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Abstract

Aims  Solidago canadensis, an invasive herbaceous species, has a strong capacity of potassium enrichment, that
may relate to its influence on soil microbial community. Rhizosphere potassium-soluble bacteria can convert min-
eral potassium into soluble forms being able to be used by plants. It is not known how invasion of S. canadensis
may affect diversity and potassium-solubilizing activity of the potassium-solubilizing bacteria.

Methods We compared S. canadensis and its coexisting native plant Imperata cylindrica in the reclaimed
Hangzhou Bay wetland, Zhejiang Province. We compared the potassium contents of soil and the plant tissues of S.
canadensis and Imperata cylindrica which coexists with the invasive species, the effect of potassium supply level
on biomass accumulation of plants, and the quantity, diversity and potassium-soluble activity of the rhizosphere
potassium-solubilizing bacteria.

Important findings The potassium contents in stem and leaf of S. canadensis were significantly higher (1.59
and 7.33 times respectively) than that of /. cylindrica, the contents of available potassium in the 0-10 cm soil
layer where the two species grew were significantly different, but not in the 10-20 cm soil layer. Potassium
application experiments showed significant biomass increase in both S. canadensis and I. cylindrica, and tissue
potassium concentrations as well. Potassium-dissolving medium culture results showed that the number of
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potassium-solubilizing bacteria of S. canadensis rhizosphere was 2.51 times higher than that of 1. ¢ylindrica. The
strains with potassium-dissolving rings were identified, and the amount of released potassium was determined.
Among the 15 strains of potassium-solubilizing bacteria isolated from the rhizosphere soil of S. canadensis, nine
efficiently dissolved potassium, and the content of K' in the treatment solution was 85.11%-192.54% higher than
that in the control. Strain H2-20 had the strongest ability with the dissolved K™ of 10.657 mg-L™". The potassium-
solubilizing effect of rhizosphere potassium-solubilizing bacteria of S. canadensis was significantly higher than
that of 1. cylindrica. According to 16S rDNA identification, the 15 strains of bacteria associated with S. canaden-
sis were of 11 genera, and 6 of them had been reported to have the potassium-solubilizing ability. Our results sug-
gest that potassium-solubilizing bacteria in the rhizosphere of S. canadensis is abundant, and may play an impor-

tant role in potassium enrichment.
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HPRI NZ AT BNAZ AR A 7= 22 5543
g, T HXT RS RGN AN 2 A s 1 7™ E 1)
Pl CBIEfR S255, 2012). HRIHE, RESSRANZED 2
K6TORMY, 3 A Va2 TR E VLI, H
MNZ I IEEZEMR BEBFH 2, FAMEL
Biva, T B e 3 28 55 A R AN Ao S th R
(EV/NEREE, 2012) 0 T fRAMRIEDD I N AR B 72 1
BHEE P TT ZRE . N T RSN R
NEHUE, B $e s TR Z 0 Fuf i, 19 R &k
PEiRAE U (Keane et al., 2002) ¢+ (8 S sm A
Vi (Blossey & Notzold, 1995), {HiXHefigid 32 EE %
MNZHEA G WL, kA FHENIREY S 1%
WA EAER .. BEEMFARTIRN, Bk
ZHFHEBRBEMNZE R S N SRR
BE A (de la Pefa et al., 2010; Ren & Zhang, 2010), A
A5 LI 2 T I BARAE AR I R T R
#HHAF ] (Wardle ef al., 2004).

AP RAEPIAE N AR ISR AT e 8 B R 5 7 T
VAN SR A M iR 45 7 RS e S AR M R A
Thie, T B i A MR v 1 oA B st ke 2= 52 Ak ok
TP — P NR (P 255, 2012; Uddin er al., 2014;
Zhao et al., 2014; Martin et al., 2017). PAAERF TR,
L 2K F (Mirabilis  jalapa) ~ B K &5 (8 2% &
>%)(Ageratina adenophora)~ HAL K (Spartina al-
terniflora) v] VA48 AR 3 35 2B W 22 AR (AR 40
B2, 2007; Zhao et al., 2014; BF}F4E, 2018); 4R
(Acacia dealbata) NAZVHHEZ Jb 4 X J5 A 24 Hb +-
B e EE R EN, BENFEEMZ R
B2 />(Lorenzo et al., 2010); T4 3 (Bromus tec-
torum)ffE N HL AR B R B 2, ARMER
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% % /> (Belnap & Phillips, 2001); 2 I (Alliaria
petiolata) Nz J5 T B3 WAL AR L e E e B 3
8/ (Roberts & Anderson, 2001). X4 Ry, 4k
KAV N2 Re i 3 8 IR 2 PR R AR B Bk
AF o T 57T, AR RAE A 1 U RT RE AR AR
YNGR, E2 AT ReAfA A A K i,
HIEFAEY B E RS TR E R — R
(Solidago canadensis)i) 2 ZE FIBHIE T8 77, TMFE
R T ATV KT (Stipa bungeana) 1354+ 71(Sun
& He, 2010). [Ft, FTRANZHEDIXS HIERAEDIN
S ] e T AR RE ) N A LI I SRR T AE

INER—B AR H R B R Y, 24
AR, B RIEMRREE, FE T e, 5]
ERRERAEA IR E L, s, Moz
TR A A AN SR A (R A7 e b [ A ) S e R
43,1985, FRAKRATTFS, 2003). &K —F AL
BHhRe I s, BERER| M TR A MRS, T
IS H R HOIR Z AT R B, —RIEOLT, Bk
MR AT =Ly kLR, A7 BAR SR, i
Gb, MR EA B AR L, RN
FERT A R AL AN, Gtk s i B g e AR
ENAR G B IR BOY R A A (E R R
2:2009; 5KiEEELE, 2015a). B4, N K —H AL
AR I 22 7= A — e A ) o s v ] Bl L 3B A AR K,
XFNAR A=) 2 R 1R A T — 8 s e (O 05 4%,
2004). 1M H Fi i1 K — 7 3 A E B NAR Vi R
IR, NMZEEEEZHINPE, X EAEAE EY L
FEPE LMD & ARk 338 B T A [FIFR B2 1) 52 e (R A
2 2006; FfE LS, 2006), [RHAR N GE 15k —
B A N BB S5 B 45 5 AR T7 TH B AL

©U 00000 Chinese Journal of Plant Ecology



FIHERE S NRAEVINE R B AEARPR T B 2 A 1 S AE 545

AT YA I35 K — B AE N R B I F 7T
FEE PR ECGIEMFUK R, 2005; e

&52009; FKIEEFEEE, 2015b) A0 EAE I (ME3422, 2005;

FREEAESE, 2009) AR B AR ASRRAE S5 PR B 3E B 1 (SR 7K
KA 75, 2003; #L5R1L, 2014) LA K 43R4 P
[i(Zhang et al., 2005; k#4656, 2007)55 7 T« B 7L
KW, EAFREINRHA, gk —H ek
PER B B3 TR R, JCHAE AR K R A3
ESN R, AR RS A e R IEA K
ROAIRAR, 2010). TEREEY A N7 T, BF 78R BN
FER AN J5 B8 00 - 35 A P B v 5
B SERThREZ BEME, ATREA B FIns Kk —Fi
16— N2 (Liao et al., 2013; Wang et al., 2018).
AR o AR AT T 4 8 v o T R A A S P AR A ) L
PRSI A R, T A A R, B A
WP E(ZETC 0T, 1994; FEIAREE, 2001). i1 K—
BORAENR RS T RPN B AR 25
PP 2 ) RO A RRER AN T R, AHF 5T AN
REYINE R — B EARAEY A
(Imperata cylindrica) AW TR R, LIS R —1;
WIS AFMIRPAMR MR . 2SR
ZE 5, BAEVIDIR DR bR AR SR B 7E N5 K — kg i A
NZ I FERRAERIVE R, RN TN R — k3
FENAZ WL FE pE BRI A5 o

1 #RFITTE

1.1 HREE

SRFE P AL F BN E A WA SR E XA
(121.17° E, 30.32° N)o iZ[X gk AbWivT 24 7= 3 260%
WAL, JE AL A = KA, 3P, AR
R, mEH A AT, MR AR EK,
+IEpHIES-9, T EE0.2% /41, HMMYIFh £ HE
PEAH AR, FE AR AR, AN
FER-BOEACHTE . BPBEVE . 77 7E (Phragmites
australis)F{ V%5 NZAEYIINE R — R B AERPEA
AU VS 5 N 2 R LR RO, B RIE AR
K=, MRS, SHIAEKE TR E(CRLES%,
2016).

DA IR SR T8 A 4y, 4 i B LAm
FERBEAAM A RRAF RSN A FEEH, %
FEHUE] PR R 200 m, BEMEHIRE T m x 1 m/FE
J7, REME R B A B e -, H

T R A ZE AN A R A A SR AR
££0-10 cm. 10-20 e+ JZ [FHTEF H3ERE S, 00
IR E R, AN REMYRRAREA S
L& T4, BIRR PR 1, K R A IR AR PR - 49
2T R HRIELRAT, HT 085 br
FRBREE o ISR —F SR AN 13 DR TR 5 20 301K
E£T12HRSH, EIE SRR R4 R4, H
TR ENEFRE . BEFERRS, RS
=,
1.2 HAGERTHESENE

FEYIRE S 280K e 1%, 1105 CRAT2 h,
60 CHLFZIE &, AH 581, FIHNO;-H,0,7H
g, FAKIEEETENEY E R & . AFE L
JE RS AT W BRBR AR, WTEEAid100
H 5, F PRI Rk il IR A S iR
POBO M E AR A A B . 0.03 mol-L!
NH4F-0.025 mol-L™ HCIE: M 2 34 2l & &
HCIO4-H, SO & fu Il 358 4 5 75 5 . NaOH 4 Rill- 'K
TEJEEETHED IR A5 B . NHLOACR IR K IEt
FE LI e A & (B HL, 2000) . AF S AR
I ZFE ] RN S 8 5 bR = il Jo e A 6 A i o
AT o
1.3 eSS

43 VUSSR — B B AR A 25 IRl 7 2110041,
BRI T IR AR RS R LA, IR IK R 4
B, BRI G B TR AP R 745K, ®E
JEHE L BET A 12 h, HE % E 28 CHI22 C.
R T RIF IS, PRIk K/NSERI4 iR # N3
AHEWRIERE S, BEBHRSHK, B TREETHE
7, AUHIREEZR K, 3RIGIFMRGaEE IR, E %
T UATC R A 2208 FRUN SRR (32 R A, 2013), 4
AN B3N KF: 0 mol L (B4H). 0.1 x 107
mol- L™ (k4. 6 x 10° mol' L™ (/& 4H), A b=
15 10RJERATIAY, MR k. BRI
AR FROOK fiF 45 R KE 7%

B R R e M ADEAR I, REEVE 3G,
B T105 CFARFLS min, FT60 CRETETY
R EA TR A SR G, FREHICRS O T HEY)
s EY .
1.4 FRSREATITEUIES

THEEMT, W1 gEWRert, W T34
99 mLJG B /K I = A i, TC i BB &1 %
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1072 g-mL ' (32, F28 C. 120 rmin 41
TR R FE30 min, [EAEIS L KR
TR IRFRFE N1 x 107, 1x10* 1 x10° gmL™" 3
AR EAFF &, 0.1 mLIR A T4 ks R 3L (60 77
WERDHFM, FMIBREEEIR, EMEEREE
M3 E, 8128 CEEMAE FEFRIRGHT I
(PRI, 2010).
1.5 RAEAFESEE

e G, R TE2-3 K, fFEvE A KT
i, PREEBROR, iR, FRE s, B
AR P P A R AT R R B R, R RIZR3IR,
H AR B AP, DR ETEASRE. M
B(R) WVEL1R(r), T HAR BRd e i A a0 e BAR 5
B V% LA L (R/r), DAL 2% AR 440 T AR A0 e 1 0 K
N o IR Al AR BT R R R ROR R R AT TR
N T BEAT 16S3E K5 HI (PCRY™ 1 . 3 47130 & Al 43
Mo W7 45 2T % GenBank 3R HU L Rl & 5 5, [A]
i) R FHBLASTHEAT R R 43T, $hide H R IR e v
FIFRAR R, JE16S tDNAF %I, FICLUSTALX 1.8F1
Phylipf {1498 R G B
1.6 FRARE RIRRSREE HNE
1.6.1 EHERER

fic il Luria-Bertani ¥l {4 55 72 3% (LA R & F#R LB
R FRIL), T REM Y 8RR, M52550 mL,
¥ 075 34 HH PRI 20 R AR B AR 400 T 3 ) e b — 3R B LB S
FIerf 28 °C, 120 rmin FRKREFRIK)E, B mL
BN TE B K b L < 10 0 A0 T L A
PR B, FE084), BU100 pLE 2T ian i o7
b 30 CHEER R4 h, MEPHHTIFEL B H
B R E x 10° CFU-mL™' (CFU, Hi%TE
FCERAL), TAEJE £ o 20 3 20K A8 B T 2 v (O
BEZIN1 x 10° CFU-mL )FELS mLIE 2, BA,
121 ‘CKPBE30 min, %M. LBIRAE; IR TT:

R1 R TR ARG
Table 1 Formula of culture medium for potassium-solubilizing bacteria
used in this experiment

% o D%y HE
Ingredient Content (g'L™") | Ingredient Content (g'L™")
HERE Sucrose 5.0 Na,HPO, 2.0
MgSO, 0.5 FeCl3 0.005
CaCO; 0.1 I 1.0

Soil mineral
BiflE Agar 18.0 718K Distilled 1 000

water
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FEREES g BEEMEL0 go NaCl 10 g, #1000 g
K,
1.6.2 fR$BEEME

T 1) A A S AR R 7R A, B4R 25100 mL, HYS
mLEEROEE L 91 x 10° CFU-mL ™) f# s
WAk FRIE R, DUR S K G MW B RO, &
ANbFREE SR, 28 “Cy 120 rmin FRIKIEFRTRE,
W R4 500 r-min ' B5020 min, U BT, 0
2 mL 6% H,O9H 71 h, FE0, BEEWR, HAX
A 25 B TR R I LS KA A A
YR T A T A R A S o R A B R AT LR,
THEH 200 f 44 BT P A 1o

AT AT B (mg - L) = BB P K & & —

XK SR (1)

1.7 HHELE

Ko A BN 43 AT 8K 48 F Microsoft Excel 2013
FISPSS 17.0. MNEER—A B 2525 i %
WA S i, NS R — AR A 1 AR B A v 1)
Ko, R VA SRAER 25, UL S8 34Tl
SRR S, VAR NG = 0.05; J Y
FE AN R 12 0 38 b 77 40 B 22 Rt B % JE
INEE K — A B AR (A 55 A0 B 2 S R R IR &R
ORI, BEMEK R Na=0.05. REREW
F Figtree version 1.4.23f 47210, 1F B8 A1 A
Origin 8.0.

2 #R
21 MEX—FEBENBFEY R T IE DR
SEIKE

TR R o, NS K — R e ) U A 2 3 A
SBEZTAF@P < 0.01), 2HlR-EFEER34].
428F17.33F%; fEZEF, MERXK—HEAENA G E
WRZ DT HFEQEP < 0.01), ZNEFH0.606%, i
TERSAFLEEER, HEEREZSTHF @
<0.01), HZAEFBI1.591%(E1).

E0-10 cmf110-20 ecnfiAN L2, gk —
BN ERSENEM S ESAF ERAES
(p> 0.05), MHFRSE. 2B ERA S
BYEEL THAF(p<0.05; K2). Hd, £0-10 cm
11020 ecmPiA L2, IR —B e i A
ER IR A 2,592, 4815, SR
HFB1.19/M1.214%, ARBESE 285
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MR E R

Content in leaves (mg-g™)

k%

P
EFEIGE Nutrient element

Ehgi

Content in stem (mg-g™)
(=)}

12

(o]

N

N

—_
(=]

Ak
- %k
ns

N P K
EFFIGEK Nutrient element

= & K—Ei 8 Solidago canadensis 221 A3 Imperata cylindrica
Bl g R— B AL B A ZE T AR S R CP I AR R 2 ). *%, p <0.01; ns, ZERARE.

Fig. 1 Contents of nitrogen, phosphorus and potassium in leaves and stems of Solidago canadensis and Imperata cylindrica

(mean + SE). **, p <0.01; ns, no significant difference.

0.6

ns

LREE
Total nitrogen content (g-kg™)

LER
Total phosphorus content (g-kg™)

X iEg

Total potassium content (g-kg™)

0-10 cm 10-20 cm
+J2 Soil layer

W 2 K—BHAE Solidago canadensis

WRASE

Total available nitrogen content

HEHE R

Available potassium content

AR &

Effective phosphorus content

(mg-kg™)

(mg-kg™)

(mg-kg™)

150

100

W
(=]

120

-
I
§

0-10 cm 10-20 cm
+J)Z Soil layer

2 HF Imperata cylindrica

B2 InER B e AR LR A 2 IR S BT B EEARHEIR 22) . AFVNS FRERORAN R A B R 22 5 15 25

(p <0.05); ns, ZRAEE (@ >0.05).

Fig. 2 Total N, total P and total K contents in different soil layers where Solidago canadensis and Imperata cylindrica grew
(mean + SE). Different lowercase letters indicate significant differences among the treatments (p < 0.05); ns, no significant differ-

ence (p > 0.05).
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FI1.69F11.701%(K2). #E0-10 cm~t 2 HinEE K —F
WAMARHEERERES T AT (@ < 0.05), M
1020 cm T EHHZER AR ZE (@ > 0.05; E2).
22 FHRMEX—REETYRRENEZN
IR — R B AR 13 1) A P AR 3R 35 e it
KR E T 0(p < 0.05; K13). A [EAR L R K
T, AFEYEMMER R ERE
BEEF(p>0.05; K3), HLAERHHRNATZEAT,
IR —F e e ER ST B .
23 AEEMRFEEELNE LK
g K —H e E R R E S T a5

1.0 - c
= & KA 1L S. canadensis c

o8l =32 B I cylindrica
5"
2
.g 0.6 - b
A
E oaf
H

02

L a a
Wl v B

To4p K-free 4P K*-low A K*-high .

AbFE Treatment

B3 AR ANEET ISR — B AE A A AR YRR LT
PEIRHEIR 22) 0 ARG P BERIR A AN [ A0 2L 1) 22 57
3F @ <0.05).

Fig. 3 A biomass comparison of Solidago canadensis and
Imperata cylindrica under different potassium treatments
(mean + SE). Different lowercase letters indicate significant
differences among the treatments of different plants (p < 0.05).

W
(=
(=]

200 -

100 -

R B (<10
Number of potassium-solubilizing bacteria

(=

InEER—1CETE SEQ

S. canadensis I cylindrica

A4 Plant

B4 ISR —BERAEA A 5 A bR AR A T KR L (P 4 {
FR#EIRZE). *, p<0.05,

Fig. 4 A comparison of potassium-solubilizing bacteria
numbers in rhizosphere of Solidago canadensis and Imperata
cylindrica (mean + SE). *, p <0.05.
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(p <0.05; E4). SMFEHIAK IR H140.66% 62.46%
235.69%- 283.67%A#1533.33%, P-4 H3.5114%
2.4 FRAREVIE

TN R — B AR B Fp 25 i gkt 1 Sk A4
W, FIPARER A Pyl b i ik S HR AT B . 0 ic sk
WVETEASRHE . AT B B R R) KW T8 BAR(r)(KR2,
H3), DB KA B ACAR o A A R P AR S
W EAR RN 91396, KT 1507 6%k, 25
JEH3-8. H2-14. H2-16. H2-17. H2-20f1H1-21, &%
KAEN1.68 (H1-21); H 54 brfd 4 B R/ BME N
1.252, 4=#B/NT 1.5, Hrhdg K{EN1.34 (B1-6). M
PR PR B i 6 8 R R/ 22 7 235 (p < 0.05).
2.5 fiR$E16S rDNAKE

FIF4NE 16S rDNAKE K FH 51 /9 33151
DNA T BtKZ1 500 bp, [FIJEME M TEE R N4, RS,
IS K — BB SERAR B B 32 200 9 S K280
A 1o (Alphaproteobacteria) “E 1 [ 1BIL.
B¥ (Betaproteobacteria) ~ "% & Wi 1y I B (Gam-
maproteobacteria)~ AT & 1] (Bacteroidetes) MR £
I'J(Actinobacteria), 5 5HRHR bxfft 87 56 43 N3 K
KBt BIH 1y WA (Gammaproteobacteria)~ fUFF
I 1(Bacteroidetes) R £ i | 1 (Actinobacteria) .
FIABEEVE(NIE B R G R BM, RIINERK—H
AL ISHRAR BT i B T 1148, 15 SARAR s i
B 5 AN TR (15, 1 6).
2.6 FRSBEARRAE S ELER

IR —HEAE S AP R bR 8 B 38 2 A A
TR A T, o) BB A 4 B 7 N 5.535
mg-L, SXTIEAIAI L, SEE 4L KT BT
Whn, WERE YRR N B . IR — R
TER B 20 8 A A B 4 8 95,025 mge L', g
BEATS mg L MEHITEE, & HN60%, fif
B B8 7 B% 5 1 B PR N H2-20, i 4T 2 N 10.657
mg- L', HIET R IN 7 192.54%. FSFHR PR
PR ARAT M N2.723 mg L', HrP e kTS
mg- L I ARAUE —FR(B1-6), 15 4= & 5 Fk 120%,
HAAE 5053 mg L, B IEZHI HN T 91.29%.
A8 365 45 SR S 7R N B K — A T AR o A R R
©EHZ T HFRBRMEME @ < 0.05; El7).

3 Uit

MNAZ NS E TR TTER IR A SR AR O
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R INER R AL L SPRAMR B A B B VA R (AR A i

Table 2 Colony characteristics and potassium-solubilizing ability of 15 strains of rhizosphere potassium-solubilizing bacteria from Solidago canadensis

Wk 'S BVE LS RFE fRENREER RVEER R
Strain No. Colony morphology characteristics potassium- Radius of

solubilizing  the colony
ring (R)(em)  (r)(cm)

HS5-1 BEBE/N HAB, (H Plaque small and irregular, white 0.29 0.26 1.14
H1-3 FBER, MM, (33% B35 Plaque large, low protuberance, light and uniform pigmentation 1.08 0.93 1.16
H1-4 AF S, i, B Trregular protuberance, transparency, less pigmentation 0.56 0.48 1.17
H6-5 ANRIR, BN, K 2HURIR Small droplets with regular edges and radial pigments 0.47 0.45 1.04
H3-8 BEBE/N BB, RIRZBUR plaque small and irregular, dark and radial pigments 0.42 0.25 1.68
H5-10 AHN N L, EREAL A G, WZIE AT Iregular protuberance, milky white plaque, yellow edge 0.66 0.53 1.26
HI1-12 KRR, LGHR, R ZKYTE Trregular droplet shape, blurred edge, central pigmentation 0.78 0.66 1.18
H2-14 Wk, ks, SR EEE Droplet-shaped, tall protuberance, rounded pigments 0.84 0.54 1.56
Hl1-15 WL/, LGN, BFESAR Plaque small, irregular margin, umbrella-shaped pigments 0.56 0.38 1.46
H2-16 AFNRIR, ik, FREEGE Irregular droplet, turbid, central pigmentation 0.62 0.40 1.55
H2-17 N S, /> Regular small droplets protruding, less pigmentation 0.52 0.32 1.63
H5-18 WRCR, EW, P REZEYIFE Droplet-like, transparent, central pigmentation 0.72 0.52 1.38
H1-19 DGRV, WK, B Z2ROEMR Edge serrated, droplet-shaped, concentric circle of pigments 1.10 0.74 1.49
H2-20 HPERR, MR, (LK% Plaque large, regular droplet shape, uniform pigmentation 1.00 0.64 1.56
H1-21 HEMR AR, s, iEMH, B2 /D Regular droplet shape, high protrusion, transparent, less pigmentation 0.94 0.56 1.68

R3S SPRMRR AR A 1] 12 v E S RIE A 1

Table 3 Colony characteristics and potassium-solubilizing ability of 5 strains of rhizosphere potassium-solubilizing bacteria from Imperata cylindrica

Wtk S BVETESRHE fRETR AT RIVERAE R
Strain No. Colony morphology characteristics potassium- Radius of

solubilizing  the colony
ring (R)(cm) (r)(cm)

B1-6 AR, sk, PR 2GR Low protrusion, turbid, concentric circle of central pigments 0.74 0.55 1.34

B6-7 KRN 2, VERh Trregular bulge, turbidity 0.65 0.55 1.18

B2-9 BEBE/N HARN, H, JErid Plaque small and irregular, white, without protuberance 0.92 0.70 1.31

B4-11 HOUBRR, g E, (29K HI4%] Regular droplet shape, higher protuberance, light and uniform 0.50 0.41 1.22
pigmentation

B6-13 VR, iR, RISV Droplet-like, protruding, uniformly pigmented 0.56 0.46 1.21

R4 PEBINER - BOTERIRBRRE R G H T

Table 4 Phylogenetic analysis of rhizosphere potassium-solubilizing bacteria from Solidago canadensis.

Btk BT RANIE RS R T) J7HUARAATE
Strain No. Accession number Most similar strain (registration number) sequence similarity
H5-1 MH490984 Pseudoflavitalea soli KIS20-3 (NR_148655) 96%
H2-3 MH490985 Mitsuaria sp. SS48 (HQ891978) 99%
H1-4 MH490986 Rhizobium sp. KMM 9576 (LC126306) 100%
He6-5 MH490987 Microbacterium sp. 3B2 (MG763154) 99%
H3-8 MH490990 Streptomyces variabilis SD22 (MH244336) 98%
H5-10 MH490992 Azotobacter chroococcum YCYS (JQ692178) 99%
HI-12 MH490994 Stenotrophomonas panacihumi 5-111 (KP969077) 99%
H2-14 MH490996 Pseudomonas sp. EA_S_32 (KJ642336) 98%
H1-15 MH490997 Cupriavidus sp. FZ96 (KF803333) 99%
H2-16 MH490998 Ensifer adhaerens WIB133 (KU877667) 100%
H2-17 MH490999 Rhizobium taeanense PSB 2—6 (DQ114473) 99%
H5-18 MH491000 Pseudoflavitalea soli KIS20-3 (NR_148655) 96%
H1-19 MH491001 Filimonas endophytica SR 2—-06 (KJ572396) 99%
H2-20 MH491002 Lysobacter niastensis GH41-7 (NR_043868) 99%
H1-21 MH491003 Siphonobacter aquaeclarae HPG59 (JQ291601) 99%
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RS OEEATFIRESHNE ARG E S

Table 5 Phylogenetic analysis of rhizosphere potassium-solubilizing bacteria from Imperata cylindrica

BR R~ FRT AL EIRCER ) Fe HU AR

Strain No. Accession number Most similar strain (registration number) sequence similarity
BI1-6 MH490988 Microbacterium imperiale (JN585685) 99%

B6-7 MH490989 Enterobacter sp. PRdA5 (KY203970) 99%

B2-9 MH490991 Alloactinosynnema album 03-9939 (NR_116323) 99%

B4-11 MH490993 Chryseolinea sp. SDU1-6 (MG662377) 95%

B6-13 MH490995 Pseudoflavitalea soli KIS20-3 (NR _148655) 96%

Streptomyces variabilis F5 (KX149094)
Streptomyces variabilis SD22 (MH244336)
100 Streptomyces luteosporeus nenu_DS_3 (KY007162)
H3-8 (MH490990)
Streptomyces wuyuanensis JJ123 (KX352809)
81  H6-5 (MHA490987)
99 [l Microbacterium sp. 3B2 (MG763154)
100 Microbacterium arborescens ND21 (KX404917) Microbacterium
-Microbacterium sp. 3A1 (MG763152)
Microbacterium sp. 40LG (MF765315)
91 — H1-19 (MH491001)
Filimonas zeae 772 (NR_149799)
Filimonas endophytica SR 2-06 (KJ572396)
Filimonas sp. CC-YHH650 (KU248163)
Filimonas endophytica SR 2-06 (NR_145918)
H5-1 (MH490984)
H5-18 (MH491000) Chitinophagaceae
99 rNiastella sp. BHS14 (KT154952)

Niastella sp. TRB56 (KX981267)
Pseudoflavitalea soli KIS20-3 (NR_148655)
Niastella sp. MHS16 (KT154875)

99 Niastella populi (AB682649)

100 T Nigstella populi THYL-44 (NR_116486)
Niastella hibisci THG-YS3.2.1 (NR_153698)
99 rSiphonobact larae HPG59 (JQ291601)

or C TLHI-21 (MH491003) ,
100 Siphonobacter aquaeclarae P2 (NR_116562) Siphonobacter

Siphonobacter aquaeclarae HX-1 (KX461909)
Siphonobacter sp. AL148 (MG819534)
H2-17 (MH490999)
Rhizobium taeanense PSB 2-6 (DQ114473)
100 [\ Rhizobium sp. ML102 (EU748922)
Rhizobium sp. LS-618 (KJ999994)
Rhizobium sp. B24 partial (HF955513)
71 {H2-16 (MH490998)
68 nsifer adhaerens WIB133 (KU877667) Lo
Ensifer sp. 5C2 (MG763169) Rhizobiaceae
Ensifer sp. HZ;Z (KYOggl S)
Ensifer sp. E27 7035
Enszjj:er SIIJ)A El 1%7035 1)0)
-Rhizobium sp. KMM 9553 (LC126307)
Rhizobium sp. KMM 9576 (LC126306)
H1-4 (MHA490986)
97 —H2-14 (MH490996)

99 " Pseudomonas sp. EA_S_32 (KJ642336)
00 1 L pseudomonas sp. DY-T (KU054384) Pseudomonas
Pseudomonas sp. D-126-1 (KY907001)

Pseudomonas sp. F-1 (MG266293)
Azotobacter chroococcum 10006 (EU930421)
Azotobacter chroococcum YCYS (JQ692178
Azotobacter chroococcum ISSDS-39 (EF622)440) Azotobacter
H5-10 (MH490992)
100 | 4z0t0bacter chroococcum A5 (IN641801)
H1-12 (MH490994)
Stenotrophomonas panacihumi 5-111 (KP873158)
100 [ Stenotrophomonas panacihumi 5-111 (KP969077) Stenotrophomonas
Stenotrophomonas panacihumi 206 (KP969078)
Stenotrophomonas sp. an-chi-2 (KY634478)
100 97 H2-20 (MH491002)
-Lysobacter niastensis (AB682415)
L | 100 Lysobacter niastensis GH41-7 (NR_043868) Xanthomonadaceae
100 Lysobacter sp. IPC6 (KT630892)
Lysobacter sp. R7-567 (JQ659897)
Mitsuaria sp. SS48 (2011) (HQ891978)
98 H2-3 (MHA490985) . .
100 Mitsuaria sp. H3(2010) (HM209355) Mitsuaria
Mitsuaria sp. YN-7 (JQ901425)
-Mitsuaria sp. BFEIN (KM187028)
Ralstonia sp. HHO5 (KC857471)
Cupriavidus sp. NBRC 102509 (AB681843) X
gg [Cupriavidus sp. JPR10 (KM083805) Burkholderiaceae
H1-15 (MH490997)
100 L Cupriavidus sp. FZ96 (KF803333
Hyperthermus butylicus DSM 5456 (NR_102938)

Streptomyces

92

100

100

100

100

75
73

64
100

1

100 |

0.02
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Fig. 5 Phylogenetic tree of 15 strains rhizosphere potassium-solubilizing bacteria of Solidago canadensis. The numbers in the figure
refer the bootstrap values for testing the reliability of branch of evolutionary tree, the greater the value, the higher the reliability.
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100 B6-13 (MH490995) .
—E Pseudoflavitalea
Pseudoflavitalea soli KIS20-3 (NR_148655)

100 E Cytophagales bacterium 385SO (MH016287)

B4-11 (MH490993)

100 ch . Chryseolinea
ryseolinea sp. SDU1-6 (MG662377)
—— Ohtaekwangia koreensis 3B-2 (NR_117435)
100 Microbacterium paludicola 383 (MH179094)
100 Microbacterium sp. 4C1 (MG763164) Microbacterium

100 B1-6 (MH490988)

Amycolatopsis sp. CPCC202692 (FJ529705)
Amycolatopsis sp. FXJ2.020 (EU677786)
B2-9 (MH490991) Alloactinosynnema
Alloactinosynnema album 03-9939 (NR_116323)

o Alloactinosynnema sp. MN08-A0205 (AB563486)

’9—8[[ Enterobacter kobei BM10 (MF953259)

100

— 100 |

100 [L B6-7 (MH490989)
100 | L gyterobacter sp. PRAS (KY203970)
Pantoea agglomerans FZ3SG (MF716713)
Hyperthermus butylicus DSM 5456 (NR_102938)

Enterobacter

0.02
Ble FIESHARBMAM AN RGREW . EIH T Abootstrapftl, FI-FRII MR o3 3R {5 5, KRB 0T {5 B

Fig. 6 Phylogenetic tree of 5 strains rhizospheric potassium-solubilizing bacteria from Imperata cylindrica. The numbers in the
figure refer the bootstrap values for testing the reliability of branch of evolutionary tree, the greater the value, the higher the reliability.
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fRETERR Strain of potassium-solubilizing bacteria
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Fig. 7 A comparison of means and single potassium solubilization amounts of potassium-solubilizing bacteria in rhizosphere of
Solidago canadensis and Imperata cylindrica (mean + SE). AVG, mean potassium dissolution amount of different rhizosphere
potassium-solubilizing bacteria.

AR NREENLHNRIAES AR AAEE AR RIS A Y & MR 5 AL 8
B, REMAERKAERRTENTZEZERuRZ . WIEWFEAE AR & &, sy &
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(Graham & Ulrich, 1972; #HEAI%E, 1993). AW F K
B, BFANEIRE K MINE R — R B e i A
SREEETHAEEY A, JCHM RS
Bt HFM7.334%, WEEMRAEST, nER—
R AER SRR i B = T A s Y, BNk —
K AL RENS 1 B 2 ()8R o B B Fyeh, T Fr Rt
GAEHREERIG T, W R hIRs & 802 v Ry
SR A A AR KA 2 (Aerts, 2000; £/
J75, 2013)0 MGAL, INEE KA B A b i B
CEWAEE T, FINESE 7 nE R
ZI LR R ARG . NSRS
TP IS REAR ik P ML) A ) AR BRI N (1&13), (H 2
HATEIIZER BN R L 3E0-10 em [
1020 cm 2 A% . &8 EIEE. A%
WAL A & B3 2 T XY a5, o gt
BAFTMEREEZ T AS, X5EHEEQ2016)
IR FE 45 A — 5. BRLAEQ012) KL R —H,
LR R E R m LIPS RS &, JFEHEET
B RAE ST REMNAR J5 A MR AR 1) Bh A2 AK,
1 J5 BB AR DG X BRI F Uk B N 25K — R s T A7 A
— PP RE S 1Y 5 L 4R TR 3 AR R L, X R S
bR RR AR It — P NR . AR AR
BT B B R B I . — S FIA AR
T NARATAT B 18 I 52 M A A2t - 338 55 i i a2
H & I N2 (Holmgren et al., 1997). Y12 SN RAEY)
N5 JE st AR 35 I8 g 52 e He 5 A i R () S5 4+ g
71, BIUNBER S S5 TH3 (Flaveria bidentis). #/F %
(Halogeton glomeratus)E Y NIZ I )2 T3+ 15
FEor & B IR A R T NRE 7 17 K A 2% (Duda
et al.,2003; ¥EEE, 2008; K KFLE, 2010).
V)5 T AE Y A BAE FHEE R N AR A2
rhid % 2R EEAME H (Bowen et al., 2017). W73

A AR i e A AR S i AR M A i R T e,

BRI ORISR BN, (ERERE IR, SRt
Prai i, (R Y I N R (Kourtev et al., 2002;
Wardle et al., 2004; Nijjer et al., 2008; Coats et al.,
2014). filfn, HLEEFEZNR G SR TR 5
VIR AR, [F RS TR R Ay, B
G5 8 22 FE R SE 4 BE I (PHL0RE5E, 2007). A
W FE AN FE K — B AR B 38 v g 9 o

T 25 A AN B VR AN B AR A B 58 A B ORI
ZE5, INER B AR PR AR T B I £ 10
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fE, LG 22 B0 B A B A 5 BT s B A
A g K — e e Za B4 5 B N ARt 135
rh A SR RO Y B B T IR XU,
R—HEAC & PR H AT e 5 A 2 1 e ROV TR
AR MR RIINER — BN 2 B3
U SR A VR v S M M 2 REPE (TR 34 1655, 2007
MRS, 2009; ZE[E R, 2009), iXELELART] fE 4> i
Hiy 52 0] - 38 R R 0 A R AR 25 7K o A NAR
TEYIRAH SR FE R, NARFEYIN L3 TR o &
SRR AN L A MR R ) U R A O
40, 3 TH0 56 AR o i 5 5 R B A 1 n L 3 B
XoF 97 5 TR AR A A FH 00T EAEL ) S B (A 7, 2018);
T R e a8 v gl o ) A KA L b oy
RSN E REE, 2014); Xanthium italicum
IK PRI A AL - 358 v 4 B RN LR H R ] R 2, [
I G T AR | R AR TR B R I 2 (A
Rlg5%, 2016).

ASHIF TR I AN 5= R —Fl B AN 3 25 AR B A
BRI PRI Ah 2R RN BT R IE FORIF 0 B — 58 A AU
B 23 DA B A4 B TR P S 3 e IR FOAT B8 (Bacillus
circulans)~ B )51 2 fFF % (Bacillus mucilaginosus)-
3 ZE UK 18 (Bacillus edaphicus), (BT R A 80 4
A e 5 8 45 RBOR B &, BTG RO MR A R
B J& (Pseudomonas)(5 JLEE, 2010; Z5H1H14%E, 2014;
FAEFL T, 2017) KRR 0 & (Rhizobium)«
B4 J& (Enterobacteriaceae)(5= FLA, 2010). AT B&
J&(Microbacterium)~ [# % J& (Azotobacter)( 57 IR
S, 02012; FHHE, 2014) . PR R
(Sinorhizobium). 18 B J& (Mesorhizobium) . J#
AT 1 & (Flexibacter)(¥ith, 2016; ZFHNAE, 2017)
S, RIS R— AL A A P AR bR 1 7y B 3RS 1
20K AR, H1-4. B6-75 52 FLEZE(2010) I 78 45
B3, H6-5FH1-6. H5-10. H2-14. H2-175Z¥
FEEQ014) I L ah AR R, H3-85 K2 H5(2016)
i 08 HA IR A BT [ ), DA L B RS b ik B B —
WIS RE ST Ak, ASHIEFE R AR A B0 e ) B e
KW AR E W R A HI-LS, BT SRR
(Cupriavidus); H5-18, J&T Pseudoflavitalea;, H2-20,
J& T % J& (Lysobacter); HI1-21, J& T
Siphonobacter, X —W R4 RA Tt — 0 F =@
A R A g 20

INEE R — R B G N AR 2 P DA SE A% SO AR e fi
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