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Abstract: To rapidly identify a newly emerging mulberry wilt disease in Zhejiang Province, this study compared
Fourier transform infrared (FTIR) spectra of Enterobacter mori and Ralstonia solanacearum, which cause
similar disease symptoms on mulberry. First, FTIR spectra were taken on E. mori and R. solanacearum, and
then a comparison of mulberry branches infected with and without E. mori was performed based on FTIR
spectra. Results for E. mori and R. solanacearum in the 4 000.00 — 500.00 ¢cm™ region showed 5 similar peaks
with 3 of the similar peaks differing in intensity. Peaks at 1 399.10 and 1 079.45 were specific to E. mori;
whereas, peaks at 2 973.49, 1 724.42, 1 380.60, 1 278.67, 1 185.12, 1 132.03, 1 100.51, and 979.31 cm™
were specific to R. solanacearum. The FTIR spectra for healthy and infected mulberry branches showed 5
similar peaks in the 4 000.00 — 500.00 cm™ region with 4 of the similar peaks differing in intensity. Peaks at
1 643.92 and 1 407.31 em™ were specific to infected branches; whereas, peaks at 1 635.83, 1 506.36,
1423.59, 1 374.97, 1 328.57, and 1 108.82 cm™ were specific to healthy branches. This study indicated that
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Fourier transform infrared spectra could provide a simple, intuitive, and fast technology for rapid detection and
identification of mulberry bacterial wilt. [Ch, 2 fig. 3 tab. 19 ref.]

Key words: plant protection; mulberry; Enterobacter mori; Ralstonia solanacearum; specific weak; FTIR

Z B Morus alba J& 32 B} Moraceae 32 J& Morus, NEWITA, Hil F#HEFRE Bombyx mori ) 1,
W B ARG, ]z T AR PRI, SR, 2004 45 LIE, 76 i V145 b 5% el fifi 22 1
BT —Fh = RS R HGE S B RRORTE T, R, AR, AR PR T ERM A, M E
T T A i 5 M A P W R A A B R WIE 5 O R 0 D A R S B S AR S R IR
W & Enterobacter NG , FHR Efi 44 N Enterobacter mori, JHiZi H E 4 N R MEVEZE IR 0,
{EAS T 2 02 H H BEAR 5 i Ralstonia solanacearum 5| #& 1) S A0 BT AR AL, P9 R8T S 4l 1/
PEAEE AR T, AT X0 A G840 B 43 28 B S 0 O i R BB AR AN A TR YR TR A L A A LR AE
Ry 2R A5, BOARA AL, (HERER 2y, Temt 2k 0. AR A HsE X i (PCR) g JE Ak 1) & Fh AR 43 F2E
P2 B R M I BR 1 40 R S SO, (H ™ EEARO B St AR AR, B Z B A A T
P A L AR 2T AP IS B R (FTIR) 23 58 3 AR S 7 SR i/, AN (LRB B L 40 5 A AR A R
ST, T LR B M AR I 43 5k DA R G T B R A A8 Ak, i g ) o R A0 L i FTIR &3 AT kA
A 0 200 I P AL B B LA R A F 45 A A5 B PR ARk, FTIR &5 v SR s D B 3L [H 19 22 5 C A Ok
DX 3 0 68 5 AN [) ) Bl 2 0 oo 2 S o 1S AR A 5 0 R B K 5 25 5 O R R T A A DA R R
ZEES A B A R A SR 2L AP R, i 3 7y B Mg B ik 1 2D AT A I 25 2R, $2 T A FTIR
LA D S A P 1 2R S R AT AT

1 M5 &*

1.1 RAEBEK

A B 5 [T FH (%) 5% 200 TR 1 2 S 0 TR TR AR Enterobacter mort R18-2 1 58 41 7 14 75 A% ik 1 8 bk Ralstonia
solanacearum ZJUM19981 Hy Wi 1. 2 H= Wy 452 ARMESE T AE 9 240 18] 5 36 28 PR A7 $ 43t
1.2 % R B L0 SN U AN ) &

W ORAEAE-T0 CHY R 20 T TE 25 55 05 11 8 bR E. mori R18-2 Tl 5& 4 1 PE 75 Al i 1 18 #k R. solanacearum
ZJUM19981 1% {6 R 2k T Luria-Bertani (LB ) [& 42 5 77 H F i B 5 50 25 10 1R 460 28 W 30 I8 (YPGA ) [ {5 5% 5%
3 P IR P A0 T 5.00 mL Y LB WA RS 5 LA YPGA WA RS F2 5&, 7E 37 °CA 30 CA4F T 180 r-
min™ 5% 24 h, 7E 10 000 r-min™ Z5/F T 2.0 10 min, 5% F3W, JRHINGEKBE 2 OG0 T8, 64,
1.3 REEZERNHELRSZ

BRSO SR A S AR I RS, NREBTEUK 15 em ZZ24 IR TFR A A 3 5K 50 1) Jo i B
%, AT KER 50.00 mL XUZEK M =M, JF A AL ZE A0 1ok B e B gk . #4107 cfu
- L/ E. mort R18-2 TR 2 FH T 14 /N5 B 61 B 42 Fh 78 B AR R 25 i I K 3, 749 0.01 % 0.03 mL-
K&, B3 W, [T TG R K RS o ST R A 0 IR AR N TR AR h (B i 28 °C, O
12 hed™, BB 100%) 8557 15 d, #2803 d Ja R RME R . U I BRI B S kL, #E-70 CHA
KR TR T, BT O b AT OIS ki A2 /N T 2 m AR A, 264E
1.4 FTIR #&n

W RMEERBRT-70 Cokvk TG, & THR, ORI O AR /N T 2 pm BB R o 4% 8
m(ZEM) - mRALE) = 1:100 19 LB A B 7 H /- 8 min(100 kg-em™, 1200 x 0.006 895 MPa), ¥
AT R, T 20865 (L8NG AL R 256 = # i 24 v Nicolet 57005 MR JGikr#E%h
4.00 em™, P27 [ 4 000.00~500.00 cm™, FH{F S Z00 100 Zh-F AL, BHhELRIE, 0L
FERZKA AR T, AR IARE M T RAE S S, W LR EHER 1R, HE SIK-HF
it OS2, T OMNIC 8.0 #4434 6 i Kl s
15 REEREANITBEETE

FHF FTIR 0 119 20 3 SR SAE b, TR A0 FH 28 L P AL 00 05 Dir 240 1 2 R 0y 0 0 e SR 22 5 0 TR 119 47



580 TR AN N N = 1 2015 48 H 20 H

B YE, LIS UE FTIR MR 25 2R . 558 55 03 1 19 AR 23 AR AR 3 55 I O 1 AT, B0y i PR IR
IRFNE B R IT M 5 Nicotiana tabacum 3L BN Biolog Az #LAE L% 5E Fl 16S rDNA J3 81 43 Hr 55 12
1.6 Sits#h

24 Kb B[] (14 3 K OF (P<<0.05) I G2+ 43 B 22k STATGRAPHICS Plus, iz 4< 4.0 (Copyright Manugis-
tics Inc., Rockville, Md., USA) #4773 #7 -

2 RGN
21 FTIREFREEMSHRR

B 1T AIER 1 Al 7€ 4 000.00~500.00 em™ [ 1% 78 Bl 22 N, 5% 40 1A 14 25 5 0 14 1A Pk R18-2 il
O T ME 5 A T AR ZJUM19981 345 5 AN kI E], 48 3142 1 237.25 em™ (1 227.86 em™), 1 453.67
em™, 153822 cm™, 1650.74 ecm™ F12 925.13 em™, Hirp 123725 em™ (1 227.86 em™), 1 453.67 cm™
F12925.13 em™ [yUEER 2% 7 B 35 (P<<0.05) . WG AR . 1237.25 em™ (1 227.86 cm™) fff ik
(W WS UE e T A% R 43 A i R — I R A 1) R XS R P—0 i 4 dig i 5 1 453.67 em™ IH @ T8 1 i 4
A o AR C—H 3 il s s 153822 em™ Sk § N—H & i Jk 3 #1 C—N a4zl , F2k A
THEARBR D ; 1650.74 c™ HJE T C=0 M 4idksh, F2kA THEARBMK [ ; 292513 cm™ 3k
B & R C—H iz shmg oy

=
* -
2.0 - < &o
a = -2
- & “ o
1.6 | A “ - & e
o~ A < I O |
12t a iy 8« SxZals
~ g ™~ — QoS argle
— [P A o =
Q0.8+ Ney a2 s
s o— fA—
04T \
0 1 1 1 =
121 . _ @
o~
1.0 [ N RN
& o) %5
- N - IS
= 0.6 N o
= N [ )
Q © o )
0.4 a4 = ©
0
0.2 - el
0 Il 1 Il | 1 1
4000 3500 3000 2500 2000 1500 1000 500

o/em!

B 1 ZE&HAE ZJUMI9981(a)d & % % 5% 1 R18-2(b) £ 4 000.00~500.00 cm™ 3k & & B 49 4x 91 ki B
Figure 1  FTIR spectra in 4 000.00-500.00 cm™ (a) Enterobacter mori R18-2 and (b) Ralstonia solanacearum ZJUM19981
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Table 1 Comparison of FTIR spectra between Enterobacter mori R18-2 and Ralstonia solanacearum ZJUM19981

75 S e e Hfifenr” 3 A
E. mori R. solanacearum E. mori R. solanacearum

1 P O v 123725 £0.72  1227.86 + 0.27 0.29 + 0.03 a 0.65 + 0.09 b
2 C—H ) 1453.67 £ 0.58 1453.67 + 0.56 0.27 £ 0.01 a 047 +0.01 b
3 N—H, C—N S, v 153822 +0.19 153822 +0.23 0.62 + 0.05 a 0.69 + 0.06 a
4 C—0 v, d 1 650.74 £ 0.06 1 650.74 + 0.74 0.97 + 0.04 a 0.98 + 0.08 a
5 C—H v 292513 £0.12 2925.13 + 0.63 047 +£0.12 a 0.69 +0.11 b
6 (O] v 1 399.10 + 0.96 0.31 + 0.01
7 C—0 v 107945 + 1.17 0.31 + 0.04
8 P O v 979.31 + 0.13 0.46 + 0.04
9 C—O0 v 1 100.11 + 0.06 0.63 + 0.07
10 C—0 v 1132.03 = 1.75 0.66 + 0.01
11 C—O(H) v 118512 + 0.38 0.67 + 0.02
12 C—0 v 1278.67 + 0.44 0.84 + 0.04
13 C—H ) 1380.60 + 0.11 0.65 + 0.02
14 C=0 v 172442 + 0.36 1.43 £ 0.11
15 C—H v 2 973.49 + 0.81 0.72 + 0.06
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Table 2 Comparison of FTIR spectra between the mulberry branches infected with and without Enterobacter mori R18-2

- i o A7 /em™ g5 A
1 C—H v 2927.05+0.22 292884 +0.11 0.071 £0.007 a  0.082 + 0.004 b
2 C=0 v 1732.63 +£0.08 173581 £0.32 0.090 £ 0.003a 0.134 + 0.003 b
3 C—0 v 1248.00 £ 0.25 1246.82 + 023 0.142 + 0.004 a 0.112 +0.011 b
4 C—0—C v 1160.17 £ 034 1 159.15 £ 048 0.065 + 0.003 a  0.062 + 0.003 a
5 C—0 v 1053.70 £ 047 105486 £ 0.25 0.030 £ 0.004 a  0.043 + 0.002 b
6 C=0 v 1 635.83 +0.18 0.173 £ 0.014
7 C=C v 1 506.36 = 0.03 0.054 + 0.004
8 C—H 5} 1 423.59 = 0.06 0.035 + 0.001
9 C—H d 137497 = 0.03 0.057 = 002
10 C—H,C—O0 d,v 1 328.57 = 0.01 0.029 + 001
11 C—H 3 1 108.82 = 0.07 0.043 + 005
12 C=0 v 1 643.92 + 0.05 0.446 = 0.015
13 C=0 v 1407.31 £ 0.11 0.063 + 0.003
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