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Table 1. Incidence of HLB and its complex infection with CTV and/or CTLV in yellow decline citrus trees

HLB 1F ) FERRREH

HLB B2 CTV 3% CTLV #E &Ll 2: (%)

=
i i Tl RERS (%) HLB HLB+CTV HLB+CTLV HLB+CTV+CTLV
1T R 9/29 (31%) 0/9 (0%) 6/9 (66.7%) 0/9 (0%) 3/9 (33.3%)
VRN 16/56 (29%) 0/16 (0%) 11/16 (68.8%)  0/16 (0%) 5/16 (31.2%)
XH 6/8 (75%) 416 (66.7%) 0/6 (0%) 2/6 (33.3%) 0/6 (0%)
2 HTERR A 13/49 (26.5%) 0/13 (0%) 9/13 (69.2%)  0/13 (0%) 4/13 (30.8%)
il 4/12 (33.3%) 0/4 (0%) 3/4 (75%) 0/4 (0%) 1/4 (25%)
XH 5/6 (83.3%) 4/5 (80%) 0/5 (0%) 1/5 (20%) 0/5 (0%)
IEMEE  H 25/77 (32.5%) 11/25 (44%) 2/25 (8%) 12/25 (48%) 0/25 (0%)
=Pt 15/36 (41.7%) 9/15 (60%) 0/15 (0%) 6/15 (40%) 0/15 (0%)
P Ay 7/18 (38.9%) 4l7 (57.1%) 0/7 (0%) 3/7 (42.9%) 0/7 (0%)
LS 12/42 (28.6%) 0/12 (0%) 1/12 (8.3%) 0/12 (0%) 11/12 (91.7%)
4 HERR el 12/115 (10.4%) 0/12 (0%) 4/12 (33.3%)  0/12 (0%) 8/12 (66.7%)
XH 7/7 (100%) 5/7 (71.4%) 0/7 (0%) 2/7 (28.6%) 0/7 (0%)
51bElE  H 29/93 (31.2%) 16/29 (55.2%)  1/29 (3.4%) 12/29 (41.4%)  0/29 (0%)
GHESL i 9/20 (45%) 0/9 (0%) 7/9 (77.8%) 0/9 (0%) 2/9 (22.2%)
HAfEASGHN  10/23 (43.5%) 1/10 (10%) 6/10 (60%) 0/10 (0%) 3/10 (30%)
6 &R M 10/26 (38.5%) 0/10 (0%) 1/10 (10%) 0/10 (0%) 9/10 (90%)
XH 3/4 (75%) 3/3 (100%) 0/3 (0%) 0/3 (0%) 0/3 (0%)
7REERR MR 28/53 (52.8%) 18/28 (64.3%)  0/28 (0%) 10/28 (35.7%)  0/28 (0%)
ARAR <1 37/127 (29%) 37/37 (100%)  0/37 (0%) 0/37 (0%) 0/37 (0%)
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Table 2. Incidence of HLB infection within 6 types of
yellow symptoms

e IR HLB /gLt (%)
1 S 2] R 1/37° (2.7%)
2 LUEREEAR 0/7 (0%)
3 (NG STRIN 3/24 (12.5%)
4 ek 21 Ak 3/10 (30%)
5 B o)k 7/17 (41.2%)
6 OERRR AN IBEEGIN 23/32 (71.9%)

* The samples were detected by use of PCR.
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Fig. 1. Six types of chlorosis and yellow symptoms often observed in the field. Type 1: mild chlorosis. Type 2: Zinc-
deficiency like symptom showing yellow blotches in mesophyll. Type 3: Manganese-deficiency like symptom showing
chlorotic blotches in mesophyll. Type 4: uniform vein-yellowing. Type 5: whole leaf yellowing. Type 6: yellow mottling.
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Table 3. Incidence of latent infection of HLB, CTV, and CTLV in several symptomless citrus cultivars

LA (%)

AL S RE R mE AR P EZN HiB TV CTLV  CTVCTLY

H R ARE HifFH HiE ~ DAY 30 0/30 22/30 0/30 8/30
(0%) (73.3%) (0%) (26.7%)

B X ERRE WA I ~ BEPE ~ IR ~ 70 0/70 48/70 0/70 22/70
Tttt SHfy ~ =i (0%) (68.6%) (0%) (31.4%)

HHAEkE WIeE wHHT -~ PriR 40 0/40 12/40 0/40 28/40
(0%) (30%) (0%) (70%)

UHEE SCH S il SRS HE 80 4/80 0/80 42/80 0/80

[yt Hifd ~ KH (5%) (0%) (52.5%) (0%)

A I ~ B ~ KH 20 0/20 14/20 2/20 4/20
HAFEfiAd (0%) (70%) (10%) (20%)

SEEE EE&MH ERK ~ iR 50 0/50 18/50 0/50 32/50
=5 (0%) (36%) (0%) (64%)

e TCFIEEASR Hys ~ Juan - 50 3/50 0/50 24/50 0/50

[t (6%) (0%) (48%) (0%)

% > {ERE - RE R 2 AR U R i o AT b S )
Bz B AR A K A CTV FERHERE 2 A i (7 58T
) © (ffR = 700 nm) o

Fig. 2. Electron micrograph of CTV-like particles
accumulated in phloem cell of the diseased Ponkan
showing yellow symptom, but negative for HLB-PCR
detection. (The bar represents 700 nm)
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RS FE RGN Mss B 1+ Ean iz AR o Al
M~ AR S IR A BN HEE % HLB U L fE @
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ABSTRACT

Tsai, C. H.}, Su, H. J.}, Feng, Y. C.}, and Hung, T. H.*? 2007. Study of citrus Huanglongbing and its
complex infection with Citrus tristeza closterovirus and Citrus tatter leaf capillovirusin Taiwan. Plant
Pathol. Bull. 16: 121-129 (* Department of Plant Pathology and Microbiology, National Taiwan
University, Taiwan, R. O. C.; ?Corresponding author, E-mail: thhung@ntu.edu.tw, Fax: +886-2-
23625717)

This research is to study the incidence of Huanglongbing (HLB) in decline citrus trees and
complex infection of Citrus tristeza closterovirus (CTV) and Citrus tatter leaf capillovirus (CTLV) in
HL B-affected trees in all main citrus producing areas of Taiwan. The result indicated that average
30% of citrus crop showing yellow symptoms was infected by HLB over Taiwan. Eureka lemon
infected HLB in Pingtung county was the worst, having 52.8% incidence. In HLB-infected lemon
trees, there were about 40% co-infected with CTLV, but no co-infection of CTV. Diseased pummelo
samples collected in Yunlin and Hualien counties were 30~45% infected by HLB and approximately
40% HLB-infected pummelo were co-infected with CTLV. However, complex infection of CTV was
variability in different pummelo cultivars. In Wentan, Paiyu, and Kao Pan pummelo cultivars only
3~8% co-infected by CTV, but 90% incidence of CTV co-infection were found in hybrid pummelo
including grapefruit and Minneolatangelo. Yellowing kumquat collected in Yilan county had the |east
incidence of 10% of HLB infection, but complex infection of CTV or CTLV was still over high
incidence of 60%. Therefore, HLB infection and complex infection of virus disease were significantly
different among citrus cultivars. Due to virus co-infection in the field was complicated, in order to
distinguish typical HLB symptoms, 6 types of yellowing samples were collected from virus-free
sweet orange field. After HLB inspecting, the highest incidence of HLB was type 6. In latent infection
study, only 5~6% symptomless pummelo and lemon were infected by HLB. It also means HLB was
correlated closely with yellow symptoms and latent infection was less. Finaly, little HLB-like but
negative to HLB-PCR samples were observed in electron microscopy and a large number of CTV-like
particles were accumulated in phloem cell which seemed to be the reason of their decline.

Key words: Huanglongbing, symptom type, complex infection, citrus cultivar, Citrus tristeza
closterovirus, Citrus tatter leaf capillovirus
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