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Endophytic bacteria from Euphorbia humifusa: diversity,
antagonism and growth-promoting activities
Gaoshaer-Kayierhali Raziye-Memettursun  Zulfiya-Yunus’

College of Life Sciences and Technology, Xinjiang University, Urumgi, Xinjiang 830046, China

Abstract: [Background] Plant endophytic bacteria not only inhibit the infection of pathogens on plants,
but also promote plant growth. Screening the antagonistic and growth-promoting endophytic bacteria can
provide a theoretical basis for the development of microbial fertilizers. [Objective] Screen superior
antagonistic and growth-promoting bacteria resource from plant endophytic bacteria. [Methods] Four
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kinds of isolation media were used to isolate endophytic bacteria from Euphorbia humifusa, colony
morphological characteristics were combined with 16S rRNA gene sequence analysis to identify the
classification of endophytic bacteria. The antagonistic activity of endophytic bacteria on three pathogenic
fungi, Rhizoctonia solani, Fusarium graminearum, Bipolaris maydis, was tested by plate confrontation
method. Through nitrogen fixation, phosphate solubilization, production of indole acetic acid (IAA) and
synthesize siderophore capacity to evaluate the growth-promoting potential of endophytic bacteria in
Euphorbia humifusa. [Results] A total of 133 endophytic bacteria were isolated, which belonged to
4 phyla, 5 classes, 8 orders, 13 families, and 25 genera. Proteobacteria was dominant phylum (52.63%),
Bacillus was dominant genus (15.79%). Eight strains are found to be similar less than 98.65%, may be
potential new species. The result of antagonistic activity showed that 22 endophytic bacteria had different
antagonistic activity. Among them, strains DHL56, DHN17, DHP3 and DHPS8 against to both of these
three kinds of pathogenic fungi, they are different species of Bacillus genus. Strain DHP8 had the strongest
antagonistic activity, with the inhibitory rates of F. graminearum, R. solani being 73.80% and 71.25%
respectively, and the inhibitory rates of B. maydis being 61.70%. The results of growth-promoting
experiments showed that 76 strains shave the ability of nitrogen-fixing; Nineteen strains showed phosphate
solubilization ability; Thirty-seven strains showed [AA-producing activity, and strain DHL55 produced
105.67 mg/L of TAA; Seven strains had the ability to synthesize siderophore. Nine strains showed the
ability of fix nitrogen, phosphorus, and produce IAA. Strain DHP8 has the ability to fix nitrogen,
phosphorus, and synthesize iron. In addition, the strain DHP8 not only displays significant role in plant
growth, but also has a remarkable antagonistic activity against pathogenic fungi we used. So that, need
further study. [Conclusion] The species of endophytic bacteria are abundant, and many strains have
excellent antagonistic and growth-promoting activities, which provides some new sources for the further
studies.

Keywords: Fuphorbia humifusa, endophytic bacteria, antagonistic activity, growth-promoting activity
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Table 1 Taxonomy position of strains isolated form Euphorbia humifusa

i ] J& AL #R &2 GenBank & 555 PRIREL
Phylum Class Genus Similar strain and GenBank accession No. Number
of strains
TR i EAGE AT |8 Microbacterium Microbacterium oleivorans NBRC103075 (BCRG01000019) 5
Actinobacteria Actinobacteria Microbacterium maritypicum DSM 12512 (AJ853910) 1
Microbacterium sorbitolivorans SZDIS-1-1 (KX250270) 2
THERE 8 Micrococcus Micrococcus endophyticus YIM 56238 (EU005372) 1
Micrococcus yunnanensis YIM 65004 (FJ214355) 1
FFFF & Leucobacter Leucobacter aridicollis CIP108388 (AJ781047) 3
i G @ Kocuria Kocuria rosea DSM 20447 (X87756) 1
DNRRKFE Glutamicibacter Glutamicibacter protophormiae DSM20168 (X80745) 1
45/ MFHE & Curtobacterium  Curtobacterium flaccumfaciens LMG 3645 (AJ312209) 4
B Corynebacterium Corynebacterium stationis DSM 20302 (CP009251) 1
55K E 8 Brevibacterium Brevibacterium sediminis FXJ8.269 (KX356313) 1
FAFFRR] BT IR FIRFR Myroides Myroides odoratus 90A (C2M) (KF254739) 2
Bacteroidetes  Flavobacteria Mpyroides xuanwuensis TH-19 (NR133793) 3
JEREE ] FHFEN MRS Bacillus Bacillus stratosphericus SN4-2 (MT071703) 2
Firmicutes Bacilli Bacillus cereus EVRAPSUBAC-1 (KY293394) 1
Bacillus halotolerans KS11507 (MN519259) 2
Bacillus paramycoides NH24A2 (KJ812444) 1
Bacillus subtilis ZGL14 (MH362700) 4
Bacillus terrae RA9 (KY072724) 2
Bacillus velezensis EH9 (MN750764) 3
Bacillus zhangzhouensis SEA-1 (MF442426) 6
STEITIEJE Chryseomicrobium Chryseomicrobium amylolyticum JC16 (FM209428) 6
1HER T )& Enterococcus Enterococcus avium ATCC 14025 (KE136366) 1
WIAT#I® Lysinibacillus ~ Lysinibacillus alkalisoli Y2A20 (KX258757) 7
AR JE Staphylococcus  Staphylococcus sciuri DSM 20345 (AJ421446) 2
S iA Il B-ZZTE I M FERRAT & Alcaligenes Alcaligenes faecalis subsp. faecalis AE1.16 (GQ284565) 6
Proteobacteria Beta- Kerstersia Kerstersia gyiorum LMG5906 (AY131213) 4
proteobacteria Paenalcaligenes Paenalcaligenes suwonensis ABC02-12 (JX217748) 1
YA RA AR Acinetobacter  Acinetobacter schindleri CIP 107287 (APPQ01000011) 5
Gamma- T )& Enterobacter Enterobacter hormaechei subsp. xiangfangensis OSUVMCKPC4-2 4
proteobacteria (CP029246)
Kosakonia Kosakonia cowanii JCM 10956 (BBEU01000098) 11
12 5 )& Pantoea Flavobacterium acidificum LMG 8364 (JX986959) 3
Pantoea dispersa LMG 2603 (DQ504305) 16
2T A & Proteus Proteus penneri NCTC 12737 (DQ885258) 2
Proteus vulgaris ATCC29905 (DQ885257) 4
B U B F B Providencia  Providencia rettgeri DSM 4542 (AM040492) 3
Providencia vermicola OP1 (AM040495) 1
R MR B Pseudomonas Pseudomonas psychrotolerans S6-247 (1Q660202) 2
Siccibacter Siccibacter colletis WTB73 (MK241859) 8
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2.2 HMERIAERTTE

133 MR AL A5 93 MRIGALRLE, ) 3 A
UL R Y R B AT PSR o A TR T
Bl ok —HESEEG, B IREHE Y 57 d, HIRIIEE
PR P Bt BR AL AR KRB, FE PR AR e B
Xof BECZH K0l S AR BT ST SRR R . R OR/NBE SR B
HRNE IRBER B TR 5 K, WAL Al 24 4%
B FRRNEE 7 K, 22 MR A 4B Xt 3 Fiig I 1A
AANFERERIMHERGEE 2). Hrb, 19 #RiFkE
R RSP ST MG 224 4, DHLS56 40 il 7 FH fe ot
IR 74.60%; 8 BT REIN /N2 AR EE A 1A
DHP3 Ml /E ok, MHEN 75.40%; 11 ¥
B REA ) 5K /NBEG T8, DHPS #3575 FH e
06l R A 61.70% . B Bk DHLS56 . DHPS |
DHP3. DHNI17 Xf 3 #ig i m & A h1/EH, 3
Hi % DHPS X 3 Ffig J5T B 255 400 il V6 FH et
XoF A6 ST AT 24 A% TR RN /DN 22 R B 9 B A A 5 43 )

R2ET 57 d IR E X EYRE R E R HE

H73.80%H1 71.25%, X K K /N BE S B A ] R
H 61.70%.,

GEE TR E, 22 FREEPURE R T
511708, ZFHRAFEE SR 1),
23 WHRERNEMEREEIMR
2.3.1 BEBERIERRNEHEFiE

93 BRNAE TG LIS BRI T Ashby 5555,
iR 76 PRIGGEGSMH Ashby WA IR AR
M, JFREFE Ashby [EMARRGFRIE AR, UEBAAT
RAESI(F 3), dFTHER 81.72%, iX 76 R4
ST 25 ANE, AR E G
23.2 EBEHBAMEENNEMERTFE

93 PRINAAHEAH 19 #RIAAETE NBRIP [ {A%5
oAk P RUEVIRE (K 4), DLIIXTRERR A A VA A
R, ENFET 8 &, FEMFEESIHE. R
BF, X 19 ¥RIEESEAT AR ST, B 93 MRIE A
19 A B[] Bep LA Vsl 0 1 8L RE T

Table 2 Inhibition rate of endophytic bacteria on plant pathogens (incubated for 5—7 days)

Witk ECCE LT
Strains  Inhibition rate (%) E Strains No. Inhibition rate (%)
No  RIENAALEE MERGRE KNI WAESLHZL R NEERARE S/ NBERT
R. solani F. graminearum  B. maydis R. solani F. graminearum  B. maydis
DHL10 31.70fg — - DHN2 56.30c - 57.08ab
DHL18 6.70i 10.40d = DHN17 62.90b 50.00b 50.80cd
DHL19 6.70i 24.58¢ = DHN19 = = 40.00e
DHL24 27.90g — = DHN25 - - -
DHL26 18.75h - - | DHN32  5.00i 21.25¢ -
DHL27 28.75g = = DHG3 10.00i 20.80c =
DHL28 - = 34.58f DHG28 27.10g = =
DHL30 35.00f = 45.40d DHP3 72.50a 75.40a 57.90ab
DHL31 41.70e = 50.40cd DHP6 45.80de = 58.75a
DHL54 49.60d = 48.75¢cd DHP7 58.30bc = =
DHL56 74.60a 74.60a 52.90bc DHP8 73.80a 71.25a 61.70a

TE: = TRHUER; W3R RPN e 0.05 K P EREE. T

Note: —: No antagonistic activity; The different letters in the same row indicate significant difference at P<0.05 level. The same

below
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A 981 Myroides odoratimimus CCUG39352 (NR042354)
941 L Myroides profundi D25 (NR044435)
25 Myroides xuanwuensis TH-19 (NR133793)

61’-{ —— Myroides marinus JS-08 (NR117408)
Myroides injenensis M09-0166 (NR134774)
|_—Myroides phaeus 0.6 (MF399388)
% Myroides odoratus ATCC4651 (NR044698)
100

DHN19 (MN833567)
100" Myroides odoratus 90A (C2M) (KF254739)
Sphingobacterium spiritivorum DSM2582 (AJ459411)

0.020

B 92 Micrococcus luteus DSM20030 (NR037113)
921l Micrococcus luteus ATCC4698 (NR114673)
80} Micrococcus yunnanensis YIM65004 (NR116578)
97| Micrococcus aloeverae AE-6 (NR134088)
94| | {DHN25 (MN833572)
75| $9 Micrococcus endophyticus YIM56238 (NR044365)
-Micrococcus lylae DSM20315 (NR026200)
I_ Micrococcus terreus V3M1 (NR116649)
Micrococcus cohnii WS4601 (NR117194)
Staphylococcus pasteuri ATCC51129 (NR024669)

0.020

C DHL30 (MN833522)

Bacillus pumilus ESR21 (KC915229)

Bacillus stratosphericus SN4-2 (MT071703)

Bacillus subtilis YT2 (HQ143571)

9 Bacillus pumilus HT-Z41 (KJ526890)

Bacillus altitudinis GO1-F12 (KY416926)

Bacillus pumilus 1P10 (KY621526)

Bacillus stratosphericus SN6-19.2 (MT071728)

DHN2 (MN833550)

1)DHL31 (MN833523)

Al Bacillus pumilus 264-LNR9 (MF077158)

Bacillus pumilus WS03 (MN367959)

DHL28 (MN833520)

93| DHP6 (MN833586)

Bacillus pumilus CSE32 (KX027358)

99|  88IDHN17 (MN833565)

Bacillus zhangzhouensis SEA-1 (MF442426)

Bacillus tequilensis Y10 (KF641803)

Bacillus halotolerans KSI11507 (MN519259)

62) Bacillus subtilis LLP-2 (KU821696)

86| DHP3 (MN833583)

“DHP8 (MN833588)

Bacillus mojavensis SF16 (KY357300)

99 Bacillus tequilensis 52-LR1-2 (MF077125)

-rDHP7 (MN833587)

50| Bacillus subtilis ZGL14 (MH362700)

Bacillus velezensis R-QL-88-5 (MT078629)

N Bacillus subtilis subsp. stercoris EGI119 (MN704430)
DHL27 (MN833519)

38 Bacillus siamensis TSS18 (MF620076)

DHL54 (MN833546)

Bacillus velezensis EH9 (MN750764)

Bacillus amyloliquefaciens Y6 (KJ149810)

Bacillus thuringiensis BH1 (KY910253)
Womycoidw BS6 (KU141362)
99 DHL56 (MN833548)
99 - Bacillus cereus EVRAPSUBAC-1 (KY293394)

Clostridium bowmanii DSM 14206 (NR114879)

o |2

65

—_
0.020
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62

93| Enterobacter cancerogenus LMG 2693 (NR044977)
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Pseudomonas oleovorans IAM1508 (NR043423)

DHG28 (MN833622)

Pseudomonas oryzihabitans IAM1568 (NR115005)

rAlcaligenes endophyticus AER10 (NR156855)
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Figure 1 The phylogenetic analysis of antagonistic bacteria

Helicobacter pylori ATCC43504 (MN326691)

TE: A, B, C, DA EREE . BOKEE . ZFEMFRE . DIRET WY RER TN 55 AEE A ERAE GenBank K
BT 30 PEEFENER 1000 KA AR AR R 0.020 AT R 3 ; BEFR W SN 239l S : A« Sphingobacterium spiritivorum
DSM2582; B: Staphylococcus pasteuri ATCC51129; C: Clostridium bowmanii DSM14206; D: Helicobacter pylori ATCC43504

Note: A, B, C, D are phylogenetic trees of Myroides, Micrococcus, Bacillus and Proteobacteria respectively; Numbers in parentheses are
GenBank accession numbers; Numbers at the nodes indicate the level of bootstrap values based on 1 000 replications; The scale bar
indicates 0.020 substitutions per nucleotide position; The selected out-groups are A: Sphingobacterium spiritivorum DSM2582; B:
Staphylococcus pasteuri ATCC51129; C: Clostridium bowmanii DSM14206; D: Helicobacter pylori ATCC43504

2.3.3 PRI MR ZBR AR R Ik

Sallcowski H €8 7 0 2] B A i H 37 BV bt 6
B, WSRO I R AR A M LR . S5
WoR 37 BRB I 2R, o5 Bt A RERY 39.78%,
HART B LRI NE 5 Fion. B3 T
407719 J&, MREMw s Fiz s R . bk
DHLS55 "MWt LR s %, H 105.67 mg/L, HJ&E
FASTEAT W E 5 7MW R 5 KT 50 me/L A R4k
4 DHL25. DHG27. DHL36. DHL2, DHN29,
DHL12, DHG28; HAth 29 BREH 15[ 1R 5~ &
£ 0.67-49.98 mg/L Z [0, HHr, 4 9 #ki[FA A

A % % F1 % W BE /1 (DHL2 . DHL14 . DHL24 .
DHL25. DHL26, DHL53. DHGI8, DHG27 #iI
DHG28).
234 HRERERAE BY FIE

i 1] CAS 5 E RGP, 384 O Tk Sl
JE AP B 0 DR K T 5 BB A LR B4 45
f7n, DHL51, DHL56. DHP3, DHP8. DHP12,
DHP13 1 DHP14 iX 7 PRI RE S BUEREAA, 5
BRI 7.52%, YR ZFAAFR)E . Hdh DHLS6 &
BUER B RE 1 fes (8] 2), DHP8 [mIEfik HA
RN INRE

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



400

(DGR7/E Sk

Microbiol. China

*3 BAERIEAMEK

Table 3 Strains with nitrogen fixation

[l SEAEL L 7/ & EH BtRS A I U
Strains  Similar species Nitrogen : Strains Similar species Nitrogen
No. fixation | No. fixation
DHL1 Acinetobacter radioresistens Sints E DHNI1 Lysinibacillus alkalisoli Siats
DHL2 Flavobacterium acidificum Aainis : DHN2 Bacillus altitudinis
DHL3 Microbacterium oleivorans F E DHNS Enterococcus avium
DHL4 Kerstersia gyiorum +++ i DHN10 Microbacterium sorbitolivorans
DHLS5 Proteus vulgaris ot E DHNI11 Flavobacterium acidificum Sa
DHL6 Glutamicibacter protophormiae Sints i DHN13 Proteus vulgaris
DHL10  Siccibacter colletis Sints : DHNI15 Proteus vulgaris
DHL12  Kerstersia gyiorum A E DHN16 Proteus penneri HF
DHL13  Myroides xuanwuensis + i DHN17 Bacillus zhangzhouensis ++
DHL14  Kosakonia cowanii HHE ' DHN21 Acinetobacter schindleri 4HF
DHL16  Lysinibacillus alkalisoli s i DHN23 Acinetobacter schindleri HH=E
DHL17  Providencia rettgeri 4 i DHN25 Micrococcus endophyticus +
DHL18  Alcaligenes faecalis subsp. phenolicus Aainis i DHN26 Providencia vermicola its
DHL19  Alcaligenes faecalis subsp. phenolicus Saints i DHN29 Proteus vulgaris Siniats
DHL20  Staphylococcus sciuri Sints i DHN31 Paenalcaligenes suwonensis +
DHL21  Leucobacter aridicollis + i DHN32 Alcaligenes faecalis subsp. phenolicus ~ ++
DHL23  Staphylococcus sciuri Saints ' DHN33 Alcaligenes faecalis subsp. phenolicus ~ ++
DHL24  Enterobacter xiangfangensis Aainis i DHG3 Alcaligenes faecalis subsp. phenolicus ~ ++
DHL25  Enterobacter xiangfangensis S i DHG4 Curtobacterium flaccumfaciens =
DHL26  Enterobacter xiangfangensis Saiats ! DHG9 Curtobacterium flaccumfaciens Sa
DHL27  Bacillus tequilensis Aints i DHG10 Pantoea dispersa Aininis
DHL28  Bacillus zhangzhouensis Saints i DHG14 Microbacterium oleivorans Siniats
DHL30  Bacillus altitudinis +++ i DHGI5 Microbacterium oleivorans +++
DHL31  Bacillus zhangzhouensis S ' DHGI8 Providencia rettgeri A
DHL32  Alcaligenes faecalis subsp. phenolicus Saints i DHG19 Curtobacterium flaccumfaciens Siats
DHL33  Microbacterium sorbitolivorans ++ i DHG22 Siccibacter colletis +++
DHL34  Corynebacterium stationis A ! DHG26 Micrococcus yunnanensis i
DHL36  Chryseomicrobium amylolyticum 4 i DHG27 Pantoea dispersa Sa
DHL43  Kocuria rosea Aints i DHG28 Pseudomonas psychrotolerans Aininis
DHL47  Brevibacterium sediminis +++ DHG29 Microbacterium oleivorans ++
DHL48  Microbacterium maritypicum Sints ' DHP3 Bacillus halotolerans Sa
DHLA49  Leucobacter aridicollis s i DHP6 Bacillus zhangzhouensis HH=E
DHLS51  Bacillus zhangzhouensis + i DHP7 Bacillus velezensis ++
DHL53  Bacillus velezensis SR E DHP8 Bacillus halotolerans =HEF
DHL54  Bacillus velezensis A i DHP9 Bacillus tequilensis AFEF
DHLS5S5  Proteus penneri Saiats i DHP12 Bacillus tequilensis Siaiats
DHL56  Bacillus anthracis Aainis i DHP13 Bacillus paramycoides Aininis
DHLS57  Microbacterium oleivorans Sints ' DHP14 Bacillus tequilensis Siniats

T: vrre WUKREJRALRTRE R BB AE Ashby KRR A KARDTRE; ++: WIiE; +: Be0iw

Note: +++: Turbidity of liquid medium and growth of strain on Ashby solid medium are very obvious; ++: Obvious; +: Relatively obvious
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Table 4 Strains with phosphate solubilization
[el7322 FHAA TEHERE ST WU EAE D W& EAZ d D/d
Strains No. Similar species Phosphate solubilization Soluble phosphorus circle (cm) Colony diameter (cm)
DHL2 Flavobacterium acidificum A 2.32cde 1.03ef 2.24cd
DHL10 Siccibacter colletis ++ 2.61cd 1.43bcd 1.83ef
DHL14 Kosakonia cowanii SEns 4.00a 1.47bc 2.73ab
DHL24 Enterobacter xiangfangensis ~ +++ 3.99a 1.31cde 3.05a
DHL25 Enterobacter xiangfangensis ~ ++ 3.42b 1.87a 1.83ef
DHL26 Enterobacter xiangfangensis  + 1.52ghi 1.16cdef 1.33gh
DHL30 Bacillus altitudinis 4 1.12i 0.89f 1.28h
DHL53 Bacillus velezensis + 1.33hi 0.92f 1.42gh
DHN2 Bacillus altitudinis S 2.13def 1.28cde 1.68efg
DHN17 Bacillus zhangzhouensis A 2.71c 1.07ef 2.53bc
DHG9 Curtobacterium flaccumfaciens + 1.62fghi 1.32cde 1.23h
DHGI8 Providencia rettgeri + 1.62fghi 1.31cde 1.22h
DHG22 Siccibacter colletis +++ 3.79ab 1.41bcd 2.71ab
DHG27 Pantoea dispersa + 1.66fgh 1.32cde 1.25h
DHG28 Pseudomonas psychrotolerans ++ 2.43cde 1.23cde 1.98de
DHP3 Bacillus halotolerans ++ 2.59cd 1.16def 2.24cd
DHP7 Bacillus velezensis Siats 1.98efg 1.24cde 1.61fgh
DHPS8 Bacillus halotolerans ++ 2.73c 1.22cde 2.25cd
DHP12 Bacillus tequilensis + 2.38cde 1.61b 1.47fgh

TE: +++: D/dAE2.5-3.5 Z[A); ++: D/d 1€ 1.5-2.5 Z[f); +: D/d 7£ 1.0-1.5 Z ]

Note: +++: D/d is between 2.5-3.5; ++: D/d is between 1.5-2.5; +: D/d is between 1.0—1.5

x5 NEMEBERE NABFREAN DGR ZERREME

Table S The activity of IAA production of the endophytic bacteria in NA medium
EbRES AR BRZER L EKS AR I Z, R
Strains No. Similar species TIAA (mg/L) Strains No. Similar species IAA (mg/L)
DHL2 Flavobacterium acidificum 64.10cd i DHL55 Proteus penneri 105.67a
DHL4 Kerstersia gyiorum 39.30fg ! DHLS57 Microbacterium oleivorans 3.86mn
DHL9 Siccibacter colletis 2.30mn i DHNI11 Flavobacterium acidificum 15.28jklm
DHL11 Myroides odoratus 2.50mn ' DHN13 Proteus vulgaris 16.42jk1
DHLI12 Kerstersia gyiorum 86.30b | DHNI5 Proteus vulgaris 0.67n
DHL14 Kosakonia cowanii 26.95ghij i DHNI16 Proteus penneri 49.98ef
DHL17 Providencia rettgeri 23.05hijk | DHN21 Acinetobacter schindleri 28.19ghij
DHL21 Leucobacter aridicollis 34.80gh | DHN22 Pantoea dispersa 13.24klmn
DHL24 Enterobacter xiangfangensis 5.67lmn i DHN25 Micrococcus endophyticus 16.48jkL
DHL25 Enterobacter xiangfangensis 50.39ef ' DHN26 Providencia vermicola 12.44klmn
DHL26 Enterobacter xiangfangensis 22.62hijk i DHN28 Myroides xuanwuensis 6.65Imn
DHL31 Bacillus zhangzhouensis 5.64Imn i DHN29 Proteus vulgaris 71.33¢
DHL34 Corynebacterium stationis 24.14hijk ' DHN33 Alcaligenes faecalis subsp. phenolicus ~ 7.37mn
DHL36 Chryseomicrobium amylolyticum 62.50cd i DHG18 Providencia rettgeri 20.24ijk
DHL43 Kocuria rosea 38.69fg  DHG26 Micrococcus yunnanensis 32.64ghi
DHLA47 Brevibacterium sediminis 33.51gh ! DHG27 Pantoea dispersa 58.81de
DHL49 Leucobacter aridicollis 4.82Imn i DHG28 Pseudomonas psychrotolerans 86.75b
DHL52 Mpyroides xuanwuensis 2.52mn i DHG29 Microbacterium oleivorans 5.55Imn
DHL53 Bacillus velezensis 22.02hijk E CK 0
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B2 HE#k DHL56 & sk Hi ik g
Figure 2 Siderophore activity of strain DHLS56

3 WikE4n

TN A TRTE ZH0E LT 518 Fh ) B
S g7 e I IR L AR AR E A T R 114 [
I, NAETR AT LA JUAS 5 6 1 3277 A= BRI AR
e (1) WAERRT LS8 Ehitk. FE R
FEPUAE R ST Y BRI S 18 E RGPk
B B AE E A Y, T B e g E Uk
ik, HEmigdkrE F AN S HirE A S
R, e, AR EIEENA R Heteroconium
chaetospira RS T-18 EXHHSHIEFURMPTIE, HE—
WA R, WA EEE FE o SRR
B2, 2. R E K PR-2 B WA U S 5
IR T8 XD SRR AHERY s — e A 41
b 3R, WY B2 (Abscisic Acid, ABA)
S HR R A AR AE AR A A R BT e
(2) WA WAL TG EAEK ., —SL N BN
SRR AR ARG L B e FE RS U A PR
PEAE ) SRR AR R T AP psE I, T R AR
SRR (3) PR BRR A T A A A
AR A=Y, 2 e AR e WA R
51 EMEE AN flan, RESHKS
25 i 1 83 J2 78 N AE TR e 25 AT TS i I A 92
ARG AR B EYE Y . 3 E A DO R A
PN/ | (12 A R W N A S 7 (]

(Fusarium proliferatum), TE 7z F§ 55 H R M AE Y
“HTC I IR FLE AR R AR A AN, TR
e 4 R [ PN 7 A e oy 9 B

WAE B8 AT Z AR, 18
FHEYM R MRS NA WL B, K
I, TRAWEFEAE Y N AR TR AR 25 4 DL S AR 2
g A E o P,

ARWFFE AL B R 133 kAR B A= di i
it 16S rRNA BER 37 %0, Frfmwitksr)m 417
SH8H13F 25/, HAKFEMZSHNE, U5
FW, MY b oy BB AR A B R A3 T 2 A
FFHE D AR 38 b ZE AT R,
15.79%. X5 HAMBFFEE S5 R —5, HEADE
b4y B B W) Kerstersia |
Kosakonia 5 JE&AR UL, BEIN T RE 4 N A= 7T 35 5 4
Rk

Bl A AN T A i, R BE Al e T 1) R AR
R A, TEEIUREE . WEFEEDN
AR WAREMERE iz, 5 TiE. 5
Y E IR SRR H, RO T AR AR B T R A Y
o AWTIEIE N LE AN TR R 3 Fhviss DL i 5t AT
PIFEPLTETE, KB 22 BRIEA AR NP
PEo H 19 BRI IR LT A 2 A% T . 8 REAH
INETREERRTE . 11 BRER RSN K/ NBERR I . T
¥k DHL56, DHN17, DHP3, DHPS8 X} 3 Ffi [ i
HAMHER, EZFMATHENARERDM, X5
AT BF ST 45 ) A BT A s AR TE SR
KV b4 AR B A BRI RE R AR, (R
TE e I R A H b kR i N A T,
VEHE T 0 I T AP S N 3 %, By 1k T 1 )
RETR PR AEBITRE ) — . W HINEREAE, WD 2R
FIBCA T, R A N ER 25 & 1 TR

FH 4 DEtRE TR A I, Wik
Sy E] 76 PREAT A RE I AR, L T R
81.72%, ZHCNZFFMMEIR. 7 PRARES MUk E
i, 5 7.52%, HRTEATRIE . FAREZH

Paenalcaligenes
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BB W R AR B 2 ) — R, R R 2R A AT
W . B RZFEHFFE (Bacillus megaterium)5 1) A
W57 36 o I ARSI R AT R AR
—SCHE Y A A BTA ROR . I BT YR
ARKEARAEEN, XATRS2EEFHEE LA K
SREPLIE A . 19 MR EAMERERE ST, Hrh
BRI 20.4%. [ENAME 2058 Kk LR B0 TR
J& . ZEE . A vCE R KR 8 (Burkholderia) &
WL AR N LE A O, SRR ST G R b ol B AE
fRuEr R EE . ZW)E, 5z R A R A
lo 37 MR EAT e RRE T, 5 39.78%,
Wk 2 R 77 HE7E 0.67-105.67 mg/L Z ] ; T ¥k
DHLS5S5 75| 2, iz it 35 %1 105.67 mg/L, fig Ji i
o, JBTAERRIE. 9 tRE R A B . #
Wi, PNt BRAE ST . DHPS AUKIAHFZE H 3 A
TP ) A W S I E T, e B 2 e A
ek, WiE—2sE.

AHIEFERT N AR A0 B AR A e Rai AT T 018053
Mr, &5 iE— 200 [ UM T . W A R AT
E o ASBIFSE o ) JC R R B A 0 A e A
N A U, H R X PN AR i B A TG [ &R
YE TR HIWT, B #E— 2200 A B v,
28 SR AT S AN ] R R A A A R
MR HEEREIRZ — o BR T ARS8 Z BE T i
FE I IZORE [ R R S A A AR 9 F o AR A
ROV o AL, BB R W B A5 = ML 2 HE
BA T R TE O — hFE AR R A
Jr 5 B [ R o) AR LR, A — U0 AT T
R 2 00 , T2 T [ & b S 1) g
J1, MRE AN 2 AT LA i 2 A [ 20T TR A 40 i 1Y)
SR SAESe, [ AN A 2
Hh R PN A TR B T RURR D AT T RIS, R
VI 22 08 ) v 80 47 7 3¢ 5 B A9 Y P A LR . )
an, WP EF AR h o2 2] 57 PRV AEH
P, o 44 BRSO N AR RERUB, E TE E AE
5.79-899.72 nmol/(mL-h)= ], 5% F & 3 2 il

B AR BT B AN [] AR 4K I 30 ) PN 2 ] 20T A
AT oA, A5 R R WIZAR Y & 6 A ] U
ERI A 2 B2 T, VAl I i P VAl T ke 4 9
e, %5 H T 0 W RO A fE
T3, ZITIEAR Gy BB RS R, AR e R
R KB Z LR K R 5o, il — LB
AT VA W RE T A TR AR OR 1 DL VA WPl 5 Xl BT Ak A VA
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