrate N Available P «
(mgkg™) (mgkg™) (mgkg™) -
(mgkg™)

FeA Al TO 7.20+0.08c 706.5+12.7c 30.1+25b 162%3.5a 753%55a 1653+3.4d  179.1x7.8e
Before T1 730+0.07bc 7463 +169b 31.4+1.4b 154+20a 75.1+2.8a 170.9+10.3d  259.7 +8.5d
transplantation ) g 35 0.06be 762.7£242b 367+ 1.6a  172+3.6a  80.1£27a 209.9+97c  3452%31.1c
T3  7.37+0.06ab 822.5+157a 36.5+19a 169+3.7a 81.3+29a 229.1+153b 551.8+29.7h
T4 7.44£0.05a 861.0+32.1a 38.9+19a 17.1+27a 78.5+3.6a 261.8+9.3a 778.6+35.7a
BAIE32 d TO 7.47+0.05a 4313%21.2c 303+27b 18.6+32a 432%25a 1563+53c 148.7+113¢
32 days after T1 7.49£0.05a 4425+42¢ 31.6+03b  185+1.4a 43.6+13a 161.9+12.5c 199.2+14.1d
transplantation ., 7.51£0.05a 486.0+16.9h 353+22ab 17.7+22a 418=+13a 177.4x13.1c  238.5+5.7c
T3 7.48£0.04a 534.7+182a 39.9+2.0a 19.4+22a 41.6+2.7a 204.5+158h 387.1+12.7h
T4 753£0.05a 5413+12.7a 40.6+19a 18.5+0.5a 444x22a 230.7+11.4a 5933x31.1a

e =R EARERA BE2ZES (p<0.05) , T[E Note: Different letters following the values within the same column

mean significant difference ( p <0.05) . The same below

*3 FEALERPRTIREE S

Table 3 Enzyme activities in rhizosphere soil relative to treatment

B — AT
AbF FDAF#FDA Hydrolase WxE Urease FEPEEf Sucrase
L L L B —glucosidase
Treatment (pgh™ ™) (mg24h™' g") (mg24h™ ¢g™") 0o

(pgh™g™)

TO 45.63 +1.31b 0.487 + 0.009a 44.70 + 1.46ab 44.36 +3.98a

T1 45.73 + 1.54b 0.459 £ 0.014b 42.79 +2.62b 38.54 £ 1.06b

T2 47.60 + 4.34ab 0.456 £ 0.015h 51.04 +£5.28a 38.01 £2.12b

T3 53.23+2.61a 0.446 +0.014h 50.54 + 2.66a 37.61 £2.10b

T4 41.49 +4.82b 0.442 +0.011b 47.64 + 3.48ab 33.94+1.57b
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Fig. 3 Populations of bacteria, fungi ( A ) and P. capsici ( B) in rhizosphere soil relative to treatment

AR . R . MEEAMATRED
FIBIHUR TE et A U L RSN T AR
AR AL SR DU R D) R G MR 25 S . BEE R
Yoo R R, DR ) RS AR AR R
THEaH A5 20 T RN BE B TR 43 5 BT 1.96 x 10° CFU
g 'F17.40 x 10° CFU ¢ EFF%2.75x 10° CFU g 'l
9.28 x 10° CFU g™, {HA[w] &b B[] 35 o 35 5] b % 22

5o R H5.25 x 10° CFU ¢ EFFZE5.77 x 10°
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Table 4 Populations of functional microbial groups in rhizosphere soil relative to treatment

s AT o] BT REH
Bacillus Pseudomonas Streptomyces Trichoderma
Treatment s . s . N . N .
(10°CFU g™") (10°CFU ¢ ™") (10°CFU ¢ ") (10°CFU g )
TO 5.25+0.21b 1.96 + 0.56a 7.40 £ 1.34a 3.00 +0.97b
Tl 5.31+0.24b 2.03 +0.50a 7.88 +1.72a 3.67 £ 1.25b
T2 5.26 +0.13b 1.75 £ 0.56a 7.92 £1.63a 6.83 £ 1.87a
T3 5.40 +0.09b 2.78 +0.49a 8.31+1.23a 5.50 £ 0.57ab
T4 5.77+0.27a 2.75+0.67a 9.28+2.21a 8.00 + 1.73a
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Fig. 4 DGGE profiles ( A ) and cluster analysis ( B) of the bacterial and fungal communities in rhizosphere soil relative to treatment
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Table 5 Sequence of bands in DGGE profile
o FElK NCBI $odji e P iR A L A (2255 ) —_— H
Band Sequence length Strains of bacteria the highest in identity in Homology (%) Phylum
(bp) NCBI (Accession )
B1 184 Uncultured Papillibacter sp. KM108639 99 Firmicutes
B2 199 Uncultured Nitrosomonas sp. DQ857300 99 Proteobacteria
B3 191 Uncultured actinomycete clone JX242820 100 Actinobacteria
B4 199 Uncultured bacterium clone JN048172 98 —
B5 200 Uncultured Tumebacillus sp. HQ018500 99 Firmicutes
B6 195 Uncultured bacterium clone KT835507 99 —
B7 189 Uncultured Alphaproteobacteria clone CU922792 99 Proteobacteria
B8 198 Uncultured actinobacterium sp. JX240800 99 Actinobacteria
B9 174 Uncultured Chloroflexi clone JQ402149 98 Chloroflexi
B10 174 Uncultured Rhizobiales bacterium LN614987 100 Proteobacteria
Bl1 199 Pseudomonas sp. KR181836 100 Proteobacteria
B12 184 Sphingomonas sp. NR_133861 99 Proteobacteria
B13 194 Flavobacterium sp. 1.C024957 100 Bacteroidetes
F1 347 Uncultured Lecythophora isolate FJ748585 99 Ascomycota
F2 347 Uncultured soil ascomycete isolate AJ515948 99 Ascomycota
F3 347 Uncultured soil ascomycete isolate DQ837573 99 Ascomycota
F4 349 Ascobolus crenulatus AY544721 99 Ascomycota
F5 351 Uncultured Ascobolus clone KC922272 99 Ascomycota
F6 349 Cladosporium cladosporioides NG_016492 99 Ascomycota
F7 348 Aspergillus oryzae HM536621 99 Ascomycota
F8 347 Aleuria aurantia NG_013139 99 Ascomycota
F9 352 Phaeomyces dubiosus strain KF830077 98 Ascomycota
F10 349 Uncultured Basipetospora clone KC922230 99 Ascomycota
F11 346 Uncultured fungus clone KR906041 99 —
F12 347 Uncultured Chaetothyriales clone JQ071732 99 Ascomycota
F13 349 Uncultured 4scobolus clone KC922272 98 Ascomycota
F14 352 Psilocybe sylvatica DQ851583 99 Basidiomycota
F15 347 Uncultured Chaetothyriales clone JQ071732 99 Ascomycota
F16 351 Uncultured fungus isolate HM004632 99 —
F17 347 Uncultured Pulchromyces clone KC922295 99 Ascomycota
F18 350 Uncultured soil ascomycete isolate AJ515925 99 Ascomycota
F19 352 Cerrena sp. GQ899199 98 Basidiomycota
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Fig. 5 Temporal variation of average well color development

(AWCD ) of rhizosphere soil relative to treatment
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AW AR BRBURE A e AR R SRR =
HRXRHY, Wk, HHAER T, £
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Table 6 Functional diversity indices of the microbial communities in rhizosphere soil relative to treatment
% Index TO T1 T2 T3 T4
H 2.953 +0.044h 2.945 +0.038h 3.053 £ 0.029a 3.072 £ 0.007a 2.946 + 0.075b
E 0.900 £ 0.013h 0.901 + 0.008h 0.913 £ 0.002h 0.936 + 0.009a 0.919 £ 0.014ab
D 0.060 = 0.004a 0.063 + 0.002a 0.052 +0.001h 0.053 +0.002b 0.057 £ 0.006ab
RT EMERAERAFES TREIEIKAEXME
Table 7 Relationships of biochar content and disease incidence with soil properties
A [N E7b 3 i V3RS A YT A=W o VSRS
Variable factor Biochar content Disease incidence Variable factor Biochar content Disease incidence
Y aR it Biochar — -0.708%* HERE A 0.409 -0.274
content Streptomyces
KR HK Disease -0.758%** — ANEEH 0.721%* -0.471
incidence Trichoderma
pH 0.558%* -0.227 M F Bacteria 0.747%* -0.601*
EC 0.921%** -0.802%* H K Fungi 0.713%%* —-0.648%**
HHLFOM 0.961 % ~0.851%#x PRHUEEEP. capsici 0.054 -0.39
AR 0.939%: -0.713%* SFEBE AL AWCD 0.198 -0.589%
Available P
HALHI Readily 0.984* -0.711%* SRR H 0.129 -0.348
available K
ZEHAT IR 0.792%* -0.447 ) EARIRE 0.633* -0.792%
Bacillus
I 0.584* -0.647%%
Pseudomonas
e ox, =Rl EE (p<0.05) AEE (p<0.01) FHXE Note: * and ** stands for significant correlation at the 5% and

1% levels, respectively
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Application-Rate-Dependent Effects of Straw Biochar on Control of
Phytophthora Blight of Chilli Pepper and Soil Properties

MA Yan" *'  GUO Dejie"

CAO Yun" ? LUO Dexu’ ZHAO Jianfeng® SUN Yudong’

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

(2 Scientific Observing and Experimental Station of Arable Land Conservation ( Jiangsu ) , Ministry of Agriculture, Nanjing

Abstract

210014, China)

( 3 Huaiyin Institute of Agricultural Science in Xuhuai Area of Jiangsu Province, Huai’an, Jiangsu 223001, China )

[ Objective] Biochar is a carbon-rich product of pyrolysis of biomass and can be used to

ameliorate soil and promote crop growth. Recently, studies show that biochar has some good effects on control

of soil-borne diseases. Researches in the past already demonstrated that straw biochar could effectively control

Phytophthora blight of chilli pepper, through improving soil physic-chemical properties and microbiological

properties, but little has been reported on how application rate affects the effect of biochar controlling the
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disease of Phytophthora capsici. [Method] In this study, a pot experiment, designed to have 5 treatments
concerning application rate, i.e. Treatment 0, 1, 2, 3 and 4 (0%, 0.33%, 0.66%, 1.33% and 2% w/w,
respectively ) , was carried out to investigate effect of straw biochar controlling Phytophthora blight of chilli
pepper, relative to application rate of biochar. The soils in the pots were analyzed separately for chemical
properties (soil pH, electrical conductivity, organic matter, ammonium N, nitrate N, available P and
readily available K ) and soil micro-biological properties ( soil enzyme activity, microbial population,
microbial community structure and soil microbial carbon utilization features ) . Soil microbial population was
determined with the dilution plating method and real time PCR; soil microbial community structure with PCR-
DGGE and soil microbial carbon utilization features with the Biolog system. Correlation analysis was done
of biochar application rate, soil properties and disease control effect. [Result] The disease controlling
efficiency in Treatment 1, 2, 3 and 4 was -9.8%, 8.6%, 56.7% and 35.1%, respectively, forming an
inverted U-shape curve. So the application rate of 1.33% ( Treatment 3 ) was the optimal for disease control.
With increasing biochar application rate, soil pH and organic matter content increased gradually, electrical
conductivity, available P content and readily available K content did significantly, but ammonium and nitrate
nitrogen contents did only slightly. Urease and B -glucosidase activities gradually decreased, FDA Hydrolase
and sucrase activities increased first and then decreased, total bacteria, total fungi and four groups of
functional microorganisms gradually increased in population, and P. capsici first increased and then decreased
in population with increasing application rate of straw biochar. Microbial metabolic ability, microbial
diversity and microbial community evenness all displayed an inverted U-shape curve in response to the varying
application rate of straw biochar, with peaks appearing all in Treatment 3 ( 1.33% ) . DGGE profiles show
that biochar at low application rates (0.33% and 0.66% ) had little effect on microbial community structure,
but when at high application rates ( 1.33% and 2% ) it did significantly alter microbial community structure,
significantly increasing the abundance of Pseudomonas, Sphingomonas, Ascomycota and Basidiomycota.
[ Conclusion] This study demonstrates prominently the importance of application rate of straw biochar in
disease control. The control efficiency increases as application rate of straw biochar increases within a certain
range, which may be attributed to the function of biochar to improve soil chemical and biological properties.
But when the application rate goes beyond the range, straw biochar could weaken in control efficiency, which
may be explained by the fact that too much biochar has some negative influences on soil carbon and nitrogen
recycling, microbial activity and diversity. In addition, the effect of biochar controlling Phytophthora blight
of chilli pepper is not much related to the population of P. capsici in the soil.

Key words Straw biochar; Phytophthora blight of chilli pepper; Soil properties
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