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Abstract; To study the characteristics of the composition of soil nutrients and bacterial communities under different grass-
crop rotation modes, this paper measured the content of soil organic matter, total nitrogen (TN ) , total phosphorus(TP)
total potassium ( TK ), alkali-hydrolyzable nitrogen ( AN ), rapidly available phosphorus ( AP ) and rapidly available
potassium( AP) with the 5-year alfalfa- 1-year wheat (ASW1) , 5-year alfalfa- 1-year corn ( A5SC1), 5-year alfalfa- 2-year
wheat ( ASW2) and 5-year alfalfa -2-year corn( ASC2) rotation modes as the subjects of study. On such a basis, this paper
further studied the characteristics of the composition of bacterial communities in topsoil under 4 rotation modes in view of
16S rRNA amplicon sequencing. The results indicated that; the content of soil nutrients in the second year of rotation was
significantly lower than that in the first year. The study on bacterial composition revealed that the dominant bacterial phyla
under the 4 rotation modes were Proteobacteria, Actinobacteria, and Firmicutes. Main advantageous bacterial genera in soil
were Propionibacterium, Bacillus, Streptococcus, and Neisseria. In terms of bacterial density in soil, the ASC2 mode was the

highest and the A5C1 mode the lowest. According to cluster analysis, the compositions of ASW1 and A5C1 were the
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closest, followed by ASC2; the composition of ASW2, however, showed a large difference from the former two. The content
of soil nutrient was significantly correlated to the advantageous genera ( P<0.05 or P<0.01). The results revealed the
mechanism behind the improvement of soil fertility and the control of certain soil-borne plant disease microorganisms in the

Hexi Corridor Irrigation Area by shifting to wheat and corn after years of planting alfalfa.

Key Words: crop rotation ( alfalfa-wheat/corn) ; soil microorganism; soil nutrient; composition of bacterial community ;

the hexi corridor irrigation area

PASAE BTG (Medicago sativa 1.) HACER A 2245 A2 SRR 2 3 1] 3 SRR in T ) — R AR ARy, 7 L
ARSRBE A b oA AN R ek B/ (R A R i — R AR AR O ML AR, I SBAF B K
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Bft Z AR IR Y
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TR A | 4 e TR o AT R RIS P8 , i ] LA 5 AR 2R 3 A 0y R PRI A A AL, 9 A
FIRA: AREATTRGE T R e RS2 - Al v A S RS ], S Ay 1R S
FYL LIRSy, HAE T G5 A R 2 SRS A Pl 2L R 1 SR R B (S AR TR VR A R AR
RO WIAFAE2E 0] R T SR RS A KA RS 2 Y AR R A A A R, B
IR Z IR b SR S 70%—90% , 2 1 3E R R AL I BURSR IR 2 — 1, BESBE MR
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TSR PR T B R R AR AR DK

Bt G B A MR AT A S R I VR A5 RS ) SR B AL, i SR A il g i AR s
VR A R AR R 1 AR S BAEE S HHI G T 50 A B I S AR A I S SO AR X 8 2 (H A
(W RFSE 2 4 T ZESe VR R VE Y S NE ) R 7S (3 ) 202 i 2 S8 AL A AR RV R Gt b LS A A A Ly
T AFFEARIE . ST 0, AR A 5 W 55 A8 B s S MU RIVE Y e AR, 3R 20 Y 35 iR - e
RV S AL S AR B DG R , B PERCIR IR IR LR SR AL B8 T AR b (0 SR, 4 R JH AR A 1 Tt v 2
SAE BTG AR BESC AR I > 1 5 i DX RS I A AR AN R 2R 250l i T R 4 S SR (A BB Al

1 HESF®

L1 et

TR0 AN, T A A T T T DX H A RO R B R AR 0k (103°5°E, 37°30 N 4K 1776 m) o i T
TR PG E R AR o, JR Ve R T X B R RGP AU, H BRSE R, BRI, B TR, FEKAEPRAE
AR HF IR, 24 PR KR 160 mm o4y, FEAETLE 7 8.9 A, LFFT 52 BRI L
VEVIE KM TREL, AF25 % Bt 2400 mm, 4FF-H)SR 7.2 °C,— H BARSR -27.7 C, B A B0 34.0 C,
0 C UK 3513.4 °C ,10 CHE 2985.4 °C, TR 156 d, 4axf JoR i 118 d, 4 H BRA 4 2945 h, 3L
FBEREI o BV, R IR
1.2 kR

PE AR NS AR A8 B R T 4 5 (Triticum aestivum L.cv.Chunning No.4) | B K & Ff Ry 24 38 R BE 5. 4
7 (Zea mays L.cv.Longdan No.4) | SBEAEE 15 A A H A% 3 5 ( Medicago sativa L.cv.Gannong No.3) . /NE K £
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1.3 XKt
PR 0 A5 70 B 18 S A T AR RS R 1 Fis ik 4 MR RIS/ XA 4 m
x5 m, ANFENXEEE 1 m BEEHT, BANACEE 3 DN EE ANR/INX ) 30y A5 #E AR TE]
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Table 1 The different treatments of Alfalfa-corn/wheat rotation

45 No. HAERER Rotation patterns 2= No. AERER Rotation patterns
A5W1 Sa b EfE-1a /0N 5a Alfalfa- 1a Wheat A5W2 Sa I HE-2a /N 5a Alfalfa-2a Wheat
A5C1 Sa B HETH-1a £k 5a Alfalfa- 1a Comn A5C2 Sa B ETE-2a EK  5a Alfalfa-2a Corn
1.4 HHEREE

T 2017 4F 7 H iR oRAE 3RS, SRR, FHINAR 40 mm 1 HIEHURERR I 0—30 em + 2 (HHER)
T BUCREE TG T0% WTAE X 1 SR AR HEA T I #E AL B, DLRE S R A Z [ 5 s RAR A 5B
FEYIFR ARG SRS 24 e A K4S KT IE 5 B0 0 %, R E AT 4 DNA A $EHURN A 4%

1.4.1 HHEFRIE

T AL BRI H B R BT AN E ; -394 EUR HIBIL G RUE N E 5 1 S el e S0k PR i s 1- 48
SRR KGRV s 3 R B e SRR, B B I 5 + 34w R A HCI0,-H, S0, 7H
Bk AR R S AR AR D B BT L s
1.4.2  HIEHUAEY) DNA $2EBUR 16S vRNA HEPA i il e

PRI SRR S | IRl —HE i 78R G 0 2 3450 ER PRI 1.00 ¢ B +4F, SR OMEGA 14
DNA $& A & H 433 5 DNA R BCL RS % 0N G Uil 45 . 1% PSR HE Uik R 58 S 53 50016 B 4G DN e
PEHL DNA A9 F & AWk BE, AR N & A% U5 R 40 B 16S rRNA 3 K A9 38 Bl ¥ 314F (5'-
CCTACGGGNGGCWGCAG-3')

-805R(5'-GACTACHVGGGTATCTAATCC-3") 94 T 3E A4 16S rRNA V3+V4 XELH Bt PCR [
R Z 40T ; Phusion Master Mix(1X) 15 pL, DNA FERR (1 ng/pL) 10 pL, IE S 5147 (0.2 pmol/L) 4% 3 uL,
ddH,0 #M% 30 pL, PCR ¥ 454°4:95°C ,3 min; (95 °C,30 s; 55°C,30 s;72 °C,30 s) ,25 MEH;16 €10
min' > BEAMEES 3 AR L BRI B KA Y B 2 R I AR S S A T AR R A R
7 S 56 R e 3 e
1.5 355 Hr

AT LR HVEAE 5 , R A QUME 1.8.0 43# OTUs [543 47 , Alpha ZHEE T4, Alpha ZFEMETE 5L

2

n
HH, Chaol Fi1 Observed_species AR FEFEFEEL, Chaol T AKX S =S +2;;,H\EF‘ , S, JEE E] 1) )

FEL, n, 2 IREZEI Y Singletons FIFNISEL, n, & MZEH] 1) Doubletons FUFIZEEL, Observed_species : S5 HOULI i
FI B Shannon Ky HRESFEPERSRL, Shannon HELARM H == Y, " plnp, ;H' 4% Shannon Index {, R #75%
RS R AR SEE, p A 1 NN 4 EE 5 Simpson SOBE— SRR B3, Simpson AT D =1 -
p2 s Hoh P FRY R | FERES TR HL ] JEIE T NCBI B0 P L %) 25 543 B A [ Ak R0 - 3308 & b 20 B
HIREVE 2
1.6 st
K HH Microsoft Excel 2013 {4 % B4 i 47 4b # AR B ; H SPSS 24.0 #E 47 5K K J7 22 53 T (one-way
ANOVA) 3R F e/ i 35 22 5 (LSD) HWAREIR 411119 25 5, FH Person AH G R BTN AN 1) A - 181 19 A G 1
FH SPSS 24.0 GEi T 58 BUH E O R 40T
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2 EREH

2.1 AREFAER T 3 5% 5 (1 R

N 2 s, B E T RAEEY 1 4ERT ASCL AR A ML &R 12.3 g/kg, ASWI1 AbEEH 11.85 g/kg,
RS 2 47 IR SR EMEYI I FORIE /NG L & RS | AR BRI TR 5o /E FoRAL S 2 4F
LEEE 1 4E T R% 3.66% , MI/INZ AL BT BE T 7.68% , HARTEARI I AR LA R , 3k FOREAEAL 5, 56 2 4F
SRR, 2R T 2.17%, 20 R T 9.28% , 240 Bl 58 HE 80w s 5 A [ RLBE Y R, H:
TS R R K R A, NIRRT 25.8% , T BEIR B S/ DRI A, TR T 0.47%., felE/NERRRAEE
KRB T AL LA AR SR 2 AR RN EER 1 4F NI, TR IR B i R A2 Rl , NI T 38.37%, F
R I o /DN ) RS, R 2.53%

R2 TRAREEXTHIEFSESE

Table 2 Contents of soil nutrients under the different rotation patterns

fh AL g s X R L AL
Treatments Organic matter/ TN/ TP/ TK/ AN/ AP/ AK/
(g/'kg) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)
A5W1 11.85+0.23a 0.99+0.01a 1.02+0.01a 76.81+1.77a 28.60+0.38a 105.51+0.45a 208.15+1.01a
A5C1 12.30+0.20a 0.93+0.01b 0.97+0.01a 65.95+1.62a 27.59+1.57b 105.20+1.37b 213.15+1.12a
ASW2 10.94+0.07¢ 0.94+0.02b 0.92+0.02a 75.56+1.17a 24.75+1.06¢ 65.02+1.18d 202.88+0.70a
A5C2 11.40+0.21b 0.91+0.01c 0.88+0.01b 61.04+0.07a 27.46+0.38b 78.06+0.93¢ 205.51+1.33a

[RI AN ] -1 s Ab B ) 25 57 i 25 ( P<0.05)

22 AEERAVERET S I 45 R SR
A 21 4+ SN B YR e SR ORT OTUS (36 3)  ZEMIUE KT 97%HI7KF I 4 A e fER Ik 15
i HAR P51 42743 45, Clean Reads Rate fHY 5T 80% , 1t WHIN e ot 42 o] DA i e+ M A0 B RE 75 2H W1 O
AFFAFRGE T M W], LA OTUS FhRBOIE .35 22 5% (P>0.05) ,

£3 TEBMEEXTLEMAEFIEBR OTUS H

Table 3 Sequence and OTUS number of bacteria under different rotation patterns

ik 5 L bR P9
Roliifr'f*:aims Num;iiiisz{iin(:es OTUS Clean Reads Rate/%
ASW1 10421Aa 1891Aa 85
A5C1 8514Ab 1731Aa 84
A5W2 12410Ba 2281Aa 83
A5C2 14398 Aa 2283Aa 85

REFHFIREFTZ L, NG PRSI Z B, RETFRAE 0.05 KT 25 3%

2.3 N[FEFSVERLAXT AN BEYS Alpha Z2FEPERT =200
3 4 FT7R B ACE $88040, HoAy 3 DMEBHEBE P ASC2>ASWI1>A5W2>A5CT F#a%y, ACE 155 E N
ASW2>ASWI1 HZES AR 28 L R ETEE U M T A — S ia s,

R4 TRBMERXT LEMAE R E Alpha ZEMILE

Table 4 Comparison of Alpha diversity of soil bacterial communities under different rotation patterns

Roiij:?fiem Simpson Chaol ACE Shannon
ASW1 0.9841 1992.0 2350.4 8.67
A5C1 0.9690 1569.0 2000.3 7.43
A5W2 0.9827 1700.0 2363.2 8.24
A5C2 0.9933 2127.0 2696.0 9.22
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2.4 A[FEEEVEBIANT 1 540 TR 20 B 52

TET K L BB A0  4HE (0.02%—0.05% ) R W73 Je51 , 4 P A aUr a0 i 32 200 A 7 23 4>
NP T2, IR 1 Al g, R FCRE T S AZ JE B T ( Proteobacteria ) (25. 30%—41. 90% ) 1 i £k B 1]
( Actinobacteria) (14.50%—19.80% ) LA M JE B | ] ( Firmicutes ) (3.70%—23.70% ) . F& AT 1 '] ( Acidobacteria )
(5.40%—13.90%) ., HK , UFF 1] ( Bacteroidetes ) ,£8 25 1 [ '] ( Chloroflexi ) | 77 25 I | ] ( Planctomycetes ) 1%
BRI 1] ( Gemmatimonadetes ) 18 4= BE-UL A X85 5, HOAY TR 1T 7E 45 A B rb X5 73 A1, AHDR = B2 DR Ak BROA ] T 4
TEZESE B F AR E (P>0.05), 5350, o35G A F fe AR B UF i 4Lt AN &), ASW2 A2 L BT
( Proteobacteria) ¥ AR /&1 , 117 J5-BE & ] ( Firmicutes ) 75 & HI A%, 11 P9 Fh i 78 A BB A ST =R

P
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Fig.1 Comparison of bacteria groups at phylum level in the soils under different rotation sequences
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Fig.2 Comparison of bacterial groups in the soils at the genus level under different rotation patterns

TEJR Y 73 IR BRARM A AR R A1 (41.31%—53.78% ) , 45 42 AFAR 3 S A0 BT MGH = B2 P i 13
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PR 200 PR PR 0 A LR 2, ASFEFCVERCT Rt 34 Jm S AR, Foh ISR T B & ( Propionibacterium ) | 2 ffF
W& ( Bacillus ) BEEREE ( Streptococcus ) VA N 43 3 FRER 1 & ( Neisseria ) LR . (EAFRAER AT 114
2R I o AR T2 R/ INFTE 22 5, Q0 2R FLAT B ( Bacillus ) 75 ASW1 HUARD B2 B mi , (HAE ASW2 HHAAR XS
B,
2.5 AN[FEEFSVERBTE -39 4 BE i AR X 35 BE 1Y 32 534 b

H 3 AT, 4 P VA 2T - AR B AR X CAW A maw  TAe
FEICHRE 4 4> F sy, BETTHRIL 96.82% , Hid A 1 0l +
F A (PCL) FIEE 2 F A4 (PC2) BT#k R 4 51 h
68.25%F1 22.32% ., MK 3 ] LI H 4 Fpie e
ASW1 F1 ASC1 434 78 PC1 %l 677 ], ASW2 1 ASC2
IYARTEIETT ], ASW1 Fl ASC2 543 A 78 PC2 il iE
D71, A5C1 Fll ASW2 23 A5 1E 7 7 1]

At PR i W 2 18 435 4 R K T 3 B R G R
B, A R, R N T AN A X 3 R0 Y 5 i
KU, WS A, 55— E M (PCl) A R A 02|
KR AR 2 A B A 8 Azotobacter i {1 8% JitE T
J& Nitrospira /NWAIE & Pirellula  lamia T J& 12 /0T —Of2 0 sz
TR Bacillus, 555 — £ AUAY (PC2) BAT B AR 26 HE 1Y BERGFRLEES
T J& W A Flavisolibacter #i )& . 72 1K W [ & 3 FRREER TRERKEEEEYEEERS I

Devosia {5 % 87 [C 56 & . FE 90 52 99 87 )& Balneimonas .  Fig-3 Principal component analysis of relative abundance of soil
Adhaeribacter 5i)E ( %% 5) bacteria at genus level under different rotation patternss
o

<
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T
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24 PC2 (22.32%)
|
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x5 BAEFEENERSHETETF

Table 5 Principal component load factor of genus level abundance

Y& Bacterial genus PCl PC2 YNH )& Bacterial genus PCl PC2
Azotobacter 091" 0.35 Flavisolibacter -0.61 0.55"
Flavisolibacter -0.61 0.55" Arthrobacter -0.01 0.34
Arthrobacter -0.01 0.34 Rhodoplanes 0.66 0.15
Rhodoplanes 0.11 0.15 DA101 0.12 -0.13
Nitrospira 0.86" -0.13 Sphingomonas 0.53 0.1
Sphingomonas 0.53 0.1 Bacillus 0.88" 0.54
Lysobacter -0.22 -0.49 lamia 0.81" -0.13
Fimbriimonas -0.6 -0.25 Pirellula 0.96 " 0.19
Janthinobacterium -0.59 0.48 Variovorax -0.5 0.53
Pseudomonas 0.9 0.3 Balneimonas 0.18 0.75"
Devosia 0.5 0.57* Adhaeribacter -0.56 0.57"

2 P 0 B R AR ST 5 0% 240

2.6 LT LA A LA FES R R b

P 4 70 28R KT | ASWT R ASCL A2 R 230, A ASC2, ASW2 HYZH RS AT 3 A 22 50K
Ui BRI AE A (R R R) B | 240 P 2 2 S K
2.7  HHEFRI S A E PR E ] A O R

M 6 AT, 135700 A 7 5 25 Al R B AHDCHEAN 6] A DL 5 N BRI & Propionibacterium X 1 2 1 &
Azotobacter IR FHEHIF KR (P<0.05) , -5 ZF AT H & Bacillus M IEAH KRR (P<0.01) , 28 5%
R & Streptococcus - FH I F R (P<0.05) , IR A S TNBRFT I J& Propionibacterium - I 35 1EAH &
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KR (P<0.05) , 5E A FE Azotobacter 5 PUH i 2 FiAH

KX B (P <0 01); i 8 A B 5 P9 8 FF 026 -
Propionibacterium |, % {8 ¥ 1 J& Bacillus % [& & # J& 0.02 e

Azotobacter ¥ 5 B35 IEA KR (P<0.05) , 0.01 ASCl
31 SEAERURI L e R e ASW2

I TAAE g A b R RIS A Oy A
KR S W SR B ) Jo B2 b WAL AT Fig.4 Cluster analysis of genus level composition of soil bacteria
RATUAF S FEA YRS R VRIS )Xt AN REYE  nder different rotation patterns
SR LA R, A2 RS R B T A AR
AR , 0 =5 45 R Tllumina Mi Seq £ AN A [l 1 K44 7 20N K GARBR AN B A 705, & % 1 P
6] AEAEVEYI RIS FNAR RT3 AP R X+ 4l 1 22 FE PR S5 7= 2R S, R AR I 0 2 HON B AR 1K 3k A 7
TR R E SRR A IR M 2R E RS R S AT SCAR L, ARSI AS R R | SRV NS AR
] 2 A A7 %F T AR B ARV RS2 e 1, AN VR E A RIESE 3 S piX — 2518, PRI 7E R T e VR el
IR SN W T3 8 2 AR R R RAERCR . 5 — Oy T AR R TR R ) R
VERZ VR R VE R A1 2 AR W0 - 3 W 2 P A 4 B2 T T K 5K 2 (H AR TR A
SRR,

4 FEBEEXTEERKTFHAAARRESN

x6 ARFSEFH/ILMHABAEREZEEXESH

Table 6 Correlation analysis between different nutrient factors and several dominant bacterial genera

UL 2R A 4 Tl A TR
Organic matter TN TP TK AN AP AK

WE&H A . 0.826* 0.752 0.417 -0.762 0.866 * 0.886 " 0.751
Propionibacterium
ZEAFF R Bacillus 0.913 ** 0.722 0.658 0.715 0.715 0.826* 0.762
BEBRTE R Streptococeus 0.514 0.325 0.726 0.952** 0.569 0.741 0.763
[ U % Azotobacter 0.889* -0.526 0.688 0.652 -0.956 ** 0.862" 0.755
THALIEHER & Nitrospira 0.714 0.924 0.627 0.657 0.689 -0.715 0.627

# P<0.05; * * P<0.01

3.2 AFEFAEBT SRV 2K

AN BRI T IE S5 AL Z AR VE Y S0 T PR AN A S 4 BT AL SR B AN ] 40 B 4 R = iR
NG 2558 AR A T - 38 P 7 A 6 R S A A B R Y AR S & BRI B 1] ( Proteobacteria ) AT 2k
11 ( Actinobacteria ) DA B JEEBE TR [T ( Firmicutes ) AT 1] ( Acidobacteria ) N4 AR P £ B B H , X —
L5 5 Sapp %' Liu %50 M EARAAEED X AR S R —8, TER /KT ZE A R 8 ( Bacillus )
TERE I E R R B AR =R S AT, IR 5 RASEHED IS B A BB A X5 4 AR
7R BEE A AR ABHEYIAIST . BFFR R, L Leta Y Re 08 5 + A= W7 Ak TAEAE T, XHAE s 35 45 i
g ORI AT R S5 5 R AL AR R YR 5 ARBFIE R I, Sa 2246 B4 - La FORJT 91 38 rh 2F 94
W & ( Bacillus ) F1Z3 2 FCBR & ( Neisseria ) ZEFERE T | 12 1 & BEASHE 1 7= Az LT o il sl 4 18 2% A0 0] 34k
RERBFHEMBIVER A EBIRCRS 5045 SRAE 8 75 16 0 P A RV X% 1 7 5 S VR R AR HE Y 78 i
T HEAE S R [RI I, ) 38 A SR, . R AESS Fimbriimonas T J& 4 FE AL , 1M T EAT [T 0 A
R, 76 A+ 2Oy TR JE AR
3.3 RARERFESG AN

TR TR 2 U E Y iR EE RIS R HIEMCE Y 2 E R e AR N s Y AT
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SR T DA B S M B R 7 AR 1o 030 W B R EL S 7 R e PR T
S 2RV | 25 0 R IR R M T A RV AT — 1025 5, (L2 S B AR L R ,
LIASTE 1] ( Proteobacteria)  BE ik B, --HEv 5 — He i M ) BT 49 FUA 7R ] 0 R, 0B 41— K
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