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Abstract: In this study, the difference of the secretion of exopolysaccharides and lipopolysaccharide of R.solanacearum and their
effects on the number of R. solanacearum adsorbed in tobacco roots were studied at different pH values. The results showed that the
maximum single and total yield of EPS were 3.27x10712 and 50.12x102 g at pH 6.5, respectively. While the minimum single and
total yield of EPS were at pH 8.0. The maximum total yield of LPS was 9.41x103 g at pH 7.0, and the maximum single yield was
17.51x10"5 g at pH 7.5; In addition, the single yield of EPS was much higher than LPS at the same pH value. EPS had a promotive
effect on the adsorption and invasion of R.solanacearum in tobacco roots, while LPS had a suppressive effect, and the promotive
effect of EPS played a major role at the same concentration. When added EPS under the pH6.6, the number of R.solanacearum
adsorbed and invaded in the root surface were the maximum, reaching 15.43x108 and 10.73x10° cfu/g my (fresh matter) respectively,
and the bacterial number of R.solanacearum deposited on the root surface and clogged in the cross section with its secretion were the
most, and root tip deformitied seriously. Therefore, EPS secretion was increased under acidic conditions, which promoted the
identification and adsorption of R.solanacearum on tobacco roots, and the degree of disease occurrence was further improved. LPS
secretion was increased under neutral and alkaline conditions, which reduced disease occurrence.
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Fig. 1 The production of EPS and LPS of R.solanacearum at different pH values
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Table 1 Effects of EPS and LPS on the amounts of R. solanacearum adsorbed onto surface of
tobacco roots at different pH values 108 cfu/g
pH 5.2 pH 5.9 pH 6.6 pH7.3
1h 24 h l1h 24 h l1h 24 h 1h 24 h
+EPS 2.00+0.26a 6.60+0.79a 2.40+0.49a 11.20+0.66a 4.20+0.9a 15.43+0.78a 4.50+0.70 a  13.80+1.28a
+LPS 2.00+ 0.46a 6.1+ 1.25a 2.23+0.35a  4.97+0.49¢ 2.67+0.38a  8.93+0.96¢ 2.57£0.51b  6.77+0.55¢
+LPS+EPS 2.10+0.30a 6.40+0.80a 2.40+0.3a  9.80+0.61a 3.80+0.7a 14.20+0.61a 3.90+0.50a  12.10+1.1a
(CK) 2.23+0.21a 6.50+0.98a 2.33+0.26a  7.53+1.00b 2.87+0.15a  11.60+1.21b 2.80£0.40 b 10.80+1.42b
pH6.6 (CKO0) 0.00+ 0.00b  0.00+ 0.00b 0.00+ 0.00b  0.00+ 0.00d 0.00+ 0.00b  0.00+ 0.00c 0.00£ 0.00c  0.00+ 0.00d
p<0.05
222 CK pH 5.2 EPS
2 48 pH 6.6 LPS
CK pH 7.3 pH 3 pH LPS EPS
5.9 5.2 pH 6.6 CK LPS
pH73 EPS LPS pH59 66 73 EPS
2 pH EPS LPS
Table 2  Effects of EPS and LPS on the amounts of R. solanacearum invading into tobacco roots at
different pH 108 cf/g
pH 5.2 pH 5.9 pH 6.6 pH7.3
24 h 48 h 24 h 48 h 24 h 48 h 24 h 48 h
+EPS 5.77+0.45a 5.80+0.4a 6.42+0.31a  6.71+0.47a 10.47+£0.61a  10.73+£0.47a 9.67+0.51a  9.77+0.55a
+LPS 5.03+0.42a 5.01+0.25a 4.90+0.38¢c  4.4140.67¢c 6.73+0.63¢ 7.40+0.61c 6.10+ 0.1c 6.63+0.36¢
+LPS+EPS 5.31+£0.3a 5.61+£0.12a 6.30£0.31a 6.12+0.11 a 9.83+0.34a  10.10+0.36a 8.91+0.3 a 9.40+0.48a
(CK) 5.20+0.46a 5.11£0.57a 5.71+0.28b 5.90+0.47 b 8.43+0.59b  8.53+0.59b 7.97+0.25b  7.83+0.42b
pH6.6 (CKO0) 0.00+ 0.00b  0.00+ 0.00b 0.00+ 0.00d 0.00+ 0.00d 0.00+ 0.00c  0.00+ 0.00d 0.00+ 0.00d  0.00+ 0.00d
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Fig. 2 Observation on the adsorption of R.solanacearum onto tobacco roots surface by scanning electron microscopy
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Fig. 3 Observation on the transverse section of vascular cells in tobacco root tips with scanning electron microscopy

EPS LPS
EPS EPS

LPS EPS LPS EPS

[25]
EPS LPS pH EPS LPS

pH
EPS LPS
24h
48 h ¢ pH 6.5

pH 6.6



30

2017 38

EPS

pH
pH
pH

[27]

100 pH
pH6.0 6.6 52%
pH<6.0 38%  pH

pH
[28]

[291

pH
EPS LPS
EPS
LPS EPS

LPS LPS
EPS pH
6.6 pH 7.0 pH 7.5

[1] HAYWARD A C. Biology and epidemiology of bacterial
wilt caused by Pseudomonas solanacearum[J]. Annual
review of phytopathology, 1991, 29(1): 65- 87.

[2]
0. 2013 34 5 113-118.
[3] . pH

[10]

[14]

[15]

[16]

[18]

0. 2011 1 140-143.

SEO S, GOMI K, KAKU H, et al. Identification of
natural diterpenes that inhibit bacterial wilt disease in
tobacco, tomato and Arabidopsis[J]. Plant and cell
physiology, 2012,53(8): 1432-1444.

[J]-
1993 33 2 144-150.

KAO C C, SEQUEIRA L. A Gene Cluster Required for
Coordinated Biosynthesis of Lipopolysaccharide and
Extracellular Polysaccharide Also Affects Virulence of
Pseudomonas solanacearum[J]. Journal of bacteriology,
173(24): 7841-7847.
DENNY T P. Involvement of bacterial polysaccharides in
plant pathogenesis[J]. Annual review of phytopathology,
1995, 33: 173-197.
DENNY T P. Autoregulator-dependent control of
extracellular polysaccharide production in
phytopathogenic bacteria[J]. European journal of plant
pathology, 1999, 105: 417-430.
SCHELL M A. Control of virulence and pathogenicity
genes of Ralstonia solanacearum by an elaborate sensory
network[J]. Annual review of phytopathology, 2000, 38:
263-292.
RAZOU 1 A, VASSE J, MONTROZIER H, et al.
Detection and visualization of the major acidic
exopolysaccharide of Ralstonia solanacearum and its role
in tomato roots infection and vascular colonization[J].
European journal of plant pathology, 1998, 104: 795-809.
(M].
1998 122-125.

.pH B-1
3- [J]
2009 30 7 891-895.

VALDAMERI G, KOKOT T B, PEDROSA F O, et al.
Rapid quantification of rice roots-associated bacteria by
flow cytometry[J]. Applied microbiology, 2015, 60(3):
237-241.
HUSAIN A, KELMAN A. The role of pectic and
cellulolytic enzymes in pathogenesis by Pseudomonas
solanacearum[J]. Phytopathology 1958, 48(7): 377-386.
PENG Y, ZHANG L, ZENG F, et al. Structure and
antitumor activity of extracellular polysaccharides from
mycelium[J]. Carbohydrate polymers, 2003,54: 297.
WESTERMAN R B, HE S, KEEN E, et al. Production
and Characterization of Monoclonal Antibodies Specific
for the Lipopolysaccharide of Escherichia coli O157[J].
Journal of clinical microbiology, 1997, 35(3): 679-684.
0157

H7 ELISA 1.
2011 27 7 637-644.
. CaCO:s
PCR[D]. 2012.



5 pH 31
[19] 15 1 21-27.
31 1999 7 2 157-162. [25]
[20] [J].
[J1. 2007 13 1 74-717. 2007 20 2 176-180.
[21] [26] ) M]. 2009:
1. 1999 122-125.
15 4 39-43. [27]
[22] SEO S, MATTHEWS K R. Influence of the Plant [J].
Defense Response to Escherichia coli O157: H7 cell 2011 30 7 1344-1350.

surface structures on survival of that enteric pathogen on

plant  surfaces[J]. Applied and environmental
microbiology. 2012, 78(16): 5882-5889.

[23] SCHOUTEN H J. A possible role in pathogenesis for the
swelling of extracellular slime of Erwinia amylovora at
increasing water potential[J]. Netherlands journal of plant
pathology, 1989, 95: 169-174.

[24]

. 2002

[28] WANG L, CAIK Z, CHEN Y T, et al. Silicon-mediated
tomato resistance against Ralstonia solanacearum is
associated with modification of soil microbial community

structure and activity[J]. Biological trace element
research, 2013, 152(2): 275-283.

[29] HOGBERG M N, HOGBERG P, MYROLD D D. Is
microbial community composition in boreal forest soils
determined by pH, C-to-N ratio, the trees, or all three? [J].
Ecosystem ecology, 2007, 150(1): 590-601.

17

[J1. 2012 20 125-133.

. 2011
5 74-80.

[8] YAMAMOTO S, HARAYAMA S. PCR amplification
and direct sequencing of gyrB genes with universal
primers and their application to the detection and
taxonomic analysis of Pseudomonas putida strains.[J].
Applied environmental microbiology, 1995, 61(3):
1104-1109.

[9] JI S H, GURURANI M A, CHUN S C. Isolation and
characterization of plant growth promoting endophytic
diazotrophic bacteria from Korean rice cultivars[J].
Microbiological research, 2013, 169(1): 83-98.

[10] ABDALLAH R A B, JABNOUN-KHIAREDDINE H,
NEFZI A, et al. Biocontrol of Fusarium wilt and growth
promotion of tomato plants using endophytic bacteria
isolated from solanum elaeagnifolium, Stems[J].
Biological control, 2016, 97: 80-88.

[11] SOARES M A, LI H Y, BERGEN M, et al. Functional
role of an endophytic Bacillus amyloliquefaciens, in
enhancing growth and disease protection of invasive
English ivy ( Hedera helix, L.)[J]. Plant & soil, 2015:
1-17.

[12]

0. 2008
29 2 31-34,
[13]
0. 2016 1 203-205.
[14]
0. 2016 3 24-29.
[15]
. 2014 2
201-207.

[16] MENG Q X, JIANG H, HAO 7T J. Effects of Bacillus
velezensis strain BACO3 in promoting plant growth[J].
Biological Control, 2016, 98:18-26.

[17] LIU X Y, REN B, CHEN M, et al. Production and
characterization of a group of bioemulsifiers from the
marine Bacillus velezensis strain H3[J]. Applied
microbiology & biotechnology, 2010, 87(5):1881-1893.

[18]
7. 2016 3 7-11.
[19]
1. 2016 1 33-39.
[20] .SH7
[J].
2007 28 2 41-44.



