R EARERNE  2018,51(23):4485-4495
Scientia Agricultura Sinica doi: 10.3864/j.issn.0578-1752.2018.23.008

ARIFEFEM R I M BB E R E R
Rt MES, FEE, HE AD

CH= 24 B VT2 B, S M= 554300)

WE: [EW] RAEFFE A KR TR AW A% S A R £ R, Rt RiRadsiTmE:
BHFEET, ALERRPHRFRBENGENAREEASE. [FE] UEXK. AL 500C x5 2
By A MR N R AT R, UM A oy X 3, BRENEF AR, RASHBEEMNF (I1lunina HiSeq)
B, HRCE WA LEOERAE NEHA LA, X EE %M G IO B T3 ATH X W07 Fo B T 247
W 4 M B (CK). FmERRFES K (BCL). KREREAFAEMK (BC2) fuib EAEFF LMK (BC3),
[£R]) 4% 16S rRNA KA N L L LA, pH 2R EREFREFEMRKR (r 24 4 0.78%x, 0.62*
A00.66% ), M AN KGR T HE TR LR S EHGFEL LM, BHS o fn /N A RES EA
J M. Actinobacteria (X4 WI7) . Cyanobacteria (B E 1) fu Chloroflexi (LB IT) HHEIEH 3 KL
HHE, SAEITN 68.5% HIAMET, £EAA. C/N pH. ABHFEE TRMEE (CEC) KEMET
80. 8WEYAEE LM, AN EHIMANH A G LM RN EHEIFE T, FTRERAN: L3 C/N>pH> HE# > 2R >
CEC. D&Y AMA KL T AW WA EM R AN F MR, £EAR. C/N. pH. H R F0 CEC Xt 40 1 2% 24 R A
TR K, Haffopl REH L EAEHE L FEPFEENERIOHET.

KR AMA; B, BEENF; @@ HENMFER
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Abstract: [Objective] The objective of the experiment was to determine the effects of different straw biochars on bacterial
community structures and composition in yellow soil, and to find main environmental factors as the changes in order to provide
information for soil amelioration and proper management of straw residue.l Method IThrough a laboratory incubation experiment and
used a zonal yellow soil of Guizhou province, the influences of corn, rice and rape straw biochar that were pyrolyzed at 500°C on
bacterial communities were investigated by a high-throughput sequencing (Illumina Hiseq). Correlation and factor analysis of the
bacterial community structure with environmental factors were followed. The experiment consisted of four treatments: control soil
(CK), soil amended with 500°C corn (BC1), rice (BC2) and rape (BC3) straw biochar. [Result] The results showed that the gene
copy numbers of bacterial 16S rRNA were closely related with soil total nitrogen (TN), pH and total carbon (TC) (+=0.78**, 0.62*
and 0.66*, respectively). Biochar addition to soil increased the richness and diversity of dominant bacteria at phylum and class level,
which were a strong positive with pH and C/N. The analysis of bacterial community at phylum level showed that Actinobacteria,
Cyanobacteria and Chloroflexi were dominant bacteria, occupying 68.5% of all phyla. Factor analysis showed that soil total nitrogen
(TN), C/N ratio, pH, available phosphorus (AP) and cation exchange capacity (CEC) were main environmental factors on the soil

bacterial community structure, total explaining 80.8% of the community changes. The order of contribution rate was soil C/N>pH>

ks BEA: 2018-03-19; #EZ HHA: 2018-09-11
E2WB: I WRPERARRBREGRIE FIHH (2017TRS19949) . #id2: B il LRI 34 H  (trxyDH1702)
BREAR: @M, E-mail: hjwl9860627@126.com. {54 MATFI7, E-mail: 294911662@qq.com
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AP>TN>>CEC. [ Conclusion] This study provided clear evidence that community composition and chemical properties of bacterial

were changed due to biochar addition to yellow soil. And soil TN, C/N, pH, AP and CEC had a greater contribution than

environmental factors on the change of the bacterial community structure, in addition, TN and pH were more efficient on improving

soil richness and diversity of bacterial community.
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Table 1 The physical and chemical properties of the experimental soil and biochar

AR LR PP Biochar categories e
Variables FRREFF L5 IKTEREFF A5 SRS RT3 Soil
Corn straw biochar Rice straw biochar Rape straw biochar

pH 8.23 9.59 9.55 4.60
EL KT Surface area (m*g™) 160.2 35.8 0.88 /

J L7 Total pore volume (mL-g™) 0.331 0.068 1.69 /
SP¥)FL1% Pore diameter (nm) 242 30.1 5.85 /
42T Total C (g-kg™") 5345 248.6 521.7 5.82
4% Total N (gkg™) 10.51 8.92 8.53 0.65
1% Available P (g-kg™) 3.99 434 3.75 0.001
45 %08 Available K (g-kg™) 15.34 16.07 14.32 0.09

MR pH: K - k=10 : 1; 13 pH: K : +=5:1

The pH value of biochar was determined under the condition of water and carbon ratio of 10:1; pH value of soil was determined under the condition of water

and carbon ratio of 5:1
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Fig. 1 The gene copy number of 16s IRNA
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Table 2 The Yellow soil chemical properties and its correlation analysis with gene copy number of 16s rRNA

AR i K3 Treatment LIPS
Variables CK BC1 BC2 BC3 Correlation coefficient
pH 4.60£0.22¢ 5.68+0.03b 5.67+0.07b 5.81+0.08a 0.62*

427 Total C (g'kg™) 5.82+0.31d 13.58+0.80¢c 14.04+1.32b 17.49+0.99a 0.66*

2% Total N (gkg™) 0.65+0.08 0.85+0.06¢ 0.96+0.02b 1.07+0.01a 0.78%*

427 Total P (g'kg™) 0.17+0.02b 0.20+0.01a 0.18+0.01a 0.19£0.01a 0.36

428 Total K (g'kg™) 22.19+1.06¢ 23.23+0.52b 23.84+0.62b 24.08+1.22a 0.44

A4 Available N (mg-kg™) 12.32+1.20d 22.55+1.82a 13.63+1.09b 12.58+0.91¢c 0.58

W Available P (mg-kg™) 1.070.02d 1.7940.15a 1.63+0.23b 1.560.20c 0.69

142540 Available K(mg'kg™) 90.32410.11d 336.55+35.37b 320.09+16.34c 417.26+65.08a 0.55

BEAKON 124y * TR EREE (P<0.05), *RRZEFWEZE (P<0.00); FATEIEARF/NG FRF RS OHN 27 2% (P<0.05)
The number of sample is 12; * Means significant difference at P<<0.05, ** Means significant difference at P<<0.01; The data followed by different small letters

in the same line mean significant difference at 0.05 level among treatments
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Table 3  Estimated 16S rRNA number of OTUs, Reads, richness and diversity

AbEE OTUs Reads FH & Richness Z FEE: Diversity

Treatment Chao 1 ACE Shannon Simpson
CK 2621£145¢ 54267+165a 2122+115d 2311+36¢ 6.4240.39¢ 0.9023+0.002a
BCl1 2994+117b 53972+211a 2376+126¢ 2845+47a 8.31+0.31b 0.9386+0.005a
BC2 2832+195b 54376+139a 2678+72b 2687+105b 8.23+0.11b 0.910+0.001a
BC3 3431+132a 54511+97a 2826+150a 2926+76a 8.68+0.23a 0.908+0.003a

[R B EE E AN AN FRER R AR 25 5 B3 (P<<0.05)

The data followed by different small letters in the same column mean significant difference at 0.05 level among treatments
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Fig. 2 The relative abundance of the top 10 phylum under

different treatment
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Table 4 The relative abundance of the top 10 class under different treatment

] M JbFE Treatment
Phylum Class K BCl BC2 BC3
Cyanobacteria Oscillatoriophycideae 22.70+3.25b 37.63+6.78a 8.28+0.96¢ 6.58+1.11d
Actinobacteria Actinobacteria 25.22+1.92a 8.55+0.87d 11.01£2.01¢ 18.57+0.97b
Thermoleophilia 7.21£1.30c 9.04+1.22d 13.85+0.98b 18.43£2.54a
Firmicutes Bacilli 1.91£0.32b 1.47+£0.22b 3.51+0.11a 2.44+0.09b
Proteobacteria Alphaproteobacteria 4.90+0.13b 4.09+0.06¢ 9.43+0.33a 9.18+0.25a
Gammaproteobacteria 0.28+0.03¢ 0.23+0.06¢ 1.17+0.10a 0.54+0.03b
Chloroflexi Ellin6529 4.89+0.11b 8.06+0.47a 1.54+0.22d 4.35+0.05¢
Chloroflexi 3.36+0.18¢c 7.02+0.44a 1.27+0.08d 4.13+£0.33b
Anaerolineae 5.12+0.31a 2.10+0.09¢ 1.44+0.24d 3.55+0.11b
Thermomicrobia 1.27+0.20c 4.25+0.29a 0.99+0.12d 3.07+0.23b

[FIAT B e AN ) /NS R R AL BRI 22 57 | (P<<0.05)

The data followed by different small letters in the same line mean significant difference at 0.05 level among treatments
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treatment; BC3: Rape straw biochar treatment
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Fig. 3 Principal component analyses (PCA) of bacterial community composition in soils from different treatments (a), and

redundancy analyses (RDA) of the correlations between soil parameters and bacterial community diversity (b)
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HERFEMAKLKR. U 1IE pH 1 C/N s
A Bl TR T = B e R 34 4 T R 11 A A
MR AW CEC X4 & R 15 A

Table 5 The correlation analysis between advantage bacterial community (at phylum level) and soil chemical parameters

HEE Phylum pH C/N A% Total N % Available phosphorus CEC

Actinobacteria 0.458%* -0.159 -0.230 -0.496 0.136
Cyanobacteria 0.592* 0.492* 0.192 -0.376* 0.278
Chloroflexi 0.661%* 0.537* 0.303 -0.203 -0.195
Proteobacteria 0.436%* 0.622%* 0.721%* 0.441 0.318
Firmicutes 0.613* 0.486* 0.117 0.369* -0.255
Gemmatimonadetes 0.695%* 0.335 0.316 -0.579 0.194
Crenarchaeota -0.139 -0.257 0.089 0.572 -0.148
Acidobacteria 0.301 0.378* 0.144 -0.198* 0.247*
Armatimonadetes 0.176 0.426 0.196 -0.236 0.208
Bacteroidetes -0.314 0.344* 0.372* 0.299 -0.119

FEABON 12 4. * TR BEMK P<0.05), **FR/REEMHK (P<0.01)

The number of sample is 12. * Means significant correlation at P<<0.05, ** Means significant correlation at P<<0.01

3 g
3.1 EMIRMEIEME 16s rRNA EEENEKINL H
LESEAL)

Tt RS FE A= 0 3519 0 T 40 B4 16S TRNA &[]
PEULHL, B CK BEINT 43.1%—68.8%, MRS FAE
WIRIRT R e (B 1) o RUEY RGN I
HEAH 1R 16S TRNA JE A5 U1H H A2 THIR B 5 AR o 2R
T K o IX ] ReA9 2 T AW IR I ALBR &5 40 S LT 7K 43

FFE S WP A FH AT AR A 2B A 4 1 A PO AT JRL R
B2 DTN, AFEAE 0 A A T LA s
7L IgE g PR E 3P 4018 16S TRNA JE
[KI#E DU%; 1 DEMPSTER 2510k, A FUEMIR 7
IMFEAE T L4340 1% 16S rRNA JEEHE ILE) . AR5
R, TR AKFEFOM AT AR R AN [ F2 b 4
INT BRI 16S RNA JERI$E UKL (& 1) o FHGSr
Frib s, 4074 16S rRNA JE A3 DUA S 3 4

SBAN pH BRI IEA R K R (R 2) o Xn[REH



4492 el A 51 4%

DRI T AN [7) 288 284 A= e P 8 R e ek 2 4 22 S e AN T 1
TEEYEAR TR, AT 5 | S 40 T 1 2 e AR A B
T R AR, IR 16S TRNA JE [N $%
DU 5 Ay 5 SN - T 56, 38 S5 R R
A it P R BB A AT OGP0, il (500°C
400°C) KL (300°C) il % ¥ -4 e B R ol A
Y B I AN 3% A1 9% kAR A 4 Rk A HE 1Y)
- 3 A A DR B DL o T 6 . ) o 4 RO
BEgH,  H 9% kLA AE 4 R Ak S 1R 40 1 DS % D1 A
Bl B LR A S I AN R AR R A
RT3 IR0 16S rRNA JED ¥ 1%,

B HE ) e Kb B GT E A9 2 R RV 22 P 1 S e
ANAH IR, 2 IWA it FH 240 e 340 5 W T 40 v B 1) -
FERIZ R, AH L 52 ma F5 5 DR A= ) o P o 28 1 2 e S
E R i B AT Al Hil A e
Pho —UGREFERM, DRIAEYIIR A5y B SRR e
AN RO D TR S I AR B R TR e AT A AN ] o Bl
wn, BRSO TR Y, B R R e P R
b, BIEANE OTU #iH K FE & EHE40 (Chaol) 2
4% 11 PIETIKAINEN 252715 26 0] A 4 o% it
FR ST DR A K. JIN BFFCR B, s+
AN VR 22 B PE B A AR R B i A KR
MARRIS 575 B A 4 o (1 it FH 25 B AT 1 B i A2 40
MR, A%t Wit KAk B
TRUEDI, WA IRA A R SR T B R e
T2 FEVERRE AR ], {2 4 FlE SR (15 d
P I AP R AL R (1) 22 FEEFR AR T X I, 15 45 d )5
EMIHRE NN 40 thm? (KIS T 1.6%M &) A
PR 2 REVE SR Sl 20 X R W L A RS R
PEX APk (R AR H S %, HAEYIRISTY ., NN
M ARG KR WHF0A R, AW R v] A
A TR 4L 5 A PR, U A R
5 R P AR S e (A1 A AR S B, T s 3 1)
FROPIRIE A2 o ORI A A R 1A 455 54 B )
PP . ARBF R R, FEH R - R R A
ISR, ISR FT AR IR B B KRR REAE AT AL 4 o
SR T3 s R A0 RV TR T BRI 2 AR (R 3D .
AT RE L B TSRS FE AR (M Z5 MR S 45y, e
Bl 58 2 AR R A DR BRI, L5 R MR
T S R A 22 SR, BN T - et R VA 22
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IR S A R T, TR R R S S T ) A
Kefe I am . AW b B ] LRSI TBCE v 1] 3= 2 7 1
55 R A ISR 20, i AP S R A ) NSRS
PR TR PRI T e T e R B AR W Bl A 0%
KHODADAD 4R SUA L, A=A 5 ROV 0 Ao e i
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T I A AE R PR F AL AR SEIL KR B = R 0
IVERT, IF45 tH AT IR AR IR 25 b 2 R 4 R B L
IR ZD 16.7%—31.8%, Rk, AR FE10
FF B A FH AT B KT 40 a1 AR T AT TR 20 = B 388 Iy K 1)
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