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SUMMARY

I. Title
Selection of apple varieties and development of techniques for

improvement of apple quality

II . Purpose and Importance of Research

'Fuji’ and ‘Tsugaru’ cultivars originated from Japan have been
cultivated mainly in commercial apple orchards at present. These
severe narrow distribution of cultivated cultivars makes our apple
industry difficult to meet the competition with foreign apples under
open market system as well as domestic consumers’ needs which tent to
be more and more diversified recently. Especially growing single
cultivar such as ‘Fuji’ induces many problems in the orchards such as
too much labor input for the increase of skin coloration and short
harvest period. '

Also present cultivars aimed to 'Chuseok’ market, the Korean unique
full moon festival season, such as 'Tsugaru’, ’‘Kogetsu ' and 'Hongro’
revealed some technical problems such as physiological disorders and
pre-harvest drops,

Establishment of production methods of planting materials is
essential to introduce high density apple orchard system using M. 8
rootstocks. In this system, planting density is 200 to 500 trees per
ha so that rapid propagation of own rooted rootstocks and nurseries
having many feathers is urgently needed.

For the propagation of apple dwarf rootstocks, layering or mounting
has been widely used as conventional method. However propagation
techniques under stool bed is not applicable to industry so far.
Therefore, we studied the methods of efficient layering of M.9 and
factors affecting to growing feathered nurseries.

Unlike advanced fruit countries, CA storage is not adapted in
commercial storage house in Korea so far. This results from mainly the
difference of growing cultivars such as ‘Fuji’ and the poor knowledge
on the prevent of the physiological disorder such as internal

_17_



blackening. Therefore it 1is necessary to investigate the problem
detected in current large scaled CA storage house and establish CA
storage techniques suitable to Fuji cultivar.

Fruit graders based on fruit size are distributed to farmers at
present time. Development of non destructive fruit grader having high
efficiency and accuracy is needed to meet the modern markets.

Therefore, the designing the non destructive grader detectable sugar

contents and skin coloration was carried out in this projects,

IlI. The Contents and Scopes of Research

1.Selection of new apple varieties and development of apple

rootstocks

(O Domestic adaptability test of new apple varieties

(O Test of dwarf apple rootstocks, M.9 focusing on high density planting
system ‘

(O Molecular cloning and characterization of disease-resistance genes from

apple

2 Development of Nursery Tree Production System

QO Development of Mass Propagation Methods for Root Stock M9.

O Development of Production Techniques for well feathered maiden
trees.

(O Rapid multiplication of M.9 apple rootstock in vitro

O Production of Virus-free stocks and antiserum for virus detection

3.Development of dwarf apple model orchard in Korea
(O Comparison of several planting systems and establishment of

planting system adaptable to Korea

- 18 -



O Establishment of cultural techniques in high density apple orchard
management

O Studies on physiological characteristics of dwarf apple trees

4. Establishment of technical system for the utilization of CA

storage in Fuji apple

O Development of CA operating programme and practical CA application
for the commercial apple storage

O Establishment of practical CA fechnique for the high quality
apple and transfer of the technique to the field

5. Development of the automatic operation technique for evaluation
quality of apple fruit

(O Manufacture of the sorting machine for on-line quality evaluation
of apple fruit
O The technique development for field application of on-line apple

sorting machine

IV.Result and Recommendation for Application

1. Results

1) Selection of new apple varieties and development of apple

rootstocks
(1) Domestic adaptability test of new apple varieties

O Sixteen foreign apple varieties and 4 domestic apple varieties

were used to test the domestic adaptability.

_19_



O The fruit quality of ‘Hongro’ and ’Hongjangkoon’' among mid
season varieties and that of ‘Fuji Royal’ and 'Bongchonkye
Fuji’ among late season varieties were good.

O ’Hongro’ and ’'Kamhong' were suceptible to Alternaria mali and
‘Hongro’ and 'Kamhong’” were suceptible to Glomerella
cingulata.

(O Cork spot was severe on ‘Kamhong' skin and slight rust appeared
on the top of the fruit of 'Hwanhong’ variety.

O Late season varieties such as 'Fuji’ have a long storage life,
on the other hand, early or mid season vatieties such
"Chuyoung’, ’‘Gala’, ’'Chukwang’ have a short storage life.

(O The fruit quality of ’Hongro’, and ’Hongjangkoon’ among mid
season varieties and that of ’'Royal Fuji’ and ‘Bongchonkue

Fuji’ among late season varieties were good,

(2) Test of dwarf apple rootstocks, M.9 focusing on high density planting
system
(D Rootstocks introduced in 1997
(O The total tree growth was small on M.9 T-337 and M.9 EMLA
apple rootstocks, on the other hand, that was large on M.7 EMLA
and Geneva 30 apple rootstock
(O Considering planting density, expected yield was high on M.9
T-337 and M.9 EMLA, about 3.5ton/10a and low on 26 EMLA, M.7
EMLA, Geneva 30, about 1,5ton/10a.
O There was no big difference in fruits quality on different
rootstocks.
@ Rootstocks introduced in 1998
(O The growth of tree was small on M.27 EMLA, P.22, Bud 9, Ottawa

3 rootstocks,
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(3) Molecular cloning and characterization of disease- resistance

@

@)

genes from apple

Development of disease-resistant apple with over expression of
smal1-GTP binding protein gene

Isolation of Rab gene from Fuji - Rab gene, 966 bp long, was
isolated from Fuji cDNA library.

Cloning of expression vector used for transformation The gene
was modified to be expressed through the wound inducible
promoter and was combined with a binary vector,

Application to develop disease-resistance - By the
transformation of the plasmid into McIntosh Wijiik, 6
transformed plants were obtained. These modified plants can be
examined the degree of change of the tolerance against
pathogens.

Molecular Cloning and Characterization of R-gene from Fuji
Cloning of NBS domain DNA fragment - For the screening of a
Fuji cDNA library with probes of NBS DNA fragments, PCR clones,
were selected 2 groups out of expressed 3 groups.

cDNA library screening and sequence analysis - From the
screening of a Fuji cDNA library with probes of NBS DNA
fragments, a R-gene was isolated, The similarity of the
nucleotide sequences with tobacco N gene and potato NL25 is
extremely high,

Characterization of expression patterns - The gene is supposed
to generate 3.9 kb mRNA and were highly expressed in the young
leaves and early buds.

Application to develop disease-resistance of apple - Each genes
were transformed into MclIntosh Wijiik and Arabidopsis to

examine disease-resistance.

-21 -



@ Molecular Cloning and Characterization of R-gene from wild type
plant

(O Cloning of NBS domain DNA fragment - For the screening of a
Jungsun-Maeju cDNA library with probes of NBS DNA fragments,
PCR clones, were selected 5 clones in the 3 group out of 4
group. -

O Construction of cDNA library in Jungsun-Maeju - cDNA library of
Jung-Sun- Mae-Ju was constructed and utilized for the isolation
of the R-genes.

(O Screening of cDNA library - From the screening of the cDNA
library with probes of NBS DNA fragments, six new R-genes were
isolated.

(O Candidate sequence analysis - The similarity of the nucleotide
sequences with Arabidopsis N gene and potato NL25 is extremely
high.

(O Characterization of expression patterns - The genes is supposed
to generate 3.874.9 kb mRNAs and were expressed in the leaves
of Yesan-Samyup, Hoengsung-Hwanyup and certaih apple cultivars,

O Application to develop disease-resistance of apple - Each genes
were transformed into McIntosh Wijiik and Arabidopsis to

examine disease-resistance.
2) Development of Nursery Tree Production System

(1) Development of Mass Propagation Methods for‘Root Stock M9.

O For sufficient rooting of stoolshoots a first hilling operation
had to be made in early or mid May when the shoots have grown
to ca. 15cm.

O Sawdust-soil (1:1) mixture, rice hull-soil(1:1) mixture, and

- 22 -



sandy loam soil were good rooting media in M9 layering,
however, sawdust-soil mixture seems to be more proper
considering the soil moisture and harvesting.

(O There was no difference in rooting of the layers between which
were mounded up to 15cm and 25cm. However, it seems to be
desirable “~to mound 25cm deep for the harvesting and the
layer-quality.

O Production cost per layer ranged from 134 to 190 won, but it

could be reduced by managerial rationalization.

(2) Development of Production Techniques for well feathered maiden
trees.

QO T-budding and chip budding in August, and veneer grafting in
next early spring led to good nursery trees. However, chip
budding seems to be more recommendable practically.

O All chip budding between 20 August and 20 September led to high
graft success and good growth respectively, but in veneer
grafting the growth of trees was some inhibited, as grafted
later than early April.

(O For veneer grafting or chip budding the rootstock diameter
should be thicker than 6.5mm, and the thicker rootstock, the
better quality of the maiden tree.

O Regardless of concentration and application times Benzyladenine
(BA) had significant stimulative effect on feather formati.on
with ‘Fuju’ on M9 T337. With sprays of BA 600-800ppm 5 or 6
times, it was possible to produce ideal maiden trees for the
high density system.

O Promalin at the concentration of 1% and 2% also led to the good

feather growth. 2 times applications of Promalin at intervals
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O

of 10 days, and 2 times at intervals of 15 days showed almost
same effect on the feathering as 4 times at intervals of 7
days.

BA 200-600ppm were effective concentration for the feathering

in 'Hongro’ on M9 T337 .

(O Removal of unfurled leaves at shoot tip part was not effective

on feather formation.

O Tween 20 0.2-1.0% showed additional effect on the feathering in

comparison with the single BA treatment, but Spreader, Cover,
Spreadersticker, and Siloxsane at the standard concentration
did not.

Soil fertility of the nursery had more effect on the
characteristics of maiden apple trees than application of
fertilizer or organic matter in the current season.

The better feathered maiden trees, the higher withering rate
after planting, as top/root ratio and transpirating area were

increasing.

(O Regardless of concentration and application times Benzyladenine

(BA) had significant stimulative effect on feather formation
with 'Fuju’ on M9 T337. With sprays of BA 600-800ppm 5 or 6
times, it was possible to produce ideal maiden trees for the

high density system,

(O Promalin at the concentration of 1% and 2% also led to the good

feather growth. 2 times applications of Promalin at intervals
of 10 days, and 2 times at intervals of 15 days showed almost
same effect on the feathering as 4 times at intervals of 7
days.

BA 200-600ppm were effective concentration for the feathering

in 'Hongro’ on M9 T337 .
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O Removal of unfurled leaves at shoot tip part was not effective
on feather formation,

O Tween 20 0.2-1.0% showed additional effect on the feathering in
comparison with the single BA treatment, but Spreader, Cover,
Spreadersticker, and Siloxsane at the standard concentration
did not.

O Soil fertility of the nursery had more effect on the
characteristics of maiden apple trees than application of
fertilizer or organic matter in the current season.

O The better feathered maiden trees, the higher withering rate
after planting, as top/root ratio and transpirating area were

increasing.

(3) Rapid multiplication of M.9 apple rootstock in vitro

O The optimum cultural . conditions for the propagation of M.9
apple rootstocks in vitro was Murashige and Skoog(MS) medium
supplemented with 1.0 mg-L"' BA, 0.1 mg-L"' IAA, 30 g-L*'
sucrose, and 8 g - L' agar. Removing apical meristem and placing
explants horizontally on medium increased the ratio of shoot
proliferation significantly,

(O The best rooting was obtained on 1/2 MS medium supplemented
with 0.5 mg-L-1 IBA, 20 g-L"' sucrose, and 8 g-L"' agar.
Intial dark treatment for 2 weeks increased rooting ratio.

O Vernmiculite was the best bed soil for acclimatization.

(4) Production of Virus-free stocks and antiserum for virus detection
(O Virus-free apple stocks were produced in 17 scion cultivars
and 10 roostock cultivars by thermotherapy and tissue culture

or micrografting and distribute to main cultivation area.
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(O ACLSV and ASGV were identified and the antiserum for detection
were produced

(O Woody indicators for ACLSV and ASGV indexing were selected, and
RT-PCR system for ApMV were established.

3) Development of dwarf apple model orchard in Korea

(1) Comparison of several planting systems and establishment of
planting system adaptable to Korea

O Several tree forms mainly used in high density orchard system such
as Slender spindle, Vertical axis, Solaxe, V system(lrow, 2rows),
Micado and HYTEC were tested in Suwon, Kunwi and Taegu areas.

(O Tree growth were not significantly different among planting
systems until the second year after planting.

(O There was no consistent trend in number of fruits per plant
ranged from 10 to 30 among the planting systems. And the yield
per unit area tended to increase by planting density,

(O At the second year after planting in slender spindle tree form,

tree canopy touched each other in 3.5X1.5m planting density,
while in 3.2X1.2m and 3.0X1,0m planting density, the canopy
overlapped by 27cm and 44cm, respectively. However, all the
planting densities seemed not to affect the tree growth and
fruit quality.

O In the case of 1,4,6 system of wire trellis with support, more
labor were needed for 1imb bending by the decrease of the
number of wires,

(O The advantage and disadvantage of planting systems should be
evaluated for long term project. Therefore, it is necessary to

continue by annual research program of NHRI.
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(2)

O

Establishment of cultural techniques in high density apple
orchard management

In many newly established orchard, amount of soil addition was
applied over the optimum level. Especially, in the orchards
applied with paddy land soil or upper land soil containing high
level of clay, poor tree growth was observed.

In the soil addition orchard, application of coarse organic
matters ranged 10 to 30 ton/10a, which was much more than
recommended amount. Such higher level of organic matters could
result in over supply of nitrogen in the near future,.

Mulching under the tree with Tyvek is expected to help the tree
growth through less changes in soil moisture and temperature
during the first year of planting, However, long period of
mulching cagsed excess rooting around- soil surface. To avoid
such problem, it is recommended to move mulching 30~40cm
aparting from the trunk after the late autumn until the budding
stage of the following year.

In orchard with sod culture, It was possible to manage the sod
by mowing 4 times a year when the dominant weed reached about
30 cm height and the amount of mown weeds added to soil was
about 600kg/10a in dry weight.

In the soil addition orchard, the growth of apple trees were
poor and occasionally trees died because of poor drainage and
aeration at the first year after planting. It was presumed that
the reasons for poor growth and death of trees were poor
drainage, poor aeration, excess application of organic matters
and planting of poor rooted nursery stocks.

¥hen the nursery stocks are not well grown and have a few

feathers, it was considered to be desirable not to plant the
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nursery stocks directly but plant them in nursery field for 1
year to get many feathers for the establishment of early canopy
and balance of growth.

It was considered that the labors for training and pruning,
management of coloring, controling of disease and insects and
harvesting can be reduced by high density planting system with
dwarf rootstocks. Since large tractors being used for labor
saving are not convenient in high density planting system
orchard, the development of small tractors applicable to narrow

row is needed.

(3) Studies on physiological characteristics of dwarf apple trees

O

O

It showed that replanting in soil addition was more effective
for the growth of trees than that without soil addition,
However the replant problem was not severe,

In some newly established apple orchards, boron and iron
deficiency were observed. It was presumed that boron deficiency
caused by poor nursery soil condition and iron deficiency
caused by excessive application of lime.

The contents of available phosphoric acid and potassium were
high and that of calcium was low in the soil. The content of
total nitrogen was also high due to excessive application of
organic matters,

The comparison of tree growth according to the soil condition

was difficult because of large variation of the nursery stocks.

(O The average expenses for the establishment of model orchard was

O

33,958 thousand won per one hectare.
Futhermore studies until the trees reach adult stage and

economic limit ages are necessary to establish this model
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orchard as a standard apple high density model orchard in

Korea.

4) Establishment of technical system for the utilization of

CA storage in Fuji apple

(1) Development of CA operating programme' and practical CA
application for the commercial apple storage

(O Technique of delayed CA storage was developed, which was
applied to Fuji apple storage. Flesh firmness of apple was well
maintained, which result was agreed with result of puncture
test.

(O Soluble solid content of apple in cold storage was higher that
of CA stored apple. Because cold stored apple has higher water
loss than CA stored apple.

(O Titratable acidity decreased after 2mooths and maintained 60%
of initial acid contents.

(O The sensory score was significant differences in hardness,
juiciness, acidity and overall acceptability. However the score

of sweetness was not significant differences.

(2) Establishment of practical CA technique for the high quality
apple and transfer of the technique to the field
O Weight loss was reduced in CA storage. Flesh firmness decreased
after 2 months and maintained 85% of initial value till 6
months in CA.
QO Titratable acidity of stored apple in CA was higher than that
of stored apple in air,

(O Soluble solid was not significant changes during storage period
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in CA. In cold storage, soluble solid increased after 2months.

O Internal ethylene evolution of stored apple in air was higher
than that of stored in CA. The internal ethylene evolution was
not related with grown area.

O In the effect of gas compositions, titratable acidity was
higher value in low oxygen concentration. However other quality
factor was not affected by gas composition,

O Internal breakdown of apple was occurred in low oxygen and high
carbon dioxide concentration. Internal breakdown was retarded

by change of gas composition during storage.

5) Development of the automatic operation technique for evaluation

quality of apple fruit

(1) Manufacture of the sorting machine for on-line quality
evaluation of apple fruit

O Hologen light source includes VIS and IR regions was used. The
diffuse reflected light information corrected to fiber and
divided into 6, which connect to 5 NIRS channels for internal
quality factor measuring and 1 VIS channel for color measuring

(O Calibration equation was established after the extraction of
principle component (PCA) from apple spectrum and making factor
filter. Over 3 apples can be determined per second by this
machine.

O On-line sorting machine is possible to communicate to outside
controller owing to TTL 1, TTL 2 analogue print function. If
the calibration and light information are inputted, real time
calculation is possible and to send it analogue controller,

(O Light combination interface method is used for decrease of

noise effect which come from long distance signal delivery.
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(2) The technique development for field application of on-line
apple sorting machine

O Many works were carried out for development of on-line sorting
machine., First, for user, control system was united, so
everything just like power resource of machine, speed control
of conveyer and measurement .of spectrometer could be possible
in control box,

O Classify tray of machine extended 8 degree to 16 degree. The
noise was decreased by using synthesis resin (silicon) and
sound absorption system. And auto input system was developed.

O The result of auto sorting by developed machine, size and color
could be classified. with high accuracy. The correlation
coefficient for color measurement was 0.96. Correlation of brix
was 0.8 and it could be classified 1 to 5 degree. But the
accuracy of acidity and firmness were low.

O It was possible to distinguish watercore and browning apples
from normal apples and to estimate watercore content with high
accuracy by transmittance method. This can be applied for in-
and out coming of storage house.

(O VWindow GUI and graphic screen were made for confirmation of
system operation of user and for real time confirmation of
sorting situation, respectively. In addition, unity of size and
color sorting sensor and design for data output form was

carried out.
2. Recommendation

1) A patent application
O The machine for principle fruit non-destructive quality

evaluation (in progress)
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- Components
- LIGHT SOURCE (6 halogen light)
- Fiber CABLE(induction of light information for VIS- NIR regions)
- Fiber CABLE division forming(simultaneou measurement of mult-
contnets)
- RGB FILTER CHANNEL (color measurement)
5 NIR CHANNEL (internal factors measurement)

- Transmit the light source to fruit surface — Divide the
delivered light information into 6 — Simultaneous analysis of
internal quality factors and color using principle factor

- Effect

- Simple operation treatment by development of cali- bration

equation and hardware

- Rapidity by quality assessment of internal factors and color

at once

2) Technology transfer
(O The optimum cultural conditions for the proliferation of M. 9
apple rootstocks in vitro
O CA operating programme and practical CA application for the
commercial apple storage
Our own CA storage facility(capacity:1,000boxes) which is based
onccumulated techniques was installed(2001. Aug.) and will be
run
(O Practical CA technique for the high quality apple
If the apple grow area and harvesting time is different in the
same storage, following technique are recommended.
The oxygen level maintained as 2%%0.5% 02 during storage period.

The Carbon dioxide level fixed below 1% in the initial stage of CA
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and then maintained 2%+0.5 after 2 months. In this case, ethylene

should be removed periodically by ethylene converter,

3) Extension guide for apple cultivation

O Classification of red sport strains of ‘Fuji’ and their
fruit characteristics
Red sport strains of ’‘Fuji’ were classified as blush type,
medium type, and stripe type and their characteristics were
studied to help selecting growing varieties.

O characteristics of color mutant clones of ‘Gala’ and guide
lines of their cultivation
Among red sport strains of ’‘Gala’, Galaxy Gala, Pacific Gala,
Scarlette Gala were selected as the superior strains and their

fruit characteristics and cultivating practices were provided,.

4) Others

(O Distribution of Virus-free stocks for establishment of
nuclear stock orchard

O Development and desemination of mass propagation method
for MI root stock.

O Development and desemination of production techniques of
well feathered maiden trees

QO Establishment of high density apple orchard for demonstra-

tion and experiment
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DI 4 3l(cm) 7t 7 (mm) 21 2 ZHem)
+d o7 Fg Lo BF o o B4
2 ¥E 257 216 236.5c 37.447.042.2b 16,1 32.224.2 ¢
Uy o F 284 215 249.5c 42.326.034.6c 19.3 35.727.5b
fj = 275 210 242.5¢c 42.325.033.7c 423 29.936.1a
é z ¥ 264 213 238.5¢c 41.729.035.4c 166 35.326.0b
T woz 270 214 2420 409 32.036.5 23.6 33.0 28.3
2 o 385 279 332.0a 48.435041.7b 31.9 459 389 a
Ty 327 327 327.0a 57.547.752.6a 362 38.137.2a
P ES RS 304 333 318.5a 49.8 44.847.3 b 33.3 33.9 33.6 ab
2elsA] 307 327 317.0a 49.0 42.345.7ab 36.9 36.6 36.8 a
Al ®a] 281 360 320.5a 49.5 43.246.4ab 34.5 38.336.4 a
Nagafu #6 285 320 302.5ab 51.3 41.946.6 ab 28.0 28.3 28.2 b
ﬂ Nagafu #12 305 280 292.5 b 44.4 48.246.3 2b 26.5 30.9 28.7 b
& MyraRed 2| 327 333 330.0a 58.6 54.856.7a 40.0 37.2 8.6 a
f;j Sun ¥ 305 310 307.5ab 52.2 54.453.3a 34.4 37.536.0a
; BC #2 3] 264 297 280.5 bc 43.8 41.142.5b 26,4 30.328.4 b

Pacific Gala 304 293 298.5bc 48.9 39.644.3b 23.3 28.225.8b
Galaxy Gala 277 280 278.5 bc 46.3 40.543.4b 21.3 27.0 24.2 ¢

Treo Red Gala #42 304 - 304.0ab 449 - 44.9b 265 - 265b
HillvellRed Brahum 260 250 255.0 bc 56.4 38.047.2 ab 38.8 24.1 31.5 ab
TAC 114 328 297 312.5a 47.038.943.0b 31.9 28.830.4 ab
3 304 308 306.0 49.4 44.346.9  29.8 32.2 31.0
AAE 296 308 302.0 47.7 44.246.0  29.4 32.2 30.8

i FFol wel AHMLEE ci2A std Jo wE $¥E IA
F Aols 8ol uwhE AlRr} x4 Aol wtE Apo]7t I

T g gle Bz tfEAIfeA =372 stairch
T2 9 IF FF0A AFHGEEl Wol HAsglen 2 U £

Ay UAgo] thE FFol uiste] walrh ABesl=
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o %27t 2= gch

)

<+

23(2000,

ur
i

]

=548 Fa3}

x* 2.

—

G

‘BO

Hit

14.8 0.34

Ag 294

o_]_;“z_

10

9.

1.43

14.3 0.19

300

3

}‘\j
5%

Hd

9.5

-

17.8 0.42

295

10.5 &

_~

N2

% 310 14.6 0.42 1.50

!

11.5

13.7 0.41

< 23

d

B

9.2

Pacific Gala

12.8 0.44 1.63

A& 221
7

A

9.2

Galaxy Gala

0.49 1.59

211 13.1

&

H

Treco Red Gala #42 9.5

1.85

oE 253 13.7 0.39

4

10.1

ﬁo
-

1.54

13.6 0.44

309

g

ekl

10.1

H
V)

13.8 0.61 1.35 Algk 7%t

251

5%

2

gl

10.25

HillwellRed

413

al

&7y

1.50

14.6 0.42

nEZE 336

11.5 &

AF

B
O

0.41

15.1

¥ ZEFE 305

11.5

1.64

15.4 0.49

23E 327

4

11.5

eFperea)

PR

Nagafu #6

14.1 0.44 1.43

AZTE 326

4
z

&l

11.5

14.6 0.48 1.50

300

&

4

11.5

14.6 0.45 1.43

301

&

el
il

11.5

Nagafu #12

1.48

14.6 0.43

299

3
7z
z
4

2)

2] 11.5

Myra Red

% 329 14.2 0.41 1.34

11.5 4

2]

S

1.34

14.2 0.38

298

&

%l

11.5

BC #2 &2

1.41

14.3 0.43

322

5

=

11.5

TAC 114
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X 3. £5E Fa3p54(20009, Tit)

£33 &7 A% ey #F "x e A 2] A
(¥4) (g) (°Bx) (%) (kg)

z 2 9.10 ¥ & 292 153 0.21 -

3 2 1110 ¢ A% 311 145 0.20 -

Z % 9.10 ¢ Z¥ 310 129 0.31 -

% 10.10 2l % 339 14,4 0.33 - EF, 2F A%

A 9.27 WY &FT 290 13.6 0.34 3.2 SN %

HEA TR 1023 ¢ Z%& 303 15.1 0.40 3.8 &%y

2gFz 1023 ¢ Z& 288 14.3 0.30 3.6 SF Ay

Bleless] 1023 ¢ ZE 323 15.2 0.40 3.8 A Mdux os

Aubgabd$a] 10,23 4 ZF 324 14.6 0.30 3.7

Nagafu #6 1023 ¢ Z% 324 14.7 0.40 3.7

Nagafu #12 10.23 ¢ Z% 312 14.9 0.40 3.8

Myra Red ¥2]  10.23 Y ¢ZE 294 154 0.40 4.1 £7) thk wiE,

37 w4

Sun ¥ 10.23 1 ZE 294 14.7 0.40 3.8

BC #2 10.23 ¢ 2% 327 14.9 0.40 4.0

Pacific Gala 8.29 €+ ¥ 191 12.5 0.‘40 4.4 A3}

Galaxy Gala 8.29 ¢33 A& 242 13.1 0.40 4.3

HilelRdBaun 10.23 ¢ & 272 13.9 0.60 5.0 AIst %

TAC 114 10.23 o ZE 324 14.7 0.40 3.7
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=% ot %( “Brix ) v

T3] 209 402 60 90¥ 120 150 180 210¢d

14.8 14.2 14.8 14.0 14.2 14.4 14.3

14.3 13.9 13.9 14.0 13.9 13.5

17.8 18.0 17.9 17.5 17.5 16.9 16.8

14.6 14.5- 14.6 14.8 15.1 14.8 13.6 15.0 13.5

Bod e o
off o ol i

Pacific Gala 13.7 129 11.9 12.3 12,7 12.5
Galaxy Gala 12.8 12,0 11.0 12.8 12,9 12.5

TrecoRed Gala #42  13.1 12,5 12.2 11.3 12.0 12.4

0%

13.7 12,9 12.8 12,1 13.3 12.4 12.5

o

M

&%

13.6 13.4 12,9 12.0 11.6 11.6 12.8
HillvellRed Bracbum  13.8  13.8 13.2 12.8 12.7 13.1 13.0

HE=AE=] 14.6 13.6 14.1 14.2 13.3 13.6 12.8 13.2 13.0
2aTx 15.1 15.1 14.6 14.8 14.9 16.1 14.8 14.2 14.2
aPrelsEx] 15.4 14.3 15.7 15.1 13.3 13.3 13.5 13.8 15.3

Audkabd$x] 14,1 14,1 14.8 15.0 16.3 13.1 13.9 14.1 12.0
Nagafu #6 14.6 14.6 14.4 154 13.6 13.3 14.2 12.8 13.6
Nagafu #12 14.6 13.7 13.5 15,0 13.5 15.3 13.7 13.2 14.6

Myra Red FX] 146 14,1 14.7 15.1 13.0 13.9 11.1 13.6 15.2

Sun Fx] 14.2 13.7 14.6 145 14.4 12.8 13.1 13.5 13.7
BC #2 FX] 142 13.5 12.6 13.2 12,9 13.3 13.3 13.3 13.3
TAC 114 14.3 143 15.1 15.1 14.1 14.4 14.2 13,5 15.7
F A 155 15,5 145 15.4 13.6 15,4 14.2 15.6 14.5

Z AR2A 4T AAYRL, AR/ F dEEE JE
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=38 A E(%) H]51

FEA] 209 40 60 90 120 150 180 210

z = 0.3 0.35 0.33 0.32 0.29 0.20 0.20

Z 3 0.19 0.18 0.16 0.12 0.12 0.09

7 7 0.42 0.41 0.42 0.40 0.32 0.21 0.20

3 = 0.42 0.45 0.42 0.41 0.32 0.32 0.25 0.20

Pacific Gala 0.41 0.42 0.39 0.32 0.31 0.29
-Galaxy Gala 0.44 0.40 0.38 0.32 0.32 0.30
Treco Red Gala #42  0.49 0.46 0.41 0.35 0.31 0.30

ZF 0.39 0.40 0.38 0.35 0.36 0.30 0.24
AT 0.44 0.39 0.38 0.35 0.38 0.31 0.28
A%
Hillwel[Red Brabum  0.61 0.61 0.58 0.51 0.52 0.59 0.38 1]
HEAF=] 0.42 0.41 0.37 0.41 0.38 0.34 0.18 0.21 0.20 Ak=
F Iz 0.41 0.40 0.37 0.43 0.38 0.28 0.28 0.20 0.19 akd
=

e tEx] 0.49 0.48 0.34 0.43 0.35 0.37 0.34 0.21 0.20
AubiRald#2] 0.44  0.48 0.37 0.39 0.36 0.30-0.30 0.21 0.21
Nagafu #6 0.48 0.39 0.36 0.39 0.36 0.30 0.29 0.23 0.21
Nagafu #12 0.45 0.47 0.31 0.32 0.36 0.30 0.29 0.21 0.19
Myra Red $X] 0.43 0.41 0.30 0.32 0.36 0.35 0.32 0.27 0.25

Sun ] 0.41 0.39 0.38 0.30 0.35 0.27 0.30 0.26 0.26
BC #2 %] 0.38 0.39 0.34 0.30 0.37 0.31 0.26 0.24 0.21
TAC 114 0.43 0.46 0.37 0.35 0.41 0.30 0.32 0.22 0.21
F A 0.47 0.47 0.35 0.40 0.42 0.40 0.31 0.20 0.24
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X 6. A3 5359 FA1H F=Ez

S % =( kg/5mz )

£ 209 40¢€ 60¥ 90Y 120Q 1509 180 210¢
%* 2 1.55 1.60 1.52 1.43 1.35 1.21 1.00 5
> 143 1.42 1.35 1.20 1.02 0.85 T
% % 1.85 1.49 1.50 1.38 1.25 0.90 0.85 £
3} 3 1.50 1,52 1.50 1.48 1.49 1.40 1.23 1.10 0.82
Pacific Gala 1,55 1.52 1.42 1.30 1.01 0.90 i+ A 3
Galaxy Gala 1.63 1.53 1.47 1.30 1.04 0.85 T4 3
TreoRedGala#42 1.59 1.56 1.32 1.06 1.01 0.88 = & 3
Z o 1.85 1.50 1.40 1.20 1.07 1.00 0.90 T 3 %
A2 154 1.43 1.42 1.35 1.01 0.98 0.79 FEUA
HillwellRed Bredm 1,35 1.40 1.45 1.29 1.12 1.40 0.90 FEnHA

1.50 1.40 1.45 1.29 1.12 1.40 1.10 1.12 0.90
2YFA| 1.40 1.40- 1.35 1.44 1.33 1.45 1.48 1.25 0.87
e A 1.64 133 1.42 1,26 1.02 1.18 1.24 1.13 0.96
Aubabd$x] 1043 1,33 141 1.40 1.45 1.43 1.20 1.21 0.85

BEATA

Nagafu #6 1.50 1.50 1.42 1.37 1.37 1.29 1.22 1.04 0.90
Nagafu #12 1.43 1.43 1.35 1.34 1.38 1.26 1.15 1.03 0.85
Myra Red ¥%] 1,48 1.33 1.36 1.32 1.29 1.20 1.20 1.11 0.68
Sun F| 1.34 1.42 1.42 137 1.29 1.31 1.26 1.13 0.79
BC #2 32| 1.3 1.3 1.31 1.32 1.29 1.23 1.20 1.10 0.92
TAC 114 1.41 1.41 1.39 1.39 1.40 1.43 1.24 1.18 0.8
z 7 1.50 1.38 1.40 1.30 1.34 1.28 1.26 1.17 0.92
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i)
[
8:)
—o
o
lo
v
L
N
L,

L3} AjZo] "W wo| £QF = EAo] gtk ofA 77y Zelol
o=, F= T AT Sulel € ogd vt sk e Ful Al A
i AdE =FHe] HIH o] 7HesheE uppo] gofof & Flojrth

o U

=2 JAFE sty 18] 19973 oo A Nagafu 6/M.9 T-337, Nagafu
6/M.9 EMLA, Nagafu 6/M.26 EMLA, Nagafu 6/M.7 EMLA, BC #2/M.9 T-337,
Myra Red Fuji/Geneva 30 5 M. 9 t&EE v]ZE3t A E HEZ23E 13}
st HdFA(FY, el AIFERE 2gsigdon 1998d o
M.27 EMLA, M.9 EMLA, M.9 T-337, M.26 EMLA, P.2, P.18, P.22, Bud.9,
Ottawa #3, M.9 NIC 08, M.9 NIC 19, M.9 NIC 29 & oi& 128%S =43}
o £doj 2T F 1999d o] o] E thFo] FA|E
12} =408t thE2Pel e 2] F 2dxRE s ] ARt} fakzt

o
filo
o
I
o
¥
i)
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drh. gEx= ZEIEA(ATAGO, PR-101)E, 4lzE  4H3 A 7|(Schott,

Titro Line 96)&, ZAEt ZEZA(FHM-5, o5m)E o]&3dto] Zxa}sigich

o= 4314 Nagafu 6/M.7 EMLAS} Myra Red Fuji/Geneva 30 Z3to] 7}&F

A3 Nagafu 6/M.9 EMLA Z¥lo] 7}&F ZMgfom 732 Nagafu 6/M.7 EMLA

g

o] 7H& =3 Nagafu 6/M.9 T-337 Z3o] 7b¥ =2gich Az

fN

Nagafu 6/M.26 EMLA R3¥lo] 7R 3 T Nagafu 6/M.9 EMLA X

CHE 1), AAAJ 44 B2 M9 T-3372F M.9 EMLA tf&E HE oA 2}

9tom M.7 EMLAS} Geneva 3
A4 F 2axE A

glo] 7}&F zrok

M.9 T-337, M.9 EMLA 2 BE AL 10aw ¢k 3.5 LT ogatxladn
M.26 EMLA, M.7 EMLA, Geneva 30 UJE HEZojA= 10a & 1.5% VIR Z oAtF

oct.
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1. 12 24 dE5XE FS43(2001.8.10, )
f &523 s 3 3 Az v 3
(cm) (mm) {cm)
Nagafu 6/M.9 T-337 273.3 b 44 .3 ¢ 15.5
Nagafu 6/M.9 EMLA 227.2 ¢ 61.5 ab 15.0 97, 3 2o
Nagafu 6/M.26 EMLA 274.5 b 64.4 ab 28.9
Nagafu 6/M.7 EMLA 336.7a 71.6a 261 97 4AA
Myra Red Fuji/Geneva 30 385.0 a 63.8 ab 23.6
3 & 299. 3 61.1 21.8
X 2. 12 =¥ dExE g3, OF)
ez FE(ke/F) HAA A cheH A o”

(=]
1999 2000 A Ael(m) %(kg/10a)

Nagafu 6/M.9 T-337 4.2 19.5a 23.7 3.5xl.5 3,666
Nagafu 6/M.9 EMLA 6.6 17.3a 23.9 3.5x1.5 3,252
Nagafu 6/M.26 EMLA 3.6 13.5b 17.1 4.0x2.0 1,661
Nagafu 6/M.7 EMLA 4.2 20.3a 24.5 4.0x3.0 1,665
Myra Red Fuji/Geneva 30 5.4 20.6a 26.0 4.0x3.0 1,689

3 <+ 4.8 18.2  23.0 2,387

FZ] Geneva 300 H-E3} Myra Red

1=
et o] A e g¥olatr|Hct
3)

P
g Lol zpoton Halsre Zo HF 23.5707F Ay M9 NIC
9 T-337 59 tiE HEFolA wol 2= ATHE 4).
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E 3. 12 = tiERIE A EA (2000, ++44)

ox

H

EEESS! %7 3% Ay AF g Aw
(dQ) 4w (B

~
0o

Nagafu 6/M. 9 T-337 11.5 & Z%& 309 14.6 0.48 11 52
Nagafu 6/M. 9 EMLA  11.5 Z+% 302 14.2 0.46  1.53
Nagafu 6/M.26 EMLA  11.5 2% 299 150 0.49 1.50
Nagafu 6/M.7 EMLA 11,5 o Z%F 297 146 0.49 1.46
Myra Red Fuji/Geneva 30 11.5 ¢ & 295 14.4 0.48 1.49

dg

n\g

3 rin 1.5 ¢ ZE 300 14.6 0.48 1.50

EEEXT 32 pE dzzx HIAS

(cm) (mm) (cm) (F0/5)

=z / M. 9 T-337 267.8 34.6 20.4 36.3
=2] / M. 9 EMLA 297.8 38.7 26.9 19.4
FA] / M.26 EMLA 371.1 46.4 28.9 20.7
FA] / M. 27 EMLA 221.1 26.4 15.2 15.5
=z /P, 22 256.7 26.9 11.2 23.8
=2/ M.26 / AA 368.9 48.1 30.4 18.2
22 / Bud 9 252.2 34.5 23.0 22.9
2 /P, 2 299.9 33.3 27.9 17.2
&2 /P, 18 377.8 61.0 70.3 8.8
=z] / Ottawa 3 250.0 27.0 18.1 15.9
=2 / M.9 NIC 8 307.8 39.5 35.9 23.9
F2 / M.9 NIC 19 356.7 45.3 31.2 43.0
FZ] / M.9 NIC 29 365.0 49.5 31.4 40.1
= Ein 307.1 39.3 28.5 23.5
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M.9 T-3372} M.9 EMLA T}E

[+

o

A ) A%
okory M, 7 EMLAS} Geneva 30 ThE HELolA ZA Uelylct

}

2}

A

J
a8 B M9 T-337, M.9 EMLA tj

A ETol
i

A
2]

Akl 7 glgitt.

delle

A

iy

ol =vl

353-358

YT SYT)F 9]
42-48

1989.
SAAE (L) 31(4):

A %52 7

=] 27(4):

13

=
T

j s
a-.
. BRZE.

1986. Atz}

&t

ZER.

e HEL S-S M. 27 EMLA, P. 22, Bud 9, Ottawa 3 &
1983. HAMA B ATLZAIIE

183,
A%, dEA,

R

a8} o}& 4alo] ol X%t

o Hojdl= Aado #

=
¢ callus® HE] AAMIX v 4.

—

T

%—.

=2
2.

M.9 NIC 19, M.9 NIC 29, M. 9 T-337
1.

o

uhzf = 1994, A}t

e,

Age,
ekl

GFPoy 3] =RUELA
M. 26 ol FHE thE3} AlarhEo)

HEzf . 1994, AR 23] T A
A5F =57 40(2):24~29

Ao 4.

|
1998.

]
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of ZA ¢
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2 THFry,

o]
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D Slol= T 2
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=

7} vl Yrt}(Moore and Jenick,
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o gof tigt
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1. ¥#|9] small-GTP binding protein& o]-&

%
i)
ok
o,
oN
g
2,
i
21_1,
re,
4

7t. d¥AR

Small-GTP binding protein?]l Rab--&x=lztz RZEE F=z2je EST
plasmid& A7) 24 E A-L 2R AFrtct
¥ &t Arabidopsis?] Blue-copper binding protein (BCB)&] wound-inducible

promoter(l.5kb)= ZE3Ife] WEZ a4 oTHE AT ukgir)

L=

. FA]2] ESTolA] small-GTP binding protein?l Rab§-Zx} A& EAI3}1Y]
25 T3} T7 primer® sequencing 3}aitt.

walz g7l dS vlE e Z rab 23X} ol wound-inducible promoter<
cloning 3tgith. o]gA wEo]A pBCB::Rabg pBI121.10f cloning dt&ith

oy 714 35S promoter®} GUS gene deletion 3l913, ©]& pSL4~ (1-1)F
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By 3tk pSL4 “ (1-1)L Arabidopsis &} AFZH(HIIEA] 2%])ef FA

2. $Ael WY HAA cloning X UH FH2A
7t AR

Aol M AEANEE Z7E T4 &3 5EIFE dodT4e
Atz FA BN AulF FA] AtzH(Malus domestica cv. Fuji)2] o]

3 @S Axst] AREsiglch AEe ¥IE s e AR A=

ZekA AFsolaL, Ael AH&str] A7kA] -70C WEale] RAstdct

_\

>

>,
e
3

AZAPII & vectorE &F F2]  cDNA library(10° pfu, = cDN
# 37) 1.0 kb), T A cDNA library(10° pfu, - cDNA AlQ
1.0 kb), &7] Z% cDNA library(10° pfu, B cDNA Al A

kb)& EYFT) HlF 4dAA AR FHTH

1) Genomic DNA &

genomic DNAS E2]8}7] $3l cetyltrimethyl ammonium bromide(CTAB)=}
Mg AHgHATh 4 g WS FAFrolH FH= s W wizkA 2 o
2, 2 g polyvinylpyrrolidone(PVP)7}2& Y3 Z Aol& F HAEy &H
Bof X7t nlg] d&of A8 extraction buffer I(0.25 M NaCl, 0.2 M
Tris-HC1(pH 8.0), 50 mM EDTA(pH 8.0) ) 35 méx} 0.7 mé §B
-mercaptoethanol € Y3 Z A2 t}2 108 F o ZolFEArtrz 7000
rpm, 4T, 1023t dHIesta HodE AAYT 7, njz] 66CE HE

extraction buffer II( 0.1 M Tris-HC1(pH 8.0), 20 mM EDTA, 1.4 M NaCl,
2%(w/v) CTAB) 15 m¢?} B -mercaptoethanol 30 mé2 Y31 % Ho]FE F 6
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5C 40&0lA 1A7F 308 B= 7HME AolFHA ¥hgAIZATt chloroformzt
isoamylalcohol & Z3H(24 : 1 F3n])sle e FEEIE 22 FI=E
33 108 S¢t 2 Hol& F, 7000 rpm, 4T, 208 ¢ fixEeE st

ct. A39& Al FEE U F FL2 FIPF  chloroform3}
=

Yi, -20CelM AAHEF stdct. 307 ol A F 10,000 rpm, 4 T,

-{q' fifn

$A3] oy gk Bye] 0.1X TE $5d% ¢ A}2317) Azpa] -2

2) PCRE ©|-&3lo] genomic DNAZFE] A3d A= AH Fe

P-loop(Kinase 1)%-&o] 3j%3}= OLE 1121 : 5'- GG[T,A] ATG GG[T/A]
GG[T/T]1 [G,A]T[T,A,C] GGIT,A] AA[A,G] AC[T,A,C] AC-3'2} conserved
domain2of] 3|W3tE OLE 1122 : 5'- A[G AIN [A, TIET,CI[C,T] TT[A,G,C]
A[G,Al[A,G,T] GC[A, G, C] A[G, A][T, Al CcC-3’ 7= degenerate
oligonucleotide primer& A Zste] AR5ttt AA}P= GMGGL/VGKTTE, F
A= GLPLALKV/TLS codingdlt},
ol ofuliit MEL 4 A [HAA F BREH NBSo| AT
t}. £2)3F Atz ¢ 28] genomic DNAZ F3 O.Z 33, OLE 11213} OLE 1122
E primerE A}E3}o] 10X buffer, MgCl,, dNTP, Tag DNA polymerase
(Bioline)& Y3 PCRE <=3y3tgirl. PCRY =72 13]2] 100T 2%, 403]
©] 94T 30%, 52T 1.2, 72C 129 WMo E AJ3siict
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3) PCR 2H=2] cloning

S

10 ¢ PCR AtE(~50 ng), 1.2 £ 10X DNA ligase buffer, 0.8 b =
2= 0.2 4 T4 polynucleotide kinase(10 u/u)E& ol 37T, 1A]7+ ut

olo

£ 65T 15 Az slec}. 1 € pT7 Blue Vector(Novagen), 10 g€ Kinased

DNA, 4.84 w£ 1X DNA ligase buffer, 1 uf DNA ligase(5 u/wf)83l 16~
L F 65C, 1587 Aelste] a4E S84 AZch

Az Fekan=E FAARAINT] s 2x YT aAuA|o] ZolE

Lt ubA 3 we SOB wfx]of 37T whAj wiesiaict 1 th&

g o] % 50 48 wa 50 m SOB wixlo] HEste] 37T, 2~3A%

,000 rpm, 4T, 1027 HAlEz] sto] HFH2 Hzl F

o
S
&

9

<o
o
&
N
*
Ut

ojg] g-20] A3l 10% ultrapure glycerol 50 méofl & <1 5 5,000 rpm,
4C, 1587 dAEeE stk o AFe& el 10% ultrapure
glycerol 100 meE Yol 2 ¢l F 20 muisl2 EF3tolch 20 8 cellT
1 1 DNA(2.5 ng/ul)& 42 ¥

8] electrode A}olo]] RAIABA Eo|3, cell-porator 3} E coli

Q.

isposable micro-electroporation chamber

electroporation system& ©]83}o] electroporationg F3Js}altt. ©o]& 1
m¢ SOC ®jx]oll Y1 37T, 45~60&7t 225 rpmoflA 7] ¥, IPTGL} X-gal
E pjg] Y ampicillin-2X YT ZLAjuix]of] Z31 37TolAf Al wjekstad

th tied MHZTAHOFE electroporation® A ZZ gt |3 ampicillin

%

] 3Z3E 2K YT daui=e] HE3lx 37°C, WAl 719 v}y plasmid DNA

Fasioit.

]

4) Plasmid DNA €7] A4 24
plasnid DN @719 Bionex Slabol Sstaich Waiz @NAGL

BLAST search (http://www.ncbi.nlm. nih, gov/BLAST}®} ClustalW programs

(http:// www.dot. imgen. bcm. tmc. edu: 9331/multi-align/Options/clustalw.

html) o2 EBEA3tgct,
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5) 2= A%
Random primer labeling kit (Stratagene)E& o|-&35}o] B AXE &9},
BHo® & FX] FRAFY plasmid DNAS Spel& BamHIA|3t &4 T Axhsh
¥ low melting temperature(IMT) agarose gel (1%)o] A7] HZ3le] =]
of mzt 227t F, sl 2718 DAE ZET FELS Aehuigit) gel |

4131 labeling reaction
HA7bx]  -20Ceo] RHBsigch 25 ng DNA =¥} 10 4  random
oligonucleotide primero] HWare] SF4S Wi 5827 100CoA 71dg
T 2o A BA dAEe st o7)ell 10 4 5X primer buffer, 5 &4
labeled nucleotide ([ @-**P] dCTP), Exo (-) Klenow enzyme (5 u/ ()& 4
3 Ae F 37T, 1023wk ¥ 80T, 1027 FArh olgA mE

1AM E4 8 ihgel Agstddth

¥

6) ¥A] cDNA library screening

FHR] screeningS 984 F=| cDNA glojBaa] 10° pfu] phageES
XLL Blue MRF' @3 600 1£(0Dseo=0.5)2} 37ColA 1527 WS A7 =, 6.5
mé2] NZY top agar2} Ao 107§e] NZCYM 33 wjix|o] o] 23] r}&, 64
%t Ft Jlsich 4TolA 8xZ Feb Fof A & the, phageE

nitrocellulose membrane 2302 Kzttt W3 LA(1.5 M NaCl, 0.5 M

il

NaOH)of| 232, $2d3 €9(1.5 M NaCl, 0.5 M Tris-HCI1(pH 8.0))of] 52, Al
2 Bo(0.2 M Tris-HCI(pH 7.5), 2X SSC)o] 30%7} ©= t}-S Whatman
3MM paper #]oflA] %zt el 80TOIA 147 4587 79 2P0 HES
St4Th Membraneg E43 £4( 1% BSA, 0.25 M sodium phosphate(pH
7.0), 7% SDS, 1 mM EDTA, 0:25 M NaCl, 50% formamide)ol] Y3 1X]7t &
2Toll M EFo] E43 A1EE ¥ v Bet D group?] plasmid DNA
Spel/ Banfl1 ATHALEZ Hohy F98 FPo g P Fogdss EAY
AR T3 S-S 2T s Bt ¢yt ched A
=

(<]
(2X SSC, 0.5% SDS)S.2 ARLojA 3084

2

ofp
o™

ri N4

H, 65ColA 15w F

AHE F x-ray B 197 =&AAct. 43171 ¥ phage plaque5-2
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SM $+% €98 1 ml, chloroform 20 ol B3, titer¥t ThE, ZeolE ¢
50~200 pfu’l EEE NZCYM 28 ufjx|o] #Z3 2%} screening 13}
screening?} Z+2 W oT £33iAcrt. A plaqueE o3 AEL in
vivo excisiong 33t tiF¥F FF U9 plasnidF el 2 FR|AZct 2
ZEEL FcoR1/Xhol AT TAR 223 A7] dFo=2 3t F, cDNA
blotg 2£=313lo] 1 kb o] Pq_ ZEo] th3l sequencingE 35| HA Zo]
& 8

cDNA A= AF-E Helstgl

d

7) RT-PCR
FZhe] 2] cDNA elolEgjzloflq A2 ol @ cDNA, % XA cDNA, =
|

gloflA 32

N

7]

bl

% cDNAE 3o = 3l3, Fx] oJgl o cINA glolB
Rz GG S ulBle R Bl AHRsE £ ZE79] primer, OLE
1164 : 5'-CGCCCTATCAAGTCGGAATA-3’ 2} OLE 1165 : 5’-TGCACGATATCTCTGCCCAT-3’

%

ox,

& AME3te] 10X buffer, MgCl,, dNTP, Tag DNA polymerase(Bioline)& {3l
PCRE 4335ttt PCR ZXA-E 132 95T 5%, 40%]2] 95T 30X, 58T 1

T, 72T 129 o= AYsisirt

8) Northern blotting
4.5 pgo] Poly(A) RNAE 1.3% ol7tZA/EE oudlo|= #of 30 EER
3x17F 30 A% 719538 F Hybond-N' nylon membrane (Amersham)®. Z
A

S7TH olul AHgY WA

A glo]B & 2] screeningollA] A8t in vivo

excision ¥} plasmidS Kpnl/ EcoRl AZtEAZ 37C x| AFE F cDNA A}
42ColA WA E43 9rE g F, ke AdRelA 2x
0.

SSC/0.5% SDSE 308-7F 2 M A3l5, 0.5x SSC/
AE F x-ray filmol|A -70Co]A] 48217 =& 171 F FAsigch
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3. d&9 BAYPY (A2 cloning ¥ U3

re
Jm
ok,
BN
.

7. A=

L

Aol Mg AERRE
AT EARERN  Au)E  hBOE oA (Malus  prunifolia
J

Yea-san), BAul&F(Malus baccata Jung-sun), BAAZI(Malus prunifolia

oy

A% $9A 23] 5EAEY dold 7L

Hioang-sung) 8] o]8l 4& |23l Al&3todel. =3 SZ2ogL 7kE 4
A=, ZUZE, %, TUo ozl g A2ste Argsignt. A=
28l wEivt e AR A2 FepA s, APl ARgstr] Azt

A -70C PF3re] B@sidct

¢

ok

L
1) Genomic DNA £ &]
FAlolHs} 2 Yoz stelch

2

—

PCRE o] -&3}o] genomic DNAZ X E] A3} §Ax} A
TRt 2 o g sttt

g
gl
KoL)

3) PCR %1E-2] cloning
Fa|oA et 22 o R Syt

4) Plasmid DNA €7] A4 &4

FAoA &t & WP o g sttt
5) Total RNA2] &7

7F Licl HZH 3} CsCl FAH-E WP A RNA &8

27 2 g& GA HiolA Zhe 7HF7 2 wizkx] T F, 10 nle] RVA
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2z 2k22o8(100 mM Tris-HC1 Ph 9.0, 20 mM EDTA pH 8.0, 200 mM NaCl,
4% Sarkosyl, 16 mM -mercaptobenzothiazo, 16 mM DTT, 10 mg/ml heparin,
5% BSA)E Y 5 27 AlAl EE°] Fdrt. ETYEe] ¥As| TUHA £
3 H 1% PPE Y E 5E AT A 4o} Fth ch 1smlg FE &

£ & 2W(100 mM Tris-HCI pH 9.0, 20 mM EDTA pH 8.0, 200 mM NaCl,

ni
4%

4% Sarkosyl, 16 mM -mercaptobenzothiazo, 16 mM DIT)& Y31 587t

af.

Z9ctt M2 40 nl FEHo] 27|37 1mle] proteinase K(10mg/ml)

o
=3
A F, 37CoAq 100rpne2 EES] FEA 1587 wHEAIZTEH

kd

-

12000 rpm, 4CollA 1527 HdEe] & F ¢ S92 A FEO &7 2
2 R399 Tris 58 dof] E31H sl=(pH 8.0)& 3

¥, 12000 rpm, 20ColA 10 7t dAE2 3o 5L ¢
Lo 23 HES o8y FE£2& FH o Ak 2 F3Y

chloroforn®} isocamylalcohol (24:1 H¥H])E Y3 A A & r}L, 12000

1= <
4311 2 T & 42

ii
O
o
w
e
ofw

-2
rpm, 20CeollA 10 27t f4 &2 st $FE FH &7 F ol& ¥
4

Ag w5 2 M LiCl 5 mlZE 12000 rpm, 4°ColA 20%

Hstgoh AAEES 2ol & wl F DEPC A
2|5t B 2 mlE =gcrt ol 7)o GIC buffer 6 miz} 1.6 g2 powder CsCl&
H7lsr T 253 & Z3siadch 4.5 mle] 5.7 M CsClS quick seal tube
Ya oz E¥T 49 E7HA] A9 ¥k EE F Ti7l ZEE ©]&Sto
55000 rpm, 22TCeollA 12412 F¢+ HE glo] 24 Fesigrt. tad F
AINE ¢ 43 E AAS ¥ 5BE 223, Pasteur pippetoZ $]&o
S AT F Ao Fol Wt 58 F RNA AL 500412 DEPC A
28 ZF5o $ES] Sd F, 15wl FHo| &7 22 F¥]Y acidic
phenol: chloroform: isoamylalcohol (25:24:1 FIH])E F&3It F 9] &
£ A} BB {7137 tiA] L H1]2] chloroform: isoamylalcohol (24:1
))& Y 2 42 th, 12000 rpm, 20TColA 10 278 €4 &2lsH

th o 28 BB &7 F 1/105372] 3M sodium acetate(pH 5.2)2} 2.5
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uf Fu]8] 100% oA¥FEE Wi & 42 the -70T 1A B FH A
Tk 1A]ZF F 12000rpm, 4ColA 3027 HAAE2g F 75% ot E £
AFstct AAEE A2oM & w3l F DEPC Azt EE HY3 Fy
E 59t} Spectrophotometer® 0. Do, 202 Z783le] A3kt T ARE-317]

ZA71A] -70Cefl Basiolrt,

L}) Poly(A)" RNA 3]
oF 0.5~1 mg?] Total RNA & RNase-free &of] & =it} 65TColA 105
7t 8keA)#l ¥ 150 pmole?] biotinylated-oligo{dT)18 probe?] annealing
& 93] 25112 20 xTENipo(10 mM Tris-HCl pH8.0, 1 oM EDTA pH 8.0, 100
mM NaCl) E7I3F F A2ollA 1087 ¥hg AJZcTh 300412 TENlE 3
H HE Hlo]E streptavidin magnetic particle(Boehringer Mannheim)o]
Bol 91 FHol amealing 4171 WAL YT 1072087 AN 1L
Zit}, streptavidin magnetic particleo] =& Poly(A)” RNAE magnetic
stand® Z2 ¥ 30018 TENjoew (10 mM Tris-HC1 pH8.0, 1 mM EDTA pH
8.0, 1 M NaCl)o.® 4H Ax xlocl opjzrRj2teE 250.12] RNase-free &
= 328 Pelunh v BHS 913 533 sl oue AIUS
7

A3t 23] RNase-free BE Hgrh Ao x}1&3sl771%] -

¥

6) cDNA library Ao} ©3=}e] F£1]

AMufF2] Poly(A)” RNAZHE] Strategene 3IJAFS] AZAPII cDNA
Synthesis Kit®} ZAP-cDNA Gigapack II Gold Cloning Kit& A}23}od cDNA
library& A zstgirt. ©d 7I4z} o]F 7hete] cDNA ol 5ugd
Poly(A)" RNAE AF&3tEth  SuperscriptIMII RTS} XholAxwh Eojy} Hxzh
¥ oligo dT& primerE AFRSte] AHz] 7let cDNAR 343519 t}). RNase H
2} E coli DNA polymerase 122 RNAE A ASIHA FH=R] 7let cDNAL &
stgrt. Wehe wHET EcoRI adaptorE® OF% wWtle] ATAZ T T4

polynucleotide kinased A g|3}lil Xholo T Axlslaitt. IAIZE o] F7Ie)
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cDNAYX Sephacryl S-500 HR spin Z#EE A}83}o] 500 bpolste] o7}t
cDNAZ A ASI AZAPII  WE|e] EcoRl/Xhol H-¢loll E2Y 3lgc}. ofd

A HHE cDNA: Poly(A)7} H-2S 37 Rejo] wigle] xhol ¥-9]of cDNAS] 5’
5917} EcoRl F-¢jof A= 7] wf&ol cDNA2] W3ko] 1A 28 H 4+ 9=

ZA o] glrh. ZAP-cDNA Gigapack II Gold packaging extract& AMZ3}S in
vitro packiging 8t & tfAd F3F9¢l XL1-Blue MRF'o]] AZ3}o] titration

U DA Slelnael FH St

7) cDNA library screening
o] uwhizl Z3, membrane EA43} &2 Ultra hybrid (Ambion)&

ag abgste,

8) R gene candidate52] @744 &4

In vivo excision& T38| 5 Alx}p 27| 3l zlo]Beje]e] 4o] A
HEZHE @A FEFoz BM3sl7] 915l PBS SK(-) ZetAn=
1] T3 primer?} T7 primerE o©]&3}lo] TR cloneEe g7ixd EA4&
Bionex ¥ A}l ©]%)5teic),

k2] Q97| 9E BLAST search= (http: //ww. rchi. nlm nih, gov/BLASTIA] blastx®

&1, multiple sequence alignment={http: //prodes, toulouse. inra, fr/miltalin/miita

tirhtml Jolld align S}3Ch

9) Northern blotting

F2e] WH 2, ow) ¥ ¥EAE 2z FREnRC} specific
sequence® AM2317] 98] 47 -1-1-2%  EcoRl/Hincll®E, 6-1-32
Hincll/HincllZ, 8 -1-2-4%= EcoRI/Xhol2.Z, 9-1-4%= AW3} A3t T A
7} 93] PCR product (OLE1243/1244)%, 4-1-2= Kpnl/HindI118, 7°

-1-1% EcoRl/Hpal 2.2 Zglrl,
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f

Az 0 2%

1. ¥x]¢] small GTP-binding proteing o]-&3} a4 Z2lo] AZF A

7}. Wound-inducible Rab overproducing vector construction

FZ] EST oflA] small-GTP binding protein] Rab gene?] §-Ax} A&
Astel sizeh 966 bpdl WOl ¥, A Rab RA% ool
Arabidopsis®] blue copper-binding protein(BCB)2] wound-inducible

promoter(1.5kb)E BT}

AL UH vectoro] £¢
Ngolel 93 WU FUD Aol el LWHES sl
A HAAFE wUHA  vector F  ZF(pBII121.1, pCGN18)ol] BCB

AEAL HAFPHL 2] Yt Azt (WAEA )R
Arabidodpsise] ZtZ} AL A|Es}L

e | AA
pBII2L. 1o] Al=Fom dxf 6709 FAIVAE L3, o]& AFs] ¢

2. FA18] BAYE F42 cloning W UAFA 2

7}. NBS domain DNA fragment cloning
Degenerated primer& #|2}3}od PCR cloning d}o] 167]2] candidatel]
homology& H|3L31] 6 group 2 U}yl cDNAOA WEE: 3 group & 2

group AE3HATH
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L}. cDNA library screening ! sequence 2]
A e8] NBS domain cloned ©& O E initial pfu’} 2106 pfu® A|2H

FZ] cDNA library& screeningslo] WA 3t SAAE cloningdlgdt) 3

dn

gt Ay fAx FRE T Zolr} 1726 bpolil, 3'-UTRS 34 bpd 33

A

dTH2d 1 H=2). o Faxtely FE2H whlde ofE A3d a0l
A A BEH TIR-NBS F2F 7HAH, thE A3y =t 53] gujel N}

HAFe] NL25%} &2 FAMd & Byt

4
XN,
1o
ne
1z
2
[wo]
=
=
=2,
i)
=
wnn
QO
[
=4
=
[o]
=3
j=i
o
oo
=i
<
<)
1]
i
»
o%
2
Y.
13
e
n
o
2

£ Abgstd PR MY A3 oY A, T AA, 27 ZEolA oy
PCR AFEe] 37191 930 bpS RATh ol AelA s mol WHHYT, o
A9 28 2ol ulsh 27 Troldl 5 A%, B AL ok

3 agl 3. #=z) gk @z o
22 E7IAEE o7l $lsiA 5'— RACES}
genomic library screening®™ 7] 4335}3 Q3 partial fragmentQl o]
A FHAE FAATA ] dI] 93t cloning®E AlE

FE(ES, TF AR, 2UZE, TY) LIgHge B 9%

northern blote]|1} RT-PCRS 38 o olc}

S
4 AR WA Be Ay

1T -

)

>
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9 Bl 27 36 xS 5%
§* TIC GRC ALG AGE TCC TCC TEC ACE TEC TCE ACC TCC TCA CCC TCA ATC TCA TCT
F & T R S s s T s 1 s s s

3 s s

63 72 81 0 99 18

TCA TCG TGC ACC TCT 6CC TCC CEG TCE CTE TEC TCE TTC TCA AAA 66C TTG €TC
s s s 1 s a s P L s s F 3 K & L L

117 128 135 Bod 152 162
TAC GAA §7C TTC ATA AGE TTC ACA GGG CAA GAC ACA CGT AAR AAC TTC AEE SGC
v E v 1 0 K N F T &

171 180 189 198 207 218
EAC CTC CAC CAA GCA TTG ACA ARE GCC GGA ATE AAC CEC TTT ATT GAC GAC GAR
B F 1 b b E

225 254 243 252 261 270
CEA ACA ACA CEA GAR GAY ATA ACT RCE CAA ETT CTC CAC GCA ATC CAG GET TCY
t = m & £ B 1 T T E L a 1 0 &S

279 288 297 386 315 azn
ACE ATC TCT AYC ATE STC TTC TEA AGA CES TAC TCR GAE TEEC AGE TEG TET c©Fef
R I s 1 1 s s w oL

333 3uz 351 360 369 aze
CAG GAG CTG GTT AAG TC ATE GAR TGT AGA ACA ACE CTA GGE CAA TTA GTT TTG
E E L v X € o L u L

387 396 ues e a23 a3z
EEE ATA TTC TAT @AC GTT €AT CCT TCC EAT GIC AGE AAR CAC ACG CCT AGA TTT
P I F ¥ b u Db P H B R X T & R F

uxt use 459 as8 77 x86
€CA CAR TCG TTT CTE AAA CAT ACRA GAT GAA ARA ARG TR GAE AGE TGG AGA GCT
A 0 s F L T £ R W R A

u9s se s1a 522 531 sxo
GET CTT ACT GAA GCT TCG ART TTE TCT BEC TGE GAT CFE AER RAE ACT TTE GAC
AoLT 6 s s L R N T L D

su9 s58 567 576 585 S0
E6E CAT CAA ECA AAC TTT ATC AGE ATG ATT RCC ART GAC GIC ACT ACC AAG TTG
E B £ B K F 1 R ® T ® D v T T K L

se3 612 R - LT ——r ) oxa
RAC AAC RAA TAC TIT GAC ETA GCG CCC TAT CAR GTC GGA ATR GAT ACT CGA CTG
M B K Y F D YU R P ¥ O v € 1 o T R U

w57 566 675 san 693 702
CTA AT ATC AGT AAT TAT TTA GEEC ATC GEA GAT TCA CAT GAT GTT CET GTG ATT
L ®» r S H ¥ L & & & B S ) R0 1
711 P-loop (OLE 1121) 747 758
GEA AIT TCh ECC ATG CGT GOA ATA GGT WAA ACA ACG ATT GCT CAA ECC ATT TAT
& 1 s & M € K T T 1 na ¢ A& I ¥

765 778 783 2 8ot ain
AAC ATA YTT TAT GAA AGE TIT CAA EGT AAA AGY TTC ETT GRA ABA ET1G ACE GAA
4 1 f§ v E R F E € K s F L E K U R E

819 a28 837 845 855 asx
AAC ARA CTA GAA AAA TTG CAA AAA CAA CYT EYT TTC BAT ATC TTE CAA ACT ARG
K ¥ L € K L @ K ® L v F D 1 L qQ T K

a73 882 891 g0 909 218
ACA ARG GTA AGC AGT GTT GT7 GCA GGG ACC GCC TTE ETA AGC GAA AGA TTT €GA
T K v s S v & T A L v R E R F R
Xi 263 072

€CC TTA AAG GTA GT7 GIC A¥A GTT GAT GAT LTA GAC GAY GTC AAC CAG TTA CGC
"R L K b L v 1 ® v b P ¥ K o Lt A

981 998 999 Tenn cDy

©AR TTR GTT GGA ART TGC CAC TTF TYT CEC CCE GGE AGE AGA ATE AIC ATC ALK
L ¢ 8 N C W F F & F 6 S m-1 1 1 T

1985 10us 1053 1862 1071 1038
€T AGA AAC CRR CCT GTG CTA RAR GAA TYT GCA GTT CAT ARE ATA TAT GG6 GCE
T A M E % U L K E F A 8 D x 1 Y R A

1089 1098 107 1116 1125 1138
ARA OTA ATC CAC CEA GAR BAA GCT CTT CAC CTC CTA AET TGE CAT GCT TT1C AGH
K ® m Do B E € A L E L L S W K A F B

1183 1152 1161 1178 1179 1188

RET AGT AGT 76T GCT AGT CAA TAT CIT EGE CTT GAA AGA GAR GIT ETC AAT TAC
s $ s ¢ P S B ¥ L A L E R E U Y N V
CD2 (OLE 1122) 1228 1283 1282

TGT GRA GGA TTG CCE CTC GET CTT GAR ETT TTA GGA TCT ACT GFT TIC AAR CGA
€ & & 3 AL E © L s T L F K R

1251 1260 1269 1270 1287 1296
ALC CTA GAT GAA TG AGA ART ATA TIG BAT GAR FTC AAA ATE ATT CCT CGT GGA
s D E % & s 1 P E L K M 1 P 8 &

1305 1314 1323 1332 13 1358
GAA ATT CAG GCA CAA CTE AAA ATA AGC TAC GAC BEG CTA AAT GAT AAT TAC 6AC
I @ A ¢ L K I s ¥ P & L K D N ¥ K

1359 1368 1377 1386 1395 14884
AGE C6S ATA TTC £TC GAT ATA ECT YCT TYT TTT ATC GGA ATG GAC AAS ARC SAT
R R I F L » 1 B C F F I 6 B D K H 0

1413 1422 1431 140 149 1458
ETC BTG CAR ATC TTG GAT GGT TGT GEC TTT TAT TCA ACA ACA GEA ATE GAG GIC
U v g 1 t p» 8 C GCGC F ¥ S T T 6 I E U

1467 1476 1485 Rl 1563 1512
CTC LT AAC C6G TGC CTA GTG ACT ATT AAT ABA GAR AAC ARG ATT ATE ATG SAT
t L R R C L ¥ T I N R E N K I H W H

1521 JLELES 1557 1566
GAT Y16 CTY CEA GAT ATG GGC ACA GAT ATC BTG CAT GCA BAA AAT CCC &AT TTY
b L L B p H G R D I V K &4 E NP D F

1575 1584 1592 1682 1611 1620
CCT €5 GA® CGG AET AGA TTG TGG CAT CCC GAR GRAY GYA AAT GAT GTA TTG ATA
P & E B §$ R L W H P E P U H D VUV L I

1629 1638 1647 1656 1665 1674

GAC AAn TCT GTA RET ACT TTC CCA ATC AAMA CTT TRT GTT AAR CET GTA AGE ATA

p kK s ¥ 8§ T F P I K L ¥ U K R UV 5 I
3 1692 17w 1718 hiai]

168!
TET ARG TTR GTA ATC TAA CTT TIT TTC ATG ATA ARA ARA RAA ARA AAR AAA C 3°
C K L v I = L F F B I K K X K K K

%! 1. Sequence of resistance gene candidate from Fuji cDNA library
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M1 2 3 4

<— 930 bp F
&~ 5

1%l 2. Tissue-specific expression 18 3. Northern blotting
of the cloned R gene

M : ¥é size marker (EcoR¥® and Hind¥® cutting, Promega)
1 : leaf

2 ¢ flower

3 ¢ bud

4 ! resistance gene candidate

e Abzh WAYY F20l $8

A AHE UH vectord pCGN18el W= UL BB partial fragment

2} full length fragmentE cloningdle] Alz}e} Arabidopsisel &2 A 3+s}

3. tIE(P4uZ)e) WARY fAxLe cloning T WHSH XA}

7F. NBS domain DNA fragment cloning
Degenerated primerE #||2}3}o] PCR cloning 3to] 367]¢] candidateE 4

group2 & UPe3l o] F 3 groupol|l A 571E AMesteic.

o

U, BAuj3 e cDNA library A%}
Autg o Wo Zsiria ddA 9l opPBoA WARHAXS Ty

[e]
St7] 913l, BAMu)F(M baccata)®] cDNA libraryE #|2}5}%it}. Phytopure
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resin extraction®} CsCl precipitation™}HE W3 3dled 2 total RNAo)
A cDNAE 3Ad3FsL A-ZAPIT vectord] cloning 3} initial pfu’} 7X105

pfu ¢l library& 54T},

C}. cDNA library screening

2R3t 57§¢] NBS domain AHEL w©rHog Slo] cDNA library
screenings T3St 1x}(~8105 pfu) , 2XK(~1106 pfu), 3XH(~1106
pfu)®] screening ¥ 117§¢] candidateE in vivo excision &} phagemid

2 dojd ¥ AYHLZ mappings A FLYS zhetsiAch

2}. Candidate?] sequence 4]

1171F 3718 cloneS& 8718 clones & dR-o} Z+2 cloneo| ). 874
2] &M cloneEL sequence analysis® 438l insert size® gohlgl
C} (Fig 4. #X). o4& 952 &7]1xd-& BlastX & search¥t Zz} 270
= ZtZ} riboflavin synthase @, vacuolar ATP synthase2} homology7} &
ora, umz] 670 Zr=pe] NL25, NL27, ©hwje] N geneZ2} homologyZ} &

Q29 4. ZXR). NBS domain®] $]2]= candidate mir} QF7M whgibz]

-~

qF, % candidate(4-1-2)E A|&]3slar= BF ¢ 500 bp A E2] domain size
£ 23 9o} 4-1-2%= NBS domain® CD2gto]| insert?] N-terminalZZo]
21315 gloe R Qo & 5end?] sequenced v EH 3o} & FHolr}l. Full
length sizeE ¥}elsl7] $)3}od PolyA(+) BNA northern blottingS <=313}
g=u], probe®= specificit HE-& enzyme cutting®} PCR product® ot
Sof AH8sigrH 1

ZZ). 6712 candidate EF 5end sequenceZ

=

6 )
2R3}y 9l8to] BRACEE 335t gith

Y
U4 FL2 BE candidateo]] T3] =, EZFE northern
blotting #8334 s F/HE UAA T xlojola] KA 2719



(6-1-3, 8-1-2-4)candidate:= originl HXujFojx Hr} oitatd, A
oA 3 UHATE BT, 4-1-1-29)F 9-1-42 A2 7L AT
gxigdt. 7-1-12 ZAuSHF AT AdE o7 ZstA wdFE AU

(3" 7. =),

o,

Zxzy Uy F5e] xlole dX candidateo] At Rot=n], 9-1-40] A
L ZEA 2 WS B, 4-1-1-2% Q%o w2 wde e}
. ©]A& 7} candidate mjt} THE pathogenol thsl A &g viehd

T &S At Yty 8, & 1. FR). t}E candidateo]] tiziA =

d SAA FRe #EFRI partial fragment®} full
length fragmentS-& H{A AL vector(pCGN18, pBI121.1)of construction

Sto] Al2te} arabidopsisoll FAMTsI] iyt Azt HEalol tigh A3

430g 248 Yok

7}) Clone No. 4-1-2(2412 bases)

AATTCGCGGCCGCGTCGACGTTGGCATGCTTTCAAAAGTAGTTGGTGTCCTAGTCAATATCTTGTGCTCACAAGAGAAGTTGTCAATTACTGCGGAGGACTGCCATTGGC
TCTTGAAGTTTTAGGATCTACTATTTTTAAACGAAGTTGAGATTCAGGCACAACTGAAAATAAGCTACGACGGGCTAAATGATCATTACAAGAGGCAGATATTCCTCGAT
ATAGCTTTTTTTTTTATTGGAATGGACAAGAACGATGTCATGCAAATCTTGGATGGTTGTGGCTTTATGCACAACAGGAATCGAGGTCCTCCTTGACCGGTGCCTTETAA
CTATTGGTAGAAAAAACAAGATTATGATGCATGATTTGCTTCGGGATATGGGCAGAGATATCGTGCATGCAGAAAATCCTGGTTTaCCTAGAGAACGGAGTTGATTGTGG
CATCCTAAAGATGTACATGATGTATTGATAGACAAATCTCAGGGAACTGAAAAAATTGAAGGTCTGGCTTTGAATTTGCCGAGTCTTGAAGAGACTAGTTTCAGTACTGA
TGCGTTTAGAAATATGAAGAGACTGAGATTGCTCCAACTGAACTACGTTCGGCTCACTGGGGGATACCGATGTCTTTCCAAAAAATTAAGATGGT TGTGCTGGCATGGAT
TCCCATTGGAGTTCATACCAATAGAACTGTGTCAACCAAACATAGTAGCTATCGACATGCAGTACAGCAGCCTTAAACAAGTTCTTTGTGAGTATTCTGGGTTGCTTGGT
AAGTTGAAGATTCTGAATCTCAGCCACTCCCACGATCTAACACAATCGCCAGACTTTTCAAAATTTCCAAATCTTGAGAAATTGATACTCAAAGACTGTAAGAGGTTGGC
TAAAGTTCACAAGTCCATCGGAGATCTCAAGAGTCTTGTGT TGGTGAATTTGAAAGACTGTGAAACGCTTAAGGCTCTCCCGAGGAGTTTCTACAAGTTGAAATCTGTCA
AAACTCTTGTTCTCAATGGTTGTTCACGATTCCGAAGCTTGTCTGAGCACTTGGGGAAAATGACATCATTGGTCACTCTTTTTGCTGATGGGACGGCCATAAAAACAGTA
CCACCTTCCATCATACGACTGGAGAAGCTCGAGTGCTTATCTTTGAGTTA

CTTGAAGTGTCATTTGCAGCTACCTTCCTTACAAGGCTTACGCT TTTTAACAGACT TACAATTGGTAAACAGTAATTTAATGGAAGTGCCTAATGATATTGGGAGTAGTC

TACCTTGTTTAGTGTACTTATTTCTAGATAACAATAATTTTCGGAGCCTTCCAAGCCTCAGTGGCCTCTCCATGCTTCATGCACTAAAATTGAATGGCTGCAGAAACCTT
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GTCGAGATCACAGATTTACCAAAAAGT TTGGATATCCTGGAGATGGACGATTGCTTTGCATTAGAAAGAATGCCAAATTTTTCAGGCATGTCAACATCCGTGTCTCTCGG

TTGCCCTAAACTCATTGAGTTTCCAGGCCTGGATAGCGCTTTAAACTCGGGCCTCAAACTTAAGATGTTAACACACAACAATGTCATAGATT TCCTTCTTAAGGATAACA

CGCTACAGGGATGGACAGGAAGTGGATATATGAATCTTGTAGGAAGACAAATTCCCACTTGGTTCAATTATGTCAACGAAGGT ACCCAAGTCTCTTTTGAAGTGCCTAAT

GAAAATGGTTGTAATGCAAAAACGTTGGCTGTGTGCCTGGCTTTGGT TCCTTATGATGACGTCAGCTCGATTGATTTTGAGCGGGCGTCTTTTATTTATATTATTAATCA

CACCAAGGGTACTAGTTTTTATGTCTGTATAGGACATGTTTTTTCCTTTCAAGAAATCCTTTGCCTTGGAAATTTTTCGT TGTCGGAAACTGAGT TCAATTTGGAAGAAG

GCGATTTGGTTCATGTTATTGTACATTGTCCAACTAACGTGGTGAAGAAAATAGGGGTACGTTTTGTATGCGACAAACTTATGACTTTCGAAGGTTCGTTTTTTCTTTAC

CATTCTATCCCCTTACGAACGGGCCATAGAAGAAGCTTTTACTGAAGTTGATGATT TTGATGATGAATATGAAGATGATGATT TTGATGAGGATGATGACAACGACGATG

AGGATTTTGATGAGGAGGACCAAGACGGTGAT GCTAATGATGAGGATGATGACGACGACTATGTAAGCT AGTAAACTTTCTGGTTTTATCAGCTAGTTTGTAGATAGAGT

AA

Sequences producing significant alignments: Score E(bits) Value

21110178211 1dbjIBABI1635.1!] (AB016877) TMV resistance prote. .. B3 e-106
£111012190912b1AAG13419. 1 1AC000348 16 (AC000348) T7N9.24 [A. .. 191 2e-59
£1:10121908 |2b {AAG13418. 11AC000348 15 (AC000348) T7N9.23 [A... 1685 2e-54
£111205692812b AAG48132.11AF322632 1 (AF322632) putative re. .. 18¢ 2e-53
g111086263 ipir 1A54810 TMV resistance protein N - tobacco (... 157  3e-53
£i19759045!dbj IBABO9567.11 (ABO06706) disease resistance pr. .. 152  2e-52
£117484909 ipir} iTO6608 disease resistance protein homolog F... 187  3e-52

g1139477351enb |CAAGB798. 11 (AJ008720) NL27 [Solanum tuberosum] 139  4e-51

£i18843806:dbjiRAAS7354.1) (AB022222) disease resistance pr. .. 157  2e-48

£1:7484812ipir:iT06144 disease resistance protein homolog F. .. 152  le-47
£i18843884!dbjiBAAST410.1: (AB025635) disease resistance pr. .. 155 b5e-47
£119965103:2b 1 AAG0SY51. 1. (AF175388) resistance protein LM§, .. 129 9e-47
gi:1101775821dbjBABI0O813.1! (AB019223) disease resistance p... 145  1e-46
gi 112326008 | gh | AAG52450, 140010852 7 (AC010852) putative di. .. 156 2e-46
£119758205:6bj IBABOBG73. 11 (ABO18109) disease resistance pr. .. 155 3e-46
g117484910ipir! |T06608 disease resistance protein homolog F. .. 151  3e-46
£i1101777071dbjiBABI1081.1) (AB010698) disease resistance p... 155 6e-46
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L}) Clone No. 6-1-3 (2874 bases)

AATTCGCGGCCGCOTCGACGGAAAAACAACAATTGCTAAAGCCATTTATAACGAAT T TTTTGACAAGTTTGAACGTAAAAGTTTCCTTGAAAAAGTGAGGGAAAGGAAAG
TAGAAAAATTGCAAAAACAACTACTTTCAGATATCTTGCAAACGACCAAGACAAAGG TAAGCAGTGTTGCTGLAGGGACCGCC T TGO TAGGGGAAAGATTTCGACGCTTA
AAGGTACTTGTCATATTTGATGATGTAGACAATGTGAATCAGCTATCGGAATTAGCCGGAAATCGCCACTC TT T TGGCCCAGGGAGCAGAATTATCATCACAACAAGAAA
CGCACATATTCTAAGAGAAGCTGATGACAGATATTTGATGAAAGAAATGGCACAAGAAGAAGCTCTTCAGC TCCTAAGTTGGCATGCTTTCGGAAGTAAGTGTTGTCCTA
GTGAATATCTAGAGCTCGCAAGAGAAGTTGTCAATTACTGTGGAGGATTGCCATTGGCTCTTCAAGTTTTAGGTTCTACCTTGTTCAAAAGAAGCATAGGAGAGTGGAAA
AGTACATTGGATAAACTGGAAAGAATTCCTCATAGTTCAATTCTTCAACTGCTGAAAATATGCTACTACGAGCTAAATGATGATTACGAGAGGAAGATATTCCGCGATAT
ATCTTGTTTCTTTGTTGGGATGGACAAGAATGATGTCATGCAGATCTTGGATGGTTGTGGCTTTTCTGCAACGGCTGGAATCGAGGTCCTCCATGGACGGTGCCTTGTAA
CTGTTAATAGAAAAAACAAGCTAATGATGCATGATTTGCTTCGGGAAATGGGCAGAGAAATCGTGCGTGCACAAAATCCCCTATTATTCTGAAAAACGGAGTCGGTTGTG
GCGTCCTGAAGATGTAAAAGATTTATTGATAGACAAGTCTGGAACTGAAGCAATTGAAGGACTGTCTTTGAATTTGCCGAGTGATGAAGTGCCTAGTTTCAGTACTGAGG
CATTTACAAATATGAAGAGACTCGGATTGCTCCAACTCAAGTACGTTCGGCTCACAGGAGGATATCAATATCTTTCCAAAAAATTAAAATGGTTGTGCTGGCGTGGATTC
CCTCCAGAGTTCATACCAAAAGACTTGTGTCAACCAAATATAGTCGCTAT

CGACATGCGATATAGCAGCCTCAGACAAGTTCCTTGTGAGGATTCCGGGTTACTTGACAAAGTTGAAGATTCTAAATCTCAGCCATTCCCATGACCTAACACGATCACCG
GACTTTTCAAAACTCCCAAATCTTGAGAAATTGATACTCAAAGGTTGTGAGAGATTGTCTAATGTTCACGAATCG%TTGG%GATCTGA;GAGTCTTGCTTTGGTAAATTT
GGAAGGCTGCGAATTGCTTAAGGATCTCCCCAGGACATTTTATAAGTTGAAATCTGCTAAAATTCTTGTTCTTAAAGGTTGTTCAAGATTCAAAAACTTGTCTGAGGACT
TGGGAAAAATGTCATCCTTGACAACTCTTGTTGCAGATGAGACGGCCATAACAGAAGTACCATCTTCCATCTGACGACTGGAGAAGCTTCAGTCCTTATCTCTGCGTAAC
ATGAGGTCGTCTTTGAAGTTACCTCCTTCGTTAATGGGCATGAACGCATTAAGTGAATTAGATCT TAGTGGCTGCAATTTAAAGGAAATTCCTAACGATATCGGGAGTCT
ATCTTCTTTGGTATCATTAAGTCTGGATTGCAATGGTTTCCATAGCCTTCCCAAGCTTCAGTGACCTCTCCAGGCTTCAAAGACTAAGCTTGAATGGTTGCGAAGGTCTG
GTTGAAATCACTGATGATTTACCACCAAATTTGAGT CTTTTGAGTATGAATGACTGCACTGCACT AGAAAGAATGGCAAATTTATCAGGATGGCCAAGAGTTGTGGCTCT
AGATGGTTCCTCCAATCTCAGTGAGTTTCAGGGCTTGGACAGGGCGTTAAACACGGGTATGATACTTGGCATGCGAGCGCACAACAGAATCACCGAATTCTTATTCAAGG
ATAGCACACTACAGGGATGGACTGGTACTGGATATATTTATCTTCGAGCAAATCATATTCCGACT TGGTTCAATATTGTCAACAAGAAGGGTGACCGAGTCTATTTCAGT
GCCTCATGAATCCGTTATCAGTTAAAAGCGTTGGCTGTGTGCTTCTCTTGTCGTCCTTATGAGT TGAATCTCCTTGACATATTCCATTTCTGTGATTAATCATACCAAGT
GGACTTGCATTCATGCCGATGTATCCGATTTCTGCCCGCCTGCTCGCTTG

GAAGAATACCTTTGGATGGGACATTTCTCAAACAAAGACTTCAAATTGACGTGCGGCGACTCCGTCCATGTTATTGT ACAAGCCCGAGACACTGAGACTGGGTTCATCAG
GGTGGAGAAAACAGGGGTACGTCTAGTATCTGACAAACGTATTTACTTCAGT TTTTCETCTATTCATTACGGTTCCATCCCTTATGGTTAGGCCATCAACACATGATGAT
GATGATGATGATGATGATCATGCCGATCATGAGCAATGACGATGACGATGGTCATGCCGATCATGATTACGATGATGATCATGCCGATCATGATGATGATGACGACAAGG
ACGACGTTGACGATCATTTATCATAGACCATTAGAGATTGAGGT TTGATACCAGTACTTGACTGAGTAGACGGATCAGCTTTTACTCAGTGTGGTTATATTATTTCTTTA
AAATGGATTAACTTAGTGTGGTTAATACCTTTTTATTTTCAACTTTGCGGTGGTGGTTAATTTCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

ASAMAAAAAAAAAAAAAAAAAAA
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Sequences producing significant alignments: Score

1110178211 !dbjiBARI1635.1! (AB016877) TMV resistance prote..

£i19759045:6bj | BAR0YS67. 11 (ABO06706) disease resistance pr..

gi112056928 12b13AG48132. 11AF322632 1 (AF322632) putative re. .

gi 110121509 gh AAG13419. 11ACO00348 16 (AC000348) T7N9.24 [A...

£1110121908 12k 1AAG13418. 11AC000348 15 (AC000348) T7N9.23 [A...

511086263 pir! tAD4810 TMV resistance protein N - tobacco (...

£113947735 emb {CAADBT98.1¢ (AJO09720) NL27 [Solanum tuberosum] 195

g117484809 ipir: 1706608 disease resistance protein homolog F..

£1113509227 lemb {CAC35333. 11 (AJ310158) N2-C protein [Linum ...

g1174848121pir 1706144 disease resistance protein homolog F..

21113509213 enb CAC35326.11 (AJ310151) Ngc-C protein [Linum, .

£i 113509211 jemb |CAC35325.11 (AJ310150) Ngc-B protein [Linum. .

21113509225 lemb {CAC35332. 1! (AJ3101575 N2-B protein {Linum ...

£1,13509217 lemb iCAC35328.11 (AJ310153) N1-B protein [Linum ..

21113509219 lemb CAC35329.11 (AJ310154) N1-C protein [Linum ...

CH Clone No. 9-1-4 (2405 bases)

7117484910 pir! 1 T06609 disease resistance protein homolog F. .

CGCGGCCGCGTCGACGAAAAATAATCAGATCGGACCAAAACAAGTGCAGCAACAAATGTTCCGATGGATGCCTCGACGTCCTCGTCTTCCTCCTTAAAACGTTGGAATTA

CGACGTGTACTTGAGCTTTCGAGGTGAATACACACGCCCGAAGT TCACGGGTTTCACGAACCACCTCTGCTCCGCGTTGAAGCACGCCAAAGTCAACTTCTTTGTCGGCG

AAGGCAGTCTAAGTGAATTGGAGT ATCTGAGAAACGATCTGAATCAGGCAATCCAAGGGTCT AAAGTCGCTGTCATCGTCTTCTCGGAGAACTATGCGGAATCAATATTT

TGTCTTGATGATCTGGCGAAGATCATGGAGTGCAGAAGAACACTGGGTCAAATGGTTATTCCAATATTCTGTGATGTCCAACCTTCAAAAGTCCGGACACAGACCGGTAC

TTTTGCAACAGCATTTCTGGACCACGAATGGCGGTTCTATGACGCCGAAGAAAGGTTACATCTATGGAGAGACGCTCTTACTGAAGCTGCAAATTTGTCTGGTTTTTATG

TtAGAAACACCAATTGGGACGAAGGACAAAAGT ATATCGGGGAAATTGTCACAGAGATCATCAGAGTCTTGCACCGCATACCATGCTTAGCCACCAATCCAGTTGGAATA

GATTCTCGGGTGCAAGAAATCAGTAATTATTTAGATGTTGGAGGATCAACTGATGT TCGCAT AATTGGAATTTGGGGTATGGGTGGAGTGGGTAAAACGACGGTTGCCAA

AGCCATTTTCAACAAATATCAGAATTTGT TTGATGGTAAAAGTTTTCT TGCTAGTGTGAGAGAAGAGAAACTGGTGAAGTCGCAATACACACTTCTTTCTGATGTATTGA

GATCGGGAAACATAAAGGTTAGTAGAATTGATGAAGGGACCGAGGATATAAAAAAAAGACTTGGCAACCAAATGGTACTTGTCATAGTTGATGAGGTAGATAGCGTGAAA

CAGTTAGAAGCATTAGCTATAAAACGTGACTCATTTGGCCCAGGTAGTAGAATTATTATAACCACAAGAGACCAACATTTGCTAAAGATACT AAAAGCGAATAGGATATG

TCATCTACCAGCAATGAATAAAGAAGAAGCTCTTGAGCTCCTTAGTTGGC
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ATGCCTTCAGTAAGAATTATCCTAATAAAGAATATCTTCATGTCTCAAGAGAAGT TG TTGAT TACTGTGGAGGTTTGCCACTAGCACTTGAAGT TTTAGGTTCTTATCTA
TCTGGGAAAAGCTCAAGTGAATGGAAAAGT GAGTTGGAGAAATTGAAATGTCATCCTOGTGGGGAGATTCTCAAT AGACTTAAAATAAGCTTTGACGAGCTAGCTGATGA
TGACCTGAAGACTATATTCCTTGATATATCATGTTTCTTTACTGGAATGAACAAGGACCATGTCATGAAAATATTGGATGGCTGTGACTTATATCCAGAAATCOGAATCA
GTGTCCTCCAAGAACGATGCCTTGTOGCTACTAATGATGATTTCACATTGGTGATGCATGAT T TGCTTCGCGACATGOGAAGAGAAATTGTGCGTTTAGAATCCCGTGAC
CCTGGAAAATGCAGTAGGTTATGGCATCACGACGATGT GCTACGCGTATTGAAGGACAAAGCTGGATGGACT TCTTGCGGATATGGTGGCATT TTCCTCAATGGAAATTA
TATTCCTGATTGGTTCAAGTATGTTGGGGATGATGAAGTCTCGATTGTAGTGCCTCAAGGGTTTGGTAGTAATTTTAATGGGTTGACTATGfGCTGTGTATACTATTCAA
ACAAACAACCTGAGGATTGTCCOCTTGTCATTTCCGTTGAAAATACAACCATGCATACTGCTTTGCTCGCCCATATAACATATGCCTCGGTACCAACTTTCTGTGATTAT
AAAGATCATTATCTTTGGCAGGGGCAATTATCGAACGATGTGCTCCOTTGTCGAAAGGGGGATCAAGTCAACATTTTTGTAGGGCCTGCTCAGCCTGGAGAT AATTCTGC
AAGAGTGAAGAAAATAGCGGTTGATCTTGT CTGGGACAAATTTATGAAGGAAAATATGGATGATTCGCATCCTGGTTTATATGATTTAAACCCACATCAGGATTGTTTGT
TCGGOAGACAATGATGAGGCACGAACAAGCCGTGCCGCATCTGATGAGAACCT ACCTTCGAAAATATTGAGGTCTGATAGTATTGGTGGTGGTGATGACGAGGTAGGAGC
AAGCACTGATTTATCTGATGAGAACCAAACTCCCAAAAGAGGATTGTTITATTT T T TTTCAAAACTGCTTCCGTCGT GTGGTAAAAAAACCAGETAAGTATTTGGTAAAT

TATAGTGCTAAAAGTGCTTTTAGCACCAAAAAAAAAAAAAAAAAA

Sequences producing significant alignments: Score E(bits) Value
g1110178211 idbj BABI1635.1! (ABQ16877) TMV resistance prote. .. 387  e-106
£1139477351enb 1 CAADBTS8. 11  (AJ009720) NL27 {Solanum tuberosum] 348 2e-94
£i 11086263 piri1A54810 TMV resistance protein N - tobacco (... 344 2e-93
21112003378 19biAAGA3546, 11AF211528 | (AF211528) Avr9/Cf-9 r. .. 342  8e-93
51112056928 12h{AAG48132. 1 1AF322632 | (AF322632) putative re. .. 337 2e-91
£119965103:2b |AAGOS951. 11 (AF175388) resistance protein LM6. .. 325  1e-87
8113947733 emb 1 CAANSTS7. 13 (AJ009719) NL25 [Solanum tuberosum] 317 3e-85
£i1101219081gb1AAG13418, 1140000348 15 (AC000348) T7N9.23 [A... 301 2e-80
£11120563301gb1AAG48133.1{AF322633 1 (AF322633) putative re. .. 298  le-79
£1113509211 lemb 1CAC35325.1! (AJ310150) Ngc-B protein [Linum. .. 292  8e-78
21113509225 1embiCAC35332. 1! (AJ310157) N2-B protein [Linum ... 292  8e-78
£1113509217 1 enb |CAC35328.1!  (AJ310153) N1-B protein [Linum ... 231 2e-77
£1:17488%03 ipir! 718548 flax rust resistance protein M - fla. .. 290 3e-77
£1 113509215 enb | CAC35327. 1 (AJ310152) N1-A protein [Linum ... 286 4e-76
g117486351 ipir 11701916 hypothetical protein F2P3.8 -~ Arabid. .. 285  6e-76
2117487334 !piri 1708196 hypothetical protein T22B4.150 - Ara. .. 286 6e-76
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£114588048 | gh i AADZ5965. 1 147093638 1 (AF093638) flax rust re. .. 286 7e-76
2114588066 b AAD25374. | 1AF033647 1 (AF093647) flax rust re... 284 2e-75

2}) Clone No. 4'-1-1-2(2205 bases)

AATTCGCGGCCGCETCGACCTACCACTATGCTCATCGCAATTGCTGTCTTGTATTTgATGTCCTCATCTTCCTCCTCTGCTCCCTCGGCCTCGTCTTTCGCCAAATGAAT

ATCTCCATCCCCGATAAAGCCTCGTTCTCGAACCCCTGLTCGCCCTCATCCTCATCGTCTTCCTCCTCCTCCTCCTCCGECTCCTCGCCCTCATCCTCAACCTCATCHTC

CTCCTCCGCCTCCTCCGCCTCCTCTACCTCTTOGCCTTCATCCTCATCTTCATCTTCATCGTCCTCCTCCGCCTCCCCGTCEGCGTCCTCCTCAAAAGGCTCTCTCTACG

AAGTGTTCATAAGCTTCAGAGGCGAAGACACACGAAAAAAT TTCACGGGCCACCTCCACGAAGCATTGACAAAGGCCGGAATCAACGCCTTTATTGACGACGAAGAACTG

AGAAGAGGAGAAGATATAACTACCGAACTTGTGCAGGCAATCCAGGGTTCTAGGATCTCTATCATCGTCTTCTCAAGACGGTACGCGGACTCCAGCTGGTGTCTOGAGGA

GCTGGTTAAGATCATGGAGTGTAGAAGAACGCTAGGGCAAT TAGTTTTGCCCATATTCTATGACGT TGATCCTTCGAATGTTAGGAAACTGACTGGTAGTTTTGCACAAT

CGTTTCTGAAACATACAGATGAAAAGAAGGTAGAGAGGTGGAGAGCTGCTCTCACTGAAGCTTCGAATTTGTCTGGCTGGGATCTCAAAAACACTTTGGACAGGCATGAA

GCAAAGTTTATCAGGATGATTACTAATCAAGTCACTGTGAAGCTGAACAACAGATACTTCAACGTAGCGCCCTATCAAGTCGGAAT AGATACTCGAGTGCTAAATATCAG

CAATTATTTAGGCATCGGAGATTCAGATGATGTTCGTGTGATTGGAATTTCAGGCATGGGTGGAATAGGTAAAACAACGATTGTTAAAGCCATTTATAACGAATTTTATG

AAAGGTTTGAAGGTAAAAGT TTCCTTGAAAAAGTGAGGGAAAAGAAACTAGTAAAATTGCAAAAACAACTTCTT TTTGATATCTTGCAAACCAAGACAAAGGTAAGCAGT

GTTGCTGTAGGGACCGCCTTGETAGGGGAAAGATTTCGACGCTTAAGGGT TCTTGTCATAGTTGATGATGT AGACGATGTGAAGCAGCT ACGCGAATTAGTTGGAAATTG

CCATTCTTTTGGCCCGGGGAGCAGAATCATCATCACAACTAGAAATGAACGTGTGCTAAAAGAATTTGCAGTTGATGAGATATATCGGGAAAATGGAATGGACCAAGAAG

AAGCTCTTGAGCTCCTAAGT TGGCATGCTTTCAAAAGTAGTTGGTGTCCTAGTCAATATCTTGTGCTCACAAGAGAAGTTGTCAATT ACTGCGGAGGACTGCCATTGGCT

CTTGAAGTTTTAGGATCTACTATTTTCAAACGAAGTGTAAATGAATGGAGAAGTATATTGGATGAATTGAAAATGATTCCTCGTGGAGAGATTCAGGCACAACTGAAAAT

AAGCTACGACGGGCTAAATGATCATTACAAGAGGCAGATATTCCTCGATATAGCTT TTTTTTTTAT TGGAATGGACAAGAACGATGTCATGCAAATCTTGGATGGTTETG

GCTTTTATGCAACAACAGGAATCGAGGTCCTCCTTGACCGGTGCCTTGTAACTATTGGTAGAAAAAACAAGATTATGATGCATGATTTGCTTCGGGATATGGGCAGAGAT

ATCGTGCATGCAGAAAATCCTGGTTTCCCTAGAGAACGGAGTCGATTGTGGCATCCT AAAGATGETACATGATGTATTGATAGACAAATCTGGAACTGAAAAAATTGAAGG

TCTGGCTTTGAATTTGCCGAGTCTTGAAGAGACTAGTTTCAGTACTGATGCGT TTAGAAATATGAAGAGACTGAGATTGCTCCAACTGAACTACGTTCGGCTCACTOGG0

GATACCGATGTCTTTCCAAAAAATTAAGATGGTTGTGCTGGCATGGATTCCCATTGGAGTTCATACT

Sequences producing significant alignments: Score E(bits) Value
gi110178211 !dbjiRABI1635.1; (AB016877) TMV resistance prote... 488 e-137
£1139477351emb {CAAD8798. 11 (AJ009720) NL27 [Solanum tuberosum] 395 e-109
£1,9759045 i dbj |BABOYS67, 11 (AB006706) disease resistance pr. .. 378 e-103
2111086263 piri A54810 TMV resistance protein N - tobacco (... 361 2e-98
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g1 19965103 1gbiAAGOS951. 11 (AF175388) resistance protein LM8. .. 358 8e-98

£1112003378 1 gb 1 AAG43546. 1 1AF211528 1 (AF211528) Avr9/Cf-9 r. .. 348 le-94
£1112056928 1gb [AAGA8132, 1 {AF322632 1 (AF322632) putative re... 347 3e-94
g£1116121908 1 2b 1 AAG13418, 11AC000348 15 (AC000348) T7N9. 23 [A. .. 343 5e-93
21110121909 1gbiAAG13419. 11AC000348 18 (AC000348) T7N9.24 [A. .. 335 1e-90
£1:7484909 i pir: 706608 disease resistance protein homolog F. .. 330 2e-89
g£1113509215 1emb |CAC35327 11 (AJ310152) N1-A protein [Linum ... 328 2e-88

21110177582 i dbi 1 BARIOS1 3,

-t

i (AB019223) disease resistance p. .. 327 2e-88

£113947733 lenb 1CAAQE797. 11  (AJO09719) NL25 [Solanum tuberosum] 326 6e-88

117488903 piri TI8548 flax rust resistance protein M - fla. .. 323 4e-87
£114588064 1 gb | AAD25973. | 1AF033648 1 (AF093646) flax rust re. .. 323 5e-87
gi:4588054 i gh 1 AADZ5968. 1 {AFQ93641 2 (AF093641) flax rust re. .. 322 8e-87
gi 112056330 1gb {AAG48133, 1 1AF322633 1 (AF322633) putative re. .. 322 8e-87
£117488901 ipiri 718546 flax rust resistance protein L6 - fl,;, 322 1e-86

o}) Clone No. 7'-1-1 (3588 bases)
CGCGGCCGCOTCOACATCGGTTCGGLAACACAAACACAACCGCTGCCATTTTTTCAGTCGTGATCTGAACCACTACAGTGCCATAACAATGGATACCGCCATGACAGCCC
ACGAAGCCTCCTCTTCATCCTCCTCCATGTCAAAACTTTGGAATTACGACTTGTTCTTGAGCTTCAGAGGTGAAGACACGCGCAACGGCTTCACAGGCCACCTCCACGCG
GCATTAAAAGACAGGGGATACCAGGCTTATATGGATCAGGACGATCTAAACAGAGGGGAAGAAAT AAAAGAGGAACTGTTCCGGGCAATCGAAGGGTCGAGGATCTCCAT
CATTGTCTTCTCANAGAGGT ATGOGGATTCCAGTTGGTGTCTTOACGAGCTB6TGAAGATCATGOAGTCCAGATCCAAACTGGGGCGACATGTTTTGCCAATATTCTATC
ATGTTGATCCTTCACATGTCAGGAAGCAGGACGGAGATTTAGOCGAAGCATTTCTOASGCACGAAGACGECATCOGTGAGGAACAGATEGCAAGAAACETGAAGCT 444
CAAGAAAGOETAAMGCAGTO0AAAAAAGCTCT TACAGAAGE TG A TT TG TCTGOCCACGATCTTCOTATCACTGATAATGO6COCAAGCAATCT TATTAGAGAAAT
TGTTGACAATATTATTACGAAATGGCTTATGAGCACAAACAAACT AAGAGTGGCCAAGCACCAGGTTGGTATCAATTCTCGCATTCAAGACATTATCAGTCGTCTTTCAA
GTGGCGGATCAAATGTTATTATGGTTGGAATI TGGGGGATGGUTGGATTGGGTAAAACAACAGCTGCCAAAGCCATTTATAATCAAATTCATCATGAGT TCCAATTCAAA
AGTTTCCTOOCTOATGTTO0CAACGCTOCAAGTASACATAGTCTAGTT TATTTGCAAAAGAACTTATT TATCACATCTTAAA ACGAAGTCT MAATAAGCAGTGTTGA
TGAAGGTATCGGTCTGATAGAAGATCAATTTCGACATAGAAGGGTACTTGTCATCATGGACAACATAGATGAAGTGGGCCAATTGOATGCAATAGTTGGAAATCCTGATT
GGTTTGGTCCAGGAAGTAGAATTATCATAACAACAAGAGATGAACATTTACTAAAGCAAGTGGATAAGACATATGTGGCTCAGAAATTGGATGAACGAGAAGCTTTGGAG
CTCTTTAGTTGGCATGCCTTTGGAAATAATTGGCCTAATGAAGAATATCTTGAACTCTCAGAAAAAGTTGTTTCTTACTGTGGAGGTTTGCCACTAGCCCTTGAAGTTTT
AGGTTCTTTTTTGTTTAAAAGACCCATAGCAGAGTGGAAAAGTCAATTGGAGAAATTAAAAAGAACTCCTGAAGGAAAAATAATAAAATCCCTAAGAATAAGCTTTGAAG

GGCTAGATGATGCACAGAAGGCTATATTTCTTGACATATCTTGTTTCTTTATTGGAGAGGACAAGGACTATGTTGCAAAAGTATTAGATGGATGTGGATTTTATGCAACA
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CCCTGGTGACCCTGGAAAATGGAGTAGGTTGTGGGATAAACGAGAGGTCATCAATGTATTGACAAATAAATCTGGAACTGAAGAAGTTGAAGGACTTGCTCTACCTTGGG
GTTATCGTCATGACACTGCTTTCAGTACAGAAGCATTTGCCAATCTGAAAAAACTGAGATTGCTTCAGCTCTGCAGAGTAGAGCTGAATGGAGAATACAAGCATCTTCCC
AAAGAGTTAATATGGTTGCATTGGTTTGAATGCCCTTTGAAGTCCATACCAGATGACTTTTTTAATCAAGATAAACTAGT TGTTTTAGAGATGCAGTGGAGCAAACTGGT

ACAAGTTTGGGAGGGTTCCAAGTCGCTTCATAACTTGAAAACCCTTGATCTCAGCGAGTCCAGGTCC

Sequences producing significant alignments: Score E(bits) Value

£i110178211 !dbjiBABI1635. 11 (ABO16877) TMV resistance prote... 683 0.0

5111086263 pirii1AB48I0 TMV resistance protein N - tobacco (... 565 e-159

533 e-150

£113947735 enb [CAADB798. 11  (AJ009720) NL27 [Solanum tuberosum]

£111206692812b | ANG48132, 11AF322632 1 (AF322632) putative re... 525 e-148
8118759045 dbj (BABOI567. 1, (ABOO6706) disease resistance pr... 525 e-147
£1110121908 1gb{AAGI3418. 1 1ACO00348 15 (AC000348) T7N9.23 [A... 509 e-143
£1199651031gbiAAGOI951.3{ (AF175388) resistance protein IM6.., 484 e-135
21110121909 (b AAG13419. 114C000348 18 (AC000348) T7N9.24 [A... 471 e-131
g117484809 pir} 1706608 disease resistance protein homolog F... 462 e-129
g1:7484912/pir 1 1T08144 disease resistance protein homolog F... 45% e-128
£i 18843884 b j1BAAS7410. 1! (AB025635) disease resistance pr... 457 e-127
£i110177582 1dbj 1BABI0813.1! (AB019223) disease resistance p... 455 e-126
2i:1101780081dbjiBAB11460. 11 (AB005233) disease resistance p. .. 444  e-123
£1,1101763471db,jiBABIO036.1} (AB023028) disease resistance p... 437  e-121
£119758704 |dbji1BABO9158. 11 (AB017065) disease resistance pr... 437 e-121
gi 116177584 (dbj BABI0815.1) (AB019223) disease resistance p... 431 e-119
118953387 temh |CARS6660, 11 (AL360314) RPP1 disease resistan... 426 e-118
g1:110178009:dhjiRABI1461.1! (AB005233) disease resistance p... 426 e-118
£11672116312b |AAF26791. 1 1AC016829 15 (AC016829) putative di.... 425 e-117
£1197582051dh,j 1 BABOSE7Y. 11 (AB018109) disease resistance pr... 421 e-116
£117485310ipiri1T14515 hypothetical protein C18G5,30 - Arab... 418 e-116
£115302803 lemb iCAR46044. 1) (797342) disease resistance RPP5... 417 e-115
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H}) Clone No. 8'-1-2-4(2228 bases)
AATTCGCGGCCGCGTCGACGTGTTTATTAGTTTCAGAGGTGAGGACACCTGCCGTACTTTCATCAGCCACCTCCACGCTGCCTTACTTGAGAAAAAAATCACAACTTATA
TTGATGACGAGCTTAAGAGAGGAGATGAAATCGCACCTGCCCTTCTCAAAGGAATTAAGGAATCAGAGCTTTCGGTGATCATT TTCTCGAAAGACTACGCGTCCTCCACC
TGGTGTTTGGATGAGCTTGTGCATATCCTAGAATGCAAGGAAAAACATGGCCAGTTGGTAATACCCATTTTTTACGACACCCTTCCATCGGATGTATGAAATCAACGGGG
GAGTTATGAGGTTGCATTTGCTCAACTTGAACAACGTTTCCAGAACAGTATCGACAAGETGCACAAGTGGAGGGATGCTTTGACGAATGCAGCAAATATATCTGGGTTTA
ATTCAAAAAATTATGGGACGGATGCTGATTTAGTTAAAAAGGTTGTTGAAGATATTTGGACCAAAT TG TGTCGCGCATCATCCTGCGATTTAAAGGGCTTTGTTGGAATT
GAAAGCCGCATTGAGCAGGTCGAATTGCTATTAGCCATTCATTCACCGGACGCTTGCATCACTGTAGGTATTTGGGGAATGGGTGGCATTGGCAAGACCACCCTTGCCGA
GGCTGTATTTCGCAGACTCTCTTCTAAATTCGAAGCTTCTTCTTTTCTTAAGAATGTTAGGGAGAACTCAGAACAAGCAAGTGGACTAGATTACTTGGAAAAAACACTTC
TTAAGGAGATATTAAAGGAAGAAGGTTTATCCATAGGATCAACTTATGTTCGAGAAAGGCTCAGGCGTACAAAGGTCCTCGTTGTTCTTGATGATGTGAGTGATTCTATG
CAATTGGAACATTTAGCTGGCAGAGGAAGCAGTCCTCTCCGGTTTGGCACTGGAAGTAGAATCATTATCACAACTAGAGAT AGGGGCACACTTGGGCAAACTGTTGAAGA
GGATAATATCTACAAGGTTGAGGAATTAATACCGGATGACGCTCTTCAGCTCTTCTATTCGCGTGCTTTCAAGGATAACAGTACTCGTAGAACAGATTATAAAGAGTTGG
CAGAAAAGGCGGTGGCTTATGCCAAAGGCGTTCCTTTANCTCTTACAGTT
CTGGGGTCCTTGTTCTTCAATTGCAAGAGAAAAGAAGAATGGGAAGATGAATTCAACAAATTGAAACGATTTCCCAGTGAAGATATTCAGAAAGTGTTGAGAATAAGTTA
TGATAGATTGAGAGAAAATGAGAAGGAGATATTTCTGGATATAGCATGTTTTCATAAAGGGAAGTCTGCGGTTGACGTAAAACGAATGTTAGATGTTCGTGGATTCTTTG
CGACATCTGGAATTAGAATTCTCATTGAGATGTCTCTCATATCAATTGATTCTAAAGGGGGAATGGAAACCATAGAGATGGACGATTTGCTACAAGAAATGGGAAGGGAA
ACCATAGAGATGCACGATTTGCTACAAGAAATGGGAAGGAAAATTGTTCAAGAACAAGGTATTAAAGATCCCGGTAAACGGAGTAGGTTGTTCAATGATGAGGATGTCTA
TCGTGTATTGAGGAGTAACATGGAAACTCCAAATATTGAAGCCATAGAGGTTGATTGGTATATGGTTGATCGTGCAAACTTCAAAAAGATGTCTAACCTAACAATGCTAA
CTGTGGATAGTGGCTACAATTTGACTGCTTCTCTAGACCTTCCCAATTCTCTTCGTTATCTTGAGTGGTGGGGATATCCACTGGAATCTTTGCCGTTAAATTTTTGTCCG
GAAAATCTAGTTGAGCTTCATATGCCAGGTAGCAAAGTTAAGAAACT TTGGAAAGAAGAGCAGATACT TGTCAACTTACAAGTTATCAATCTGTCGTACTCTGAGTATCT
AACTGAAGTTCCAAATCTCTCTGGGAGTCTAAAAATTGTGAAGATAAATGTCCAGGGCTGCGGGAGACTCAAGTATCTTCCAAAGATGCCAGGAAATATTCAATACTTAA
ATTTAGCATGCAGTGGTATAAAGGAGTTACCTGAATCAGTTTGGTCTAACGAAAATATTTCGTACTTGAATTTAAGGCAATGCCAAGACCTTAAGAAACTTCCGAGCAAC

AGGTGTAAATTGAAAAATCTCGAGAAACTCGATCTCGAATCGTGCTATAAATTTGAAAACTTTCCAGAAAAAAAAAAAAAAAAAAAAA

Sequences producing significant alignments: Score E(bits) Value

£119759045idbj ' BABO9567. 11 (AB006706) disease resistance pr. .. 432 e-120

2113947735 enb |CAAQ8798. 1!  (AJ009720) NL27 [Solanum tuberosum] 431 e-119

111086263 ipiri 1AB4810 TMV resistance protein N - tobacco (... 399 e-110
£118843884:dhj | BAAS7410.1} (AB025635) disease resistance pr. .. 396 e-109
gi 112056928 12b14AG48132, 114F322632 1 (AF322632) putative re, .. 387 e-106
£117487334ipiri1T08196 hypothetical protein T22B4.150 - Ara... 384 e-105
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£1 17486351 ipir 1 1T01916 hypothetical protein F2P3.8 - Arabid. ..

2116598711 1gb i AADZE848, 21AC007187 | (AC007197) putative dis. .

£1 16227009 |gb i AAF06045, 1 15C009513 1 (AC009513) Strong simil...

g1i17485310ipir 1714515 hypothetical protein C18G5.30 - Arab...

8119985103 2b 14AG09951. 1! (AF175388) resistance protein LMS6. ..

1,0

g1 18953387 lemb | CAB366560. 1) (AL360314) RPP1 disease resistan. .

gi 110177582 1db i 1BABIO81I3. 11 (AB019223) disease resistance p...

g11101769471db,j BAB10096, 1! (AB023028) disease resistance p..

38l 4. thE R gene candidate seguence 43

_97_

117484909 piri i TOB608 disease resistance protein homolog F. ..

e-105
e-105
e-104
e-104
e-103
e-103
e-103
e-103
e-103
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& YelR AR 19079 39 RE] 20009 987Hx] 3 Sasteich,
Eolw7] W2 M9 Eolw 7] (mound layering)t Al¢]Eojw]7]+o]&Eo]
w7} (trench layering: thiE R$oA Zelog zjgl 7ix|= woldo A

L=
A Arhstn sEflo] Jhedt il +HeE fdstiglrt el 2

42
o
Q
E
2

15cm2} 25cmE S}SiT.
O Az wEgo] B2 HIUFTE BEAIEA A2 o] 157t HE 5

EEE st Zo] F9r) dopd

23]
A% Artelol AFHEE thE A2 5go] Wi BEPHel ol A
= 24| Wold ZoT AW}

1. FARZEB. ¥R D A ZOBR. pp.244~252. BRESF.

2. Friedrich G. 1993. Handbuch des Obstbaus. pp. 98~100. Neumann Verlag.

3. Hartmann H.T., D.E. Kester and F.T. Davis, Jr. 1990, Plant Propagation
(5™ ed.) pp.409~421, Prentice Hall.

4. Quamme H.A. and R.T. Brownlee. 1990. Stool Layering Ability of
Thirty-one Apple Rootstock Cultivars, Fruit Varieties Journal
44(3):165~169.

5. Tukey H.B. 1970. Dwarf Fruit Trees. pp.242~253. The MacMillan Co,
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A2d5FRE 3 Ne AL

Abzhe 2Uj9] AATo] 3yt ARel FUE KT Zuje] B =

Moz AuiRAel F43 RASL otk YW 22 e ALY

A8} sivle] A7 QST DHUAY LEo] AASEAE T
4 AB4E T ¥ 4 dod A4 2d ARH 43| sy Ao
UET W9 thBS ol 8T FUY LY AMAAE 22 el FHA7
Hi wdo] WushAl AR Art ol AuAAY HFL AL
A% 77 BAF A3 7IEo] 23E olFolo} BT PWY B

[o]
S A= ZHo] HuHeorz ZQ3|ri(Ustrreicher 1989; OUstreicher %
z

1996). Folx WA Afufol] U2 BEo| W(EE H=T A=

S

= tE) xZui&Felct #el7t F83] wWes2, AW 15~20cn FololA
%o FEFS FEF Aute] 727 o] 13moj o], A|HE 60-70cn &
olofFE AHolx 5-6712 EX|Z=7F WS WU 7 £EE djolgia F

L wW3tth(Ustreicher 5 1996). W 7lx] Zol= 30-60cnP =7} &
o8 Z4E MYo] tha A Aol Frf M2 FE3] A

LAY

SE 3 Fol vt GIkA|olA 50cmf )7t e 3= 1.6-1. 80 =7 £
=1

s3

=7} 9lvtz Ztch(Faby 1989; Ostrreicher 1989: Ostreicher 5 1
28 Uel o] ARREAS AMTIES o]&3le] o]ZHFBL sl
w2 drolMe BRIV E g 9 AIEES gasted
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1. di52] =271, FEAZ € A5l LA nA:= 4%

—

olefg] WE|ES2] HE3 Al ‘Baumschule Kaneppele’ oAl 96 d 2%of &¢I
3k wlolalA REe M9 A2 thE(AF T337)& ol &3t ZARUTL ¥
FFo)A 2 AEE FAsiHch. BEQL wiert E¥Y FEEE BEAY
of Fyrt 24 oyt AP ANFE slste 3¥xe] AE 3
08 2§31 5-8AlF 250kg W ALE
g F AAE sl 10a¥ A4EHHR(N-P-K=13-6-10) 50kgE A&
% 5, ARSI A AL 1.4+0.4 X 0.3~0.4mo] ¢ 20cm Zo|E 96
39 200fl zjAjstdTh AA] cfEe] 4L A Ao] 6-8mm, Zo] o} 25cm
gt 2ule 549 3ol FLBIHEE 40kg/10a 7R OE 13 A L3514
th. 7lE} e gEd BEEARA @3] 3t
96\d 8Y dloll tiEe] Aol wat th(9mmolt), F(7.

5
(7.4~6.5mm)2] 3712 A2 FE3I Z+zk 80FA ZI|EAL A

ch)

st

K}

k)

o
o
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2. ¥A o] glo|M 2| benzyladenine(BA) B Az % 34

7 1dat A3

g
9elo A+ EE 60kg/l0a AW G AXE Fsl AL EEle)
stolth 13 Fu|2 A4H3HRE 59 20do] FulolNe} e BT A
8313 A2 A G0e EEhisiAm, 24 FHlt 69 190 FEE

B3R (21-17-17) & 45kg/10a AR A &3} c).

O ANRE(1996W) 89 St AT o en Eolol FA EEE B
Be) Z7led WHoE FBstdn thes) 39 Aeo] AE AVEE A

30-40cn = ASLE wf FHA AL 2AL L] 93}
Zo] 165cm, 27 Smme] ZHEM AFE MHFch
Q7R WA EAE 95t BE Zolst xHolA oF 85cmol] €I ul
BAE X & Welste] 200ppne] 79 439} 53], 400ppm2} 800ppm-
23] 43|, 52|, 1,000ppme] Z-¢ 239} 43)% 77} ARG D trTE B
Ae)lE Forh 239 79 549 2593 64 1Y, 43 = 59 25¢, 64 14,
64 1592} 6% 224, 53] 79 5% 254, 6% 1Y, 64 15¢, 64 22
o, 64 29¢0] hand-gun sprayer& o]&3}o] ArE 15~20cmo] @F 3ml AL
Zstgdeh a2E FSHy] ¢ste] 2F 114] olHo| AHIE nAEE sty
th 5¥ 25¢ 6¥€ 149 23] HA7A|= Tween 20& 1% H7}3}AS
7H& AFRAL] s=7F UF 24 Jdste HoE 2HEHE dadAo
FEF o] 2Fol= BAE ©E AHz|stdth. AEE 40cn o2l EL Q3
Aof me] AASIAch AT wixE= day 3

0% st} WY 57F Folrt

i

rr

i
fo

Apehs GAAE BAXE

—

A% 8 Sk BAZEANE Yol A Fol 43, HEY Abshet sonol A
27t 49} tBe) 27] 87, 9 2ol + 5 ZAstalr)
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. 29 A¥

14 zfolla et BAI AT M thEE 96 124€0f ofefelollA] =4)3te
TSI FAAYAAE} AFEY =EQe] 0.8 X 0.4n% 971d 3ol 43}
gt AAA] g £82 HFo] 6-8mm, Zol= 50-60cmgirt.

UEE A7) Aol 10a® =] 108, 5843 600kgS AW AEY F 4
B& stort. Jules Aela Fu|2 44 sleiE 649 ste7iAl 1021 £

Skg& 23], BEMIR(NK=17-15) 10kg 23] u] sty JJet Hels
ant REolA e} o] AR F2 £AZ FHAFE shairh
thEaa] 2datel 989 49 FeRE 64 steviz] 97delMet 2

o= 24 23], SEM|E 33 A& stch 19A olAel 22 Py
F

]

e aok

o &

Ol

Sl

= HEsln DA B Azl A 19 zolMel pe wHes
0.5%2 7}&3F BAS 200, 400, 600, 800, 1,000ppmlE 6% 1
2% 77} 439} 63 dEstn BAel g Az 9

W3S wlasisivh. AjEuix = S wiA] 3RIFoE sto] RiET 10

mO
—r

3. F=x]o] 9lo]A 2] Promalin A& A % 74

W A EFo] oA B AW Ml vE 77 ARING SUT ]
Aot Baold SUP BelE T3 sle EEol ohel Helw @] st
2, 19 2 AR 199798 B9 Promalin(4EW Eo)E 2%, 4%, 6xe)
S5 27 59 259, 64 19, 69 159 33jo] A ATt 54 25
Uzt 64 199 28] HNAHE Tween 208 1% L7lstdont 748 Az
o] 57k UR Hou 75 AoT 2PHL gadiye] BET el 33)
AmAol Promalingl AEStETh 233 sd71&AE Edold AT
2d 2} A8 AS tween 20 0.5%S 7}&5}o] Promalin 1, 2, 4, 6%
7t 43)(64 1, 8, 16, 23%) UESL A} A% D GAX WA @
2

Blastglet. 19 Abe Z¢ Aeld 558, 2dxte] A9 Az ¢ 105
(o]
=

or, N

it
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4. TR o] glojA BA%H ¢ E3tA2] A

L FAol glejAle] BA A Az =
Zol BEUTA AlFEANA 2L Al71e} BaoA FUT HeE B3
1% BEol tis] Aew delstant. 19979 54 25%0] BA 400ppmE A e
g F 6d 1ol B ofRlel 4-5ulE HATIE o] &Sl ARl tf
= 13 T Ae2](BA 400ppm + LR)2} o] F 64 15U} 64 25
& o} BAX 2 ¥ 33 I3 A2 7(BA400 + LR + LR +LR), 2
BAR} 400ppm . & 43] AFEFF X 2] (BA 400ppm X 4)8} tjzF7el
FAeE Fovh WHEY 53T 3 dopjx 3WEE Fou e o

R7pA] Az A e oot Z& W styrh

('1

¢

AztA) 7180l TA ol T BAY WA PAZAT o] v X o3

A AR He) sE P AReIAS} B Ha, T
A7lol B WHeE e ERol tis) Aeiw elsied 199793 1998

™

BA 400ppmoll Holl-8 A ZA|Ql Spreader(AEZwH A
A]) 500ppm, Cover(AFEw 7}u}) 500ppm, Spreadersticker(AEm go|E
£) 250ppm, Siloxane(ArEw AlFol) 350ppnl & Z}zZ} 7183193 Tween
202 12 7F831ed 1997 5% 259, 6¢ 14, 64 154 3% o] AA AHe
staict. ti2F-Z BA 400ppm §HE 33 AEITE Foirh
BEE sAUNEAE A e 2d X} ALl F9 19 Aol A AJgollA
dell & FAEAY 7HEEAIE UeRIA] Yot AHste il Mg &3t <
¥ Tween 200] thdlAE 718 =& delste] Az|stdch. BA 400ppmol]
Tween 20 0.2%, 0.5%, 0.8%, 1.0%Z Z}z} 7}83lo] 649 1d5E 13d 744
L% 43]o] AA AES}5L BA 400ppm ‘:%9] T2t gAY A=E
LIRAC Sl )
19 2 AolMdEs 558 1uHEo 2 249 2 AL 10FE 1HES

2 st} 3PES el wiAstaich
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6. FA|of] 21o]A BA, BA+GA; ¢ Promalin A e]& =} v
2 AEE ‘WY 2d A ¥ I 5Y3 BAERE B3I 5EAEA
W 25 Tl 1998de] AdAIstach. atollM HAt Az Ay
Hol whal FX]/MI3 T337¢]] th3] Tween 20 0.5%= 7}3}o] Promalin 2.5%(BA
450ppm + GAsr 450ppm) U BA 450ppmE- Z+ZF 43 (64 1, 8, 16, 23) A g
3151, BA+GA; AP -9, 64 143} 16Yol+= BA 450ppme A 2|3}3 64
897} 230l BA 450ppne +& Zolol GA3 450ppns A 2|3ttt
1075 3 953 Qofulx] 3WHE-& T3 23l FAz 9} ol At
2

A% A Wb WS v st

H

1.,
u!

it

=3

LY

7. FAol dolq PF=AA Aol WE ofs) 2

el od 2 AR olAe} Zo] BT BUTISAE AUERN 2
= A718t ZLolA LT #EE B3l I BEo] oish Awt gasidd
th Hl2F Aol 1E FAEEZ 2 6Y 16¥o] HWZH OS2 Promalin
%E tween 20 0.5%F 7HE3M HEY cthE, 69 Fe 64 22¢o] BA
800ppm3’—]- 1,000ppm, Promalin 4%%2} 6%ol th3l Twee 202 0.5%8} 1.0%S 2t
7t 7h8T B9} THEoA WS MelE Fol 19984 68 2220l elolA -

8. FAol glojM BFxdA AXEAs AP NE

A Bol PEY

r
=
0w
)
4
o

Tste] 1998 3¢ AF Al sleAlE
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AEE A 120X40cnE A3 HEE 20cn7tx] BEslY A2HE FEshd

A 19989 89 sheol FAE TESATH ABEALEYD AUEA
10a% Bu] 7E, £43 200kge Y YT F AZ L ST A-ALH)

]
(N-P-K-B:16-11-12-04) 50kg2 A]-&3l: FA|3t c}e 19994 39 240
120X 40cn 7+ 22 o]Alslgrt. 3Y 3l F&H AR E Hdsiz £
7} & 70cmofl @& o BAzEA A E stdch BA
268 (Tween 20 0.5% 7}-&) #3yel Wyoz 7d 7v7 43)(6¥ 4, 12, 19,
26%]) AE3 ILE )R E S}al BA EE Promaling 10722 33 A g]
g A%, 159 TFHLE 23 Ay F9E Tk 23 =: 33 Al
7% i AzglA] et Hzjshe o] oflet R BA X+ Promalin A 2j%t
BE71=] FEEA Az shadch Z (utEo g 3uiE

Sl S ZARE QolAg) Ze wEe R syt

(2]

00ppn} Promalin

ﬁ;}_ e o

=
T o™ X

o

9. =2 glolq HA BA A2lsE 73

AB AL eMEL Al EAe] 10" EH] 108, 243 600kgg A3}
3 Z2g thE AeA-LEB(N-PK-B:16-11-12-04) 50kgE A1-&3t F 2
E, Zx3t7 19989 3Y¥ <ol A 7-9me] M9 AZTE-S 80Xx40cm 7t
Aoz zjAlstodch. 989 8Y sl tiFoltt TE2E AV thy 9]
B3l 3 Awol FE HUREE Hdhsln  Fawhe] Ax7F Ao ¢
70cmof] 3 uf BAiiEl—g— sttt QbollA dF3t whdoel wheb BA 200,
400, 600ppng 64 4URE oF 13d ZtHow Zt7h 43(64 4, 12, 19, 26
o) Azsta FAelet A% 9 Gk W3S wlastdch. Vel FEle ¥
o sty ot 19979 Eu[A]&Fo] WAL 1997d3f 19988 F2| B&
o] H$ Aol RAZA APFo RIAU AUAA ZA ks =Zo

g4
Sol UAle FulE X goith 1078 1BEew Iy InEg %9

—_

t},
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10. E2of QlolA BASH B BaAe &zt 71

AP oot T2 EA oA T WHOE S4H HE sl Azwt
ge|stolrh. BA 600ppwd 1XH(64 44d) Hg F HPL dolo] 33](6¢
12, 19¢, 269) A 2% (BA 600ppm + LR + LR + LR), Z+2 dxol] A
31%] BA 600ppmz}t H L = ztzb 23] A gk £(BA 600ppm + LR + BA
600ppm + LR)E F3 thxTE BA 600ppmTt 43] A 2|3t T(BA 600ppm X
4)5 Fol B QU A4S vlastget. BAM ] Tween 20 0.5%F 7}

§3tirt

11. 2gx 9 ulu] Aol R4 do] X 4%

o

1997 ZFEciEa Zxo] HAZ BEIZoa MEoHr] ®L ofgt
AuZ1E F3t FIpUZAZ M9 tlE-E ARgstgich ABAREN AT
&2 7ol 5~12me] Heloln WP 1~107] B cjEx)a
Ao olBol AWRE WAL Hold Ut wAH Pele] thiio] B
22 7%& 37l olgle Aelo] algich

1998 Eoll EQU(AGEY HUYE)E R718 AgHE Pests Ag
F(10a% 3T 2 108)9} T2 slolA MaulE A 8TS Yelste A
R[EFF(N:P:K=20:16:16kg/10a), FZE2] 1/2 W 1.58] X &72 A
Zstdet. RI1E Al EHE ddte APETE Aol w2 AgEgone
3 3 dPo] 7T~8m PR FrE FL RS 73 AEL/EA o]
tdct 33l A&

& HEltte AETE ARTA 394 Ho vSEE EA G2 w4l

hand

o
g
o,
Hl
e
fau
i)
ALY
(i
il
&
o,
i
e
o
o
o
o,
f
44
o

A1g 1 18 ¢ 1998 Holl AEZYFE =Ysta £33 F71E(2
9 RS 2)3 2EMH(300ke/10a)E AE3 thE, 2 X¢ 0.0lmn F
A d¥& A2 HdEA AEg €3 YrirjeA vde] 7HE 3 Z

9,
2
o
8
o¥,
b1
A
Y
sl
Mo
°
mo
oi Mo
N/

el Fsted 1027 FAlstel £
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9 thEES 349 306l zAstdct. Afu|Re FAuEIES AAT o
& 718 AEHE LY FAALe SR 245 AEIle] 54 15
6ol LA EYE VIELRE F ARYo] 102 20kg H=F it
2 1724 o] A&t Eehulg Al &8RS de
| HaA g0l 10a% 10, 20 9 30kge] HEF sl ~
71e A 59 1593 64 6% A A& 128 Upro] AlEstATh
J8FEE AYE 4 AREY F71E 38 9 108 A&TolA
g 307y MiEeR, d2a GEY AN|FE i FoNe 77 79
1074 3tEo 2 sigleon, AET vl dHP e stolct
A 2dat A1E 19999 29 sheol A Elol A 12 Al¥1E WA
€2 At F AEYY 1738, Uit 2@ #BES F AE
1720] F=5 stglch. MITiEo] oigt HELS 49 10¥ FAESTE FTE
sto A& st 59 F¢ A 23 A6l Pigden, A&y Ax
= F A8 1/3& T3 At 9 AE2 F AETY 1/20] HES 3}
gich 64 150l = 3x2 ALE F A&HY 1/30] HA Alulstsch
SAEAE 218t 64 14UFE ¢ 104 Aoz WHolud 400ppng 4
Fo AA A 2FPE 15cmo] AZFIHT]

12. B¢ =2 4 vpujazg] UYfel 259 45 2 AUISE 3P

1999 Fofl MI fdTiFo] “FA'E FESto] EZ(AHIES ¥E)zt Al
H]%H(10, 20, 30kg/10a)E Helste] AFAZA ‘FA'/MI 198 REER
B 2AE(124 5¢)o 7IAES At ARAEZ ALEsHTT

23 FEEUE 2L 7Y HSYEE WANTY FEEUPos
4

-

z

1

W wslel 7i7b £7]9) ATE(E7] TolA olelZ 30cn Zolzkx))e} &
R(ATHE I RERE T 30em 74K E Lo} 212 ThE, & ZNES
Z

Aol Axistel ZRelal 10g A BRSte] 70T AT 14]

Hoz Uehigdch FAM 194 EBE 4 @ AT @ 3%
2
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R

1]

o)
28

o] Eut
5}

Q9
pal

tgdch A=

°

= ZA}
50mesh® &3

YA RE 0.1 F 3t doeleEA

=

-2

Aoy

ol
=

W431E

=
L

=]
o

7FSI5L water bathifollAl 1x]2H5¢ Fol dAlE el

¢ AERA thE T

) Rol A Exfs}

=

A
T
=

Cy

ik

o] 0, 2N-H,S04
kjeldahl® o 2 &A3stoT)

95Cof 4] 30
A EE TEdrh

o,

A RRe Al A G

K-

772} Holof WE FEAA] BE AL

®

_UT

<

]

2

¢
X
Z_!

Z] WAl %(107) o]

A #&(071)8] 37 7= vhrlen o

P

=

A WA Fxe] umiet

=

.y

WA H(5~97]) d

),

ol

[y

iy

mnAo

X
N

o

6°

z A}

o7l
168.0
10.88

5~97]

A

)A

107 o]

178.0
13.11

189.9

S(cm)

A+

] &3t

} 20, 40, 60, 80U Fy<

23

Cae

& HIE 2

300.1
st T}

14.45
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sto] Azx2EHA FEE et AHUTES APt A8 FE
A& "eldte 5798 FIE stal A YA EE delshs 37E A
B 3o olEg LYY iAo} 3B AEE AAsHHh F4F
ARXLEHA 7|3t0] Ed BHRELS vf 20 uivt FE31A Bsigoh
T 5o IAPFEfO] AIAY, FLARSHA]

25 +8 ZAsgrh

. EF243tAA AN A7l R Z7HA 9] Aole] wE 25

o 2T WY g

FA M BRE FA SR =] w45 Este] Zx A 3(167) o]
), &A U PO0~1570), ZX WY H(5~970), Ex) MO U

om ol BHe WIFAL thedt ok

54 04 A=

167] oJA4F 10~157) 5~97] 07
S F(cm) 192.5 188.3 173.5 149.2
Z2 71 2 ZA(mm) 16.13 13.92 12.91 9.58
F9 &2 FZol(cm) 777.8 350.2 200. 4 0

Jn

£ 1999 12%d 4ol Z3F3le] Fodof
2 A7 20009 3¢Y 240 ZFI B
EZo] AAstdct, AP wixE Wt

ok AR ey By A TS Sl 240 Aejd AT © TIC 53

Az2Ed27t ¢ Z5 dolAd(4d 11d)0l &4 APz /&

L
223l o] & AR A= TTC(2,3,5-triphenyl tetrazolium
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9] HalA H=E(electrolytes conductivity)®} 7}x]=x2le] TIC &AL

B 30cm, FX|= vy A8 FAE UFEY 2~37 wslo] Agtezy

th d3id d==g & g o
ol &° & ZetaIel ARE thi Y 1087 Jolx, F9 g4 =
FE "7l &S& 50mlE WE the 16TolM 24A17t 2| shakingdlo]
QolAet FUT WPLZ T AEE AHAY R F2FRoA 28TR
ZES 2% Hd &Y A=xE FFPsich 239 Y VYL F
o7 AR F&de HIAMUAEE FFX o HA F AR g5 He
A== 5329 vEA Yehidrnt

TIC £32 233 7IAE lenm 7|2 A2 T} ©o]E ThA] 5~10580
2 ZA] 2 F 1000ge BLstel Aol W, TICRY(0.6% TIC}
0.05% Tween 200] IHG-% 0.05M NaHPO; buffer; pH 7.4) 3nlE A& o] @
o] ZUFFAIZ thE 30TollA 1542k ¥kgA[ZATE 2 F TIC L4 A A
Sl FRTE AT thE 95% ogkE TmlE 7St e

z2A4e) TIC WH$ELE $EAATL $&0] D2 Ffolol 10n2 A

FRoA 1087

7h W8S A7), AEAJ 9 FEPH] BELFo] XL gF
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HE b Y .
PR

_JX_/\]-%]'% '117]1_213 Tl:l ﬁ@
1% 10.05 10,27 9.93

=2 xA . . .
557 B 20. 62 20.14 22.15
A2 7 (mm) 15.71 15,33 16.34
223 (cm) 203.78 207.26 - 190. 59

X A 97d 49 109 FAL, B 97d 11Y 309 EA}

19961 34 Zgoll AT thEE Zd 8Y sheol THY ZNeHE A

B
ol & 27 o = i
e |
A" . . .

= 9.50 8.28 6.82
. 11.85 10. 40 8.72
mm C 22.16 20.14 17.84
2 2=21 7 (mm) 16.07 15.16 14.14
B 7122 (5em o] Ab) 16.03 13.79 12.65
Hd 7R Zo] 31.44 28.72 28.37
231 (cm) 223,45 209. 69 211.52

¥ A 96 9¢ 8, B: 979 44 11, C @ 97 114 29 =EA}

19961 8¢ 20¥ HEYA iE ZJIE  th(8.9me]d), F(7.5~

8.9mm), A(7.4~6.5mn)2] 37]2] AE FES}T 19979 114Y 298 REQ]
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fd
ofd,
en
N,
X
P
2
o,
£
N
X
N
2
pla)
s
Al
N,
Hr
flo
oy,

FE& HehaArh

R #5 49 44 49 14¢ 49 249
F2H2 7 (mm) 9.95 9.61 8.96
Z4=31(cm) 158.5 150. 4 144.5
A& (%) 95.1 95.5 94.8

gzt o
A E A7) % mmoa 98 9. 20 '99. 7. 15,
89 202 94.5 13.1 14.0 17.4
9d 14 95.2 13.4 14,1 17.1
94 104 96.1 13.8 14,2 17.4
94 204 94.6 14,3 14.3 17.0

1998'd 8¢ 2078 10d HLoZ 4xtelo] A 2 5074 77w

o

AAISEL 19999 74 15¢0] BREY 43& ZARE A3 Z7leEd A7)

of mE BEE3 tiFe A2 A9 Alel7t gldict
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3 5. Growth of nursery ‘Fuji’ trees on M9 T337 rootstocks treated
by 6-benzylamino purine(BAP) in 1997.

Diameter of Diameter of Height of Total

Treatment . feather

rootstocks(mm) scions(mm) trees{cm)

growth(cm)

BA 200ppm X 4 20.0a" 15.7a 203. 3a 524abc
X 5 19.7a 15.3a 209.9a 585ab

BA 400ppm X 2 19. 3a 15.1a 205. 3a 497abc
X 4 20.3a 15.9a 198.9a 611ab
X 5 21.4a 15.9a 206. 7a 691a
BA 800ppm X 4 20.7a 16.4a 210. 4a 573ab
X 4 18. 8a 14.5a 208. 0a 600ab
X 5 18.5a 14.6a 196.9a 609ab

BA 800ppm X 2 18.6a 15.3a 194, 6a 496abc
X 4 17.9a 14.6a 196.7a 477bc
Control 20. 2a 15.9a 206.1a 370c

Y ! Mean separation within each column by Duncan’s multiple range test 5%,
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3} 6. Growth of nursery 'Fuji’ trees on M9 T337 rootstocks treated
by BA in 1997,

Diameter of Diameter of Height of Total

Treatment . feather

rootstocks(mm) scions{mm) trees(cm)

growth(cm)

BA 200ppm X 4 20. 0a” 15.7a 203. 3a 524abc
X 5 19.7a 15. 3a 209.9a 585ab

BA 400ppm X 2 19. 3a 15.1a 205. 3a 497abc
X 4 20. 3a 15.9a 198. 9a 611ab
X 5 21.4a 15.9a 206. 7a 691a
BA 800ppm X 4 20.7a 16.4a 210. 4a 573ab
X 4 18. 8a 14. 5a 208. 0a 600ab
X 5 18. 5a 14.6a - 196.9a 609ab

BA 800ppm X 2 18. 6a 15. 3a 194. 6a 496abc
X 4 17.9a 14. 6a 196. 7a 477bc
Control 20. 2a 15.9a 206. 1a 370c

Y ! Mean separation within each column by Duncan’s multiple range test 5%.

T 800ppmE 4-53] A3t Z9 30cm o4 RA|7t 574
Fol g-aFgt BEo] 100%313 WIHX] 107 o] MAusd 3¢S
oln] ZtE o]|AbAHQl REL] H|LE 67%0]Ato|ddrt. 2L} BA 1000ppn 43
AEFME AeeErt g2dd= 22 H4Y ofE s A vl 3
< 15718} Q7RA| 7} WA E QT
19983 2] 2} Aoz vld ZAJE Ho| A sxo] glojA: BA
600ppm, 800ppm=} 1,000ppmofl A F R7EA] 1t 30cmo] o] B7kA] 471 @
ol 9% QIR BEY H]&o] w3l BAX 2] F=7to] QoA F QIIH]

T 43| Ect 63] AzloA Wakou} 0cm o2 7Rl I Abelzt F st
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X 7. Effect of BA treatments on feathering of nursery 'Fuji’ trees

on M9 T337 rootstocks in 1997.

Total No. of No. of feathers % of feathered trees

Treatment feathers/tree  >30cm/tree >5° >10
BA 200ppm X 4 15. 5cd’ 8.7ab 93ab 40ab
X 5 20, 2ab 10. 3a 93ab 53ab
BA 400ppm X 2 15.7cd 8. 5ab 67b 40ab
X 4 17.1cd 10. 8a 100a 67ab
X 5 21.9a 12.3a 100a 73a
BA 800ppm X 4 15.4cd 9. 5ab 93ab 53ab
X 4 17.8bcd 11.2a 100a 80a
X 5 19. 7abc 11.2a 100a 67ab
BA 800ppm X 2 15, 2cd 8. Bab 80ab 33ab
X 4 15.0d 8. 5ab 87ab 67ab
Control 13. 6d 5.9b 67b 7b

¥ : Mean separation within each column by Duncan’s multiple range test 5%,

? : Number of feathers longer than 30cm per tree,

X 8. Effect of BA treatments on feathering of nursery 'Fuji’ trees

on M9 T337 rootstocks in 1997,

Total No. of No. of feathers % of feathered trees

Treatment

feathers/tree  >30cm/tree >5° >107

BA 200ppm X 4 15. 3ef 8. 6cd 90a 38cd
X 6 19. 6bcd 10. 5bed 90a 48bc

BA 400ppm X 4 13.1f 10. 1bed 100a 67bc
X 6 16. 3def 8.3d 83a 3led

BA 800ppn X 4 17. 4cde 11. 8abc 100a 86a
X 6 23.0ab 10. Obed 95a 45bc

BA 800ppm X 4 18. 5cde 12.3ab 100a 76ab
X 6 23.2a 14. 5a 97a 97a

BA 800ppm X 4 19.9abe 12.4ab 96a 86a
Control 6.7g 5.0e 54b 3d

Y : Mean separation within each column by Duncan’s multiple range test 5%.

? © Number of feathers longer than 30cm per tree,
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A 9. Growth of nursery ’'Fuji’ trees on M3 T337 rootstocks treated by
Promalin in 1997,

Diameter of Diameter of Height of Total
Treatment . feather
rootstocks(mm) scions{mm) trees{cm)
growth(cm)

Promalin 2% X 2 19.8 &’ 15.7 a 201.9 a 515 ab
X 3 18.5 a 15.3 a 197.9 a 550 a

Promalin 2% X 2 19.6 a 15.9 a 203.1 a 593 a
X 3 18.0 a 14.9 a 202.9 a 489 ab
Promalin 2% X 2 20.1 a 15.9 a 193.0 a 528 ab
X 3 18.5 a 15.1 a 201.3 a 534 ab

Control 20.2 a 15.9 a 206.1 a 370 b

¥ ! Mean separation within each column by Duncan’s multiple range test 5%,
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I 10. Growth of nursery 'Fuji’ trees on M9 T337 rootstocks treated

4 times by Promalin in 1998.

Diameter of Diameter of Height of Total feather

Treatment

rootstocks(mm) scions(mm) trees{cm) growth{cm)
Promalin 1% 18.9 &’ 15.4 a 213.7 a 746 a
Promalin 2% 18.9 a 15.3 a 203.8 ab 704 a
Promalin 4% 17.1 a 14.1 a 192.5 b 565 a
Promalin 6% 17.7 a i4.4 a 189.5 b 547 a
Control 18.3 a 14.9 a 198.8 ab 295 b

¥ ! Mean separation within each column by Duncan’s multiple range test 5%,

974y 1dxt A8 AL Witz W84 Promalin 4% 23 A ej7b 18.0
AZ 7}% wokn 7)€} Promalin A2 15.6~17.07)2 Fxa] 13.672c}
goroll EAE FAAHL ¢ Zeg: UEeIYTHE 11). Zo] 3lem o4
7Rl glol M= Promalin XU 3o HAGle] FA R B A

| 9GAl BAF Fo482 gl dut2 Zdole] A== 7}

570 olabel YEY BB wlgo] 4% 23] Hel 100%, 2 3312} 6% 23] A

Elste] o7t Aujzeg 7] wiEe] B4 {4
23742

98 2dxt A8 A9 1d oA RT} Promalin H2jE 7t VA% &
A Yetytch. & QI $oll QlejMs FA 2] 6.7700 B]3] Promalin A 2|
Al 17.7-20.9702 AT wWekn Az sl zel7t FeA] qgke
L Zo] 30cm o]4}e] RIIR] & FA ] 5.0700] Hls] 1% 13.87], 2% 12.1

N, 4% 9.570, 6% 10.27]4¢202 2r} Y42 1 47 wdrHE 12).
ool RE(30cm o] T7IR7} 107] ©]43)e] nlgo dojME B A
07 Bzl 3xo] B3}gtd] Promalin 1% 97%, 2% 77%2 4% 60%, 6%
£ 69%2 1 "7} HEsioct
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& 11. Effect of different Promallin treatments on feathering of

nursery ‘Fuji’ trees on M9 T337 rootstocks in 1997.

Total No. of Total No, of % of feathered trees

Treatment

feathers/tree feathers)>30cm/tree >57 >10

Promalin 2% X 2 17.0 ab” 8.4 a 87 ab 40 a
X 3 15.6 ab 8.8 a 93 ab 47 a

Promalin 2% X 2 18.0 a 9.4 a 100 a 53 a
X 3 17.0 ab 7.0 a 87 ab 20 a

Promalin 2% X 2 16.8 ab 9.1 a 93. a 47 a
X 3 16.5 ab 8.7 a 87 ab 47 a

Control 13.6 b 5.9 a 67 b 7 a

¥ ! Mean separation within each column by Duncan’s multiple range test 5%

* :Number of feather longer than 30cm per tree.

¥ 12, Effect of 4 times Promallin treatments in different
concentration on feathering of nursery ‘Fuji’ trees on M9

T337 rootstocks, 1998,

Total No, of Total No. of % of reathered tress
Treatment

feathers/tree feathers>30cm/tree >57 107
Promalin 1% X 4 19.2 &’ 13.8 a 100 a 93 a
Promalin 2% X 4 20.9 a 12.1 ab 97 a 77 a
Promalin 4% X 4 20.3 a 9.5 a 87 a 60 a
Promalin 6% X 4  17.7 a 10.2 b 92a  69a
Control 6.7b 5.5a 54 b 3b

¥ ! Mean separation within each column by Duncan’s multiple range test 5%.

4

! Number of feather longer than 30cm per tree.
eh. T ol glold BASH A HyAz= AY
Aol PRV 1A e +Zylo] ZAR thEe Il 20 5mm~

21.4mm, A< AAL 15.4mm~16. 1lmm, S 196, 7mm~203. 9mnE A 2] 7t

Ae] vlsstglch(E 13).
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HF 13. Growth of nursery ’'Fuji’ trees on M9 T337 rootstocks as
influenced by BA and young-leaf removal(LR).

Diameter of Diameter of Height of

Treat t .
reatmen rootstocks(mm) scions(mm) trres(cm)

BA 400ppm(5/25)* - LR(6/1) -

BA 400ppn(6/15) - LR(6/22) 20.5 15.4 197.0
BA 400ppm(5/25) - LR(6/1) -

R, 20.9 15.5 196.7
BA 400ppm(5/25) - LR(6/1) 21.4 16.1 203.9
Control 20.2 15.9 206.1
LSD 5% NS NS NS

* means treatment date
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¥ 14. Effect of BA and young-leaf removal(LR) on feathering of

nursery 'Fuji’ trees on M9 T337 rootstocks.

Total No. of No. of feathers Branching

t
Treatmen feathers/tree > 30cm/tree  angle(® )

BA 400ppm(5/25)° - LR(6/1) -

BA 400ppm(6/15) - LR(6/22) 12.9 7.4 47.7
BA 400ppm(5/25) - LR(6/1) -

LR(6/15) - LR(6/22) 12.6 6.5 76.7
BA 400ppm(5/25) - LR(6/1) 12.2 5.4 72.0
Control 13.6 5.9 73.7
LSD 5% NS NS NS

np AZRA FHEo] FAlol ti¥ BAL| RIEA] WA Z A F o] n]

Ae 3%

B9 BRY AAtis oF F7o] 18.3n~22.3cm, B4l 4B
14.8~16.2cm, 31 190~206cm 1J2]2] AT AE]E Azt & Aol R
o] QIITHE 15). F TYIIA] Ao glojx= 197792 ¢ tween 20

2] A9 7] Ao FioAs Alo|7} fldlert & QR A glo]
A #HA 0.2%2] 602cmollA] XL 0.5%2] 692cm M B 27t H]dlg o
L} BA ©h8-2] 486cmofl v|di A= 3] HUTHIE 16).
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I 15. Growth of nursery 'Fuji’ trees on M9 T337 rootstocks treated by
BA 400ppm to which different wetting agents were added in 1997.

Wetting agent and Diameter of Diameter of Height of fzotii
concentration rootstocks(mm) scions(mm) trees{cm) ather
growth{cm)
Tween 20 1% 20.37 15.3 a 202.9 a 532 a
Spreader 500ppm 21.7 a 16.2 a 205.7 a 355 b
Cower 500ppm 20.9 a 16.0 a 199.8 a 418 ab
Spreadersticker
19.0 a 14.8 a 205.0 a 388 ab
200ppm
Siolxane 350ppm 22.3 a 15.8 a 206.2 a 403 ab
None 19.8 a 15.09 a 205.3 a 370 ab

Y ! Mean separation within each column by duncan’s multiple range test 5%.

F 16, Growth of nursery ‘Fuji’ trees on M9 T337 rootstocks treated by
BA 400ppm with different concentration of Tween 20 in 1998,

Treatment and Diameter of Diameter of Height of Total feather
concentration rootstocks (mm) scions (mm) trees (cm) growth (cm)

Tween 20 0.2% 21.0 &’ 15.2 a 192.0 a 602 a
Tween 20 0.5% 20.5 a 15.8 a 195.7 a 692 a
Tween 20 0. 8% 20.1 a 15.4 a 194.3 a 689 a
Tween 20 1.0% 198.7 a 15.3 a 190.0 a 665 a
None 18.3 a 14.9 a 198.8 a 486 b

¥ Mean separation within each column by duncan’s multiple range test 5%,

7Hg A BARI ZERof ¢lojA Tween 20 1%Z 7}&3 Aot
BA & A 2|3t tfzFo] w3 tAR F RIIA] Fu, 30em o] RIHA|

47} the Wk Bol 30cm ol4ke] HAATE 107 olxkel wmA] Aujo]
oAl BEe| nlgo] 4742 BA e Two] nls) WA EUTHE 17).
FAY dolg AR A B Azl BiiA wale]l 238 AAY

Hlste] 7R AV A gle Ao o] HAth
97do) 71eE 7t Q1A Tween 208 H=HE BA 400ppmof] 7}-&-31o] *]
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3 17. Effect of different wetting agents to BA 400ppm on feathering
of nursery 'Fuji’ trees on M3 on M9 T337 rootstocks in 1997,

Total No. of No. of feathers % do feathered trees

Wetting agent

feathers/tree >30cm/tree >5° >107
Tween 20 1% 15.5 @’ 8.9 a 100 a 47 a
Spreader 500ppm 10.3 b 55a 73 a 7b
Cower 500ppm 12.0 abc 6.6 ab 67 a 13 b
Spreadersticker
11.5 abc 6.4 ab 73 a 20 b
200ppm
Siolxane 350ppm 10,1 b 595b 73 a 15 b
None 13.6 ab 6.9 ab 67 a 7b

¥ . Mean separation within each column by duncan’s multiple range test 5%.
® ¢ Number of feather longer than 30cm per tree,

F* 18. Effect of Tween 20 in different concentration to BA 400ppm on
feathering of nursery 'Fuji’ trees on M9 T337 rootstocks in 1998.

Total No, of No, of feathers % of feathered trees

Treatment feathers/tree  >30cm/tree >5°* >10°
Tween 20 0. 2% 16.4 &’ 10.6 ab 100 a 69 ab
Tween 20 0.5% 18.0 a 12.4 a 100 a 83 a
Tween 20 0.8% 16.7 a 12.4 a 100 a 77 ab
Tween 20 1.0% 17.8 a 12.1 a 100 a 83 a

None 11.7 b 8.8 a 87 a 43 b

Y ! Mean separation within each column by duncan’s multiple range test 5%,
* . Number of feather longer than 30cm per tree.
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F 19. Growth of nursery 'Fuji’ trees on M9 T337 rootstocks treated
by BA, Promalin, and BA+GA3 combination of the same
concentration of 450ppm in BA level, 1998.

Diameter of Diameter of Height of

Treatment .
rootstocks(mm) scions(mm) trees(cm)
Promalin 2.5% X 4 18.5 a’ 15.4 a 193.8 a
BA450ppm X 4 18.1 a 14.8 a 201.1 a

BA450ppm-BA450+GA3450ppm-BA45
Oppm- 450+GAs450ppm 17.7 a 14.5 a 184.5 a

Control . 18.3 a 14.9 a 198.8 a

7 Mean separation within each column by duncan’s multiple range test 5%,

X 20. Effects of BA, Promalin, and BA+GA3 combination of the same
concentration of 450ppm in BA level on feathering of nursery
‘Fuji’ trees on M9 T337 rootstocks, 1998,

Total No. of No. of feathers % of feathered trees

Treatment

feathers/tree >30cm/tree >57 >10°
Promalin 2. 5% 19.9 &" 12.3 a 100a 87a
BA450ppm 18.6 a 11.5 a 97a 80a
BA450ppm+GA450ppm 21.1 a 11.3 a 100a 83a
=B B 11.7 b 8.8 a 87a 43b

¥ : Mean separation within each column by duncan’s multiple range test 5%,

? ! Number of feather longer than 30cm per tree,
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I 21. Occurrence of leaf or feather damage by plant growth regulators
in different concentration with or without wetting agent.
Treatments were done about 14:30(29.5C, RH 33.5%) and about
18:15(23.2°C, RH 56.5%) separately on 22. June, 1998,

Degree of damage(0-3)°

Treatment

14:30 18:15
BA 800ppm 0 0
BA 800ppm + tween 20 0.5% 0 0
BA 800ppm + tween 20 1% 0 0
BA1000ppm 0 0
BA1000ppm + tween 20 0.5% 0 0
BA100Oppm + tween 20 1% 0 0
Promalin 4% 0 0
Promalin 4% + tween20 0.5% 0 0
Promalin 4% + tween20 1% 0 0
Promalin 6% 1 1
Promalin 6% + tween20 0.5% 1 1
Promalin 6% + tween20 1% 1 1

Z . n. R . . -
0 non, 1: mild, 2; moderate, 3. serious
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F 22. Growth of nursery ‘Fuji’ trees on M9 T337 rootstocks treated
by BA at different intervals and application times, 1999.

Diameter of Diameter of Height of

Treatment rootstocks(mm) scions(mm) trees(cm)
BA 600ppm X 4 at 7 days interval 20,7 &’ 13.7 a 201.4 a
BA 600ppm X 3 at 10 days interval 20.7 a 13.2 a 193.2 a
BA 600ppm X 2 at 15 days interval 20.3 a 13.4 a 202.5 a

¥ : Mean separation within each column by Duncan’s multiple range test 5%,

E 23. Effects of BA 600ppm at different intervals and application times on
feathering of nursery 'Fuji’ trees on M3 T337 rootstocks, 1999.

% of feathered
Total No. of No. of feathers

Treatment feathers/tree  >30cm/tree o trees
>5° D10°
BA 600ppm X 4 at 7 days interval 17.1 &’ 7.4 a 87a 23a
BA 600ppm X 3 at 10 days interval 13.6 ab 6.5 a 70a 20a
BA 600ppm X 2 at 15 days interval 10.9b 55a 63a 10a

¥ : Mean separation within each column by Duncan’s multiple range test 5%.

? ! Number of feathers longer than 30cm per tree.

X 24. Growth of nursery ‘Fuji’ trees on MJ9 T337 rootstocks treated by

Promalin at different intervals and application times, 1999.

Diameter of  Diameter of Height of

Treatment rootstocks(mm) scions(mm) trees{(cm)
Promalin 2% X 4 at 7 days interval 22.2a" 14, 6a 213.3a
Promalin 2% X 3 at 10 days interval 22.4a 14.2a 211. 4a
Promalin 2% X 2 at 15 days interval 22.1a 14. 3a 211.9a

Y ! Mean separation within each column by Duncan’s multiple range test 5%.
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X 25. Effects of Promalin 2% at different intervals and application times

on feathering of nursery 'Fuji’ trees on M9 T337 rootstocks, 1999.

No. of % of feathered

Treatment Total No. of feathers irees
feathers/tree
>30cm/tree  >5° >10°
Promalin 2% X 4 at 7 days interval 15.6a" 7.5a 83a 30a
Promalin 2% X 3 at 10 days interval 14, 5a 6.7a 70a 18ab
Promalin 2% X 2 at 15 days interval 15.0a 6.0a 73a 7b

” : Mean separation within each column by Duncan’s multiple range test 5%.

? ¢ Number of feathers longer than 30cm per tree.

2. F2ol QoA H73 BA AesE 79

$dEd RES i 7o)l 23.6em~25.8cm, 5 HAZFL 12.6~
5 3 155~171cn® TR|ofjA] B} tjEe] vt 3A 93 shdA
Hed] vloiy £ "golxls ARE B oLt ol Aot npErtx|

2 BEARE A2 Aol YUTHE 26).

g
N

¥ 26. Growth of nursery ‘Hongro’ trees on M9 T337 rootstocks
‘ treated by BA in 1997,

Diameter of Diameter of Height of
Treatment .
rootstocks {(mm) scions{mm) trees(cm)
BA200ppm X 4 25.3 a” 13.2 a 171.3 a
BA400ppm X 4 23.6 a 12.6 a 155.5 a
BA600ppm X 4 24.4 a 12.9 a 161.6 a
Control 25.8 a 13.5 a 170.3 a

Y Mean separation within each column by Duncan’s multiple range test 5%,

Q71| kAol olojat Fxa] 147§of ]38} BA200ppm 16.4, 400ppm
17.9, 600ppm 19.37]E BAXN lollA o] W HEAE &4+F 11 $
7t wWekorr BAA KA JAHEA UUTHE 27). Zo] 30cmol’d 7HA]

Fofl gloldE, Azt v FEOIA 30cm o4 YFIR[7} 570 o]%f
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X 27. Effect of BA treatments on feathering of nursery ’Hongro’
trees on M3 T337 rootstocks in 1999.

Total No. of No. of % of feathered trees
Treatment feathers
feathers/tree  >30cm/tree >5° >10°
BA200ppm X 4 16.4 &’ 5.5 a 55a 8a
BA400ppm X 4 17.9 a 4.9 a 58a Oa
BA600ppm X 4 19.3 a 6.1 a 71a 13a
Control 14.0 a 4.4 a 37a 9a

! Mean separation within each column by Duncan’s multiple range test 5%.

: Number of feathers longer than 30cm per tree.

3. F2ol glolA BASH Ay M T3t 7

22 FAo] sl BA3 et

I 28. Growth of nursery ‘Hongro’ trees on M9 T337 rootstocks as
influenced by BA and young-leaf removal(LR), 1999,

Diameter of Diameter of Height of

Treatment rootstocks(mm) scions{mm) trees(cm)
BA600ppm-BAG600ppm-BAG00ppm-BAGOOppm 26.1 & 15.2 a 156.4 a
BA600ppm-LR-BA60Oppm-LR 24.2 a 14.4 a 157.1 a
BA600ppm-LR-LR-LR 23.6 a 13.7 a 150.4 a

” ! Mean separation within each column by Duncan’s multiple range test 5%.
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Gi7kA] AEAdel 9lo] BA 600ppme 43 A 2]SAL BA 600ppmat A
7bzt 23] Az Folds % GZMAI7} 137 EL 13,1702 BA 600ppn 4
= Agdg dolo] 33 Melak 7 8.6700] wish VA3 WATHE 29). 2

‘I AR =2
SR U Bl YT BE 42 B 5 o4
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e ﬂllo
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H 29. Effect of BA and young-leaf removal(LR) on feathering of nursery
"Hongro’ trees on M9 T337 rootstocks, 1999,

% of feathered
Total No. of No. of feathers

Treatment
feathers/tree >30cm/tree trees

>5° >10°
BA600-BAG00-BA600-BAG00ppm 13.0 & 4.7 a 47a 0a
BA600ppm-LR-BA600ppm-LR 13.1 a 4.2 a 43a Oa
BA600ppm-LR-LR-LR 8.6Db 3.3a 23a 4a

Y : Mean separation within each column by Duncan’s multiple range test 5%.

Z : Number of feathers longer than 30cm per tree.

7t. g 274 9 aluje] Yol RAdo nXE= 9%
1) B4, 715 ¢ 3hls A1832] Alojofl mpE o] (A 134

F 30. E49 Aol E RIIF A&l whE thEe] 27999 39 skezab

< SI1EAER tBEZe] dEA ASERF  IAF
A
° (£/10a) (cm) (mm) (%) (%)
3 56.60 a 13.24 a 8.55 a 12.50 a
ARE
10 56.38 a 12.74 a 10.93 a 15.83 a
3 66.74 a 13.87 a 7.18 a 23.33 a
A FE
10 69.10 a 14.15 a 2.28 a 18.33 a
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F 31, g A&7 Aojof whE thEe] FR(99d 3Y stezRA

N:P:K 5ol &2 7% AEEHT AR

(kg/10a) (cm (mm) (%) (%)

10: 8: 8 74.6 a 14.10 a 0a 16.7 a

20 : 16 : 16 78.1 a 14.10 a 7.8 a 16.7 a

30 : 24 : 24 72.9 a 14.60 a 0a 16.7 a
« TEAH[FFN P K=20: 16 : 16 kg/10a

AtG R vlsle] A gEoA tiER ZFolu tjFZolst tia E Hgkolgl
i, JAAREE AYE Fo] AIYEA Hrl @ Ago|gon, HLEIF
t AYE Fo] AJGE FEcr @2 Aot T ol e BF
AR o8 A At 2Ea §I1E A&l wE uE 43

2) B3, #7118 % 3RMIE A&F Aolo] ©jE BEe] A4 29}

32 B4 U 871E 8% Holo] BE A M9 REL

e TIEARY ERAel ERAR  ZAs PFEIF AT
°  (¥/10a) (cm) (mm)  (AN/F) (%) (%)
3 158.0 a 1043 a 7.6Db 3.50 a 9.25 a
AEE
10 158.1 a 10.45a 8.6ab 1.45 a 9.50 a
3 172.4 a 11.63a 9.5ab 1.75 a 9.50 a
AlokE
10 173.5 a 11.7_8 a 10.1 a 1.50 a 8.25 a
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4747 15mo] 4, 3 190cnol4e] ST BES A 4 ggirh

19961 8¢ 20d FEDA WE AJE oi(8.9mmolA), (7.5~

;?__
44& ZAY 23} B2 277 245 FEY AT 10cne] o] 2

A, BT TPRet B TR o] B 0t & A%E vehigin

19999 44 4UFE 109 HACE 3xjele] AH 2z 5054 AP A
AT A3t BBAS} RlW4E 427 Wn 27470 B AP U

1998 8Y 20¢HE 10¢ 71H o g 4xjgo] AA 2tz 5024 zZH7| %A
& AABEZ 19999 74 15¢o] BE 4 ZRAE A3 ZER AV
of wE g3 & AL ALY zlolrt glgch.

. Fol ol BA H3 Nzl SE 71

£ A A9 AYA bR E71870] 6-8mol 19 Aol AolE

2
25cn W2 18] Ey 2Ao] oD EUE wjirl Barg duEo]
AU =R E thE A 2d ol 427} 180cmol 4, FIYAE
14.5m0] 4] AT EEo| wWESold oMY LURE 2
(Osterreicher et al., 1994)¢l HEX Agt Z7]2A7Ho] 13mmo]A}, <=3

160cm o4& A s 4ES Bl AL 28 Yeprt S vls) A
717 A ohzt a2risste BB Rt J1FE zAed o7

Fog Halr}

BAZ 3 Ae|std AZgEge] dAHeE HARHA QA7 At
wf&oll FA o] uls] £317} Y= Rt ok (Trompe} Wertheim, 1994:
Hroto et al., 1996; Junker, 1995, 1996). 1@} Wertheim(1992, 1993)2]
Hiol el o] £ Aol BANEIZ} BBl Jagge] 43 njx]x|
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e ZAeE Ushdrh ol %2 Ushs 64 sk ol ol ul7h BomA

SE7 wob ARl AT AKEHER BAAelo] whE AAA AR A

oln] W& ¢Fz=tEo] B A3lg o] (Hroto et al., 1996; Jucyna, 1996:

Junker, 1995, 1996) Fx] EZ AT TW7lA] Aol alojx] BAXE|Y &}
ot agu} BAXEIA] &2 Al HXolA Bt

Foletal skt & AollA 1,000ppm 43 Az Rct
500ppm 53] * z]ot 800913111 53] AzloflAq BZtA] Aol o W olfE 24
Ael F = Al B9 dosiAl Aet Ut BUHAIY] dutelA ¢4

dAado]l Uehded 1 fdde] glE FHe=E Rk o3 A:
Junker(1995)7} FA|o|l A Paturyl & A e|ste] R7ix| WAF=Z RAIRE 2
2} 0.6%(BA 600ppm 3)BETl= 1%(BA 1000ppm 3o, 23] Al HUl=
43 AZollx QIR el Ftike A= TiA Aofstelch
Junker(1995)+&= BAE % A A] Fx|oA 2F "©irix] whAio] wiokrin
stodedl £ Aol A= 800ppm2}t 1000ppmoll Al o]F T7Ix|7F BEE gch
metd 3 EE Ao ojn] ol dekdt Tirixje] ofde] EA] YEE
F-2jstofol & Zlojrt,

OAE HE 4Tt WesE sivkH 47 we 2L Bl F49 olf
71Zto] Aol TiZpA] gl fElstAl 2Vl wjELR Rlrh(Jacyna,
1996: Junker, 1995, 1996). Wertheimz} Groene(1991)¢]] wE=ZXWH BAFZ]=
SEF B2 347 BE4E S BAe] BSlo) Elsters] 2% 300ppm
33], Cox’'s Orange Pippin%] Z-9 BA 300~600ppm 43], Delcorf, Golden
Delicious, Jonagoldolxls 300ppme 63, Tl7px] Aol o] 2% Boskoopo
AL 600ppnS 63 A st Aol ZAolel sl Wertheim(1993)8] X

oA BA400~800ppms 7HA| @Ade] AE = Elster?] ZHfoles 43 A
32, 71 Aol o] Rode Boskoopoll M 8% "a}Eé}% 2ol Bk w
o] 743 Fokrha Sheith. Yoon(2000)2 2715-2] 7% BA 800ppns 83
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2 L
23 B30 H47 S wel £ UARIRE ALE 9T B Ml
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th. FAol glolM ¢ Promalin 33 A2l ¥= 73
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BASH GAur® 217} 1898 WRIIL glo] BN LA T3 Hlold Aew
dHAHA T Fe BREAE FHLSHA o]-&8F i ltH(Faby,
1989; Junker 1995, 1996; Stainer 1996; Werthheim, 1988). BAs,= X]8]A]
RReAde ST Wit BEe) Amel AdHE Auel ey
(Hroto & 1996: Junker 1995, 1996: Tromp2} Wertheim 1994), Promalin?]

L ARSABAY Tl Gt WobH Folel A% HUAZ
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2 AFoMT 7[££ W Ho|x}l Zro|(Faby, 1989: Giulliani £}
Stainer 1992: Hroto & 1996: Junker 1995, 1996: Wertheim 1984, 1988)
FA FZOAME Promalinde]e] F3E Falo] HA¥ 4= glari(Junker

1996). 19979 7% EAzlo] wsl SkA MelZ7 WA b BA
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sted Q7R wAE FZAF= #etEel whdo] glth(Stainer 1996). 3
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ul. Az 7hgo] FAlof vt BAY] S7IA] WAFHaI] njAlE 9

Al BE2] BrkA] wAE £214917] 918t AARAAE Ak 3
2o gJFolME BT HAHAE 7HEIta Qlrh AlFo| x|z
£ Yo g A=A 4F3} Tween 20& FAISte] BARHE A E3t -9t GIHA]
wAe  wiastgdd vl AEiE]z 9= o8&  Spreader, Cover,

Spreadersticker?} Siloxanes EFEEZojixw= 718 T/ AH AAHEZH

32

o1gt3 Tween20 %% 1L &3y} UBEATh sof AXA BHAHLE oF
3 Q= Azba] sl8o] 9f BA THE ARl BAY] T4t ZRo dFS
ojx]z] ¢IgkE=AlE o 4 ¢irt. E¥ol ulE®(Giulliani®t Stainer, 1992;

Junker, 1995.1996; Wertheim, 1992.1993.1994) #]=¢] Z$¢ tiHE Tween
20& 7Hg3te] ARAZERE Aste AR Hof thE HIF RaAET}
Tween 20°] BA®] F<, o]&o ZIpHol7] wiio] ofd7t F+BHTh Tween
202 1,000ppn o2 1T AW o viste ot AR A HEIHE L&
$ 250-500ppm .2 H%7t YA HeE A= M 22

zto] = BAL] E4o P nHS ZoT FAEOL 1998 Twee20RE
Bz 1%2t oA xtol7t ¢

gt Zlolgtr| et gl wtE JlsatololA 7

oIzt Ao migtHErt EFo] wtEW BA E& Promalin A 2] A] Tween 20
&

fr
¥
lo
e
]
[
of o
N
_)'4_4‘
2
Lo,

T 0.1~1%2 t}oslciGiuliani®} Stainer, 1992; Junker,
1995, 1996: Wertheim, 1992. 1993. 1994). Junker(1995)2] X|EZAz}o] uw}
2 Fx] EFo)A Tween 202 718 BEE 0.2%0lA 0.7%2 Ei= H7t

= T Ao|E Rolx| ¢fgiria it £ A7 Azpet o=
o 2] AS= Ko}l BA EX Promalin A 2|A]of= Tween 20 0.5-1.0% 7}

231 Zo] QAU felsitia ¥ 4 Qth
H}. =xjo ¢lo]A] BA, BA+GA; X Promalin A2z} ujal

ol e AT Aol MZEo| BA Ei BAS GM-7E 77 1.8% THe}
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3 Promalino] AIHEE2] ©irlzr] wale] njf ool &

B ate] ol8H3 ATh BAL auwxing] A8S MAA FHel Aol

£8 AbebA Sh AEA QA AREA B Qo) Ael B2 8T
(

347 oW Aol UH FAHL £3E Hoblt Aol UrkHroto
&

o
ml
H
)
9

et al, 1996; Junker 1995, 1996: Tromp
o] 7% BA® oluel GA+7E TRII glo] A ARE FIAF|EE u}
tjato] 7 Aojxla WAl AR BAE glekz YrHElfving 1984
Jacyna 1996; Wertheim 1992). &L} & 7oA} nfarnxlg F AR
A 9K BAED B F30] Holrh it RIE woix
GA4+72] o] sl o} 2]Fo] WrhH(Popenoes} Barritt 1988).
Elfving(1984)2 BAS} BA+GA4+7 off AXAE 71§ = F7HE AEE sH2

fr

CA4+7TRIO 2= TI7lx] Wb ZAF 37 ¢ 31 BA+GA4+7A g]oflA] GA4+TE=
Be|Foletr| Mt EElA JeoE Al 722 Y ria styrct.
™ Popenoe®} Barritt 1988-2 BAS} GA4+7 1000ppmS &) A g|staddy]

Aol Aelshe ARTE QU] 7t ga Zelx Agdrta et 2

=

oft

ol 7oA BA 450ppm=} Promalin 2.5%(BA 450ppm + GA4+7 450ppm)-& 43 A
Sh= Z-7et BAA 2] F 23]oll= BA+GA3 33] BA THEA 2], 43of= BA+GA
SAl Azlstey WA WA BA o] nxe S ZABIAY vl BEe
Aol lojMut Q7R o] oMLl AHE|zk Aolsh gl ZeE L}
wth olggt AzE Kol BAe] Wtz wWAlEz zHRo| GA37} HEr¥o®
2

Eettke g &S] ofE et

L)

. FAol Qo ARzEA Aol BE ofs) 24}

1997 BAQ} Promalin A g2|A|8 o)A 23] A g] Fof Promalin 6%, 4%2} BA
1000ppm, 800ppm A zJoj Al oyt FAE At Wrx]e ofzld EE= At

o] ¥EHoE nlEm 9279 UolHE GaBAel Usht Hulg 29l

Of

£ REY 43 2 G uAA Aot WK Hutel niE AS 3
 und

o] TIER] Zol7t ol REe] 4o Holxl: dele] F7

1
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2842 7FARA L] =t AUAA gAY 12 AR efolM A
& 72 d4rt el 4 olria gch(Staniner 1996). whebd Azl &

o AHA M=, AHeA 2= FE7F gEiRUY Fo Qolztn
kst olof U AEE HEE A ST ul Jlvjehs de] vt A
2] glodrt. HeA =7} 29.5T FE 33.5%W ghyte] Azstd Ao
Helshd (7] 23.2C, £ 33.5%) Promalin 6% Xe|ojxt Aujgt $29
k37 #AE YTl Promalin 6% Tween20 0.5% = 1.0% 718850
Alel o7l BrAe] fdS 2} vt
5o 4o £4& & FEE ohJglrh 1997de] sz} uEht A$
2-3 &= 33 Az Fo| 2 GpAo] F3irt Uehd Fog Hol ofs)
Promalin®] Aol whet Glipe] ofstAl Atet vt Aelold WEEE A
B2 &2 %9 Promaling Al 5t& Zfol Uehbs 22 Rojn BA
1000ppoll M= ofsi7t A8 ¢gAuZ o= RHof BARTH= van Oosten(1983)2]
FEstH ROl GAoll 23t A gt BAXE] F golo] GAE Ay & A7
T AFAES Bfole Zujgt o3zt vehd Zo] olF siudstn 9)
oh orsl AlEAZITE 649 22U Az ARYo] ofsfx|y
L ole] WS ETl kolA ARZEA ] gt whgo] 5¥ wWoll} 64

=
gl vls) £33 2 4 Qv Evh AR2AA L] A A0 x&-E

23

lrﬂ rki

SHLE Ao’ o3zt vebstth g
%

H

rr

Lo

>
i)
o
fr
g
e

A

FEE EoloF ¥rhe Nicolai(1992)8] F+40o] ol& SVUFYUTIE & 4 3l
ol oFu oRfEE 2T AElE 13% ¢ e 2
4 A& ZHolch ZAFQL o3 2ATEE slME Brl 2 wEe &
=270 H e wEAEE dovt dg Aeg Zrh Junker (1996)
= BAX| g]of B]3] Promalin A 8]A] 22} GQl7}R] Aol wlormg BEilgost 2
b QbR S 7] gldiE 2xF AelRE ool Az|sle ztet Lo
£ ol WA ool Ex] =g sfofdirin sttt B dAold #
Z¥ Promalino] 2]t o}l ofgl Qrix|oA F=2 BHH FOF Ho} 2
2t o]Fofli= Junker(1996) 7} HQIstA o] oA ArE Eohthe TR

orolo] x4 UEF AWE siEA Folsld A Wel Jrhn Bl
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of. o] dolA AFxdA A2 P AH

o] oz A& B3 FX]+= BA E Promalin HEE YA QrAE
WS 4 o= EZ207 uhs{ At} BAY Promaling AHad ZA$ TA &
o] HelFolA o] 30cm o4t TIHX]
7t 57§ o]l RE nl&o] 80-100xE ¢ldct. HFRAEA Aele tfE
A, AR W FHAGA g v]gNHol E 2gFe] stuoltt. whetbd
ARzAA ] Az AL JI1&L] 17YR o ZA st AR IH4F &
7S QA dAel ojudt S E7HE B7] 93] 2 AEE
Alstoict. =ollxe] HgzEA Al 142 & 7dE JELe R
oL} 3-5¢ Ao Hesh=rt

= HES|E

bt
£
o
>
=2
et
iy
e,
9,
N,
lo

e,

lo | AR

brt

193 Junker(1996)+= Promaling 25¢ ZtAo g AL}

FeAade] elvbzlsRt oled vls) Promaling A 15U o Riee
WlolZ x}33trtal shil(van Oosten, 1983) BAS} GA4+70] ¥#| QlolA] 13}
A2 €A U YrkAe] 10¢d EE 154 F9 23 m: 33 AzlAl
GA4+70] ol TZpx|e] AAAZE FHZstay] wjEel Azl Fo] A
ol QIR 2] o] BT olFH 4 YPE ALoT RAch U
Promalin®] Z-¢ 1FY 71202 43] A3 73—?—7} 10¢ 743 33 154 2
Z 23] Azlol vzl FAHA FAo] tha ¢l AeA] LEI AU
FTETL & BF HolFAd o7l QA oE AU 4 UeE2E 14
A8 Azl ZAst] MEIFE FoldAM 10¢ EE 159 THFoE Y
EoI7HA] RIEH 22 Promaling AIIIEF FHsoe ofF ol2=2

wHEAe] © Welt Ao 47T

O
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Deiicious, Gloster, Boskoop 5& & <4 tr}l. ubd AR MqAHo] ezl &
%91 Coxs Orange Pippin, Z%lwlg]AA, Jonagold, Elstar, Granny, Smith
2 QUL A U= AeE oA drh &(1999)°] FA|, ZE
delds, L, 271F, TY, XU oid) SR UREE S A

9" ¥l 271FE AYdtae U2 Fe] tiE 2dzie] BEEE RE 7
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400-600ppmo] AL Zo 2 ittt Fxzjof uls) ti&Fe] 2HL2
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TR A A3 uiet o] FRoIME Zitheh=s W] A 2ol A BAA
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FA B2 BN Aol mAE BAEY Zake FoshA Yeit A
| SEoh 2ol Aol BAeel wslAE FHFA WA wgel u
SITh. BA 600~800ppng A5 A W4 B7bN wAol wol 563 Helw

A 2w Aol APY oA B BES 4T + dgc

o

22 ZAS WIR] wAle] okFsle] BAXEle] thy W] FF &I
Tz]o A2t Zo] FEsIAE ottt Azl sEtol= 200, 400, 600ppmo]
A BEAR FJ4L ¢gdou 557 5248 $HRF H&o] &l

mel SR el Easle] RAelo] Hlsl BAH 47t
Ly

5‘1-'
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B
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QA2 G WY 2 B} G 2
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Azl Azt Mg v ARE AT YA AF
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Tween 200] Z7} ¢l Ao Z LElUTE Tween 208 712 BT 7o glo]
M zpol7h 2R ¢hont 0.2%0f BI3) 0.5%, 0.8%, 1.0% F7MX] $FRE
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1. AEAS 9 YD

24104 A3t Q& EMLA M.9, M.9 NAKB T-337 ¥ AT AIXE A
#3to] golrt €ol = nitlE 0.5cn Zol® AHxwhsto] 147 Bt 32+

TEEE RN vl 70% ethanolof]l 3027 Fx|3lgct. ©]& Tween-2090]
F4 3~53 A% The A2 ZH P8 AAY F T2E T A}

A 104 F, 2ol HA U= AP AU2uE 1.0mg/L BA, 0.3mg/L
IBA, 0.5mg/L GAs7} E7HH MS wiz|o] &A F28to o|& A AHeld o]&
stolch

AP A= SAFEAP LR stdley 7t Aeld viEeE 5ubE
22 3ty 25m.e] WA E -2 100mL jarol F-4] Aeldle lem, WA O]
1.5~2 cu 7I2ke] AWAE 348 2Atsle] 1urE o sty olof wj
= pH7} 5.8 ZAHH 8 g/L agar’} H7/1EH AR E AMLs5tgon, )
25T, 3000 Lux FEE Sx|stdon, 12 16417 BESslo)A

AL
L =2
gtk Hel 4F F Az A= L Y Y= zapstelch

X

o2

27
Z%3}

Lod

2. 7Id Az F4

7t. WiAIER

Az S0 AUt wX|FFE FBILA MS(Murashige & Skoog),
LS(Linsmaier & Skoog), LP(Quorin & Lepoivre) njX|of] AIRE $2z]AlsH
F Az F2 F=E vla ZABEct olnfl 2t siA]ell= 1.0 mg/L BA, 0.3

mg/L IBA, 0.5 mg/L GAs 30 g/L sucrose® HI7}3}git}.
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L SCR=S e 4 |

21z ZAlo] A TEE 2AE FHBILAL cytokinin FFE B E
Az @ cytokinind} auxin ELX2]E AAl3}acTt. Cytokinin 27E &
A2l BA%} kineting Z}Z} 0, 0.5, 1.0, 2.0mg/L & AHe|stAL 0.5
mg/L BA®} 0.5 mg/L kinetin® EL&x2|slo] u]astsitt. Cytokininz}h
auxin 837 B3 FA cytokinine® AHWH 1.0 mg/L BA THE Az
2 1.0 mg/L BA2} IAA, IBA, NAA 0.1, 0.5mg/LE Z}7Z} &8 AHe|sto Az
4] AEE vla RApsidch olwf AxE FAEE &o|7] W BT &

1

A
Q29 AAD F wixol $8x et

H

p

A Az wzel TAAA WA FIARF SEE PRt Msulx]
SEE 1/3, 172, 12 Helstd w2A=g wmstdrt. ol wixls 1.0
mg/L IBA, 20 g/L sucrose, 8 g/L agar?} E7l=dct

U =28 x4

7 wzol A awin £F U BE 2AL WSt 14, 1B,
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NAAE Z}7Z} 0.2, 0.5, 1.0, 1.5 mg/LE AHz|stdct olu] 7]& wjx]&= 20

AS

g/L sucrose, 8 g/L agar7} 2 7}1¥11/2 MS gttt

L= 2

U 7S dRZo] W UZel miAE S dotRIA dA e

71& 0, 1, 253 Fol gAe|7t U] nAe F¥S 2AHICE oluf

mg/L IBA + 20 g/L sucrose + 8 g/L agar U},

S
el
op

Ol

g

)22
- s
2

rr

=

[92]

+

<

4. 718 U2 9 &3 =3

7V il A7 &S 9] v ZA" Al
H}E IBA 300, 500, 1000 mg/L &Boj 47t Ax|ste] R Eo] o]rlgt &
3ol ojmj A}&3H Al%e] Zoj:= 2cm #

712 e3E FAlol FEstalch
Eglen, tAdes 77 F1

71U 2R Y £3IEE FESIL
Felo]Er gl E=1t1, wojn|Felo]E:Heto]

AAlsted &3t F AEL D A% 2

2} Hoju|FelolE g, wojn]
ENERA-]:1:0.2 HEE

7t iR FF

BILA M9 AS ohBe) slu) Az Zale] 71¢ T wjx ERE @
olmaa} MS, LS, LP #jx|8 w2y A(E 1), 1718 D2olA 57 A%
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R

v Mse} Lsupz|
(Zimmerman, 1983)2A F wix|e] FAHZET] Aol RI|EFY £/ 4

>
i3
L
1
lo,
oy
ot
=
%
2
X
x
fu
>,
ofo
i)
q
a4
fr

m

& FUSHL, WEhIoA oizte] XjolE Holt ZOE wsulx|7} Lsu)
Auct Hekel EF 2 4Rol o2 o FAW wielth metd B 7ol
A= FNAEY Alols T ujAZol 2 Aol Holx| o} F oujx BF

M.9 ATF th=e] 71 Aol Z3pd 2o wiehg gt

E 1. vjR] 2F7F EMLA M. 98] Ju A1 Zale] njx]= 93

izl FF FAARe/ARON) AZxZol(cn) BAF(g)
MS 4. 8ab 0.7a 3.5a
LS 5.0a 0.5a 3.2a
LP 4.2b 0.5a 2.1b

* MS: Murashige & Skoog, LS: Linsmaier & Skoog, LP: Quorin & Lepoivre.

% BjZ]2Z: 1.0 mg/L BA + 0.3 mg/L IBA + 0.5 mg/L GAs.

* 2 R

B R =R |

71 273" EMLA M.9 cthEe] Al FA]o] o]t cytokininfe] A2
IE dolEI] 93] 0, 0.5, 1.0, 2.0 mg/Le] BA%} kinetin ZtZ} A g
IHE 2), MHIF LT kinetin X2 BTH= BA 2] FolA] A= Z2al47}
srem, 53] isx AzloA 4z FAE golrle FHFE vehich
3 F 2.0 mg/L BAAZlolA 41X 171W 10.572] A&27F &4

% &4 uebdch 22y 2.0 mg/L BAX 2]TollA] AIRt Al
callus ®do] Wk FAste] EAEIEAY Az go] ZW IAHEE

A7t ol &3ty thgel A& T AhuigA] 0§37y

i)
Ho
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AAEo] ol Hy3tA] B Zo® ittt ole} e Azl ojn|

M, MMA] Tl Ee] FFugel s B vl olid(Masuda &, 1988), At} o

MO-84(Malus prunifolia Borkh. )&l 73 ujoold 2cm 718ke] AHAF Alzx

BA B% 0.01~10 mg/LE2 A3t A3}, BAsET} HolA4E A UA
3

=
< EoldE A%S Uthiow olg Wi ol 1z BHEE wold 2
2.
=

O

Mt g

ftfo
flo
o]
=
ofr
Il
L
or Mo o
i o
r <
P
N
Hr
(lo
Y
(o
[l
i
fus
3L
g
e
r-II
2
lo
e
>
i)
o
od
o%,

=
=~/
0%
2,
lo
)

()

1% 22001 AH8HE BASES 1~3 ng/lol3, oju] 2483}

o
dAshs Zlol Fagtd, & dPoA:

E 2. Cytokinin 2% 2 H57} EMLA M.98] 7]U) A2 ZAlo| njx= o8

Cytokinin

% (mg/L) FAA2F/AR)) AxZol(cn) A S (g)
Control 1.4d 1.5a 1.0b
BA 0.5 5.5¢c 0.8bc 1.7b
1.0 8.5b 0.5¢c 2.1ab
2.0 10. 5a 0.5¢c 3.5a
Kinetin 0.5 2.1d 1.1ab 1.0b
1.0 2.3d 1.1ab 1.3b
2.0 2.3d 1.5ab 1.8b
0.5BA + 0.5
Kin 8.1b 0.8bc 2.2ab

* Bfx]: MS + 30g/L sucrose + 8g/L agar(pH 5.8).

© APWE - $BAA,

AzFAe] 713 Aol 1.0 mg/L BA A 2|2} 1.0 mg/L BA He|
of auxing FREEZ Z& AT ZZHE 3), 1.0 mg/L BA THEA 29 1.0
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mg/L BAS} 0.1 mg/L IAA EZH oA AR FAalg, AzxZo], BAF Tl
A Uebgch 4Alze] 452 BA YA FETIE 0.1 ng/l 1M ELAE
TFolA dAs 23 AY YFE FA Uelutsd, oot Z2 A= M0-84

AA] 1.0 mg/L BA A 2]Fo] 0~10 mg/L IBAZ E-£4z2|g A,
284 EE A FolA o] AIXUREo] JAE A= Hil(Masuda F,
1988) 2+ Axjstgict. Tl £ dfodE s 254 AT 53] NAA
Az Tl AR 7159 callus HAo] wa Alx go] =3EE= LS
Uehl &= 0.1 mg/L [AAX g[qto] A% F4] W Ao ZapHo|girt.

E 3. Cytokinind} auxin Z-&A 2|7} EMLA M.9¢] 71U 412 FAlo] njxje H¥

Auxin (mg/L) FAARF/AZ2(N)  AdzZol(cm) A% (8)
Control 12.3a 1.1a 4.5a
1A 0.1 13.7a 0.9ab 4. 3ab

0.5 8.4b 0.5b 3.9ab
1BA 0.1 7.5b 0.6b 2.7ab

0.5 7.9b 1.3a 3.8ab
NAA 0.1 5.6b 1.2a 2.4b

0.5 7.0b 1.0ab 2.2b

%* B}R]: MS + 1.0 mg/L BA + 30g/L sucrose + 8g/L agar(pH 5.8).

¢ A Az 3RE AAY A
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= xlz} £= Empire, Delicious, Triple Red Delicious?} Vermomt Spur

R

g
Ll

Delicious FF4 Z-¢ FAX Ao vl3] $HAYS & B AzxFA
1 BE A8 Uehlls £359 Zfof ol

. 1987), Egof AnjzA F59

Ao &zt olglon,

S z =
ARE AASK e FHLT FAMPols 2 Aol7 glviy Bud

od Mo
% O

rx
B

Ll

ol de ! SHA2p/ A2 AdzZol(cn) AAE(g)
232 5.8 b 2.2 a 1.7 a
] 59b 0.7b 2.3 a
23 (AR A A ) 8.5a 0.5b 2.1a

% 8=]: MS + 1.0 mg/L BA + 30g/L sucrose + 8g/L agar(pH 5.8).

2. 7| = =34

7t B7

—

A% SE

ubg oz s AR zde| wie] ASEHE BIAF SEE 2
o AHEEE HEHRT} o] ALgSHE ol wIo] E3He oE B
B3 otk meld B dFoME S AW MS wixY BAQF
=TE5 1/3 MS, 172 MS, 1 MS &2 2 ua|sfte W I=E vjznst A3}
(X5), 173 M5, 172 MS 2ZojA WZ8o] 1 MS RAXT} A YEIYC]

[
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E5 FII9F S=7F BMLA M.92] Z]uf A& U2l nX= FF

BAGREE UDEK) LIEAZ0N) Rl cn) o T EAE
UARE(0~5)

1/3 MS 100a 7.7a 2.3a 2.5a
1/2 MS 91.7a 8.2a 2.5a 2.5a
1 MS 16, 5b 0.5a 0.6a 0.3b

% 8JA]: 1.0 mg/L IBA + 20g/L sucrose + 8g/L agar(pH 5.8).
¢ w2z 27 PN F 23 WAe,
0 el wagol A og: 5 A2 WAl ol we.

T FEol 2 173 Ms A TN Azl el Z
HEL, &7] B0 A Wl § FE ZY THE vk A 25
2

& FAlol zEgtid 172 MS 4

2

v
o,
L
£
P
o
Jo
s
(3
r4

71 2ol E}AQl auxin FFE TSI FAE EMLA M9 M.9
NAKB T-337¢] A1XE IAA IBANAAZE Z}7} 0.2, 0.5, 1.0, 1.5 mg/L BE=Z
Aeld AIHE 6), F AT EF UL N He oA tRFeE &
2 A% Uehidel 22t NAA Aol e AR 71E callus S
| &3, A% go] #alFo] Bfo] F3| A2¥ FYE vehigdrt =Y
F AT EF 1.5 mg/L 1AA A TojlA w80l A UEeltoLt X
UZF7E A Re|dolst L A¥E yrhlideon, MA M9 ATY F
% 1.5 mg/L IBA AzPolA UI&, Nxw W5, e o] FoA &
solglon} tiF s A Z717) ultjet AT Udo] Hol, T AT
o A8l wZo] A TR ZAL 0.5 mg/L [BA A2 T2 wivrgjdc)
gubg oz xpzhbRe] ZIu WAl 252l IBA, NAA A gAML Al
Z 7% Aebdo] callus HAEo] B2, g callusolA E3lslo] &8

O

ot

%
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Slod Azl Fejafolo] F& FAEUEHA A AETES HFL, U
of A= MU AEEe] IBAE Az 7|1FolA BlZ RE FHH=H

Al BEES Y 4+ vtz Ra¥Eub oden AhuF Northern
Spy’, ’‘Stayman’, ‘Nuggest’, ’'Delicious’ EZ2] o] 71 F2=el &

ZEE 242 0.1~0.3 mg/L. IBAZ B 3= YtHZinmerman 1983).

¥ 6. Auxin F7 ¥ HXEo whE M IAE tiEL] Ju A U2 F=
Az 7]
pwin E HTEE) s FelZol(en) ﬁﬂé"élg(r- )

/L
(g/L) T-337 EMLAM9 T-337 EMLAM.9 T-337 EMLA M9 T-337 EMLAM.9

1AA 0.2 33.2c 428 2.1d 3.0c 1.8de 2.9 0d 0d
0.5 60.0abc 57.1bc  3.3cd 4.0bc  2.0cde 2.5bc  0Od 0d
1.0 46.6bc  80.0ab 3.7cd 2.8c 1.7de  2.5bc  0.7cd 0d
1.5 93.4a  100a 7.1bcd 2.5¢c 2.9cde 2.5%bc  1.2¢ 0d

IBA 0.2 80.0ab 85.7ab  6.2bcd 2.0c 4.4bc 2.9 1.8c od
0.5 93.4a  95.0a  9.9abc 4.5bc 6.72 2.9 3.2b 1.0c
1.0 86.6ab  71.4abc 11.5ab  8.0b 3.8bcd 2.7b 3.8 3.0bc
1.5 93.4ab 100a 12.7ab 14.5ab  2.1lcde 4.4a 3.9ab 3.7b

NAA 0.2 93.4a  100a 11.3ab 8.0b 58b 1.7c 5.0a 5.0a
0.5 80.0ab 100a 3.6cd 11.0ab 0.8¢ 0.8¢cd 3.7a 5.0a
1.0 100a 100a 16.32 18.0a 0.8e 0.5d 5.0a 5.0a
1.5 80.0ab 100a 4.2cd 18.5a 0.7 0.2d 3.6a 5.0a

* vjA] : 1/2MS + 20g/L sucrose + 8g/L agar(pH 5.8).
£ 0 M2 Aol A P&t 5 AL WAl vk WL

. ¢z

02 AT F gae] A Az Ul e Y MasnA )
F 4RZ AS YRS A WS AT WG 27) 17, 257 gAY
£ @ A9e) W AEE wlay AIE 1), 272 YA F 237 BA



th A E sl AR FFAE A=Y F FAHE T A EF
'Mutsu’ £} ‘Redspur Delicious’ = WEgo] AEIgoY EF5 U A
Eo] ulel &7 xlolrl 9lom(Zimmerman, 1983), A E]7F A g A|
sucrose {7} AAE o= BE AY 4 e Tt olvia B3d s}
UTH ol 5, 1984).

7. YA EZE EMA M.92] Zuf Al 2o A= ¥

kA 2] 7] 7t . NES R

= T 39 (g 1

2y HTE() WREAZON REPellen) L, T L T C
0 8.3b 1.0 b 0.9 a 0b
1 41.8 ab 2.3 ab 1.5 a 0.5 ab
2 66.8 a 2.8 a 0.8 a 1.0 a

% B2} : MS + 1.0 mg/L IBA + 20g/L sucrose + 8g/L agar(pH 5.8).
£ 0: 4 WAl WY g8 5 WAL PAo] ole TR

3. 7leiua o &3z

AWFNel £2FE 717 DEHL, WMFE BN WAE w37] 913
A B2 BE AR Aol FAH A2E Astd LEE auin
gl £7 AAY F PR oAsted w3fe} o] FAlo] o] Foix|
=8 7] 9lte] awin FEE 719 UL A=sigch 7eEs As
DAHLE 60x AT W2 Uehh 7 Lol s B2gol W,
Az g R4t Hom, Nz Bgo] FA oo} 79 W2 Ak 4§

o2 et gict. 500~1000 mg/Le] 7 IBAo] x|
7 wsuialof X gstel Wag REY AS, W2gol
W3, 7%l callus o] Wom, WAH Relts Hol Qi 094 Y
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o BiRE AMESte ZETE Z3pst HolZoke H i1 (Dustan 5, 1985)%} mf
WAAE L ATINE DT 254 §AS ol§Y W2 1 T A
2 Zo g mintEigct
X8 ZTE=E ZZAE MIT337Y 7|8 W A
IBA 5% UTE Pajp/ Az FalZo]
(mg/L) (%) (71) (cm)
300 50.0 2.3 3.7
500 63.0 1.4 3.7
1000 60.0 1.3 2.7
% 719 T W 15 ~2om Zole) AZE 1B gl 1027 BA F
ofulFelol= wg W ol ¥ 4F £3 ¥ LT 3 2
1} &38R
W MTH AZRE WGEEEERE olAsle] 33t Az, g &=l
BAglol BE A7} ¢35 F AZsiglon A%Dol AdolHE 2 iz}
gt wiebxd ZhF ol AMgHol A wWeojuFelolE whg A7t T2
o= wRrETh
9. M9 T3378] 3 7] £EE &3S U ¢IHE ASY
o3t &% B (%) 121383 (on) 22852 (cn)
vermiculite T¥+& 100 1.98 37.7
vermiculite:perlite=1:1 100 2.64 36.8
vermiculite:perlite:peatmoss = 1:1:0,2 100 2.35 34.5
s 14 A%% 2 2R 27 F 24}
x £3 98 F(¢HA 45 F) RE A YR 2AS b F 2
o g o]
% 22t A& A 3 Y
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4. 7|V U4 g A3

-r

212712 Wl A FAxA 9 U o wel 197 it JHsR
3R FE5F] Y EdE 43T AH(E 10,11, 27 1), 78 AR
ajoddolA 50708 71U BARE ZIX|AL v B¢, wier Hsfel 57,000 F&
A 4= glom, T chEsiRE ufd 114,00035 A4 4= oJrh EZF olggl
71V Ao o3 M9 AlF tiE £3E 13 Aiktirls 2893019
cl.

E10. 7IWf 34 M9 T33770418) 3R BEAHE

- . weAT EoAe en ®
A Az 3 AR M1 =57 P B
’ “oh N (7) Tore nzg ¥ (7:?]T b AAS AE AAS
(7H) (71) (1)
10 100 24 24 19 19

% ZAR] 27 MS+1. Omg/L BA+0, 1mg/L IAA+30g/L sucrose+8g/L agar(pH 5.8) :
43 .

* WhZulA] RZA: 1/2M5+0, Smg/L. 1BA+20g/L sucrose+8g/L agar(pH 5.8) : 43 wjjok,

3%

WAz s AR 1.5~2cm Zole] A%

]
¥ 2HAY s A el 0 A2 g0l FIY A

i
ot
e
A

i - 88 : vermiculite: perlite=1:1, éi]—ﬂz} 47
- A 13T LHRAEA 15 TFHoE

2
1=}
aib Ad FE 72 4 2 FgE HE oY

i

SEe] 43 F

L =4
et
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0%

B 22 508 (1004

>
P

/8)

g = l
(351 2 CHiH )

OHE iy 50000 A & 22 Hal

=52 &5 (9,500=/4)

I3 1 M9 AT thEe JIu HY AA=
% ujor R3] : &3} 57,0003 At (wfol 670Y FHE 9,500F/Y FAH)
2UXIEE - $3HE 114, 0003/9(9,500%/4) HAts

E 1 7 Ao 2 M9 AT thE £3E(114,0005/d) B4H]E

T+ Y ARR¥ = AR w7t =4
(L) (g/L) (%) (1) (&4)
Agar 500 8 12 110 5,280, 000
MSEE ] 500 1 12 50 300, 000
BA 500 0.001 12 26, 000 156, 000
IB 10 0.003 12 12,000 4,320
A
IAA 500 0. 0001 12 8,000 4,800
sucrose 500 30 12 1 180, 000
ol eh-& 1 10 45,000 450,000
EARS] 9000 50 12 0.05 270, 000
Hejo|E 9000 50 12 0.1 540, 000
XTE 9500 12 20 2,280, 000
71} 12 200,000 2,400,000
A8 12 260,000 3,120,000
Q4] 1.5 &1 12 1,000,000 18,000,000
A 32,985,120
1ZA 2k} 289. 3
« pjord FR 79,
* o Aakctsl = F 49 An)(Ad] AY) + A7k S3E At
= 32,985,120¢1 = 114,0005 = 289.3%
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Azt M9 AlF & Ju WA 2AL e Az, 4l
gt vix]= 1.0mg/L BA, 0.1 mg/L IAA, 30 g/L sucrose,

l:n{r

8
H Msuizlolm, AAHE Az FURE AT F $FH4sH= Ao
ol wWZZA 2= wixl= 0.5 mg/L IBA, 20 g/L sucrose, 8 g/L
agarZt H7HH 1/2 MS wixlolmd, 'k wje} 27] 257 YA E]ste FHol &
IHHolglon, 7 siFRe A 3N EE wojnFelo]Egr]
Az gy U vYREE FUY F$, 73 FR ujerolAd 5070
U SAMRE TR wjrd B, w9 Ssjol 57,0002 AR 4 9lom
7]

1. Dunstan, D.I. K.E. Turner and W.R. Lazarc_)ff. 1985. Propagation in
v-itro of apple rootstock M4: effect of phytohormones on shoot
quality.

2. James, D.J and I.J. Thurbon. 1981. Shoot and root initiation in
vitro in the apple rootstock M.9 and the promotive effects of
phloroglucinol. J. Hort. Sci. 56(1):15-20,

3. Jones, 0.P., and S.G.S. Hatfield. 1976. Root initiation in apple
shoots cultured in vitro with auxins and phenolic compounds. J.
Hort. Sci. 51:495-499.

4. Jones, 0.P., M.E. Hopgood, and D. O’farrell. 1977. Propagation in
vitro of M.26 apple rootstock. J. Hort. Sci. 52:235-238.

5. Jun, J.H., K.H. Chung, S.J. Kang, S.Y. Park, and B.W. Yae. 1998,

Influence of medium coposition, carbon source, addition agent and
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explant orientation of shoot proliferation from Prunus persica in
vitro. Kor. Soc. Plant Tissue Culture 25(2)99-102.

Masuda, T., Y. Yoshida, H. Bessho, S. Komori, and S. Tsuchiya.
1988. Studies on cell, tissue and shoot—tip'culture in apple. Bull.
Fruit Tree Res. Stn. C 15:21-28.

Yae, B.W., HM. Jo, Y.H Lee, and Y.J. Yim. 1984. Studies on the
shoot~ tip culture of apple, cv. ‘Fuji’. Res. Rept. Rural Dev.
Admin. 26(2):51-57.

Zimmerman, R.H. 1983. Factors affecting in vitro propagation of

apple cultivars. Acta Hort, 131:171-178.
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Atzhs QA E st ddd S8 EEA Apple chlorotic leaf
8%2] niol2j A2 gl A glrh. AlFfol= n}
o] AL FH3A UrhiAl de Z$7 ot ¥
E A UM Estedrt. 1980Wdtiol Alzt 13734lell whE A
syt AdFHes ueigen ngeart AU nAE JB(F,
1982) 5 2 A7HH7E BBF ] S ¢ ml eyt Holglrh ol ul
olg|2e] HPLT LR AT} AL o] HaFHE A2 HIF

2 9lor(Baumann and Bonn, 1988 : Campbell 1962 : Campbell and

spot virus(ACLSV) &

o

ol aEe] HE HE

Hughes 1977 ; Hassing and Larsen, 1976) $-@|ulg} xuEE£ES o=
lojgjA AAE ¥ A I ZdEol FEY  uHlolEAQd Apple
chlorotic leafsot virus®} Apple stem grooving virus o] 0.4~57.1%%
A=} s AR zAlEe] olF Hlolglzd] tiyg WAIC|A nido] A
Hi QA Sk Sl ol 2l TEIL YA vl

£ RERE A, IS Zoln TiRRe AAAZ L wolda

FEREY f8u&o] ALY 100%0] o]23 gitt. I FH2Z uvio|HA F
SREY FFo] ditgEa we MAgFe B FEEEY FIAA H
Y ¥ ohzt BEE AlE4Y diolgAs FRER o] &2 J|EF Aty
Bt felvete o7k BE3H Ve 4 FEE FIFAA He] nddd

(2
o2
o
N,
P
N
il

YAl Q& Agelth metd £ d7e feuet A
Hlolela B& SR 547 wloleag z7lo] Ay
+astg o

3 AAE Riske ulojth

>
pacs
rr
N
)Y
ftjo
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SER

< Siste] EF5EE HAviFe AXsld ZE B

& 1948 B85S dAHLLE o|&sidrh. Fue] Euxn &

Fst7] Aol 2= 30T, | 60%, 1241 Ao A Aol
Tt 37CE =& ¥9 3~4377 EAE 3t
th dA g Foll AT Az FF-E et 1% NaOClE 45
Murashige & Skoog 7]<Bf*|o]] BA 1mg/ £, + IBA 0.3mg/ £ + GA O.5mg/

o, iz
2w
Ll o]
N
e
)
™,
b
L3
fi
o

F-|~
A

~ go g

, Sucrose 30g, Agar 7g, pH 5.8% XA ujA|E A&} = X
e Aol MuhE lenm BEE FEld A 0.7cnB =] AAT]E] nf
AFEE o 1047 nlolZ2RE 2 Yo ARE WA|3II ol og
A BE @orh dold B wolalzxe] & xi3|sle] ELISAHAB S 3t
Hlolgla FHRE Helslgdon AGAIPHE vlojg]A AR S 33 3
Sty FERS-E AUstolrh. ELISAZ P2 A9]A BIOREBAAIZRE gt

s AFRSlgdon ZAA  ylo|aglAL  Apple chlorotic leafspot

=

virus(ACLSV), Apple stem grooving virus(ASGV), Apple mosaic
virus(ApMV) & T2 2 3tolth Z[ufufdst A= 4~504 7 i) + &
HHE AAE FE&E000 thsh 1:8(wv) e EE FHE 53] ELISAE RS}
gt} ELISA ZFol 23] 538 Zog stAH i MS + IBA 1.0mg/
¢ wiRolq wZAZom wlolaA PHE ACLSY, ASGY, ApWE cjAte =
71U 2 SEAA 23] st on wao]d RESIHA 13 #HA

& 3712 3% e FRESE Hustdch

2. ulol & FFF 9 Zoldehy Y

Blolgl& Fele U4 AUl ¥HY ojyF U ELISAZE e R ¢
eSS UERE Algelut 2 Aj3Iste] 0.0IM QIAFHS-Y(pH7. 2) o]l mf2f
| ==,

3t v}-& Chenopodium quinoa 52 XE A HEAIEo| AHAZsle Hastgch
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22 AENB Uehd ¥4 2 7FUNE 25T JRYAHLE ulo)
Hag SASEon R uloldar ST FFs 345
ok EA71FA 8 %sto] PEG-bentonited (1% 1)2.

te
i
X
>
sl
3
i)
I~
Y
mL
flo
)
of
bt
lo
0
3
A
[>
i
fljo
X
o,
rO
)
%
X
e
et

4 ol o] BEAY ARAEBE 0|83t HOIRE Malus platycarpa
4
=

o REFE o]F Atobd

oo

o[*§& (C. quinoa)
| Blend 100g C. quinoa leaves in 200mé 0.0IM tris-HCl buffer(pH7.6) + 0.0IM MgSO,
Squeeze through cheese cloth Clarify the extract by cautiously adding a
bentonite suspension {40mg/ml) made in 0.0IM phophate buffer, pH7~8
| Centrifuge at low speed (1,000rpm, 10&)
5
} Precipitate the virus adding polyethylene glycol{M.W.6000) 8%(w/v)
Letting the mixture stand lhr
} Centrifuge at low speed(8,000rpm, 20%)
459
} Centrifuge at 28,000rpm, 1202
222
J Resuspend pellets in 0.0IM Tris-HCI buffer(pH7.6)
)} Centrifuge at low speed(10, 000rpm, 15%)
AAE
}10~40% Sucrose densitu gradient
22,500rpm, 120+
! (Concentrate by ultracentrifugation and purify by density gradient
centrifugation)
Band 3]4 4 dialysis

3% 1. Ab3} ACLSVR} ASGVe] <=3} =y
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b c}-2 Promega Access RT-PCR System® & RT-PCRE <38&}gtr}. PCRAt

R

o2 RT-PCRRAITHAIE &
%

(Alrefai

s

o X B ® o TR oMW o
i - N B RN A )
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2 1. A2 vlojylA RERE &4

d 2} = 3 g E

1 dxt ¥Fz2], 4%, = M9 TS1, M9 TS2
uhE2s, UrbeE, IXE,

2 dxp etel A, AH, FEATA|, M9 EMLA, M26,
AL A FR], TACI4, %

3 dx} 3F, AL, 4FH, 2uzE, M27, M9 pajam, M9 Ottawa,
= Hillwell Red Breaburn M7, JM5, M9 P22

2. £5E 71U 2GR $4
d X} = % o &5
1 dx F4, 2%, T2 M3 EMLA
2 Ax}  AkA}, ASE, TACLI14, 3% M26, M9 TS1
3 dx} 3E, g, Rz, M9 pajam, M9 Ottawa,
= Hillwell Red,Breaburn JM7, M5, M9 P22
£3 ulolds BER A4 23 44
a4 & 1 dxt 2 dxt 3 dxt
. _ 3%, BEATA 5 ¥4, 445
5T & ’ i, Pa? T, oS »
tf B & M9 TS1, M9 TS2 M26 5 4= M27, M7 & 8%
AR ek
=T = ]
12,835 5,250 2,470
(&)
) FF71edH & . FF71edH &
= nE3 = g4
B3 A DY =533 5 87 T

2. bpolg| & Zo] Axhy s
Alzl ol o ZREl Apple chlorotic leafspot virus(ACLSV)®} Apple

stemgrooving virus(ASGV)E Ea|E5A3ldon Ea|3t ulojg|Al] EFL

3 49} Ut}
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Chenopodium quinoa
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leafspot virus
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agarose gel double diffusion test

Uit wpol2iA &I ETE 2. 581 F =2

ol mwg ol

dfo} 2] Ao m

o

mMo

K

(me)

ﬂo
ol

3

<

Bfo] 2]

ACLSV

54
40

32

16

ASGV

)

2% SIHE OE £qsiol T A7TAS ottt

<

71

—

Lol

"

A}z ACLSVR} ASGV, ApMVe)

3

wel upo|@AQl ACLSV, ASGV, ASPVE 6%F2] x| EAEZE Zof Spy2270
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%3519 e w BF 1GXEY Fua 34 % 49, A=Y 5 o F2
Eo] Uelton 2~3dxyt A4S 1 w7t At 7H| 7 2AEET
= stgon A3t £AdHRF3E UYehigdTh

ApMV= Malus platycarpao] AEE HelollA A3t RAlo|AFA2} +A1¢
334E& Lehfo] 7zt HM?EO‘H ozt 238 AFAER Adustolct

Malus platycarpa(ApMV)  Spy227(ACLSV, ASGV) Spy227(ASPV)
D% 2. A3 70 ulolasl BBl ST HE AENTe] WA

ADMVE Aest7] ¢lsl Brl =7t &2 RT-PCR7|&S 3-&3to] primert]
2 & AYzAS MRSt Aehg Zelolme 7] RIuH FMEE
NEoR wleldA ANTNY RS 2PY + UES oo Tk
#}o] upstream primer®} downstream primer& Ztz} 20702 |71E g3}
AASHACHE 6). 2 NBAZTE total RAE F2Y THE o|F F9
o2 3lo] A23t primerE o]L5}o] RT-PCRI ZHz} oF 669bpe] So| W=
7} UEtstt g 3).

¥ 6. X% primer?] E7|M A

primer sequence
APCP1 5'TCAACATGGTCTGCAAGTAC3’
APCP2-1 5 'CTAACAAATCTTCATCGATAAG3’

-i208 -



a3 3. ApMVe] RT-PCRZI%H

M : DNA Marker, lane 1 : ApMV CP ZEZWT(3}AIFH9])

~

°|#3 RT-PCRRIREE FP 02 AT ulo|2]A RNAS] o] 100fge] 25
7HA &l heslitia HI(F §, 1999)%3 gl 2zt 2o nf¢
BE7L w3l 5olA AWI&olBE g ulo|g 2t o] Fo] H2 w
olf& ] FEHol wom e R AYY FF §4 Bol=
83 o] 8" = gloeme I

uebd 2 dFE ol Al £ A BF 2 AUEYES, A
HEEEY vloldA FERE 27] Adusiglen F£8 A77R D F4
ol BEgo e Azt SFEES] PikE F7tet F-ol U H A
Ao AZIE F d dRAds dE Aes Azsim Alate) Fao ulelgiE
o diet 271 B4 A7l&s AP ol AWPES 3§35}
oh AT FRE A g AUAAC HdE 4+ g o= JoRict

A2

R

7HX 7} v Erial 2rt

™

8 ¢

Al Fo AMESTH AES UETES Uy2E 7] HyE 3
dAe % 2y V&, nHEEIEE ol&sld ¥ T I7EE, UE
100 th¥t mlol2ls FERE Ssidon, $E% FEREE BRIAA
S st Ay sd71edEet REYE ol A4S
2ol F2 wlo| £l ACLSVS} ASGVE Ee5H sl ule|AE ¢rEelst
o AehE FEFL Astalont A Y 9yt Yol Holdga A

- 204 -



HIE ABite] EAFelA] Rtglrt. ET JPF AT BEFFWYAY
8 AFME ol87lee HYSI uiolEE Aol EIHY A=
Eg Awsioirh ACLSY, ASGV AP EoRL Spy2272, ApWAZLLE

Malus platycarpa® Awstgcrt, ule|g] A7 nf$ B3t Bt

oo o2 i

& ApE Qof =3 BAolAFAE Ushio] RAFE FUPOE 7
HMsoigAe, wrt 27lo] SEDAGA FUATEI] lsted vlolelx
o2A TS RI-PR7ISS HE3tol A o)vigha

?n -1
Aol Zalolnl g tiAsty 21 dATeEA THY

2

:{o

o
o

1. Alrefai R.H., Shiel P. J., Domier L.L., D’Arcy C.J., Berger P.H.,
Korban S.S., 1994, The nucleotide sequence of apple mosaic virus
coat protein gene has no similarity with other Bromoviridae coat
protein genes., J. Gen, Virol, 75:2847~2850

2. Baumann, G., and G. E. Binn. 1988, The influence of Apple Mosaic
Virus and Rubbery Wood on Growth and Cropping of Apple Trees on M9
Till the 13th Orchrad Year. Erwerbsobstbau, 30:162~165

3. Campbell, A.I. 1962, The Effects of some apple viruses on growth of
Malus species and varieties. J. Hort. Sci. 42:339~346

4. Campbell, A.I,, and L. F. Hughes., 1975, Symptoms of star crack
virus on the fruit and shoot growth of apple cultuvars, Acta Hort.
44:245~250

5. Hassing, J., and E. C. Larsen, 1976, Influence of virus on growth
of one-year-old apple trees. J. Hort, Sci. 51:211~214

6. T, 1982, Ahzb 3xi wlolglxe] WA U nmAe oo
e, FANEATH A, 24:1~26

2

7. A, HEE, 9B oldA, BAT., 1997, Iz W BFHNY

- 205 -



ofloJgt Az} mlojglA FER Al TEdoey wEeA, 15(1):27
9~280
8. Ryu K.H., Kim C.S., Lee G.P., Choi S.H., Choi S,K., Lee C.H., 1999,

LA EE e[y UF QA

- 206 -



Al 47

g 7))

M

Jo
o
e

<
X0

B°

o

- 207 -



—————



AN 4 & et=

09

oAt Mgs 2ENY

A1d BR= A= AN F2 FA M|

i

A5

CEE!

Seluetel g AUERS o8 thBo] M. 26, EE MM.106SEA
A F 3~43%E ZAAET] Azt 6~8do] H3} Hojop 4rzlel =
gl ALEE47 % HWolth AAAL M26riEe] S 4.0~50%
2.0~4.50% 10a% 50~100%7} xjalsio] ok +8e Y5y, 279, @

30y 522 tgste] AaAz L 5o AAR HogdA Eslc}, ¢
AHAY +F2 dA=s7le] Z¢ 10aT 4~5820% wou}, vt} IA
B2 1.58 UYoli }EF HIES 206 AFEA AR} 10a & F3}
=532 1994 334x]7holl A 2000 208X 7to. 2 ofF] =% Fekxel A

Fel g Blojux] Betar ole A Folth
olg]gt Ao ulFo] H3 il bzt ezl olejE] BF HHEIE
A%e] A9 AA AtzbAfulsrte] 77%71 3ha o]t & BPdT A
Lol® EF313, MIUEE o] 83 ALz 2] fujrAgloZ 4] 2
GAHEE 102 1€ ol XA A 4~5dAels 58 BRY +HE
HAY B YL 4E/10a ZEE on, T3} L5Y

AYE AL A7IeRA, AF 7led IdE S =4 2
AFel glrh mte FAHA A e HE2 AFAES B3t 43
e AUst] A2 Y AuA L Aol Hasitt

2 d7E AN ASHAD At F2 Y, ANA, AF 4N
WAS AYY TS Zst] AN FAW ASBY, A B wla
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1, 4, 644
: 3.5%1.5m (Gittingen 19894!, Sidtirold 2¥4])

SERER
3.5X2.0m

Asx 9 9y
: 3.5X1.5m,
3.5X2.0m

3

j

==
S
AHE

z
Tatura trellis :

Al
V-4]
Palmette :

HAZOIN AEHOZ o] §HE A4 WA 4
Uzt HY RoE o

(=]

2

x7 24 Vg2 oteliel o] FAFolA &3 F Q& A A
AgEgd 24 9 Az e

3 WA 3, AHA,

FollA
2] /M. 9T-337

2] /M. 26

Al
3t 1.
k-3

Ok
©

4=)

ix
3

J(ch-Ab2t

ok
mH

O

: Slender spindle, Vertical axis, Solaxe,

o

PARAFA]
b |

<] /M. 9T-337 =}

_1]5‘_

HYTEC

), Micado,

o

, 24

: 3.0%x1.0, 3.2%1.2, 3.5x1.5n(7|EX]F)

i

V system(1€g

A

UE
I

1

1(Slender spindle)

A
>
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6%
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0 3.2%1.2m, 3.5X1.5m(trellis®)

AU

FX]/M.9 T-337

Braeburn, Gala/M. 9

Zio] 40cm)

A 60cm,

b Z2]0) A 50cm Uj2])

ye

%]

et

(

—

o
rH

o

- 22k =4 (%

A2 L&A

No

Hi

FR]/MIT-337 6AlF, = 2L
4A1%, Gala 3AE, Braeburn,

3.2X1.2m, 3.5X1.5m, 4.0X1.5m

4z 9 a3

1 AS 34 7

1(& 5, 6)

jad
P

JJ

)

Al 2ol

2378 UiglE ErEgom,

RN
—

9ol A

2274,

28~32702 A 388 Z xto|7t gt

L=
L

Z 3]0l A

23~3970,

dl,

147 ~162cm o] Q=

A [=]
T

JoA] 431 211~232cm,

Guttingen ®(1@ V x}&)olq +Zo]

31 204~

7o

t], Solaxe 4

ol =
AR

2=E.2 137~173cn ©]

265cm,
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o] 1% FL AL 8 TN Z/RE Z3A RAstEY] ol B
Hrt

2§l 2dxte] A okAlE £UTAH(E 6)2 Vertical axis
Slender spindl F8ojlA zZtzt -47.63} -32.32% 43 3o A UERE
of cha AE o Aol dE A FEE ol ). V-system2 F

2
27 7p FAR AR = A=7 Hoden, Solaxe L £¥ 7ol o

2 WA BEEe 4% 4% (44, '%8. 3. 20)

T FE A ExZo] FHA|$

(cm) (cm) (mm) (cm) (A/F)

144 == 173.4 77.4 19.7 37.9 16.2

S 3 168.4 62.8 17.9 21.1 16.2

642l (Joch) 172.8 89.0 19.6  23.4 17.4

V-system Ctttingen® 178.0 72.5 18.8  28.1 18.0

Std-tirol 173.4 71.5 15.3 34.9 16.6

F2] /M. 26 Palmatte 141.9 - 17.8 15.5 7.5
Tatura trellis 61.7 - 15.4 - -

Z=]/M. 9

3. A GAE A 1daE BS AR (5d, 198.10.20)
£ A7 FA o] FA|¢
(cm)  (cm) (mm) (cm) (/=)
2 /M. 9 Slender 124141 2|F  231.6 162.2 29.0 43.4 18.6
S 214.8 146.7 27.4 43.4 18.4

641 (Joch) 223.6 160.0 28.6 55.2  22.0

spindle 4414 #|

V-system Gittingen® 211.2 146.6 27.5 34.8 20.8
Std-tirol¥ 216.8 154.6 30.3 47.8 21.4

Palmatte 250.7 186.4 35.8 97.4 18.0

Tatura

Z] /M. 26

#

183.3 - 25.2 118.1 2.2
trellis
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(cm) (cm)  (mm (cm)  (ON/F)
144 =] 231.6 162.2 29.0 43.4 18.6
Slender
4244 =1 F 214.8 146.7 27.4 43.4 18.4
. spindle
F2/M.9 6421 (Joch) 223.6 160.0 28.6 55.2 22.0
Gittingend  211.2 146.6 27.5 34.8 20.8
V-system .
Sid-tirold]  216.8 154.6 30.3 47.8 21.4
. Palmatte 250.7 186.4 35.8 97.4 18.0
FZ|/M. 26
Tatura trellis 183.3 - 25.2 118.1 2.2

5. zjAleFAlE FA|/M.9 T-3378] 2|4 19z A 4

N - 3 FI1 FF £23BDE FAF FZHo]

T ° (mm) (cm) (cm) (em) (7N/F) (cm)
Slender spindle (3.2X%1.2) 28.0 199.9 139.8 - 19.8 23.9 34.6
Vertical axis (3.2X1.2) 25.8 189.8 125.6 - 5.6 22.3 39.1
Solaxe (3.5X1.7) 25.9 188.1 123.5 46.5 22.5 37.6
V-system (3.2%1.0) 25.4 188.9 125.7 32.0 22.8 39.1
HYTEC (3.5%X1.5) 23.6 194.8 138.4 - 18.4 23.7 35.5

s (
Y

e AAA

E 6. 2] GAE FA/M.IT-3378] 2] 2@}t ABSAFH(F$],799.74)
AA 23 A= 2npA A5 a2
~ @ AL T T TS \:_)E_}/\ﬂ/\ 710] o
e (mm)  (cm)  (cm)  (cm) °r = (AN/3)
(/) (cm)
Slender spindle 29.3 225.2 152.3 - 32.3 8.4 17.4 32.4
Vertical axis 31.5 245.1 167.6 - 47.6 7.8 23.9 28.8
Solaxe 28.1 264.8 136.7 33.3 9.4 19.8 30.3
V-system 30.1 249.3 165.8 - 16.2 8.6 15.2 31.3
HYTEC 28.5 203.9 172.9 - 22.9 8.3 18.2 27.9
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OFA)
o

Al
Al

L | |

24 2date] F o 287 3

ol

224 2fa] Aol F Aolst glolrh weEtA 7] £RLE AN SN (4R
of W o] Brhe AHUEC] wlel We ANVET £&4F SUCHE
7, 8).

Selvtete] B0 dute A4 "R £33 AU A 237
FH ol Aol FeoA T AolEg & + Qo7 wiEel FF
ALH oz AEFooF & Zolr}

B 7. ANAE A 233 £ (£9)

B} N 39 43+ A7+ 49
" - (/%) (F/10a)  (kg/10a)

Z2]/M.9 144 x| 34.7 190 1,780
Slender 44124 A&+ 23.0 190 1,180

spindle  6414](Joch) 26.3 190 1,267

E T 28.0 190 1,409

Guttingen® 24.7 286 1,907

V-system Sud-tirol3 31.7 286 2,448

3 = 28.2 286 2,178

=2 /M. 26 Palmatte .27. 3 167 1,231
Tatura trellis 10.3 190 528

28 AN ¢ A 2dxe] 434 (29)

T % Za(A/F)  AAFF(F/10a) F%(kg/10a)
Slender spindle 16 260 1,123
Vertical axis 17 260 1,193
Solax 18 168 817
V-system 15 285 1,154
HYTEC 16 190 821
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Aalopalol mE el FEIG(E 9)& RW V-systeno] Slender
] 3

=& opuza @

—

>,
rr
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N,
x
o
do
r [+
oL,
182

c¢tx]gjt}. Slender spindle 430 o wle} xjo]& B

o 1, 4, 6414 £2E T38| EUTL

9. AAPAE 2uReY B FAE(5)

Z % (Lux) (Xx100)
1% 2 3 4 5 5 3t

4

144 23 559 442 410 338 320 414
= 2]/M.9 Slend -
FAM9 Slender g0 = 693 373 106 164 55 378
spindle
621 (Joch) 600 75 578 161 247 332
Gittingend) 514 61 58 124 640 279
V-system
Sid-tirol® 142 47 30 38 350 121
. Palmatte 79 362 82 365 521 282
=] /M. 26
Tatura trellis 87 69 78 87 100 84
50cm! '?;'L' Zg '?'] 7'(]
1 : X FolA 30cn &0l +HE X
2 : X FofjA 30cn &0l FHE
50cm 3¢ X FollM 30cn &l THE 5
T 4 F7HEL] Hx E2] UHAR
30cm 5: 3%
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o] A% A& AsiA, 4T A= IStA #FAUSt AAHLE 7ix] e
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2o,
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[o2]
{

TdcnZ A A2 AEE FHT Z¥o] it AU FL FTAE 1.0mollA
= 29cng 2, +7HAE 1.2m, 1,50 2tz 54, 76cnE A2 XA gkt

A 2datoAE & EX]47) 27~327] AE BREod, £aNFL
AL 15wl A AF U AAHARA = U AR WeEe Al
9oy F7F F7vA2 1.2 1. 2= 22 -44cm, -27cnE ThA AR

cH=E 13].
A4 dazpu) HAdA Bt B71A 23 HAZAES 2.00E E ul,

N
o

o
¥

AQAAAE 3.0X1.0m & 3.2X1.2mol A= |4 2 dxto] gulsro g o] WP
BAlo] wetol 4eo] Zr1te] wel WAl iy EYEIRAE o] &
o} ztego] ojEe Ro7 Az c.
12, AU F/M IT-3378] Al 1dx} B3
AAL FRAR 431 2E FBLE Zx$ o] A2LAL N2
(m) (mm)  (cm) {(cm) (cm) (FW/F) (cm) (F/78)  (cm)
3.0X1.0 20.4 195.8 70.9 29.1 21.1 28.2 15.2 12.0
3.2x1.2 18.9 188.2 66.3 53.7 19.6 33.3 15.8 12.5
3.5%X1.5 19.2 182.6 73.8 76.2 20.4 33.2 17.2 17.8
x 2707 AER At 10cn ol ('98. 7€ ZA})
® 13, QAW Fx|/M IT-3372] A 2R} B
ANLE F2473 £ 2 4 F supg TERA AR saqa
. B} A Al
m) (mm)  (om) (cm)  (cm) ;},]7;) (ac;} (7/ %)

3.0x1.0 29.1 245.2 144.1 - 44.1 10.2 23.3 27.1
3.2%X1.2 30.1 251.9 147.8 -27.2 10.9 23.0 32.0
3.5X1.5 28,9 233.2 147.8 2.2 13.1 18.6 32.4

* FEE At 10cm &0], (799. 7€ 2A})
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Ae7 2t/ =t 73 (mm)
6.22 6.20 6.30 7.10 7.20
FAREA] Yd+ujAE 21.8 47.46  55.72 62.66  69.16
FAA] A E 11.8 47.37 55,84 62.71 68.76
FAFA] YU+AE 16.6 47.29  55.60 62.36  69.21
FHARA] Atk E 13.4 48.27 57.06 64.26 70.68
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glemg Az oy Lajol
of BrAHoloF ¥ Fox AZY

1.Barritt. B, H. 1992. Intensive Orchard Management. Good Fruit
Grower, Yakima, WA.

2.Barritt, B, H. 1992.. Management of HYTEC apple orchards, Part 1:
Orchard Planning and establishment. Good Fruit Grower 43(19):4,
69, 70, 72,73.

3.Barritt, B, H., 1992, Management of HYTEC apple Orchards. Part 1II:
Pruning and training. Good Fruit Grower 43(10):38-42,

4 Barritt. B. H. 1996. Selecting the “right” apple orchard system.
Good Fruit Grower 47(3):5-7.

5.Barritt, B. H., Dilley, M. A., Konishi, B. S. 1997. Selecting
intensive orchard systems for apples. Compact fruit tree Vol. 30.
p. 37-40.

6.Corelli, L. and S. Sansavini. 1989. Light interception and
photosynthesis related to planting density and canopy management in
apple. Acta Hort. 243:159-174.

7.Grappadelli, L. C., S. Sansavini, and A. N. Lakso, 1997. The
efficiency of the aple canopy in high density systems. Compact fruit
tree Vol. 30,p.18-21.

8.Hampson, C. R., H. A. Quamme, and F. Kappel and R. T. Brownlee.
1998. Effects of apple tree Density and Training System on
productivity. Compact fruit tree Vol. 31. p. 72-76.

9 Heinicke, D. R., 1975: High-density apple orchards-planning,
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training, and pruning. Agriculture Handbook no.458 United States

Department of Agriculture. Washington.USA.

10.
11.

12.

13.

14,

15.

16.

17.

ZREZAIUAE Y, 12 Atz 243 Fel. 1999

Lespinasse. J. M. 1981. Apple tree management in flat,
vertical-axis and plamette forms, by cultivar fruiting type.
Collog. Intl. Montreal (Canada), Colloq. Sci. 15:103-130.
Lespinasse, J. M. 1989. A new fruit training system:the ‘Solen’.
Acta Horticultrae 243:117-120,

ApzpA 43 LAl T4 1998, AHSA}

Sansavini, S. and L. Corelli Grappadelli. 1997. Yield and light
efficiency for high quality fruit in apple and peach high density
planting. Acta Hort., In Press.

Wertheim, S. J. 1968. The training of the slender spindle.
Proefstation voor de Fruitteelt, Wilhelminadorp: Publication No. 7.
37 p.

Wertheim, S. J. 1978. Pruning of slender spindle type trees. Acta
Horticulturae 65:173-180.

Wertheim, S. J. 1985. New developments in Dutch apple production.

Compact Fruit Tree 18:1-12.
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ZAM /AN 3.5%1.2 " 60 1.0
B 3HL) FA/MIAAH  3.3%1.5 10~15 15~60 0.8~0.9
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2) '98 24 EZ%7t BEQY 33y 54
EoF pHE 5.3~7.3, FRQUAR 159.3~1172.1ppm, X34 @75 Z
52 0.45~1.38cmol/kg, ZES 3.68~8.48 cmol/kg, ®BIZU%S 0.95~

2.84cmol /kg2) Helol QgTh

- 23, oF, IF FEIMAE=
B pH7} 5.3~5.724 EEX EE AU T =UEHZR Rside
U, B3 o0, I9d TEIAYAE 6.2~6. 724 FEA EE HZWY

-

2
< F3e] FEAAA 159. 3ppn 2 A E3FEX] 200ppm KT}
ok Hel Yol gigivh 2 uie] RE EZIRAME BEXE
"y AA3she Jabdsre Ueligdcot B3] Z 3o} 23k ZEdolAE
fEAAEEFO] 1,000ppne S7ITOZA HRHAA BE2|Q] buj o|4doE
FcistA gREe A2S B FUch

A% ZES FH EEUHelA  0.45 cmol/kgZEA  FHHEX(0.50
cmol/kg) BT} Tha wroron} Hgwiel o olglch 8t ots, B3} 9
A, T3] EEHYEL 0.49~0.98cmol /kg2 B ERX| o] 7HFAL thA
Eofrt. U =23, oF 9 oHe] EEIYAE 1.14~1. 38cmol /kg S
2A FxZ2] 2v] o|Y ZES TR Adch

A e 29, 9F dd =¥ Y

o

g
lo

X,
lo,
H
o
5
=2
X
rr
W
(=]
[¢ 4]

l
-
o0
w

24 BEETJ YoM 6.88~8.48 cuol/kg B A EEX R WA Hokr)
A#d ntadgES B3tet 418 &l 0,952k 0.99cmol/kgS
2A FFEX(2.0cmol/kg) BT} W3ksl, g, o, 2F, AH, 4379 ZE3
YoM 1.16~1.64cmol /kg L. 2] BERX] Hrls thh ygtor] &AM
= ==t 25, o%F, 339 oM B nave T
o] 2.32~2.84 cmol/kgl.EA EZEA|RC} &9k}
EoFe] AAAYEFL 0.23~0.35% 24 LE wWEore] BFA 0.20%L}
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e

oj< &2 Al Eoke] aF Hell 0.06~0.32%2f vl 2 uf 4T
3] &2 $FolArh
H 6. '98 X ZEAIM B oI 54
A o oH AAA SEAA AFBAE @E7(cmol - kg')
(%) (ppm) K Ca Mg
A 7.3 0.35 1050.7  0.83 8.48 2.32
x 3 5.3 0.37 1172.1  1.20 4.14 1.38
g A 7.1 0.27 159.3 0.45 7.0 2.84
oF & 7.0 0.35 733.8  0.68 6.88 2.76
2 3 6.7 0.32 778.0  0.99 8.94 0.95
q = 5.7 0.27 514.8 1.38 4.04 1.64
o 5.6 0.27 492.0 1.14 4.19 1.56
o] A 6.4 0.25 420.9 0.49 4.83 1.30
= 9 6.2 0.23 277.3  0.49 3.68 0.99
3 £ 7.2 0.27 380. 4 0. 44 7.74 1.16
E¥x  6.0~6.5 ¢E£EF 0.2 200 0.50 5.5 2.0
AMue] 6.0~7.0 F&3:0.06~ 100~200 0.3~0.6 5.0~6.0 1.2~2.0

0.32

% 1998, 5. 259 Eokxj3

U ®E 4290l gul BASE $F

EE Ao gu L UYL [F 7]olAM et o] tiA=E
&oigirh it oM, &3 dF EEsIUIVL wadh ZE
2 Aol &3t ont ¢t EE STl Ak e
WOk, mlavlg UFE A HA sSolddrh
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X 7.°97 24 ZTF A G FUIAHE ¥ (g/ke)

A o N P K Ca Mg
98 99 '98 '99 '98 '93 98 99 ’'98 99
5 3 223 255 2.6 39 10.4 17.2 14.4 11.0 3.0 2.8
d 4% 263 286 1.8 25 13.7 10.1 14.9 10.5 3.4 3.2
b & 21.1 22,4 1.3 3.3 8.7 13.2 12.4 13.1 2.2 3.2
o A 231 230 6.2 41 146 12.9 17.0 12.4 3.3 3.3
= 4 250 - 2.4 - 16.2 - 150 - 2.0 -
°] 4 254 252 1.7 2.4 157 153 17.5 149 2.9 2.4
¥ F 249 261 2.3 29 13.6 14.0 12,6 12,5 3.1 3.1
HEEX]* 15~30 1.1~3.0 12~20 15~20 2.0~3.5

* Peterson, Robert, 1994, Tree Fruit Nutrition. (p9), 7% =RA}
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gstalet. uhebA

T

2) AEAWZY WA
1998 ol .9 thEe) etz

Aol ek

o}

ICHE 10, 11].

b

o U Eool vst] 4ol FJH(Ac - Fe)S H|IE
‘=]’ M. 9/

F 10, AA 194

B Cu in

Mg Mn Fe Ac-Fe

e LI R

Ca
20.4 7.0 36.2 10.8

h
+

249 165 36.7 50.0 9.2 147.0

-———-—-—-—(mg/kg)-—----------
275 165 50.6 41.0 9.6 117.0

5.6

5.0 5.0 4.0

QA 198 F=] M 974 Aol A

12.9 9.5

1
A

F 11.

AL
W

T

HO

A

Zn

Cu

Fe Ac-Fe Mn

Ca Mg

K

Av - P

-----(mg/kg)---------

--{cmol /kg)-~

) (mg/kg)

X

(

6.5 0.37 785.5 0.77 5.39 2.81 60.9 49.9 45.317.5 8.1

pH

7.5 0.32 682.0 0.59 8.37 2.71 31.0 18.4 17.9 8.1 6.1
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12, 1A AllolA Al o] AEIF 1A "/M.9 Az
Aol m|x]= 93k,
‘ - z 7t aE} 3
A% f2 9 velsa 2 L 2T R L * suz
7 A o] 7% 5 . Az}
S RRNT ARE () T () (ay RS A2E dzs Azgy BB
m e T (M) (em) (AR (cm)  (om)
A A 2299 946 37.4 10.1 150 17.1 161 17.6 528.3
A2k ~
B} 2AR 2219 904 356 7.0 17.7 12,5 107 19.0 409.0
T il
B F 259 925 365 8.5 163 14.8 134 183 468.7
ANE A A 2078 992 70.3 8.0 11,9 21.9 13.2 26.4 5355
of &k
é’ﬂ F24 7.3 1045 699 7.4 156 242 168 228 6%.0
3 4 207.6 10.19 70.1 7.7 13.8 23.0 150 246 6127
5 #F 216.7 9.72 53.3 8.1 150 18,9 14.2 21.5 5407
A A 229.9 972 39.1 10.3 143 13.9 159 19.7 486.5
AR
B BAAR 2242 849 39.0 9.4 13.8 13.6 14.0 200 457 4
) _
ov o 227.1 9.11 39.1 9.8 14.1 13.8 15.0 19.9 472.0
It
B
Ag A A 190.2 846 51.2 8.1 10.7 19,2 12.1 20.6 435 4
A3z
3 o 2AR 1935 7.96 553 7.3 10.6 18.8 11.3 15.1 48,6
3 7
g o 191.9 821 53.3 7.7 107 19.0 11.7 22.9 42,0
4 7
i Ein 209.5 8.66 46.2 8.8 124 164 133 21.3 457.9
M3 R A3tgeld ‘98, 39 AA FAMI IR 14 A ¥ =
AgE g,
¥ 13 /4 Aeld A 1ol ARIF 1G4 TR /M9 AR
ARAZTHE(%)oll nXE= G (%)
H  q T+ 3 EV|FF FAAAR] FIH E7AY] F Az
(cm) ZF 71 4 o] Alz4g  AlRZol gRE}
IHolAE 103.5 112.2 115.5 122.0 115.5 118.3
o2 2 100.0  100.0 100. 00 100.0 100.0 100. 0
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ojfe] AApeE njFo| Eujoll= fEltet Atz Aol A7 wtF
B 1A sz vehvdes A ZAe dddth IdedE Esia vg=
7t 3 BEYE &HA 7Y+ S BRole AMTFEeld AEE T
Ty AGARNR-E ANt ol 2718ES F7M7led 493l Rl
¥ ez AAFEr}. aa do ' ALt YRR U eI F
Aol nxl= FEAES] H3o] iy AL A&Gsolol @ Zeg 47F

ot

7b. =AU s7te] B4

Al

7% BAol o]&H tdesl & 27/ BIEA A P 2gA
HgAtzted 71ELZ 1.5ha mRte] 13471, 1.5ha ojAte] 14 7t0l% L, A}
= ol w7t EFY IFE ZIEREFIAYU FAFo|dch. B JMHEF
< 4,430%0olola, HA ZFEHHY F A7 MY "ol A= njE&S
58% oldth. %718 % FAIA} & 1.5ha o|A wrlolA wWeky, HAP=}
o] 21zt A9 #AEL 1.5ha n]gt ErloA @kch

E 14. BEAY] Azt Z2Y 9 AT g a3

T = 1.5hanjqt 1.5haoldt Al/BF
B (Z. %) 13(48.1) 14(51.9) 27(100.0)
2l gtz ARE H3(H) 3,154 5,614 4,430
A ZEHA(F) 6,054 9,086 7,626
AA BEHEF A4 A& (%) 52 62 58
BEE A () 2.2 2.8 2.5
2BA AR 9E B-(d) 22 17 19
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Ay AXPEE HE 199940] A4 1R 717 11E, 2dAk) B}
1632 AL 27 APTAL, 19Re] =5 TN o] AgERe
ZGRHo] Loy £38 £33 vl 2B PANE A 2}

Zastgrt

B 15, ANF QA2 AFAY 204 GPAlz kel B

7 = 1d =} 2=} A/BF
E=Tb(F) 11(40.7) 16(59. 3) 27(100.0)
71 HE(H) 3,973 4,744 4,430

T+ AL 2EA APataide] BErIed 54oR ANdEEs 37
1,5705/hac] 913, 1.5ha mRt B7tollA] ANL=7} gofeh. A3 252
Ls7ke Agjsia BF7t oled 5B Fel& WA zstd 2Asigct.
tHEE M.9°] 135 7F M.93} M.26 EXjo] 145 7l0]9da A A thE =& 2
ol 20cm FEolATh 37%2] B7I7t AL SIS 1.5ha = F7h
46.2%% A2E wol sholth. FZsHH U2 557k Ashd, 7 1.3
< AL UA ARRE AN 2E3wd §F5 ulEds 37
5

.1 : 45.5 : 49 40]git}.

2 16 AFAY 294 Agastae] 39716d 54

Iz = 1.5ha m]gt 1 5ha o]A} A/ B
A= (Z/ha) 1,610 1,540 1,570
th& &7 M.9 6(46.2) 7(53.8) 13(100.0)
7 M. 9+M. 26 7(50.0) 7(50.0) 14(100.0)
Al 13(48.9) 14(51.9) 27(100.0)
QA4 D BE=E E0](cm) 18.8 20.6 18.9
Y2 5 7h Hl& (%) 46.2 28.6 37.0
AAE FAEe() 1.1 1.6 1.3
ZFUE 5 2z 2.2 8.0 5.1
B Eu] (%) Z2 45.4 45.6 45.5
Tk 52.3 46.4 49.4
A 100.0 100.0 100.0
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ARAPSLE F8 AAEsIel3, 1.5ha

ol4 s7tollA 7,958 Y /has FA}3ted 1.5ha m]gt 71ECTE 1,668% % /ha

17, ALFEE 2L YPAE Y AT (he] © H%d/ha)
7 & 1.5han|qt 1.5haolA} B & 31

2] F 6,831 5,374 6,103 JlHEx]|F 43, T+ SElEY
=2
=

T4Ad 2,795 2,584 2,689 AXal

A 9,626 7,958 8,792

o REEsA

A 19} 2ERSAIE BF 14194701 AL, 1.5ha 0|4t 7ol
A 1.5ha ulgt 7te] 56.4% +E02 uigirh Az W WelFusd & A

3 FI1A =40l #2 2gelA ZE&HeE Adstgn A (7Rl

Sl 2318 o wol Uit
¥ 18, APFRE 192 =5 T35k 7t (+$] + A]Zt/ha)
2t o 1.5ha o]gk  1.5ha o]A} A/BZE b =
7Rl 42.4 61.9 53.2
Al 0w 0.0 4.5 4.5 nj A 8 =714 13
A 106.0 24.7 51.8
w8 3l 5 ut) 35.2 13.1 22.9
71 E} 14.0 7.3 9.5
A 197.6 111.4 141.9
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3. Hapael
A4n 204 AL AL FXEE st A 24 2l
AAlglo] 203t 2A o7 AZIFEH Ly, 2dxto] AAEA] ¢t o] 2=

7t #RHeR 23Y Aol 657telgrt

E19. 204 AL 242 Hahdehd 740t B

+ & o] &3} 23 =23} HHA 23}
5 7t #(F) 2(25.0) 69(75.0) 8(100.0)
57E MA (%) 6,000 3,000 4,600

ut. A5 7|y
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220 AR 2UA dgarzrdel AF ALE (B9 Be/ha)

-+ & 1.5ha m]gt  1.5ha o4t B 8] 1L

7] ¥F A n) 7,882 11, 342 9,756 2 =7} a3l

ot A uf 5 0 1,531 1,531 24%s 7} n|x]|8

E ok 2 9, 550 10, 534 10, 042

k=] = 8,931 8,471 8, 701

= A 1,760 1,573 1,666

BERY W3 2,435 2,135 2,263 1357} njA]3
A 30, 556 35, 586 133,959
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1.Barritt, B. H. 1995. New dwarfing rootstocks compared with
standards. Good Fruit Growerd6(1):19-21, 23, 24.
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3 5. Effects of storage conditions on fracture ratio of Fuji apples
stored for 6 months.

Fracture ratio

Storage conditions Size (Fracturability/Hardness)
Large 1.224
Cold storage Medium 1.276
Small 1.235
Large 0.935
CA storage Medium 0.971
Small 0.936
700
600
500
Z
% 400
2
T 300
o]
T
200
100
0

Large Midum Small

Size

EHCold EICA

%l 2. Effects of storage conditions on hardness of Fuji apples
stored for 6 months.
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22! 4. Changes in soluble soild of Fuji apples during CA & cold

storage.

HF 6. Moisture content of apples stored for 6 months.

Storage conditions Size Moisture content(%)
Large 87.9
Cold storage Medium 86.9
Small 88.8
Large 90.6
CA storage Medium 91.4
Small 90.1
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T8} 5. Changes in titratable acidity of Fuji apples during CA &

cold storage.
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12l 6, Changes in pH of Fuji apples during CA & cold storage.
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X 4, Effects of storage conditions on sensory characteristics of Fuji

apples stored for 6 months,

Sensorty Storage i
Characteristics condition Mean Std Dev ProbiT;
Cold 4.9 2.33
Hardness CA 7.4 0.69 0. 0081
Juiciness Cold 5.1 2.23 0.0068
CA 7.6 0.97
Acidity Cold 4.5 151 0.0417
CA 6.2 1.93
Sweetness Cold 6.5 1.58 0.6864
CA 6.2 1.69
Overall Cold 5.0 0.71
0.0296
acceptability CA 6.9 0.27
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3L B435HA "k

FR A theiMs ERAY B AN F UFZEY dAe #u3t
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2 AgelaE AUE AN B8 A oAl Eho] Y Ca
ARl Hlsiol Bl A% nicka hvabad Hawg Qazﬂs} A HE

CAX R 7l ohesf

1. TR A 23583 cAxE 83 Tl

7. A=
TR AL A (o, GH, AFE, OdF)t £F¥A]7](98d 11Y 2,
98 11¥ 3l&)E g7t s TEslgiom 27H300-349g)S At A

=2 AMgstarh
4. A@axe] 2 A%z

AgzAe E 13 2ol 47 F 0CHLAYS WAL At A4S
d 1%(2711% )R A Aste AQA P FH F FA AAFL
Aested APLEL 0.5~1TE stgon BAANZYS AasE

15iThot 994 1998 AAEE 2.5%, ola

Sind
SCA 1’8‘% st =¥ tf2FEE 0T
o
23

Sh=

E
Mo

¥ 1. Storage condition of CA & Cold storage

) ) Storage Storage Gas composition
Producing area & Harvest data temp. (C) condition (Og% + CO%)
Taegu-E (October 26,1998) Cold storage air
Taegu-L (November 6,1998) 3:05
Youngcheon-E (November 9,1998) CA storage =$.2'5 ‘]
Youngcheon-L{November 23,1998) 0.5~1 -

Sangju-E (November 6, 1998) ) Pretreatment
Sangju-L (November 23, 1998) Delay Cold storage
Andong-E (November 6, 1998) CA storage 2 month
Andong-L (November 23, 1998) 3+0.5
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th. AZAzte] F437

th)

2})

7h

zh)

m})

FHEE 0 Y HIe 7 ARE AxER Fgsio A4

L I A2 HAIE 15~20 mAFY dYPoE AAsIZ,
penetrometero]] 27 11 mm probeE H23le] 422 WO = g m
Zol7tA] 4&3te] HF st
E4353 © Texture analyzer& ©]£3}e] 5 mm probe® A}l HFE
o] Aol 43EE FATHACH
Z}u] A : chromameter& ©]-€3led Hunter colorq] L, a, bE LJE}

wiglct.

2) sjetd EASA
Z

ARUE 7 ARTe AR wpeln, FEAT HEsh] e
A& 20 ¢ H3 FHRFZ 100 m7hx] HA st o] Mg
mé #3te] 0.IN-NaOHE pH 8.6 7}x] HAsle] An[E & malic
acid2 FAbste] Upehfgic.

o 7 ATe ABE WAL, HINL HEel] Qe Ag
20 me s SHTZ 100 mezkx] stk o] AL 40 m 3
3te] F2|A =2 pH meter® &A st}

NEHIHE © AY ZAEE A AR F8E ¥Erz 2E
gt ¥ Digital refractometer& A}2-3te] ZAs}alc).
UReldd : RS A 2ol met 5744 A F 22 Aliﬂ
calyx endollA core cabityZ}x] FAMP=(256X 11/2)2

UF71A 1 & #3te] GCE AMHgsto] E4istgitt.

Ethyl alcohol & Acetaldehyde : 2} 10 go £HF4 30 & 7}
g H FFI0 ot HEE FHG F ZHA 5 4LE CE By

stolet.
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vl feld @ AR 2AEE AEE 3] AE AAT HSE npH
F 91 A1E2(4000rpm, 15min)E AAgIch o]F AENE Il
Sep-pak Cj3 cartridge (Waters, U.S.A. )& BIA171 0.45 /m
membrane syring filter(Nalgene, U.S.A. )& o2}t & HPLCE A}

g3lo] BHsigit.

3) &3 54
FsAAE 2 F4Y ded 1088 AUt e, tdy, A, #
olx, da), AEbE 7|3 s oiste] 9 A U1 Hig Hrh, 5 BFoldh
9 38 £r}h)og HrEom, AL SAS programs ©]-€3F Duncan?] CTHE
AR E 3] EAstalrt
2. FIAZgol FAAS FZdH L Fho A= Y

7t. A¥8AR

98\ 1149 Zseo ti78h <ol 3 FAAIIE AF 270~300 g=
AEste] AlRE AHSSISIT]

U, AgAAe 2 4322

AAzA0T T 23t Zo] 671x]2] CAE 244(1/0.5, 1/2.5, 1/5.0,
3/0.5, 3/2.5, 3/5.0(0%/C0%))& AAsIEon, t2FEE 0T A2AZTE

dARste] APE +Pstglrh

X 2. Storage condition of CA & Cold storage

Producing area & Storage temp. Storage Gas composition

Harvest data condition ( 0% + CO% )
Cold storage  air

1.0 + 0.5 (CAl)

Taegu (October 26, 1998) . 1.0 + 2.5 (CAZ)
Andong (November 6,1998) 0.5~1C CA storage 1.0 + 5.0 (CA3)
’ 3.0 + 0.5 (Cad)

3.0 + 2.5 (CA5)

3.0 + 5.0 (CAB)
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) $HRA  FHY HIE 7 ARE JAEE B AHA F
Foll i 4SS WESE VERdTL

BE ¢ 7 AATFY ANEE V1Y st A= Fel ¥, I¥H
Y FA]H ] 29| E 15~20m2]F 2] HP LT A AL, penetro-
metere]] 217 1lmm probed {28l 42| W3O T 8mn Zo|7}A|

sty FFsIgiTh

2) sjoty BA54

7H)

1)

t})

eh)

AT 7 A7 ARE wrsln, FFANE Eo gL
Bg 0m¢ 3| FHTE 100me7t=] B Astgict. o] FHHAE 20me
2]3}o] 0.1N-NaOHE pH 8.67Fx] FAslo] AH|H oFE malic acid®
Batste] vpehdigict

b 7 ARRe AEE WNSD, HE/E HESe 4L 9
20me3| Sl FF2 100me7tA] EAsigdrt. o] Ao 40m¢ St
2] M2 pH neterE FA 3} T]

HEHAHE : AR ZAUE AT AR F8S 237
% Digital refractometerZ A}-8-3lo] &3 stolct
URodd - AEE AF 270 wel 5783 HIT F 247 A82
calyx endo|A core cabityZ}A] FAPP=(256X 11/2)L

5 71A 1ntE 33t GCE AMESto] £33t

i
N
i\
o

n}) Ethyl alcohol & Acetaldehyde : ZF& 10 gof £F<4 30 mE 7}3t

vh) ReElg 7‘176‘ ZAEE ANEE

289 548 GCE EA3}dr].
sto] ZulE A AR ?—Pgr‘% ohaf gt
23t
S.A. )& EZIAFIZ 0.45um membrane
syring filter(Nalgene, U.S.A.)E oJ2}3} Z1-& HPLCE A5l £4

stalct.

A 7 10007t HES FRE ¥
2

F—-
iy
L
n.
oy
off
O
ﬂllo

¥ A2 (4000rpn, 15min)E AR
U.

Sep-pak Cig cartridge(Waters,
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A AAEE AV A3k 231 AAS AR A3 HES 0.2
0.2Xlcm A7E M A3t 2.5% glutaraldehyde®} 1% 0s040] o] &L
Asto] ethanol?} propyleneoxide® THAIA S E 3t ThS Epon
8124=x]of Eu]ste] A]FEE LKB Ultramicrotome(Model : LKB 2088,
Sweden)2. & RWAME WrE r}2 uranyl acetate?} lead citrate
= ozaustd, Ta¥ AxEn7
= BB

(TEM, Hitachi H-600, Japan)}2

A3 2 2%
1. Fxaze] 2843 Al A L&

7. &y 454

= zAue) $Eo] N Faw ol
SAHAY 29 TFHol WE RA1B B8 So| Uo] Hof Urhte
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2 4 6
Storage period{months)

——Cold-E —&— Cold-L —3-CA-E
—A—- CA-L —» Delay CA-E =—&~Delay CA-L

1. Weight

loss of Fuji apples during CA storage & cold

storage. (Taegu)

100

99

98

97

96

Weight loss(%)

95

94

L . L

0 2 4 6
Storage period{months)

——Cold—-E —a— Cold-L —=-—-CA-E
—te— CA-L —>é¢=~Delay CA-E =-d—Delay CA-L

2. VWeight loss of Fuji apples during CA storage& cold

storage. (Youngcheon)
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Weight loss(%)

9 4 L " L
0 2 4 6

Storage period{months)

——Cold-E —a&—Cold-L —=-=CA-E
—A—CA-L —>~Delay CA-E =—X—Delay CA-L

%] 3. Weight loss of Fuji apples during CA storage & cold
storage. (Sangju)

100

97

Weight loss(%

96

95 ¢

94

0 2 4 6
Storage period(months)

——C oid-E —tr—Cold-L —=teC A-E
—te— C A-L —>¢—Delay CA-E —d=Delay CA-L

2 4. Weight loss of Fuji apples during CA storage & cold
storage. (Andong)

2) A=RAS

CAZ| RS AAISH] A AAIZY] Z=& 5.8~6.0 kg UEhZed
BEFAER Uehd % Fo] ¥ 238 5 ~8 o Zrh. EE A
oA A% 2717l R71F =S 9wol S RAIstA e thAtzE

g g, AF, IFAGY A AAAFoME A Y FF

- 298 -
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©
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70

0 2 4 6
Storage period{months)
—i— Cold-E —a— Cold-L - CA-E
—Ae— CA-L -3 Delay CA-E ~d=Delay CA-L
%) 5. Changes in flesh firmness of Fuji apples during CA & cold

storage. (Taegu)

)

-
o
o

90

80

Flesh Firmness retention(%

70

0 2 4 6
Storage period(months)

—i—Cold-E —a—Cold—-L —=—-CA-E
—A—CA-L —>¢-Delay CA-E -3—Delay CA-L

1%l 6. Changes in flesh firmness of Fuji apples during CA & cold
storage. ( Youngcheon)
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%! 7. Changes in flesh firmness of Fuji apples during CA & cold
storage. {Sangju)
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e
w
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Ll
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0 2 4 6
Storage period(months)

—m—Cold-E —ae— Cold-L —=—CA-E
—A—CA-L —~>¢—~Delay CA-E -=Delay CA-L

%) 8. Changes in flesh firmness of Fuji apples durin CA & cold

storage. (Andong)
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A% 670 Fo Agatze] F=9
103} Zo] uvetgton CAX AT} A2

AYL A Bolk vl zjale] Ber

o
i
)
fto
2 _1[)1,
oy o
[
i
X
e
¥
riled
[d=]
!

O
o)
44
2
=

Hd ¥EHE Y A= A
EA o] CAx Aol sl gA UEhgch ole AAFAHIF AR7IHEe
FoHeTe] gol A8l AAA Uehvhe d4de 4 4 Ytk X

To A2 F2] Fracture ratio:= E 3ol Ll ule} Zho] CAX R
FE 10151 AWS Holt W ALALTeIAL Lo]e] 2XE ehi
o] Fracture ratioZ} 10]3}Ql CAX A2 Alzlr} R e &

U9ee ¥ 4 gk

b

3 3. Effects of storage conditions on fracture ratio of Fuji apples
stored for months,

Storage condition Producing arga Frac?gtg ratio

& harvest time (Fracturability/Hardness)

Taegu-E 1.17

Taegu-L 1.14

Youngcheon-E 1.04

Youngcheon-L 1.12

Cold storage Sang;u-E 1.08

Sangju-L 1.06

Andong-E 1.11

Andong-L 1.07

Taegu-E 0.93

Taegu-L 1.06

Youngcheon-E 0.89

Youngcheon-L 0.87

CA stoage Sangju-E 0.86

Sangju-L 0.67

Andong-E 0.85

Andong-L 0.85

Taegu-E 0.89

Taegu-L 0.91

Youngcheon-E 0.85

Youngcheon-L 0.72

Delay-CA storage Sang ju-E 0.88

Sangju-L 0.83

Andong-E 0.85

Andong-L 0.93
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///////////////////////////%

(6%)ssaupiey

Youngcheon

Taegu

Producing area

g CA-E
NDelay CA-E BDelay CA-L

mCold-L

B Cold-E
CA-L

//////////////A

(B%)ssaupieH

Andong

Producing area

B CA-E
E Delay CA-L

L

mCold-
N Delay CA

-E
-L

B Cold
B CA

23 9, Effects of storage conditions on hardness of Fuji apples

stored for 6 months.
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1.4

By)Anligeinioel

Youngcheon

Taegu

BCAtE
S Delay CA £ #@Delay CAL

Producing area

@ Cold—-L

8 CA-L

B Cold-E

Producing area

%) AnjiqeInioe.d

EICA-E
BDelay CA-L

~-E

Delay CA

MmCold—-L

BCold-E
BCA-L

28 10. Effects of storage conditions on fracturability of Fuji

apples stored for 6 months.
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4) A%

X 4. Skin color(green part) of Fuji apples during CA storage & cold

storage
5t Producing Skin color {red part)
orage
... a & 0 2 4 6
condition

harvest time

L a b L a b L a b L a b

Taegu-E 49.4 27.4 18.0 46.1 26.9 19.8 45.9 26.5 20.7 45.0 27.1 21.5

Taegu-L 51.4 25.8 20.1 50.8 25.9 21.3 50.5 25.4 23.0 50.7 24.5 23.2
Youngcheon-E  47.0 25.3 17.7 47.0 25.1 18.7 47.5 24.1 20.8 47.5 24.5 20.0

Cold  Youngcheon-L 52.118.1 18.4 52.3 16.9 19.4 52,3 15.5 21.3 52.2 15.4 21.6
storage  Sangju-E 49.2 25.9 18.2 49.5 25.7 19.2 48.4 26.1 21.2 49.2 25.3 20.9
Sangju-L 47.1 23.5 14.3 47.3 23.6 15.4 47.2 23.5 16.7 47.6 23.3 17.2

Andong-E 42,7 25.1 15.5 42.5 24.2 15.8 41.0 25.0 18.6 42.2 23.8 18.5

Andong-L 7.2 25.1 17.3 47.2 24.3 17.9 47.0 24.5 20.7 46.9 24.6 20.7

Taegu-E 46.9 26.1 17.6 46.7 25.3 17.4 46.6 24.8 18.7 46.8 23.9 19.6

Taegu-L 50.5 24.6 19.7 50,3 23.7 20.4 50.3 22.9 21.9 49.9 22.5 22.6
Youngcheon-E 45,3 25.1 17.7 45.1 24.6 18.0 45.6 24.3 19.2 44.9 24.3 20.4
Youngcheon-L  50.5 16.9 20.2 50.3 16.3 20.6 50.3 15.5 22.2 50.1 15.2 22.7

O stoage o eiu-E 48.3 26.6 18.0 47.8 28.5 18.7 48.3 28.1 19.6 46.9 28.8 20.8
Sangju-L 49.6 20.8 19.0 49.7 20.5 20.1 50.1 20,3 21.1 49.1 21.2 22.6

Andong-E 47.923.9 16.4 47.4 23.8 17.3 47.8 22.9 17.8 46.1 23.6 18.4

indong-L 431 26.1 17.1 43.5 25.8 16.9 43.3 26.4 18.5 42.3 26.3 19.2

Taegu-E 48.4 26.4 19.6 47.4 26.3 21.8 47.8 25.6 21.7 46.5 25.6 22.8

Taegu-L 44.9 33,3 16.8 4.1 30.8 17.9 44.3 30.6 18.1 44.5 29.8 18.7
Youngcheon-E 46,3 25.4 17.8 45.5 24.8 18.8 45.0 24.6 19.7 45.1 24.3 20.3

Dolay-cy founecheonl 48.321.519.8 48.2 21,9 21.9 48.2 21.5 22.4 47.8 21.3 23.4
storage Sangju-E  48.2 29.4 18.0 47.5 29.7 19.0 47.9 28.6 20.2 47.2 29.2 20.1
Sangju-L 47.925.0 18.0 47.9 24.9 18.9 48.2 24.3 19.1 47.4 24.4 20.5

Andong-E 47.3 25.4 18.0 47.1 24.6 19.3 47.1 24.1 20.0 46,9 23.6 21.2

Andong-L 45.3 27.6 17.9 45.2 27.5 18.2 44.6 26.8 18.5 44.3 26.8 20.1
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X 5, Skin color(red part) of Fuji apples during CA storage & cold storage

Skin color {red part)

Producing
cizzzifin EZiiesihtime ° & ! :
L a b L a b L a b L a b

TaeguE 19.427.418.0 46.1 26.9 19.8 45.9 26.5 20.7 45.0 27.1 21.5
Taegu-L 51.4 25.8 20.1 50.8 25.9 21.3 50.5 25.3 23.0 50.7 24.5 23.2
Youngcheon-E  47.0 25.3 17.7 47.0 25.1 18.7 47.5 24.1 20.8 47.5 24.5 20.0
Cold  Youngcheon-L 521 18.1 18.4 52.3 16.9 19,4 52.3 15.5 21.3 52.2 15.4 21.6
StOrage gungiuE 492 25.9 18.2 49.5 25.7 19,2 48.4 26,1 21.2 49.2 25.3 20.9
Sangju-l 7.1 23.514.3 47.3 23.6 15.4 47.2 23.5 16.7 47.6 23.3 17.2
indongE 42,7251 15.5 42.5 24.2 15.8 41.0 25.0 18.6 42.2 23.8 18.5
Andong-L 47.225.1 17.3 47.2 24.3 17.9 47.0 24.5 20.7 46.9 24.6 20.7
______ Taegu-E 46.9 26.1 17.6 46.7 25.3 17.4 46.6 24.8 18.7 46.8 23.9 19.6
Taegu-L 50.5 24.6 19.7 50.3 23.7 20.4 50.3 22.9 21.9 49.9 22.5 22.6
YoungcheonE  45.3 25.1 17.7 45.1 24.6 18.0 45.6 24.3 19.2 44.9 24.3 20.4
YoungcheonL.  50.5 16.9 20.2 50.3 16.3 20.6 50.3 15,5 22.2 50.1 15.2 22.7
O stoage g 48.3 26.6 18.0 47.8 28.5 18.7 48.3 28.1 19.6 46.9 28.8 20.8
Sangju-L  49.620.8 19.0 49.7 20,5 20.1 50.1 20.3 211 49.1 21.2 22.6
Andong-E 17.923.9 16.4 47.4 23.8 17.3 47.8 22.9 17.8 46.1 23.6 18.4
indong-L  43.126.1 17.1 43.5 25.8 16.9 43.3 26.4 18.5 42.3 26.3 19.2
Taegu-E 18.4 26.4 19.6 47.4 26.3 21.8 47.8 25.6 21.7 46.5 25.6 22.8
Taegu-L 14.933.316.8 4.1 30.8 17.9 44.3 30.6 18.1 44.5 29.8 18.7
Youngcheon-E  46.3 25.4 17.8 45.5 24.8 18.8 45.0 24.6 19.7 45.1 24.3 20.3
Dlay.cy ToumEeheonl  48.371.519.8 48.2 21,9 21.9 18.2 21,5 22.4 47.8 21.3 23.4.
storage Sangiu-E  48.2 29.4 18.0 47.5 29.7 19,0 47.9 28.6 20.2 47.2 29.2 20.1
Sangju-L  47.925.0 18.0 47.9 24.9 18.9 48.2 24.3 19.1 47.4 24.4 20.5
indongE 473254 18.0 47.1 24.6 19.3 47.1 24.1 20.0 46.9 23.6 21.2
AndongL  45.327.617.945.2 27.518.2 4.7 26.8 18.5 44.3 26.8 20.1
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1) pHe] W3}
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7221 11. Changes in pH of Fuji apples during CA storage &cold
storage. (Taegu)
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2! 12. Changes in pH of Fuji apples during CA storage & cold

storage. (Youngcheon)
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%! 13. Changes in pH of Fuji apples during CA storage & cold
storage(Sangju)
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2% 14. Changes in pH of Fuji apples during CA storage & cold
storage. (Andong)
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2% 15.Changes in titratable acidity of Fuji apples during CA &
coldstorage(Taegu)
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a8l 186, Changes in titratable acidity of Fuji apples during CA
storage & cold storage(Youngcheon)
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8l 17, Changes in titratable acidity of Fuji apples during CA
storage & cold storage(Sangju)

100

80 |

Titratable acidity retention{%)
[e)]
o

20 : - -
0 2 4 6
Storage period{months)
—— Cold-E —&—Cold-L —=—CA-E
—fe— CA-L —>¢=Delay CA-E —¢—Delay CA-L

7%l 18. Changes in titratable acidity of Fuji apples during CA
storage & cold storage(Andong)
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2%l 19. Changes in soluble solid acidity of Fuji apples during CA
storage & cold storage(Taegu)
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281 20. Changes in soluble solid acidity of Fuji apples during

CA storage & cold storage(Youngcheon)
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3! 21. Changes in soluble solid acidity of Fuji apples during CA
storage & cold storage. (Sangju)
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12} 22, Changes in soluble solid acidity of Fuji apples during CA
storage & cold storage. (Andong)
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ojx]&= ¥ A= ACC synthase®} ACC oxidase?l HOZE ddA glom
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ACC synthase:= IAA (indol-3-acetic acid)?] 2 AEHA "l 450
23] H-=E3  AVG(amino-ethoxyvinylglycin)IE:= AOA (aminoxyacetic
acid)59] Zhgo &3] ATtz gl IW ACC oxidaser= ACCOIA
cthylene® . HTTAS Znjst TATA AU FEolh £450l 9
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28! 23. Changes in internal ethylene of Fuji apples during CA

i
storage & cold storage. (Taegu)
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1% 24, Changes in internal ethylene of Fuji apples during CA
storage & cold storage. (Youngcheon)
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28] 25, Changes in internal ethylene of Fuji apples during CA

storage & cold storage. (Sangju)
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18] 26. Changes in internal ethylene of Fuji applesduring CA
storage & cold storage. (Andong)
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%! 27. Changes in ethyl alcohol contents of Fuji apples stored

for 4 months.
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A 6. Changes in free sugar of Fuji apples during CA storage & cold

storage(Taegu)
Storage harvest Stor:?lgz Free sugar (%)
condition time (per1o Sucrose Glucose Fructose Sorbitol Total
(months) :

Early 0 1.84 1.70 4.9 - 8.44

2 2.58 1.73 5.27 0.44 10.02

4 2.06 2.03 6.39 0.32 10.48

Cold 6 1.98 2.00 7.13 Co- 11.11
storage Late 0 1.86 1.6 4,64 - 8.1
2 2.63 1.75 5.15 0.47 10

4 2.91 1.81 6.81 0.52 11.53

6 2.24 2.56 7.43 0.43 12.23

Early 0 1.84 1.70 4.9 - 8.44

2 2.14 2.25 5.65 0.38 10. 42

4 1.50 2.58 7.59 0.50 12.17

CA 6 1.21 2.64 6.23 0.43 10. 51
sth‘age Late 0 1. 86 1. 6 4. 64 - 8 1

2 1.71 1.84 4,80 0.37 8.72

4 2.74 4.19 6.07 0.72 13.72

6 1.82 2.66 6.28 0. 40 11.16

Early 0 1.84 1.70 4.9 - 8.44

2 2.84 1.87 5.54 0.52 10.77

4 2.33 2.69 8.44 0.77 14.23

Delay-CA 6 2.55 2.79 6. 88 0.82 13.04
Storvage Late 0 1. 86 1.6 4. 64 - 8. 1

2 3.25 2.01 5.47 0.72 11.45

4 2.09 2.34 7.60 0.64 12.67

6 1.50 2.49 6.35 0.55 10.89
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3 7. Changes in free sugar of Fuji apples during CA storage & cold

storage( Youngcheon).
Storage harvest Stor"age Free sugar (%)
] period
condition time (months) Sucrose Glucose Fructose Sorbitol Total
Early 0 1.22 1.40 4.52 - 7.14
2 1.37 1.69 4,73 0.28 8.07
4 2.00 2.65 6.70 0.31 11.66
Cold 6 1.43 2.32 7.38 - 11.13
storage Late 0 1.02 1.88 4.81 - 7.71
2 2.13 1.88 5.11 0.31 9.43
4 1.11 3.18 7.48 0.04 11.81
6 1.43 2.75 7.81 - 11.99
Early 0 1.22 1.40 4.52 - 7.14
2 1.39 1.95 5.05 0.35 8.74
4 0.70 2.23 6.62 0.30 9.85
CA 6 0.90 2.46 5.76 0.26 9.38
storage  Late 0 1.02 1.88 4.81 - 7.71
2 0.69 2.33 4,83 0.27 8.12
4 0.65 2.47 7.30 0.28 10.7
6 0.27 2.24 4.76 - 7.27
Early 0 1.22 1.40 4.52 - 7.14
2 2.19 1.90 4.92 0.38 9.39
4 1.28 2.57 8.60 0.44 12.89
Delay-CA 6 0.61 2.57 5.89 0.32 9.39
storage Late 0 1.02 1.88 4.81 - 7.7
2 1.33 2.70 5.88 0.34 10.25
4 0.32 2.76 7.52 0.37 10.97
6 0.18 2.79 5.08 - 8.05
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i 8. Changes in free sugar of Fuji apples during CA storage & cold
storage(Sangju)

Storage Free sugar (%)

Storage harvest .
period

condition time .
(months) Sucrose Glucose Fructose Sorbitol Total

Early 0 1.77 1.38 4.62 - 7.77

2 1.98 1.84¢ 510 031  9.23

4 2.00 2.68  7.04 0.45 11.73

Cold 6 1.72  2.53  7.52 - 11.77
storage Late 0 1.8 1.28 4.35 - 7.63
2 2.50 1.87  5.35 0.36  10.08

4 1.67 2.14  6.47 0.04 10.32

6 0.99 2.11  7.03 - 10.13

Early 0 1.77  1.38  4.62 - 7.77

2 2.30 1.63  5.59 0.34  9.86

4 1.32  2.65  8.67 0.39  13.03

CA 6 0.79  2.37  5.87 - 9.03
storage Late 0 1.8 1.28 4,35 - 7.63
2 0.27 2.06  4.54 0.19  7.06

4 1.31  2.39  8.33 0.28 12.31

6 0.84 2.34  5.52 - 8.8

Early 0 1.77 1.38 4,62 - 7.77

2 1.74 2.01  5.26 0.32 9.33

4 1.45 227  7.60 0.41 11.73

Delay-CA 6 1.40 253  6.02 0.51  10.46
storage Late 0 1.8 1.28 4.35 - 7.63
2 1.20  1.70  4.67 0.25  7.82

4 1.13 2.65  8.65 0.31 12.74

6 1.18  2.70  6.26 0.53  10.67
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X 9. Changes in free sugar of Fuji apples during CA storage & cold

storage(Andong)
Storage harvest Stzrégz Free sugar (%)

condition time (ui:tlki)s) Sucrose Glucose Fructose Sorbitol Total
Early 0 0.95 1.70 4.4 - 7.05

2 1.14 2.19 5.15 0. 47 8.95
4 0.85 3.22 6.81 0.04 10.90
Cold 6 0.74 2.84 7.34 - 10.92
storage Late 0 1.18 1.85 4.75 - 7.78
2 1.42 2.01 4,93 0.31 8.67
4 1.85 2.51 5.91 0.37 10. 64
6 1.62 2.32 6.38 - 10. 32

Early 0 0.95 1.70 4.4 - 7.05

2 0.52 2.26 4.89 0.23 7.9
4 0.87 2.31 7.03 0.33 10.54
CA 6 0.60 3.13 6.30 0.30 10.33
storage Late 0 1.18 1.85 4.75 - 7.78
2 1.45 2.10 5.01 0.32 8.8
4 0.90 2.67 7.91 0.35 11.83

6 0.62 2.38 5.71 0.30 9.01

Early 0 0.95 1.70 4.4 - 7.05

2 0.80 2.22 5.19 0.23 8.44

4 1.80 2.56 7.99 0.55 12.9

Delay-Ca 6 0.80 259 615 0.35 989
storage  ate 0 1.18 1.85  4.75 - 7.78
2 1.48 1.83 4,35 0.27 7.93

4 1.27 2.01 6.33 0.34 9.95
6 0.91 2.76 6.53 0.39 10. 59

o

dedre 2 E3Y vided 1088 Ausld A, oEY, AE, 7
=, A, ARHE7|E o] tiste] 97 AFY(1 HIR Hr}, 5 BFolr},

=3
9
iz Zrh)og Hrgon, 432 SAS program® ©]£3t Duncand] T}EZAA
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3 10. Effects of storage conditions on sensory characteristics of Fuji
apples (Taegu)

. . 1
Sensory characteristics'’

torage Harvest Overall
condition time Hardness Juiciness Acidity Sweetness Smell accept-
ability

Cold Early 4.87%  6.50"°  4.00° 6.00" 4.87° 5.37°

storage 15t 6_37° 5.37"  4.50° 537" 5.75° 4.37°

cA Early  6.00°  6.87° 5.75° 7.25° 5.87° 6.50°
storage  [ate  6.12°  7.12°  6.12°  6.50 5.62° 6.00°

Delay-cA  Early  6.62° 7.00°  4.37"  6.25 4.87" 537"
storage  Late  6,75° 6.87°  5.87°  5.25° 4.25° 5 50°

b Each values represent the mean of the ratings by 10judges using a 9-point
scale (1 : very poor, 5 : fair, 9 : very good)
2 Values followed by the same letter are not significantly different at

P<0.05 lev+el

- 322 -



X 11. Effects of storage conditions on sensory characteristics of Fuji apples

(Youngcheon)
Sensory characteristics'’
Storage  Harvest Overall
condition time Hardness Juiciness Acidity Sweetness Smell accept-
ability
az ab bc a a a
Cold Early 5.60 5.60 4,20 6.00 4,50 5.40

storage  jate  3.10°  4.50° 2.90° 3.00° 4.00° 3.0°

CA Farly 6.60°  6.10" 4,90 4.70® 5,10° 5.20"
storage  Late  5.90°  6.00® 5.80® 530" 5.70° 5.70°

Delay-CA Early 6. 80° 6.70° 6.60% 5.70° 5.00° 5.70°
storage Late 6. 30° 6.10™ 4,80™ 4,20  4.40° 430"

Y Each values represent the mean of the ratings by 10judges using a 9-point
scale (1 : very poor, 5 : fair, 9 : very good)
%) Values followed by the same letter are not significantly different at

P<0.05 level

X 12, Effects of storage conditions on sensory characteristics of Fuji

apples. (Sangju)

. . i
Sensory characteristics'’

Storage Harvest

Overall
condition time Hardness Juiciness Acidity Sweetness Smell accept-

ability
Cold Early 6.50% 6.62° 6.50° 7.37° 6.62° 6.62°

storage  1ate  5.75°  6.37° 5.62° 6.75° 6.00° 6.00°

CA Early  5.37° 5.87° 6.37° 5.37" 6.62° 5.50°
storage Late 6.25° 6.75" 5.75° 5.12° 5.37" 4.87°

Delay-CA  Early  7.12° 7.50° 6.62° 5.87* 6.00° 6.75°
storage Late 6.87" 7.25° 5. 50% 6.12* 6.25* 5.75°

1 Each values represent the mean of the ratings by 10judges using a 9-point
scale (1 : very poor, 5 : fair, 9 : very good)
%) Values followed by the same letter are not significantly different at

P<0.05 level
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¥ 13. Effects of storage conditions on sensory characteristics of Fuji

apples. {Andong)

. . 1)
Sensory characteristics

Storage Harvest Overall
condition time Hardness Juiciness Acidity Sweetness Smell accept-
) ability
Cold Early 4.37°  6.00° 4.50° 5.25 5.62° 4.50°
storage Late 5.00° 6.00" 5.37° 6.50° 5.00° 5.87°
CA Early 6. 25 5.87° 5.62° 5.25"°  6.25" 6.25°

storage Late 5.62° 5.37° 5.50" 5.62% 5.12° 5.75°
Delay-CA Early 5.37° 6.25° 3.62° 3.37° 4,37 4.25°
storage Late 5.75° 5.62° 4.62° 4.12  5.00°  4.75"

v Fach values represent the mean of the ratings by 10judges using a 9-point

scale (1 : very poor, 5 : fair, 9 : very good)
? Values followed by the same letter are not significantly different at

P<0. 05 level

2t Apze] iz

cA AA F Alel UFZRL 9 29049k o] 47 F Za A

AAIRE AP FollA BaA 7} b AbztellA A% 270dx] WA= e

%] 29. Photograph of internal breakdown in Fuji apple
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1% 30. Changes in weight loss of Taegu apple during CA storage.
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28! 31. Changes in weight loss of Andong apple during CA storage.

e AEE 23 32~33 o UYshig 7 72nid Axst 2as)

= %S UL Stk AL A7 Alzks caxge] wjs) 2A 2a

ST, B3] WA A A3HRT(0, 1%, 0, H)lHE AT 37)
o F¥E Z¥o] dolu ZEE XY 4 gtk

AUHOE 0, BE Ixold FAANIGE AXASHE Zol 0, HE IolA

£ ol wal HAE fxlol T} A= RoT Usign AR 5

4 Z7ste ARE Urhdch E, 0a2(0, 1%, 0

. 2.5%)2} CAS(0; 3%, (0, 2.5%)2] FZojME THE ZAcN AP 7w

T Be ARAE SR8 UBhIEE 250 AEL 0, 25004 E3} 9l

2S¢ 4 gk 22T Aoy Holgk thPAIHT} HEAI sl AE

TAEC] T2 FHE Hehiglct

- 326 -



100

©
o
T

Flesh Firmness retention(%)
(o]
(@]

I L L L L

1 2 3 4 5 6
Storage period{months)

]
o]

o

—-CA1l —4&—CA2 =FCA3 —A—CA4
—8—CA5 —6—CA6 —¥—Cold

%) 32. Changes in firmness of Taegu apples during CA storage.
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% 33, Changes in firmness of Andong apples during CA storage.
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33 34. Changes in titratable acidity of Taegu apples during CA
storage.
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3 35. Changes in titratable acidity of Andong apples during CA
storage.
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% 36. Change in pH of Taegu apples during CA storage
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. Change in pH of Andong apples during CA storage.
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39. Changes in Soluble solid of Andong apple during CA storage.
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A 14, Change in free sugars of Taegu apple during CA storage(unit:%)

Storage Storage )
.. peroid sucrose glucose fructose sorbitol total sugar
conditions (months )
Cold storage 0 4.03 2.52 6.01 0 12.56
1 2.6 2.42 6.30 0.10 11.42
2 1.9 2.37 6.51 0.21 10.99
3 1.72 2.31 6.8 0.36 10.32
4 1.42 2.25 7.01 0.39 11,07
5 1.03 2.26 7.31 0.51 11.11
1%0,+0. 5%C0; 0 4.03 2.52 6.01 0 12.56
1 2.8 2.45 6.51 0.10 11.86
2 1.7 2.4 6.96 0.22 11.28
3 1.83 2.33 7.03 0.39 10.78
4 1.45 2.20 7.13 0.56 11.34
5 1.13 2.23 7.52 0.71 11.59
1%0,+2. 5%C0, 0 4.03 2.52 6.01 0 12.56
1 2.72 2.50 6.42 0.2 11.84
2 1.55 2.48 6.7 0.32 11.05
3 1.23 2.46 7.2 0.39 11.28
4 0.99 2.30 7.25 0.4 10.95
5 0.72 2.33 7.51 0.63 11,19
1905+5%C0, 0 4,03 2.52 6.01 0 12.56
1 2.81 2.43 6.3 0.06 11.6
2 1.69 2.39 6.7 0.12 10.94
3 1.08 2.30 6.83 0.39 10.6
4 0.89 2.11 7.03 0.42 10. 45
5 0.81 2.20 7.42 0.59 11.02
3%0,+0. 5%C0, 0 4.03 2.52 6.01 0 12.56
1 2.59 2.31 6.52 0.20 11.62
2 1.69 2.12 7.0 0.28 11.09
3 1.09 1.95 7.23 0.29 10. 56
4 0.98 1.96 7.82 0.35 11,11
5 0.80 1.89 8.01 0.53 11.23
3%0;+2. 5%C0; 0 4.03 2.52 6.01 0 12.56
1 2.81 2.31 6.23 0.30 11.65
2 1.52 2.23 6.51 0.42 10.68
3 1.01 2.03 6.60 0.51 10.15
4 0.94 2.11 7.31 0.68 11.04
5 0.85 2.01 7.69 0.92 11.47
3%0,+5%C0; 0 4.03 2.52 6.01 0 12.56
1 3.0 2.42 6.31 0.11 11.84
2 1.96 2.40 6.7 0.23 11.29
3 1.36 2.37 7.1 0.76 11.59
4 1.06 2.11 7.27 0.72 11,16
5 0.92 2.20 7.52 0.81 11.44
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3 15. Change in free sugars of Andong apple during CA storage. (%)

Sto'r' a.ge S;gg%g sucrose glucose fructose sorbitol total sugar
conditions (months)
" Cold storage 0 3.12 1.92 5.03 0 10.07
1 2.43 1.89 5.26 0.14 9.72
2 1.71 1.85 5.79 0.23 9.58
3 1.01 1.80 6.31 0.37 9.49
4 0.87 1.81 6.72 0.49 9.89
5 0.81 1.70 6,92 0.51 9,94
1%0,+0. 5%C0; 0 3.12 1.92 5.03 0 10,07
1 2.57 1.96 5.7 0.09 10.33
2 1.6 2.01 6.32 0.15 10.1
3 1.04 2.03 6.71 0.22 10.0
4 0.95 2.02 6.94 0.32 10.23
5 0.79 1.97 7.12 0,41 10.29
1%0,+2. 5%C0; 0 3.12 1.92 5.03 0 10.07
1 2.32 1.95 5.62 0.11 10.0
2 1.59 1.98 6.33 0.17 10.07
3 0.98 2.17 6.69 0.20 10.04
4 0.80 2.19 7.14 0.41 10,54
‘ 5 0.72 2,15 7.41 0.63 10, 64
1%0,+5%C0, 0 3.12 1.92 5.03 0 10.07
1 2.20 1.86 5.43 0.02 9.52
2 1.10 1.80 5.82 0.06 8.78
3 0.81 1.72 6.32 0.1 8.95
4 - - - - _
5 - - - - -
39%0,+0. 5%C0; 0 3.12 1.92 5.03 0 10,07
1 2.14 1.94 5.60 0.09 10.04
2 1.72 1.99 6.33 0.20 10,24
3 1.22 2.01 6.81 0.36 10. 40
4 1.07 1.90 6.98 0.43 10.38
5 0.95 1.95 7.07 0.51 10.48
3%0,+2. 5%C0, 0 3.12 1.92 5.03 0 10.07
1 2.63 1.94 5.54 0.13 10.34
2 1.71 1.96 6.03 0.21 9.91
3 1.12 1.98 6.62 0.30 10.02
4 0.97 1.95 6.85 0.37 10,14
5 0.80 1.91 7.01 0.45 10.71
3%0y+ 5%C0; 0 3.12 1.92 5.03 0 10.07
1 2.61 1.96 5.52 0.13 10,22
2 1.72 2,01 6.25 0.22 10.2
3 1.04 2.06 6.71 0.30 10.11
4 0.71 2.01 6.78 0.36 9.86
5 _ - - - -
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4) Acetaldel}ydei} ethyl alcohol?] W3}
Arzte] CAAM A 370dx)e] acetaldehyde®} ethanol§are] Wizt @l
10~418} Zo] UEhITh A AR GEAL3 AP A3 AT,
COz 5%)ollA vjF-zhdo] wAgsiglem 5] EolMs WFZHEo] ol
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Zatgem o3t TS A s/del At FAA| ALEHUCE oA
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AR F S ZHY WAL v A 28R ozl zhade] xiwf H
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=
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H
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3] Ax w3t Ee] §EHol uel TAF Alslo] 23t ZhH ERe] A
gol o7|H= ZAeg F&HHL)

7 400 viehdt A3 Zo] A& 37§44 acetaldehyde kS B ¢t
SA1et il Alzb= acetaldehyde¥t@Fe] izt xjo]7t UEIIA] ¢lobA
Atzpe] AJAFA]E acetaldehy
deqdf2 ztoj7 §l&S & + ldch

Ethanol #&F2 ¢HeAlzbe] 7 fof CAZ AAF(02 1% CO, 2.5%)oA U5
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Acetaldehyde(ppm’

T

|

TR

(e

T

CA1 CA2 CA3 CA4 CA5 CAB Cold
Storage conditions

BTaegu flAndong

T1%] 40. Changes of acetaldehyde contents in Taegu and Andong

apples during CA storage.

Ethyl alcohol(ppm

CA1 CA2 CA3 CA4 CA5 CA6 Cold
Storage conditions

BTaegu MAndong

. Changes of ethyl alcohol contents in Taeguand Andong apples

during CA storage.
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5) Abzt vj-o] ojed 3y
ethylene®] 33137} 2ol thgt W& 771 33te{ A A mathionineo]
ethylene®] A3 EFolehs Zlo] HAFYL, AdamsTo] ©tirl FHPEE
Ag S-adenosyimethion
ine?} 1-aminocyclopropan -1~ carboxylic acid(ACC)E vts viic).

EZ HH FAEL] 5ol A Ayx FUstA E A ethylened
stETo] ¥¥E nmXE FH4E ACC synthase®} ACC oxidase?d] ZoE &
#H=] ¢9len ACC synthase:= JAA (indol-3-acetic acid)?] AL, AEHA
o 2MZo] O3] REFI AVG (amino- ethoxyvinyl glycin)XEE: AOA
(aminoxyacetic acid) 52| A& &l A Hc} g}
3FH ACC oxidase: ACCOlA] ethylene® T HITCIAIE Foldl= T4AFA
deo] Aol &4 Foll 3l SAHT AL, Hakx, €0, W T12(35T
A Sof o8] AWtz W ATt E ethyleneo] ofa] thrlol 2H&sl:=

Ao oby BEsA FEHA APAT ALY Aitak FE W =

lo,
20,
[kl
o
o

47} ethylene®] ZH8-& A 3|gtrial giri).

7l 42004 ehd Az Zol A& 374H#f2] ethylene F=+& 0 557}
US4E Zasigdot. e AAAE FRE EY 0.0 €02 FYUZRZ
Al oAzt The QAL ethylene Aol o] gigith. ZEji otz
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2l 42, Effects of storage conditions on internal ethylene of

Taegu and Andong apples stored for 3 months.
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After 90 days

After 150 days

1%} 43. Photograph of internal breakdown in Andong apple(C3 : 0, 1%,
C0, 5%) after 90 days storage and 150 days storage.

After 90 days

After 150 days

13 44. Photograph of internal breakdown in Andong apple(C6 : 0 3%, CO.
5%) after 90 days storage and 150 days storage.
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B Ao B4 AE 2 oy siddte e AL Aol

sigsinz Azt 9 2 2 Feste] AEstA] VIR ¥

L8 quartz AAolm, AR 12mm, Zo] 1n®] fiber bundle®
stel Edlol ZAE b @ ZAs oele] BUARE detector

Bo7tx] fEgel o F0F Aokg Az ¥ £ A AFsiolch

. Multi-focusing ¥ o FHF =8 24

Aol HUARE 23] A8 BUL Azt AEH Zuo] 371
gaA ZL12V, 20W)& Fol Aol o] wWRE A RolA 8Bem

HolaA stglom, Fdol AF A= $HY £F8 YUK cableg

dalstArct (28 1-A).
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57= NIRSD) channel 8 & 17HL 7}/\]3'}/}_ channel & *}%QE}. Red, Green
% Blue sensorg FAlol 7H FRAFAE sensor (IH 1-C)e 6WH
channelo Q1ZAE=dl, Z} channeld &% ¢i1e|E2 F 1o Uehiich
27] Ae 92 20em "ol 2718 7] Afele] 0.5cm WAL=
16712 HAf dolx AME dAste] 22yt 3 of, W] ON/OFF
Adstel Atzt whde] A71E SF AR Al=std o dx) 2zsgdo] 2t
A 7ve] BAAMTE FEHE] QA ol AZte] ofysirt. wek 8%
ccp2) gheletE Abzpe] GakE A ol AlE Aelste] ZU|E ulE 22kl
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95 Yol THA(AB: A3t B B W E WA)olA ASH FA
Abzke] mAel AWEY AR (Y 2208 TRIT WEe dold Hu
HE Ae FUstel HYY AT 2H AMELL o) 8Y TR £

1) NIRS : Near Infrared Spectroscopy
2) CCD : Charged Couple Device
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¥ 1. Z channel® 993 223 A QB 22 9w
Channel () = I{E; ﬁ-l Az, AR 4 ZE 5y F4
0 0
Bo] oz} TA2 AmEm
Channel 1 = ‘%;g_l ol ozl T AWMEFH
R FH  AdAgdsd dFo=A
NIR Channel 2 = W / W§—1
Channel g; ﬁ B4 2H9] AHMERY oy
- MWW S
Chamnel 3 = Ty wf ~H| & R8¢ dolHZ 4&A2 4
Chamnel 4 = <041 9 wye wuTh ol 4R
Channel 5 = RLE A% F4E FEol olgd A3
Visible Channel § = GL G _y dee  1300~1700nm7} 73
Channel ~ R/FR
r G < =X 2 dddME
Chammel T — %%_1 sty om ol A

FE factorg FESIPE, 2 F Al 1 FHE} A 2 FHEUS W=
LERASITH (13 2-B).

Fed AZEOIHA FHE S stedlejadd
57§¢] factor filterd HAZIIPLE E a3 2-cof
LRSI Factor filter®] HEE B4l A3 23 AdEZ
dolel& &z A factor filter§ F3std, 2oF Az Fo]
Z23% A 3718 AFe] sMediAle Yalolth. factor filter:
&Y FAFR cablext xysl] AXE Y3y} (27 3)
thEo® A2E factor filterE o]-&8] Atzte] zZb JEE A
|FA &ol AR K=o AFAFA Eol ded], 19984
11%e] +29 FA] AIHZ o] AL 3yt BT Wer} gt

ueba, 2 B FPoze A e FRE ASU Ud

FAzstg o A AR FEH AU HRe gt Alzte]
U 2 dEel 2402 24" 4 ok Holtl, AW 2u% 2A9
TEEAR AR Al 34 Z4EE FFste Ao 12l 8,0003]

580] Zhestdl ot Brh &2 SN HIE &7 YEidE 1718 AR
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3) PCA : Principle Component Analysis
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J7 2. Factor filter A2 @l Aakx] 2k
4) S/N : Signal/Noise
5) TTL : Transiter Transiter Logic

6) HDD : Hard Disk Drive
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