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ABSTRACT : To understand biology of canker
disease. disease forecasting, control and relationship
between disease occurrence and no. of bacteriophages
in the designated mandarin (Citrus unshiu) groves
for fruit export to USA. disease severity readings
and detections of bacteriophage plaques at different
growth stages of mandarin were taken. Effect of
disease severity on the increase of bacteriophage
population was also assessed. Disease severities on
the overwintered leaves of mandarin were different
among the areas. but were not different between
chemical treatment and no chemical treatment fields
due to drop of infected leaves during winter.
Disease severity for Citrus natsudaidai was higher
than for mandarin. Disease occurred from early July
to early August on spring leaves of mandarin. In
July. disease severities accounted for 1.5 to 1.8% in
the chemical treatment fields. and 3.6 to 49% in no
fields. In

severities increased from 2.1% to 3.8% in chemical

chemical treatment August. disease
treatment field. and from 4.8% to 6.3% in the no
chemical treatment fields. On summer leaves of

mandarin. disease severities accounted for 6.4 to

74% in chemical treatment fields. and from 8.8 to
13.7% in the no chemical treatment fields. Bacteriophage
plaques were detected on the overwintered and
spring leaves in early June. and summer leaves in
late August. Chemical treatment significantly
decreased bacteriophage populations of spring and
summer leaves. There were significant correlations
between disease severity and bacteriophage population

in most cases.
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Table 1. Disease incidence and severity on overwintered citrus leaves at the designated fruit export fields of
Haean. Sangga and Uigwi areas in early May in 1999.

Species Chemical Disease incidence (%)° Disease severity (%) "
PP treatment Haean Sangga Uigwi Haean Sangga Ulgwi
Citrus unshiu Yes 28.3 58.3 26.7 21 55 26
n No 35.0 51.7 30.0 22 46 23
Citrus natsudaidal No 100 100 5.8 13.8 8.4
No. of diseased trees
® Disease incidence (%) = o O qied x 100
0. of surveyed trees
b ) No. of diseased leaves
Disease severity (%) = 100

No. of surveyed leaves
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Table 2. Disease incidence and severity on newly produced citrus leaves at the designated fruit export fields of

Haean. Sangga and Uigwi areas in 1999.

Species Chemical Date of Disease incidence (%) Disease severity (%)
treatment survey® Haean Sangga Ulgwi Haean Sangga Uigwi
July 10.0 15.0 11.7 1.8 1.5 1.5
Yes August 16.7 20.0 13.3 2.1 3.2 3.8
Citrus Sept. 25.0 317 28.3 6.5 6.3 7.4
unshiu July 16.7 20.0 30.0 3.6 49 4.0
No August 19.7 20.0 40.0 48 6.3 56
Sept. 48.3 58.3 51.7 8.8 9.3 13.7
Citrus July - - - 9.9 12.8 12.1
natsudaidat No August - - - 10.9 14.6 12.9
Sept. - - - - - -

® July and August, for spring leaves: September for summer leaves.
® Grown in the periphery of the designated fruit export groves.
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Table 3. The number of bacteriophage plaques on healthy overwintered citrus leaves at the designated fruit export

fields of three areas in 1999.

Species Field Chemical Area No. of plaques per lg leaves
treatment Early May Late May Early June Late June Early Julv

Haean 0 0 27e’ 0 0
Healthy Yes Sangga 0 0 9e 0 0
Uigwi 0 0 3le 0 0
Citrus Haean 0 0 83e 23 0
unshiu Yes Séngga 0 0 46e 27 0
Diseased Uigwi 0 0 46e 55 0
Haean 0 0 791b 27 0
No Sangga 0 0 472¢ 55 0
Uigwi 0 0 2.453a 0 0
Citrus . Haean 0 0 796b 0 0
natsudaidat Diseased No Sangga 0 0 292d 0 0
Uigwi 0 0 870b 0 0

* Means followed by the same letters in each column are not significantly different (P=0.01) by Duncan’s

multiple range test.

® Grown in the periphery of the designated fruit export fields.

Table 4. The number of bacteriophage plaques on diseased overwintered citrus leaves at the designated fruit export

fields of three areas in 1999.

Species Chemical Area No. of plagques per lg leaf
treatment Early May Late May Early June Late June Early July

Haean 0 0 75" 55 0

Yes Sangga 0 0 18e 27 0

Citrus Uigwi 0 0 73e 27 0
unshiu Haean 0 0 509d 0 0
No Sangga 0 0 953b 27 0

Uigwi 0 0 1815a 55 0

Citrus Haean 0 0 759bc 0 0
natsudaidai No Sangga ] 0 472d 0 0
Uligwi 0 0 703cd 0 0

* Means followed by the same letters in each column are not significantly different (P=0.01) by Duncan’s

multiple range test.
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Table 5. The number of bacteriophage plaques on newely produced healthy spring citrus leaves at the designated

fruit export fields of three areas in 1999.

No. of plagues per lg leaf

Field t(rj::tmni;lt Area Late Early Late Early Late Early Late Mid
May June June July July Aug. Aug.  Sept.
o i
Haean 0 27e* 18g Hode 9d 101b-d 0 9ab
Healthy Yes Sangga 0 46e 278 27e 0d 83cd 0 9ab
Uigwi 0 46e 27g 27e 0d 111b-d 0 Ob
Haean 0 125 138g 2% 6dcd 101b-d 0 9ab
Yes Sangga 0 472d 11lg 27e 36d 83cd 0 18ab
Diseased Uigwi 0 425d 167g 27e 18d 46d 0 18ab
Haean 0 1.759b 5.676d 278ab 167ab 222a 9 27ab
No Sangga 0 1.287¢ 6.481c 167cd 111be 194ab 18 Sha
Uigwi 0 3.314a 1.564f 3l4a 208a 250a 9 37ab
Citrus patsudajdal’
Haean 0 1.342¢ 7,768b 223be 73cd 166a-c 9 Ob
Diseased No Sangga 0 1.314¢c 8.400a 250a-¢ 5acd 101b-d 33 Ob
Ulgwi 0 1.842b 3.240e 167cd 46cd 74cd 9 Ob

* Means followed by the same letters in each column are not significantly different (P=0.01) by Duncan’s

multiple range test.

' Grown in the periphery of the designated fruit export fields.

Table 6. The number of bacteriophage plaques on newly produced diseased spring citrus leaves at the designated

fruit export fields of three areas in 1999,

Species Chemical Area No. of plagues per lg leaf
treatment ) Early July  Late July  Early Aug.  Late Aug.  Mid. Sept.
Haean 194f° 157¢d 240¢ 46¢ 46d
Yes Sangga 223f 129¢d 27ic 37c 55d
Citrus Ulgwi 223f 83d 305¢ 18¢ 55d
unshiu Haean 750cd 389 1055b 536b 138b-d
No Sangga 833bc 509ab 1305a 472b 296a
Uigwi Ho6de 583a 1083b 171c 259a-c
o Haean 10270 175¢d 259¢ 194c¢ 64d
H;Z i No Sangea 16208 250¢ 416 962 287ab
Uigwi 453e 129¢d 194c 120c 129¢d
* Means followed by the same letters in each column are not significantly different (P=0.01) by Duncan’s

multiple range test.



CHo| 3 $ECX|0M LB HUY st A 43

AZA7) QAN FAa7 ik 28y 394 A
oo ZFAYE FHATe 239U st
phage 222 69z} pdateol 12~84x107H2A4
OFA whA|Foll Hlsled 0ufo] Aol i THE, T3
& 9 892 E 04~31x10°7§2A phage TE=7}
obA| uhAl Foll wsle] [0MHE FASASG 22 8
A5t4 o) Foll= phage BE7t 5570 olst2 BA &
2 5] At}

B) W ma
BEQoAe AgEe 7€ 25 24E7] A%
stgl 3 phage YEE o 1gB 1.9~162x 1071 Qe
tl(Table 6), FAIGAFAA At F& AFoIAT
798¢ AAE 1078 BES phage =7t FAHA
oo 23Uz o] ofAFUAFE FAGA T
g2 £go] vlsld ¥ phage Z=E FASFRT
o]g} #& phage W& FFALYE FEALA v
sta] phage A&ol €53 =%ch 8¥Zo < phage
AZol HE 27179 ¥z FrrstA Y 8dst
&2 E phage 27t At #ZAsATh €S EAA
I U9EV fAHSE S EYou R gA T
AMe 3& phage BE S Bth dAQdolA e} w3
72 fAA T AAME Az Aol7t Y
qou AT 9 shFedMe AGT oAt
aA Jerdto

=1

K2 fle

O} 24 & &
AE+AANAMY phage BE S FUIY F£Y
of vlate] ZE AT AE3] Bkl (Table

7) ol AL Hdo] wlsle gz HF &Y 9
g3 oS- w7} By EoE 44dg @2
Ay FeAyRo] dE2&ddA sgakeRE 9
1g2 5.0~80x10°78S] phage’t BEHJAL 985+
NE 14~88x10°7S) phage?t #EH wsg o
T2 FAsU 23y Ho] H3d XPoAME 8
9 atgol] WA TFAMNE 14~17x1070, A Tl
Ae 34~58x%10°709} phage7t A& =0l AAEZ]
vl 1WA E el T3 9EF &l WA Tl
A 13~21x10"12 phage7t 7HatQ . A Tl
AE 13~22x10702 28] F7bsta g Tol v
s 1081 BX 9 phage’t A& HUh stEAME
o &4 Aol Qo] phage FES ¥ + AJA

HI S GiSs

ZALA G ZANA ool WA ol AAA g
bacteriophage H&- 8§¥sleoll FA AT oy
189 35~67x10'709) phage’t @&IA&d ole
2uglo] vlated 10ui7E B2 Holn FAFo o
WANNE 1.2~73x107H 2 A phageF7t FH Aol
vlsted 100817 S718AtH(Table 8). 98 F¢dle
WA Lol A phage WE7F 1001 FHATAME

Table 7. The number of bacteriophage plaques on newly produced healthy summer citrus leaves at the designated

fruit export fields of three areas in 1999

Species Chemical Area No. of plaques per lg le?f
treatment Late Aug. Mid. Sept.

Haean 546f* 148d

Healthy field Sangga 805ef 888d

Uigwi 509f 388d
Haean 1592d 13426¢d

Citrus unshiu Yes Sangga 1712d 21046¢c
Uigwi 1407de 13787cd
Haean 5148b 139741b
No Sangga 5898a 224907a
Uigwi 3453c¢ 133611b

® Means followed by the same letters in each column are not significantly different (P=0.01) by Duncan’s

multiple range test.
® Summer leaves were not produced
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Table 8. The number of bacteriophage plaques on newly produced diseased summer citrus leaves at the designated
fruit export fields of three areas in 1999.

Species Chemical Area No. of plagues per lg leaf
treatment Late Aug. Mid. Sept.
Haean 37444 4° L13x10' ¢
Yes Sangga 67037 d 17310 ¢
Citrus unshiu Uigwi 35231 d 1.79X10P; c
Haean 120833 ¢ 1.26x10° b
No Sangga 732407 a 1.95%10" a
Uigwi 169074 b 1.41x10" b

® Means followed by the same letters in each column are not significantly different (P=0.01) by Duncan's
multiple range test.
" Summer leaves were not produced for Citrus natsudaidai.

Table 9. Regression equations between disease severity on overwintered leaves and no. of bacteriophage plaques
detected on different leaves at various sampling times in 1999.

Leaf condition Sampling time Regression equation Significant level®
Healthy overwintered leaves Early June y =406.7+ 6.0x NS
Diseased overwintered leaves Early June y =343.8+ 29.5x NS
Healthy spring leaves Early June y=664.5+ 88.9x NS
Late June vy =571.3+ 568x *
Early July y=50.1+14.9x *
Late July y=60.4+ 1.0x NS
Early Aug. y=134.9-1.7x NS
Diseased spring leaves Early July y=121.2+ 93.5¢ o
Late July y =159.4+ 10.2x NS
Early Aug. y =428+ 6.1x NS
Late Aug. y=12.3+ 46.9x *
Mid. Sept. y =493+ 16.1x NS

* NS @ Not siginificant *: Sienificant at 5% probability level. **: Significant at 1% probability level
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Table 10. Regression equations between disease severity on spring leaves scored in July and no. of bacteriophage
plagues detected on different leaves at various sampling times in 1999.

Leaf condition Sampling time Regression equation Slg{; l\?eclim
Healthy spring leaves Early July y =420+ 15.4x o
Late July y =526+ 2.7x NS
Early Aug. y=1226+ 1.3x NS
Diseased spring leaves Early July y=138.5+ 80.9x a
Late July y=149.9+ 11.5x NS
Early Aug. y =408.3+ 10.3x NS
Late Aug. vy =40.8+ 36.0x *
Mid. Sept. y =545+ 13.4x *
Healty summer leaves Late Aug. y =265.4+ 1013.4x =
Mid. Sept. y =-7943+ 43793x =
Diseased summer leaves Late Aug. v =-58064+ 97755x =
Mid. Sept. v=-18%10"+39%10'x =

® NS : Not siginificant *: Significant at 5% probability level **: Significant at 1% probability level

Table 11. Regression equations between disease severity on spring leaves scored in Aug. and no. of bacteriophage
plaques detected on different leaves at various sampling times in 1999.

Leaf condition Sampling time Regression equation Slglr; lfeclint
Healthy spring leaves Early Aug. y=120.7+ 1.3x NS
Diseased spring leaves Early Aug. y=371.0+ 15.3x NS

Late Aug. y=8.8+ 35.2x *
Mid. Sept. y=39.4+ 13.7x *
Healthy summer leaves Late Aug. y =210.3+ 698.8x *
Mid. Sept. y =-4310.3+ 28097x *
Diseased summer leaves Late Aug. y =-58932+ 63663x *
Mid. Sept. v=-20x10"+ 27x10'x **

® NS : Not significant *: Significant at 5% probability level *: Significant at 1% probability level

Table 12. Regression equations between disease severity on summer leaves and no. of bacteriophage plaques
detected on different leaves at various sampling times in 1999.

Leaf condition Sampling time Regression equation Slglz 1ileclzznt
Diseased spring leaves Mid. Sept. y=-6.6+ 15.5x =
Healthy summer leaves Mid. Sept. y =740+ 13Q66x ) *
Diseased summer leaves Mid. Sept. y=-12x10'+ L.2x10'x *

2 *: Gignificant at 5% probability level ®™: Significant at 1% probability level
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