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Effects of different osmolity and pH conditions on the pathogenicity of Ralstonia sola-
nacearum in tobacco leaves
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Abstract: In order to investigate the effect of different osmolity and pH conditions on the pathogenicity
of Ralstonia solanacearum, the bacterium R. solanacearum was incubated in Biolog PM 9-10 micro-
plates with 96 different osmolity conditions and 96 pH values. The pathogenicity of this pathogen under
different osmolity and pH conditions was investigated by stab inoculation on the detached leaves of to-
bacco. The results showed that the pathogenic osmolity conditions included 1% —2% sodium chloride,
2% —3% sodium sulfate, 5% —20% ethylene glycol, 1% sodium formate, 2% urea, 1% sodium lactate,
20-100 mmol/L sodium phosphate, 10-100 mmol/L ammonium sulfate, 10-100 mmol/L sodium ni-
trate, and 10-20 mmol/L sodium nitrite. The pH values for pathogenicity ranged from 5.0-8.0. At the pH
4.5, R. solanacearum still exhibited pathogenicity to tobacco leaves when combined with amino acids L-

norvaline and 5-hydroxytryptophan, but no pathogenicity was observed with other 33 amino acids. At the

FAWH . hE L ERE A (2017M610585) , 1 EAH RS R RHE T H (110201601025 (LS-05) ), SN BHE TR TS & 4F A A #5511
(BSRHA -5 AAT201715619)

* @5 /E# (Author for correspondence), E-mail: dwing818@163.com

Wk H . 2018-04-28



410 TEDUAE - ANIR]E 25 15 M pH PR BEX I o TR0 1 152 ) 755

pH 9.5, the pathogen showed no pathogenicity when combined with all 35 amino acids tested. Addition-

ally, R. solanacearum showed pathogenicity when combined with other ten compounds, including glu-

coside, X-caprylate, galactoside, etc. The results indicated that osmolity and pH conditions could sig-

nificantly affect the growth and pathogenicity of R. solanacearum.
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Table 1 The growth and pathogenicity ability of Ralstonia solanacearum under different osmolity conditions
L JEY) ARk PA 1L JEY) K PA
Well Substrate Growth (cm?) | Well Substrate Growth (cm?)
Al 1% A4 1% NaCl - 0.64 El 1% HPR%EN 1% sodium formate - 0.57
A2 2% FALEN 2% NaCl - 0.18 | E2 20, a4 2% sodium formate - 0.00
A3 3% F A4 3% NaCl - 0.00 | E3 39 B4 3% sodium formate - 0.00
A4 4% Gk 4% NaCl - 0.00 | B4 49 44 4% sodium formate - 0.00
A5 5% S A4 5% NaCl - 0.00 | E5 59% H R4 5% sodium formate - 0.00
A6 5.5% FAHH 5.5% NaCl - 0.00 | E6 6% Miakh 6% sodium formate - 0.00
A7 6% H A4 6% NaCl - 0.00 | E7 20,}R% 2% urca o 0.70
A8 6.5% FAAkEN 6.5% NaCl - 0.00 | E8 39 %% 3% urea - 0.00
A9 7% FH AN 7% NaCl - 0.00 E9 4% R 4% urea - 0.00
A10 8% SHALHH 8% NaCl - 0.00 | E10 59%JRZ 5% urea - 0.00
All 9% FEALH 9% NaCl - 0.00 | Ell 6% JRZ 6% urea - 0.00
A12 10% S5 10% NaCl - 0.00 | EI2 7% JRZ 7% urca - 0.00
Bl 6% %54b#H 6% NaCl - 0.00 F1 1%L 40 1% sodium lactate ++ 0.61
B2 6% FEALEN+FHZEDN 6% NaCl+betaine - 0.00 F2 20, 2341 2% sodium lactate - 0.00
B3 6% S ALH+N-N —HIIEH &R - 000 | F3 3%ZFLE%N 3% sodium lactate - 0.00
6% NaCl+N-N dimethyl glycine
B4 6% EAN+ISERR 6% NaCl+sarcosine  — 0.00 | F4 4%ZFLIR4H4% sodium lactate - 0.00
BS 6% A+ SE R N R £h - 000 | F5 5%ZFLE%A5% sodium lactate - 0.00
6% NaCl+dimethyl sulphonyl propionate
B6 6% FALEA+TNT#RR 6% NaCl+MOPS - 0.00 | F6 6%ZFLIERHH6% sodium lactate - 0.00
B7 6% FALEA+IU A ENE 6% NaCl+ectoine - 0.00 | F7 7%ZFLEHH 7% sodium lactate - 0.00
B8 6% S ALA+ILHL 6% NaCl+choline N 0.00 | F8 8% FLA24} 8% sodium lactate - 0.00
B9 6% SEAACHA+ IR HE AR - 000 | F9 9%ZFLERHH9% sodium lactate - 0.00
6% NaCl+phosphoryl choline
B10 6% S ALEN+LIER 6% NaCl+creatine - 0.00 | F10 10% FLE&%M 10% sodium lactate - 0.00
B1l 6% FfbH+HILET 6% NaCl+creatinine - 0.00 F11 11% FLBR%N 11% sodium lactate - 0.00
B12 6% AL+ 7E e P - 0.00 | FI12 12%FLIR%H 12% sodium lactate - 0.00
6% NaCl+L-carnitine
Cl 6% FAfbEn+5fb e - 0.00 | Gl pH 7.0,20 mmol/L iRt =+ 0.79
6% NaCl+KCl pH 7.0,20 mmol/L sodium phosphate
C2 6% BA+L-IhE IR - 0.00 | G2 pH 7.0,50 mmol/L HlR4h ++ 079
6% NaCl+L-proline pH 7.0, 50 mmol/L sodium phosphate
C3 6% BACEN+N-Z B HE-L A it - 000 | G3 pH7.0,100 mmol/L B4 ++ 087
6% NaCl+N-acethyl L-glutamine pH 7.0, 100 mmol/L sodium phosphate
C4 6% S+ p-AE R - 0.00 | G4 pH 7.0,200 mmol/L 5 %H - 0.00
6% NaCl+f-glutamic acid pH 7.0,200 mmol/L sodium phosphate
C5 6% AfEN+y-ZIL-N-TTR - 0.00 | G5 pH 5.2,20 mmol/L 4 H fRéh - 0.00
6% NaCl+y-amino-N-butyric acid pH 5.2,20 mmol/L sodium benzoate
C6 6% AL+ AR - 0.00 | G6 pH 5.2,50 mmol/L % H iR - 0.00
6% NaCl+glutathione pH 5.2,50 mmol/L sodium benzoate
C7 6% FEfba+Hm - 0.00 | G7 pH 5.2,100 mmol/L 7 F il - 0.00
6% NaCl+glycerol pH 5.2,100 mmol/L sodium benzoate
C8 6% EAL N+ Tt - 0.00 | G8 pH 5.2,200 mmol/L 4 HIfizéh - 0.00
6% NaCl+trehalose pH 5.2,200 mmol/L sodium benzoate
C9 6% F b+ =H fi-N-H A A - 0.00 | G9 pH 8.0,10 mmol/L ffifiatk ++  0.64
6% NaCl+trimethylamine-N-oxide pH 8.0, 10 mmol/L ammonium sulfate
C10 6% FAfb+—H % - 0.00 | GI0 pH 8.0,20 mmol/L iR ++ 0.64
6% NaCl-+trimethylamine pH 8.0,20 mmol/L ammonium sulfate
Cll 6% S b4+ fa - 0.00 | Gl1 pH 8,50 mmol/L i fR%% +0.64

6% NaCl+octopine

pH 8,50 mmol/L ammonium sulfate




758 N7/ T AR S 4 464
£ 1 Continued
1L JEEH) Ak PA | Al W) 4K PA
Well Substrate Growth (cm?®) | Well Substrate Growth (cm?)
C12 6% A EN+ 7 EL i - 0.00 | G12 pH 8.0,100 mmol/L ik + 045
6% NaCl+trigonelline pH 8.0, 100 mmol/L ammonium sulfate
D1 3% b8 3% potassium chloride - 0.00 | HI 10 mmol/L fi§fiz4# 10 mmol/L sodium nitrate +++  0.79
D2 4% @A 4% potassium chloride - 0.00 | H2 20 mmol/L filifiz4¥ 20 mmol/L sodium nitrate +++  0.79
D3 5% @AM 5% potassium chloride - 0.00 | H3 40 mmol/L filifiz4¥ 40 mmol/L sodium nitrate +++  0.64
D4 6% A 6% potassium chloride - 0.00 | H4 60 mmol/L filifiz4# 60 mmol/L sodium nitrate +++  0.79
D5 2%HilR4N 2% sodium sulfate ++ 0.47 | H5 80 mmol/L fifif%} 80 mmol/L sodium nitrate ++ 038
D6  3%MilR4EM 3% sodium sulfate + 0.22 | H6 100 mmol/Lfi§fiZ44 100 mmol/L sodium nitrate + 087
D7 4% IR 4% sodium sulfate - 0.00 | H7 10 mmol/L WAHFREN 10 mmol/L sodium nitrite + 0.71
D8  5%1i 5 5% sodium sulfate - 0.00 | H8 20 mmol/L W2 20 mmol/L sodium nitrite ~ ++  0.64
D9 5% £ ¥ 5% ethylene glycol =+ 098 | HY 40 mmol/L WV ffiz4H 40 mmol/L sodium nitrite - 0.00
D10 10% £ —F& 10% ethylene glycol ~ +++  0.90 | HI0 60 mmol/L V{24 60 mmol/L sodium nitrite - 0.00
D11 15% £ - 15% ethylene glycol ~ +++  0.88 | H11 80 mmol/L WAHR%N 80 mmol/L sodium nitrite - 0.00
D12 20% Z —F% 20% ethylene glycol ~— +++  0.84 | HI2 100 mmol/L IEAlAR4M 100 mmol/L sodium nitrite - 0.00

PA: BRI TR, —. + .+ B0 M 55 R R TE Biolog PM O AU PR BEA I | AR —Ji L Behy K.

PA: Pathogenic area; —, +, ++ and +++ indicate that R. solanacearum can not grow in the tested substrates, grow poorly, moder

ately or effectively, respectively, in Biolog PM 9 microplate.

R2 MESHFEEEARE pHIE THERKBERSERA

Table 2 The growth and pathogenicity ability of Ralstonia solanacearum under different pH values

fL &7 AR PA | AL i 4K PA
Well Substrate Growth (cm?)|Well Substrate Growth (cm?)
Al pH3.5 - 0.00|El pH95 - 0.00
A2 pH4.0 - 0.00| E2 pH9.5+L-N4 MR pH 9.5+L-phenylalanine - 0.00
A3 pH4.5 - 0.00 | E3  pH 9.5+L-t5 %X pH 9.5+L-arginine - 0.00
A4 pH 5.0 +++  0.81 | E4 pH9.5+L-K[J4&BiRE pH 9.5+L-asparagine - 0.00
A5 pHS5.5 +++ 093 | ES pH 9.5+L-K4% M4 pH 9.5+L-aspartic acid - 0.00
A6 pH 6.0 +++ 1.41| E6 pH9.5+L-A% 2 pH 9.5+L-glutamic acid - 0.00
A7 pH7.0 +++ 094 | E7 pH 9.5+L-A Bt pH9.5+L-glutamine - 0.00
A8 pHS8.0 +  0.80 | E8 pH9.5+H&MR pH 9.5+glycine - 0.00
A9 pHS8.S - 0.00| E9 pH9.5+L-4H& & pH 9.5+L-histidine - 0.00
A10pH 9.0 - 0.00 | E10 pH 9.5+L-5#52 2R pH 9.5+L-isoleucine - 0.00
All pH9.5 - 0.00 | E11 pH 9.5+L-%E% pH 9.5+L-leucine - 0.00
A12 pH 10.0 — 0.00 | E12 pH 9.5+L-#i % pH 9.5+L-lysine - 0.00
Bl pH4.5 - 0.00 | F1 pH 9.5+L-#E%(/iZ pH 9.5+L-methionine - 0.00
B2 pH 4.5+L-N& - 0.00 | F2 pH9.5+L-ZEHE N AR - 0.00
pH 4.5+L-alanine pH 9.5+L-phenylalanine
B3 pH 4.5+L-}5& R pH 4.5+L-arginine - 0.00 | F3  pH 9.5+L-fifi%/iz pH 9.5+L-proline - 0.00
B4 pH 4.5+L-K[ 4Bkl pH 4.5+L-asparagine - 0.00 | F4 pH 9.5+L-2244j% pH 9.5+L-serine - 0.00
B5 pH4.5+L- K& % WX pH 4.5+L-asparticacid - 0.00 | FS  pH 9.5+L-J3%X pH 9.5+L-threonine - 0.00
B6 pH 4.5+L-%F &% pH 4.5+L-glutamic acid - 0.00 | F6 pH 9.5+L-{%4% iz pH 9.5+L-tryptophan - 0.00
B7 pH 4.5+L-4WE pH4.5+L-glutamine - 0.00| F7 pH9.5+L-F&%ER pH 9.5+L-tyrosine - 0.00
B8 pH 4.5+H % pH 4.5+¢glycine - 0.00 | F8 pH 9.5+L-%i%& % pH 9.5+L-valine - 0.00
B9 pH 4.5+L-41 %2 pH 4.5+L-histidine - 0.00 | F9 pH 9.5+ Al &R - 0.00
pH 9.5+hydroxy-L-proline
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%ZF3R 2 Continued

1l e kK PA | AL [ K PA
Well Substrate Growth (cm?®)|Well Substrate Growth (cm?)
B10 pH 4.5+L-F52 %R pH 4.5+L-isoleucine - 0.00 | F10 pH 9.5+L-% %[k pH 9.5+L-ornithine - 0.00
B1l pH 4.5+L-55% % pH 4.5+L-leucine - 0.00 | F11 pH 9.5+L-Eks &2 pH 9.5+L-homoarginine -  0.00
B12 pH 4.5+L-fi% % pH 4.5+L-lysine - 0.00 | F12 pH 9.5+L-F#2% % pH 9.5+L-homoserine - 0.00
Cl  pHA4S+L-FEER - 0.00 |Gl pH9.5+4PEIEFEH R - 0.00

pH 4.5+L-methionine pH 9.5+anthranilic acid
C2  pH4.5+L-FHENE MR - 0.00 | G2 pH9.5+L-IF=%& M - 0.00
pH 4.5+L-phenylalanine pH 9.5+L-norleucine
C3  pH4.5+L-ifid 2 pH 4.5+L-proline - 0.00 | G3 pH 9.5+L-/%4 2 pH 9.5+L-norvaline - 0.00
C4  pH4.5+L-22% R pH 4.5+L-serine - 0.00 | G4 pH 9.5+/FL T i pH 9.5+agmatine - 0.00
C5  pH4.5+L-75% R pH 4.5+L-threonine - 0.00 | G5 pH 9.5+ i pH 9.5+cadaverine - 0.00
C6  pH4.5+L-{0% R pH 4.5+L-tryptophan - 0.00 | G6 pH 9.5+JE % pH 9.5+putrescine - 0.00
C7  pH 4.5+L-B&& R pH 4.5+L-tyrosine - 0.00 | G7 pH 9.5+41fi pH 9.5+histamine - 0.00
C8  pH4.5+L-%i% R pH 4.5+L-valine - 0.00 | G8 pH 9.5+7K % pH 9.5+phenylethylamine - 0.00
C9  pH 4.5+FILIHEMR - 0.00|GY pH 9.5+ pH 9.5+tyramine - 0.00
pH 4.5+hydroxy-L-proline
C10 pH 4.5+L-5 %/ pH 4.5+L-ornithine - 0.00 | G10 pH 9.5+{4fi% pH 9.5+creatine - 0.00
Cll pH 4.5+L-FkE &R - 0.00 | G11 pH 9.5+=H W & AT - 0.00
pH 4.5+L-homoarginine pH 9.5+trimethyl amine-N-oxide
C12 pH4.5+L-F2240% pH 4.5+L-homoserine - 0.00 | G12 pH 9.5+JR % pH 9.5+urea - 0.00
DI pH 4.5+4BEEHRH R - 0.00 | Hl 2EfiREh X-caprylate +++  0.64
pH 4.5+anthranilica acid
D2  pH4.5+L-IF= &R pH 4.5+L-norleucine - 0.00 | H2  X-o-D-# %5851 X-a-D-glucoside ++ 0.64
D3 pH4.5+L-IF4i% R pH 4.5+L-norvaline ~ ++  0.50 | H3  X-B-D-#iZ#5H X-B-D-glucoside +++  0.71
D4  pH 4.5+0-FFE-N-T R - 0.00 | H4 X-o-D-F-FUHET X-a-D-galactoside +++ 0.50
pH 4.5+a-amino-N-butyric acid
D5 pH4.5+p-EIEEH R - 0.00 | H5 X-p-D-2kFUMH X-B-D-galactoside -+ 0.64
pH4.5+p-aminobenzoate
D6 pH 4.5+L-T5E P & 12 - 0.00 | H6 X-o-D-#i#E{F % X-a-D-glucuronide -+ 0.50
pH 4.5+L-cysteic acid
D7 pH 4.5+D-##i% & pH 4.5+D-lysine - 0.00 | H7 X-B-D-%i## & X-B-D-glucuronide +++ 050
D8  pH 4.5+5-F2#i 2% - 0.00 | H8 X-p-D-Z 5 & pt +H+0.57
pH 4.5+5-hydroxy lysine X-p-D-glucosaminide
D9  pH 4.5+5-J2 (0512 + 024 | HY X-p-D-Z A0 ++ 033
pH 4.5+5-hydroxy tryptophan X-f3-D-galactosaminide
D10 pH4.5+D,L — &P - 0.00 | HI0 X-a-D-H ZE W+ +++ 0.44
pH 4.5+D, L-diamino pimelic acid X-a-D-mannoside
DIl pH 4.5+ = f&-N-F A&+ - 0.00 | HI1 ek X-PO, 0.4
pH 4.5+trimethyl amine-N-oxide
D12 pH 4.5+JR % pH 4.5+urea - 0.00 | H12 filgEh X-SO, +++ 057
PA: FM T THIFR 0 = 4. S0 RS M 5T A R TE Biolog PM 10 AU PR BEA: I | AR —M B8 S tF
PA: Pathogenic area. —, +, ++ and +++ indicate that R. solanacearum can not grow in the tested substrate, grow poorly, moderate-

ly and effectively, respectively, in Biolog PM 10 microplate.
3 g BB & SRR RPN B i 22 S T R A [R] 42

B TR S P e e KRy BT, RIS R S A R S B 2 |
TN T, WA R A B EOR 7. A EZE TIHEB B . AR5 R H Biolog PM 9 X5}
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M A T BT A TR AR AN [R)32 8 R R T s %,
AR B A R BE ) S ARl AR L o
Pt DRER AHRRER AR ER S 2 RSB R oL, T
96 #1127 IR IR AR R AR KR AR B % TR
ISRy 58, RR A DR | e A5k s 1 R
W REA S IE E F I ARG . 2B
TR B 2 s SRR B B, 5 (R R
15955 JE B Y 00 B B IR G 1 Phytophthora parasitica
AH L, R Rt o9 TR 1 N7 1192 325 T 91 PR R e B A
95 B8 /) (Wang et al., 2015) 5 5[] Sy 5 B 20 TR 1435 St
TR A T KORS T Pseudomonas syringae ML , i
IV 438 325 R R B Y KO T T (Guio et al.,
2017) ; oAb, 5 0 R S B TR K B9 T Botrytis ci-
nerea F LU , R BT Rl 09 TR I N7 (1498385 Y R 8 K
Wi/ (Wang et al.,2018) . ASHFSE & P, 40575
Tl o R EAL N & >2% B A O REAE K, e
B 1. B B BSOS Ao Y 1,
AN BT A Y R DR AT % e R R 2R
B & 1A G MR BE A e — 2D 58 S 3Rk ;
RIS, 2 48 MR g A Tl A2 T 36t FH S AL 1 45
AN T 00 T S R S0 1 Bk B R R R A
JEETTRREH ARG E . A, IR EL IR
B RRFRIGYRLON A B AL, &
A AR IX AL A W 38 0 BB 7 B0, i SEEh FE AR
A5 Bl PN S8 AT el et B0 s Stk 2R
RNE Bt AT B2 A R TR ED R 1) & A BUIE
(RS TN B S M B At & A 5 16 3 R e e A
TP AN

PRERISBIE R Y AN, 4398 pH AL 2353 s J5 ]
AR 5 B [R) s 3 23 52 0 5 1) A A 5 165
s 41 T A T R O TR R AT A Y pH Y LR 5.0~
9.5(Chen et al., 2016) , 75 ffi iR Al i Bl 5% 1F T A= 1 4%
B (24, 2014) o ARS8, PM 10 AR 7E
30 CHF T INA%: () 10 R Ao T 2 IR 1 I 2 A K it 4k
() pH 3 [ 4 5.0~8.0, A 5E 45 2L 5 L iR i Fe A —
., Michel & Mew (1998) 418 1 44 A [m] pH 4b
PR T 0T 5555 o o 17 i B s ), e BRAR
Hi e 5 T pH S UM OC . SR A ST
W Re NGNS PN 1 NG R (B i vy S I (EEAE SR
S pH 52 W 25 00 5L 75 R 0 BE TR AR . 4k, pH<
7.0 I R E0E R T AR pH. 8.0 B K, UESE T AR M3
B AR TR E AR 0 R e E R a RS
Wang et al.(2010) # Macagnan et al.(2017) [z 18 5t

AR —F o Az b aE R P A A ORI 4
pH, R A A RARXE RS 143 pH A 2>8.0 iy FREE , (H
358 pH (1% T R At ) e T R B % A
(Liu et al.,2016) , A</ 58 & AL pH 5.5~8.0 I Al #L
BRI B % 9 TR D R A R AR R e T
pH AR Ak 5 HH R il £ 5 TR R DG R 5 AR 33 Fib
M2 EE R A L, L- IE 251 202 5- 4 (0 22 R Rk
[ T, pH 4.5 I 0H R Als TS e AR 1< BT 20 , 7
A XA R RPN R A R T — PR AT .

T A s TR e T P ) A TR AN T, A A
73 5, XMECABE TG o AR DL e s R 2
87 MM AL, K AR i 50 S| 13838 5 il pH 24
B BT A T R1BV3 /NSO J1 52 i 5%
FRAT T NIRRT A RO 19958 A pH 2544, IR A
WA T HABEBOR B 5 M pH 450 SR, 4
T AR R I EOR RE ) 5 G E R R R pH B
JE GREE GREE R RUEY) A R SE R
R LR P 19, A5 10 i T 2 P 2= B AR
2T B A T 0 15 R A
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