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1.1 WXL

F (18 46 F 2016 45, 76 50N 4 R BB 2=
5% b Mo b 5L (26°52'N, 107°5'E) 1 g, k36 135
R, IEEEARAEMERT pH 7.06, A HLEK
26.90 g/kg, 4> 2.30 g/kg, BHfFA 132.03 mg/kg,
415 0.92 glkg , A %08k 26.09 mg/kg, 441 4.98 g/kg,
MR 288.45 mg/kg .
1.2 AR

MR I SRl =0 87, BERAERMUS . %
M FH AR (N:P,0s:K,0=9:13:22) , 4% F 8 e
(N:P,05:K,0=12:0:24), %I IR IE(N:P,05:K,0=
9:11:18, R T ARFEFF B ARG JH L HI BRI 2 IR
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Bl B AL, KRS FE IS N B 12%), B
WRELENA RS FARAELL EICE; A HUEN
2% . P,050.6% . K,0 0.5% . £3 #/LJ5T 80.2% . pH 5.5)
WRIEGHAE(N 2%, P,0s 0.4%., K,0 0.9%. FHHl
J5i 81.0% . pH 5.5, KJH EKFEFF s AA HLIEL TR
ARG, FORFEFFHASIN LBk 20%), £VbHdE %
WA VERESRAELL FEEL,
1.3 HE#it

R HRNXGREE , /NX Y 36.3 m?, bl
PLXAHES], BB HRATIE S 1.1 mx0.55 m,,
Wit 3AMIEANEE . (1) AHENE(NF); (2) & AU
(CF) GRIAHUIE . KL FELIE, 7 itE 8%
BAE); (3) MILHE(BF) (At KA ML . s AT
TRAE, iR & B AE) . B b Hi 3 IR .
HLARHIE 5. 2B At LA, B % A |
W HESL IR B 600 kg/hm?, AHUIE . st
A HLUIE G 750 kg/hm?, 2R BEHE b 34351
TR A M BRI A L P,Os A KoO. EHRE IR
HEAESEAZ I 7O, i 150 kg/hm?. 4% 243
ORISR A= 77 B AR R A T LA B AR A
FAREIERE I —3, 4 A IRIE ISR, 9 A RIESS
W, RIS & R4
14 TEHARE

2018 4F 6 H 22 H, FEMH#J5 50 d (),
BRI 5 SIBREREE 0-20 cm BHZIEMR
Prbke, 222 BARGE UL 1.5 kg, Ff
AT PRy s — BRI T AR R, e AL
B, ARV VRish, Z 55 2-80 °C UKFfHTR
£, TR . B SRl Iy 08 HARE
o AR WEEE i, A R ol
15 13 DNAZBSY . FEENF

FH E.Z.N.A.®Soil (Omega Bio-Tek, Norcross,

GA, U.S)ikGi &7k, PRI 0.5 g LIEREAL, %
HEGR A S M UG SR B I UE W) . DNAL &
DNA ¥ i Fn4l B2 A6 J5 (DNA ¥ =10 ng/uL,
AzeolA2g=1.8-2.0), FIfH] ABI GeneAmp®9700 %!
PCR, 43 BT %} 44 16S rRNA  EL[# ITS #17 PCR
Sy, @59 h 338F (5'-ACTCCTACGGG
AGGCAGCAG-3')Hll 806R (5'-GGACTACHVGGG
TWTCTAAT-3)M8 B 5|91 ITSIF (5'-CTTGG
TCATTTAGAGGAAGTAA-3)H1 ITS2R (5'-GCTG
CGTTCTTCATCGATGC-3)", PCR itk Z A
20 pL: 5xTransStart FastPfu 2% Mk 4 uL,
2.5 mmol/L dNTPs 2 pL, FE¥E5[4#(5 pmol/L)
0.8 uL, #5145 umol/L) 0.8 pL, TransStart
FastPfu DNA B4 0.4 uL, DNA #ity 1 uL, #
JE KB ddH,0 #hE . HHEEH 1 554 95 °C il
APE 3 min, 27 MEFR(95 °C 781 30 s, 55 °C B
:k 30s,72°C %Eff 30s), fief 72 °C LA 10 min,
B HA&E: 95 °C WiAEME 3 min, 35 MEFF
(95 °C A8k 305,55 °C iRk 30's,72 °C ZEf#1 30 5),
5 J5 72 °C ZE{f 10 min. Miseq SCZEH EEFIN T
R RE AW EARECA RA SR, WEEE
A7 1llumina Miseq PE300. 1l ¥ Ji5 X4 %507 51 164 7
1AL BR, 5] UPARSE #50F, LA 97%FH 41
AR bR, $E4T OTUs (operational taxonomic
units) RSP AR
1.6 k2 EM R E

- A B BRI 7 T 1 27 k(18] .
pH KA AR R SR AR 2
BRI Bff AR s /0 2R
FHBRIRFN IR Rl s A SOk FHBRIR 2N 32 -4H B
U@L 2B R 2SR AL B Rl IR DG B ik
SRR R FH S IR e i B - IO EE s FHES 584k

http://journals.im.ac.cn/actamicrocn



656

Yi Chen et al. | Acta Microbiologica Sinica, 2020, 60(4)
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2018 4F 9 H, HHELHS, R AR/ NX A
BUURH 5 KR FR 2 2Bk AR AR, Seitr= i,
1.8 St 5417

HIF mothur #1584 5 254K Ace . Chaol
L FEPETE 8 Shannon . Simpson #5 %, #)
Canoco(4.5) AT TUA /AT (RDA) . Sk Systat
Sigmaplot 10.0 &, FI/ SPSS 20.0 #4TH K =
5 225307 o

2 HRFuH

2.1 N[EIMEAE AL FEST 5 KR = H i R
mE 1 R, ASE]AE AL PR A= 2
KA BF 43, CF 4bFE . NF ZbPH, BF 4b#
I CF AbFREE A = F 35 8 25 F NF b3, BF &b
PRRE R f b NF A3 548 5 56.25%, %¢ CF
AbFREE T 4.90%. 15 it T 2 R A 068 A 1 7 5 2R
B,
2.2 AN[EIHEAE Ab X AF AR B AL S A BT R R el
% 1 En, AREELAHE HEER . £
B, ST EMAAHE, AEEZERADE,
5 NF AbHEAT CF ARFRELES, BF Ah B A 390

SHEBERE, WMIES R 5.41%H1 5.49%. BF
SO PR SR . B A PLER S R
ettt , CFALIRE S, NF R EAL; AL
F NF ALFEFD CF AbFE, BF AbHf -+ e kil 5
Iy 4R T 56.27%1 21.75%, AbBHE) 25 8 ¥
5 NF ACFE L%, CF ALERAN BF Ab B - 398 5 2
S AR, IR B 69.85%F1 90.19%.
BZ NF 4B, CFAbEEFI BF 4bFE 43 pH B2
REEA o
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2500F &
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Bl AREERLEEIE"S
Figure 1. Yield of flue-cured tobacco relative to

different fertilization treatment. NF: no fertilization;
CF: conventional fertilization; BF: fertilization with
biochar-based fertilizer. Different lowercase letters
above the bars indicate significant differences between
treatments at 0.05 level.

F 1l AREMAAIETIELF R
Table 1. Chemical property of soil relative to different fertilization treatments

Totaly  AKaline L IP/ AvailableP/ Total K/  Available K/ Organic C/ CEC/
Treatments gy vdobzed e (moke)  (gkg) (mg/kg) (g/kg) (cmol/kg)

g/kg Nimgkg (K9 a/kg a/kg g/kg g/kg g
NF 2.11+0.05a 126.71+4.29b 1.11+0.07a 18.87+2.67c 15.47+0.41a 351.44+106.60b 28.98+158a 7.5140.03a 18.44+0.44a
CF 227+0.13a 126.61+2.51b 1.05¢0.07a 33.76+4.28b 14.08+2.37a 506.91482.27a 29.27+3.05a 7.1240.20b 18.56+0.11a
BF 2.26+0.08a 133.96+1.10a 1.15+0.03a 43.14+6.07a 14.32+2.17a 668.42+108.33a 30.33+1.77a 7.13+0.24b 18.88+0.38a

Different lowercase letters in the same column indicate significant differences between treatments at 0.05 level.

actamicro@im.ac.cn
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2.3 LIRS RE BT

XF 9 A IR TP RYAHTE 16S rRNA V3-V4
Feal i, ARG ARUT S 326031 5%, P10
SR 438.71 bp, HISIGK 14272 4~ OTUs,
S A o R 98% L 1. M 9 SRR
WY . odug)E, IRIARUT Y 345057 4%, F
BIngi I B A 267.98 bp, R I3k 3260 4~ OTUs,
S PAP A o R 99% L L. HiIE 2 AT, A3
A b B (4 2 RN ELE OTUs s e il 42 e 1) o
H, ULRAIIEI OTUs # T,
2.4 RFEIMGEACAL XS AE A B A . A
B EMZHEERE W

A PR RE I RN 2 R R B R AR A A
R EEEII ) Ace il Chaol 557 Wi

YIRS, 3k 2 n[5, BF bR+ 340 B R
TESEBRULIN Y OTUs Bk, SHARWIAb 2
S, & NF AFLF CF AP 1.02 5 F1
1.01 £, BF AbFRAH A HF7% Ace. Chaol F Shannon
fedlci s, CFAFIHYK, NFARBHfRAK; BF Ab3
A Ace THEE 25 T NF 43 ; BF ZbFH4N
AT Simpson $5 8RR, REHMEAL | 7t FH o ik
NEF2 = TSR AN R I 5 EE A Z A . BF ZLBE L
BEE RS SR M OTUs Hri i/, WE/N
THARMAL . BF ALBEECHRE Ace. Chaol F
Shannon 8K, CFACFEfE, NF AbFEH
BF AbFHELH VX Ace 1 Shannon 8% ZKT
NF b, FBTHEAL | it FH o SENE AR - 18 T A A
%+ E M EZ R

(A) (B)
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21250 53307
S 1000 E;;oo-
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Figure 2. Bacterial(A) and fungal (B) OTUs rarefaction curves of soil relative to different fertilization treatments.
x2. TEMEELGETIZEMAR. EREESH 4IRS
Table 2. Diversity index of bacterial and fungal community of soil relative to different fertilization treatments
Bacterial community Fungal community
Treatments - :
OTUs Ace Chaol  Shannon  Simpson OTUs  Ace Chaol  Shannon Simpson
NF 1568+8b 1766+12b 1758+19a 6.37+0.03a 0.0035£0.0002a 429+6a 500+4a  491+9a 3.08+0.09a 0.13+0.02a
CF 1569+11b 1791+57ab1813+84a 6.38+0.07a 0.0036+0.0008a 378+65a 462+60ab 454+64a 2.74+0.49ab 0.21+0.08a
BF 1592+5a 1813+19a 1814+24a 6.42+0.04a 0.0032+0.0002a 280+48b 426+13b 390+56a 2.18+0.26b 0.23+0.02a

Different lowercase letters in the same column indicate significant differences between treatments at 0.05 level.
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2.5 AEMEAELEEHEENE . ERFES
B 5

Xof A [ it S A P2 - S8 A B A 5 2L B A3 B R B
KL, BF Wb IR 2R S, 8
T 2541, CFAHE T 23 ], NF ALFE T
22 Mo A ALHZR R ] (Actinobacteria) . AR I
I"J(Proteobacteria) ., £%%5 1% ](Chloroflexi) . FRFT
I'] (Acidobacteria) #1 Xt £ B & & , 2 B A
38.40%-42.17% ., 15.87%-25.51%, 11.26%—-14.61% .
5.76%-15.83%, J& T MLHERE, MW FES
T+l 82.06%-86.11%. *f T AN -2/ 11T 5
22501 (ER 3), 5 NF B LLAL, CF AL¥EFN BF 4k
PRI E T HUFF#1 (Bacteroidetes) %) )& ; BF
A0 FRADAT B 1A B2 43551 2 NF AR FEFD CF 4B 3
() 1.80 151 1.44 %, BF ZLPEE 5T NF ZLRE,
22 NF AbFE, CF ALFEA BF AbFRIREAL T 256
1 (Armatimonadetes) %) &, o CF 43 i
FALT NFALEE, 5 NFARFEARE, CF ARFEAI BF
Ab P Latescibacteria A% = B 4351 i 3 P41 0.09%
10.10%. Ab3E]GZ T (Actinobacteria) . 22TE
I ] (Proteobacteria) . £¢25 5[] (Chloroflexi) . {2
FF e ] (Acidobacteria) . JERER [ J(Firmicutes), %
B4 Jf T ] (Gemmatimonadetes) . il 1k 12 T 1]
(Nitrospirae) . V7% il J(Planctomycetes). W 4H7#
I"](Cyanobacteria) & Jt w4 i ] (Verrucomicrobia) AH
D o3 5/KE o7 NS I A BTN B 3 G A i e
AN EE T R, S 1 AR T TAR R R,
FEAIR T Latescibacteria #HXT £ 15 HAAE LK,
i e O B w7 WA WA
Latescibacteria #HX}F 8. SAMEAL FoAL, it H
FRNE 58 25 BRI T2 R BRI Latescibacteria AHXT
FE,
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x 3. ARIMEMLETIEMEITKFEEERFEFE
EREDH
Table 3. Variance analysis on relative abundance of
chief bacterial community at phylum level in soil
relative to different fertilization treatments

Relative abundance/%
NF CF BF
40.10+0.94a 40.55£1.89a 39.96+1.81a
18.96+3.61a 20.59+1.13a 21.97+3.07a
13.42+1.12a 13.05+0.80a 12.02+0.92a
11.39+2.23a 9.35+0.46a 9.89+5.27a

Phylum

Actinobacteria
Proteobacteria
Chloroflexi
Acidobacteria

Firmicutes 4.94+0.28a  5.10+0.56a 4.35+1.34a
Gemmatimonadetes 3.96+0.53a  4.02+0.17a 4.60+1.07a
Nitrospirae 3.14+0.39a  3.55+0.39a 3.12+0.69a
Bacteroidetes 0.84+0.19b  1.04+0.07ab 1.50+0.40a
Planctomycetes 1.19+0.33a  0.70+0.11a 0.85+0.54a
Cyanobacteria 0.29+0.20a  0.74+0.80a 0.28+0.14a
Verrucomicrobia  0.51+0.13a  0.31+0.14a 0.35%0.20a
Armatimonadetes  0.24+0.01a  0.17+0.04b 0.20+0.0l1ab
Latescibacteria 0.21+0.02a  0.12+0.03b 0.11+0.02b

Different lowercase letters in the same line indicate significant
differences between treatments at 0.05 level.

TEJE /K-, BF b3 - 38 240 e VK 2 4 1 i
5, JBT 436 ME, CF MR T 427 1N&, NF
WEPRAE T 417 s o A AL - ST 6 M AHRS R
JE A e ) 2 R T B AR UCR 2R A B (Bacillus)
Gaiella. Solirubrobacter . fifft. 12 (% J& (Nitrospira) .
25 5 )& (Roseiflexus) . ZFEK & (Blastococcus) .
X T IEAN R SR AT 200 (GR 4), B NF
AbFE, CF ALFEA BF Ak BRIGIEAR 1 405 T ) A
JEAHX FJE, BF ZLPRRE(RT NF 43, 5 NF
QbBRELHE, CF ALFRAN BF Zh PR i 2 3L 1 #i
AR AURAN R, CF ARBEAN BF AbEE 4> 51l
NF ZbHE 1.33 51 1.39 £, mUbnl WL, i sk
FENEAE T IR AR N B AR FE R, AR T &%
TR IRFE A F R SAMIEE, HtfH %
LY E S AUNE T CEIE SRS IR Sl
JE AR R
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T4 AREERLCETIEMEBEKFEFETER#HENEERFEDN
Table 4. Variance analysis on relative abundance of chief bacterial community at genus level in soil relative to

different fertilization treatments

Relative abundance/%

Genus
NF CF BF

g__norank_c__Acidobacteria 8.09+1.73a 6.60£0.51a 7.21+4.65a
Bacillus 3.49+0.24a 3.63+0.24a 3.22+1.05a
g__norank_o__Gaiellales 3.84+0.46a 3.15+0.40a 3.19+0.92a
Gaiella 3.46+0.26a 3.09+0.05a 3.45+0.75a
Solirubrobacter 3.27+0.18a 3.40+0.71a 3.23+0.21a
Nitrospira 3.14+0.39% 3.55+0.39% 3.12+0.69a
g__norank_f__Gemmatimonadaceae 2.67+0.29a 2.78+0.04a 3.19+0.85a
Roseiflexus 3.02+0.25a 2.70+0.26a 2.91+0.63a
g__norank_ p__Chloroflexi 2.92+0.33a 2.68+0.43ab 1.96+0.54b
g__norank_o__Solirubrobacterales 2.42+0.65a 2.12+0.08a 2.16+0.58a
g__norank_c__Thermomicrobia 1.64+0.25b 2.18+0.14a 2.28+0.21a
Blastococcus 1.80+0.29a 1.74+0.10a 2.05+0.53a

Different lowercase letters in the same line indicate significant differences between treatments at 0.05 level.

e 5 nEH, EITKFE, AHEEEAA R
TIEE RS AU ZE R BOR, NF HI CF AP T
6 N1, BF AbBE{JE T 5 4], JC Rozellomycota.
T-HE T ] (Ascomycota) 2 A [v) it A Ab # - 39 L7
FEIE RS 128, NF AbER 358 | ) A X 3 B i
w5, CFAbFfET, BF AEAR. BF AL A
I"1(Zygomycota) FH XS & [t NF 4L BF CF AZbHi)
FEAL 5.22%F1 4.51%, BF 4b¥ i 2L FH 4 MW
AbFE . NF ACPREE [ ] (Chytridiomycota) AH X =F &
SyAi& CF AL BF 2B 3.20 £5 1 4.32 £%,
ZE 5 . W] ULt A e T S L
AT R, WERR TG ET]; ST
B, WERER T ST IR

ANTRI s RE A 34 - S5 LR R K P 2H LB (3% 6)
B8 /AR X B Y L s R o ith B s
(Aspergillus) . % JJ )& (Fusarium), R4r2Ea9285%
Bi4M(g__unclassified_c__Sordariomycetes) . $#1%5 &

(Mortierella) . K42/ E5¢FH(g__unclassified_

f__Chaetomiaceae) . 75 % )& (Gibberella) . #ARTH
J& (Talaromyces) . %% )& (Stachybotrys), 4

CF ZLFAH I, BF Ab 3 25 & Aok 32 5 i 22 AR
PROIVAJE . AR E | 2 T A T R
AR ] NF ZbBE . CF 4bBE . BF 4b3; BF &b
PR TR & AR XS 3R AR T AR PR EE; BF Ak
PR AR JE . A R R AR R LT NF
AOSR . SRIBHT . AR . ORI SR A T
M ECRR s, AR Tl i HL ™ B e B
Hw% 5 J® %5 2 )@ (Phytophthora) . 4% 11 )&

#*=5. AEEELETIRERETKEBEMNEEFEST
Table 5. Variance analysis on relative abundance of
fungal community at phylum level in soil relative to
different fertilization treatments

Relative abundance/%

Phylum
NF CF BF

Ascomycota 89.82+3.01a 88.36+2.65a 70.94%38.85a
Zygomycota 7.40+3.66a 6.69+0.76a  2.18+0.87b
Basidiomycota ~ 1.62+0.57a  3.64+3.50a  24.55+39.58a
Unclassified 1.04+0.31a 1.18+1.15a  2.32+2.75a
Glomeromycota 0.04+0.03a  0.10+0.12a  0.01+0.00a
Chytridiomycota 0.06+0.03a  0.02+0.02b  0.01+0.01b
Rozellomycota 0.01+0.02a  0.01+0.02a  0.00+0.00a

Different lowercase letters in the same line indicate significant
differences between treatments at 0.05 level.
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(Alternaria) . 145 & J& (Erysiphe), A<l FH,
5 A0 T A SR L R RS S R o NF AL B 3
HERS R AR EEE e, CF Ab¥Jm+, BF AbH
AR, BF b3 KT NF A3, NF Zb3E + 58
oy v JE A i dy, BF ARBRHIK
2.6 RNEIMGAEALFE TR EIENE . ERiriEs
P A 2 o i L

B IBCA [w] it S Ak 3+ B 4 TR 3 2T T R A

#* 6.

Table 6.
fertilization treatments

JERHR AT LA H XS AT (DCA) , 73 BT R /s
DAl B f KA R 0.256, /NT 3, A, ¥
FICA M (RDA), 2 forward 4387, %40 RET
ZER R sE AR EEHERT 3 2R I A2 R AR
R pH. AR . FHE Facii, AR RPRER
SR 3 pH $200 25 (P=0.034) . i HEFF K (K] 3-A)
AW, B 1 R T AR RS 50.1% 748
S, 5 2 BhfE R T 23.9% 8 5

AEERLLE LIEER R K TEEANFEEAES T
Variance analysis on relative abundance of fungal community at genus level in soil relative to different

Relative abundance/%

Genus

NF CF BF
Aspergillus 31.88+4.67ab 40.98+11.93a 16.68+9.08b
Fusarium 17.79+3.40a 17.66+5.43a 5.83+0.89b
g_unclassified_c_Sordariomycetes 2.25+0.50a 2.50+0.22a 15.094+25.11a
Mortierella 7.31+£3.69a 6.27+0.95ab 2.11+0.86b
g_unclassified_f_Chaetomiaceae 2.37+1.03a 4.74+2.03a 8.75+12.95a
Gibberella 5.45+2.90a 5.72+1.87a 2.83+1.38a
Talaromyces 5.65+3.64a 1.09£1.02a 2.79+4.57a
Stachybotrys 3.29+1.27a 1.64+1.11ab 0.90£0.71b
Alternaria 0.06+0.02a 0.04+0.02ab 0.01+0.00b
Erysiphe 0.002+0.003a 0.000+0.000a 0.001+0.001a

Different lowercase letters in the same line indicate significant differences between treatments at 0.05 level.
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Effect of biochar-based fertilizer on bacterial and fungal
community composition, diversity in tobacco-planting
yellow soil
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Abstract: [Objective] This study was to explore the effect of biochar-based fertilizer application on the
microbiological mechanism of the quality of tobacco-planting yellow soil. [Methods] In 2016, 3 different
treatments were designed: no fertilizer (NF), conventional fertilizer (CF) and biochar-based fertilizer (BF). lllumina
miseq sequencing was applied to analyze soil bacterial and fungal communities. [Results] Compared with NF and
CF treatments, the yield of flue-cured tobacco was increased, the contents of soil alkaline hydrolyzed N and
available P were increased significantly in the BF treatment. In the BF treatment, the number of operational
taxonomic units (OTUs, 1592), abundance and diversity indexes of soil bacterial community were the highest.
However, the number of OTUs (280), abundance and diversity indexes of soil fungal community were the lowest.
The relative abundance of Bacteroidetes (1.50%) was increased in the BF treatment, whereas Latescibacteria
(0.11%) was decreased. There were significant differences in the relative abundance of Bacteroidetes and
Latescibacteria between BF and NF treatments. In addition, BF significantly decreased the relative abundance of
Zygomycota (2.18%). Compared with the NF treatment, the relative abundance of Chytridiomycota (0.01%) was
significantly decreased in the BF treatment. BF changed the fungal community at the genus level and significantly
decreased the relative abundance of Fusarium (5.83%). Compared with the NF treatment, the relative abundance of
Mortierella (2.11%), Stachybotrys (0.90%) and Alternaria (0.01%), was decreased significantly in the BF
treatment. The most important soil factor causing the change of bacterial community structure was pH, and the most
important soil factor causing the change of fungal community structure was available P. [Conclusion]
Biochar-based fertilizers cause changes in soil biochemical environment, lead to changes in community structure,
diversity of soil bacteria and fungi and then optimize soil ecology.

Keywords: tobacco, biochar, biochar-based fertilizer, yellow soil, bacteria, fungi, high-throughput sequencing
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