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Abstract ‘Hongro,” and low vigor and early-maturing ‘Sansa.’

The planting density was maintained constant, with 190

Most apple trees in South Korea are grafted on M.9 and trees per 10 a. Primary thinning (leaving only the king

M.26 rootstocks; however, these rootstocks are suscep-
tible to fire blight. Although M.7 rootstocks are moder-
ately resistant to fire blight, they tend to exhibit ex-
cessive vigor, which is unsuitable for high-density
planting, unless weak cultivars are used. This study in-
vestigated the vegetative growth, yield, and fruit quality
of apple trees grafted onto M.7, M.9, or M.26 rootstocks
to assess the feasibility of establishing high-density ap-
ple orchards domestically using the M.7 rootstock a pe-
riod of seven years (1-7 years after planting). Rootstocks
were tested using three cultivars with contrasting in-
duced vigor and harvesting times: vigorous and late-ma-
turing ‘Fuji,” moderate vigor and middle-maturing

fruit on clusters) was performed, whereas secondary
thinning (controlling crop load) was not. Vegetative
growth, accumulated yield per 10 a, and yield efficiency
varied depending on cultivars and rootstocks; however,
the cultivars had a more notable effect on fruit quality
than the rootstocks. Biennial bearing often occurred in
the M.26 rootstock. ‘Fuji’’M.7 was overly vigorous for
high-density planting. The fruit quality and accumulated
yield per 10 a of M.7 were similar to those of M.9 with
the ‘Hongro’ and ‘Sansa’ cultivars. In particular, ‘Hongro’/
M.7 did not show tree vigor reduction due to heavy crop
load, and the degree of biennial bearing in ‘Sansa’/M.7
was not particularly high. These results indicated that
high-density apple planting using the M.7 rootstock was
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achievable using the ‘Hongro’ and ‘Sansa’ cultivars.
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Table 1. Trunk cross-sectional area (TCA) according to cultivars and rootstocks of apple trees for 7 years

TCA” (em?)
Rootstocks Years after planting
1 2 3 4 5 6 7
‘Fuji’
M.7 25.3 a¥ 423 a 64.8 a 918 a 982 a 102.4 a 1119 a
M.9 18.2 a 382 ab 525 ab 62.7 b 711 Db 769 b 86.2 a
M.26 18.2 a 304 b 450 b 56.5 b 75.0 b 86.2 ab 982 a
‘Hongro’
M.7 19.5 a¥ 376 a 60.2 a 739 a 90.3 a 98.8 a 103.8 a
M.9 18.8 a 326 a 473 b 627 b 722 b 780 b 80.5 b
M.26 18.9 a 329 a 444 b 623 b 718 b 777 b 823 b
‘Sansa’
M.7 14.7 &’ 33.0 a 49.7 a 63.5 a 744 a 86.5 a 979 a
M.9 13.8 a 262 b 38.7 a 458 b 55.0 b 588 b 611 Db
M.26 133 a 29.4 ab 411 a 46.7 b 56.7 b 64.8 b 70.6 b
ANOVA*
Cultivars (A) - wok * - - - -
Rootstock (B) * * - - - - -
A xB NS NS NS NS NS NS NS

* That was investigated between the end of November and the early of December.
¥ Means followed by the same letter are not significantly different using Duncan's multiple range test, /°<0.05.
X NS % kxR Nt significant or significant at £<0.05, 0.01, 0.001, respectively.
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#1948 2 /M9 B0 A2 4dxf TCASH F3-8-2(5
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[20]7} St} & AlReME 2134 B o] 8ateixIQlA] A4
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Table 2. Canopy volume according to cultivars and rootstocks of apple trees for 7 years

Canopy volume® (m®)

Rootstocks Years after planting
1 2 3 4 5 6 7
‘"Fuji’
M.7 5.82 a’ 844 b 11.85 a 15.84 a 15.56 a 14.11 a 11.65 a
M.9 427 a 10.24 a 11.07 a 1121 b 11.68 a 11.59 a 621 b
M.26 393 a 6.76 ¢ 8.96 a 1091 b 11.09 a 14.37 a 9.24 ab
‘Hongro’
M.7 3.99 a’ 730 a 9.13 a 9.82 ab 10.92 a 13.48 a 798 a
M.9 3.64 a 7.36 a 9.81 a 11.10 a 12.31 a 12.11 a 4.86 ab
M.26 256 b 418 b 6.67 a 7.80 b 942 a 851 a 339 b
‘Sansa’
M.7 5.68 a’ 9.82 a 1145 a 12.72 a 13.11 a 14.34 a 8.60 a
M.9 3.87 b 551 b 7.64 a 7.12 ab 7.05 b 791 b 343 b
M.26 335 b 494 b 563 a 549 b 6.40 b 734 b 4.67 b
ANOVA*
Cultivars (A) * - % - * * wo
Rootstock (B) - - - - - * -
A xB NS i NS NS NS NS NS

* That was investigated between the end of November and the early of December.
¥ Means followed by the same letter are not significantly different using Duncan's multiple range test, /°<0.05.
X NS % kxR Nt significant or significant at £<0.05, 0.01, 0.001, respectively.
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Table 3. Average shoot growth according to cultivars and rootstocks of apple trees for 7 years

Average shoot growth” (cm)

Rootstocks Years after planting
1 2 3 4 5 6 7
‘Fuji’
M7 64.4 a¥ 41.0 a 23.0 a - 329 a 362 a 339 a
M9 464 b 26.7 a 195 a - 251 a 241 b 30.6 a
M.26 40.7 b 28.7 a 223 a - 27.0 a 243 b 214 a
‘Hongro’
M7 64.1 a¥ 29.0 a 23.7 a - 222 a 19.1 a 244 a
M9 386 b 247 a 20.2 a - 239 a 16.5 a 158 a
M.26 46.8 b 242 a 220 a - 17.1 a 19.8 a 264 a
‘Sansa’
M7 49.8 ¥ 343 a 29.0 a - 322 a 30.7 a 33.1 a
M9 357 b 25.6 a 19.3 a - 274 a 23.0 a 27.7 a
M.26 347 b 243 a 223 a - 28.1 a 264 a 33.0 a
ANOVA*
Cultivars (A) NS NS NS - ok i *
Rootstock (B) o ** * - * i NS
A xB NS NS NS - NS NS NS

* That was investigated between the end of November and the early of December.
¥ Means followed by the same letter are not significantly different using Duncan's multiple range test, /°<0.05.
X NS % kxR Nt significant or significant at £<0.05, 0.01, 0.001, respectively.
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Table 4. Number of fruit per tree according to cultivars and rootstocks of apple trees for 6 years
Number of fruit per tree” (ea)
Rootstocks Years after planting
2 3 4 5 6 7
Fuji’
M.7 24 b¥ 46 a 20 a 102 a 72 b 111 a
M.9 51 a 55 a 24 a 121 a 116 a 117 a
M.26 47 ab 47 a 19 a 97 a 63 b 125 a
‘Hongro’
M.7 64 b’ 34 a 50 a 102 a 131 a 124 a
M.9 104 a 23 a 66 a 110 a 136 a 113 a
M.26 76 ab 34 a 43 a 107 a 9% b 70 b
‘Sansa’
M.7 52 a¥ 70 a 59 a 85 a 66 a 86 a
M.9 63 a 43 a 70 a 67 a 55 a 67 b
M.26 50 a 45 a 57 a 88 a 33 b 79 ab
ANOVA*
Cultivars (A) wok NS ok % ok wokk
Rootstock (B) e NS NS NS bl NS
A xB NS NS NS NS * *

“ “Fuji’, “Hongro’ and “Sansa’ were harvested in the end of October, the early of September, and the middle of August,

respectively.

¥ Means followed by the same letter are not significantly different using Duncan's multiple range test, £<0.05.
XNS ke Not significant or significant at £<0.05, 0.01, 0.001, respectively.

Table 5. Average fruit weight according to cultivars and rootstocks of apple trees for 5 years

Average fruit weight” (g)

Rootstocks Years after planting
2 3 4 5 6 7
‘Fuji’
M.7 303 a¥ 281 a 295 b 232 a 296 a 265 b
M.9 321 a 281 a 374 a 255 a 305 a 310 a
M.26 287 a 271 a 314 b 235 a 340 a 308 a
‘Hongro’
M.7 256 a¥ 196 a 230 a 208 a 262 a 285 a
M.9 263 a 215 a 252 a 217 a 247 a 282 a
M.26 240 a 191 a 263 a 194 a 244 a 299 a
‘Sansa’
M.7 185 a’ 147 a 233 a 226 a 218 a 208 b
M9 204 a 154 a 240 a 211 a 226 a 232 a
M.26 189 a 157 a 222 a 186 a 245 a 212 ab
ANOVA*
Cultivars (A) ok ok ok * ok ok
Rootstock (B) * NS * NS NS NS
A x B NS NS * NS NS NS

* ‘Fuji’, ‘Hongro’ and ‘Sansa’ were harvested in the end of October, the early of September, and the middle of August,

respectively.

¥ Means followed by the same letter are not significantly different using Duncan's multiple range test, P<0.05.
XNS ek ek N significant or significant at £<0.05, 0.01, 0.001, respectively.
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Aetodan, (A 2133k 4k B M99 Bt wgo A Sp AV 7 F R T S50k, Al 3, 4dAtl A7
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9 AWV} T ek ek 5710 A 53s) 6l ANAE 5 0 ths 2ole] B A G A5,
= A7 bk sk, A 7 Y, R, AL Gale A9 6d B A, A B E0R 59
¥ B0 Stk % S0 AR AN 2 6N B % 909 B9 AT AT sl AN 20k
S A7 SIS, A 2 MO WP AR M, A4 Sl M, A 6kl M7t Mol th
ol M75h M263e} 369k, A4 6ol M73h Mool chEEurk seabeh. et 55 ohEe) Sl e 4k e
M26AE} 3K, Te P el B B e o A A SO AR E AR, R A

ARG S 8} A A 69 Al BE ANA A 6dakE ANE RE AR, AbE AN 2439 64d
%, A 350l Aol Qelck 90, At el A% ASIY RE AL Aol7k sisiek. e, 4 g

3t F5 tjE5o] a2 A2 73zl vt whAsksi =), of tigt E53 ] Aoag-2 61d TF $ISItHTable 8).

‘2704 M.73 M.9o] M.261Kt} EtKTable 6). AAAEE 5 9 tjE Q¢lof w2 2 AES Aujy
AATH F5 9 i 2l wE /MY 1EE I H, 7% 2219 AF Al 2, 4, 6, 7 dA = TR, FA,

S AR, 5 Q19 A9 §571Q A 2datl= ARV =07 ok, A 3, 5idAfel = 1S el a7 ) Ak

Table 6. Yield per tree according to cultivars and rootstocks of apple trees for 6 years

Yield per tree” (kg)

Rootstocks Years after planting
2 3 4 5 6 7
‘Fuji’
M.7 7.3 a¥ 129 a 8.3 a 237 a 213 b 294 a
M9 164 a 155 a 9.0 a 309 a 354 a 36.3 a
M.26 135 a 12.7 a 6.0 a 228 a 214 b 385 a
‘Hongro’
M.7 164 b’ 6.7 a 115 a 212 a 343 a 353 a
M.9 274 a 49 a 16.6 a 239 a 33.6 a 319 a
M.26 182 b 6.5 a 113 a 20.8 a 232 b 209 b
‘Sansa’
M.7 9.6 a 10.3 a 13.7 a 19.2 a 144 a 179 a
M.9 129 a 71 a 16.8 a 141 a 124 a 155 a
M.26 9.5 a 71 a 12.7 a 164 a 81b 16.7 a
ANOVA*
Cultivars (A) ok o ok ok -, .
Rootstock (B) * NS NS NS * NS
A x B NS NS NS NS NS *

* ‘Fuji’, "Hongro’ and ‘Sansa’” were harvested in the end of October, the early of September, and the middle of August,
respectively.

Y Means followed by the same letter are not significantly different using Duncan's multiple range test, £<0.05.

X NS % kxR Nt significant or significant at £<0.05, 0.01, 0.001, respectively.
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Table 7. Soluble solid contents according to cultivars and rootstocks of apple trees for 6 years

Soluble solid contents” (°Brix)

Rootstocks Years after planting
2 3 4 5 6 7
‘Fuji’
M.7 15.8 a¥ 144 a 139 a 142 a 125 a 14.6 a
M.9 14.9 ab 144 a 143 a 139 a 121 a 149 a
M.26 144 b 145 a 14.0 a 139 a 12.6 a 14.6 a
‘Hongro’
M.7 14.6 ¥ 14.1 a 137 b 139 a 142 a 139 a
M.9 134 b 15.0 a 13.6 b 13.8 a 13.8 a 14.0 a
M.26 14.8 a 142 a 142 a 14.0 a 155 a 14.0 a
‘Sansa’
M.7 15.0 ¥ 14.6 a 14.8 a 137 b 13.8 a 14.2 a
M.9 14.8 a 15.1 a 144 a 15.2 a 13.7 a 149 a
M.26 15.1 a 154 a 149 a 139 b 149 a 14.6 a
ANOVA*
Cultivars (A) * * * NS o *
Rootstock (B) NS NS NS NS * NS
A x B NS NS NS * NS NS

“ “Fuji’, “Hongro’ and “Sansa’ were harvested in the end of October, the early of September, and the middle of August,
respectively.

¥ Means followed by the same letter are not significantly different using Duncan's multiple range test, P=<0.05.
XNS ek ek Nt significant or significant at P < 0.05, 0.01, 0.001, respectively.

Table 8. Titratable acidity according to cultivars and rootstocks of apple trees for 6 years

Titratable acidity” (%)

Rootstocks Years after planting
2 3 4 5 6 7
“Fuji’
M.7 043 a¥ 0.39 a 041 a 0.43 a 034 a 041 a
M.9 0.39 a 040 a 0.40 a 0.38 b 032 a 0.42 a
M.26 035 a 0.38 a 039 a 039 b 033 a 041 a
‘Hongro’
M.7 0.29 a¥ 024 b 034 a 0.28 a 0.30 a 023 a
M.9 0.29 a 0.28 a 0.34 a 0.27 a 0.26 b 023 a
M.26 0.28 a 023 b 035 a 0.26 a 0.30 a 021 a
‘Sansa’
M.7 0.58 a¥ 0.61 a 0.58 a 0.62 a 0.65 ab 0.60 a
M.9 0.54 b 0.63 a 053 a 0.61 a 0.62 b 0.61 a
M.26 0.56 ab 0.62 a 0.60 a 0.62 a 0.69 a 0.61 a
ANOVA*
Cultivars (A) ok - ok - - wk
Rootstock (B) * * NS NS * NS
A xB NS NS NS NS NS NS

* ‘Fuji’, ‘Hongro’ and ‘Sansa’ were harvested in the end of October, the early of September, and the middle of August,
respectively.

¥ Means followed by the same letter are not significantly different using Duncan's multiple range test, P<0.05.
XNS ek ek N significant or significant at £<0.05, 0.01, 0.001, respectively.
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APRETE T UiE @9l A 2dAke satels & o R AIRTES A 2dake] 1/5-1/2 FEoE W
F Aok Iglo), A4 4ol Mo M26ol M71. H Aais 3 Ao] 2hast d7le) sl vk
o =9k, A4 3, 6, 79Ateli: Mool M7HTE 9kth 1 = M9 tiEelA] Al 2] 1/3-1/2 o E W &
el B o) BRel e A8 AE FAL AN A5 9 gask) gast sk wasiit ol @
5AAE AQd RE ALY, TR E A4 73AE AlLs 2 @2 AE7]eE ST, (A= A Al
BE AL, Ak A 2dAe} 492HE AlglE BE A M7 M.26 ti=ellA, “F= A2 7d3kel] M.26 Tl

AAToA xpo)7) Yl dHA, 2 Yo o FE3} o
9] e A-g-2 AA 7dztelt =], cE =2 oA M|
M.77} M.261HT} =9k Table 9).

U Al S Ao sl SsiME Al 24
2ol U E 5-157) 3dxk= 30-607H AL, 4datel=
100-1207) A=9] & ZoA| Aok shoh= ®al[10]7} 9
o} 2y el 190 /10 a2 AAE AE7)(A1A 7-94
2h) APEEEE A /M9 A9} 2867/10 a® A4
AE71(AA] 5 b AEEEE E2 /M9 AR A3
2= 1007) AER, 7 oo w A 7d A )
Aetdth= Bark QItH22,27]. # Ao tius: AdF
o] A4 1dx}el S stk Feksiod(Tables 1-
3), A2 2dAHTH 24F A (A 2d A7) §lo] ZA
7 2 AINTables 4-6), A2 2133} ‘F2)'= YFHEZ 24-
5170, ‘B2 & 64-1047Y, “AHAK &= 50-637] A Ee] o] =
HEQITE ey A 3] 1) AlFFEL] U 1}
A 46-55702 A2 2 dAke} H]SeEA] 2po] AJALE] 1A

27T

=
;g]—'—r

A, Ak A4 6 datel M73F M.26 thEoll A s A7)
A3l tHTable 4). =, & Al@olA] =278} ARy A=
o] A 294 HES o]gste] A4 1-2:dAte] o] ¢
Holgke A2 2@z W 2155 6070 o) #pAl7|
A7 AT 4 ks AE 18 5 S tHTables 2,
4). TS, B Aol M.26l HEe Al sl A
A Aol M7 M9l &S AR TER Srhes Ae
51218 4= 919l =t(Tables 2, 4), ©]+= M.269] A8 &
54 gko] MK ol M.26o] &3St Abh S o]
w3l 7lslgo]l Mol &St AR Yokt Bl
[31]8F FAFHIT

e, A4 4dxK2019d) el ‘FA FFY W Zae
19247 LT U 55 g 5ol Z3itTable
4). o]i= 2018-2020'd 3WAZF A&sto] 3-4€e] =AE|7F =4
Ao w7 wAgste] ASTHAZE WE Al FEE2] =49 I3
b A Aoz qAE oy @3l A7 = FA )
A |7F wke F2rol vla)] A szt Akl 2As

Table 9. Fruit red color according to cultivars and rootstocks of apple trees for 6 years

Fruit red color® (Hunter a value)

Rootstocks Years after planting
2 3 4 5 6 7
‘Fuji’
M.7 9.5 a’ 15.1 a 134 a 157 b 13.6 a 154 a
M9 122 a 17.7 a 155 a 179 a 16.3 a 154 a
M.26 122 a 15.8 a 14.7 a 16.7 ab 15.8 a 17.0 a
‘Hongro’
M.7 18.1 a¥ 172 a 179 a 179 a 16.9 a 182 b
M.9 19.2 a 184 a 175 a 179 a 21.6 a 243 a
M.26 18.8 a 179 a 183 a 188 a 17.0 a 178 b
‘Sansa’
M.7 19 v 58 a 63 b 47 a 47 a 40 a
M.9 5.1 ab 119 a 11.8 ab 74 a 8.4 a 84 a
M.26 6.2 a 99 a 125 a 73 a 8.6 a 43 a
ANOVA*
Cultivars (A) . ok . ok -, .
Rootstock (B) NS * * NS * *
A x B NS NS NS NS NS *

* ‘Fuji’, "Hongro’ and ‘Sansa’” were harvested in the end of October, the early of September, and the middle of August,

respectively.

¥ Means followed by the same letter are not significantly different using Duncan's multiple range test, /°<0.05.
X NS % w wkk Not significant or significant at P<0.05, 0.01, 0.001, respectively.
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U= ®Ba1[29] 9 A4 3dat 4 /M9L v A &t
T 50-6071 AEeh= Ba[14]9F H]SEHAl B AIFA %
A 9] A 3 dak W Z37) 46-5571 =81 Z K Table
4)E vFo] wol, iAYRTR= H3b7] AL daljo] g A
o2 WAHk &, B4 AT 2 AFA AAATEZ
%_Z:Bﬂ o] ngr,]_ M.26 EHE7]_ ,q] 74]_017]_ o)A o]—Z] oJ_och
Z(Tables 1-3)2 &% 9 tl&ol o A & &2 %
22] Ash7] =A sfiell gt v &2 el Qa9
o] ez AR wiitelehs Zle E91E 3
%ArH10,22,30].

ARPRS] FE 9 o Eo]

0

of

=

2 AEAS ATH B

52 Avinw, BAFAS FE s AYHAT AT
A% g A AR el 9 Ntk 132,33,
B A HENBE TR i) FRucks Hot 5
Tl Qe WSkths w34l FWALI AL o)
ARG TR A SR M) R At

0] A Fgo] $AVE AE UEM26) FEE A
urk sgsichs W], Bt A v B2 2t
Tk ABhRe Qopgat 44 ke #3el o

2 3 wekthe wafe] ¥ SPIFAL Sk 7157
QQlof J8ks Wiokth= ®al[38] 5 ThFsHA SISith 2 Al
HolMe FAEAFEE 3 FATEE ek A ek 2

= Oy
A AR gERIE F5 Qe o & 93-S W9l Tables

5,7:9). ok & ¥ i FER A, srfel YE u
A7} EEH R Hea)) %%1%[14 19]0% 3 *ﬂ“
1:}. g, AAY O] A Ar T FES] vlE] ¢t

dA] QLO17], & AlFeA = T 1’3} ‘TRHT B
P*WTable 9). o= ‘AR ] A9 el ot Y} T3
7} Asteq[19], & AlelM= “aab o] 3 AT ZARE 9
3 it AR AL FL- HlSo] 9] el HAE A% ¢
7] wiEow AZtE Sk

Ul §4 F5Q TR E A 5dAk o] )l 7
o} A2 Al FAI7F A kA= EAIEC] ST 15,16]. Al
3 A w2 /M9 A edakst 7dAt W Ak
217} 13670, 1137} A =R 3U(Table 4), A2 63akel 733k
Rt A2 247} 16.5 cm, 15.8 cm A EZ(Table 3), 24
AFI AEV] T2 /M9 A Het Ax%H18-20 cm) K.

ok #ITH27]. 55, B Aol T2 /M9 A2 6137} o) %
E G oks} 6&*&01 e wbdol] ‘g2 /M7 A2 61d
2ko} 7 AR} F=2 /M.9T} H]5EHA] F T Sl ol = Bt
AL A e dxkel 7dak it Axe] 24H2F 19.1 em, 24.4 cm
=% (Tables 3, 4), A °ks} Aol A¥ebA] okgith

Table 10. Accumulated yield per 10 a according to cultivars and rootstocks of apple trees for 6 years

Accumulated yield pr 10 a* (ton)

Rootstocks Years after planting
2 3 4 5 6 7
‘Fuji’
M.7 14 a¥ 3.8 a 54 a 99 a 140 b 195 b
M9 3.1 a 6.0 a 78 a 13.6 a 203 a 27.2 a
M.26 26 a 5.0 a 6.1 a 104 a 14.5 ab 21.8 ab
‘Hongro’
M.7 31 b 44 a 6.6 b 10.6 a 17.1 ab 23.8 ab
M9 52 a 6.1 a 9.3 a 138 a 20.2 a 26.3 a
M.26 35b 47 a 6.8 ab 10.8 a 152 b 192 b
‘Sansa’
M.7 1.8 a¥ 3.8 a 6.4 a 10.0 a 12.8 a 16.2 a
M9 24 a 38 a 7.0 a 9.7 a 12.0 a 15.0 a
M.26 1.8 a 31a 55 a 8.7 a 10.2 a 134 a
ANOVA*
Cultivars (A) o * NS * s o
Rootstock (B) - * ok ok ok ok
A xB NS NS NS NS NS *

* ‘Fuji’, "Hongro’ and ‘Sansa’” were harvested in the end of October, the early of September, and the middle of August,
respectively. All of treatments were planted 3.5 x 1.5 m. (190 trees per 10 a)

Y Means followed by the same letter are not significantly different using Duncan's multiple range test, £<0.05.

X NS % kxR Nt significant or significant at £<0.05, 0.01, 0.001, respectively.
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o, A 2datell= = TF A9 AV R E9% ol tigh EF3 e AT A2 A 2dake} 7idAte]
i, A 3, 5-7datellE FA 9 TR TE AAF HE 3T gholSlEE, A2 2datells Mol At S5 FHE

s 29l E 6 d(AA 2dXREE 7dX7HA]) B M99 £o] M73 M.26°l vl =kar, A2 7 d 3ol s ARAY oA
10 a9 & AAERo] M73F M26 Rt} =9k}, e} 59 T M.9TF M.269] FEaE0] M7HT}F 9t Table 11).

0] Fell WhE 10 ad 74 AARFlA ‘FA2) = A4 2 5 2 diFed w2 10 aY 74 RS AR ATE
ZHFE 5] ztel7h glola, EE = A4 3idAksl 51 b o] FAE oFErE AAUES Fol Hlwsil
Aelk Zpol7t Qlglom, k= 6'd B Aol7k Qg & =Hl[6,10,39], 102 74 Ak diAe7h wAsi ek
#, 1029 74 ikl dist F59 o] de 282 A2 AAUE7} =855 ot 22]. AXUEE SUsH A
7AzklNE QI A 9} F 7 9] A9 Mool 7 E% 2 AlgelE M99 10aF 74 Akl M73 M.26
TKTable 10). B} 2 Ago] g9y, FFHEEE A9 TR I} AV
ANATE FF 9 o 29 upE FHEES Avn MW RS Fgo] AUrKTable 10). ¥ AgeA A2 433}
W, FF 2209 A FE71(A4] 2-4dxpelle 4 o o F5 10ad 74 ik 2lol7k §I= Z(Table 10)2
oredl, A 2datel= w2, ARy, (TR £o R =9k TR o} AR = A 3Rl siAE T SR, (A =
o A2 3dztell= AfA 2dake} Wit E FA), ARAY, TR A2 adzt Ms] =Aglel o8l Fall v #vg 2 A
TOR =0k, A adtell= AR, R, T EO Aol 2Hskgl7] Wi (Tables 4, 6)© % HEQlr}. §H,
=34 AE71(AY 5-7d2helle AA 5 Ak 7 w5l AALEF FLFATNE =78k ¥ Adelld M99 10a
s T 89 Afol7k fisley, AA 6 dxket 7dxke] 4 o A Aatao] M73 M.26°] vls) & Aeko) Qe A
Q- FA) 9L Z 70| g o] AV HTE B9 Ui 29l (Table 10)> M.92] Z7] A4/d°] M.26%} M.7XT} =917
o glojA= A4 2dtell= M9, M.26, M7 <507 %9k o F4H3ItHe,7,10].
gE AA 3dAatell= zfolzt §lla, 4dAb o] 2= ML9O] 5 0%, 58 9 gAdse] o o AAAS Bla
M.73F M.26 5.t} =30tk Ty F5E e 5ol e st & ulis FHaSS ARlsto] Blusks Zlo| 27dst
FEFagol glo] ‘A= A2 35}, ‘== AA 3, 5,7 [6,39], HAF Atel thgh # AAER FFa s 1
Wz, AV E A4 3, 5, 6xdzatel] folzh QlSiT hH, R A tiEe] nlal] SduiEela A1) w=a[40], SiAR7F EA

Table 11. Yield efficiency per tree according to cultivars and rootstocks of apple trees for 6 years

Yield efficiency per tree” (kg fruit/cm?® TCA)

Rootstocks Years after planting
2 3 4 5 6 7
‘Fuji’
M.7 017 v’ 0.20 a 0.09 a 0.24 a 021 b 0.26 a
M9 043 a 0.29 a 0.14 a 043 a 0.46 a 042 a
M.26 0.44 a 0.28 a 0.11 a 0.30 a 0.25 ab 0.39 a
‘Hongro’
M.7 044 b 0.11 a 0.16 b 0.23 a 0.35 b 0.34 a
M.9 0.84 a 0.10 a 0.27 a 0.33 a 043 a 0.40 a
M.26 0.55 b 0.15 a 0.18 ab 0.29 a 0.30 b 0.25 a
‘Sansa’
M.7 0.29 b 0.21 a 022 b 0.26 a 0.17 a 0.18 b
M.9 0.49 a 0.18 a 0.37 a 0.26 a 021 a 0.25 a
M.26 032 b 0.17 a 0.27 ab 0.29 a 012 a 024 a
ANOVA*
Cultivars (A) ok o ok NS ok .
Rootstock (B) ok NS * * ol *
A x B * NS NS NS NS *

* ‘Fuji’, "Hongro’ and ‘Sansa’” were harvested in the end of October, the early of September, and the middle of August,
respectively.

Y Means followed by the same letter are not significantly different using Duncan's multiple range test, £<0.05.

X NS % kxR Nt significant or significant at £<0.05, 0.01, 0.001, respectively.
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table 3} AaHA| FHagth22]. & AldelM e F52 A5
Az Al sl FHage] Ago] A ARAT
el A Al M9S] FRkago] FoldulEel M.
I} M.260 HIsl] =2 Ho|QltHTable 11). 53,

A IM79 FHEES FA /M.260] H]E vk HollA|
ok ER /M7 FHEES T2 /M263 Zo)7t U,
ARV IM79] FEFE S ARRY /M263 v e W2 o)
St Tables 4, 6, 11).

AV FEE A A717F Za AR Qlof A &
H7}ol9m, M.26 th¥el A&t ¥ S(swelling)©]
FEHA| AL FAE oFslEY] SRR SujelxlE M9l A
Bl Z1E FHEL Qlh16]. £ A1E oAl Ay el A A
ARRES 2] 9l 22 B} 22 Wo 3l a(Table 10), “AHAY/
M.26-:> A2 6idxtel] #l A7k AatA B35St Tables 4,
6). 1 “ARAY /ML7-& AR /ML9F}F “ARAK /M.269] 18
FEFa-fo] w2 o] QAT Table 11), A4 7321714
9] 102 74 AR AP /M9 9 ARAY /M.263} A}o]
7} §1%l3(Table 10), 1A # Y= 2RV /M.26HT}
NEHA] 3t Tables 4, 6).

1

24 E

Ul M7 tiEs o835t ad ] At Aefe eFddS &
Q7] Sl M7 el Aast 52, ‘B, ARV Al
5 M9 B M.26 thFe] 55k A-Ea 7d Bk o
FAY, AEA W FFEES vws) & Ay, A /M7
L 22 /M9 D Bx) /M.269] B8l A7) Z3Ekel(Tables
1-3), Wt Bz, A Ax 9 FRago] v Holglen
(Tables 5, 9, 11), A&7 T d|AC7} EAs}oi(Tables 4,
6), 7' &3] 10 2 FABAEFO] ‘EA /M9 Hld| Wk
7] Wi(Table 10)°ll =tu] 31d2) Ak} Ajufje]] Agkab] o=
Zoz A7E| et

TEIM7E R /M9 W FE /M.26°] vlsl A7
7d3toi(Tables 1-3), Ad&57] 24 HLrh v wHolglont
(Tables 9, 11), B I=, 7184 18E 3= 2 10aT 7
A RS «E 7 IM9F 2ol7} $19)(Tables 5, 7), ‘&
2 /M9AHH 571 WFEE 130715 AAAL FA7E
A7) Bt AL F2 /M2633 10078 oA} 23} A] §7A
g7t Bk Aol SISt Tables 3, 4, 6). B3t 5
2/M7Y FEHEES ‘T2 /M263} Zol7b ¢lol(Table
11), = 44 At A7 7hss Aoz 7w gl

ARRY /M7 AR M9 E AR /ML26° B8l A7}
ZF8tal(Tables 1, 2), /357191 212 6xdztel] aliAz|7} wgst
= wAIA ol AlSItKTables 4, 6). 12 A2 612} “AbAY /
M.79] dAZ A R ARK /M26X T sk 9okl
(Tables 4, 6), 102 724 Ak Ay /M9 9 “AAY /
M.263} zfo]7F GISITE wheba] ARV /ML72] A Ak
H 9 s wF do] 2 T8 FAERE Vo] A8HE =
wlellA ard A A7} 7Fse Zow A7 E It
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