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B ONHITEARFIRE AT IR HE 320 T 2 R AR S5 H 52 00, - 2015—2020 476 R 5 1 E00E X8 + 1 1 J FH )i
TFEEHERF (RT) M (ST) FIIRARFE FF I8 HH (STS) X 0~20 em - )2 - BRI V0K A0 B BEVE (G52 . 25 R80T, 5 RT R ST AR L,
STS B4R 1 BT AR OTU 30 B A o ZHE1E , + RN R VR AAAE .35 0 5 o 13 pH A HLER (SOC) \ -85 /K 1 (SWC) |
FH B F- 28 4 4 (CEC) 2 A0 (TN) (A% 0 (AHN) 5 40 18 o 28 1 B 0 25 st o 3 A A oG . R BB 3w 1T 8 T 147 1]
(Proteobacteria) @ T [ ] (Acidobacteria) fUFF# [ ] ( Bacteroidetes) JZ Fi | ] (Actinobacteria) 4% 25 & | ] (Chloroflexi) , 5 RT FI ST
AT EE , STS Ab FHAF T TR 1 FDUF 8 11 AH X 22 BE S 3 360 2.72~10.40 4~ 1 435, BRATTA I 1A X 22 BF il 28 FAAIC 6.98~11.10 1~ 43 i«
L 34T s N 2R HFT B I8 (Bacillus ) R AT T8 & (Acidibacter) AR5 FT 5 )& (Pseudarthrobacter ) \ ¥5 #T 18 J& ( Flavobacterium ) . /NEL 15 g
(Pirell) , 5 RTFISTAH LY , STS A ¥R T 2 AT 01 & BRAT B8 BT AT 81 R B AT B R AFDNS = S 3G 0 0.52~4. 13 M F 43 . T4
pH.SWC &% SOC TN & & 5 40UFF B T 1A% 22 B 52 18 35 TE M1 96 (P<0.05) ,SOC TN AHN %54t & CEC 52 fUAF i s BT T s s
T S R R 2 L B 2 IE A 56 (P<0.05) o TUAR M HT A 3R, 48 SOC .pH .SWC. . CEC FTEU U (AK) J2& 5 M) JS -+ 4 3 4 P
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Effects of subsoiling and the return of straw on soil bacterial diversity and community structure in an

irrigated sierozem farmland

WEN Meijuan, YANG Sicun’, WANG Chengbao, HUO Lin

(Institute of Soil Fertilizer and Water—saving Agriculture, Gansu Academy of Agriculture Sciences, Lanzhou 730070, China)

Abstract: A field experiment was conducted to study the effect of 35 ¢m subsoiling with the return of maize straw (STS), 35 em subsoiling
(ST), and conventional rotary tillage (RT) on the soil properties, soil bacterial diversity, and the community structure at a depth of 0-20 c¢m
on irrigated sierozem in the Gansu Yellow River irrigated area in 2015—2020. Results showed that, compared with RT and ST, STS could
promote soil fertility, increase bacterial OTU numbers and the bacterial Alpha diversity. The distribution characteristics of the soil bacterial
communities were significantly different. The soil pH, organic carbon (SOC), water content (SWC), cation exchange capacity (CEC), total
nitrogen (TN), and alkali-hydrolyzable nitrogen (AHN) had significant or extremely significant correlations with bacterial - diversity.
Proteobacteria, Acidobacteria, Bacteroidetes, Actinobacteria and Chloroflexi were the dominant bacterial abundant in soil under different

treatments at the phyla level, compared with ST and RT. STS could significantly increase the relative abundance of Proteobacteria and
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Acidobacteria by 2.72-10.40 percentage points, and reduce the relative abundance of Acidobacteria by 6.98-11.10 percentage points.

Bacillus, Acidibacter, Pseudarthrobacter, Flavobacterium, and Pirell were the dominant bacterial abundant in soil under different treatments

at the genus level, compared with ST and RT. STS could significantly increase the relative abundance of Bacillus, Acidibacter,

Pseudarthrobacter, and Flavobacterium by 0.52-4.13 percentage points. There were significantly positive relations between pH, SWC, SOC,

and TN with the relative abundance of Bacteroidetes. There were also significantly positive relations between the SOC, CEC, TN, and AHN
with the relative abundance of Bacillus, Acidibacter, and Pseudarthrobacter. Redundancy analysis showed that the SOC, pH, SWC, CEC,

and available potassium (AK) were the main environmental factors affecting the structure of the soil bacterial community. The PICRUSt

functional prediction results showed that the metabolism is the main primary function of the bacterial community in irrigated sierozem. In

conclusion, subsoiling with the return of maize straw is the best measure to improve the soil fertility, bacterial diversity and improve the

microenvironment of farmland.

Keywords : subsoiling; return of straw; bacterial diversity; bacterial community structure; redundancy analysis
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A Id HRE i T 1 S A WA v A AR, W Al R4y
AT S IR i Iy BT B
PR Rl PR B, B0 3 LI E Y, 3
i + B A5 R GE N IR AE WA, SRR DB A A
TETE ZHEVEC . A P o R XS A TR B A 435 e ) o iz
FRREANIR] , B 500 BE A AR, - SR W R 119
SRR I G RN BB R o - s
PBAR IR T 3L My, oM 1 R IE AR P
PR T LAV SR, S ERUEY R E
FEPEREARS . DLERAN AR P 3R A8 5 08 T o i fR
DR B SR AR, X BB S/ A %
GEBHE R T AN Y LSRR P VR S 4 2 R
R E Y LSBT R B, 7E A IR FA RE Y
) - SBT3, L S
TR B, AR TR = R = LR BUE Y 5 B,
IR AE P, (HAL A B ST H AL 2 2
S S, O TR R T N O B, K B —
GRAR IR K 0 28 5 SR AR 2 R K A L8R o)
Jalt BN 1 W E A B AR E . R R
R HLBR B 5 IR0 R TR AN [ L3S RN e 21
N, SRR YRS AT A B0 BN R o RS AT i
— 424 —

FH R 48 1 22 2 - SR i AR ) 2R, 3G
FRAE ) X - A= ) Z A v - v L AR R T g 1
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FE BRI 3 1 A DA A= 00 ) B IE 5 BV RN T34 HH X
HR 51 XHEBE S + - 20 B 22 BRI RV 45
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1 #R5EFE

1.1 X3 X5

RIS T 2015—2020 4E7E T & 4Ol B 7 Bt FaR Y
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it A2 12 458 (0~20 em) SEARFRALPE 5T : pH 8.5, 4 HL
Ji12.2 g-kg!, 2R 0.85 g-ke ', i A 48.4 mg kg™,
AR 12.3 mg-kg A 172 mg- kg, AT 1.43 ¢+
em”, TIEESIAE 1593 kPa,
1.2 iR5E it

I T 2015 4F 10 H S8t , & e #F (RT) LA
(ST) FRAAFEFFAE H (STS )AL BE, BEANAb PR EE &2 3 UK,
o AN/NX, /N T A 32175 m* (58 9.9 m, K 32.5
m) , KB4 BT . FEA RGN  OBERF
ARF, F R AU AR 5 BRI SRS FT 2T A2 bR, SRk
7R 5 21 1LGON—-125 R #F ML e Bk, BFVE R B 15
cm; QURFAKE P, FORHUIR IR J5 B A A S P R T 43
B , R 1SQ-340 7 4 J5 (i YR S LR AL , R B 35
e, [F) PR R A 25 b | B8 15 em; @ TEAAFS FT 16 H Ab
B, R ORI 5 R AT 4 5 @ HF (2258 ILF BEE AL A
4, R 1SQ-340 B4 J5 57 TRAA LR , VR FEE 35 em, [1]
RPN HEH , T 15 em.,

TR0 H AR K R Y AR PR G & e
25 LA R R it T T R RIE R R 2R (1% N 46% ) ,
HEJFI R — 4% (& N 18% . P,0546% ) , Jiti A 5t 9 AUIE (N)
375.0 kg hm™ @ IE (P,05) 150.0 kg - hm*, 40% 1) &L
TR BEALAE N BT, THERh AT 45 5 FE it ARFZ
Pl 235 60% FNE T E KT WIZE G KBl . U505 H
A AEREIK 5 YR, HE IR E H 6 750 m® - hm 2, FE K A0 L
1) Sy HB T — R0 A 13% (R TT — il A 229% A - FL
B 25% (FLAA-RUEAIH 20% AT 20% .
1.3 TEHEmARES SN

2020 4F TR 5 B/ INX R M AR AT s 78R
£ 0~20 em BFJ2 LIEFE N B EAEARRS/DX 5
KA SR SRR, Lo LR, BIBRIREL AR R 2%
T ATREZY )G 2 mm 0, — 50 ATC I 3
45-80 CLRAF, T a2 - 3 A Bf v, — 3 o0 1358
B X e 3R fe v o, Ak MR
T2 B AR AL A BT ) AR 1 7 130 : pH R T
Pt OK 2.5 1) ME 5 385 K& (SWC) SR H
HET LD E 5 BH A8 He i (CEC) SR A AL B - 1R
B AR AE 5 1A HLAR (SOC) Sk 7K & A H 5K iR
AR AR I S 5 B AL (AHIN) SR AR ORI 22
A0 (AP) R FH AR R S B4R B - FH B T L (20000 2
B (AK) R C B B2 4 - MG BE VRN E o
1.4 13 DNA REUR N F BB 5

+ 3 DNA {5 [f] MoBio PowerSoil®DNA (MoBio Lab-
oratories , 3¢ [E ) FATHEHL , JE PGS B S Ui B 45 . i
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F Nanodrop 2000 53 3 56 £ 1 (Thermo Fisher Scientif-
ic, 2 )M E %> 8 4 A i SRR 240 DNA ik
JEFIZERE . 11 % S BEWEEE S HL VKA I DNA BT i, K
MG A8 5 FH SO . SR 519 338F (57 —ACTCC-
TACGGGAGGCAGCA-3" ) 1 806R (5" ~GGACTACH-
VGGGTWTCTAAT-3" ) X} 4 [# DNA #J 16S rRNA ( H
H 4T 05 1) 480 bp) f VA~V5 X BE kT PCR 944 .
PCR S N AR 22 2 LG RH 45 =5 38 S0 00 57 ST %8 11 )
T Mlumina Hiseq M P& o IR Y DNA (1942
YU - 3 4 T 00 22 46 g el AR SR B AR R A FR
INEISERG . W 5E B, XA SO AN TR A PR
A 2 A Ab B 9 AN B i 2L 15 51 550 806 (49 352~
72 833) 45 B I A, XK 415 bp, T4 B 2
FREE . 5T 97% BIAIIKE , i F UPARSE 4%t
ﬁ%’ﬁﬁj\%iﬁ(Operational Taxonomic Unit, OTU ) #F17
AR, M Silva 4l E X RS OTU Sl J5 R4 7
PR B 3 250, JEF OTUs R B ah S A H
Mouthur #8411 . Shannon #5 %% . Simpson 85  ACE

R Chaol $85, I FIFM 40 18 o 2480 . DL ot
TR ZAE R A B AR R A R R 58 A

1.5 BIESH

fdi FH Excel 2007 2 #E 47 806 B 21, >R 1T SPSS

L1.5 B i 3R 3R 5 2253 1 (Two—way ANOVA)
X Kb B ] £ B B 1 S(EL A T 2 S o A B (LSD
#,0=0.05) ; % B IR FF (Pearson ) FH 0 M R AE +
FER AL MR 5 20 TR o 2 B 2 TRRE T 45 0 1) A G
P 5 10 ] Origin 2021 222 &1 5 FH PICRUSE 8 A% A=
AR A R A Wy RV A T D) BE F50I 4347 5 Y Cano-
co 5.0 BT - HERRAL PR AN A B RV R4 T IUAR e A
(Redundancy Analysis,RDA ).

2 HRESMW

2.1 AEIFHEAER TIEF S SEMN R

AN [R] A FIRS FF 34 FH 5 20X 0~20 em 4 )2 4 48
FAL PR (52 AN 26 1 TR o STS#2 RT - 8% /K
W 7.01%, (05 ST 2 5 A 83 . pH AL {5 [H
4 8.23~8.51,STS # RT + 3% pH . EF# 1K 3.29%. FH
BT AC b RN STS>ST>RT, STS Al RT 4k 3 25 &
IEF 2 K- (P<0.05) . STS#RT . ST + 354 HLbk 2
&N 26.98% . 14.37%, 4= & B #F 0 12.50% .
16.33% , il ik 580 5. & 18 11 43.78% .9.75% , 4 550 . %
M 4.46% . 2.66% , # H T 2 N 21.07% F
15.13%. BL4h,RT 55 ST L34 HLIK . 4% A 2Lk
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R 1 AEAERT TR E R

Table 1 Effects of different treatments on soil physicochemical proporties

L e 5w B
GAR RTAH L 2 B i AR
pOBL . . . . . Available Available
Soil water Cation exchange pH Organic carbon/ Total nitrogen/ Alkali-hydrolyzable .
Treatment R o o o i o phosphorus/ potassium/
content/%  capacity/(cmol -kg™") (g-kg™) (g-kg™) nitrogen/(mg-kg™") . o
(mg-kg™) (mg-kg™")
RT 17.27+3.03b 9.07+1.65b 8.51+0.26a  10.97+0.57b 1.52+0.10b 50.02+1.41c 13.67+0.12b 162.30+1.69b
ST 17.78+3.55ab 10.83+1.58a 8.44+0.10ab  12.18+0.34b 1.47+0.15b 65.53+4.80b 13.91+0.52b 170.67+4.69b
STS 18.48+2.98a 11.57+1.45a 8.23+0.15b  13.93+0.35a 1.71£0.10a 71.92+2.12a 14.28+0.44a 196.50+6.13a

TE:RT:HERF s ST TRHL s STS : BAMFEFTIE H o [ B AR /ING 7R 7R A PR R 22 5 .35 (P<0.05) o R Il

Note: RT: Rotary tillage; ST: Subsoil tillage; STS: Subsoil tillage with straw return. Different small letters in the same column mean significant

difference at 0.05 level among treatments(<0.05). The same below.

P SR 22 R B, ST R A & B RT B 5 1
Jin131.00%.
2.2 AEHHEAE T IEME OTU & F 4T

T XA RO S AT A DAL 7E 97%
P AR 45 2 78S FE G0 9 OTU £, R FH 4k B
(Venn) BT AT DU JE/R Z2 0 5 A 4% A F7A OTU 4L,
BV R AE S B OTU M EE A5 00, & 1R, 94
FEA AR 15 542 A~ 40 B OTU, STS, ST #1 RT H£ 4 (1)
OTU k1901, 1% OTU B 35.06% , £ 1 OTU

RT

Venn [ 2 8] 58 2 8 70 B07 S A4 Z 18] 30 (1 OTU %K.
In the Venn plots the numbers in the overlapping areas of the circles
represent the number of OTUs repeated for several samples.

E1 RELSETFEME OTU S Venn
Figure 1 OTU-Venn graph of bacterial community under

different treatment

B4 ) R 352,349 Fl 325 4, 43 51 5 OTU & B
64.94% . 64.39% F1 59.96% , RT FI ST $£ 4 (1) OTU %k
R 223 4>, ST 1 STS 247 1 OTU %k & 230 4>, RT Al
STS AT OTU Hoh 221 4~ FiRSE R FE ] STS ST
FIRT Ab PR+ HEAM A 2 VA AE 25 5 HARA & A A
) OTU
2.3 AEIHHEAIERT TIEMEEE o SHMEMHIN

TN o ZREMELE R (2 2) KB, STS Ab 4
I F 5 ¥ ACE 15301 Chaol #8402 3 % T RT, ST I
RT 2 7 A 35, STS AL B2 15 Z A1k Shannon $5 45 2
Z 5T RT FIST, RT A1 ST 4L # f Simpson 15 50 & =
T STS, RT Fl ST &b i) Simpson 4555 25 A W25, it
HHS I RS A 0T S 3 R L AN A o S 2R
SCPEA S AR MNP IR EE , AR 2 AT & Y 45 A 3L ST
V7 T R I TE 99% LA b, Ul B FE o (R P 81 4k 2
Eepl
24 HIEBUMRESTIEAE SHEMENXE

1 &l 2 Pearson A7 ¢ PE 0 AT &5 SRl 0, 4 ol £ &
J& Chaol $5 %055 + 3 pH . CEC . 3% 7L A1 5% (P<0.05) ,
5 SWCH: B 2 IF A (P<0.01) , 5 SOC FI TN .3 1E
2 (P<0.05) ; ACE #5405 SWC .SOC ,AHN I 2 IF A1
K (P<0.05), 5 CEC B A5 (P<0.05) . A 2
4 Shannon #8545 CEC i 2 1 A1 5¢ (P<0.05) , 5 SOC
W B & IEAH ¢ (P<0.01) , 5 TN AHN i 2 1EAH % (P<
0.05) , Simpson f5 £ 5 SWC .SOC . TN ,AHN & 2 5 #
MM, 5 CEC B M.

R2 AEGEXEE RS o SHEEZM

Table 2 Effects of different treatments on soil bacterial a—diversity

Jb 3 Chaol #5 %k ACE &% ARG H SELE S SO R
Treatment Chaol index ACE index Shannon index Simpson index Goods_coverage/%
RT 707+5.15h 1 039.07+16.82b 7.30+0.06¢ 0.985+0.001a 99.8+0.001a
ST 718+4.56ab 1 348.43+7.00b 7.66+0.16b 0.980+0.004a 99.8+0.001a
STS 723+4.52a 1579.82+7.02a 7.844+0.07a 0.966+0.001b 99.8+0.001a
— 426 — http://www.aed.org.cn
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Simpson

Shannon

-0.5

-1

pH SWC CEC SOC TN AHN AP AK

SOC: FHEABLAR s AHN AR SWC 2 - HEE 7K TN %0 AP A AL
s AK 8 5 CEC : FH I 3384t 5+ P<0.05,#4P<0.01. Il
SOC: Soil organic carbon; AHN: Alkali~hydrolyzable nitrogen ; SWC: Soil
water content; TN : Total nitrogen; AP : Available phosphorus; AK:
Available potassium. *P<0.05,*#P<0.01. The same below.

B2 TEAE o SHEES THEBAERMEXXR
Figure 2 Correlation relationship between bacterial diversity and

soil physicochemical properties

2.5 AEIHHERIE TIEMEEESSHME

FE OTU 7KV X FEAS 19 41 T TV 45 M 004 T 38 A
A HT(PCA) , 45 FANEE 3a fIF s, PC1 3 A PC2 4l XA
AL 22 S 00 TR 43 ) R 39.0% F 13.7% . A [
b3 ) - B2 DA U SR A, A [ A 3 A TR R 9 0 Al
TEA TR G2 PR 150 B S [] Ak B A 4400 5] FRE VR A7 TE 22 5%
MRSt 4 H (& 3b) AT & 4, ST # RT 2L B 2R Oy
— 25, UGB RT AT ST Ab B 241 5 % 7% &5 F 32  AH AL,
STS B IR g — 25, Ui IR A L & 5 FF 34 B el A8
- A TRV S

| @RT (a)
150 g st
® STS
100}
§ 50F
&
2 RT
g RT3
(&)
Ay
_50 L
-100}

0 1 1 1 1 1 1 1 1
-100 -80 -60 -40 -20 0 20 40 60 80
PC1(39.0%)

2.6 AEIHHELSENT HIRMAE S RFETZHEMF M

A BV OTUs £ 1 TK V-4 B 25 R AN 18] 4a
B, 11KV B RV 235 A6 7 45 b BRBEASAH AL, AH X
JE>5% AT 1R AT, Q3522 15 1] (Proteo-
bacteria) \FEFFFi ] (Acidobacteria) \fUFFF ] (Bacte-
roidetes) . JiTZk i | ] (Actinobacteria) . %% 25 # [ ] (Chlo-
roflexi) , AHX 3 BE 43 1) 24 29.33%(26.68%~32.06% )
15.71%(11.82%~19.59%) .14.07%(13.08%~15.07%) |
8.37% (7.69%~9.05%) #1 6.80% (5.95%~7.02%) . fiH§
AR HERE ] (Nitrospirae) A 1] (Elusimicrobia) | £F
Y F7 18 1] (Fibrobacteres) . % & [# '] (Fibrobacteres) .
] 1) (Euryarchaeota) M%) 3 JE7E 1%~5%. 5 RT
HMISTAH L, STS A 3N ASHE i 1) LT [ T I AH R F i
HE TN 2.72~10.40 A F 0w, BRAT 681D AR X 2 2 A1
6.98~11.10 1> F 43 s, TR A [) (B 25 T 1) 45 Ak B ]
ERARE.

S A TR I TE S 2K 1 0 B 25 R AN 4b B
N, JE 7K 1 45 Kb B Vi 25 1t B A AR AL, A X
Vi >1% 1) 2F 400 FF 38 )& (Bacillus) B2 AT 5 J& (Acidi-
bacter) A 15 T 18 J& (Pseudarthrobacter) | ¥ ¥ 1 J&
(Flavobacterium) /WAL J& (Pirell) LA & , XS
F 530 0 9.63% (9.07%~10.38%) . 9.12% (8.80%~
10.29%) .7.07%(6.46%~8.11%) .7.59%(6.40%~
9.76%) . 1.99% (1.23%~2.76%) . 5 RT F1 ST #H It ,
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Figure 3 Principal component(a) and clustering(b) analysis of soil bacterial community structure
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Figure 4 Relative abundance of bacterial community on phylum(a) and genus level(b)
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Figure 5 Correlation heatmap between bacterial phylum(a) , genus(b) relative abundance and soil physicochemical properties
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Figure 6 Redundancy analysis between bacterial phylum(a) , genus(b) relative abundance and soil physicochemical properties

R3 AELETIRAE —RINEEERTFE(%)

Table 3 Relative abundance of primary functional genes of soil bacteria in different treatments (%)

— 4 TJfE Level T function RT ST STS
FBRACH Metabolism 49.77+0.06a 49.93+0.12a 49.93+0.56a
WAL {E BUL P Genetic information processing 16.37+0.06a 16.33+0.11b 16.03+0.12h
P51 B Environmental information processing 13.13+0.05b 13.30+0.17h 13.77+0.12a
M3 FE Cellular processes 4.70+0.01a 4.60+0.10b 4.770.06a
NZEPE95 Human diseases 1.00+0.01a 0.90+0.01a 0.97+0.01a
A HLF S Organic system 0.80+0.01a 0.80+0.01a 0.8020.01a
TE : [RAT AR )N Bk R Ab FR ] 25 57 8 35 (P<0.05) .
Note : Different small letters in the same row meant significant difference at 0.05 level among treatments.
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