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Effects of Cenchrus spinifex invasion on phosphorus bacteria
community diversity in rhizosphere soil
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Abstract: [ Aim] The invasive plant Cenchrus spinifex can proliferate and expand its population in poor sandy soils with limited
phosphorus, forming a single dominant community. Analyzing the efficient utilization mechanism of phosphorus by C. spinifex under
phosphorus stress can provide a theoretical basis for revealing mechanism of its invasion. [ Method] Four treatments of C. spinifex,
Agropyron cristatum, Setaria viridis, and CK (soil without plants) were established. The compositional differences of phosphorus-
solubilizing bacteria in soil were analyzed from the perspective of soil phosphorus-solubilizing microorganisms using high-throughput
sequencing technology. [ Result] The results showed that the invasion of C. spinifex significantly improved soil phosphatase activity
and the community diversity of soil phosphate-solubilizing bacteria. PCA and UPGMA clustering results showed that the species com-
position of phosphorus-solubilizing bacteria in the rhizosphere of C. spinifex and A. cristatum was similar. The multi-level species
difference discriminant analysis results showed that the phosphate-solubilizing bacteria groups were significantly enriched in the rhi-
zosphere of C. spinifex and significantly different from other treatments were Alphaproteobacteria and Streptomyces, which may play
important roles in the absorption of phosphorus by C. spinifex. Total phosphorus content in the rhizosphere soil of C. spinifex was sig-
nificantly positively correlated with the presence of Proteobacteria, Planctomycetes, and Actinobacteria, and there was a close rela-
tionship between Actinobacteria and available phosphorus content in the rhizosphere soil of C. spinifex. [ Conclusion] C. spinifex in-
directly affected the phosphorus environment of the rhizosphere soil by changing the community structure of phosphorus-solubilizing
bacteria in the rhizosphere soil of the invaded soil, which is beneficial for its growth.
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IDAEFERL B Cenchrus spinifex Cav. R AR Bl
Poaceae #< 22 B & Cenchrus —4F-E WA Y, J5 =
JUSEYH K Bty ¥ ¥ b X (5 68 3 A A7 ke , 2008 ) , &
T 20 fit 40 30 AFAUE OB, 3 25 i fe AL
TN AR (AIRIX) (R%E,2011),
PEBER R BA Ui B iR 2k
e f B ) 25 R A, 3 N BE T A i, T 7R I [
FE R — LR AR LR ) 2 R, Tl
SV HOR 8 R T B R 22/ e N R HE R
M E A (R4 19955 e
e, 2018) .

SIS AR W) R T G, GE I SRR
% AR A 38 R G R Z MM (Bajwa et al.
2016) , ARAEY)S T HERUAE Y 2 0] B B AR AR E
SPGB P R AR (Wardle e al.,
2004) , WFFERW], HPR AR AE Y RE S U AR 1
AP R B AEIR 5 (AU SF , 20025 Wang
et al.,2018) , [ f 52 Wil - 38 119 G 2F W e 7 2 18 (A8
/INIBAE,2019; Batten et al. ,2006) , W2 55 Melinis
minutiflora P. Beauv. (Ribeiro et al. ,2017) (2825
=% Ageratina adenophora ( Spreng.) R.M. King et H.
Rob. (B %, 2012; F 304 5%, 2014; Niu et al.,
2007) JNERK—KL B 1L Solidago canadensis L. ( JF]
PR ,2010; Wang et al.,2018) , 57 3B, MR B it
PRBCR R N W, R BA B g s 1k, wl
REX LA o A HAY H 2 oTilik (I=VHERR 25, 2019) o o
1524 Flaveria bidentis (L.) Kuntze. AMZJ5 T3EPA
W By % i B AR ( Huang er al., 2015; Shaheen,
2015) , I HL T b 35 14 Jon ik s 40 A P iR (22 19 R,
2014) ., rep-PCR &5 B/~ , 57 5244 Tagetes erecta
L.XFLE, B T4 38 I 1 AR AR B i AL 40
T SR TCHLR 20 R BB (RPRAF,2016)

AR HATIEAE T, HAR 3R AR PR 1
IKEEW XS 5 ¥ Digitaria sanguinalis (L. ) Scop. bR
A BRI v vk A ) AR v BB ke A T (55
85,2017) AT A SR, HAT, W g 3
B AR LRI RIS C A HRGE , dn A g 3
B AT 3 v 1A BILBT B s A R O BB
A KIS A AN [ AR BE 1 R B, S5/t Popu-
lus simonii Carr. I Salix gordejevii Y. L. Chang et
Skv. AL, AP B AR AR T LA LT AL
WS B (ST 55,2014 ), fE %20 46 5 80 R X +

70 2 1 80 ISR L AIL A P A0 5 v o DL G, AR
WFFER F i S PR S A T/ A B B R 5 vk
W Agropyron cristatum (L.) Gaertn. Ji & % Setaria
viridis (L.) Beauv. HF 1438 J 25 11 06 HE A 358 rp i
WA N2 T A SRR T2 IR, 5 T
A AESBERE R AR X AR B - S A 1 S, LA Ry
R AR B HEEIRARE
1 Rt EAE®
1.1 iRIE
111 R AT DAEPERE RN TR0 A
FRTUTEEZRANIR S Ry, vk S ke
RPN T b 50 4 - Hl Al B AR B 5 i Fb - 5
Qb P A R A B R, FH 2% NaClO %5 0T 3
10 min J5 , FHZRIR/K R Mgk 0805, E T, it
JE LR
1.1.2 R L fH R A R Rk
AT TR TR EBR S R, LA R
Ay FBRFIE 2 em HJ2 RE 2~10 em + 3 Al
ik 2 mm G, VE RIS B 1
1.2 RWIEERRHE

DL 3R 3R L B Bl T T A AL (PR AR
/23 emx18.4 cm) N, BEE 4 AL HE . 4 5 FhokL >
EBEA R K R RRIZS AR IR (L) |, B Ak
BESAES, HHE R A, B AR 10 PR
JREAERR , FLIA) O B 75 A — 3, E TR E 10~ 30
°C, I 10~25 kix, {2 30% ~60% . 153%E 50 d
Ja R R EREA R R 2 (3 em £247) R
PHR R AR PR IR
1.3 TEEAERNE

Z Rl 1.(2000) M 158 pH (HARE) A
PLBT (BRI AR ) A CEMEIFIRE) (4
B (IR SN T ) 8 (SRR ) | sk
(BRPREUANYE ) RS (IR R4 - L o ) 23k
Febm ., P R W PRI R R R Al b
P (K54 ,2014) .
14 SEENF
1.4.1 £33 DNA th4 B R L HERE N4 DNA
PRBERAFN & (LT, Solarbio 2% &) ) #RE 8L 5
FERIZH DNA, FIFH 1% 3B W 3R 15 Fi Dk S 1t 4%
AR A DNA SR
1.4.2 PCR ¥ 445 WY X3, & U A bar-
code FFFS5 19, 5L BUH A #E DL B I ALG 5 19
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% F TransGen AP221-02 PCR J Jwf & £ . TransStart
Fastpfu DNA Polymerase 20 pL,DNA 4z 10 ng, I- [ F
W14 (5 wmol + L") 4% 0.4 plL, ANTP (2.5 mmol -
L") 2 uL,FastPfu Polymerase 0.4 wL,5xFastPfu buffer
4 pL,#MFE ddH,0 Z 20 pL, PCR ¥ 795 °C ¥
ZEE 2 ming95 “CAEME 30 5,55 IR 30 5,72 °C HEA
45 5,30 MEN; feJ5 T 72 CZEH 10 min, 4 CAF-1F
B 3 N ESE B[R —FE Y PCR IR S E
2% (BN HHEEIGIEA T HIDKAGHI

1.43 Miseq X EMZE Y FIRHk R
PR 2Btk A 3% R B A PCR 97 360617 3C%
R 10 e B 5 SRS 1, 7 AR B E DNA B
1.4.4  Miseq AL F DNA FEH—im551 9
BHE EL AN ]2 A A b o5 — S BE AL -5 B 3 9 55
Hh—AG I EAN gk [ A3, B 80 By (bridge ) 7 5
PCR §"H, 7/ DNA #%; DNA §" 38 7 2 E AL
B INAGE 28 19 DNA SR A B A A 4 Fhadok
FRICHY ANTP , UG ER B il — e s o6 H
Jili B SR SR THT 12 A AR AR AR 91 5 — 6 B It 2R
& BRI BRFPZE R« FOLBE A F e 2k Bk
A A2 DI IR 3" b I, AR SR G 8 A
T2 ;s Gt 1 46 WO AR B I 28O0 (5 5 45 2R, 2R F B AR
DNA F BHF 91

1.5 HIESH

K FH Excel 2010 H1 SPSS 19.0 H 4% $d 4 7
Giithr, SR H R 2 (one-way ANOVA) Fl Dun-
can (KT 255 T I Z H AL (a=0.05)

Miseq M7 15 2| i PE reads SEH4f& overlap ¢
FRIATVRE, [ P30 BT i AT B4 AL g
TARRIFEA ] Y reads B IR], K AE 53 B 24Pk
FIEVE 2H AT, o MK IR reads BCHEAT FR AL
XA 5 #5497 OTU (operational taxonomic unit )
R AP Fh 53 2877 93 M, BT OTU AT ) b
RSB, BT 2R m (5 B TEA 2K
V- E AT REVE A R e T o b, AR IR BT Y Sk
fift b, SEAT— RIS S M R G K B S5 SE 17
FIRTAAL AT . (] FLASH v 1.2.7 X5 R HLEE
11PEE, 15 3] OTUs 504 (raw tags), #] H Trim-
momatic (v 0.33) X} Raw Tags ¥ %€, 13 2] clean
tgs, HEATECHE 43 HT . T 97% ML, I Qiime
(version 1.8.0) 7E Silva %04 FE 4T OTU ¥ Fp o2

2EO T RIER 20T (uparse 257%) , Chao 1 5%k
h IR W AR bR, LU TR T OTU
$H, Chaol 8 $B/NHE T £ & 2B (Chao,
1984) , Shannon $& %A FHARAL AR i b 40 1R v 2
FEPEFE #5 , Shannon {E 8% K 7% 2 AP 88 55 ( Shan-
non, 1948) . A Qiime (version 1.8.0) X} Chaol F
Shannon F8E0HEAT 04T Alpha Z4E4E, F ¢ K56 70 A
Alpha ZHEVEFRECE S AR5 T R AR RIHAEIE K
%ﬂ??ﬂi%ﬁygéﬂﬁi;PCA i (principal component
analysis) , B} 053704 , 38 2 50 BT AN [RIAREAS i s 41
JSCRT LA AR A T6] %) 22 S A B R DAAT R0 4k
Bt b 87 I TG R AL AL REAS 2H B AL
1 PCA [&Irp i B B B 0T 2% A A 22 S ) b 2 ol
i one-way ANOVA HL[RZE 24087, Jofdi H LEfSe
B AF non-parametric factorial Kruskal-Wallis ( KW )
sum-ranktest (IES A T 58 & B~ R - IR A B AN
B A R 3 R 2 SRR R R B S A B
FVE2E T ORGSR FH L 051 53 (LDA ) >k
FESREENZH 3 (W) = B0 22 S8R W 1 DR DN
i#3d RDA (redundancy analysis) 73T, 7T LA BH A A 4
R B fife e 20 R % 5 R BE R 1 2 ) 9 OC &=, AL
Canoco FKPFAER

2 HR55H
21 WETEBUHERSTER

TR - A SE AR AL M T pHB.S A i
0.016% 4> & & 0.002% 485 & 2.52% AL
it 54 ¢ kg BB E 7.58 mg - kg™
A E L 63.2 mg - kg,

HAEIE A IE A PE AR AR AN R 1 PR, S5 R
R ALY + 58 pH 4 2500 3 AR A
Ab B R B A A BT A S o T s XTI
5 15.60~20.3 g - kg™', H/D AL 22 5040 #1 I 2 IG
A FE L K Ak B 5 AN ) Ak B S KR
ZIFRIMH T BERNG 2R 225, s BRI R
F R B> 25 A A S K > /D AU BERE B G e B v
Aab PR AR 1t B I T LA A B 45 A 3 2 ) 4
W 1 1) K/ IN G 2R R DK > i) JB8 > /D R 9 R >
CK,/DAEsERE R AT 5 CK WK T ok & 500 B 5
PR TAAEBERE R S CK Z A E 5 A B, B
it 375 P DA re B AR IR Ay 2D A 95 R 1> g JR8 > KR >
CK, /D AE e 3 b P ) 2 g T LA A B
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Table 1 The physical and chemical properties of different treatment
o AW =) [T =) Spe T2 T =)
R Eo g s ¢a ﬁcf}lii:‘f RS R B R PR R
Qb 0 Content of Content of Content of oreamic Content of Content of Content of
Treatment P total N total P total K mgatterl olsen P availavle K phosphatase
/% /% /% < ke! . ke™! c ol
‘ ‘ C e g ™) /g ke /(g )
CK 8.6+0.1a 0.014+0.002¢ 0.004+0.001b 2.53+0.02¢ 5.7+0.06d 11.4+0.02b 117+7.00b  0.62+0.04d
DAEBEFLEL C. spinifex 8.2+0.1b 0.049+0.004a 0.005+0.001b 2.63+0.03b 15.6+0.05¢  8.5+0.12d  113+£6.08¢  0.97+0.06a
UKL A, eristatum 8.2+0.1b 0.050+0.003a 0.008+0.002a 2.66+0.04a 19.9+0.11b  8.7+0.07¢  132x1.73a  0.76+0.03¢
MRS, viridis 8.1+0.2b 0.046+0.002b 0.007+0.002a 2.61+0.03b 20.3+0.08a 13.3+0.13a  91+10.44d  0.80+0.07b

[RIFNAR R Bk R AN R 6% 1865 25 57 535 (P<0.05, LSD test) .

Different letters in the same column indicate significant difference at P<0.05 level.

2.2 RERTEMBIE OTU X ESTER

WX 20 AN FEAS I W, PR AT U
SIS, LA 97% 0 Ty 5 AR AL AR SR B 33547 OTU
XI55, 77 A4 20499 A ML PR 4 8 A w5 & OTU (&
1), Hrf 4 A4 3 b I B ## B OTU 2 1519
AN AL B B 7.41% , A [R] 4 B0 22 ] it 0 4
WA R ZE S, D AEPERE R P iR T OTU
MR, 9289 N5 CK YR2Z, 4 9239 />, vk Hi kb
R OTU BBURAG, 4 8621 4>, #AbFH CK 45
BB OTU e, B8 & & TR A A 9 10 b
B Ry 5819 A~ 5 /b AL 9 B REAE FpAF A ) A0 3 v i R
A AT OTU £ H fefm, o 1919 4>, T340, 78 3
AFAEAE Y AL B AR R CK A 1 R
WP OTU B H & 55,y 2747 A~ M R H AR Bk 2
R 2319 A5 KR AL EREL H BAIK, R 2172 4

cp ac

E1 #HE OTUs M H4ERE
Fig.1 Venn graph of bacteria OTUs distribution
CK .25 38 op s D AEPEFE R jac . VK sv . SRR,
CK: Soil without plants; cp: C. spinifex;

ac: A. cristatum; sv: S. viridis.

2.3 IRBRETIEMABEE Alpha ZHMSTER

2.3.1 Shannon % H7 I 2 AIH, CK /Y
Shannon 8 %% 5 , /DAL 5 B BLAL B 3 N FhoRE AL
Yy Ab PR Shannon 8 BU(E B =, VKB AL HER 22 |
Ml AL BRAR AR . R W /D 48 95 2 REAR s - 8 fifk ol
T HORETE 2P 3 s T HA A ) Ak B R AR B
HE(P<0.05) .,

2.3.2 Chaol 454 Chaol #5%0A B 45 A 3
s, Hi#a# 5 Shannon 8 2U{EAHLL, CK B Chaol
TERE e 1K, 3 Fh A A 7 vp 2D 48 955 2 5 b 38 Y
Chaol FEEUE i, KFLAL BRI 2, i FE A AR %L
HIR AR, RUIEA[FRMEAE D) B A 3 /A e 2
FAL PR AR PR B AR A A0 R TR A
24 MEABBEANSTER

AR GRS BRI AT XS L o A, G e
ANIIIEIKT B AR TR RV AL, others DR 7 HEER
I A 1% YR K ARAG B A Y = R Y Rl H
>} unidentified,,

Xof 4 A kb 3R SRR R A HEAT 0 A, T
1K BB 5 44 R 22 il By Fh oA G = B AT
& RIRIE, HE 4 AT 2 - SRR S Y 2 TR 4 R
AHFAME LE AT BT ASTR] , 25 Ak B o 8 (I 34 T 1] kg 728
FE 1] Proteobacteria IRZE T | ] Actinobacteria | JEBE
%] Firmicutes 7725 H | ] Planctomycetes,, A B R
S o B eI AN R b B 22 (B A A Rl R 22 57 3
FhFRAE A ) 1) A0 3 b AR B 38R TR B 1T RT o5 Y L
PR 5 T CK, T2 B9 2 R A B ) A8 1A 1)
i LOBIAE 3 AR PR b f ey 5 JEERE T 1) RIF 2 0 1 AR
BAEA R BT 5 A HE IR R I B 84k
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Fig.4 Relative abundance of bacteria from different samples at phylum level
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CK: Soil without plants; cp: C. spinifex; ac: A. cristatum; sv: S. viridis.
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S

2.5.1 PCA 24 FEWA4H1 (PCA) 4528 BoR
(FES) P fES AL B F PC1 IE 5l i CK 7
F PC1 Gl BB A A P A B 45 - 36 i
B R T 3K AR s A9 B 75 5 0 R R A A
PC2 HYIE Pl H R B Al 5 23k, 1 oK B AL B T
PC2 Wyt o, BB /A 5 2 A 5 ) 8 e b B A A=
VIRETE 25 A AR U B 5, 5 DK AL BERR DL PR AT
2.5.2 UPGMA R %4 JET Bray-Curtis 55.9% , #
20 ZHEEAST A B UPGMA B2 R P iy
FE BRI, R B, W RH 2 2R 22 A
YIFP AL ACARAR L, AL 6 TN, /D A6 5 22 w4 B 5
TR R A A R Al HERK R, —H R —2,

VKRR Z T CK AL T 05 — B BB 1
D AEBE AR v b PRt R AR A AR B S A W
LR A B AARL I T KRS 53X — A —E
AIARMLTE , CK 5 53 sh =5 Wb 2 AR R PE B M, 5
FWIT AR
2.6 LEfSe Z YT ERFIASTER

i LEfSe 704 (K 7) , 15 245D 1E5 3 AL
b g w4 H S HAL AL BRI 22 5 5 A
R R 2SR, E— L AT 1S 2], BN R oI
P4 Alphaproteobacteria , 1 V¥ 5% 5 I8 Streptomyces _
sp_ZFG4T 5575 # H Streptomycetales | #f 7% B £
Streptomycetaceae | HENE Streptomyces , X 15 B
o TR R T L D A R RO T W A A R AT
REA B B EAPEH]
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Fig.5 PCA analysis of bacteria in 20 soil samples Fig.6 UPGMA based on Unweighted unifrac distance matrix
CK: %5 138 s op D AEBERERT jac DK s sv SRR WL, CK: %5 138 s op D AEBERERT jac . DK s sv TR T,
CK: Soil without plants; cp: C. spinifex; CK: Soil without plants; cp: C.spinifex;
ac: A. cristatum; sv: S. viridis. ac: A. cristatums sv: S. viridis.
- ac
mm CK
. Ccp
Bl sy B a:f Jianggellaceae mm p:f Caulobacteraceae
B b:o Jiangellales B q:0_Caulobacterales
@ c:f Nocardioidaceae mm r:f Methylobacteriaceae

B d:f Propionibacteriaceac mmm s:f Rhodospirillaceae
B e:0_propionibacteriales g t:0 Rhodospirillales
mEm f:f Pseudonocardiaceac g u:c Alphaproteobacteria
@ g0 Pseudonocardiales  mmm v:f Comamonadaceae
mmm h:f Streptomycetaceae  mmB w:f Oxalobacteraceae

B 0 Sterptomycetales @ x:0 Burkholderiales

@ j:{'f Rubrobacteraceae  m y:c Betaproteobacteria
@ k:o_Rubrobacterales @ z:f Pseudomonadaceae
& l:c_Rubrobacteria @ a0:0_Pseudomonadales
mm m:f Bacillaceae B al:c_Gammaproteobacteria
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Bl 7 LEfSe % ¥ = i El
Fig.7 LEfSe hierarchical tree of species
CK: %5 3 cp DAEFERL T jac . DK FL s sv SRR,

CK: Soil without plants; cp: C. spinifex; ac: A. cristatum; sv: S. viridis.

2.7 ﬂ;iﬁ %*Hx'ﬁﬁ*ﬁ%% b8 Actinobacteria

(AP

A RDA 53 5719155 20 B 5
U T2 R (1 8) WOk 175 (e o,

~_~ -~ /
S| N N o e T A SEEN . x i :7'"':: 4 /
%ﬁ% E@Efﬁi 5 Lﬁ[ﬁ i% EF] EQ&@’%/F?E?@ =11 )ﬁ(% :r 1 Proteobacteria»l-l,«j =
N s By Y AR M e . = Planetomyc ’ Firmicutes —
P T B TR T ] 4 TR Cyanobacteria :D‘:' Tk nm?;:;;e;acteri e
=1

T LB S B RO 1) L, U] 4 il o |
TS 2 R R0 68 PR R 1] 9 R lax
LTI, I PERAE, AT 11967 4 20 N I
ALK 09 IE D71 B0 L b A 4 A 12 ot 10
BUTRE A RS ST 5 B .

MEFEEFH TR
Fig.8 Redundancy analysis (RDA ) of abundant bacteria

phyla and soil properties of soil samples
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H13¢ 2 AT LAAS 28 —HE P fildE /R T 45 Ab BEAE
A 63.5% B AL S, T HEFR i R T OREAR P
11.4% W78 5 i 2 D HEP i — L@ B T 74.9% 1)
HASAESR, H—H7H S pH AR 25 2

P A5 1Y AH DG M (AH DG R A 5 0.7691
~0.8159 ,—0.8487 . —0.8279) , & — il 5 Wi &k i |
RO B 1 AH DG M (HHOC R 20043 701 o 0.448
~0.5445) ,

&2 TARAMER

Table 2 Summary of the results of redundancy analysis

Rl FHIEME Th—BREEAH G R B G ANER i (S T —3R35 SR E 43 LR AL
Axi Characteristic Species-environment  Cumulation percentage variance Cumulative percentage variance of

e value correlation of species data/% species-environment relation/%
515D Axis 1 0.635 0.912 63.5 84.2
952 %h Axis 2 0.114 0.718 74.9 99.3
55 3l Axis 3 0.004 0.821 75.3 99.8
25 4 5l Axis 4 0.001 0.385 75.4 100.0

3 iwtig OTU FEME A YAk 2] FP R0 o e 5 ELAEFRARLAR

SR AN E FE DG, 2578 A AR HL R 3
PR — LS, IR 2 b A= W B s 45 4 S
PIFh A=) Z2 REPE RORRRAIG, O HLRE M) AR b 1 + 8
AP R D RIS 2540 5 T RE i HOE S &
AR E B AR F AR A Y M4 K (Wang et
al.,2018) , Aigrh A6 PR ROR B - 33 S0k
B TS OO B SRS M AE ) (K SR
F) 3 AT RE B T AR B AL RN B () WS RE R
B PR I, AR ] LA 4 1 A A
HEARFISEIR . XL ARFEE (2012) BF9E & B0, B T34 A
152 J g v A SRR B e PR A b R A Ak 3
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