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2 1
3 2 61
4 20% 27 (1) 9.78%
(%)= / %100 DD165 (50.92%)
=2( x N DD176 49.69%
X )*100 (%o)=[( DD292 (21.79%)
- ) 1x100
SPSS 17.0 22
(two-way ANOVA) 27
(LSD) 40% 9 ( 2
0=0.05 >
(72 h) 50.08%
2 FRAgH 5D174
2.1 62.48%
276 DD006 50.08%

®1. BUEMEFRERBEXSZREAEDERIVTGE
Table 1. The first screening results of antagonistic endophytic bacteria isolated from soybean nodules against F.
oxysporum f. sp. vasinfectum FO101 (72 h, mean+SD)

Endophytic  Colony diameter  Inhibition rate of Endophytic Colony diameter of Inhibition rate of
bacteria of pathogen/cm endophytic bacteria/% bacteria pathogen/cm endophytic bacteria/%
CK 4.91+0.01 - DD170 2.62+0.01 46.64+0.031
DD165 2.41+0.01 50.92+0.01a DD243 2.63+0.02 46.44+0.01j
DD176 2.47+0.01 49.69+0.02b DD254 2.64+0.01 46.23+0.02k
DD174 2.51+0.01 48.88+0.01c¢ DD299 2.66+0.01 45.82+0.011
DDO044 2.53+0.02 48.47+0.02d DDO065 2.70+0.02 45.01+0.03m
DDO006 2.54+0.01 48.27+0.01e DD134 2.71+0.01 44.81+0.03n
DD190 2.55+0.01 48.07+0.02f DD281 2.73+0.01 44.40+0.030
DD179 2.56+0.02 47.86+0.03g DD199 2.83+0.01 42.36+0.02p
DD166 2.56+0.01 47.86+0.03g DD252 3.854+0.02 41.96+0.03q
DD210 2.56+0.01 47.86+0.03g DD280 3.87+0.01 41.55+0.01r
DDO060 2.56+0.01 47.86+0.03g DD222 3.32+0.02 32.38+0.01s
DDI161 2.61+0.02 46.84+0.02h DD189 3.41+0.01 30.55+0.03t
DD201 2.61£0.01 46.84+0.02h DD312 3.81+0.01 22.40+0.01u
DD303 2.62+0.01 46.64+0.031 DD292 3.84+0.01 21.79+0.01v

CK: control. Different lowercase letters in the same column showed significant difference at 0.05 levels. The same as below.
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*2 RERERNEAENBEHEFENFIERNERER
Table 2. The second screening results of antagonistic endophytic bacteria from soybean nodules against F.
oxysporum f. sp. vasinfectum

Endophytic 1Colony IInhibitio.n ratio of 29010ny 2Inhibitio-n ratio of 3Colony *Inhibition r.atio
bacteria diameter of endophytic diameter of endophytic diameter of of endophytic
pathogen/cm  bacteria/% pathogen/cm bacteria/% pathogen/cm bacteria/%
CK 3.67+0.02 - 5.01+0.03 - 6.53+0.01 -
DD174 2.4240.01 34.06+0.01a 2.53+0.01 49.50+0.01a 2.45+0.02 62.48+0.01a
DD166 2.55+0.02 30.52+0.03b 2.55+0.01 49.10+0.02b 2.48+0.01 62.02+0.01b
DD176 2.55+0.02 30.52+0.03b 2.65+0.02 47.11+0.03¢ 2.51+0.03 61.56+0.08¢
DDI179 2.61+0.01 28.88+0.05¢ 2.61+0.01 47.90+0.02d 2.53+0.01 61.26+0.02d
DD165 2.41+0.01 34.33+0.02d 2.61+0.01 47.90+0.01d 2.56+0.01 60.80+0.01e
DD170 2.87+0.01 21.80+0.04e 2.81+0.01 43.91+0.02¢ 2.86+0.02 56.20+0.01f
DDO044 2.43+0.02 33.79+0.01f 2.82+0.03 43.71£0.02f 2.87+0.01 56.05+0.03g
DD281 2.81+0.01 23.43+0.03¢ 2.85+0.01 43.11£0.01g 2.98+0.02 54.36+0.01h
DDO006 2.43+0.03 33.79+0.03f 2.67+0.01 46.71+0.02h 3.26+0.01 50.08+0.021

- inoculation for 24 hours; % inoculation for 48 hours; *: inoculation for 72 hours; CK: contrast without inoculation. Data were
presented as mean+SD, different lowercase letters in the same column showed significant difference at 0.05 levels.

( 3 24 h
72h 34.15%
DD174 DDI166 26.56% 48 h 56.84%
1 37.30% 72h
( 1-A) 64.06% 60.98%
(P<0.01)
2.3
72 h

60% 5

Bl 1. E#¥ DD174 5 DD166 X148 &2 f% &= 8930 5 4E F
Figure 1. Inhibition effect of endophytic bacteria against F. oxysporum f. sp. Vasinfectum (72 h). A: CK; B:
DD174; C: DD166.
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*3. ERBERKREBRNBEFHERENERIER
Table 3. The inhibitory effect of metabolic liquid from second screened endophytic bacteria against F. oxysporum
f. sp. vasinfectum

_ 'Colony "nhibition ratio  “Colony ’Inhibition ratio  >Colony *Inhibition ratio
Endophytic . . . . . .
bacteria diameter of of endophytic diameter of of endophytic diameter of of endophytic

pathogen/cm bacteria/% pathogen/cm bacteria/% pathogen/cm bacteria/%
CK 3.69+0.03 - 5.12+0.01 - 6.51+0.02 -
DD174 2.43+0.01 34.15+0.01A 2.21+0.01 56.84+0.01A 2.34+0.01 64.06:0.01A
DD166 2.54+0.01 31.17+0.01B 2.34+0.01 54.30+0.02B 2.38+0.01 63.44+0.01B
DD176 2.48+0.01 32.79+0.02C 3.124+0.02 39.06+0.01C 2.43+0.01 62.67+0.03C
DD179 2.62+0.01 29.00+0.01D 3.17+0.01 38.09+0.01D 2.51+0.01 61.44+0.01D
DD165 2.71+0.01 26.56+0.02E 3.21£0.01 37.30+0.01E 2.54+0.01 60.98+0.01E

CK: control without metabolic liquid; ": cultured for 24 h; *: cultured for 48 h;°: cultured for 72 h. Different capital letters in the same
column showed significant difference at P<0.01 levels.

( 2-D-d) DDI66

2.4 ( 2-E-e) DDI165
(2
( 2-A) ( 2-F ( 2Fyg
DD174 2.5
72 h
( 2-B-a) DD179 3 4
( 2-C-b) DD176 DDI165
( 2-Cc) DDI76 5 V-P

B2 XEREAEAENBEEHEFENGHERANELEWL
Figure 2. Microscopic photography of inhibited hyphae of F. oxysporum f. sp. vasinfectum (72 h, x200). A:

control; B: DD174; C: DD179; D: DD176; E: DD166; F: DD165.
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B3 MEEKREERSKRARZEHMRBA

Figure 3. Colony morphology and microscopic photography of screened strains.

R4, THRERAELETE

Table 4. Physiological and biochemical characteristics of screened strains

Physiological and biochemical characteristics DD174 DD166 DD176 DD179 DD165
Catalase test + + + + +
V-P test + + + + +
D-glucose acid yield + + + + -

L-Arab sugar acid yield - - - — _

D-mannitol - + + + +
Xylose - + + - +
Broth (pH 5.0) + + + + +
Amylase + + - + +

Phenylalanine deaminase - - - — _

Lecithinase + + - + +

Nitrate reductase + + - + —

Casein decomposition + + + + +

Citrate utilization + + - + +

Tyrosine hydrolysate + + - + +

Morphology Rod Rod Rod Rod Rod

Strain size/pum 1.0x(3.0-4.0) 1.0%(2.0-4.0) 1.0%(2.0-3.0) 1.0x(2.0-3.0) 0.25%(1.0-2.0)
Gram stain G* G* G* G G

Spore forming + - + + _

+: positive; —: negative.

D- DD174 DD179

D- DD174 DD176

actamicro@im.ac.cn



,2017, 57(5)

717

DD176 DD165

Stenotrophomonas maltophilia LMG 9587(X95923)

(0.25-1.00) pmx(2.0-4.0) pm (99.7%)
DDI165 DD174
DDI166 DDI165 B. oceanisediminis DD176 DDI179
DD174 DD176 B. thuringiensis DD165 DDI166
DD179 (Bacillus) DD165 §. maltophilia
DD166 (Stenotrophomonas)
2.6 16S rDNA 27
5 DNA  PCR 168 DD174
rDNA 1.5 kb . ¢ 9
GenBank KR822264 KF843715
KT216617 KT216618 KT216620 0% (8 h)
(9 5 6% (30 h) OD
16S rDNA GenBank 58 h
16S rDNA 99.7% 6%
( 4 2
DD174 DDI176 DDI179 I( ( o) pH9
Bacillus) DD174 (10h) pH7 8 12 h
Bacillus oceanisediminis H2'(GQ292772)  pH 10 16 h (15 h)
(99.8%) DD176 DDI179 oD 0.8-1.0
Bacillus thuringiensis pH 11
ATCC 107927(AF290545)
(100%) DDI165 DDI166 pH DD174
I ( Stenotrophomonas)
Fz 5 MEFEEHBERESH
Table 5. Homology analysis of the sequenced strains
Strain Genus affiliation Accession No. of 16S rDNA sequence  The most closet match Similarity/%
DD165  Stenotrophomonas KR822264 S. maltophilia LMG 958T(X95923) 99.7
DD166  Stenotrophomonas KT216620 S. maltophilia LMG 958T(X95923) 99.7
DD174  Bacillus KT216617 B. oceanisediminis H2'(GQ292772) 99.8
DD176  Bacillus KF843715 B. thuringiensis ATCC 10792T(AF290545) 100
DD179  Bacillus KT216618 B. thuringiensis ATCC 10792T(AF290545) 100
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0.1

Bacillus firmus NCBI 9366" (X60616)
83 Bacillus firmus IAM 12464T (D16268)
88| Bacillus oceanisediminis H2" (GQ292772)
DD174 (KT216617)
SUL— Bacillus infantis SMC 4352-17 (AY904032)
100y Bacillus lentus NCBI 8773 (AB021189)
Bacillus lentus TAM 12466 (D16272 )
Bacillus siralis 171544™ (AF071856)
Bacillus benzoevorans DSM5391" (D78311)
Bacillus nealsonii FO-092" (AF234863)
oLy Bacillus circulans ATCC 45137 (AY724960) Branch |
Bacillus circulans ATCC 4513T (AY043084)
Bacillus kribbensis BT080" (DQ280367) Bacillus
Bacillus cohnii DSM 6307" (X76437)
97 Bacillus halmapalus DSM 8723 (X76447)
Bacillus horikoshii DSM 87197 (AB043865)
Bacillus subtilis DSMTOT (AJ276351)
Bacillus luciferensis LMG 184227 (AJ419629)
0 Bacillus mycoides ATCC 6462" (AF155956)
4 Bacillus anthracis ATCC 14578" (AB190217 )
97l Bacillus mycoides ATCC 64627 (AB021192 )
78 Bacillus weihenstephanensis DSM 118217 (AB021199)
DD176 (KF843715)
Bacillus thuringiensis ATCC 10792 (AF290545)
DD179 (KT216618)
———Pseudoxanthomonas broegbernensis B1616/17 (AJ012231)
83— Stenotrophomonas nitritireducens DNS 125757 (AJ012229)
57] LStenotrophomonas terrae R-32768" (AM403589)
Stenotrophomonas acidaminiphila DSM 131177 (AF273080)
Stenotrophomonas koreensis TR6-01"7 (AB166685) Branch II

Stenotrophomonas pavanii ICB 89" (FJ748683)
Stenotrophomonas maltophilia ATCC 13637" (AB008509)

Stenotrophomonas maltophilia LMG 958" (X95923)
DD166 (KT216620)
DD165 (KR822264)

4. THIEE#K 16S rDNA FI RS L B/t
Figure 4. Phylogenetic tree generated by the neighbor-joining method based on 16S rDNA sequences of selected
strains. Bootstrap values (1000 replicates) above 50% are indicated above the branches. Strains tested are labeled in
bold. Scale bar indicates 0.1% substitution of nucleotide.
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Figure 5. The salt resistant growth curve of endophytic strain DD174 from soybean root nodule.
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Figure 6. Alkali resistant growth curve of endophytic strain DD174 from soybean root nodule.

2.8
4
(P<0.01)
86.28%
3 e
CK 6 DD174
DD166 [2,6,17-20]
33% 74%
DD174 [13]
DDI165
276
5
+ 4y YT 7E A HA o A A A T R B A%
% 6. ?n?ﬂ'ip‘]'}:_fﬂE.BEI,HRT*%?{C*E;T:EWLHXQ% DD174 (72h)  64.06% DD165
Table 6. The control efficiency of antagonistic endophyic
0
bacteria against F. oxysporum f. sp. vasinfectum 60.98%
Strains  Incidence/%  Disease index  Control efficacy/%
CK 86.28+0.01A 64.51+0.01A /
DDI174 27.66£0.01B 16.19+0.01B 76.32+0.01A [14] Fernandoml
DDI166 32.82+0.01C 18.66+0.01C  74.74+0.01B
DD176 37.22+0.01D 19.52+0.01D  67.58+0.01C [tb62
DD179 39.34+0.01E  22.15+£0.01E 64.96+0.01D
DDI165 39.78+0.01F 23.43+0.01F 62.46+0.01E

The data are mean+SD. Different uppercase letters in the same
column show significant difference at P<0.01 level.
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Screening endophytic bacteria from soybean root nodules to
inhibit Fusarium oxysporum {f. sp. vasinfectum
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' Key Laboratory of Plant-Microbe Interactions of Henan, College of Life Sciences, Shanggiu Normal University, Shangqiu
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Abstract: [Objective] Using desirable strain resources to control Fusarium wilt of cotton is an effective way. This
study aimed to acquire antagonistic endophytic bacteria from soybean nodules, explore their inhibition mechanism
and strain characteristics. [Methods] Confrontation and metabolic liquid culture methods were adopted to screen
endophytic bacteria from soybean nodules against Fusarium oxysporum f. sp. vasinfectum. The effect of screened
strains on pathogen hyphae changes were analyzed with microscopic observation method. Combined with cultural,
physical and chemical characteristics, 16S rDNA sequencing results and homology analysis of screened strains,
phylogenetic status were determined. Disease-control effects were demonstrated by greenhouse inoculation test.
[Results] Five strains of endophytes have inhibitory effect by the second screening and metabolic liquid test.
Pathogen hyphae treated with endophytes became deformity, its cell wall disappeared, autolysis, bold at the base of
the mycelium, branches increased and root shape appeared. Hyphae were embeded, dissolved and fractured by lawn
formed by endophytic bacteria, and presented spherical expansion of its terminal. The inhibition of endophytic
bacteria against Fusarium oxysporum f. sp. vasinfectum was mainly caused by extracellular metabolites. DD174,
DD176 and DDI179 were similar to Bacillus oceanisediminis H2T(GQ292772) and B. thuringiensis ATCC
107927 (AF290545), respectively. DD165 and DD166 were similar to Stenotrophomonas maltophilia LMG 958"
(X95923). DD174 tolerated 6% salt concentration and grew well at pH 10. Control effect of treatment group with
DD174 was 76.32%, those of others were above 62%, so these strains can be used as biocontrol resources against
Fusarium oxysporum f. sp. vasinfectum. [Conclusion] Endophytic antagonistic bacteria inhabited soybean root

nodules against Fusarium oxysporum f. sp. vasinfectum.

Keywords: Fusarium oxysporum f. sp. vasinfectum, soybean nodule endophytes, antagonistic effect, 16S rDNA,

phylogenetic analysis
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