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Abstract: Numerous studies have reported the effect of biochar addition on the structure of soil microbiota, but little
information is available on the response of microbial composition to biochar application in soil aggregates. In this study, a
single amendment of biochar was applied to a typical paddy field in southern China. Following two years, soil samples
separated by a wet sieving method, and the microbial community structure was analyzed using Illumina MiSeq Next
Generation sequencing. Results showed that the application of biochar (1) increased significantly the stability of soil

aggregates and the proportion of the macro-aggregates fraction (2000—250 wm) , and (2) changed significantly the relative

BEWE AR ARPIFHEETH (41877097,41877096,41371300)
Wo#m H#3:2019-01-22; P £& H hi H #3:2019- 12-17
* MIVESH Corresponding author.E-mail : zhengjufeng@ njau.edu.cn

http ://www.ecologica.cn



1506 A E = 40 %

abundances of bacteria and fungi among soil aggregates. For instance, the relative abundances of Proteobacteria,
Ascomycota, Betaproteobacteriales, and Pleosporales decreased with the increase of aggregate size in CO treatment, while
the relative abundances of Acidobacteria, Basidiomycota, Myxococcales, and Paraglomerales increased gradually. In
addition, the application of biochar (3) altered significantly the composition of microbes in different soil aggregates.
Compared with CO treatment, the relative abundances of Proteobacteria, Mortierellomycota, and Betaproteobacteriales
increased significantly by 14.37% , 33.28% , and 33.82% , respectively, in the macro-aggregates fraction (2000—250 pm)
under biochar amendment, while the relative abundances of Acidobacteria, Ascomycota, and Myxococcales decreased
significantly by 20.15%, 19.93%, and 17.66%, respectively, in the micro-aggregates fraction (250—53 wm) under
biochar amendment. Lastly, the relative abundances of Basidiomycota increased significantly by 90. 25%, whereas
Ascomycota and Mortierellomycota decreased significantly by 12.15% and 12.58%, respectively, in the silt-clay fraction
(<53 pm). Overall, the application of biochar in a typical paddy field not only changed the structure and distribution of

soil aggregates but also the composition of the soil microbial community in this study.
Key Words: biochar; paddy soil; soil aggregates; Illumina Miseq sequence; soil microbial community
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SR, AR 1 R A It DXt FH A4 0 B A A i ) KRS LA I TE RS B SR AERJE (0—15 em) J5UIR T3
SRR 2 AT R R 43 4, R 38 Tllumina Miseq - £ 06 +BERAE Y E 47 i i s, DA e T 2R 44 R
JE LB 7 A W S it Ok A T L SR U e v R REE RS2 TR

1 #R7FE

1.1 A 5 it

AR 46 T 2016 4F 5 Hb S0 FVLARE B4R (31°41'N, 119°73'E) . )@ T 3=
A AEIR R 15.7°C AR K B0 1246.3 mm,, 820 AR T b DX 26 DU 20 W0 AR ) 5 118 JHL 78 i s 724
KRG - A FhAE ] B KRS -4 /N2 e . a0 i 8 S A B SR it A 4 I3 ((CO ) N A 9 Jo e A 3
(C15) ,/PMX A 30 m*(5 mx6 m) , BN 3 IRER, 2 MHLIX AT, P A B F R RS FF A4 5
WRAE 450°C F RSN, T 2016 4 5 A KREFHIATHE 15 vhm® B9 FH R — R A H3E 22 S Bkl S
TIESNRA (0—15 em) o AW FERERAL PR BT R - A HLAK & i 431.00 g/kg, AT =N 7.97 ¢/kg,C/N
M 51.82 AL SN 2.36 mg/kg, pH N 8.79, TIEAYFEREIER WK 1,

R1 gk T mEa Rt R

Table 1 Physical and chemical properties of studied soil

A A PR
e pH B j:z%ﬁﬂlﬁf)% %ﬁ B foﬁl@?
Treatments (H,0) Soil organic carbon/ Total nitrogen/ C/N Available P/
(g/kg) (g/kg) (mg/kg)
CO 5.72 23.06 2.06 11.2 20.99
C15 6.01 28.73 2.22 12.9 16.46

Co, A it F A B JF e A B Soil without biochar amendment ;C15, He W e 1A 15 +/hm? AL B Soil with biochar amendment at the rate of 15
t/hm?
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YRR T 2018 4F 4 HOREE H IR S TR BRI R & FERFEF SRR )ZE 1 (0—15 em) |5
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em® KN HIHR A, T E YR SRR B 0 TV, PR, 7EAR SR SE G 2 24 h N 5T AR AT R AR RE
AT RS R IR AR T AL B, S BRAE A SR A AR AR, DA - RS R I 5
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M,

I, My, FRKT 250 wm BRI TR M, 2R BERIK B TR
1.4 fEY) e ey

#i ] PowerSoilR DNA #2EURF A& (Mo Bio Laboratories Inc., CA) #Ud 45 $#24L a0 BN + ek 5 - 47
N A B DNA $2 50, 35T 19% B i b B 5 i DR I B2 B DNA i fE . Z )5 X 4R 16S rRNA Y
V3—Vv4 & A X i#F 47 PCR ¥ 34, 51 W ¥ 51 8 F338 ( ACTCCTACGGGAGGCAGCAG ) F1 R158
( ATTACCGCGGCTGCTGG )5 *f 18S rRNA ) ITS1 & K # 47 PCR ¥ ¥4, 5l ¥ & 1737F
( CTTGGTCATTTAGAGGAAGTAA) #1 2043R( TGCGTTCTTCATCGATGC) , ¥ 45, FH 2% B e e e v,y G- )
Yygreyy, Z JE e el A7 SCEE I A Mwmina Miseq “F & #E47 00 7 o XHAS A9 85 dE 172 3, 25 ik
HIR I EREE RS, A usearch J7 35 BB 97% AHRLEE X P ) HEAT OTU RIS (AFHFH)) . #id
Chaol FEECTAL VS OTU % H , Shannon FEEUA AL & H iU W e ME A 5 A0 silval28 Fds 1 f E
P Unite 2052 FEXT, ff H Qiime “F- 15 /) Ribosomal Database Project ( RDP) Classifier 5.7 ( 70% & 15 B ) 4= 1Y,
ARG ZIKE A F 2R, LA TEAL 25 B R R AL b ] 49 B B & Bl (phylum, class, order, family,
genus, species ) 7K V-2 & FILEL DA 4 Al 2 L SAR R F B
1.5 Rt

TR0 TS8R/ Microsoft Excel 2016 #47ALRH  SPSS 20.0 244 #E47 77 22087, % F Duncan #3347 ik
FVEZES AL (P< 0.05) , 5% )5 H] OriginPro 2015 HEATIEIE L, FIH Mothur ZRA4XF 45 RE B - 2 RE PSR
#1( Chaol, Shannon) 737, 7 B-ZAEMEFEECT (1 H UniFrac 4% PCA S5 R34 43 Hr LABH AN [ ik 24 K% A
RUKBIUE RS R B2

2 HRE5H

Ry,s =

2.1 HIERRK

FH 3 2 AT, CO AN C15 Ab B ) o MY 5051 R 95.6% Fi 97.7% . MR IR R 43 i K&, B ki 4143
TE A A B 25 LB B i, iR 3] 75.85%—80.49% ; 11 K A RAR TG AT AR I 5 L BB TE 10% 4247, 5 €O &b
AR LG, AR it T R SR AR i B 14 0 42.00% , T A B 53 FRAIR 5.76% , [RIEE MWD Fil R, 5 53 31 B8 3
4N 35.92% 1 21.05% .,

x2 HRGEHHMIEEEER
Table 2 Soil aggregate distribution and index of aggregate stability

JRE oy E PR AT E PR
LiEts Soil aggregate fractions/ % EES Index of aggregate stability
Treatment Recovery/ %
Mac Mic SC Ry 05/ % MWD/ pum
CO 7.50+1.73Bc 11.3£1.11Ab 80.49+2.62Ba 95.6 18.93+2.54B 101.66+20.39B
C15 10.65+0.99A¢ 11.99+1.02Ab 75.85+1.81Aa 97.7 22.99+1.60A 138.18+11.58A

Mac, KHIFER macro-aggregates ; Mic, A Z 1A micro-aggregates;SC, #y BRI 4> silt-clay fraction; Ry s , R KT 250 wm (14 A 1) o
Feff] s MWD, P2 514 F 2 Mean weight diameter ; AN R /NG S8 305 [ — A~ Ak BN SR A [RDRE A2 141 SR AR [B) 7 78 . 38 22 e, S TR RS B 3RO
[e]— R A% 14 VA SR AT AN () Ak B B) A7 75 35 22 53 (P<0.05) 5 I Bl AP B AR 2 (n=3)

2.2 OTU K a-ZHEE:

5 COAbFEAH L, C15 Ab B4+ HH 4R TE 9 OTU 1 Chaol #5843 % T+ 12.39%,13.89% ; ELHH Y OTU .
Chaol F1 Shannon F8¥073 %W 8. T+ 27.60% ,15.47% 1 12.32% . BIRMERIGEHN T 4 +#4=4 OTU Fl a-Z kL
PE(K3) o BFE— DA AR RPRAR AT SRR 5, JCie s CO iz C15 Zb3 4B 1Y OUT ,Chaol Fil Shannon
R TCIB 255 M EEE C15 AP R AR H OTU B BAK T H AL 4, [ A 3% A1 K 1% Shannon 45§

http ; //www.ecologica.cn



5

Hadill 55 AR BURN KRS L AR ) Z R 5

1509

B RART A BORLZH 3 . ISR A 3 ] — P SR AR A v i A WO R, A W o o it ) S 3 4 v T A R AR
R ANTE OTU K H A - Z M EXFH I R,

£3 FRLET2IREARERMEY OTU & o ZHEHEH

Table 3 The a-diversity index and OTU of soil bacterial and fungal from dbulk soil and ifferent aggregates under different treatments

QbR YiTE Bacteria A Fungus
Treatment OTU Chaol Shannon OTU Chaol Shannon

Co &+ 2493.00£46.03Ba  3399.26+89.92Ba  9.82+0.08Ba 567.67+52.05Bb  808.37+74.83Aa 5.41+0.28Ba
Mac 2453.33+157.82Ba 3485.43+338.75Aa  9.67+0.21Ba 726.67+53.20Aa  947.77+67.00Aa 5.95+£0.35Aa
Mic 2452.00£57.71Ba 3476.41+155.51Ba  9.79+0.02Ba 737.33+34.50Aa  934.63+31.81Aa 5.58+0.25Aa
SC 2466.00+41.58Ba 3432.10+80.96Ba 9.71+£0.03Ba 624.00+£119.89Aab 792.05+152.08Aa  5.46+0.34Aa

C15 2+ 2802.00+45.04Aa 3871.52+113.02Aab  10.10+£0.05Aa 724.33+13.32Aa  933.46+67.57Aa 6.08+0.14Aa
Mac 2734.67+32.39Aa 3705.49+83.64Ab  10.04+0.04Aa 648.33+38.42Ab  848.72+34.11Aa 5.62+0.22Ab¢
Mic 2762.33+11.68Aa 3891.68+40.57Aa 10.07+0.03Aa 708.33+36.67Aa  911.54+53.41Aa 5.44+0.28Ac
SC 2791.67+70.09Aa 3771.79+96.04Aab 10.08+0.07Aa 755.33+26.84Aa  911.02+59.91Aa 5.97+0.23Aab

OTU , #:/E52 55T operational taxonomic unit; Chaol , % & & il i1 f Chaol richness estimator; Shannon , 7 4¢ £ #£ 14 35 ( Shannon diversity
index ; & AN [Fl/NE FAE IR R — b B AR RPRL AR B R T OTU I a-ZREMEFE B B35 22 57, AR RS A HE 36 R[] b B[] A ]z 4% ]
R OTU B o-ZREHERREUNY B35 22 57 (P<0.05) 5 T B A P A5 i 2E (n=3)

2.3 4B BB 2R

AL R4 (PCA) AT LTS MR AE (& 1), AL FR A Je A SRR A W Is S5 M AE el i 25 55, 4
BRI AT L TR 14 PR A 22 14043 S BB A it o A8 S FE 119 55.86% Il 54.58% , TEA— F 4y (PC1) ,CO Al C15
Ab B T) PR A 3 e A O X 3R B AR W it FH R SO E D W RV S Al AR AR AL, FESE o b R
BN, TCIesE CO IBJE C15 Zb3, K AT SRR AT SR AR A () BE 25 B0k, H S 80 Bk 4 53 3 40 I i R W]
21 P 7 K A SR AR R A SR A b R VS AL, TS50y R L ArE i R 22 5% . S AN AR fbA B Ta], X 5
M7, CO AL Y R AT ERAK 5 <250 wm 2H 53 (G0 AR+ 45\ FERLZH 53 ) WO RE T S5 0 7 55 — 3 oy W 8 4
. MiAE C15 AbBRrf | G AT SR A BBV S5 R A ) K AT SRR I 25 R S s a4, X 3R IH, A= ) ol o ) i
S AT SR A T () EL TR ARV 254 1) 8 KA SRR R I 4 1) K e

2 Sy oAb B AR R TR H KRR R, AR p AR B 43 AT, FEAUFEEIR ]
( Proteobacteria) , BRFT 5 ] ( Acidobacteria ) , 2% 75 B ] ( Chloroflexi ) , ZF B MU | '] ( Gemmatimonadetes ) , il 2% &
I"J( Actinobacteria) , AL I2iE & 1] ( Nitrospirae ) AT B 1] ( Bacteroidetes ) 45, &8 263 4~ H , EEALEE B-
A KT H ( Betaproteobacteriales ) , SBR1031, #5ER & H ( Myococcales ) , R4 48 1 H ( Anaerolineales) , #9816 H
( Rhizobiales) , % H ( Solibacterales ) 12 FUfI B H ( Gemmatimonadales ) 45, [5]—->Ab B ip A [a]R 2H A SR AR 1
EEPIAR A2 S . X CO ARSI 7, Bl 25 A SRR R3S R, TIKF B AR TR B 1T 28 B b 1T i £k
WERBEAT BT T LA S B BB TR T TR B | 2F SR B B AR == B B i A, MR AT BT ] ORGERTA B R A 4R T
H B H RARX R W T . C15 AbBR b Bl A SRACRIAR 3 K, A2 TR 147 1] SBR103 1 AR 127 H A4 AH %
FEET A LR ERT TR 1] Patescibacteria JEAE T | ] ( Verrucomicrobia ) F AR == B2 2 W A1, it FH A= 499 ot
RS T HIERE YRR R, e oRE, C15 AL BEAY TR AT w11 A0 27 PR B 5 1] A AR G =R BE | co 4k
BEAF 5T K 36.93% F1 16.44% , T A8 T B T A8 A6 SR BEAT T 11 FIABLAT 81 10 A9 R X 3 B2 23 391l 385 B 23.38%
71.28%F1 31.31%, 78 HKF- |, it 5 S BUR S8 B H AR 35T K 32.86% , 11 -2 FF i H AR B H 1)
AR BE IR0 T 55 42.28% F1 22.89% . MASIRIRLZH SRR i A= Wy AR X -FRER TR, 5 CO AL FRAHLL , Bl 4]
RRHPRAZRIE N, C15 AR i AT TR T IARX F BE AR A 730 S ~4.19% 7.05% 1 14.37% ,ZIETH TP i) B-72
TR B AL, 435 -3.92% ,12.96% ,33.82% ; FRFF 1 114350 F % 0.40% ,17.31% F1 20.15% , I%
T o0 FEAR 25.85% ,19.04% ,19.59% ; 2 S TR 1] 1h AR 34.509% F 26.40% % JC 1 35 2810 (2.82%) , AU
(), ZF BRI ER H AR 104351 -33.28% , —25.63% ,7.02%
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Fig.1 Principal component analysis of bacteria and fungus
CO_Mac, CO ZbF iy K A BE AR 41 43 FE AR The macro-aggregates fraction in CO treatment; CO_Mic, CO 4b ¥ 1 i 13 141 B8 {41 /3 #£ A< The micro-
aggregates fraction in CO treatment; CO_SC, CO ZbBErf ¥y ki 21 /3 FEAR The silt-clay fraction in CO treatment; CO,CO ZbBEAY 4> +FEA The bulk
soil in CO treatment ; C15_Mac, C15 AbFH Y K A1 B A4 /3 BE A The macro-aggregates fraction in C15 treatment; C15_Mic, C15 Zb3H rp B33 41 B 1k
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P 3 Dy b 3R TR DA H KRR 2 AR REA A R B 17 BT, E A TR
( Ascomycota) , #fTE B ] ( Mortierellomycota ) , #H T[] ( Basidiomycota ) FI1EK 2 5 '] ( Glomeromycota ) , 3t B
114 NEEH , FEAIER A% H (Mortierellales ) 773 7 H ( Hypocreales ) 2672 1 H ( Sordariales ) | JA 2 1# H
( Dothideomycetes ) F& L= H ( Pleosporales ) A7V H ( Pezizales) %5, 5 4w AH 1L, [F]— A~ 4b AN [6) 7 4%
VAT SR A i) 1) FL TR AR VT T BE AR AR 22 57, 0T ELBE G TR RRLAR R 1S, WO A 38 1) S i TR 1] B R IAT ] A%
0 T ARG = B S D AN T ] R BT R T B A AR, W MAESRE 15
A PR E BT R G TT AR 2B E CO Ak PR SHE N 139.97% FiI 18.88% , 1 54 Fal [ AH Xt 5= J3E P A%
20.16% , Forbr, TR 1 A 252 18 H MRS I H AR X = B2 53 5] 8. 35 K AIK 25.06% F1 81.88% , M eI 5
RAEERT 5 CO ALPRAR LL , B 141 SR MAOREAR A 1S (A B REZH 53 B R AT SRR ) | C15 Ab B rp T4
VRIS = BE 9 8 b 3R R —12.15% . 19.93% Fil 25.94% , A7 35 B A X 3= BE A8 46 5 - 29.28% . - 6.17% Fil
35.52%, F&reim FAE 3 A HIERORIZ Tl i BT B (-34.04% ,-29.37% , -43.42%) , T BT T RAHXS F B2
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Fig.4 Scanning electron microscope (SEM) image of biochar in soil aggregates
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