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Fig. 1. A typical symptom development of black necrotic leaf spot on leaves in Nitaka.
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Fig. 2. Seasonal development of pear necrotic spots in Niitaka trees.

89712 Al&EITH(16). 7]-20] MEdl X & 9YellE 780 %ol L} Qo] 7393}5]"4/‘% A 28~ ¥into]
WA (Fig. 2).

& e R AR E B 2ARE BAR] AA 2 ubgedgo] of 749} Helen 4l
AR 3/4 ©)8ke] 7] FollA] HbAo] wokw, ATk ukAo] Agit) Az Rl 10M A Y7}x ]
= 4 Bkl 3070 o)Ak AlstA| viehd o] 25% olAFEI N T, 10 R ] 17HA o Afe)
= F2 Hukrh 1] vltez 2hasisic) =3 18805 J7ElE HuksiAo] Jlx olillo s
S nle] B3 f3le g Z4E wte] 2 gl o2 Yehdoh(Table 1).
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Aok, Ao A’k v 7ol ddo] Eo] Az soFa el 2 cdgke “]"]‘4- wele
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ZhaEw o] Zrp) x|k AREEE wol Falo] 34| A3EcH(16)(Table 2).
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7 7P B2 A Bod AT g0 oF 23%el Zaldct Al $elvet ZH“H Az of
0% °1’d& ARSI Qe T8 FFo% $71e] Hairt 2 202 Argdc}. Al 2o A
Hglo] AR gkt A|gH =2 A AR ] SR M= Aol 2z} wagat
of a7} 7k Ada, A W% AR, FEF Sl BAEo] Fo} 1]3}]7} 7 Askdet.
2ol )Y, B, AT, 2AY, TF, £, FUF, 34§ AN E 137 el Hes >

2 sl er 53] AnFFelA Fa7t 7B Alshehe 7o) S4o|cH(Table 3).
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Table 1. Development of abnormal leaf spots affected by leaf position on the current shoots of
cultivar Niitaka in June 1993

1 st
2 nd
3rd
4 th
5 th
6 th
7 th
8 th
9 th
10 th
11 th
12 th
13 th
14 th
15 th
16 th
17 th
18 th
19 th
20 th
21 th
22 th

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

8.3

8.3
16.7

8.3
25.0
333
16.7
25.0
41.7
75.0
41.7
41.7
75.0
75.0
66.7
91.7
100
100
100
100
100

25.0
16.7

8.3
16.7
25.0
333

8.3
41.7
333
25.0
16.7
41.7
583
25.0
25.0
333

8.3

o o o O

58.3
333
333
8.3
16.7
8.3
25.0
16.7
16.7
8.3
8.3
16.7

o

8.3
50.0
50.0
58.3
50.0
333
333
25.0
25.0
25.0

<

OO OO o0 O 0 o o

Table 2. Comparison of yield components between diseased and healthy pear trees sampled at
i i in 1991

tw

K

Pyeongtaeg

Suwon

Diseased
Healthy

Diseased
Healthy

172.0 £ 10.0
2800+ 70

236.5 £ 48.5
233.0£53.0

628+ 1.3
1435+ 6.8

745+ 16.5
129.0 +28.0

365.0 = 14.0
5125+ 115

3135+ 55
554.5+ 6.5

43.8
100.0

57.8
100.0

*Two pear trees of the cultivar Niitaka randomly selected were sampled each.
*Based on total fruit weight per tree.
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Table 3. Regional occurrence of abnormal leaf spots in major pear cultivation areas surveyed in
June 1993

Ulsangun Niitaka 25 1,100 2.3 Seosaengbae
Chojuro 25 750 0.3
Najushi Niitaka 25 60 41.7 Najubae
" 20 390 20.9
" 18 95 52.6
Imamuraaki 20 120 29.2
Jeonjushi Niitaka 30 50 66.7 Iseobae
" 25 30 13.3
’ 9 120 C4T
" 8 350 4.0
" 6 475 9.5
Gongjushi Niitaka 24 250 18.8
7 21 230 10.4
Yeonkigun Niitaka 25 160 50.0
Cheonanshis Niitaka 23 370 57 Seonghwan-
7 21 130 12.3 bae
Anseonggun Niitaka 25 400 10.0 Anseongbae
7 20 950 11.1
Pyeongtaegshi Niitaka 20 650 1.8
" 18 107 23.8
Yonginshi Niitaka 20 200 90.5
Namyangjushi Niitaka 25 400 12.5 Meoggolbae
" 20 450 2.9
" 18 590 10.2
Chojuro 20 250 0.0
Whaseonggun Niitaka 20 500 4.0
” 26 270 26.3

*The tree with more than 10% of leaves diseased was considered as diseased tree.
B R0I1n} g
iuE-Sl -2 9] A0S ] Slel A2k e] vl JeAl Qle BE 8114 Y)Eke)
3=

7l
AES shich. WA $599) Eoael Bate] 2ALE dlsith RS B, A4, A
o2 A IS AR A5} A7kl £ 5} 2ae] Aol $1CH Table 4).



Table 4. Severities of the abnormal leaf spot disease on 2-year-old pear trees of cultivar Niitaka
rown in pots under the different irrigation treatments

Irrigation 1 Inoculated 8 0 0 250 28 | 100 357 100 520
v Unioculated 8 0 0 0 0 0 0 0 0
Irrigation II | Inoculated 3 250 1.3 | 50.0 127 | 100 497 100 64.2
Unioculated 8 0 0 0 0 0 0 0 0

Irrigation III | Inoculated 8 0 0 500 99 | 100 424 100 56.6
Unioculated 8 0 0 0 0 0 0 0 0

* Excess. Start watering at 0.2bar soil moisture level with double amount of standard quantity
(excess-watering). ,
Standard. Start waterimg at 0.2bar soil moisture level with standard amount.
Reduced. Start watering at 0.5bar soil moisture level with standard amount.
® % trees showing diseased symptoms.
‘% leaves diseased.

waha] EokpRgtahe A2y WAl A ql 89102 3] Y AR AZH) I
2919) EoSISIA S 2ARE AT LAY Hele] Boke AATle] Bopuch GaelAle]
o] Egk3 234 Gr)et e AT ubge] wAlw AbA7E TH19).

£ wo] Wb} Zabale] AAleA B B o] whalzAdz|Ql 690 Hi|2-2 21.5Ce] L HAYo]

AR FEE 797 899) LRk 6Uur) WS gk wik 597 0¥l 69 R} Uskeh o
g 7o wnke of B o3 2rol WAl A7) QlE ZloE A wehi] xe) Z-euky
ubAzo) A E 9| wx) vd-g o4 ARt Aulgt A3t Ak X2} 14-36% H = whEol
Zrasigde). =3 v whgshe Vel ZIAEE AR S A3 AVPEE B3R E AlARE 2 3
27191 8del] A7 7R ellAE A3 wAslR] dkgkort FEelrds 100% W sidct. wokE by
o7 BAEFEZ iRl BAE Ag Yol FAFFel @AIYlo] Bo] =A] ¢ghrH(Table 5).

ol2|3t AL vt Al BxWe 255 AR AT 7ER]e BAE 4 Ao kX B}
11.3°C =¢k7 3 42.6°C7HA] 23k}, doll A5 AL oM e BA U9 L= eX| Ko}
22.3°Ct} =0} 47.9°C7HA] L= (Table 6).

ol2]3l A2 Why of B H& 2wl UAF AAZ} ol Tl 23le] o] A== A
o2 AgEch adebd B o) 71t Ak whdske 258 Y|l T, oke] 5E JEdle Al
& As F7b 23°C/oRE 18°Co] 2738)eIA A2Ae] 7B A Fiet o] =R 2 28/
23°Ce} F 259 18/13°CollA = ubg o] A el ot Alale] 22 AR cH(Table 7).

wrlE Yelo g At 4= gl AL FHE A3 A3lZ qlsle] AbAdulel 23 d3= ohdrt
3}ed 7}adQl pH 3.0%€] pH 7.070A] Q1 ZAMINIE whEo ol AbZd Av Aed-S A
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Table 5. Development of abnormal leaf spots on the pear leaves bagged or wrapped with dif-
fer . s e .

Newspaper bag 20 1
Oil paper bag 20 2
Transparent P. E. film bag 20 0
Black P. E. film bag 20 0
Wrap film wrapping 20 2
Masking tape wrapping 20 3
Uncovered control 20 20

* Date of covering : May 10, 1994,
® Date of removing : July 10, 1994.

Table 6. Daily temperature fluctuation on the leaf surface as affected by different leaf covering

Newspaper bag 328 | 345 | 346 | 323 | 234 1163 | 22.3 1204|179 (20.1 204 ] 248
QOil paper bag 426 | 432 | 393 348 | 238 | 16.1 ] 21.7 | 200 17.2 | 19.6 | 21.8 | 29.8
Transparent 389 | 442 | 417 362 | 234 | 157 | 209 | 18.7] 169 | 19.2 | 20.8 | 27.7
P. E. film bag

Black P. E. 379 | 363 | 353|336 | 236 | 158 | 21.2119.1|16.7 (19.1 | 21.2 ] 29.1
film bag

Wrap film 479 | 46.8 | 39.2 1331 | 241 | 16.2) 21.6 |19.5]17.4 [ 19.8 | 22.4 | 36.0
wrapping

Masking tape 388 | 365|325 303|238 (165220199 17.6{199|20.7 | 28.9
wrapping

Uncovered 258 | 272 | 2771 265 | 227 1 21.3 | 17.5 | 157 143 | 13.4 | 17.2 | 23.5
Control

Table 7. Effect of day/night temperature regimes on the development of abnormal leaf spots on
3-year-old pear trees in growth chambers

28/23°C 4 4 20 19.8 210 285
23/18C 4 4 35.0 70.3 80.0 81.8
18/13°C 4 4 0.3 2.3 6.5 10.0

* Day temperature was applied between 09:00-18:00 and night temperature between 18:00-09:00.
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B wlo] Fagou} Aol &7 dale] obdr} A &S] $lsA Almet o]AA|7] ] F2ubg e
SR HUFS Bad A Alternaria spp7y FE Fel=dc}. B219 Alternaria spp. & U4
AR A ﬂ"”ﬂ*i Be|g F Ane BE oA E Aol gldich 1eu oAl
o] Eelgt F& Aluelde ydAe] sisl ot oAzl HdAel A E I metA &
WAFE Alternaria kikuchianaZ 53=5vHTable 8). o448 A3 & W2 Alternaria ki-
kuchiana®F= 433 AL 2 1= A7).

g
2 o) A gl Al HUES Felstel MU AT die) NS ¢ At gl A
8 Aa gstek ek B SN Sk Bt AR AR st ) AR

Table 8. Pathogenicity of Alternaria isolates from the lesions on the leaves of two pear cul-
tivars by detached leaf test and by pot test with 2-year-old trees grown in pots

S-1 Niitaka - - - -
S-2 " - - - -
S-3 " - - - -
S-4 " - - - -
S-5 " - - - -
I-1 Nijisseki - + - +
I-2 ” - + - -
1-3 " - + - +
1-4 ” - + - +
1-5 " - + - -
I-6 - - - +
1-7 z - + - +
I-8 " - + - +
I-9 ” - + - -
1-10 " - + - -

2 +: Lesion developed, - : No lesion formed
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oW FE HE3he v e AR o] E HEI T 1 el AHAE A5 HLE
Z A E3le] 27t Aush o= B2 A Bl FH-2uA o] AlshAl wAsicH(Fig.
3)(Table 9).

w3 o B ET AHBE 7] Fo At ek vt o|HE A A3A|
A sk Aoz AR FllAE ol e 8 A RAME AsHA Hhed of]
m &k Lol A= o] BBl at ubasle] Aol ofs H s Zo] FH UK Table 10)(18).

oju WAF: FAE AA| FIIEAAM DA Sk 2ol Fee T2 A Fl 2aA W14
Hrug g8 i) e 74 s 5T A oHE ArE e AddE A= "gﬂﬂ‘:}
Fpo] 4 A Ee s AdsE - nlolalx, vlo| 2ol vle]z Tep At Fol glont £ H
nlolelaets AZHEe(2, 10).
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Fig. 3. Confirmation of graft transmission by using a double grafting method.

Table 9. Graft transmission of the abnormal leaf spot disease by double grafting method with
cultivar Niitaka in a vinyl house

Mar.22,1993 | SDL® Diseased twig Symptomless twig 6 6 333

Apr.10,1993 | SDL Diseased twig Symptomless twig 6 4 30.4
Apr.10,1993 | SDL | Symptomless twig | Symptomless twig 6 0 0

*SDL : Seedling rootstocks (Pyrus serotina). ~ ° Data obtained from the 2nd scion.
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Table 10. Development of the abnormal leaf spot diseased by tongue-graft between diseased and
symptomless trees

Diseased Niitaka
Symptomless Niitaka

Diseased Niitaka
Symptomless Niitaka

X EAE M

FHputolel s Z2RAIE vlo|e]2AF FAdH G| Sol3HA] dovtx] @7] W HFEA
o W2 Al HuE}(S, 24). wehAd “H—Hr—‘?'——fl Hputolai e SR FAES o] 83l
utolg} A& 2eslar QIeh(25). 19508 Atat vlolgl a2 & HA ] $aiA S8 A%

21E-¢] Lord Lambourne M. 139, Virginia Crab K6, Spy 227, Belle de Boskoop 5°] ¢| &5
o] gie}(14). :

F Zolle At 2w o2 oA 9l apple chlorotic leaf spot virus (ACLSV), apple stem
pitting virus(ASPV) ¥ apple stem growing virus (ASGV) % 332 ulo|g] ~H-& EA|o| Z7)
Aol 7hedt FEAZAES AL dE| ol&=ET Qdct(27). Wi vloleianY A FAEE=
Beurre Hardy, Quince C7/1, Nouveau Poiteau S-0] o|£=] 3 Q1 7(24), #T LB 4] ulo]a]A
Hog oduix gl vl FAAubdHE B2 EAEQ HN-395 o] ZA ol AM8-sla 9lck(9). &
HE vlolg|an o sty & W] BER-7E 27l AR 7hsdl A BAES Al ¢
3 A PE st £ Bl 7B =wzsAl B ske et AR 5 S wmejxg 102459
Taf AR FellA] & Helle AR WAe] 7)o Mdsta & W3 fFAR A2 FHHele 1%
o] Aggel Tl AE AT x 2AYA 86-2-22 54 APLsRITHTable 11, Fig.d) (20).

SATHA Gl A FRle] oA T ellA= o HA FS5Eo] Fghar, AF o] o|HAIA ZjfellA]

£ o]/ F5-go] Usteh. ARIEA) TRlella] Al x ZAA 86-2-29] AFo] AegHel uE
$58 2710 7o) Asalx g 73@ A3} Ao 2 walste] A FAEZAY FA7} 383

[+

1A = ek (Fig. 5). wheba] gt Awx 284 86-2-2 A15-2 PS-952 33t ch(20). A PS-
95 7t Q77|83 F7lelA 538 dhon e o] &5 ¥ gict.

Fpulolaj o] Akg A3 AHPES dF 7|0 AAZFERE whe]l &7 E R glek. 4
Euloleix A e A FAE-S o] 43 AP, A o, A v Al A% A
o] deiA glch. vt tfi-E-o] pulolel S BEA| A S-S 0|83 A6 o&Esta gl
wj ol A A717F Aghs o] ok, A ZA el 27 AP elle o8l 7HA7F dout Abste) 3¢
5 A Z o 23 Aty Enle) o8- 3 9lw(24, 26), BT, AEFRIAE 2] o2 S
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Table 11. Severity of abnormal leaf spot symptoms developed on 7 progenies preselected for in-
dicator plants from two parent combinations by double chip budding inoculation method using
diseased trees and seed-originated virus free stock in the field in 1994 and 1995, and level of
resistance of the progenies to pear black spot disease caused by Alternaria kikuchiana

Niitaka X Waseaka
86-2-2 +++ +++ R’
86-2-30 +++ +++ R
86-2-7 + + M
86-2-5 + + S
86-2-20 +++ ++ R
86-7-20 ++ +++ R
Niitaka X Imamuraaki
87-7-137 ++ 4+ R

*‘Observation was made on the basis of 6 plants.
+:1-2 spots/leaf, ++ : 5-10 spots/leaf, +++ : 30-50 spots/leaf.
"—R : resistant, S : susceptible, M : moderate.

Fig. 4. Selected PS-95 as an indicater plant for pear black necrotic leaf spot disease.

o] £3lx k(7). B AFollA = o] T2 X FAE PS-958 o] 4 F Aol o459 =
71737d0] 7Fsdk v S gt aal A1ES SRk, AEA17], ASH I HEA 7] st



Fig. 5. Black necrotic leaf spot in PS-95 two months after top-grafting.

AED AT ARA7)E %] MESS A Fako] vo] Wasisr). Wb oz 1AelA
o) H2A7lE 4927 Jeid 9lert olnc) whe 39%o] Agksidich. ATWHE el T
o 47 1R 31X sow ek A@rA] AR R ol Aol Bubye] ¥e o] 4ol
ROHO6 & PSS 23 sl Tcks 23 Wil WA o] Bk sty
2% ARUEE 5919 71%e] Wastu Asje] ZHsl L kA ge] 7hse 2% ol dgub &
Aelleh(Fig. 6). oSl ATE fokshal ool o REGTe Agude A
PS-95% o]83ed 39 sl olFAtoldA o] Mstalcl ALR AL,

m{nm

HEHOIHA

o

vlo|g] 2o EAde T m 1A E 2AY Y vlole] Ao AARS | E BN 799 AAu}
olg| 9] QAL MEEde A A FRAR FREshed £ Aol Axlell o8 $As
o} 2 o) ol Alvel A FAIE PS-959] & AAAvIAL o8 AlEW vlAlTERE AT A
s} @S AEANe 7 234 A Akl A QA Auke 2 Saste] ZAsT QI WA
WAsIAH(Fig. 7). o] & wlelal2d] sial= & 7irtelol] mx 2k Ao AYata =k (Fig.
7). ARe 3oz el v A3 A2 oz WAT R AAFY. o] ik AAL &
A% A3 oF 12 nmedcH(Fig. 8). 22} o] )1xbe] Zo)= &3lslr] Esle] 2A31x] E3ladct. o)

>

o
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Fig. 6. Double-chip-grafting method for detection of BNLS.

frAte e 28 AHs] Hadt Ay} dubd o2 4Rl 47l 259 AMFEutele] 2 dAkaks 3jo)r)
At web B dTellx] @A GSAHAEHel EAlst lE FTAAME Aol i}
H oA ZE FeEtA HoR s £ A o] nlolelae FFAubolE A 1EFNAE Clos-
terovirus®} o} FALSIAtH(Fig. 9). Wb o] 18 43k nlola) Az =12, 13).
Closterovirus®] $ix= 217°] 12 nm, A7} 600~2,000 nm2] ssRNA genome 122 Z= t}
2 AP mlelzize| wis] Suchale) Hajo) sirtelA wele T2 2 lo] 9lxke] sAfo)
Hbs] FEEE RofS sla ol 2] EAo|t), w3k o] groupel &3Hs iR ulolal A
AREEA | EA3la §loi(4) B QoA el ulolel s JARE T2 bl FSA ol BAstT
UKATH22). w7 o A ol fApulel2) A glatelel] AA o) 50~100 nm =] ¥ &
Z(vesicles)7} #AH ] 0 A FFotolls UAH YA Thaka AU HFig. 10). o] A-GA}
5 ot de 2w 25 Wl disle] =ato] Hof e wivhe) AL (- uhRg o)
AR S o] uteleizell 2% A& WA o2 Frsly] $13) ol 388 =42 A7)
A, o] & AT UMb 02 3-89 sSRNA AlS-g Zhe Al Bujo)a]Ad] o)) ojie Al
o Azt Ao deix 9l7] giolnh(3). o]2idt AR wffoll AT BAG-TL oA



Fig. 7. Longitudinally sectioned viruslike particles(VP) wear the nucleus(N), the particles ap-
pear as bundles. CW =Cell wall; RER = Rough endoplasmic reticulum; M = Mitochondria; Va =
Vacuole(X11,000).

5 £ ¥

Fig. 8. Transversely sectioned viruslike particles(VP) which appeared as densely packed elec-
tron-dense spherical particles. N = Nucleus(xX48,000).

9] Zr|AEFEe] 54 WHs] st vloleiAE Adsh=dl lor] Fo7 A7 Hu
A3, 4, 8). B2 Z-Fell 3o1A o] njolainFo fsliA] AR AFs vlolelaE SAY o B
71& dsRNAZ Z33h2 sle Zeg SR, getx nxe AZ HelMe] vlaiag %
A she el Ao deiA ek, 11, 28).

Closteroviruses® Awsh=dl QleiM H-fAHE sk Sle Axeh 254 AR fraputel
2 QIzbe] &, a3 ARETAA-S £ 23 9 & Yri(4). 1 o]+ o] closterovirusest=

Aol Fohgiedo] & H)x] ok, ool vehhs WA Z1FWS7} B4 Ak kol o

rir
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Fig. 9. Highly flexuous rod-shaped viruslike particles(VP) in another mesophyll cells. Va=Va-
cuole(X20,000).

Fig. 10. Membraneous vesicles(Ve) containing electron-dense fibrils formed at the tonoplast of
a mesophyll celles are seen. Upper viruslike particles(VP) near the nucleus at the right coner
are also seen. N = Nucleus; RER = Rough endoplasmic reticulum( X26,000).

SRhe 2= Al o]-83)7] ol g7} QL) wliolth(4, 12, 28).
2 % Zegwe) W BAub o) shE v)Fu e, WA, Aduby 58 373 Ax /)=
M= A7) v ool WA QlR] 9w, )5 ERRE 4A) SARde] ) e¥g}
H18).
o]Ae] AE Helsle] B ¢

WA, AEAGA, AL 23 e 2F melw 234 a)

3

o
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A falolal 2 gl EAE 7122 slod B o] £ W& ssRNA vlol2is 2Hdel 2jsiA 421
Aoz Azt vl oE F34 AR nlelelaE
Carlaviruses®] Al ZHelsty 42 B2 Ho} o] nlola]~E Closterovirus®] 32 7€}
BlUS o)) M ASHs nlo)a) am-& of 109dFe] ¥ uH 7 JUeh(24). YEME £ B fARE B3
2 19570 v =Aubdye] BuEgw 19700l ol22] HEAHA nlole{aH o2 upsF e
U e A=A aghel(9). v A2 A7 Wile] AP ule]2i AR Pear vein
yellow virus®} apple stem pitting virus$} Straine] t}& vjelzjelar 3}5ich. Pear vein yellow
viruse 833k 2 qlx}e] sJefskA EA 08 Bo} Clostero-like virusgha B33k v} gl

B APAT a5 WS doy)E Wl vlolaiae wejdh, FefdtA wellA Clos-
teroviruses?} o33 712 FEAQ] B3-S Zk3 glom E Closterovirusel] &3k W o2 A7t== ¢
22 Zr) & dA77) o] Fo Aot & Zlom AZHct

S-<¢l Potyviruses, Potexviruses Z18]3L

B CH=Y

sh uholel 2 el @A) AREE Soke gt A gyt Bbssieh wetd e WAl o
o), 7 o Rt REE AR B¢ e DAL 9 5T AN A vt 4E
upolel g o] AelA] e Sepmolol qrh. B4 A BAE 4% WAl gholok 3
T ulolel s Aol HF whmA] FAslol Tk WYL ol AT P o] 2 wlo]
o 2gel RZHHA WHSSHE X\ EALE PS-95% ARaA wEHTE 2ARh Bhal2 thdel Az
7h kAR el whebalis 240] 7] ol S4be] vhehx e A9k Aot T8 =¥t
AAR o2 B A olFA m BAA Sol Yk BE Fol ATl WYY A=
b Aol 8-9Uel, BAolE 3-40] Fork AR A% el Y55 T we) vpehie.

o] iy Bl JopHAlE 2 FHEE Hushs o] /b Fasky oY RIS
AASHE 5 QAT Bl AR E 919 F 07 Sukoleh AA AN PAlwko 2 ke
o) Qe S 80% ol VTS AASKE Zlo) uleksha, 1 olak2 Wl Avlst
A AR S b aw uldlso] wol AT A wE AR T St 2 Fo2 A
S WP E @ wolth, £28 AL BAe) wEGTE A AAY 2ol W4T A
sto] HES AALshz Whgoleh. Teiwl $akRETo] Adkslel Sl Bl Hlne FAFE
e UG & 92 Foleh. o] 37 AL AR B A, wlolels FERES nE
A ALAI%} A FAAD I AR 2 Fgo] Yashelel gzten,
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