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Abstract: To explore the changes of soil bacterial diversity and community composition in tobacco—rice rotation soil under different straw

return methods, control (CK), amendment (BP), undisturbed straw return (S0), straw—cow manure compost return (S1), straw—rapeseed
cake compost return (S2), and these combined with amendment (SOBP, SIBP, S2BP) conditions were set up in a tobacco—rice rotation pot
experiment. The composition of the soil bacterial community was analyzed using 16S rRNA high—throughput sequencing technology. The
results of the experiment showed that direct straw return and straw return with amendment can effectively improve soil physical and
chemical properties. Straw return combined with amendments significantly increased bacterial community abundance. The S1BP treatment
resulted in the highest bacterial community abundance. Each treatment had no significant effect on the soil bacterial community diversity
index. Proteobacteria (16.42%-26.01%), Chloroflexi (15.62%-20.46% ), Acidobacteriota (8.71%—15.86%), Actinobacteriota (7.08%-
11.47%) and Firmicutes (7.29%—11.74%) were the predominant phyla of soil bacterial communities. However, straw return significantly
increased the relative abundances of Proteobacteria and Bacteroidota. Compared with straw return, the straw return with amendment
treatments significantly increased the relative abundances of Bacteroidota and Desulfobacterota but markedly decreased the abundances of
Acidobacteriota and Actinobacteriota. Furthermore, soil pH, minimum water holding capacity, soil porosity, available potassium, dissolved
organic carbon, and microbial biomass carbon content were the main factors affecting bacterial community structure, which had a positive
correlation with Desulfobacterota, Proteobacteria, and Bacteroidota but a negative correlation with Nitrospirota, Actinobacteriota,

Acidobacteriota, and Armatimonadota. In summary, returning tobacco and rice straw directly or in combination with amendments can

improve soil physicochemical properties and increase the abundance of soil bacterial communities.

Keywords : siraw return; tobacco-rice rotation; soil bacteria; community structure
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17.63 g-kg ', &% 1.56 g~ kg™, 47 %15 51.10 mg- kg,
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0.06 g* kg P05 0.06 g-kg' . K0 0.15 g- kg™, Hr 4
T AT L 2/3 R I N 375 BB R AR LR, R 4%
YEIBIE s K FEZR A N 0.15 g kg P05 0.1 ¢+
ke VK20 0.15 g kg™, o 4300 (18 i AR 0B I FH A
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Table 1 Nutrient content of the tested organic materials

Al AR T il

Orgi?j‘*fiiﬁal SOC{I TN/il TP/il TK/il C/N
(mg-g") (mg-g') (mgg') (mgg')

KFEFREFF SO 375.64 7.98 1.63 51.74 47.07

Ricestraw g1 17284 773 590 5472 2236

S2 347.19 1885 3.98 59.11 18.42

JHEFEFF SO 369.22 7.81 1.90 20.16 47.28

Tobacco ) 15937 8.03 2.90 30.77 19.84

straw

S2  333.37 14.55 3.38 60.71 22.91

*z2 AEahE

Table 2 Experimental treatments

Ab B 08 e 2 TKFEZE
Treatment Tobacco season Rice season
CK ANTR AT Py AT AT Ak
BP 1% B 1M1 0.19% RINKS 19 BIRZEIE 11 0.1% RN A
ik iz T iz
S0 1% YK FEFEFF 1% HIIHEEFEFT
S1 1% HIFEREG A HE S P 1% (A JEFT- 2126385 )

S2 1% [ FE RS SR ORME RS ) 1% I IRFTSERF RS )
SOBP 1% (/K AEASEFFS BPICHE 1% AYHH SRS FT-5 BP fic it
SIBP 1% [WFEHE 4= 2 HE M) 5 BP 1% (WIHFT 4= 2 HE /8540 5 BP

Fic it fic it
S2BP 1% WIREFESEAT OIS 1% BOMRAT SEATDEE IS 9 5
BP it jfi BP it it

— 484 —

1.3 THERE

IKFFUCAR G X LA TSR MR A, 2B A
AEIBRAA  F 1SR 5 350, — AR 43 fif L 3B AE
F—80°CUKFE TR AE , T T4 I e 38 H 0 2, — AR A
2K AAEEE T RS BRI
1.4 MEIEIRR 7L
1.4.1 L BEEat AL T T

- AL T SR A R M M B
(SOC) &5 % F E B TR P AN I 2 5 2 /(TN &
SR FH 2 SRR B R VR I 5 AT R (AP) % iR
NaHCOs 5 W12 5 — BB BT b A 7 5 5 BALER (AK)
EHER 1 mol - L7 B NHLOA e ¥ R 32— K MO
B SE 5 TR HLER (DOC) 2 5% i 4l /K i3 4 -
TOCAYIAE . 43 pHAE LA 2.5 1 7K L He , 2R A L7
FE . LHERE (BD) K E (WHC) | fLBR B
(SP) I 72 2 BE AR AR A 38K 20— B 5 1 00 2 )
(LY/T 1215—1999) . 7K Fa 1 A R A4 3 i i H A%
(MWD ) 255 A1 B A2 B 2 .0.25 mm F10.053 mm 3
1750 G5 P 45 A SRR 34 B AR 5 o i 43 B0 ofe
SO AT ; B ERUE Y A Y E ik (MBC) & &Rk
S EHE-KSOJR R E .
1.4.2 +IEAT 16S rRNA 5 18 2

H i FastDNA® Spin Kit for Soil 257 & 5t B 4 42
B A3 b DNA, ) FH 41 5 38 51 4 515F/907R (57 -
GTGCCAGCMGCCGCGG-3",5' ~CCGTCAATTCMTT-
TRAGTTT-3" ) ¥ 34 4il 14 1Y) 16S rRNA [ V4~V5 X,
PCR Y}y ABI GeneAmp® 9700 % , {8 Fi 2% 1) B i b
&E I HL Dk A PCR 7 ), 78 Miseq W )7 °F & % H
PE300 A4 Xt 7 5 i %5 1R & I B9 PCR ™= 903084 10
J7 0 o S AR W B R A BR A R SE A, 3R
1509 L0 I 7 e 50 A FH Fastp Al Flash 2044 2547 5
FPHEE ; B Usearch B4, i F UPARSE 5575 4£ 97%
AR AL PE 17 #58 E 43 25 ¥ 9T (Operational Taxonomic
Units, OTU ) R IF 5 B G 14 , R I RDP 4328 28 %
OTU AT FhERE o R F 0 R 2 2 5% i 3 3
(R BSCHE 43 B O 22 , X5 AR it ) ) 2R R A Tl - A 3,
ANFE ALY 0P A0 ECR 45 525 55
1.5 iR

+ 1 B Al B AL 045 Rl FH Microsoft Excel 2016,
SPSS 25.0 BAF A TSI, B 2R 5 22 9341 (One—
way ANOVA ) 2R ] Duncan ¥ 56 7 (P<0.05) #£17 £ 4k
FRA]IAE Y 35 P4 o

F 4k 1 J5 59 OTU , 11 Mothur #4355 Alpha
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ZREIEARE, I AT T8 B 18] 22 S A 38 23 A 5 A
QIIME # {4 XJ Beta 2 #£ ¥ 458 Bk 1731 57, & T
Bray_Curtis 715 80 25 56 B4 , B 1 £ 553 (PCA) 43 #r i2F
Freg ] AL, (5 F ANOSIM 43 B A6 56 21 7] 22 5
BN F T STAMP B F o3 Bir 4L 18]y o = 52 22 5, ok
15 L SEANEE 1KV A YRh 32 B AR R 22 53 0 B, A
F FDR 4T 2 SR B A IE s 56 T 2R PR k4T 20
BEIEMEESrHT (TUAR RDA) , LU B H IR R V5 5
WEE A ¥ Z 18] 19 56 22 5 F ] STAMP AT FEAS 2 905
2253 Hr I Heatmap FUFS 2

2 HRE5HH

2.1 RNE4AET B IR

Hy 2% 3 AT AL it F R e £ 3R DS s ki (BP) ARG
FFA H (SO, S1 AT S2) b #1438 R AL R e/
FeKa  BEAL T L3S &, o BP SO R ST AR F 4R 5
T HEA R AR ENCE S B, MWD) . 5
I AL FEAH L, 3% A1 48 FH FC it i = 55 (SOBP . S1BP
S2BP) 4b B B T M AL /NGO R AR
T HE TR, o S2BP AR PR B T - P R AR E
PE(MWD) . A K7, SO FT SOBP Ab HE X} -+ 34y B 2%
A ) A AR

ARV BER L3R oy B RN SR 4 R o FEFFIL
H (SO.S1.S2) Zb ¥R 1 L84 HLak 2R A e
AABRAGE Y A Y Rk S, R RS T 1
pH (BRI B A5CE & it . SRS FFIA B AL BEAR L, S FF 38
FH Tt 4 B 1) b 3 00 8 o T - 8 pH (BRI P A
MUBK & &, Horp SIBP Kb P 25 4R v 1 A S
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Table 3 Physical properties of soil under different treatments

fbE HHE BNk BALBREE PR AR
Treatment BD/(g-em™) WHC/(g-kg™) SP/% MWD/mm
CK 1.090.01a  365.19+14.12¢  51.09+1.83¢  1.0320.07a
BP  1.03+<0.0l1b 427.59+7.28a  55.30+0.68b  1.06+0.12a
SO 1.0120.01bc 406.47+8.82ab 56.02+0.82ab  1.12+0.10a
S1 1.0740.01a  376.59+12.24bc  51.73+0.67¢  1.07+0.05a
S2 1.00£0.02bed 408.92+12.60ab 55.82+1.54ab 0.96+<0.01a
SOBP  0.93+0.02¢ 435.77+24.48a 57.97+127a 1.12+0.14a
SIBP  0.98+0.02d 442.91+42.84a 56.40+1.81ab 1.06+0.14a
S2BP  0.98+0.02cd  440.62+32.49a 56.74+1.45ab  1.08+0.09a

T AP R ING FRAOR A TR 22 53 36 (P<0.05) . T,
Notes: Different lowercase letters in a column indicate significant
differences among treatments at P<0.05. The same below.

F SN o Chao 45 B0 WA P FETS 14 3 18, LB ik
RFTRMAERE FREBR . 5 CKALPEAI L, BP A2
BEHRE T Chao F5 %, R W] BP AL BIR & 1 - HEAH 1A
P FEYE FRE . RS FFA H AL HL 3R 5 T Chao $5 %%, 1
ST AR 3 T CK AR PR, H W 3% 5 T S0 Fi S2 &b
PR ST AR PR B T AN TR AR F L S0
A S2 Ab FEXS - AN GIRF & A B2 . 5T
FF 38 AR B, 75 AR 38 TC it ek BRI b PRI 8 s T
Chao 15 %, H: v} SOBP 1 S2BP &b B 43 51 8 2 &5 T SO
H1S2 Ab B, R AT i FH G ek R 590 B =S4 R A
W E 2R XRVIFFIE M5 BB AH 8 TR
FrRE AR T AN R R

Shannon $8 £ Simpson 8 % S WL4H 56 BE V% 79 £
FEE , Shannon 5 £508E K | Simpson $ £508k /N 32 7 40 T
BEVE I ZAEEOS . 5 CKALFRA L , BP Zh TR IR 5
Shannon $§ %, FEFFiA HANHLS CK Ab# R 22 S5 45Kk
KB B K R BIRE A HH AL BEIF R 5 25 5% ) 1- 45
YA FETE 2 FEE . = AN Ab B SO 4 PR AY Shannon

x4 FRFBFEHLETHERSEE

Table 4 Soil nutrient content under different straw returning treatments

Ab 38 pH S0C/(g-kg™) TN/(g-kg')  AP/(mg-kg") AK/(mg-kg™) DOC/(mg-kg™) MBC/(pg-g™)
CK 6.15+0.02¢ 21.24+0.67¢ 1.54+0.05¢ 29.09+3.73b 63.39+2.55d 39.53+2.67¢ 499.22+36.18b
BP 7.08+0.03¢ 21.83+0.12bc 1.58+0.05¢ 27.35+1.43b 126.84+3.65d 72.74+3.50b 521.09+48.48ab
SO 6.49+0.11d 23.32+0.80a 1.72+0.01a 28.50+0.76b 321.05+55.30¢ 59.23+4.58bc 546.79+54.41ab
S1 7.21+0.03b 22.25+0.80abc 1.59+0.06bc 29.63+2.54b 318.24+13.76¢ 73.11+5.96b 507.26+21.49h
S2 6.45+0.05d 22.56+0.57ab 1.71£0.04a 30.60+1.10b 395.68+10.78¢ 64.46+2.41bc 511.81+18.38b

SOBP 7.25+0.06b 23.29+0.79a 1.70+0.06a 28.10+2.62b 501.33+34.62b 106.83+6.78a 541.48+42.66ab

S1BP 7.79+0.08a 22.06+0.17abe 1.61£0.03bc 34.92+2.01a 532.18+18.96b 115.09+22.07a 595.82+29.06a

S2BP 7.29+0.13b 21.87+0.90bc 1.67+0.04ab 35.43+3.71a 641.82+105.05a 136.03+38.21a 537.09+41.25ab

http://'www.aed.org.cn
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Table 5 Alpha diversity index of soil bacterial communities under different straw returning treatments

QbR Treatment Chao #5 %% Chao index Shannon %X Shannon index Simpson #44 Simpson index B35 Coverage/%
CK 4033.13+56.47h 6.62+0.06a 0.004 0420.000 48ab 0.980 3+0.000 6a
BP 4 476.41£75.26a 6.66=0.11a 0.004 18+0.000 99ab 0.976 9+0.000 2c¢
S0 4161.08+94.61b 6.74+0.10a 0.003 1720.000 44b 0.979 7+0.000 1a
S1 4379.02+121.40a 6.68+0.03a 0.004 0420.000 19ab 0.977 6+0.000 6ab
S2 4055.38+91.65b 6.7120.05a 0.003 32+0.000 08b 0.980 10.000 4a
SOBP 4365.91+71.28a 6.69+0.04a 0.004 08+0.000 08ab 0.977 8+0.000 6b
SIBP 4 425.12497.68a 6.73+0.06a 0.003 48+0.000 22b 0.977 420.000 3ab
S2BP 4335.55+16.34a 6.64+0.05a 0.004 61+0.001 12a 0.978 1+0.000 2b

F8 U =, Simpson $5 B0 AR, 3¢ B SO Ab B 114 41 1 7
E A s . S REATIA A B, RT3 HH G it 24
K 57 %} Shannon 45 2 Fl Simpson 4§ Z A0 52 0 AS 2 3
& WIS AT A HH TC it g 1R 700 9 oK I 25 52 ) 1 S8 240 R R
EWZHEE . =AM Ab PR SIBP AL EE 1Y Shannon $5 %X
I 1 , Simpson $5 B A , B S1BP &b (1% 41 g T V%
) 22 FE M e o

2.3 TIRME RS Beta ZREM

I IR b - 3N RS S5 A LR PCA 3BT 2

(F 1a) @/~ , PC1AHAI PC2 B BT B AR 7 38 3
43.86% , 2 Wit FH o5 R 501 R 108 - 0 3R N A ot i ) NG
T34 FH DA SRS 30 FH it el R 70 b B8 B 2 kA8 1
SRRV | K- S5 A . RS A FH it 2l 1= 5]
AbFH (SOBP . S1BP 1 S2BP) 5 Fi A1 14 H AL 3 (S0, S1 Al
S, 2R T - AR R VR 1 1K B S5 A 4
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Figure 1 Principal component analysis of the composition of the soil bacterial community under different treatments
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Figure 2 Community composition of soil bacterial phylum levels under different treatments
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Figure 3 Test for significance of differences between groups at the phylum level of soil bacterial
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