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Effect of the avirulent strain of Ralstonia solanacearum on the ecological

characteristics of microorganism fatty acids in the rhizosphere of tobacco
ZHENG Xuefang, LIU Bo", LAN Jianglin, ZHU Yujing, CHE Jianmei, SU Mingxing

Agricultural Bio-Resources Research Institute, Fujian Academy of Agricultural Sciences, Fuzhou 350003, China

Abstract: The present paper dealt with the effect of the avirulent strain RS- 1403 of Ralstonia solanacearum on the
ecological characteristics of microorganism fatty acids in the rhizosphere of tobacco. The tobacco plants were treated with the
avirulent strain RS- 1403 in the concentration of 1. 0x10° cfu/mL with water as control in the semi experiments. The
rhizosphere soil was sampled at different days etc. 5d, 10d, 15d, 20d and 25d after treatment. The phospholipid fatty
acids (PLFAs) of the soil samples were detected by. GC of Agilent6890N. Pattern, content and structure of the microbial
PLFAs in tobacco rhizosphere soil were evaluated and the difference between treatment and water control were compared to
analyze the immune disease-resistant mechanism of the strain RS-1403 against tobacco bacterial wilt disease at the microbial
community level. The results showed that the microbial PLFAs pattern and content in the tobacco rhizosphere soil were

changed under the stress of the avirulent strain RS-1403. The fluctuation of microbial PLFAs could be divided five types,
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e. g. declining type, unchanging type, <50% increasing type, 50% —100% increasing type, and >100% increasing
type. Among which, the reduction of 10Mel6:0 indicative to actinomycetes represented the decreasing type, all of the
PLFAs in >100% increasing type indicated to G~ bacteria. The statistical analysis showed that the inoculation of RS-1403
could change the microbial community structure in the tobacco rhizosphere soil due to improving the growth of bacteria and
fungi and inhibiting the reproduction of actinomycetes. Inoculation of the stain RS- 1403 could increase the microbial
community diversity in the soil, in which, the enhancement of SHANNON index of community dominance, Simpson index
of community abundance and Pielou index of uniformity was revealed. The differentiation of microbial sub-community in the
tobacco rhizosphere soil under the stress of the strain RS- 1403 was also evaluated with cluster analysis. The results
displayed the significant difference existed between RS-1403 treatment and water control. The rhizosphere soil microbe both
in treatment and control could be divided into four sub-communities at 2. 56 Lance-distance, which were different in the
constitutes and characters of PLFAs. The tobacco rhizosphere soils in the RS-1403 threatening treatment and water control
could be mainly clustered in to two different groups by using cluster analysis, it was clear that the RS-1403 could alter

remarkably microbial community structure in the rhizosphere soil of tobacco.

Key Words: avirulent strain of Ralstonia solanacearum; root system; soil microorganisms; phospholipid fatty acid

(PLFAs)
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P 1403 ; ofp/Tux ( LA T AR RS- 1403 TARE) , KRR A A 52 55 25 D\ Fenti A ik 73 2545 3 1 JC B0 1 bk, 2 %
FER RN (BRI 522 YL@ P SN T gfp FEBIARIC , DAE T 0 A A FEAE AR Y 1Y 5 58
AT SZE W B O A AR AR PR P () 4R B B SR AR N T AR = N A AR AT, SC 00 5 28 e T K A
SEFR AR gfp HERBRBRAD SR
1.2 ik
1.2.1  FHAEIRICE RS- 1403 iy H2F JH BoAE i AN EURE Jy 72
K AT EAR 15 em 55 10 em RSB ZE B A3 E 52 1 3 kg (W A E T TR AP T ABR A
Al) B 1 BRI R ORI KRS — 2 ) |, MR A AR AR K 2 5—6 M f & RS 37 19 RS- 1403
PRIV BV B 28 1. 0x10° cfu/mL, >R FHVEAR 2R R A0 SA AR B2 R 50 mL, REASAb 3 50 7 FE 52, s /K X
HRAL I 50 4, TEHCFPIEER 5,10 15 .20 F125 KIHE . HBORE D712 BERLIEIR 10 A9 JCEOR J1 75 1 8 AR IR Ab
FRZHAN 10 GAYRTHRALFRAT AR B R 2 120 5 em AOMR SR MRAR 2R T8 B A AR 20U A 10 g /IVRE | R b 2
IR RS/ IR A FEA) SEPBRATAE R e T 5 TR, 1 40 B 4 COKFAIRAER .
1.2.2  BEIRAR IR A WybRic o3 ik
KRR AR TR ( PLEAs ) A= WIbRicik i AT HIEUE W RETR G540 3 AT . WA IR 7 IR 10 4 Bt R AN o3 #r 2
% Frostegard 551 Kourtev 25735 " IFMEAEME T, SRBGLRR S 4 A58 . 8 MR 0 BE05 H e 1k 3 1 v
1 BEWIFR A ZEE NI RR S % . PLFAs B0 I 72 SR F 26 [ Agilent6890N IS AH (A AN, G4 4> [ 2l ik A 3¢
B AR B R E G TR RS . PLFAs B3 43 A7 R FH 22 [E MIDI 23 @] (MIDI, Newark, Delaware,
USA ) FF & B 55T 41 11 20 B g 0 PR B 4328 22 B Sheerlock MIS 4.5 Z %% ( Sherlock Microbial Identification System) |
FRGME A 2H 53O B I [E] 3 33 A 5 (ECL) (E LA & H AR 43 IAFAE , SR I AR I — b 3554 21 53 B A
X, BEIRIEIIIR 731X LA A :BoC (e/t) 7, Hir“ A ARRAR NI IR 7311 C J5 1 B4k, “ B” AR ERA M s
HREH o ARG BOR LML E, © C7 A IS SR N e Bl A 67 8 R B0 o o7 43 il AR SR = A s =X
7] 73 A AR
1.2.3  Bdlasrwr
(1) MR A DR IS BERS I TR ( PLFAs ) AEWIARIC YIRS . Bardgert 2517 AR - HE P B A AR i R (14 41
BERT AR + SRR MR I 0 R s TN 2L R T T U R A A T T A 3% S 4t 6 v L T A S8 T 1
SRR, 5 R i 2 (R BT S B AR DG, L AT MR A HAs R A E M A i . Herb ) 18:109¢ ,18:2009,12
18:206 ,9¢ S5 M N Wi R R B AW i ™) LRI AT 8 7% L A= i 5 T — S8 547 DR % 5 HH IR ATGE 1Y
TSR AR IR AN 15:0 ,a15:0 16:0 ,i16:0 45 (1 SR AT AR A 1 SUIR DT R , 6 /R 34l B 5 48R
R B BE IR Fh 264 10Me16:0  10Mel7:0 F1 10Me18:07
R S = SR IR B AR IC PLFAs
ME o E=2(12:0+14:0+15:0+ al5:0+i15:0+ i16:0+i17:0+ al6:0+16:1wS5c + i17:1w9¢ + al7:0+17:1w8¢c +
cyl7:0+17:0+18:1w7c +18:0+ cyl9:0w8¢c)
HH SR =181w9¢
JHE TR B = 10Me16:0
(2) AR AP EFR BT - I AR I £ 285 455 JE 484X Shannon-Wiener | P34 E 484X Simpson 1%
SIREFREL Pielou , 2 AT S [l Ak HHLH 55 AR 28 - S A WU BEVE I 2 B 3 BRI B A B8 B0 1 T B4R
e
Shannon-Wiener $§%{ H= - Y P,InP,
Simpson 8% C=1-X(n/N)*
Pielou 8% e=H/InS
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(3) Rt

1) R DPS BAF | LABRAS A 105 R A= MU ARic A AEAS | LA HAEAS [ Ab B A [ B 18] 20 A3 B0 A $8 b, F e Ji
Wi, DA% [QHE B o RS RUEE ISP T R GRS, 43 B JC 30 71 5 4l 7 7R IR T a3 3
YA 504k 5

2) R DPS #f4, IBEREE S N REA | LIAEFl PLEAs 7EAHREE S 0 A B HE bR, #EAT B0 R 105 22407,
P AR P, DL BRSNS RSP A T R RIS, A T30 ) 75 Aili v 7R IR TR 38 T AR AR R+
SR MR T I ) B
2 GRS
2.1 JCEUR AT R TR ME TR AR R 3 Y PLEAs I

RIEE R WL 1, NIEBUR M E /KA RS- 1403 ALBRAYEE 5,10 .15 .20 125 RAMHEAR &+, 7>
KN E] 16 .19 .20 .16 F1 16 Ff PLEAs, A XT FRALFH 155 5,10 15 .20 F1 25 KA HHRLHR & 458 45 il 4 D0 3]
14 .12 17 12 A1 19 B PLFAs, o 4055 2 Fhip Fn A 85 AR B T2 , 40 14:0 ,15:0 ,16:0 55 ; ASHRUFT B85 BE B 1D
R, U1 18:109¢ 17:1w8c \16:1w5c &5 ;43 S B E AR iR, 4N a15:0,a16:0,i16:0 %5 ; LR TR, 4N cy17:0 Al
cyl9:0w8c, VLI M R IR YIS PLFAs 2R3 5

F1 EH RS-1403 L EFHER R T 1 PLFAs ZEIEE (nmol/g)

Table 1 Types and concentrations of PLFAs of tobacco root soil under avirulent strain RS-1403 treatment and contrast treatment

. AbFRZH Treatment group X HEZH Control group
"EYItRIC
Biomarkers TR5d TR10d TRI15d TR20d TR25d i )H:{E£ CK5d CKI10d CK15d CK20d CK25d Hif bt
Mean SD Mean SD
12:0 0.42 0.33 0.00 0.23 0.00 0.20 0.19 0.27 0.21 0.22 0.27 0.00 0.19 0.11
14:0 0.45 0.39 0.31 0.32 0.28 0.35 0.07 0.36 0.41 0.47 0.36 0.51 0.42 0.07
i15:0 1.31 1.29  1.51 1.08 1.17  1.27 0.16 1.00 1.54 1.49 0.92 1.46 1.28 0.30
al5:0 1.33 0.98 1.35 0.94 0.68 1.06 0.28 0.64 1.23 1.12 0.91 0.90 0.96 0.23
15:0 0.00 0.12 0.48 0.00 0.00 0.12 0.21 0.00 0.00 0.00 0.00 0.34 0.07 0.15
i16:0 0.93 0.90 1.08 0.69 0.94 0.91 0.14 0.60 0.79 0.94 0.65 0.93 0.78 0.16
al6:0 0.59 0.35 0.33 0.41 0.00 0.34 0.21 0.00 0.48 0.29 0.53 0.33 0.33 0.21
16:1w5¢ 0.55 0.56 0.60 0.48 0.71 0.58 0.08 0.00 0.75 0.76 0.44 1.31 0.65 0.48
16:0 6.21 5.10 9.24 4.33 7.05 6.39 1.90 8.09 6.69 6.25 4.00 7.60 6.53 1.59
10Me 16:0 0.55 0.77 0.00 0.52 0.72 0.51 0.31 0.95 0.78 0.91 0.65 0.79 0.82 0.12
i17:109¢ 0.00 0.00 1.12 0.00 0.00 0.22 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00
i17:0 0.58 0.54 0.76 0.47 0.79 0.63 0.14 0.39 0.60 0.64 0.44 0.70 0.55 0.13
al7:0 0.74 0.52 1.14 0.62 0.43 0.69 0.28 0.37 0.67 0.56 0.70 0.59 0.58 0.13
17:1w8¢ 0.00 0.00 0.49 0.00 0.00 0.10 0.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cyl7:0 0.53 0.43 0.99 0.43 0.60 0.60 0.23 0.33 0.00 0.45 0.00 0.21 0.20 0.20
17:0 0.00 0.00 0.70 0.00 0.00 0.14 0.31 0.00 0.00 0.00 0.00 0.18 0.04 0.08
18:1w9¢ 2.88 2.04 3.39 1.56 2.18 2.41 0.72 1.92 2.24 2.47 1.55 1.16 1.87 0.53
18:1w7¢ 2.06 1.60 8.20 1.20 2.22 3.06 2.90 1.37 0.00 1.92 0.00 1.91 1.04 0.98
18:0 1.82  1.20 2.14 1.09 1.99 1.65 0.47 1.13 0.00 1.43 0.00 1.93 0.90 0.87
cyl9:0w8¢ 1.56  1.47 1.68 1.37 1.97 1.61 0.23 0.94 0.00 1.40 0.00 1.67 0.80 0.78
20:4w6,9,12,15¢ 0.00 0.54 0.8 0.00 0.36 0.35 0.37 0.00 0.00 0.41 0.00 0.62 0.21 0.29
20:0 0.00 0.46 0.64 0.00 0.47 0.31 0.30 0.00 0.00 0.00 0.00 0.58 0.12 0.26

TR5d.TR10d  TR15d , TR20d \ TR25d 43 H| 2 /R BHi#k RS- 1403 ZEFHAYEE 5.10.15.20 F1 25 KA AR R 14 ; CK5d ., CK10d ,CK15d, CK20d .
CK25d 43 5 Ze R i K % BRZH 4R 5,10 .15 .20 F125 RAGMHREAR R + 38, SD 15 bRz

2.2 EURNERE /R R E PRGN AR AR AR HIEGEY) PLFAs 200U 52 1k
GETTAb BRZH X 2 0 B AR AR e A ORI N 2% Gl A= ) PLFAs 28 B T AR RS- 1403 oAb 3
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Je MR HOAR 3R BRI Y PLFAs -3 B 3 sl B A & 20 L, JRAVEIRL S5 R DLIET 1, 5% 2 (CK) A L,
WK RS-1403 A B 5, ALK A 10 R A 0 An id i A8 4 4 5 25,55 1 8RB 4G T 10Mel6:0,14:00
116 :105¢ 3 FAEYIARICE, X LEFRICH 10Mel6:0 578 BLEZL IR , 14:00 Fll 16:1wSc F6 7R 401 3 56 2 FE o AE 1k
R LG T NRIRR A PIARC 16:00,i15:0 ,12:00 £ al6:0 , ¥JF8 /R 401 ; 26 3 2 — M8 in AU (349 50% LI ) |
345 T al15:0,i17:0,i16:0 ,a17:0 F118:1w9c 5 FAEYIFRIC , X EEARICER T 18:1w9c F5/8 A S, HiA 4 FhAE I
B2 A WIARIC R 7N B 22 IR PR T 5 26 4 2Ry R SR8 AL (3511 50% —100% ) , G451 Rg R A= ¥dric 20:4w6,9,
12,15¢.15:00 F1 18:00 , H: i g R AE MIARIC 20:4 06,9 ,12,15¢ $87R B S , B 105 12 A #0453 15:00 F1 18:00
FERANTE 5 55 5 o BRI NARL (KN 100% LI L) 3G T cyl19:008¢.,20:00 ,18: 1w7c cyl7:0 F1 17:00 5 Fig
Wi A Ihmic , X LepRic 448 7R 9 22 [CBAPE R . TS0 & Al B R [C AL S AR &R L rh BRI A= W bric i
B E R 5 AP 16:00 18:109¢ \18:1w7c 18:00 Fl cyl19:0w8¢, (5 MG MR & S 64. 03% , HRHR M = [CH]
PET ;X HR AL B A HH AR 2R+ 30h  PLFAs S EEALFRT 5 2RS4 312 16:00,18:1w9¢  18: 1w7c.i15:0 Fll al5:0,
i BB IR &0 63.67% , H KRR N H 22 [CIHIEH

2 o»
R e 350 - CREN W2k CHRES WAk CHRES
mE 2 300
Z53 250+
ﬁ‘igg 200
B S 150t
ﬁgbi 100 -
2 w0l 001l
s g
g%g 0 [J = = T T T x:r:x:xDxDxDx T T T T T T 1
28 -50 -
=55
gz~ g -100 - o c o © o o o ©°o o v o o Y o O o o
o o o
) 5 c 2 3 2L v 2 v v & 8 = oé z 2 2 °§ < [5 =2
— <t Ne) — o — — — — — - o v (o) (=) = — o~
© — ; —_— — — < < - - < o ﬂ — — = N % 5» —
- < e BN <
2 )
g < 5
<
S
Q

Wellg g IR A2 Type of PLFAs

B 1 ik RS-1403 2B FHAER R TEM A Y PLFAs ST

Fig.1 Changed of PLFAs amount in the rhizosphere of tobacoo under treatment of avirulent strain RS-1403
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Table 2 Effect of avirulent stain RS-1403 on PLFAs content of different microorganisms in tobacco root system

TR 2k BRI AR bR AbFEZH Treatment group/ (nmol/g) XJHEZH Control group/ (nmol/g)

Type of microbial PLFAs TR5d  TR10d TR15d TR20d TR25d  CK5d CK10d CKI5d CK20d  CK25d

REY R Total PLFAs 22.51  19.59 37.01 15.74 22.56 18.36 16.39 21.73 11.42 23.72
A LATRSE 5 Tl

g 1is) AR % B 1 R B BROR

21.96 17.82  35.51 15.22  21.01 17.41 15.61 20.41 10.77 21.73
Bacteria in general YRR U5 B2 (4 1S

0.i15:0.i16:0 % )
HTH Fungi 18:1w9¢ 2.88 2.04 3.39 1.56 2.18 1.92 2.24 2.47 1.55 1.16

JAZEH Actinomycete  10Mel6:0 0.55 0.77 0 0.52 0.72 0.95 0.78 0.91 0.65 1.18
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Table 3 Microbial community diversity index of tobacco root soil among sampling time under different treatment

7 B Simpson 4§ %X Simpson index Shannon #5441 Shannon index Pielou 84X Pielou index

Items 5d  10d 15d 20d TR25d 54 10d 15 20d TR25d S5d  10d 154 20d  TR25d
AL HLH Treatment group 0.855 0.867 0.850 0.881 0.831 2.677 2.689 2.666 2.6983 2.592 0.892 0.896 0.889 0.899  0.864
X4 Control group 0.720 0.707 0.806 0.767 0.816 2.157 1.874 2.495 1.916 2.576 0.768 0.807 0.8322 0.825  0.859
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