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The Study on Symptom types of Huanglongbing-infected leaves in Amami islands.Satoshi Fusayasu
*, Kazuyuki Hideshima* ™, Taishi Eiki, Taketoshi Fujita and Takayuki Matsuura®*** (* Moji Plant
Protection Station 1-3-10, Nishikaigan, Moji-ku, Kitakyushu, 801-0841 Japan.”* Fukuoka Airport
Branch, Moji Plant Protection Station *** Yokohama Plant Protection "Research Division, Yokohama
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Abstract: Identification of Huanglongbing infections by visual observation is difficult because
physical factors such as nutrient deficiencies can cause similar symptoms. In this study, we observed
the leaf symptom types of citrus trees infected by Candidatus Liberibacter asiaticus (Las) in
Okinoerabu Island and investigated the detection rate for each symptom type. Furthermore, we
investigated the associations among the leaf symptom types and copy number of Las DNA. The copy
number of Las DNA in citrus leaves with symptoms was estimated by quantitative PCR analysis.
Leaf mottling, complex vein yellowing and yellow blotching had a high detection rate. The copy
number of Las DNA in leaves with vein yellowing was lower than that in leaves with other symptom
types. There was no considerable difference in the copy number of Las DNA among the other
symptoms. Furthermore, there was no major difference between mild and severe mottling. Therefore,
to conduct more efficient surveys for Las detection, we should preferentially and aggressively collect

leaves with mottling and leaves with mild symptoms.
Key words: Candidatus Liberibacter asiaticus, leaf symptom type, quantitative PCR analysis
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Fig. 1. Symptoms of Las of this survey materials.
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LS L 723212 0htsu et al(1998) DIFH AN L 2555179 &
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I: mottling (Typel), II: chlorosis with green netlike veins (Typell), ll:severe chlorosis with green main veins (Typelll),
V: vein yellowing(TypeV), VI: yellow blotching (TypeVl), V+VI: complex of vein yellowing and yellow blotching (TypeV +VI)
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BT RO FIEFE E T L IZ Las DM =IO W T A % 1T
7282 A, BB BRBEAE 7R3 Type I XU TypeV + VIO
BRI BT, MORmBEA & L TR R R 2 TR )
WD 5Tz (Table 1) —77. Typell KU TypeVI o 1l
[ZOWTIE, Mo m B L g L TR SR 2 R 9B R AY
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Table 1. Number of symptom types (number of trees and sub-main branches) on Las infected trees and detection rate.
Number Number of sub-main branches” Detection
Symptom types of trees” Detection Undetection rate” (%)
Typel (severe mottling) 24 37 4 90.2 a
Typel (mild mottling) 13 31 15 67.4 ab
Typell 13 17 12 58.6b
Typell (partial chlorosis of developed leaves) 11 29 6 82.9 ab
Typelll (general chlorosis of developed leaves) 5 5 1 83.3 ab
Typelll (general chlorosis of developing leaves) 3 2 71.4 ab
TypeV 3 70.0 ab
TypeVll 8 46.7 b
TypeV+VI 10 17 1 94.4 a

DA total of 65 Las infected trees were investigated. In the case of the trees with multiple symptom types, counted each symptom

type in these number.

“Leaves on the sub-main branches were investigated as material.

®Values with the different letter (a, b) are significantly differrent (p<0.05, x*test).
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DIFBIN BN TOEE R ZIRO SN D 57208 (p>0.05.
Tukey-Kramer DHSDHE %) . TypeV DI 2 B A3 55 %
RIE i LT ) & 7R L 72 (Table 2) o

FEEREE BN LasS et Szl BTz o a -
DL HAT-7282 A, Type ORI DOWTIX, L

Table 2.

WBRERBEAR & AN 2 BB BWTHEE R ZITRO LN
o7z (p>0.05. tii5E) (Table 3) o 72, Typell DI %l
WZDOWTUE, BALEE O T 7 B ARAL & 5055 19 72 aB Ak
LIZBWTHBELEITFRDO LN LD o7 hS, FRHALZEIZOW
TR L ZE I b 2y 2B bz R L TWwWzlld
B 59, s L THBIRWEEZ 7R L7 (p<0.05,
Tukey-Kramer®HSD#: %) (Table 4) o

Comparison of copy number of Las DNA between each symptom type on Developed leaves.

Symptom types

Number of sub-main branches”

Average of copy number of Las DNA? (copy/u1)

Mean<SE
Typel 68 2.61x10° = 7.84x10°
Typell 17 3.37x10° = 9.81x10°
Typell 34 1.08x10° = 1.91x10°
TypeV 7 2.36x10° = 9.60x10"
TypeVl 7 2.36x10° = 1.19x10°
TypeV +VI 17 3.62x10° = 1.66x10°

YLeaves on the sub-main branches were investigated as material.

“The Tukey-Kramer HSD test (p>0.05) shows no significant differences between each symptom types.

Table 3. Comparison of copy number of Las DNA between symptom degree of Typel.

Symptom types and degree

. 1
Number of sub-main branches”

Average of copy number of Las DNA? (copy/u1)

Mean=SE
Typel (severe mottling) 37 3.13x10° = 1.27x10°
Typel (mild mottling) 31 1.99x10° = 8.17x10°

T B B R R
'Leaves on the sub-main branches were investigated as material.

“The ¢t-test (p>0.05) shows no significant difference between each symptom type.

Table 4. Comparison of copy number of Las DNA between symptom degree of Typell.

Symptom types and degree

Number of sub-main banches”

Average of copy number of Las DNA? (copy/u1)

Mean+SE
’(I;J};Iiigl chlorosis of developed leaves) 29 8.96x10° = 1.68x10°a
’(I‘g?r)li]ilal chlorosis of developed leaves) o 2.18x10° = 751x10°a
e 5 3.63x10" = 1.22x10'b

(general chlorosis of developing leaves)

T B R N R
'Leaves on the sub-main branches were investigated as material.

“Values with the different letter (a, b) are significantly differrent (p<0.05, Tukey-Kramer HSD test).
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