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B OE: (¥ X128 ZHAM T (Lespedeza daurica) Z3H £ 5 R R B BRE WS T AR RO TR
SEFE, M- AAMRAEANRELFLEZRAEYIER T OELETEZER. [B 8] Hars
K2R FA BN L ME, sEARSFME. &R D A ERT RN, [FE] LG
AANTIHIZEL PR TAR R F 5k —hdt ok W £ 0 1 A 4k DP20, B3 SFNE, £
A A A= 16S rRNA J B 5 7 o472t i B AR AT 5 2 AR R 2R 80R (04 1% 3% 5% 7%)
Fo R F) pHAE(7.0. 8.0, 9.0. 10.0. 11.0. 12.0)a9RMAIFARAN T LAMREBE;, RAFEIZHRA
MEHATA AT, LA FHRTEENET; RABALELEEIEZAXN XL 2R THTH
KB AKGF A, KAFRREESAT LS B INAE K Hm. [£R] B DP20 AH%iB A
M AT # (Enterobacter ludwigii), A KRKELIKEH 0-5%, RS ZIREZL 7%. AR DP20 B4
7= & K& v5|°%& LB (indole-3-acetic acid, IAA)AE 77, T34 30.81 mg/L; EA IEMANEREE /), BAE
F 4 0.53 mg/L; i% B Ak 3k L5 s sk BARF A AULBR AL ), P 4R BAR a9 4Bt R A B (SU AL 67.67%;
FEHTEALREBRERALAK, AR DP2RERZTRALERRTFHFELF R, RETRERLE
MR FAmd et E, Rt T AL 2R T RE LT, [4£] & %4 E % DP20 12
AMEEE, XABHEA TEALZAMTRREFLEBEIHRLET SRLAE . A BN £ H@
BB, FIEA BT L BAE YA AT B R E F 7 & oG e
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Identification and growth promotion analysis of a salt-alkali
tolerant endophyte strain isolated from Lespedeza daurica

HUANG Chen, LIANG Yinping, HAN Lingjuan, GAO Peng, YANG Kaiyuan, JIANG Lin,
ZHAO Xiang

College of Grassland Science, Shanxi Agricultural University, Jinzhong 030600, Shanxi, China

Abstract: [Background] Lespedeza daurica is an important native grass for the restoration and
improvement of degraded salt-alkali grassland in the Loess Plateau. Plant-endophyte symbiosis
play an important role in maintaining and improving plant stress resistance. [Objective] To
screen out the dominant endophyte with salt-alkali resistance and evaluate their basic
characteristics, salt-alkali tolerance, and growth promoting properties. [Methods] A
saline-alkali resistant endophyte strain DP20 was screened out from the root system of L.
daurica artificially cultured in Shanxi Province. DP20 was identified by morphological
observation, physiological and biochemical measurements, and 16S rRNA gene sequencing
analysis. The liquid mediums with different salt-alkali concentration (salt concentration was
0, 1%, 3%, 5%, and 7%, and the pH was 7.0, 8.0, 9.0, 10.0, 11.0, and 12.0) were used to
measure their saline-alkali tolerance. The functional mediums were used to measure their
growth-promoting function. Meanwhile, the catalyst was quantitatively determined. The petri
dish filter paper method was used to verify the effects of this strain on the seed germination and
growth of L. daurica. Plate test was used to explore the effects of this strain on the growth of
Arabidopsis thaliana. |[Results] The strain DP20 was Enterobacter ludwigii. The optimum salt
concentration for its growth was 0-5%, and the highest tolerance concentration was 7%. It was
found that strain DP20 had the ability to produce auxin (IAA), up to 30.81 mg/L, and the
decomposition capacity of organophosphorus, reaching 0.53 mg/L. Furthermore, the strain had
the ability to produce siderophores and secrete organic acids, and the concentration of
siderophores reached 67.67%. Strain DP20 grew on the NFM solid medium. Strain DP20
significantly promoted the seed germination rate, plant fresh weight, and root development of L.
daurica and A. thaliana. [Conclusion] The saline-alkali tolerant strain DP20 has significant
growth promoting ability, which provides efficient and saline-alkali resistant endogenous
resources for the later application of L. daurica in the improvement of saline-alkali soil in
northern Shanxi, and is helpful to develop the potential of E. ludwigiias a microbial agent.

Keywords: Loess Plateau; native plant; endophytes; saline-alkaline tolerance; growth-promoting

property

PEHIE , MR T2 7% 0 2 RN b e #3013 J7 hm?, Hob S b X AE A 1L 764 B9 Eh
s mt, R R T S B EY T R EAL Bk R X, 2905 10 P SR e
18%—40%, 7P TEMTEMEXI Az mE, i BAY 71.6%%, Fbi 5 X Z s EE
THAN TR EETREAT 20X, EEEit+ FIE HOl = e, f T2 kb ek B Ak )
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EREMBINAS, Rk E S8 6R
b, SR THEBEAILTE ), PRI
TEPER), SR R p s R,
27 YA S RGEMRN AT AT R R e

PR RE S ks T IR R BT i, R 5
TP AAE BRI - 3ER Bush, FEY N AR AT
TEAE SRR YA K R B RS s sy T 1Y D g
B & B, Hodr, BT R R R AR
RAWSHEY A, FEAFHERCRER
(Erwinia) . 1Z W J& (Pantoea) 1 B ¥ W J&
(Enterobacter)? , i /g 5 THE Y b b i 35
PR E R ST P aE N sk 15
APBIR IR WK, AR e A T
BA B I r05| W £ 1% (indole-3-acetic acid, IAA)
BRI RE T & TAA TERE Y FP -1
R AR KT B EGREEmih s A E
PERM . Bk ELAT (i A 4 o 2k 2 Wi A ) ol
73, 3 A F R YRR T R A
AR I DGR R A P e R e, ST
P A R

I £ 28 T8 i i e 5 - R iF5E 246 b 1K
¥ (Oryza sativa)[lé]\ INFE (Triticum aestivum)!'"!
FIF i (Solanum  Iycopersicum)!" 45 3= B 1y 28 5%
YEY) , sk B B A S AR AN E R £ +
A ) N A=A A T B I A i 3k 5 BT A T
YERHE 1 =R S LAY, & iRk 1t
MR X AEE RSB, BATHIE ., i
5 THBURE SR . TESIECF AR, Wi 2
A W RE T AR AR T, TG AR TP oK B R Rk
YR frE, NI SRAE Y R K g
PRI , 4 30 A 3k 2 BUSA A - i A A AR TR
AHEEE X,

TR ZH T HA A ER B b ik 55 BLEH AL AR R
TS B — AR N A A DP20, A% =
A FRAE ARRFAE | T SR BRCRE PR RO O A M RE 4 A TR

FE, B R o T e AR e 2R RE T %
ERY, SERIE DP20 R AR, IR ST AL
B BT R RI 5, S ik — W TS i £ s
B B T T 45 18 5 LA 5 1 1 ke 28 T
F AR AEBEE T AR

1 #HE5FZ

1.1 #H
1.1.1 EHRFIE L B FfF

T kR DP20 FIXT B ik DP24 [ [ {2 B O 7
(Pseudomonas koreensis), GenBank % k54
ONO077029]/ Ll Py Ay R~z Flk ~=Bede fit, Horp
[ Bk DP20 7325 H 55 AR I, TE bk DP24
Sy A5 A AR Y,

EAR 1SR BRI PR K
S B R
112 FERFIFNEE

Salkowski A3 : & H,SO4 150 mL, FeCl;
(0.5 mol/L) 7.5 mL, JER/K 250 mL. fkAis|
B bl

BRI edn , EIRILERHCA R A 6
F W, Olympus AHl; JRZIGFRFE, LA
AT A BRA ] 5 W HEAL , KIp 246 L m A A
PR H] .
113 EFE

KB EAEP ik, S A A LR 5%
S TR RE ) e, LB HigR AL e A=
I E LR 3%, & B 35 5 (nitrogen free
medium, NFM)l i B 1k [ & RE /1 o R FH Schwyn
B0k 5K S (chrome azurol S, CAS)
55 7 B A T ik B30 TR R B A A3 WA BE T I o SR T B
eI P, FUE B BN K5 3% SE R TV A K fif
G, FHBIR RS BL e T I R AR I, FH %
Wl AR R R ARG R B A 7 F 21 1/2MS 85
FRHEEW AT R EREARA A . R EK
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(modified King B, MKB)# A 753 (g/L): BEEE
5.0, Hil 150 mL, K,HPO, 7H,0 2.5,
MgS0,-7H,0 2.5, pH 7.2 & EKEFHE B
(King’s B medium, KMB) (g/L): & [1i% 20.0,
K,HPO,-7H,0 1.5, MgS0,-7H,0 1.5, Hif 10 mL,
52 0.5, pH 7.0%%; ME—FRIERE IR E(g/L):
CaCl,-2H,0 0.1, (NH4),SO4 2.0, K,HPO, 0.5,
NaH,PO,4-2H,0 0.5, MgSO,-7H,0 0.2, pH H R,
A R B 2 R [ A R 2 (g/L) - % 5.0,
EMM 5.0, K,HPO, 7TH0 5.0, TRHIEY /b4,
TUIgK 18.0, pH 7.2-7.4%%, FiRE:FRILITE
1x10° Pa & JE K P 5 K B 20 min.
1.2 A&
1.2.1 EHEKHE

HEFARTE LB A5 72 4 28 °C (180 r/min
WAEEEFE 12 h J5, 23R 10 000 r/min &0 5 min Y
SRR, SO HE 3 IR, IR E B T 0K,
AT TCREKFERER ODsoo [HZ9H 0.1, 0.5 F1 0.8,
1.2.2 =&k DP20 BIEE

F PPN 224 bk DP20 #5178 LB
IRREFRIE b, 28 CRIEREFR 72 h, WEAHTE
B . RN, FEARANE B RE P SR 3K e i
SRV R T AL . SER K L H
SRR Ak SR A U S I R o B e DN P e
HE 1ot M i 220 T ME— i P 1% % e v (CH 8 1
REME . FLAE. IR vTiEbEERD, T 28 C.
180 r/min PR 1557 2-3 d Je WAL AR A KA 2.
KRNI S S KN

K 16S rRNA FE R 341 X % Ak UE 1 1
SR, BHARINE Ry A 20 uL B Sk
RERCD BRI, BT 20 puL JCREIZKAY PCR
8 HHEE P EfT PCR P74, @S5I WRA 27F
(5'-AGAGTTTGATCCTGGCTCAG-3") Fll 1492R
(5'-GGTTACCTTGTTACGACTT-3"), PCR [ )i
KA (50 puL): 2xTag Master Mix 25 uL, . F
W51 491(10 pmol/L)4% 2 uL, DNA FifR 2 uL,

ddH,0 19 pL. PCR Jghiz5fF: 94 ‘C 3 min;
94 °C 30's, 55 °C 30 s, 72 “C 1 min, 30 {X1E
5 72 °C 5min, PCR 4 3§/ Wik A= TAH) T 72
(RO A R /IE, R 16S rRNA
FE P HIFE NCBI £l i, 3RSt
1.2.3 E#k DP20 & &89 E

¥ DP20 HHRERNE LB WIAE;FRILH,
37 C. 180 r/min ¥55% 12 h. #Fh 5 mL MK
(ODgoo 214 0.1)F 100 mL LB KRS IR,
30 'C. 180 r/min fHIRIRZ 5% 30 h, HFE2 h
W — IR ODgoo (EIF1E 5%, NI BRI R 14 A= KPR B
Il h 4.
1.2.4 E¥k DP20 i &5 82 1 & it iR g8 1 E

BriGE REARE R T LB 55333, B F 4,
12, 20, 28, 37. 60 CHFHMPEF 72 h, W
B2 10 SR PR AR P T 7

SRS S 1, K T Ak B B PR S
T LB [ {555 5 (pH 439170 7.0.8.0.9.0.10.0.,
11.0, 12.05 NaCI¥KEE433 0 0. 1%, 3%. 5%.
7%. 10%), BT 28 CHKMFTFEFE 48 h, MEL,
T 57 TR R I A A i el

WZHL 4 pL RFIN PR R 2 (ODgoo 2974 0.1)%%
BEA 196 pL LB WA SR H(pH 43510 7.0
8.0, 9.0, 10.0. 11.0, 12.05 NaCl ¥ 435N
0. 1%. 3%. 5%. 7%. 10%)¥ 96 fLt, 4
LhBR 3 REES, 28 'C. 180 t/min ¥55%, X HEZH N
ANFERIZEEK, B 6 hllE ODgoo fH.
1.2.5 E#k DP20 ;56 il E

W TR D T 58 4 WA DI [ A4 5 R
BRI EAE S AER, ER 7 REER
AR B S WY R, ) 7 A8 SRR 4% T bk
T 0 175 W P ELAR (D) RNV B (d), 198 D/d
BT

PRI F T LB 5534k FiGifh, #5357 48 h
Je I TR 9 ) A8 TR, R 1 mL BRI
(ODgoo=0.8)4ZFI T AT 60 mL 52415 A MLBEIR
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KSR = MArh, 3 REE . LR TEEK N
TR, BT 28 °C. 180 r/min IR 7 15 3- 46 P 2B
MERE SR 5 d, FEREAX EIRAT S min, HC 10 mL
BEFRW, 10 000 r/min =3 250 15 min, B B
T VRCR T BRI b 0 700 A 3l 5 10
1.2.6 =k DP20 ERAEH N E

R RN LA 73k, K it R B AT AR 2 T
NFM [ERRE S5 |, 28 °CEIRIEFE 10d, M4k
Behe 3R, B 3 IRIKSRBEAE NFM KR4t HAEK
{18 41 BT 0 e Ry FL A 1 4R 1 B0
1.2.7 =%k DP20 7= IAA 8¢ il E

W BRI T L 2#2(0.2 ¢/L) KMB
WARIEF AL, 7E 30 °C L 180 r/min 551 R 1555 48 h.,
SRJ5T 10 000 r/min Z.0> 10 min, B3 mL FIHHK
HERMEORIRS , FERREPE T R 30 min,
B AR LT AR BA R PESE R, DIRIE R
FEHNNF IR, FE ODsyo MIAE L TAA P,
1.2.8 E#k DP20 F=$k kg HANBHLIER & 11iE

FEPEIAE : K DR s R T CAS [ IE SR
b, EE 3%, T28 CHIRKF S, WEH
PR BB 75 ) B (kA 2 B, A A (o S B Oy
PRERERARTARRY 43 B R 40 I EAR (@R
P& (o 58 J AR (D), 115 D/d .

W A3 TR R T LA TR T 55 A 8 7 91 110 7
BEEE R AR SR 0 B v 4fh, 28 CHEIRES
FRAARESR 3 d, WLESTRVE A L A5 ) IO o (0
P, I A o a8 SR e P R TRV KN

FE RN« A8 7 R A TR R 1) TR R T
(ODgo0 274 0.5) , 371 0.5 mL B =L T 3% 50 mL
MKB AR = B R T, R 31k, 28 C.
180 r/min }5F% 2 do IEFREHRIFREREER T
10 000 r/min #5.0> 10 min, B 3 mL FEHK 5%
CAS Fr IR AT, HEOGHEE 30 min, WE 630 nm
WA T ML (4s),  PATRIAE A I = R R
() MKB & 485 32 3 M WOG R (4,) P BRakdA iy
FXH IS BT RA D,

SU(%)=[(A4. — A4,)/ A.]x100 .
1.2.9 E#k DP20 124 K18 E

DU 7 TR bk DP20 X35 5 BLEH AL 4 i i e 24k
RIS . PR LA i 3k 5 B TR, 10%
NaClO il 5 min, JTR/KMERZTH., &E
3A0EE, A LCFE: AP E T A DP20 WiE
W (ODgoo 214 0.5 LA BT FE M2 12 h; B
ARG BRRTRR) : B Rl & T A DP24 AW
(ODgoo 2974 0.5)H L H5 7= MLHIZ 3 12 h; C Ab
FROCTRE KX BR) . A T B JC K M Jo T
FRFRMLAR 12 he BORIFI TR R 0K 57,
B TR 2RISR, AR 100 7
FiF, B 4 RER, BTG,
RS 25 C (12 000 Ix YRR 16 h)/20 C (1554
7% 8 h), N5 3 RIF IR G ITE S Ak 23,
14 d J5 5z BIFE /3 A RF- B D e = 5 R IR < R
MR FHKFEEFIER S ; 105 ‘CA&F 30 min, 65 C
PRI, S RPN E A S AT

Bk DP20 XJ Ll 5+ 4l i o f2 AR 1k . 1
FH1 10% NaClO 321 5 min, JCRE/K PRS2 T0k,
95%Z IR IBEAL 5 min, 20%Z B[ 7 min,
TEZEIRK PR S WG, fifhFIRTIa, IEE
2mL B0, BT 4 CRIEHKL 1 d)E, LH
KL, A RSB FD T RETE 1/2MS B3¢
B b, B AR BRI 16 h, BRE 8 hy
JGHREEN 12 000 1x. WREH 24 CHIBEYIAE K=
W OBEE 3 AL B, A ZbER . BB R FARSE 3.5 cm
Ak, M S uL DP20 2= VZ B (ODeoo 297K 0.5);
B I AbBR(PAREXT HR) . FE SR FART 3.5 em &b,
M 5 uL DP24 2K (ODeoo 2974 0.5); CH
A PR (TC T AKX B . KB R =R
12MS i 58, i 5 pL oK. Fabis
BRI AEE A 16 h, SIS 8 h, JEsmpE
12000 1x. JFE 24 CHIGFR RN N iELEK
14d, BRRAPEER 3 IR, FEiX—Bf L5 AT,
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7 BIFE A3 A7 R i fef 5 YA~ R i 32
RRAEE | AR B | #ks s TR B T XU
FTI R A TIO M, (] Camera Measure it
B KT & FMRTEE; 105 THRF 30 min, 65 C
PR, 430 R E BRI T
1.3 LT

F FH Microsoft Excel 2019 #2 F 4%, i H
SPSS 20.0 FEA7Hcda 3 Hr, Xk & BBIA T A& 2
F.OTEE. FRKE. ke, K MY
FRKE, TR, R, MRKE. REK
JE AT B DR 3R 7 25 93 B A IR /)N (B 3 22 15 (least-
significant difference, LSD)Z£ T H #(P<0.05).
il MEGA X # /K 7751 55 NCBI i H i
FHIE T A AT RS kB 4, R AR L
(neighbor-joining method)f4 i R F K BW, H @
{E (bootstrap) -y 1 000 ¥X .

2 BRS04

2.1 H# DP20 HIETE
2.1.1 HE ¥k DP20 IS FHH1E

Pk DP20 7 LB [E{A 552 54557 48 h J5 14
VK EARYN 2.85 mm, KRN, ok, Y
EEFLAA ., FARREYCIEIEAE & 1A).
PR DP20 2% [Q YL B SR 21 8, g > PR 1A
K/NH 1.99 umx0.568 um (& 1B), JCZF(El
10), 42 KR (&l 1D),

2.1.2 HEtk DP20 4 B4 L4t

W 1 iR, Hkk DP20 B2 il 5L 21 €6 fH
N 5 KR DP20 AN B2 7K A e by S WIS 1 g

o AR A U s Ny S BHE S 5 AT R | H B
A . FLBEVE AR IE

2.1.3 HE#k DP20 89 16S rRNA EE FFIH A%
it A i)

DP20 (GenBank % 3¢5 ON662321)1) 16S
rRNA L FHK A 1 442 bp, i NCBI £
e LU X AR Gk B A (1] 2), DP20 5 %4l
YEZ5 W R 18 (Enterobacter ludwigii) (IN700133.1)
1) 16S rRNA JE P 5 51 A0 L1 5 &, 35 )
99.72%. A GBI AFHREE A AL YE, B
W E DP20 A 154k 75 9 AT 18 (Enterobacter
ludwigii).

2.1.4 E#k DP20 RO K&

Bk DP20 A iy 4 ASmHH, BIA K
5 BRI | PR AR KRN 248 5 v 1
(1 3)o TEEEFRRT 2 h AR, ERiEE
BCAT B IR TP ARSI, R TR bR
AR NS, 2-8 h, WIEHEE . EHRAME
H, DHBEUSE K 7E 8-22 h DIPRR
JERIEHE, 76 22 h BATINE, ZEFRAIN
BRI IT R 2518 I 2230 h 38 5 B b 53
R, P T TG W BCR A ZHr BON FRAE K
W, MEI R TR B g I

B 1 =¥ DP20 MEMRESMEARBSNE  A: Wik DP20 L. B: H 2 [RALE T Fik DP20

MEIAIEE. C: 2P Mk DP20 IR IAIEZS.

Figure 1

D: i 55 F BAIE (20 000%)
Observation of strain morphology and morphology of strain DP20. A: Colony characteristics of

strain DP20. B: Morphology of strain DP20 under Gram staining. C: Morphology of strain DP20 under spore
staining. D: Morphology of strain DP20 by scanning electron microscope (20 000x).
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x1 HEFkDP20 EBEULER T PER, 56 h o ANRIER M 20 T R ODgoo

Table 1 Physiological and biochemical analysis of PIF I T Rt
the strain DP20

Test items Result itk DP20 7 pH 7.0-12.0 F NG ORIEEES S
Gram stain G~ ( 4B), H pH 7.0-10.0 B AR Bgscly, B
Methylred reaction * & pH THERMRAE K2 BIMH], AR ODgoo IR
Starch hydrolyze -

& pH 7.0>pH 8.0>pH 9.0>pH 10.0>pH 11.0>pH

Catalase test . 12.0; BEAh, 537 56 h 5, BEFRETE pH 7.0-10.0 &

Only carbon source tests KRR A RKEE S TR, 7 pH 11.0-12.0
Starch soluble AR AT TR AL P AR ODegoo HIARBL T REEH

Gelatin liquefaction -

Mlanniml i Fitk DP20 7€ 12-37 CA&M ARGk
Sa:::: i 2), £ 4 CH1 60 CA&MFHAAEK,
Saccharose + 2.3 %HE DP20 E"] 1;32‘-:#%1?5
+o BHVERS s —: BAYER 23.1 SHERENEE
+: Positive reaction; —: Negative reaction. *Eﬁi.’—ﬁj{ﬁl@%ﬁﬁﬁ%” %ﬁ,ﬁ;{ﬁ@éﬁﬁ 7. DP20 7]
2.2 Btk DP20 RO ARG R 75 L A FE%E M AR [ IGRBYIE . 9] DP20

TPk DP20 76 0-7%h WS PIRIER(R 2 HA7 M HLBERE S (1] 5). DP20 il DP24 Rk
FIE 4A), HAPTE 0-5%Eh e K- K 3 8B M 1.62 F111.50 (3 3). DP20 Fil DP24 4y
bR 7%ERM LN, MRTERE 3R 22 h AR K Y e plaE 4510 0.53. 1.07 mg/L,

Enterobacter ludwigii Cr26 (MW532701.1)
62| Enterobacter ludwigii Cr24 (MW530463.1)

|' Enterobacter ludwigii EMB2 (MN371799.1)
100

Enterobacter ludwigii 7D2C3 (MN371803.1)

Enterobacter ludwigii BR45 (OM103600.1)

— 38 Enterobacter ludwigii NO06 (MH169129.1)

39" Enterobacter ludwigii gall3041 (MW435509.1)

Enterobacter cloacae MS-27 (JQ038222.1)

DP20 (ON662321)
94 Enterobacter ludwigii L25 (IN700133.1)

—

0.001 0

2 E#k DP20 £TF 16S rRNA EEFINMEMARFZEAER  Khhi T 25 Mtk s LA LA
f) GenBank J¥4%5; 433 L %A bootstrap i, UF NP RAE—RAMER; b5 RACRIIEIL
Figure 2 Phylogenetic analysis of strain DP20 based on 16S rRNA gene sequence. The numbers of
corresponding strains and its GenBank accession numbers followed by Latin names; The numbers on the

branches are bootstrap values, which indicate the probability that the taxa are clustered together; The scale
represents base substitution.
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2751 F*2 HErkDP20 ifE. MWW ES. KRk
250 F eaaa Table 2  Salt-alkali tolerance and high and low
23(5) /A,A/"A temperature tolerance of strain DP20
1’7 s . /‘/‘ Test items Result
s 1:50 | 7 High low temperature ('C)
S 125} / 4 -
Loof £ 12 *
0.75 20 *
0.50 28 +
025} 37 .
A/l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 —_
0.00 60
0246 81012141618202224262830 Salt tolerance (%)
N ’
Culture time (h) 0 *

El3 Etk DP20 M4 sk ) i

Figure 3  Growth curve of the strain DP20. s N

232 EF#E ; .

DP20 7E A S FRAL PRI . K 10 -

RO RAF, R EA —Z B AR pH tolerance

233 4l 1AA £ o .

Y IAA RSP AS LR e i
B WL 3. W5 RS 30 min, A itk DP20, DP28 10.0 +
B R (B AR 2L, RT3 TAA Bg *
+
ap 2z ELLAY ANGVEY = )
- OD Sl DP20 . DP24 43 IAA

HbZ]\ 530 & Ao ] 3 = CRER 4 AR

509 30.81. 38.76 mg/L. —: No growth; +: Growth.

A 24r =0 —e—1% BT —@—pH7.0 —e—pHS.0
22 —a— 3% —v— 5% 2.0 | —&—pH9.0 —»—pHI10.0
20k —— 7% —e—pHII.0O —a—pHI12.0

. 1.8
1.8 I 1.6
Ler 1.4
14
g g 1.2

Q12F Q

Q QS 1.0
1.0 -
0s L 0.8
0’6 L 0.6
0.4 F 0.4
0.2 | 0.2
00 | I NN N N NN AN N SN S I S S — — 00 Z . d Pl U P P P NP I I U O NI S R |
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Figure 4 Growth of the strain DP20 under different salt concentrations (A) and different pH value (B).
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Figure 5 The ability of strain DP20 to secrete
siderophore and dissolve organic phosphorus. A:
Colony morphology of strain DP20 inoculated in
solid medium with bromocresol purple as indicator.

B: Colony morphology of strain DP20 inoculated on
Monkina solid medium.

ME LR

Table 3 Results of phosphate solubilization and secretion of IAA, organic acids and siderophores by DP20

and DP24
Treatment item Strain
DP20 DP24
Observation measurement Solubility index 1.62+0.02 1.50+0.387"
1AA Pink Pink
D/d value 1.61+0.06 1.70+0.26
Organic acid index 3.76+0.14 2.58+0.3721
Quantitative measurement Phosphate-solubilizing ability (mg/L) 0.53 1.07%1
TAA (mg/L) 30.81 38.76
Siderophores (%) 67.67 47.77
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Figure 6 The growth indexes of Lespedeza daurica seedlings was affected by strain DP20. A: Effects of
sterile water, strain DP20 and strain DP24 on germination rate of Lespedeza davurica seedings. B: Effects of
sterile water, strain DP20 and strain DP24 on fresh weight of Lespedeza davurica seedlings. C: Effects of sterile
water, strain DP20 and strain DP24 on dry weight of Lespedeza davurica seedlings. D: Effects of sterile water,
strain DP20 and strain DP24 on plant acid height of Lespedeza davurica seedlings. E: Effects of sterile water,

strain DP20 and strain DP24 on the length of taproot of Lespedeza davurica seedlings. F: Effects of sterile
water, strain DP20 and strain DP24 on seedling length of Lespedeza davurica.
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Figure 7 The growth indexes of Arabidopsis thalina seedlings was affected by strain DP20. A: Effects of
sterile water, strain DP20 and strain DP24 on the length of taproot of Arabidopsis thaliana seedings. B:
Effects of sterile water, strain DP20 and strain DP24 on fresh weight of Arabidopsis thaliana seedlings. C:
Effects of sterile water, strain DP20 and strain DP24 on dry weight of Arabidopsis thaliana seedlings. D:
Effects of sterile water, strain DP20 and strain DP24 on the diameter of main root of Arabidopsis thaliana
seedlings. E: Effects of sterile water, strain DP20 and strain DP24 on lateral root length of taproot of

Arabidopsis thaliana seedlings. F: Effects of sterile water, strain DP20 and strain DP24 on length of root hair
of Arabidopsis thaliana seedlings.
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Figure 8 The root structure of Arabidopsis thalina seedlings was affected by strain DP20. A1, A2, A3: Root
structure of Arabidopsis thaliana seedlings in control. B1, B2, B3: Root structure of Arabidopsis thaliana
seedlings inoculated with strain DP20. C1, C2, C3: Root structure of Arabidopsis thaliana seedlings inoculated
with strain DP24. D: Growth status of Arabidopsis seedlings under different treatments.
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