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The effect of four biochar on the structure of microbial communities in alluvial soil

CHEN Yi-xuan'?, SONG Ting—ting"?, FANG Ming®, YU Zhi—guo', LI Jie*", LAI Xin*, ZHANG Gui-long"*"

(1.College of Plant Protection, Shenyang Agricultural University, Shenyang 110866, China; 2. Agro—Environmental Protection Institute,
Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract: This project was carried out in an effort to investigate how biochar affects soil microbial community structures using peanut shell
biochar(PBC), maize straw biochar(MBC), aspen biochar(ABC) and bamboo biochar(BBC) applied as a soil amendment to alluvial soil.
The amounts of biochar added for each treatment were 0, 20, 40, 80 g-kg™' and 160 g-kg™ respectively. After 45 days of incubation, we ana-
lyzed and classified microorganisms using the PLFA method and found that the total amount of microorganisms and bacteria increased, but
there was a slowing trend in the growth rate, with the addition of PBC, MBC, and ABC. BBC reduced the total amount of microorganisms
and bacteria in the soil. All biochar treatments increased the fungi—to—bacteria ratios. While fungi were proved to flourish with the addition
of biochar at levels of 20, 40 g-kg™ and 80 g-kg™', excessive addition( 160 g-kg™") of PBC and BBC significantly reduced the amount of fun-
gi in the system. The main reasons for the change of the microorganism structures with biochar addition were the subsequent changes in the
soil"s pH, EC, specific surface area and porosity, as well as some specific physicochemical properties of biochar. We concluded that as op-
posed to the addition of BBC and MBC, the addition of an appropriate amount of ABC and PBC could better promote the microbial commu-
nities in alluvial soil.
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Table 1 Basic physical and chemical properties of soil

PR 2R s ol AR SR Bu ¢ A
- R AL X . . :
+ 15 . FRIRJE  Total . Total Total Nitrate Ammonium Available Available
o Moisture . Organic R . . R
Soil pH nitrogen/ phosphorus/  potassium/ nitrogen/ nitrogen/ phosphorus/ potassium/
content/ % o matter/% o o o o o o
g-kg g-kg g-kg mg-kg mg-kg mg-kg mg-kg
W+ 5.47 7.84 1.51 1.57 1.41 13.42 317.71 2.54 20.52 204.51
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Table 2 The proximate analysis and chemical properties of biochar

P AR METR wEEE i RS AR AR L%
B¢ pH Ammonium  HHECEC/ Specific suface  Porosity/  Ash Carbon Relative atomic ratio

nitrogen/mg-kg"  mol-kg™! area/m’- g nm  content/% nitrogenrato ¢ N 0 Mg S €l K Ca
PBC  9.92 0.83 40.5 19.36 0.89 3.00 82 80.7 098 154 0.42 0.07 0.34 0.80 1.05
MBC 9.84 1.25 48.6 18.09 1.77 5.80 60 83.1 1.39 13.1 0.44 nd 0.66 0.70 0.38
ABC  8.76 0.25 32.7 17.36 2.03 0.70 127 86.4 0.68 12.1 nd nd 0.03 0.18 0.47
BBC 9.32 0.58 354 11.45 4.77 1.00 — 86.8 nd 11.7 0.12 024 0.14 0.85 nd

T nd FORARAGIE s PBC IR AELEFE LW B¢ s MBC FR FORFT AW % s ABC FOR i AR i LE W 5¢ s BBC FRORAT IS e W e . IR

Note :nd. not detected ; PBC. peanut shell biochar; MBC. maize straw biochar; ABC. aspen biochar; BBC. bamboo biochar. The same below.
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Figure 1 FT-IR spectra of biochar of different raw materials
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Figure 2 SEM (%2000 times) of different raw materials biochar
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Table 3 PLFA interpretations

AP HEVE The structure of microorganism

WENR G U2 Phospholipid fatty acid

T Bacteria

15:00.i15:00.a15:00.16:00.i16:00.16: 1w5.16:109.16: 1w7t,17:00.i17:00.,a17:00

cyl7:00.18:105.18: 107 .18: 1w7t,i19:00.,a19:00 .cy19:00

LI Fungi
LT Actinomycete
#522 [CPBHPE A Gram—positive
#5122 [CHIE TR Gram—negative

18:109.18:20w6,9.18:3w6.18:3w3
10me16:00,10mel7:00.,10mel8:00
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Table 4 The effect of different types of biochar on soil pH

HEW RS N Biochar Addition/g- kg™ PBC MBC ABC BBC
0 7.79+0.02d 7.79+0.02d 7.79+0.02d 7.79+0.02¢
20.0 7.91+0.01ABc 7.98+0.03Ac 7.87+0.03Bc 7.92+0.02ABd
40.0 7.96+0.01Bc¢ 8.05+0.03Acd 7.93+0.02Bbc 7.98+0.01ABc
80.0 8.12+0.02Ab 8.12+0.03Ab 7.97+0.03Bb 8.07+0.02Ab
160.0 8.27+0.01Ba 8.35+0.03Aa 8.18+0.01Ca 8.23+0.01BCa

TE AR E FRERIRA IR A 5 ) 1) 22 53 25 1E (P<0.05) , AN/ NG TR R AN AR W i s ik ) ) 22 S 25 (P<0.05) o R Tl o

Note: Different capitals indicate significant differences in different types of biochar (P<0.05) , and small letters indicate the significance of different

biochar additions (P<0.05). The same below.
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Table 5 The effect of different types of biochar on soil EC(mS-em™)
HEW BN Biochar Addition/g- kg™ PBC MBC ABC BBC
0 3.42+0.02a 3.42+0.02d 3.42+0.02ab 3.42+0.02¢
20.0 3.20+0.02Dh 3.76+0.03Ac 3.42+0.05Cab 3.63+0.04Bb
40.0 3.36+0.01Da 3.85+0.02Ac¢ 3.52+0.01Ba 3.46+0.02Cc
80.0 3.41+0.02Ca 4.42+0.06Ab 3.41+0.02Cab 3.71+0.06Bab
160.0 3.16+0.03Db 5.67+0.04Aa 3.40+0.04Ch 3.76+0.02Ba
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Figure 3 The effect of different types of biochar on soil nitrite nitrogen
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Figure 4 The effect of different types of biochar on soil ammonium nitrogen
0T (a)bti Bk 20 g-kg” 0T (b it 40 gk
40 i 40
B g & B
< 30t = H s 30r
E =& B - E
0 f - i g Z 20f
=) H H H H =
R H H H H ~
10r a a a g B 10 :
o loalias f g
0 =R E \ ] 0 P L r.:.‘ I
CK PBC MBC ABC BBC CK PBC MBC ABC BBC
Ab P Treatment Ab P Treatment
SOT (o)t it 80 g-ke 0T ()i #hk 160 g ke
40+ 40 -
B E
'B‘ 30 v—o' 30 I~
g é = F
20 Z 20¢ - s .
= = H H = H
~ ~ H H H H M
10 10t I = = = = £
.| .| ] - ]
oL H (e L [ . .AIEi;Eih'iIslsi
CK PBC MBC ABC BBC CK PBC MBC ABC BBC
Kb Treatment Kb Treatment
40 B4 Bacteria [ FLBA Fungi AT T Actinomycete

H 25 PG PHPE B Gram—positive

[0 4 >% [CBAYE A Gram—negative

B & PLFA & Total PLFAs

5 AEFMEEYRLET T EREMBRHEBTL

Figure 5 Change on microbial community by different biochar treatment
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Figure 6 The effect of biochar to fungi—to—bacteria ratio
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Table 6 Two—way—ANOVA for soil microbial community with biochar types(B) and addition content(M)

AT LA R 2 QPR A2 [P FLH AN L S PLFA i
Fc;r df Bacteria Fungi Actinomycete Gram—positive bacteria Gram—negative bacteria ~ Fungi bacteria ratio  Total PLFAs
F Sig. F Sig. F Sig. F Sig. F Sig. F Sig. F Sig.
B 3 11.58 <0.001 28.63 <0.001 1.39 0.268 11.88 <0.001 7.02 0.001 9.43 <0.001  6.86 0.001
M 4 492 0.002 9.13 <0.001 2.04 0.118 4.04 0.008 0.88 0.483 8.95 <0.001 539 0.001
BxM 12 258 0.012 421 <0.001 0.57 0.845 2.00 0.051 0.92 0.537 2.54 0.014 1.26  0.281
Model 19 4.5 9.1 1.02 4.00 1.88 4.98 3.01

1 Ab T E] 24 5 5 2 (P<0.05) AL 7.2 (P<0.01) o Model 3538 FAE I J7 2243 Bt (WG [K] 2542 B AR PR

Note: Significant differences among treatments at P<0.05 and P<0.01 levels, respectively. Model refers to the linear model of interaction between two

factors based on variance analysis.
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Table 7 Pearson’s correlations between microbial quantities and the properties of biochar and its amendment soils

201942 B

BN} HH e iiﬁii 2’: fni zﬁ E[“?if e JSPLFA
Bacteria Fungi Actinomycete bacteria bacteria bacteria ratio Total PLFAs
EATRE pH -0.368*%  -0.174 -0.315% -0.111 -0.162 0.035 ~0.495%
SR EC -0.323% 0.036 -0.112 -0.140 -0.202 0.265 -0.315%
fL4% Porosity —0.558%%  —(0.373%% -0.278 —0.640%* -0.476%% 0.186 —0.4017%*
JK 5> Ash content 0.128 -0.121 0.289 0.194 -0.098 -0.145 -0.085
HE T A Specific surface area 0.5427%% 0.393#* 0.278 0.632%* 0.459%:* -0.058 0.386%*
FH By 738 4k CEC 0.094 -0.198 0.281 0.146 -0.141 -0.182 -0.121
BEAS A NH =N -0.500%%  —0.484% -0.218 -0.568# -0.465%% -0.045 -0.375%
A NOs-N 0.261 0.027 0.293 0.151 -0.015 -0.039 0.341%
oK 28 7 3 P<0.05 OBUR KGR ) |+ 3R28 F Al i 35 P<0.01 CBUR LS o
Note: * Correlation is significant at the 0.05 level (2—tailed). ** Correlation is significant at the 0.01 level (2—tailed ).
xS IENNSEE
Table 8 Redundancy analysis summary table
# Statistic Axis 1 Axis 2 Axis 3 Axis 4
AMEA Eigen values 0.639 0 0.118 5 0.050 9 0.016 8
RS it Explained variation (cumulative) 63.90 75.75 80.84 82.52
HH 9 228 Pseudo—canonical correlation (suppl.) 0.949 5 0.9119 0.779 2 0.809 2
BN AR 5 Explained fitted variation (cumulative ) 75.69 89.73 95.76 97.75

T VIS ZE 0 13.035 54 B2 4y 84.4% (KOE ML 5709 70.8%) , FAE 9 6.2, P 0.002<0.01,
Note: Total variation is 13.035 54, explanatory variables account for 84.4% (adjust explained variation is 70.8% ), Pseudo—F=6.2,P=0.002<0.01.
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Figure 7 Effects of different environmental variables

on microbial community
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