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BRE R 5 ™ B R R B R BE O A e B 20K AR
P FE s (F 1A.B.C.D),

AR B O M 2 K BHIR Mild illness, soaked heartwood
BB 78 4T 45 {6 Heartwood discoloration; C. 0> Ji £ 5 S0
Flocculent heartwood; D..0 #4 i 2 4% B B %4 Heartwood decay,
blacken and fractured.

B 1 FHHR O s iR B B E R
Fig.1 The typical symptom of wet-heart wood
disease in Populus spp.
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Table 1 Morphological characteristics of 10 bacterium strains separated from Populus spp.

R/ RE A i S ik [ERLSIZN

WA

Strain No. Gram stain Thallus shape Colony morphology
1-6 — JFFAR Short rod  FL @, R DG A V6% . LA FF Tvory. smooth and glossy surface,irregular edge
1-2 — 4R Bar L i, R OE W White, raised, smooth surface
2-9 — IR Rod FLE M, H V% /N F M OEH Cream,small colony,smooth surface
2-3 — IR Rod KA, FUR B, i OEH Offwhite, lactescent, thin, smooth surface
2-16 R Rod @, I A G White, smooth and glossy surface
12-1 — IR Bar FLAE @, £ MOEH Ivory,smooth surface
3-6 + R Rod RS , B 2 PR Ceraceous, tiled , sinuate edge
3-7 — R Rod A A LZmIEH . F % Tvory.smooth surface, flat edge
2-1 — IR Rod @, Fi L, £ G White, thin, smooth surface
2-11 — FFIR Rod FLA @, RMOEH B Ivory, smooth surface, flat edge

B 7r BRI 10 AT bR R 28 T 5 1k 23 ) 4
Pt A I L TP 2-16 5 B Bk R A R — 4R AR
7 HE R SR SO 0 b R A R B G,
] 32 J B S50 AE IR DL 181 2. 99 BE 42 b AL 43 S 1)
BRI R R B b R L X

AT RE 5 B B K 2 SR 2 ) BB R YT HOE 6. X IR
CFEST LB 3537 ) A 30 475 4 11 Al 5 IR s 152
AIBREBR (B 2) . TEHEBR A 1Az 3 i 25 P 2 g
3 5 B 5 PR R O S — SR bR L IE 2-16 1
P T B O  A2 ) T O R
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Fig.2 Symptoms of wet-heart wood caused

by 2-16 in Populus seedlings
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1) 2-16 BUW o AR S FAE B AR fL % e . 2-16
FARAE PDA K525 [R5 o A 68, 2 33 BDIR A6
B RTEH, B 5 (B 3A) ; #125 R B,
MBS A5 R LK 3B i BE W EE R W], 2-16 B K 2
AT I BRAR L 7 g B R L JC SR, TE 2F AL, K/ 0.3~
0.5 pmX0.7 pm, A HE 2~6 R (& 3C), 2-16
PR AR B AR AL RRIE S e S SR Lk 2,

2)2-16 G HE KR 16S rDNA 3143 Hr. LU
2-16 FR A4 DNA BB #17 PCR, 4613 K 25
1.4 kb MRS R B, SRS E 25 R R, R B
KR 1 412 bp, HJFHIE 5 A GenBank C&fili J7 571
5 :KR021044)

5 NCBI(Chttp: //www.ncb.inlm.nih.gov/) ¥
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A7E PDA LAY #i 7% Colony on PDA; B.ili 5% F M JE 4 Bacteria shape under oil microscope; C.HL4% F 8K 25 Fl i & 45 E Morphol-
ogy and flagellation under electron microscope.
3 2-16 MM E R SHE
Fig.3 Morphology characteristics of 2-16 pathogenic bacterium strain
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Table 2 Main bacteriological characteristics of 2-16 pathogenic bacteria strain

i H Item ZE ] Result i H Item ZE . Result
37 CH K Grew at 37 °C + T ¥ D-Raffinose +
5% NaCl 4 Grew in 5% NaCl + a-D-FL W a-D-Lactose +
S 4 i Pectase + % B D-Melibiose -+
AL S Oxidase reaction — B-H Wt-D-#i#5# B-Methyl-D-glucoside +
DA REBE 7= 4 38 JE ) it Reducing substances from sucrose — D-7K# 1 D-Salicin -+
PDA =4 (4% Produce blue pigment on PDA — a-D-H i o-D-Glucose +
R 1A 7 Nitrate reduction — D-H ##% D-Mannose +
74 HS H,S production — D-34# D-Fucose —
77 3-8 IE T VP reaction — JK 7B Stachyose +
HI B 27 525 MR reaction + L-fZ=H% L-Rhamnose +
7= A 15[ Indole production — WLFF Inosine —
W AL Gelatin liquefaction — D-1L1%4EE D-Sorbitol /
WK Urease — D-BTHi AL D-Arabitol /
DU NG Lecithinase — JILEE Inositol +
KN R R I & Phenylalanine ammonia lyase — D-H &% D-Mannitol +
Xt 21 8 F U N Sensitive to erythromycin — Hih Glycerol +
%5 B 41K & % Fermentation of glucose oxidation + L-#.F& L-Lactic acid +
WIKS Dextrin + FrEER Citric acid +
D-Z 2B D-Maltose / N R &L Malonate —
D-¥# % B D-Trehalose + D-3 5 D-Malic acid —
D-£7 4 — 8% D-Cellobiose + L-35% L-Malic acid +
Je % Gentiobiose + & Propionic acid —

7E Note: +BH: Positive; — B Negtive; /A& Unstable.
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AL 51 347 Blast b X, S5 R FE W 2-16 Bk 5
NBRC 14082 Btk (AB 6850554) 45 (1 7% 51 AR ) B
H99% ., K Mega5.0 B AF LU T 1 44 2 kb

92, 216

0.005

WA 4), TEFEE# dr,2-16 B A& F1 NBRC 14082
R AL R — LA I 2-16 HRE 2% 4K
J&5 SR B AT TR A 2 D AR5

87y Pectobacterium wasabiae CFBP 3304 (NR118293)

Pectobacterium carotovorum subsp. wasabiae ICMP 9121 (AJ223408)
Pectobacterium wasabiae WPP163 (NR074764)

Pectobacterium betavasculorum CFBP 2122 (NR118291)
Pectobacterium atrosepticum LMG 2386 (NR044980)

liPectobacterium cypripedii LMG 2657 (NR119369)
100 Erwinia chrysanthemi LMG 2804 (NR119368)
99 Pectobacterium carotovorum subsp. carotovorum NBRC 14082 (AB680554)
Pectobacterium carotovorum subsp. actinidiae KKH3 (NR125539)
36 4]00|Pectobacterium carotovorum subsp. odoriferum CFBP1878 (NR118225)
Pectobacterium carotovorum subsp. odoriferum LMG 17566 (AJ223407)

89| Pectobacterium carotovorum LMG 2404 (NR119367)

97L Pectobacterium carotovorum ATCC 15713 (NR118855)

Pectobacterium cacticidum LMG 17936 (AJ223409)
Lonsdalea quercina LMG 2724 (NR114706)

B4 HHEOHKBEREE 2-16 B 16SIDNAFINRSZ X T
Fig.4 Phylogenetic tree of 2-16 pathogenic bacteria strain based on 16S rDNA
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i3 PR ) T e R 25 2R (3R 3) R L. 2K A
P ZETE S5 1 Bl 2-16 O 1 bR X RE 5 1R 1 44 A R
JEH S TR AR FIEAR SR 2-16 20 bR A fiE

AL . 25 R B A W A R B
YRR BE R 15 0 w8 T 22 20 ik . BT R
52 2-16 EU B bk 1= e 1 0 9 5 200 0 4 e 19 3

®3 2-16 HFREMARBEMAXLFRER(n=10)

Table 3 Pathogenicity of 2-16 pathogenic bacteria strain in different inoculation patterns (rn=10)
A7 X Inoculation patterns
TiH Item 2E 20 s $e o 2R S T AR 2 T it g e i
Stem carving Stem injection Root-irrigation Inoculation on leaf
KI5 #% /% Morbidity 80 100 0 0

HEEFI W NN 2 NN T8 S
J# <10 cm, fif O JC 2% 4 Bar-
I BEY R O shaped expansion along xylem,
Scab expansion started from wound, less than
10 cm in length, no discolora-
tion in pith
A ERA

Disease index

36

TE S AL R B8O AR BT A8 A
AR BT 4R AR B O 1) R 16~

20 cm Significant discoloration in pith JoHiE R JogE R
and xylem, expansion from injection Asymptomatic Asymptomatic
point to top and bottom., 15-20 cm in
length

88 / /

3 i i

i 1 XT B A1 B B C Enterobacteriaceae) S i 1
B J& (Pectobacterium ) 1) — S Fp 25 3E 47 16S rDNA
751 1 L X 43 Bt Hauben 351 3 180K 44 BR SC IG B
FVER B IS 08 WS PR TR 1Y — 3 o 5 I A 08 SR
FFE J& (Pectobacterium) . AW 58 25 6 40 BT &5 4%
fiF A B A AR AE I 16S rDNA %5, % 5E 2-16 531
R T R BN O R AT W N O A

( Pectobacterium carotovorum subsp. carotovo-

rum) o [AESE R B A AR 58 0 B ), 2 51k
B B 0o 44 955 14 32 % I 2 — . Mosseler S5 )
T B E. carotovora 5 i3 88U W 45 W 3=
Wl E. carotovora A7 A 49 I 240 V& 19 B0 1k L #E 4T
FE R0 U0 3% I A0 T AT R 4% 047 B4R B AR A € T8
K2 XA RE R A 5T 2-16 B AR T B0 A WHE O
M4 E AR AR A 5T TP 23 B Y 2-16 B0 1 bk
FIIZ A0 TR AT BE 2 [ — o B B 2 O R
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KT B O b o8 B0 W A Je i A, BN Y
— S22 PN S TR A AR B Y 45 11 B A i B
A A — 2z 2 bk ke TR A T BB
TRF 118 00 477 1 4 S b R e 0 AR 5 U O A R
BB — A Az FF 4 O A IR R R R R 80 % LU
L ARR MRS B AR N 1 FEER 2 AR
SR T A RO M LR XA g R — D S
THHREERPIBEOME, ALIgs R, 2%
P 20 3 2 ok R 2 3 S 4 b 3k 3 AT O L W] g A
I 2 FhEE b 5k A SO TR B o AR B O
A o 33X R O B A BB AL L A T BB R 1 T A 3 T
FFHERAL . 3 Hh AERT WA K IR g B A 58 A o
FARE I R 42 Sk 2 0 BR SC IR TR (Brenmeria salicis)
L4 1 — Fb EE LR AR A 5T ik R R R R
REMEAE RO . M He Fh s dE Al R 5 B 5 1
B HE B 07 P T R S T B4 A B Uk TR R
X AR AT RE S M 4 MR BRI E 8 R, WA
W FE A N IO 1 B0 TR BE 8 AR 0 45 1 4=
A AR A 53 AR 12 T VA B O A HY B A 25
TR O R AR X AT BE ER AR G B )R 2 B T A
A A 10 5 P O PR A G,

R Z A BT AR B TR A Gt 2 T B0 I O A
I AR R 25 0 B S WO M
WREEWN Y EZEE, Wi, 75455 i
oL BR TR E YU AR AL AT R A AU SR AR R
B WO b 5 1 R SR FH BT T A N 3
BORFHR T DUOG M LS. T
WEEESED, N EERDRBETH O HE R
FEARNE M 09 R A= o3 A R AR 0 2 18l Y
FEBUAE R 0 2 W0 A 908 SO B 0 RS P E AT
PR O b B AE I B IR E R S R IR ABESE 5
Wit

2 % x M
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Pathogen isolation.identification and infection characteristics
of wet-heartwood disease in poplar
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Abstract Ten dominant pathogenic strains were separated from wet-heartwood pathologic tissues of
poplar varieties by tissue isolation in this research.Pathogenic strains were inoculated in healthy poplar
seedlings by stem injection for pathogenic identification and then the symptom,morbidity and epidemic
degree of seedlings were recorded. The results showed that pathogen 2-16 strain caused evident symptom
(heartwood discoloration) after injection inoculation. The morphology. physiology, biochemistry of 2-16
pathogen strain were determined. The similarity of 16S rDNA sequence between 2-16 strains and Pecto-
bacterium carotovorum subsp. carotovorum NBRC 14082 ( AB6850554) was 99%. The 2-16 strain and
NBRC 14082 were clustered in the same clade in the phylogenic tree built by Mega5.0.So the 2-16 strain
was classified and identified as P. carotovorum subsp. carotovorum.In order to determine the major in-
fection path,pathogen 2-16 strain were inoculated to Zhongshi 7 poplar seedlings by leaf infection, stem
carving infection,stem injection and root-irrigation respectively.Both stem carving infection and stem in-
jection with 2-16 strain caused wet-heartwood symptoms in poplar seedlings. The morbidity, length of
scab and disease index were higher or longer in stem injected plants than in stem carve infected plants.
There were no wet-heartwood symptoms in leafl infection and root-irrigation treatments. The results indi-
cated that the 2-16 strain was mainly invaded by stem wound infection.
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