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(B8] AR BT BN EMEH FHATET, NP HLEBEA S IRAEDRGBR, HE
LBANERTRAOTZARARESE . [Fik] @348 F RE 3R A2 R B4 RE L3260 A
A AT B, BARE B A SHFAER 16S IRNA 2B 52 N5 st AT H AL R ALRE o
M, mEINARGE R, B8, FH4EIR. 5% LB (indole-3-acetic acid, TAA)X 4 FL A o 48
AT, [ER) R a#tk. £, ot 3AAR T LS FFE 168N A MY, Aoks L)
BF31M4RS58 6416 &, H+ FHH BBacillus) & 55.95%, % 3 7a4FH /& (Paenibacillus)
£ 19.05%, AR EE; RRAS S BN A MEREEFHEYARI £F, RIAHHRIF>L 3R>
rHER A BN A P ikl 95 ARER Bl RAE A, 76 ARELA IEERRE ), 23 MRELA R Ak EAR A
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Isolation, identification, and plant growth-promoting effect
characterization of endophytic bacteria from Huperzia serrata

WU Xiaodong', FAN Cunzhong', ZHANG Zhibin', YAN Riming!, ZHU Du'?, YANG Huilin"

1 Jiangxi Province Key Laboratory of Biodiversity Conservation and Bioresource Utilization, College of Life
Sciences, Jiangxi Normal University, Nanchang 330022, Jiangxi, China

2 Key Laboratory of Bioprocess Engineering of Jiangxi Province, College of Life Sciences, Jiangxi Science and
Technology Normal University, Nanchang 330013, Jiangxi, China

Abstract: [Background] Endophytic bacteria isolated from plants can produce a variety of
active substances, which can promote the growth and development of host plants. However,
there are few reports on the isolation and plant growth-promoting effects of endophytic bacteria
from the rare wild medicinal plant Huperzia serrata. [Objective] To isolate and identify the
endophytic bacteria from H. serrata, and screen out the strains with a variety of plant
growth-promoting effects, thus providing a reference for the development and utilization of the
endophytic bacterial resources of this plant. [Methods] The endophytic bacteria from different
tissue samples of H. serrata were isolated by different media, and then the strain identification
and phylogenetic analysis were carried out according to the colony morphological
characteristics and 16S rRNA sequence alignment. Finally, the plant growth-promoting effects
of the strains, including nitrogen fixation, phosphorus solubilization, siderophore production,
and indole-3-acetic acid (IAA) production, were measured. [Results] A total of 168 strains of
endophytic bacteria were isolated from the roots, stems, and leaves of H. serrata, belonging to
16 genera, 6 families, 5 orders, 4 classes of 3 phyla. Bacillus (strains accounting for 55.95%)
and Paenibacillus (19.05%) were the dominant genera. The number and species of endophytic
bacteria isolated from different tissue samples were significantly different, following the trend
of root>stem>leaf. Among the 168 strains, 95, 76, 23, and 81 strains were capable of fixing
nitrogen, solubilizing phosphorus, producing siderophores, and producing IAA, respectively.
[Conclusion] The endophytic bacteria isolated from H. serrata have high diversity and can
promote plant growth, and their distribution presents obvious tissue specificity. A number of
strains with excellent plant growth-promoting effects have been obtained, providing new strain
materials for the development of microbial fertilizers and laying a foundation for the
development and utilization of endophytic bacterial resources of H. serrata.

Keywords: Huperzia serrata; endophytic bacteria; isolation and identification; plant
growth-promoting effect

I & 1 ¥ (Huperzia serrata), X4 T2 ERWKETTAZ, REREREEAFIHRITFERT
¥ &AM, A ba H(Lycopodiales) A A28 Hifh . BRI . HE TR . WA RO A
(Huperiaceae) 1 #2 J@ (Huperzia) 2 - A i 254 /4S50, 20 T2t 70 4548, A 0F5E & B
P AR E S TR ARG TR A (huperzine A, HupA)X| 2 ik
FRER B X P, 1 hfegih sy, e a IHBEREE A E R RIE R, I R IE B IE S
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ATAZHE F XA T B R LG 7 R BT R 2 i R s
ARG, ARk, B E KR A M
B, AfTmas 7 xiie e A2k SFH, SR
M, WK EAWE, RE 5L R
Hzd K, HAREIEIEZER A M F
AR A K G218 . BT M A A7 IR B 55
AFHEER, RBOLREaEEZP,

FE ) N 4= T (endophyte) J2 $8 AR L8 78 HHK 43
B ER A G S TR AN TR A M LA NS, T
AN TG AP 200 B I A TR AE Y A T B
W R R, MY oy B AR R N A
B A Z M 2 HE TS BT, IF HRE e
#EE FEWARK LT, fEEZE SR A
W B BRI A EYY . 7E 25 F AR P9 A R
o, ZFE R B & (Bacillus) . B i R
(Pseudomonas) . £ 4 . Jifg 14 J& (Cellulomonas)
¥ £ #F I J& (Clavibacter) . %1 /N ®i J&
(Curtobacterium) F1 7% 7]\ #F B J& (Microbacterium)
IR H UL A A B RE T N A A BT, X e Py
AT T3 A A P R AR R R R R
. BRI R R R L A
R EHRFREHEY R, N E
R FHED LR KB, kRENINR S B
A AE RN b o3 8 — bR P A A R R e AR
/R G B (Burkholderia gladioli) Fse32, HXZFh
YIRS AIRIER, I HEA ZRME AT
PE, B AL KRR & SR AR ]
B MU 24 F A 4 1 A (Atractylodes  macrocephala
Koidz)F1 53 B3R5 4 RRPVAAATR, e T AL
RAEAERRE, FFIuE T H R BB AR . M
TR F ORI A B 2 AR 2B VE . BB R AT
FHAS [R]85 57 5 D\ 24 8 9 AR 9 L2 3% (Ocimum
basilicum L.)H 73 85715 2] 2k B A A [F] 42 4 1)
RERI AT, Hrb 2 {24 Dhae il B kR
KR R % I 2 8 B K RS A 1 FOK AR AR
Ko B, A2 HHEY o 8 2 S A S e
WA IR — ST 28, TEAR L 5 B8 24 45
W HA BRI LT -

FURT, XF g 247 A2 N AR T RIS R 22 40
S b T AR BB LR G 5 N,
KT WA ATE AU BT A o U, X
LS BIF 00 = T W 2 A A2 T A R 1) A S
SO D TR A 5 A, IR ORI ST X L AR
AR XA RIS AR T o R, F R e A
F2 9 A Al i i A T TS TR ST 80 . AR
MG FHRLI I A ATAZ o3 B N AR AN T O A 7 2
SE, VWG AT SR A BT A alitly, JF
RS PN AR AR 9 4 FPOEAERE ST, MR E th AT
fe LRI RRRR , DU R BRI E IR,
25 TF A PG A2 A AZ A A T 5 DR S i

R

1.1 #m

e A A REMRFEA T 2023 4F 7 A T AR 4E
H WA TR PR BG83 RS
AR JG ST 2 AR LS ARIR R A, A [E]
SegeE Ja sr RV BE T R T R S N AR
1.2 EFE. TERFIUEE

LB 557758 ki 0= M A V735 57 e (brain-heart
infusion broth medium, BHI) . i £} 4 Jif 4%
WiRE IR 5L (yeast extract peptone dextrose medium,
YPD). i [K—5 85573 ] Ashby LA IR,
TS EARGRAE,; e MmIBs;
FrAEFNGE B A ML IR AL, T ARl A Ak
P ARABRAF]; CAS Kl E5 77552 SCHR[19]
Fic il ; Modified King B Jo4k5 773 (MKB, g/L):
& 5.0, K:HPOs7H,O 2.5, MgSO4-7H,0
2.5, Hih 15.0 mL, pH 7.2; Salkowski ‘i {0
S SCHR201BC ] o Lt e, b RThr T A4k
Bz et A BR 2 w5 | W £ 2 (indole-3-acetic
acid, TAA)PRIES, AHTAZERZ] DNA $REGAH]
&, A RFEERFEAMRA A 2xTag PCR
Master Mix Flili 514 27F . 1492R, A T/4E9)
TR A R F

7K, SHIMADZU 24+ ; HahKH
iy, HIRAYAMA Awdl; % TAES, %L
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BESHAGRAA; HRRS G, KTk
SRR A F; BAERSE IR, REth%
WA IR A BEsE 0L, A TAY
TR A BRA T, PCR UFIEE R B 5
¥, Bio-RadZyw]; HEUK{Y, Life Technologies 2y
Al BRI, SER AR A RAF
1.3 tEYALREES

T AT I R A A2 A YA A A T R TR K T Ak
. e ARK R Mk, DL BAEY R0
2+, FH 75%C AP 3 min, JCREKIETE
J5 FH 1%R A IRAL PR 5 min, )5 G ZE K
Yk 45 3 DABRZoAR B o BGE e — ik
KA1 LB, BHI. YPD HlfE [K—5 4 A A
23 A SR F TR, W R
PR Y B0 3R T B2 SIS o
1.4 AEWEERNS B4

ST ZNAb R 2 RN HE G A A2, AR
MZEHILE AR 0.5 em &K, BH - PI AL
0.5 c® K/N T b |, 4 AR T 4 FPAS[H]
[ 1A B 9% 22(LB. BHI., YPD M&EK—5),
37 °CHEFE, BRI S Al 4l 48 )
R TE ARG . R TE AR K B — 8 F
Joi . PREUAS [R) T8 25 45 A0E 1Y B 58 V% 08 17 4k 5%
35, EREMEEEHITRIIE, HERSMRF
Yo SR G 4% RO [R) 43 B e 43 B 0 %of 44k
Je BRI TS o 4 5 45 3] A A [R] P A 20 B R R
A E LB BARRHERE T 4 cCREIRAE, 5k
Tl B 25% A H- 70 2 72 T —80 °CK AR A7 .
1.5 EWEESRZLAESHN

KA AN 240 DNA 2 BGR 7 & 4L B
R DNA, fifi HIEAZ A 16S rRNA F& K A £
SERESE S 27F (5-AGAGTTTGATCCTG
GCTCAG-3")F1 1492R (5'-GGTTACCTTGTTAC
GACTT-3")ii17 PCR ¥ 4, PCR W {ARZR(50 puL):
2xTag PCR Master Mix 25 uL, . FiE5l4)
(10 pmol/L)% 1 pL. DNA #i#z 1 pL, ddH,O
22 uL. PCR W 25fF: 94 °C 5min; 94°C 30s,
55 °C 30 s, 72 °C 1 min, 35 &KAEFR; 72 °C

10 min. it 1% BRSNS EERE B Uk K2l PCR
PRI R B BERNA R, R BER/NIERf . 4%
iy B e ELIE B B FE s AR T AR TR (TR )
By A RS /l JEAT I o o AR I 45
NCBI #11#) BLAST # %5 GenBank £ 4 2 7 i1y
CHUF AN AT IR 5347, 12 MEGA 11 #X
LA neighbour-joining JEMHRFE L EW, I
FIAAEL T H vBOT X HAM LB, DIt g
A A 20 TR 1) 43 2 b Ao
1.6 EHRIREFF RN
1.6.1 [EZEEIHIRN

52 SCRR[22] B9 7 1 X5 43 15 HE 1R P9 A 40 TR
PEAT R . B AR LT I P RREE AN B LB W
AgEFRIE, 37 °C. 180 r/min #5355 1 d J5H&kM
2904 P B U TR B VR HE A B K Ashby TR IG5+
FP SR 3-4 do QR IR R IR AL AR E MU
JEHYE, RUNZE R RS B A R TT. HHA
RBEJI IR RREE AN AE [ Ashby TERIEFR4E L
HEELHAT 3 AR TR, AR 3 ARG
AT SR BE A5 A 4 B n] TA i i ik HL A B 1Y ]
REETT -
1.6.2  BHEEE A9

22 5K R AU VRN SE I O ik i T N AR
Y TR 0 VA W RE A - R A R K N AR AN
PR RRF R T 52 4 IR O ML FN 5% 4 5 HLA3 ] 4
BRARSL, 37 CCHIEREFE S d WEREA BT
Tl P 1% 30 ) W T o A 7 LA W G LR
B HLBERIRE 15 W A R B (D) S RV E
Z(d), R4k D/d By HAE /NI 25 T T B Rk 1
BESR -
1.6.3  FEEREIARE YA

SE ARSI g 4y B A5 2 1% P9 AR 20 TR T AR
SERF LB BRI |, F 37 °CARM T H
2d. TEKEE CAS K52 50851 2 40 °C A2
A, F A BEAEAFAR 10 mL {5 A LB [ {48s
FRHEH, GCE 1 h S SRR AR VR L
A e o e, A B, TR A
Wiz AR AT TR I RE T
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SE AT, M AREERN T LB AR5
3 b, 37 °CHiFR 12 d JRHET MKB AR 57
v, 37°C, 180 r/min }%3% 2 d J5 8 000 r/min
B0 5 min /58] FIEW . BRI E I CAS
B2 1:1 AR A, IRAIHE 1 h 5K
H 630 nm AWOEIE Al S EBUREEFI) MKB i)
R TR 2 (X IR SR RRR I8 10 58
HWSCHEEAE IS HAE Ao TRIBRERERAR G LR 1Y)
FHEAL N U=(A-A)/Arx100%.

1.6.4 = IAA RE B9

2 B JR 25 LSS 2N i 61 T 7 TAA B RERY
SETEARIN . K TS ALIS N A AN TR 2R T LB R
R FE IR AN 200 mg/L B L-f8 % R,
37 °C. 180 r/min %55 2 d, fx)o 8 000 r/min
20 5 min 58] B3 . DL 50 mg/L TAA FrifE
WAE N BHPEXT IR, DURIER M LB WA 573k
(A 200 mg/L /Y L- (A Z08R) R B PEXT R, HUk
PS5 1 B A e B Bt LA, IR A
ANZERY Salkowski B (I T B AN . B
0 B B A B A I HLRE RO 257 30 min, A
B e, WRZEREER 4 IAA,

FE SR FCHIR AR 0. 10, 20,
30, 40, 50, 60, 70, 80, 90 #l 100 ug/mL [
PRV, FFHAFR I 1:1 5 Salkowski i {47/
RA, FIRBECHUE 30 min, PAZEMKNZH
XTHE, 530 nm A WRSEAE, B bRiEIZR
BB b AR TR AR I 3 R e R R ) Tk R A T i
@, DIREERI LB AR SRS 200 mg/L
() L- {0 2R A %S I IR, I 530 nm 4B
JEAE, MR AR M T B N R AR TAA P
1.7 BIELES S

FIF Excel 2019, SPSS 20 445k 7
SIRTRIRE R, IR EE S A AR

2 HZR5M

21 WEAVALEHENIBETLER
Mg R AR 25 1 3 R SRS
T2 168 RAZEANER, A5 AIE L A AZ GRS

S E MR 4 5 8 HsRFO1-HsRF78, Mg
RARZEFAN BN EKR S H
HsSFO1-HsSF47, Mg 2 A 2441505 H
B TE Ak 9w 5y HSLEO1—HsLF43 , 3 3 524 0
BT HEYHF S EME LR, SRER,
WA NAEMEESEFEHET 314 %
5 H 6% 16 J&. HHAZEHAT /& (Bacillus) 94 &
h7 55.95%, ZEZEAUAT )R (Paenibacillus) 32 #
19.05%, MRHEE; Mo, FHARWE RN
BRI N . IT - AT B & (Peribacillus) 7 #,
1B 2 AT 4 )8 (Neobacillus) 6 ¥k, 2 )&
(Pantoea) 5 ¥k, 75 [CHTI# J& (Shouchel | a) Filii
AR EEAT B (Lysnibacillus) 4 ., Yk ZE5
FF 14 J& (Cytobacillus) 1 52 5 111 [G 14 J& (Klebsiella)
3 Kk, JEZEFT R (Brevibacillus), ¥ HLITRR G
& J& (Priestia) ) g 12 ZF H0 4T 1 J& (Psychrobacillus)
% 2 ¥k, JofFTHE (Achromobacter) . {782
R 5 [% B J& (Burkholderia) . £ 2 #1 4T i )&
(Fictibacillus) A /|» 5. 71 [ J& (Micromonospora)
S LR, NSRS .
22 AERPERZELAESH

oy BB 168 R 2 A A2 N AR Al B
16S rRNA H:HM 7455 GenBank £ #is /4 H
E A FSEFT BLAST X, T3k HRAMMIHE
Bk IR 16S rRNA L 10 5 25 R A2 5 F K
AR R B0 0 (NMDC) B A R 6 97 B g
H, DURIST SIS SRS . niz F MEGA 11 3K
X T A5 TR PR B AR BT AR AT R G R B 40 b
(B 1) MG RS R B IILESRH E R
23 ARBLEREHEERESTHES T

WK 2 fos, e R ARSNGB
S N A AN BB SRR 22 5. AR AL
LB N A 4 E A 78 FR(HsRFO1-HsRF78),
KET 12 ANEE, KA 2EamrEE 41 s
52.56%)FIZSZEAT R R 18 BR(:H 23.08%) A1k
PR E, AL, R ZF T 1 & (Lysinibacillus)
4 ¥k, AR EE (Brevibacillus) 2 #k. ThEF
FFFRE 1 AR S NRSLTR S 1 bR, AR
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Genus
B Bacillus B Psychrobaciilus
Paenibacillus '~ Brevibacillus

B Peribacillus ™ Cytobacillus
Neobacillus Lysinibacillus

B Fictibacillus W Priestia

Shouchella B Pantoea

[ Micromonospora

B Klebsiella
Achromobacter

B Burkholderia

flumii
DCNODO4GN4)
_ﬁﬁf«a‘:ﬂm ucicolens strain R-46658 (NR11T613.1)

1 WEAZREMEET 16S rRNA EEFFHENRELEN HONFSHFIERS: 7o
R ERYEEERIR 1000 WE S SR HIRY A RE{E.

Figure 1 The phylogenetic tree constructed by endophytic bacteria of H. serrata based on 16S rRNA gene
sequences. The sequence number in parentheses is the serial accession number; The number on the branch
point indicates bootstrap values obtained after 1 000 replicates.
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The number of endophytic bacterial strains
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T

Root Stem

Genus
Micromonospora

W Fictibacillus

B Cyrobacillus

W Burkholderia
Achromobacter

W Psychrobacillus
Priestia

W Brevibacillus
Klebsiella

W Lysinibacillus
Shouchella

W Pantoea
Neobacillus

B Peribacillus
Paenibacillus

W Bacillus

Leaf

2 WEAEAEEABUIBNERATHRERERS |

Figure 2 The number and genus distribution of endophytic bacteria isolated from different tissue parts of H.

serrata.

ST EA WEE ;. DZEIRALSU 43 i 1 oy A= 4
WA 47 tR(HsSFO1-HsSF47), #JET 10 P
J&, HP AT EE 27 MRS 57.45%)FI2K2E 4
Fre g 6 BR(d 12.77%) it wi)E, 1o, »
FREE 3 Bk, LOMFRIE 1 AR & 7R
TEIREE 1 Bk, WML E R a wE;
M A A b BN AWM AE 43 B
(HSLFO1-HsLF43), g T 9 1 iEE, Hi
FIAFER 26 BR(E 60.47%)FIZE2E AT 8 4k
(5 18.60%) WAL IE, 1&A MIHL B kr
B E . e e A A2 [A] 2H 234325 1 PN A 40 TR P
AR SRR AAEH B 25, WRI IR
> ZE >0
24 NEMERESFESH
241 BER&RsENTH

X 168 PRINA AN bR EAT I fLIS , R
FEFPF Ashby TCRIEFRILH T LSS IR . KigRgs
FW, B 95 FREEMETE Ashby [EI{AS;FRAL B
K, BAEMEEBEERENGE VD, SEREKE
[ 56.55%. iX 95tk s> IE T 14 A H g, Hp2E
FEAT e (Bacillus) FIZE ZE A AT 14 & (Paenibacillus)

AR, ARG 43 BR(S H 45.26%)F1 24 B
(P H 25.26%) £ 5 ZURE T 7 THI 22 PR I TR PR
H 4k, 4394 HsRF12, HsRF70. HsRF71 %
HsSF13, B 1¥EEISTE Ashby B {&RE 75 B A
e HARCON B B A TR T
2.4.2 BABigE I

A 1 5% 4 R TG MLl RAT BB 1 A 8% 3 e i
TR BERE IR ARG, 255 R 168 B
IR A NANE T, A 33 BRI (19.64%) 80
W ICHLEE, A 60 BRE(35.71%)RES 14 it A HL
B, o 17 BRTE (10.12%) BE REAS 7 A JCHLIE
N REHE VA A DL o R 43 TR R A A L
PR AR 3A Frs . L I 5 H AR
D 5@ HE d, FitH A D/d Wi H Wi
PRIGHERE T RYRES, 4R ILE 2. 781X S Bk
W, U JCHLEE RE T B O B B A HsLF10, H
D/d FLfE R 1.673, HWKAFH 2 #RiE LB RE
AESR A TH Mk HsSFO2 Fl HsSF03, JF D/d HLfE 4>
R 1.659 F1 1.662; A HLBERE J1 o 1) T Ak
5 HsSF36, J D/d il 2.118, HUOZ b
HsLF39, H D/d FW{EM 1.959. 7£ 76 tRE A%
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Table 1 Nitrogen fixation of endophytic bacterial strains

Strain Genus Nitrogen | Strain Genus Nitrogen | Strain Genus Nitrogen
fixation fixation fixation
HsRF01 Bacillus ++ HsRF58  Bacillus + HsSF36  Pantoea +
HsRF02 Bacillus + HsRF59  Lysinibacillus  + HsSF38  Pantoea +
HsRF06 Bacillus + HsRF62  Paenibacillus ++ HsSF39  Paenibacillus +
HsRF08 Bacillus + HsRF63  Shouchella + HsSF40  Achromobacter +
HsRF12 Neobacillus +4++ HsRF65  Bacillus ++ HsSF42  Burkholderia +
HsRF14 Bacillus + HsRF66  Priestia + HsSF43  Bacillus +
HsRF16 Bacillus + HsRF67  Bacillus + HsSF44  Bacillus +
HsRF18 Paenibacillus ++ HsRF70  Paenibacillus +++ HsSF46  Klebsiella ++
HsRF19 Fictibacillus + HsRF71 Brevibacillus +++ HsLF03 Bacillus ++
HsRF21 Bacillus ++ HsRF72  Pantoea ++ HsLF04  Paenibacillus +
HsRF22 Bacillus + HsRF73  Paenibacillus ++ HsLF05 Bacillus ++
HsRF27 Bacillus + HsRF76  Paenibacillus + HsLF07  Bacillus
HsRF29 Paenibacillus ++ HsRF77  Paenibacillus ++ HsLF08 Bacillus
HsRF30 Bacillus ++ HsSFO01 Bacillus + HsLF09  Shouchella
HsRF34 Bacillus + HsSF06  Bacillus + HsLF10 Peribacillus
HsRF35 Bacillus + HsSF09  Bacillus ++ HsLF15 Paenibacillus ++
HsRF36 Bacillus + HsSF10  Shouchella + HsLF23  Bacillus ++
HsRF37 Bacillus ++ HsSF12 Peribacillus + HsLF25 Bacillus +
HsRF38 Bacillus ++ HsSF13  Neobacillus +++ HsLF28  Paenibacillus
HsRF40 Paenibacillus ++ HsSF14 Priestia + HsLF29 Paenibacillus ++
HsRF43 Bacillus ++ HsSF18  Bacillus ++ HsLF30 Pantoea ++
HsRF44 Bacillus + HsSF19 Paenibacillus ++ HsLF31 Pantoea +
HsRF45 Peribacillus + HsSF20  Paenibacillus ++ HsLF32 Bacillus
HsRF46 Psychrobacillus ++ HsSF21 Paenibacillus ++ HsLF33 Bacillus
HsRF48 Brevibacillus ++ HsSF24  Bacillus ++ HsLF34 Bacillus ++
HsRF49  Paenibacillus + HsSF28  Bacillus + HsLF35 Bacillus ++
HsRF50 Cytobacillus ++ HsSF29  Bacillus + HsLF36  Paenibacillus +
HsRF52  Paenibacillus ++ HsSF30  Bacillus ++ HsLF40 Psychrobacillus ++
HsRF53  Paenibacillus ++ HsSF31 Priestia + HsLF41  Neobacillus ++
HsRF54  Paenibacillus ++ HsSF32  Paenibacillus + HsLF42 Bacillus +
HsRF55  Paenibacillus ++ HsSF33 Bacillus ++ HsLF43  Paenibacillus +
HsRF57 Lysinibacillus ++ HsSF35 Bacillus ++

s AERRIAE,; ++ ARKPE; +. AKREHE.

+++: Growth is very obvious; ++: Growth is obvious; +: Growth is relatively obvious.

BEfE W m ks, HIE TRFRTERE B, ol s iz wE (Pantoea) Bk 4>
(Paenibacillus) itk Z , H 26 #(34.21%), H  #EAAEFREE B9 BAE S gEaE J, Hp
UK 2T 1 (Bacil lus) A 22 #£(28.95%), %P FEkE HsSF36 MYVA MLBERE J1 & T A TR Ak Hh 5k
X2 N E I R T RE 1 TR A ), TRl R IR E B R e A R
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Figure 3 Qualitative detection of different growth-promoting effects of endophytic bacteria isolated from
H. serrata. A: phosphorus solubilization; B: Siderophore production; C: IAA production.
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Table 3 Determination of siderophore production capacity of endophytic bacteria stains

Strain Genus Siderophore synthesis rate || Strain Genus Siderophore synthesis rate

Su (%) Su (%)
HsRFO03 Bacillus 44.59+0.20g HsRF51 Bacillus 11.77+£0.13k
HsRF10 Paenibacillus 6.41+0.211 HsSF02 Bacillus 77.01+£1.29a
HsRF14 Bacillus 70.23+0.08d HsSF28 Bacillus 19.30+0.85j
HsRF19 Fictibacillus 23.71+0.16i HsSF38 Pantoea 24.54+0.24i
HsRF20 Bacillus 72.19+0.13c¢ HsSF39 Paenibacillus 52.30+0.32f
HsRF26 Bacillus 1.57+0.21mn HsSF42 Burkholderia 2.494+0.17m
HsRF27 Bacillus 73.59+0.55bc HsSF44 Bacillus 74.49+0.22b
HsRF28 Bacillus 69.46+0.24d HsSF46 Klebsiella 43.79+0.24¢
HsRF32 Bacillus 63.07+0.34¢ HsLF19 Bacillus 73.52+0.94bc
HsRF42 Paenibacillus 0.36+0.02n HsLF39 Paenibacillus 39.24+0.47h
HsRF46 Psychrobacillus 10.59+0.56k HsLF40 Psychrobacillus 70.42+0.25d
HsRF438 Brevibacillus 2.64+0.23m

x4 NEBEEEKBIVRCEERE
Table 4 Indole-3-acetic acid (IAA) production capacity assay of endophytic bacterial strains

Strain Genus IAA yield Strain Genus IAA yield | Strain Genus 1AA yield
(mg/L) (mg/L) (mg/L)

HsRF01 Bacillus 5.25+0.12 | HsRF59 Lysinibacillus 9.01+£0.50 |HsSF32 Paenibacillus 5.71+0.14
HsRF05 Bacillus 4.85+0.09 |HsRF61 Peribacillus 12.15+0.15 | HsSF35 Bacillus 9.56+0.03
HsRF09 Bacillus 8.76+0.14 | HsRF63 Shouchella 11.37+0.53 |HsSF36 Pantoea 9.84+0.54
HsRF10 Paenibacillus 10.05+0.14 |HsRF64 Bacillus 5.69+0.11 | HsSF38 Pantoea 4.53+£0.03
HsRF14 Bacillus 7.69+0.06 |HsRF65 Bacillus 7.01+0.65 | HsSF39 Paenibacillus 5.29+0.35
HsRF15 Bacillus 6.51+£0.52 | HsRF66 Peribacillus 7.04+0.14 | HsSF40 Achromobacter 6.45+0.14
HsRF16 Bacillus 8.76+0.34 | HsRF67 Bacillus 4.21+0.11 | HsSF44 Bacillus 8.15+0.15
HsRF18 Paenibacillus  8.57+0.18 | HsRF68 Lysinibacillus 8.91+0.27 | HsSF45 Klebsiella 6.47+0.27
HsRF19 Fictibacillus 8.53+0.07 | HsRF69 Bacillus 11.44+0.78 | HsLF06 Bacillus 7.60+0.24
HsRF20 Bacillus 6.91+0.12 | HsRF70 Paenibacillus 5.06+0.11 |HsSLF07 Bacillus 10.93£1.20
HsRF24 Bacillus 9.27+0.17 | HsRF71 Brevibacillus 9.48+0.26 |HSLF10 Peribacillus 9.94+0.24
HsRF25 Bacillus 5.50+0.12 | HsRF72 Pantoea 9.67+0.61 |HsLF11 Bacillus 10.22+1.20
HsRF27 Bacillus 6.2840.23 | HsRF73 Paenibacillus 13.37+0.78 | HsLF12 Bacillus 6.03+£0.17
HsRF29 Paenibacillus  7.62+0.20 | HsRF76 Paenibacillus 9.94+0.49 |HsLF13 Bacillus 9.6340.50
HsRF32 Bacillus 5.01+0.10 | HsRF78 Paenibacillus 8.53+0.35 |HsLF15 Paenibacillus 6.42+0.14
HsRF35 Bacillus 5.62+0.42 | HsSF05 Neobacillus 7.08+0.22 |HsLF16 Bacillus 8.30+0.20
HsRF36 Bacillus 4.05+0.09 |HsSF06 Bacillus 3.42+0.14 |HsLF17 Bacillus 7.02+0.48
HsRF37 Bacillus 11.90£1.13 | HsSF07 Bacillus 8.09+0.11 |HsLF18 Bacillus 7.77£0.33
HsRF40 Paenibacillus 11.14+0.12 |HsSF09 Bacillus 8.02+0.26 |HsLF22 Bacillus 7.08+0.84
HsRF42 Paenibacillus  9.35+0.56 |HsSF10 Shouchella 4.55+0.73 |HsLF23 Bacillus 7.37+0.12
HsRF43 Bacillus 8.61+0.45 | HsSF13 Neobacillus 5.01+0.06 | HsLF28 Paenibacillus 9.79+0.35
HsRF44 Bacillus 5.20+0.22 | HsSF16 Neobacillus 5.73£1.08 |HsLF30 Pantoea 4.22+0.34
HsRF45 Peribacillus 9.79+0.20 |HsSF19 Paenibacillus 4.13+0.42 |HsLF31 Pantoea 6.11£0.09
HsRF49 Paenibacillus  7.31+0.13 |HsSF21 Paenibacillus 12.05+0.48 | HsLF33 Bacillus 5.58+0.15
HsRF52 Paenibacillus 13.39+0.32 |HsSF27 Bacillus 8.13+0.18 |HsLF36 Paenibacillus 6.09+0.30
HsRF57 Lysinibacillus 16.03+0.69 |HsSF30 Bacillus 6.26+0.21 |HsLF37 Neobacillus 5.92+0.15
HsRF58 Bacillus 8.36+0.92 | HsSF31 Priestia 3.50+0.38 |HsLF43 Paenibacillus 8.21+0.15
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. Ak SRR B T E LB IME .
SR T IR 1E HR A AR R I AR A A2 B A e R A
WA RN A B, EHAEMUTN T )28
B 142 RRINAEANEE, FEPImES] | PRee
PR A AT B TR A RSB 2 AR AR v B
IR ECH (Kluyvera sp.) S1026, HB4, AHF5Y
43 B AR AR A RE e A S e R e
SR AR R SR TG P o, X Tt —
HWFIE . B2, X R A AL 0 B AR AT
AV 2 ESTATH— L IZ RO 5T iy

4 Zik

AT R AR 25 3 Fh D
oy B35 168 MRINAEANTE, EA2% FIH)E
F3011445 Ho6# 168, HiZEMitEE
(Bacillus) i 55.95%, ZEZEHUfT )& (Paenibacillus)
17 19.05%, NILHEE; ARHS BN
MW E SMEAIEES, RAAR
BR>ZE ARSI 5 DA B A5 B Y N A 4H B P ) 2P
i et ELA B RE TR DA PR 95 Bk, HA Vi ERE
MITERE 76 tk, HA T EREIRBE I TR 23 Bk,
HA™ TAA REJIRTERE 81 &, [RIBTHAT 2 Fhak
Z A A BB T TR PR 89 Bk

(GRS

SRR : I RIRBE, SRR
i, BRSRIGT, SRECRAHT, SRR
B R A SR BT, Sk
AL s SRR B 9RO RO AR
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