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Effect of Grass-crop Rotation Patterns on Soil Bacterial Community
Composition in Northern Ningxia

WANG Jing' CHENG Yurun® XIAO Guoju' BI Jiangtao' ZHANG Fengju' XU Xing’
(1. School of Ecology and Environment, Ningxia University, Yinchuan 750021, China
2. School of Agriculture, Ningxia University, Yinchuan 750021, China)

Abstract: Aiming to understand the effects on the improvement of typical saline-alkali land in Northern
Ningxia of China under different grass-crop rotation patterns, and on the composition characteristics and
influencing factors of the bacterial community microbial diversity of saline-alkali soil,as well as discussing
the possible mechanism of grass-crop rotation patterns to improve saline-alkali soil. A positioned
experiment of crop and rotation system of Medicago sativa L. was carried out to discuss the effect on the
mechanism for improving the saline-alkali soil through implementing different grass-crop rotation patterns,
including continuous cropping( AA ), fallowing after plowing( AF) , rotating with Helianthus annuus L.
(AO), Zea may(AC) and Sorghum dochna( AS). Total genomic DNA was isolated from the rhizosphere
soils using a power soil DNA isolation kit. Then V4 sections of 16S rDNA were sequenced with the aid of
the HluminaHiSeq high-throughput sequencing technology and the diversity and structure of soil microbial
communities in the rhizosphere soils were analyzed with QIIME. The relationship between soil
physicochemical factors and bacterial community structure was also analyzed. The results showed that
Proteobacteria, Actinobacteria, Acidobacteria were the dominant phylum in different grass-crop rotation

patterns. Among them, the number of Proteobacteria was significantly higher in Helianthus annuus L.
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patternthan that of other grass-crop rotation patterns ( P < 0.05). The second dominant group,
Actinobacteria, had the highest relative abundance in the pattern of fallowing after plowing, rotating with
Zea mays. As of the third dominant group of Acidobacteria, the relative abundance of which was the
highest in soils of rotating with Sorghum dochna. At the genus level, Arthrobacter was the dominant genus
in saline-alkali soils of all grass-crop rotation patterns in Northern Ningxia. Alpha diversity index showed
that the diversity and richness of soil bacterial community in fallowing after plowing pattern was
significantly higher than that of other patterns, Sorghum dochna pattern were significantly lower than that
of other patterns. The result of soil physicochemical properties showed that the values of total salt, pH
value and alkaline phosphatase were the lowest in rotating with Helianthus annuus L. and the values of
alkalyzable potassium, alkalyzable phosphorus were the highest in fallowing after plowing pattern.
Speculating that alkalyzable potassium, pH value and catalase were the crucial factors influencing the
bacterial community diversity among five grass-crop rotation patterns. High-throughput sequencing
analysis can obtain more comprehensive information of bacterial community diversity, and the changes of
soil environmental factors after grass-crop rotation affected the structure of soil bacterial community,
which provided correlations between bacterial composition and diversity with environmental factors.

Key words: saline-alkali soil; grass-crop rotations; bacterial community structure ; environmental factor;
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1.1 MEXHER

I DAL T B R A A XA M LT 2 L
FOMEAZ Lo B0 i, 1l Ak 7 B Il 5 [ 3R DR 1 A6
J 5 | B DX, PO I B 2% 1L AR R, AR BT o RO R
J& T ¥ U E B b X (38°457 ~ 38°55' N,
106°13" ~ 106°26"E ) , 72 3 [ fa 2L 5l 1 2 v 40 A 1Y
AR DB, A B R AT R Rl M S . AR R K & R
150 ~205 mm, 4E2€ & 2 000 mm DJ I, 4 F 55058

H99.5C , K T4 T 0CHEA 3350C -d LLE.— i
Mo T KHER 1.5 m Ao gy, MUK E B SRR L
W1, 3 EL 3 A R U o ST X e S
fr fe 4B, AR T IR 9 X P A AR
SO A SRR T R AL R R T
AT A 1 AR, I X f Al 2 0 ~ 40 em
A 159 g/em BRLCRIAR /N T 2 pm) (B0 R CR 2
KT 50 pwm) FIBPRL CRLAE K 2 ~ 50 wm) bk 43 4057
1k 40.45% ,27.05% F 32.50% , A 33 kG =, F
BRI 1

1 RERXRTEERBHER

Tab.1 Physical and chemical properties of experimental site

N EEINES v HORGERLL, 8GR K/,  SBfa/ SRR/ FE/
ZH pH & B WAL/ % N N . -, -3
(g-kg™) (g-kg™ ) (g-kg™ ) (g-kg™ ) (g-kg™) (grem™)

By 9.0~10.5 3.5 42.1 7.85 0.76 0. 69 14.5 1.59

1.2 RIigit

e T AR VG R PEAZ O IR il , e — e A
4 4F B9 548 H s Rt 4 O 6 R L 2014 4R FK
WAk J5 A 7 o3 T AR R B AR AT b R, O X 0 Ok
4 5,53 59 b A 3l 2% ( Helianthus annuus L. ) | 5 5
(Sorghum dochna) fal¥lE K ( Zea mays) (43 W R
H0.S.C)BORFMIEIEY , B KRR A BENE
fi i 2 B2 AL HE(AO) |, T AE — ims S i g 3 Ak B
(AS) , B &Rk £ K —TaR K AL BE (AC) |, B R
Tl R AR 0 b o A — R PR AL B (AR | R o 80 B 4 2
PRI AE R A B A MR N B A SRR AL B (AA) o %
At = 5 R EOK 3 T 2014 4ES A2 HS A3 H
M5 A4 HFEM,9OH10H9J20H.9H28 HIx
AR, YCAEAE AR [ 1] (] b AR S 3R, T A7 Ak 38 34 A it
HE, TR F B 3 AS/NIXAE S 3 Il A, 3L 15 A4
AN AN X R 30 m* (6 m x5 m) |, /N IX Ji] B
Lm, GRIPAT9E 3 mo 3050 R AT BEHL X 2H 33, >R
N TR B s % 9 X AF P BB P 7.5 kg/hm®  F7 86
45 cm, BRFE 25 em #&F0E S AR, LR IE 1 E
R T LR 20 1 ) R FE K Bk R R
Lo U BI04 30 5 2 1 R A BT S — B
1.3 TR

TEVE Y WOIR BT R SR )2 135, e 3R TR AE )
TN B2 R ORAE A AL B 3 A, R A
BR £ SRR A B, 5 BRIBORE T2 70 38 A A BH4E, [A] i
T F B EEWRAE B CRAER B X LR EY R
PR, A it s [ S 3 3 0, KUT o 0 4 8 A 2= 4
b s LHERCAE DI R AR, SR T RFIOE R BEZ £ R
HBR 3R 2 50 mL B0 T G B T oka
M 0] S0 BHAFAE - 20°C VKAE v A7 I B A W 5+ 0

FHEH SRR B ORI S, A b B R
3.
1.4 WEmMBEFA%E
1401 b SERE i i BRALPE S 5

A TR R T3, BTN 100 em’, 7E
105°CF T4 8 h = i i i 5 Jm Fr it R A HLR
(OM) & & 52 >R H B 4% AR B 48010 A n A ik 5 8
A (TN 5 R L IR Z8 000 s Ak 220 (AN &5 it
SR FH BB A ™ T DN R 5 b S RO ( AP) 5 R T i
R A AR AR~ L6 BETH Ik R A H (AK) & &
K CRREER PG TEE ; L34 (Salt) %
BRI S k 14E pH R M E L. R
b B (CAT) 3 >R Al & B R #7 (0. 1 mol/L
KMnO, ) i & ¥ BEREPE LR L h N 1 g 0 FE &
WA B PR B (ZZ T ) 227 5 DR (URE ) 375 14 5% T4
AR SR AN e (A  BEIG EL L AE 24 h JR 1 g Lvp
NH, -N (5t (22 50 ) 3R ; BEWERE CINV) 35 1R
3,5-ZHf R K R b (B kI R BEEELL 24 h 5 1 g
A G A R O (2 ) R 5 R R il
(ALP) Jif PR FHBERR R — 80 e (s TG ME L) 24 h
JE 1 g R I b (225 ) s BRI R
SEHME T R BB T AR A T A b, HoP R
F C TR0 E FHES 1A i R T SRR — K MO
JE 0 E SR AN S T
1.4.2 44 DNA $2

12 I8 MoBio ( Power Soil DNA IslationKit, MoBio,
) Ul W A5 B2 8 B4 HR A 2D BR 4R 4 HE A DNA,
DNA 2 B8 iU , 28 1% B s W8 J6e s Tk & DNA
SEHREPE  Mini Drop il i DNA 41 B MV B, % B A~
FEHLAY 15 £ DNA A5 BEALI 3 13 35 R 20, 23001
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il 3 AFATHEAR T -20CIRFE & H .
1.4.3  #A 16S rDNA F:[H & @ 80 7

DNA #2525 , #E47 PCR 37 8% Sy o 40 b
JF A 5 R I CAPORASO 46177 i) Jy i , ™ 34 4
W 168 DNA V4 X Br, 5] ¥ K S515F (5'-
GTGCCAGCMGCCGCGGTAA-3") #F1  806R ( 5'-
GGACTACHVGGGTWTCTAAT-3") , DNA "1 5 IR
MAGOC 4™ g )7tk , 5 3 4 14y 98°C B HE 10 s,
50°C Bk 30 s,72°C & Afi 60 5,30 4N ¥R, 72°C 4E i
Smin BENREA 3 ANEE . RGY W,
i L 2% UG BE EE I L UK AG I PCR 7™ 49 4l 4k &%
B e i J5 PCR =Wy p Wk BE o i il B 00 1y
AREUE Hlumina MiSeq 2500 ¥ 41217 (http: // www.
novogene. com/index. php) .
1.4.4  DNA ¥4/ #r

JIr A5 J5U i e 91 4 25 Barcode J3 51 #1151 4 Fr 51
J5 .48 Flash (V1. 2. 7) AT IR Tags £di o it
1 Tags 22 QUME( V1. 7.0, K45 2% QLME %tk
i, 2 M http: // qgiime. org/scripts/split _ libraries.
html) 3 8 AL BRARAS 55 i i Tags $0¥E ( Clean Tags)
3 5 B HE 2 ( Gold database, http: // drive5. com/
uchime/uchime_download. html) # 7 [t Xf ( UCHIME
Algorithm , hitp; // www. drive5. com/usearch/manual/
uchime_algo. html) £ I i A 14 )3 31, fe 24 4R 45 3L
KAl (Effective Tags) o W 57 T B 45 A SCJE 5 IR
reads BT 4 T3 5% o ARG LA 97 % AR g 4
F| [l UPARSE pipeline #f4: ( V7. 0. 1001 ) ¥ 4% J7 %]
REWN OTUs, M AR A5 1 HEFE & b 3 A 9 R i
ZREEAR B AT uclust BAEXT BTG e 51 A7 2R 26,
FF| ] RDP classifier( V2. 2) %k {45 GreenGene £ {E
J (http ; // greengenes. 1bl. gov/cgi-nph-index. cgi) #f
Fr R B, Goit AR A TE 45 73 28K P BRI R A

I QUME (V1. 8. 0) 355 7 4 —jali 4 45 %, &
N HERE S E M RE TS o 2R M OGRS BT R
F SPSS 19. 0 # 4 4L 3, # H] OriginPro 8 H {44 [4]
L5 HEtESHH

AR IR BRI, A QUIME (VL. 8. 0) & F it
30 B AL 4% OTUs Ry $ B 58 & 43 B 3R 28 43 B A
alpha ZHEPE ) #7  Beta ZAEVE 70 755 o alpha Z4F
PEFE 40, Chao — 1 F1 Observed species i & Bf & &
88, Chao — 1 $8HOTHR AN

2
1

Suhaul = Subs + E (1)

A S, —— W 1YWy Rl gk
WMLEZ F [ Singletons 1) Fl 24
WLEZ F| ) Doubletons (1) Ff 2%k

n,

n,

Shannon $i5 B T #HF 22 BEPE AR 20, 715240 508
H =- Y PlnP, (2)

FH  H'——Shannon $5§%%
R——HF ity vh Wy o 1) o 28 %
P—5% i MR T R L
Simpson i 8 e — > FEERY LA THRA 5
H
D=1-YP; (3)
K H Excel 2007 %k {4 % #4545 , 48 J5 H SPSS
190 P 3T 016 297 22 4 W7 A — 2 R
{854 - 2050 01025 05 7 22 53 B il o
XS R (CCA) 70 #r S A AR AR T 3 40 1 7 J /K
- B AR R 2 BE R o

2 HREHWH

2.1 AEEBHBEENN T EEBELERBE G

b R E B (3R 1) o B R, BT e A
Jsidh LR & R E N 3.5 ¢/kg, pH {H 4 9.0 ~10.5,
AL g 42. 1% , B AT 8 3 1Y SRR AIE o 4 9 I
HHCFEITE 0.69 g/kg i fh, R TUiE LLTE 0.76 ¢/kg
AT, RIRECN PR AL 22 Sk . A TR R H
AR R S AR B S B R E &
AR AU 1 AR B B AL % R AS VAC B
Wi, 225 3 (P <0.05) ,pH fE7E AO £
B A d 1 35, 28 5 W35 (P < 0. 05) , i S A UG 75 it
1E AC BixrP i, 253+ B35 (P <0.05) (£ 2),
2.2 OTU FEEKFENEZWL

5 Fh Gt 1R B RS 41 B 16S tDNA V4 [X fY
Mumina I 7 3L 3815 5 87 51 15 791 ~ 925 409,
ART 5 50 504 ~ 67 549, K J5 X J5 bh B4 PF 2 , 4%
FAABLEE 97 % k47 5 26 43 M 45 B A ) de VR A X Ay
HAFA OTUs (& 1) o Horp A7 2 688 A3 A )y i
(OUTs) , AF S04 A W) Fl 224 4>, AA B R A W)
it 175 4>, A0 BEARE A W P 160 4>, AC B 45A Y)
it 276 4>, AS B R A P AP 170 4

Xof AN () 8 A A R T S GAE  E  A RRN
AT OESE 15 20 B A S AE T 43 28 7K SF- (Phylum )
FE R F ARG 10 A7 )R A ) AR X
I 2 (K 2) , W AT DL A [6] 5 A
B A A PRI 10 AT, 43 JB 2B W T
( Proteobacteria) it 2k & | ] ( Actinobacteria ) | & #T B
[T ( Acidobacteria) \JEEE R[] ( Firmicutes ) | 2§ B4 ifd 1
[T ( Gemmatimonadetes ) . 8l T & |'] ( Bacteroidetes ) .
2 ) i1 ( Chloroflexi ), & % ]
(Verrucomicrobia) 7% & & | ] ( Planctomycetes ) | #fik
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Tab.2 Soil properties under different treatments for grass-crop rotation

AF

AA

AO

AC

AS

pH {4

/(g k™)

I/ (mgkg™")
it/ (mg-kg™")
R R L/ (mgekg ™)

A B2/ %

A A AR/ (mgeg ™)
TR AT 1/ (mgeg ™)
TPE B BR A VE M/ (me-g ™)

JIR i 3 1/ (mge g ™"

(1.56 £0.01)*
(1.03 £0.01)*
(7.45+£1.58)"
(0.33£0.01)"
(23.57 £3.10)*
(1.79 £1.30)*
(102.67 £7.22)°¢
(8.88£0.11)*
(14.20 +3.76) "
(0.54 +0.11)"
(2.44 £ 0.20)"°
(0.19 £0.04)*
(0.24 £0.01)*°

(1.51£0.01)"
(1.58 £0.01)"
(10.22 £0.93)*
(0.49 £0.01)*
(31.87 £2.16)"
(2.23£0.69)"

(176.67 +16.48)"

(8.89£0.21)"
(9.20 £0.83)"
(0.58 £0.11)"
(3.89 £0.66)"
(0.25 £0.05)*
(0.45 £0.01)*°

(1.46 £0.01)*
(0.52£0.01)°
(7.95+0.94)"
(0.40 £0.01)*
(27.53 £3.56) "
(2.26 +0.84)°
(156.00 £14.15)"
(8.23+0.05)"
(5.90 +0.49)"°
(0.69 £0.06)"
(2.49 £ 0.09)°
(0.16 £0.01)*
(0.37 £0.01)*°

(1.32£0.01)"
(1.06£0.01)°
(9.09 £1.23)°
(0.44 £0.01)°

(28.83+3.79)"

(2.26 £0.96)"

(213.33 £19.46) ™

(8.70 £0.09)*
(9.60 +£3.30)°
(0.94 +0.02)*
(3.17 +0.18)*°
(0.18 £0.01)*
(0.45+0.01)*

(1.23 £0.01)*
(1.13 £0.01)*
(11.09 +1.13)*
(0.48 +0.01)*
(30.40 +4.49)*
(4.38+1.76)°

(247.00 £19.97)*

(8.56 +£0.12)™
(11.60 +£2.01)*
(0.84 £0.04)™
(3.60 £0.84)"
(0.22 £0.01)*
(0.52 £0.01)°

I AT ECF R AN R R R R A BE ) 22 57 35 (P <0.05) , R I,

AF

AA

175
AO
BT A AR LS OTUs e #r
Fig. 1 OTUs clustering analysis under different
grass-crop rotation patterns
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under different grass-crop rotation patterns
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( Nocardioides ) . Subdoligranulum . 3 B} 2 K B3R & &
(' Skermanella ) . RO R
( Thermomonas )5 L # F S W ¥ % H &
(Arthrobacter cryotolerans)
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() Z A8 AE b 7R 1 03 28 B AR X 5 B R BT AR
TEI% 53 28 9P B RH S 2 B2 Y 22 Bk DL A R il A2 1% 70
K EARE2ZE PR B ) , NI Rl LA 1,5 Fh
AR AR AT R Z YA AR, AF B
21T # J& ( Rubrobacter ) F1 Opitutus , AA #5538 4
WL W) LR # 8 A Subdoligranulum , AO #5203 £
B REF PR, AC B RERZ W RN
PR J F1 L 5 18 )& ( Halomonas) | AS I RE B L
14 2 11 BR i 14 ) ( Pseudomonas)

2.4 aZHEHREH

AN Tr) B 5 AR R 2 A 398 0 TR R T 2 R M AR A
Shannon , Simpson F1 = & Ji 5 £ Chao — 1, ACE 11
2 3 Fron, AS 2 + 3% ) Shannon F1 Simpson 5 %X
B FH T HABRA (P <0.05) ,Chao — 1 $5 8L
#5j Shannon 5 EHEA —F, A [F] FH AR AER L
SRR TS o-Z EPE B R BI/MRIC AR AA
AO AC AS, H 7 IR R B X 1 38 3 A W B % 22 M1
FHXTHE R, AS A - SR MR E T 22 REME AR IR

Tab.3 «-diversity of soil bacterial under different grass-crop rotation patterns

®3 AREHARMEEX LEER alpha ZHESR
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(3481.50 £127.29)°
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Fig.4  Principal component analysis of bacterial community
composition of saline soils under different grass-crop

rotation patterns
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