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Development of Practical Techniques for the

Adaptation of Pendant Tree System for Apple Trees
and Alternate Fan System for Pear Trees
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SUMMARY

I. Title of research

Development of practical techniques for the adaptation of pendant tree system for

apple trees and Alternate Fan system for pear trees

IT. Objectives and necessity of the research

The statistics of Korean apple production in 2001 were 15.33ton per ha for apples and
16.34ton per ha for pear(Ministry of Agriculture and Forestry, 2002). When one
compares Korean productivity with that of South Tyrol, an autonomy province in North
Easten part of Italy, which produced 52.16ton of apples per ha as it produced 939.02ton
in 18000ha in 2001, Korean apple productivity is merely 29.4% of South Tyrol(Ministry
of Agriculture and Forestry, 2002).

While the pear productivity of South Tyrol is equivalent to apple productivity, it is
also reasonable to count that Korean pear productivity is about 1/3 of the South
Tyrolean productivity.

Therefore, Korea should make an intensive effort to increase apple and pear
productivity nearly threefold high, respectively.

In addition to the increment of productivity, the fruits of Korean apple and pear
should be produced under empale direct sunlight which will in tern increase color, taste
and flavor to be competitive with fruits from a system of full exposure to the sunlight.
Hence it is thought to be necessary to study some practical techniques for the higher
productivity of apples from developing a practical pruning method(Kim, 2003).
Additionally, it was considered necessary to develop some practical techniques adaptable
for the production of 45tons of apples as early as 3rd leaf through Solaxe system in
Korean climatic conditions.

For the pears, it was required to develop some practical techniques of producing
oriental pears with a trial comparing the newly developed Alternate Fan system with

other existing pruning and training systems in one field to eliminate the environmental



differences(Kim, 2003; Lee, 2003).

M. Contents and scope of the research

1. Practical technique development for pendant apple tree system

The content of present research is, as the title of the study project of 'development of
practical techniques for the adaptation of pendant tree system for apple trees and
Alternate Fan system for pear trees’ reveals, on developing new detailed techniques of
adapting pendant tree forms for existing apple trees in an over-crowded and commercial
apple orchard.
D The pendant tree system for established apple trees was carried out in private and
commercial orchard with 17-year-old 'Fuji’/MM.106/seedling trees in Chungju Korea.
@ ’'Fuji’/MM.106/seedling trees were also used for a separate set of research on the
effect of clear alley width(Barritt, 2003) for sunlight penetration into the alleyways.
@ In addition to these, another experiment investigating the height of the lowest lateral
branches on newly planted and 2-year-old 'Fuji’/M.9 trees at a separate plot of the
orchard of the owner of 12-year-old 'Fuji’/M.26 in Masouri Shineemyun Chungju was
conducted.
@ Finally, the 4th trial for apples were set out in 2001 with one-year-old 'Fuji’/M.9
trees in Kyung Hee University orchard in Suwon, and these newly planted trees were
used in investigating the difference of tree performance according to the height of the

lowest branches ranging from 60cm to 120cm in length.

2. Practical training and pruning technique development for Alternate Fan
system for pears

Investigations into practical training and pruning technique development for Alternate
Fan system for pear trees were carried out as follows.
D Investigation into the growth and fruiting of 'Niitaka’ pear trees on seedling
rootstocks using trees all planted in 1966 for Alternate Fan system, high-trunk Y

system, low—trunk Y system, high-trunk Y plus pergola system.



@ Investigation into the tree growth and fruiting of the 'Niitaka’ pear on seedling
rootstocks planted in 1996, and trained and pruned to an open—center natural system
with hard pruning upto 2000 and adapted the Alternate Fan system from 2001 with a
new name of modified Alternate Fan system.

@ Comparison between Alternate Fan system, Y-system and open-center natural form
for 3 years with the same nursery pear trees planted in one field on 18th March in 2000
in Mr.Jae Young Myung's pear orchard of the first Alternate Fan system in Korea.

@ Comparison between Alternate Fan system and Y-system with 'Niitaka’ pear trees
planted in the field of Kyung Hee University in Suwon in mid-March 2001.

® Comparison between Alternate Fan system and modified Alternate Fan system
adapted to an one-year-old Y-system with 6mx1lm distances in an orchard in Dosanri
Dogoeub Asan, South Chungcheong province for 3 years from 2000.

® Introduction of a success case of Alternate Fan system adaptation by widening the
training angle from original 60 degree for 'Niitaka’ pear to 100 degree for "Wonhwang'
pear and reduction of branches on a tree from 10 to 3 bearing branches together with
one waiting water sprout to be replaced annually after renewal pruning of oldest and
largest fruiting branches in Mr. In-gi Jang's commercial orchard in Iwonmyun Okcheon,

North Chungcheong province.

IV. Results of the research and suggestions for the

practical use

1. Results of the research

A. Development of practical techniques for the adaptation of pendant tree
system for apple trees

Korea is one of the lowest producer countries in OECD countries in terms of
production per ha in apple and pear production as seen in the statistics of FAO which
indicates the apple production of Korea was 15.3ton per ha, a figure of 40.2% compared

to New Zealand with 38.1ton per ha, and the pear production of Korea was 16.3ton per



ha, a figure of 41.5% compared with New Zealand with 39.3ton per ha. One of the
major reasons for the low productivity both for apples and pears was thought to be due
to lack of enough clear alley widths in Korean apple and pear orchards for sunlight to
produce fruits within the clear alley width of 2m, but regretably over 90% of mature
apple orchards and over 95% of mature pear orchards are considered to be overcrowded.

Firstly, for the dramatical increase of productivity for a mature and overcrowded apple
orchard and for the improvement of apple fruit quality, a measure of opening a 2m clear
alley width by removing overlapping branches grew out on the alley ways for three
yvear periods, and another measure of tying down upright or slanting branches to
pendant angles to discourage vegetative growth but encourage flower bud formation for
the productivity increment, and this trial was carried out in 17-year-old
'Fuji’/MM.106/seedling orchard from 11th March 2000 to 19th August 2003 in Chungju,
North Chuncheong province.

Major results investigated are as follows.

The productivity of the first year of removal of fruiting branches developed into the
alley ways by as wide as 2m plus branch tying down to pendant position produced half
of the apples compared with no removal plus no branch tying down to pendant position.
However, the fruits harvested in the frist harvest time from the trees having 2m clear
alley width treatment was two fold larger than the fruits from no clear alley width and
no branch tying down in the first year of treatment. This result of producing larger
amount of first harvest apples from trees received Z2m sunlight clear alley width was
continued to 3rd year of experiment by harvesting 70.2kg of apple per tree from 2m
clear alley width plus branch tying down compared with 51.5kg of apples from no clear
alley width plus no branch tying down of branches, a 17% increment of better coloured
apples for trees with sunlight width. The production amount per tree in the first year
for the tree with 2m clear alley width compared with the production amount of no clear
alley width was 59.9%, and that of the second year was 57.7%, and that of the third
yvear was 69.4%. Therefore, it is thought to be clear that after applying once in all
opening of clear alley width of 2m in no clear alley width orchard with adult trees

would lose apple production of about 40% in the first and second year, and in the third

_10_



yvear the production will be equivalent to that of no clear-alley-width trees plus no
tying down of branches. However, the loss of fruit production of about 40% in the first
and second year from adopting opening of clear-alley-width of 2m would be
compensated by harvesting 2 times more coloured apples in the first year and 17% more
coloured apples in the third year. Putting these two contrasting values together, it seems
plausible that the real value loss of the grower by adapting the technique of opening up
a 2m sunlight penetrating clear—alley width between the raws in apple orchard, the
grower will lose or just earn as much as the non-treated control in the first and in the
2nd year of the application of pendant system of pruning, and the grower will be payed
off certainly from the 3rd year. The prosperity of an non-overcrowded apple orchard
would be greatly brighten from the 4th year onwards, if the orchard adapts 2m
alleyway establishment and pending branch training methods by leaving all the branches

intact to develop by themselves to fruit buds in all the terminal buds.

B. Development of practical techniques for the adaptation of Alteranate Fan
System for pear trees.

Most of the pear orchards in major pear producing regions like Naju, Woolsan,
Pyungtaek in Korea are equipped with pergola system in training and pruning the pear
trees. Recently a new pear orchard system called Y-trellis is popular among some pear
growers as it makes possible to produce quite higher yield in relatively early years of
orchard establishment owing to the possibility of planting 6 times more trees than
palnting with 6mx6m or 6mx4m planting distances of conventional open-center—natural
system or pergola systems.

However, both Y-trellis and pergola system, it is a problem that in these two
systems tree canopies eventually fill up all the alley way gap in the orchard alley ways,
resulting in overcrowded pear orchards. This is one of the major reasons why Korean
pear production is one of the lowest figures in the OECD countries as mentioned early.

The Alternate Fan system, devised in 1996 by Yong-Koo Kim, is a system in which
a pear tree is planted slantly in one direction at the time of planting and the following

up tree in planting row is planted slantly in the opposite direction, eventual feature of

_11_



planting method is alternate slanting planting like human footsteps made on the sandy
soil if one walk toward one direction. The planting distance is normally 6m between the
rows and 1m between the trees. Unlike Y-trellis system which is another high density
planting system of 6mx1m distances, but in Y-trellis, as it has two branches developing
to opposite direction at Y juncture, the alternate fan system has twice as large space
compared with Y-trellis as it is planted alternately.

Unlike Y-trellis system the alternate fan system has a good clear width in side of the
tree row through which the sunlight can be casted and the wind can be passed away.

Another definite advantage of alternate fan system compared with Y-trellis is that it
is prohibited to allow the shoots of pears to grow into the alley ways, because it is
absolutely clear that there should be wider than 2m alley width in Alternate Fan system
throughout the life time of a pear orchard. Hence it is natural and even normal that in
Alternate Fan system there should be two wide spaces in a row of pear trees, the first
one is alley width and the second one is the gab within the tree row.

In a trial comparing the Aternate Fan system with pergola, Y-trellis with high Y
juncture, Y-trellis with low Y juncture from 2000 to 2003, the order of harvested fruit
weight per tree was in the order of Alternate Fan system > Y-trellis > modified
Alternate Fan system > pergola system. The weight order of individual fruit was in the
order of Alternate Fan system > Y-trellis > modified Alternate Fan system > pergola
system. The order of flower cluster numbers for following year’'s production was in the
order of Alternate Fan system > modified Alternate Fan system = Y-trellis > pergola
system, and the order of having troubled many water sprouts per tree was pergola
system > Y-trellis > Alternate Fan system > modified Alternate Fan system.

Therefore, it is thought plausible that if a grower adapt the Alternate Fan system in
his or her pear orchard, it is likely the grower would harvest better quality pears with
high sugars in them and it will be also possible that the grower can economize his

labour cost and reduce the loss of fruits falling by winds.

2. Suggestions for the adaptation of the experimental results

A. Suggest efforts to be made by the ARPC officials to recommend to print out

_12_



leaflet or pamphlet to disseminate the developed techniques in this study to the growers
through the system of the Horticulture-Livestock Department in Rural Development
Administration. In this case the researchers of present study would eagerly cooperate for
the preparation of the technical report for printing.

B. The chief investigator of present research project would willingly cooperate and
take part in the nationwide lecture and practical pruning exercises for the professional
apple tree pruners and also for the professional pear tree pruners as early as in
December 2003, if jointly or separately recommended by the Ministry of Agriculture,
Office of Rural Development or by the ARPC.

C. Suggest to provide an opportunity to participate textbook writing for the leader
training course for new year’'s farm management planning education courses in Rural
Development Administration in relation to findings in present studies on pendant apple

training systems and alternate fan system of pear trees.

_13_
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30.16M/Tell =gstes st Zlo HxE Fi 7]E ¥3
WEEse FYs IR T4 FAEA ARA7F FHolgtE sty stERA R
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A 28 AFALE WE B 9

1. AU F 53 AA Uy 483 7|eqEe A7 Ed HY= ot 2.
@ 714 dwt Alg¥ oz 20000 173 Fuji’/MMI106/A A9l vz 22 A
45mx45mz AYE UFEA dHozol d7te] VX7t & 5934 tunneld TS I1E

= dAsta d= v of 10075 Al &8sttt dite] 2me ¥7hE wHEA] €=

TE ETE st {FoR st 39t 2me] Wl FHE vt=E A, 2393 2me] Wl F
e wrEE A, 1del 2me] W FHE = AR sto] A, AAY, A EA
& HaEA sk

@ 7173 Fuji’/M.26 12848 ¥ W7o FA7F UF g ste] ditel 2me] 8 S0t
Fikol ZAHA Kok AU giste] 2me] FiHE e A F3ke] AR gd Gy
o] AT A vA = TS TASAT

@2 Ao ste=d A A3t sAEAAdM = 274 = Fuji’/M.9
AL HEE 199996 A A st 1Azt 71E We] A E AW 30em, 60cm, 90cm7t
At FA e} Aol mA= A THA o AWY EolE sheEHP e 24 wEste] A
AT

@ Fuji’/M.9S AL HEE 20010l A2 skl A4 60cmeol A7FAI7F Fol= 6414
A AEg A7EA7F O0cmell Folis 442 sF o] 537k Aol 449}
Ao WA= dFs A

® ‘Fuji’/M.99] At E el oA Fuji! FF9 HAFE MIATUES A4 10cm,
30cm, 60cm, 80cm, 100cm, 120cmZ 22 AH3I HES wEY 20009 Eo| Z+Zt 354
A2 skl MOtEFEe] Zol7t Ao Ao mA = F3FS ASHA T

® ‘Fuji’/M.9¢ AH7}A 9] =%%=0]Z 60cm, 70cm, 80cm, 90cm, 100cm, 110cm, 120cm=

stol AWA A7k Eolsk £AGYH AU v JFE 2ASA

= g

2. iU dZY FAE A&grle/E WE&H de oo 2o
w AdTs el AR E L = v A e A&y SAHS AAHeR Y

stat Ajwo] aot®l QAR EAEe] AxE A, FAES Fejol vjste] mgk- Yol
2 5Ae FE, olek WAl s Z7te] £ye
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A2, AR, AdAdGe] vmA el A

o
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=4
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HMH2d =4 7lsd d&

ofor

A1 A AYR ey AN 483 Jeid

Surehe] wEAg dukaAbFut el A Hel ek A 671EA duhe gk FA
o7k g welvl (A9, 1958).

Sevete] AbdbRe] Y s X 19680l o kA He] = 30
WAL had 106M/T, =% 26342 had 108M/T¢] tt3S e +38 17-303 4 <
ARl 11704 Fol A had 50M/ToldS AJabshs Abzbfle]l 67147t =of 545%7F €S
Bagh vp lth(H & 1968).

skl 19959 el 1494 ‘Fuji’/M.26/2 4 9] Ui-= ha®d 41.3M/TS AAbste] olxnt) 274
AA A AR E =d/ AR o] AAERF wlste] 38%0] B3-S HoFa gith(A
£, 1996).

3k 19996l FFol A 9d A Fuji’ /M.26/2 A W3d Aol diste] FEs ZA
3 A¥E A9 EW had 5TM/TS Aitste] 19689l WAL had 108M/T9] 52%
o olFS & F ATHHET, 1999).

'Fuji’/M.26/ A e] AL UF-E o] &3te] Tid A 7kA] 9

l,—;
FAe) Ave Avas A4 A4 21 T Aw

Ag 4AE

‘FUJ'i'/M.2694 3dA Yo diste] 55 st 7FA 9 flower bud weight7} w4 gt
7}A1 9] flower bud weight®tF ¥ 1, EXZ4ES 12022 3+ Ao] flower bud® weight”}
7HE FAL AE Bas vk Ao, 199), = tE AFA = Fuji’/M.26 6148l

Zteo} e E AN Ao A s 12022 F21% 7FA7F 30, 60, 90, 150%= =

7R Hep 2 rE weko} o] A1ed(1995)e] ATteb= @yl shole]l A= 90
A7F 12052 1 7HA BT FAYL 1802 1% 7HA = Hul= A7)
gk 7AW Rl hA Eh wsk ek 3], 1999).
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3@A Fuji’/M.9 AR

e EX4ER mgtoy EEe AFE 13552 #§8 7oA =R FA% 7FA R
o 953 B FAAEIF 180EE FAH A= 1A Az dojA HAFRe] o
0 BAZ4E7 FE HAERY Zo(EHE 3], 2003).

Fuji’/A A dut wEA Abzbus e 2001d el 2553 el 17d A o ¢l 1993\ el 9
W7 FAAGA Az AdGHAS A FobA] Az ATl EEol AAA A
of Mz A7t o2 A AbFF(A 1-1, 2, 3, 4, 5%F)E ol&ste] AA
A7) R 3em @Ol H9le] Aol 81~10mm, 10.1~12mm, 12.1~14mm, 14.1~
16mm, 16.1~18mm¢l 7FA e tiate] Adg 2k 7px ] F7ERE 300golde] #HAS At
g gloww g ol AlRE HEAA AAATE Aol dRAEAE T 03_?011*1
37H 470, 570, 670, 8/ T Gl R 301goll A 317g7hA o] ML #Es AT & 9l

S Franceol Al 43 714 #71d A4 Zu4 44 71529 MAFCOTE ol%f& AT
ol e Hx2 8% vk JATHFZEE, 2002).

394 ‘Hongro'/'Fuji’ M.26/A A o] U5 o]&ste] FAAGA 4AxE a2 Bdd
T, 7RSS SHEAIIGUT, FAAGA Ao 24 SemW E4AE
2zl 128 EA4AE UFE Agste] & 27 X%El WL hxo A = A F3E %
Aol Aol d5AIZ 7FAI7F 15 4cmAFehd] H]ske] Wl 7FA| &= 28.3cm, SemE E O A
7FA1= 304em, WS 9] A2 7FA= B8emZt Astewn AwlE sta Fe Ada] At

5 294 THAelA Eold AT ES] F Aol g A A E T5em%A

=] R &
oy FAAHL 19cm, 5emyt A2 7FAE 555cm, WHS 5o AE 7FA+= 135.1cmol €A

mlru u1

[

EI e F2 A Yd U e 203 7cmE 7HE Sokout wele ur

2195cm, BHS A2 UE-E 220cmEA] BYF &5 UE-RT oA o

7o) £Eo] AAx Feo A% fI5A AR
e F AFAE 1009% ool FAHAOT FAR A 429, 5emE FoIAHE
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& whgk A A S Hongro' %59 7H4 ol A 7ld FA7F 500gel™ A #
W kg 10,4004¢1dl #7717 66%34aste] M 330ge] HW 2 colours
< kg 80009 0] Hof 78%7F ¥ #2 330ge] TwolA AZo] vmy 7}
< kg 200090 Ho| 25%=E WoA= AXRE HoA TR TpAC] FHI|o 93t
22%3r st Z Ao o]she] 80%3 Ak AdE Barskivh(e] s, 2003).

<ARZD 1-1> 2002. 10. 27
SR BRI SR

A2 ®Jl Franced Solaxe

FA 2EY @Y HuGHOLed) Fke ded 44 10
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AR 1-2> AR 1-19) Ao gl v

=
-]
e Edsy Slojd Aol 2 Ha iAol WdrEs AT xweol d4E UFE &
&

H KX E France? Dr. P. E. Lauri(2&)(%

<A 13> AP 1-29] Wl ofgjZe] Aldle] mREY AdomA 7t HAe]

oAl g koA (bouse shoot)oll = ©] ARl A 9} o] d ol Alxrh Hd

@ 2ol FATol Arh(AET AR, 2002).
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G 14> AR 141 2, 3% 28 a5 EA gdute] URelAd e AuE dob e
BgowA A 1-1, 2 350 1A ALE & AaE BE(EET A%, 2000

<R 15> A 149 Ao =A UEel 4R Abold] siE YR Qo] 2 ulA
A e gl 2 AR ET UE, 2000)

o) AFhiel @ el dE A FlA 20033 AAe] wEE 2e B -

HS 7hetksl Haol ##& olntk: France Lanxade X <ol 9l CIREA Franchemont A
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A Fuji' FF F3He Folo gk AdxAe] A Flom gk 1998 el
4mx1.5m= A4 gk 'Fuji’/pagam 1 YF(had 1,6675 A 2))ol A Solaxe(st
AlZtslke] @Al = Centrifugal training(PAE)o2 AAsta = o] Y9 4dakel 2001
o] 8k Fal 3mTolAl had 72M/Toll E==ablal 50%0] 4] 2o
H Fdo] wjgo] 88%Aon HAIA 72mmeolde] 159 #719 AL 2%

i
off

%

el

B 4kgFo] ha' 55M/Tolt. vY-o 115 2mz ¥ Y+ ha
25m¢l W ha@ 51IM/TS AAFetslal had 169 e Aihae i 2mo
AIM/T, 25me] W= 38M/Tdl Bt 497t 159 AL 74 32 1
2me] U= T9M/T, 4731 25me] W= 76M/Tol Rl ovt il 3me] Y= 99M/Tol oA
Fuji’/M.9%] i AFF-97HA] 3m7F Heolof allas BT ot

o] France®] Lanxade A9 ¢] Franchemont A& X729 AlupFo] EHS AAE 213}
Q1 19999 ¥ A A% 3RSl 20009 9] EF oA F 5 2€1 2003 2¢ 10l ©
Al WEEEe] AF i 33 o] EEFolA 20000 9¢ 29l 39 o] AR RF(AXIL-6
I 1-73 2003 2€ 109 #HEwe] 593 A Uy EA AAES Fi 3me] vl A
had 93M/TS st 50%0]7%d 29 15w Fadol 9% AT o BF5S AR
1-8% AR 904 K= wpel o)

rie

ofl
&
L & =

Yoar R~
~

o

1>

i

<A 1-6> 2000.9.299] France Lanxade #| 9ol %1+ Franchemont #4839 3y A
‘Fuji’/M.99] st=8 3 AAM (S 9, 2000).
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<ARA 1-7> 2000. 9.29°] France Lanxade A 99| ¢+ Franchemont Al 372 33 A
‘Fuji’/M99 yF =24 XA A 7HAE 130emA =2 =o)L 39z AAd=Le 200g9] I
Aol 150707F Hl22 F3F oF 30kgol™ ha"e 50M/T2 Al#E 3P tHEd e 9%,
2000).

<A 1-8> 2003.2.109] France®] LanxadeX¥e| ¢+ Franchemont A& 7oA ZAA X
9l 7] 3me]la ha®d 2002 93M/TE AL#E &3k Fuji’//M.99 vF<oF yFAtole] 2m

oldel  Fzrel FrHHE 4Amx15mE  AAE  StFFE (Solaxe)l A A4 ¥ (Centrifugal
training) © & ¥ AR (AR T A%, 2003).
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<AFZ 1-9> 2003.2.1091 France®] Lanxade A9 %li= Franchemont ¥4A1¢ 2] 53
A Fuji’/M.9¢] Solaxe 3ol A4 Centrifugal training & H3tE UJF9o H<5olm o] i
o A 20021 ol ha® 93M/T9] 'Fuji'E FEatAdth(Ael4 A=, 2003).

==

Italy®] South Tyrol(HE &) Italye T5F A9 Austria®t H7Aste] & Alpsite
of FA el fAF AetA =4 Europedll A Atakle] 7hd HFE 3ol Atabajule] 7]
=k Holdt AANY] FES W AbgbAju] A HFolrt o] A He] Al 159 Azt Afu] HE
7FQl Hans Koessler A& 20034 249 49 eSS o 29 ‘Fuji’/M.9 E7e A 20023
of 4dAe] el A 49M/Te] Fuji's Airetdthal st$iey France®l CIREA 424
Franchemont®] 3Ydx}e] 'Fuji’ AAF<l 50M/T¢ ®l<s=slt), avwkE Italye A AAAES

France®] Solaxe &<l Aitdrtlr ok A3 &S ARKI-1094%E & 5 AT

4

Italy 9] South Tyrol®] Atzu}ie] =& o] Slender Spindle &3¢ FEF&FAd4Eel FH
ol A SolaxeT & T FUAES] SFFdoz v EEFS 2001 102 4¥90 Ttaly ]

=4
Alois Braun® ¢ ‘Fuji’ KIKU®8/M.92] 34 UpFo|A =

Bolzano AFx|59] Girlan®l A+
FHAGE mHFAR 1-11 2 1) = gl & F gl

E AdAe) Aug Loz o

_31_



Lo
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<AFZ 1-10> 2003.2.6 oFzl Italy-°4 South Tyrol® Al 19 ‘Fuji’/M.9 =l Eiﬂ-?l
Hans Koessler# o] 43 AlguFeo] &0 24 2002

T e P VRl A FE 2F EEd 9

O T
A ggn mE ARAE d4f9n Qo) BE AFEFANN drFde wyow @

Fa QUH(RET 9=, 2003).
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<AFA 1-11> 20019 109 49 Ttaly®] Bolzano A2 Girlane] 1+ Braun# ¢ 3 A
Fuji’/M.99] 3% 744 2ol 2@ ‘Fuji/KIKU®89] R (F2d Y=, 2001).

AR 1-12> 2001 109 499 Ttaly® Bolzano A S Girland] 9+ Braun® 9
Fuji’/KIKU®8S] 394 UFzA 74A 9] e AAFER a8 ZH(HET 4%,
2001).
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° am 24 se] el A 4o o
We wan Qa Ao Mvkel e Az AvdAel flold Awie AHE 2aW

L

Aufjol] osle] 1 Eo] Wo g Fl4Eo] Urh(ALR 1-13, 14).

<ARA 1-13> 19923 89 99 v =k MichiganF Anarbool] = 711 o 3|
Hh) & AR e] B oA o] AR AR B =R dAEt glojA e
a0l ¥ UFe s =E9A oy 3 oFe AELS dtHo
vige] i yiel Ui Alolol= 3mA RS dFe] FUH= Fol (ST WX,
1992)
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lo

_34_



<ARR 1-14> 2003. 2.18 7] New York 59| Beak and Stiff Farmol d+= L&A AR}
U2 A d3be] 3mAE] Aty 7R 7 Wo] FolrbA] e Fite]l eS¢ T Ud
(A& 9=, 2003).

—

N

el s gALTUT-S 253 A4 $ES Comell Histe] Lgox Aduw A4
Aol ®ge AR 1-169F 2a A Yo B AR 1-16, 177 2

_]
AR 1-1691 = v AA AT Cornell thetn Qo 8F3}-9] Terence Robinson Il
= Z

o
o

G b 2B ARG & e kol AANE Bol A A Atk o] U
A R4 ol7k 3m Abkel HWA T2k 4R AAE 4 AP 7191 du
7 FAe 940 Ho] gon R JTFEA 67 FEot Avkm gon] gA A

3l7] 91sle] oelxd 4SS 3 BH5S ZA wWx 23 7oA & = k(AR
3 1

1-16). o]dd Y5 HATS BHES AR 1-177 2on F3 AGA §F99 Ze 954,
AA Mo Ao Zd dHAAe] Eg5S B 5 AU 1-17). a2 3] 1594
ol dE Aol doA UF HisA desta AA we A E Folula #HS AFAn
GA A st Azibel Ugo] WA T3 SmAEE Frsn oA 1-18).
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<AFZ 1- 15> 2003. 2. 15 "= New Yorks Geneva®l %li= Cornell Wstu o] I}=A]3
g de AT HA e il
FA 7y At Al Aebar AHAH T Y, 2003).

o

del myowA FAMY sxe AuAFon Fx
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<AR 1-16> m=9] Cornell thekal dhpAl @240l 4 o] whstal 4477kl Robinson

uF7F 2003 2¢€ 15¥9]l New York 5= Genevael 1= Cornell thshe] XA ojn] A

Aol Tk ol tstel AA ZelA & sAEd o AN sl A g B

o

wpiekoll A Aol thske] Arstar Avk(E 7 €k, 2003).

<ARR 1-17> 200399 2€9 159 "= New Yorks Geneva°ll ¢+= Cornell tjstare] 3}
FA PN AGHFFoR dAS vzl Yo BFoaA XHA 120cm7bA o sk o
=



<ARRA 1-18> 2003y 29 15¥e] m=re] Cornell thst FA|d X Q= AF L3+
HAARES vz A B tiste] New Zealand®] AR AE7lo]w New Zealand® Hort Research

AT AFUR Dr. Stuart Tustin(2E%)o] Cornell 9] 71&x® 59 Mr.Hoying 2

8+7 Al 46%F IDFTA(International Dwarf Fruit Tree Association)3] 9] Z71x5o)A A9
Shal ATHAH & 5=, 2003).

3

3HH wl= New York 9 & thAlz} @x o] 9= Fowler Farmsol A+ super spindle

o] £ o7 'Fuji’/M9E 4mx0.33me] 7tA o= WAste 72E EEE B £ 9 (A}
A

A 1-19, 20). olF T 54 A 4me] Gxrel 2me] Aol WAL Fro] Tl
shaso] gl ot
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<AFZ 1-19> 2003. 2. 189 w®]== New York ¢ A FAFA o] A AR 4mx0.33me]
‘Fuji’/M9°] super spindle ©| el wHo A ez7ke] 3me ABERs} FEsio] viAH
AAAGAET L%, 2003).
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<ARZ 1-20> 2003. 2. 189 w=re] New York=ol &= A
s

zdAoR Ausn Qe Anre 28 298 RH(UET 9
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, 20000 1¥ New Zealand®] A 33 A4 WHS 2000d 19 289 5-H 2€ 5
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7HAl Nelsonoll A Q12 A6l ets] s b A2 Faol @3 A 72 A7 =33
3] (7th International symposium on orchard and plantation systems)ol| 37}slo] A w}
£ dE =¥ U3 2

New Zealande 91%=7% Bl e] F5-3] Hlx= f1xlo o)A AAA = v 5t
o Fa& 7150 Fo A= =4 ZA8% FaF vekelt. webd ha® 100M/T o] 4
sk Fpedo] Wow AAA TejH AT AL AabgFo] 7 W ekl ofn ShA 7

ool

—

f

3k vkl Zrh o]¥l New Zealand®] +3S A¥EW MO HEd Ui odF AR
12101 M 9 o] Aol F1mc} BA deiAs 2o o AR 1-2200 49 o] Abge] 7]
B} 2u) o)A HA = Favb Amrt 94 71$E FAE

<A 1-21> A F=AE AW 60cmz WA st 15 2m oW E 7]+ Gala/M.99
U New Zealand®] Hawkes Bay©l ¢l Mr. Tony Gilbertson® #¢ UHFE(A&+
L5 2000).
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<A 1-22> 2000. 1. 2999 New Zealand®] Hawkes Bayel %1+ Mr. Tony Gilbertson
o e Aol &l MAWFEH Gala/MM.106 YF(H &7 9%, 2000).

New Zealand: o] 7Fsl7] wjiEo] o] 73 ddo =z <lste] Ao A2 (Sun scald)

7F Bol] MAstE g Ui 71E 7]9-3 Yol ta dFo] HA uAA g HAE F
= WHo g 7%= Ro] =89 EA F shuo|rh AR 1-22% New Zealand 54 A=

Hawkes Bay Research Center®] Department of Horticulture 449 7] 4mée
slender—pyramid 3¢ W% (Robinson, 2003)¢] X<solth. elal ARzl 1-249} 25% 7]7} 5m
7}Al 5= New Zealand 59 7] & W24 o7l MM.106 tiie] HEso] A

Vertical axis(5253)e 7H7b& w0l
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<AFF 1-23> 2000. 1. 309 New Zealand®] Hawkes Bay Research Centerdl U&=
dwarf-pyramid® ¢ 7] 4m¢] Golden Delicious W5 (# &7 €=, 2000).

<AFF 1-24> 2000. 1. 30 New Zealand®] Hawkes Bay Research Centerel] ¢+ 7] bm
ol Gala/MM.106 U &% A & "= A A&7} Robinson w5 718

AR AP (A8 9=, 2000).
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<AFA 1-25> AFZl 1-249] 7] 5m ©] 4+l vertical axis F 9 UEE 7lrtololA AHsta
91+ New Zealand®] 74 A&7} Dr. Tustin(9& &2 Hpx|e} 1 2 &

(A&7 5=, 2000).
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1
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R

Ao Ao dofA= 1994 1€ 18Y el U Aomori &9 AL H-57F SomaX 9] Ab

S BESIS W A WFEFor AAT Fui/M26/2A4e YFel dAzite] Falo]

2mo] U4 FFTe] 2AE AP 1-269 H AA T AR 1-279] Z2HAPN O ZA U

of 7]Fel 21 G FAF FAE A i JHAF e AR AFstd o vt
A=l E

S olqlth ey Frrel ARl WU w
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<ARZL 1-26> 1994, 1. 18] AHE dE o] Al F4EA]Q1 Aomori @ 9] HirosakiAl ol )
= 5%7F SomaX 9 ‘Fuji’/M.26/2 2] gl d Azl A4 (& Y=, 1994).

<AMA 1-27> AFZL 1-26¢
PFAHA 3 A E EE5A

Aete] A4z Qlste] stro] e EE(RHET U=, 1994).




of A Uwrtjio] HEE A& A
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Abst Al =8t AlF T EE 3A 2 X110 o2

U4 23 % nF
Aol Hstd ] Fol7F e Av]ol vAE FEFS F 1-209% Zrh ile 90cm
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I7F 200000 246cmSiEl Aol Ao olste] 2001WdE 2388 84em7t FE FAA
Bola vt ol¢} 22 A4S Fuji’/MIF o] M9d HE¥ Ao F3g s ¢
skl AmA7Ee] Aol 15me] FARE AAE Afole dztol 35me Eztel w
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