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Abstract

‘Fuji’/M9 2-axis apple nursery trees were planted at 3.0 x 1.2 m for 2-leaders, at 2.8 x 1.6 m for
4-leaders and at 2.8 x 2.4 m for 6-leaders systems, and the growth, productivity and quality
characteristics of these different leader systems were compared with those of a tall slender spindle
planted at 3.0 x 1.0 m. Compared to the tall slender spindle, as the number of leaders per tree
increased, the tree height decreased and the leader cross-sectional area decreased markedly. Shoot
growth per tree for the tall slender spindle and the 2-leaders were high in the first and second year,
but in the third and fourth year, shoots growth of the 4-leaders and the 6-leaders increased rapidly.
Nevertheless, for the 6-leaders, growth was slower than that of the 4-leaders, with the canopy
volume also significantly lower than that of the 4-leaders. In the fourth year, light interception was
35.7-36.3% in the tall slender spindle, the 2-leaders, and the 4-leaders, but only 24.4% in the
6-leaders. The cumulative yield per tree up to the fourth year increased with the number of leaders,
except for the 6-leaders with slow canopy development. The cumulative yield per tree for the
2-leaders was 32.1 kg and that for the 4-leaders was 41.7 kg, 16% and 51% more than the outcome
of 27.6 kg for the tall slender spindle, respectively. However, when converted into yield per ha, the
tall slender spindle showed a value of 91.7 tons, the 2-leaders showed 89.2 tons, and the 4-leaders
showed 93.1 tons, whereas that for the 6-leaders was only 40.8 tons. The quality of the fruit
according to the number of leaders was not clear on average, but from the third year, the red
coloration of the tall slender spindle tended to be somewhat lower than these outcomes from of the
multi-leader systems, as the canopy of the tall slender spindle had developed significantly.

Additional key words: 2D canopy, high planting density, Malus domestica Borkh, productivity, tall
slender spindle
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AR THAA A B F = 1 thghO 2 (Robinson, 2003) B0 47, A, Z1FAA, 7 A A
g7 ]EFO] A= 28R o192 u] 7FsSFh(Barritt, 1987; Yang, 2008). MHFAA|A| 0] 4] Z1E5 2/d517] SloAl= 4]
AR A A A Q] Al dohe 58 S 5ol AR 7Rt E WS i Shod o] At Ee A4, e 9
3f) € 9ot 552k Z|tis)sl= Z1o] 52 51K Maintinger, 1997; Kishore et al., 2023).

1960t} Yderof A 7 APdEg2 =g ol8ste] wafol] vl a7t 2.2 -2.5mE WO HA 5L
1.5m W] & &7] whizol] 1134d ARke] 27] thpgto] 7Hs5lal a7k 4ke ol 2t Wl e T 415171 wlzoll 1960
Al SHHLE G-dof E4hE] 7] AJ2FsT Tt Costa et al., 1997; Robinson, 2003; Eccher and Granelli, 2006). $-H&A| HE
O] B0 2 A4 2335 AAo] 7HssHA| B 1 5 do] 41921 A] 1980\ H] SHHRE = ool L2 Im
U 9]2 Fol= thil 115 3.5m7H] ol 7|23 o= Z]ﬂé}oﬂhfﬂ, Fab ot o] SHYEHA 80| S7t
S ol gt A QP o] 4] 1 o] FoRHA BT Fofr= A Bl L 5d AAIA 0 & HHA QI dHdAA = 2}

2] F8 h(Robinson et al., 2011; Yang et al., 2015). 121} 7]3/\1]13' —_X,—ﬁé% AL L7} ol ukg B2H] S 7 du)7}
S7kotal, Ao EAV 7ol Ak FEolA AV AT ZsliAl e 2 A7 JlolA Bk Aust 71eat ykel7t 2 e siot
(Lespinasse, 1977; Dorigoni et al., 2011).

19903l FHHEE| FES S0 % M9 t5-E o 89t Y APdH53s Rl = Sl WAAEIAIAE =Y =] 2000
Arfjo]] SOAHA] =11 dm W 2]9] 7|2 Stote] 21y A thpgto] ARAElA| A 32 7] Al2FstoiTt
(Yang et al., 2010; Yoon, 2012).

et Y ARS f1ol AlHTE Hol skl A E 7 oHA] A ok - Ut ARl kel wizel] 7| AP o] 4
7}4.0mo A} oA HA] Slchilof Tso] Woby AT &2 o] Hoj 2| 1(Lee, 2011; Bhusal et al., 2017; Choi et al., 2023)
7S TE)7E o2l B ot "l el Feret o] EAIR o] YErA FQith 3t A5l H]o) S5 Bl vt
gl AL =T} obzlof whet vgloli] S7toke ZieH] HA] 7 F/de] Fao =2 2851 {th(Park et al., 2022).

APPERdS 71202 ok DAAEIAIAY] S22 20417 —%rt&ﬂ ARk A dol 37| =L HRobinson,
2003) 32} 0] YA| - ellA] A AR BA-S FHEE| Q1R EE S HAPEoF 60% 5 A STl g

7} K Tustin and van Hooijdonk, 2016). T3+ 7121 3] Q121 2] ot 37:4. Syl o F Ao 2 olst vl A

o] OIRE| I Qli=/dollA 18 ojE L5 Fo| 1 ARk The] Aute]l 23] 7] A8} Fi= F13p7HE7 Pl ol H] ek, whebA]
2010 tHol] So1A41 01313} 32+ A o] THAA Aol et HAE SESIIA} k= W 2lo] AJRFE| QI Hi= shupe] of 2]
W) 2 SZ A FHFF oI F =3 0 = 7]9] o] ke A, Ak, A, 8 5= 7| AlRleh= Aol 7hs
itk Aot} £9& 2AFPOR 51 5= 60-70cm, FTOEFOR FH $E 40-50cm] FUE TE 4 9l
(Dorigoni et al., 2011; Dorigoni, 2016; Tustin et al., 2018; Musacchi et al., 2021). 3H 432 AT} 7271 412 B oy
2t pFo] F2 U Oﬂﬂﬂﬂ% B8 5 4= QoA 350 IA oA L h8 A ] R Ao] Yol FHl o] 8 E E
SF=oZthDorigoni et al., 2011; Palmer, 201 1; Dorigoni and Micheli, 2014; Dorigoni, 2016; Tustin and van Hooijdonk,
2016; Musacchi et al., 2021). E5H 50 2 5t G| H| Aot o] LA g5k gl & =iA] vl &, 5oF 5 SloHA|
FO] SELE Fo|HA IEH| ALl 7R Sl Hi= shol & 5 5SS et A e R = M9 t=e] 5
S5 WA E o] 86| @il TR/ /st B A AR 755K Dorigoni and Micheli, 2015; Dorigoni, 2016;
Tustin et al., 2018).
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58 TR EAZ o] FAU 9E7] B 5 7w719] 112 oV SA= AASIL 159 7|2APdHF 32 SA1E A<15k9
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SO T A% 420} 11 Aol E M ZAISHITE 159 749 A 55 /4T 10em, 25 o3 th53 o] -9 7 4] 213 A
10cm $IA| oA H2FA] By o] 221 A(CD-20APX, Mitutoyo, Japan)= & A4S Z45t0] & tHHZ(LCA, Leader
Cross-sectional Area)= AFH&5}9Tt.

A2 4452 Wiinsche et al.(1995)7} Lee(2011)2] o] what 2j4] 3UXELE wijd 79 54 -89 S 1A AY

712 5= 571 H(PAR 250 —300) A2 H30] Ceptometer(LP-80 PAR/LAI, Metergroup, USA)E 0|85} 745191 tt.
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Fig. 1. Grading of red coloration: @ entire colored, @ 80% or more and less than 100% colored, @ 50% or more and less
than 80% colored, and @ less than 50% colored.
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G7re] F7tA QA EE FAHOE Ceptometer?] 82 9311 351 C] PAR(photosynthetically active radiation)
(umol'm™ s )& 573 T 4 9150l S PAR thH| = UoHE S5k vl 217 100%014] Alsto] A=t
10 ol 7 ZAF oA Xdiﬂ WS 8lsto] 33 M et FA1E S7gsto] 53 R Bt S-S S, o 7]
WA T8 FolA had = AFESHlth. IHEAL 73 9719] S TSR Foto] st A A= 27
7.9mm 3| =7} 2 v} ,:_‘%‘Eﬂ](CN/GY 4, Tsingtao toky, China)E ©|-85] HLHo|A] 120° ZHe 2 AT 37 2| 8-S
Ao 2AFIAL, 7H T o T 120° 21 =2 3R]0l A ka2 Fof Ag el sl A FAtE 5757]
(PAL-BX/ACIDS, Atago, Japan)?-_, AbeteRe Z%z 5 5mlell 1%2] FiEZeg |3l 88 1miE 3471 0.1N NaoH &4
0 2 75t o5 malic acid = 2Hetst Tt 24 = M2A|(CR-20 color reader, Konica Minolta, Japan)E ©]-8-51
TP O] QAT 53 O] Wt 4k-S Hunter value & ﬁ/‘] SHITH. TP O] 2P e = AL oA 244 TR o] Hfof) 4T 2HAY
21, 80% O/ 100% PITH 2, 50% O 80% HITE 3, 50% P 42 Shof St ARSI Th Fig. 1).
ZARRHH|o]E o] EAIEA.S SAS(SAS9.4, SAS Institute Inc., USA)E & 1312 0]-85}0] ANOVA B4 S A Ao 2
Duncan t589(Duncan’s Multiple Range Test, DMRT) A&(p < 0.05) oFSAT.

23
AHRE

-2
Fal= A4 1At 7124 EEE 0] 219em, 25 F-2 186em Y, 25 B2 W/ ¥ AL 4597 65F L+t
@25] Hol Z12F 166cme} 138emE 5 5750 45 ARSI RolAl = ATHE B et o] #_h Ak A A 4t
THA] A=) ot 15:9] 7| A7 253 o] =0 Afo = A A 3 3RRRE] EOlE81Th A4 4 33e] :al= 7| 2A|
ZHFE0] 325¢m, 258 90] 313cm, 453 0] 298cm, 653 °0] 214ecm=E E5] 653 2] =117 HTh(Fig. 2).

5 GHAE S0t uR A2 & 47 S8 F8iokA fasto] 4] 1datells 712 EE0] 4.2em’, 253 0]
1.8cm?, 4cZF0] 1.0cn, 6530 0.5em’* P2, A4 4dA}ol= 71ZAPES 9.3em?, 253 0] 5.2en?, 459 3.1en', 6
Z90] 1.8em’JtHFig. 3).
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Fig. 2. Tree heights of ‘Fuji’/M9 apple trees trained on tall slender spindle and multi-leader systems planted in 2019; results
with the same letter among planting systems in the same year are not significantly different at p<0.05.
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Fig. 3. LCA (leader cross-sectional area) of ‘Fuji/M9 apple trees trained on tall slender spindle and multi-leader systems
planted in 2019; results with the same letter among planting systems in the same year are not significantly different at o
<0.05.

Table 1. Shoot Growth of ‘Fuji’/M9 Apple Trees Trained on Tall Slender Spindle and Multi-Leader Systems Planted in 2019

Year Training systems Total shoot length (cm) Average shoot length (cm) No. of shoot per tree
Spindle 0,200 a* 113a 018.0a
5019 2-leaders 0,234 a 12.0a 018.8a
4-leaders 0,093 b 153a 006.8 ¢
6-leaders 0,139b 129a 012.2b
Spindle 0,706 a 14.1b 049.1 ab
2020 2-leaders 0911a 17.4 ab 0522a
4-leaders 0,874 a 20.5a 042.0 be
6-leaders 0,665 a 19.8a 033.8¢
Spindle 1,060 b 2.8a 046.8 ¢
021 2-leaders 1,211b 192b 057.6 be
4-leaders 1,637 a 19.9 ab 081.2a
6-leaders 1,174b 19.5 ab 063.5b
Spindle 1,238 ¢ 16.5a 076.0c
02 2-leaders 2,076 ab 163 a 124.5b
4-leaders 2433 a 153 a 159.5a
6-leaders 1,669 bc 16.5a 113.7b

“Means followed by the same capital letters, within the row, are not significantly different (Duncan’s multiple range test at p < 0.05).
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Fig. 4. Light interception of ‘Fuji’/M9 apple trees trained on tall slender spindle and multi-leader systems planted in 2019.
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Fig. 5. Cumulative yields (kg/tree) of ‘Fuji’/M9 apple trees trained on tall slender spindle and multi-leader systems planted
in2019.
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Fig. 6. Cumulative yields (tons/ha) of ‘Fuji’/M9 apple trees trained on tall slender spindle and multi-leader systems planted
in 2019.
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Fig. 7. Cumulative yields (tons/ha) of ‘Fuji’/M9 apple trees trained on tall slender spindle and multi-leader systems when the
distance between rows is narrowed from 3.0m to 2.7m for the 2-leader system and from 2.8m to 2.5m for the 4-leader

and 6-leader systems.
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A 237} A4 o] WOl 253 o] Bf £ of| Hal] #HAo] 2f9F ot o] Sofli= A2t it F 7] 7}&‘& I A
T YAE SOk % glgk2to| & Hol] fgkom A 3ARRE 7] 2A 5% 2] Hunter agho] th53 ol Hlof Wol 24
o] thA "ojz]= AiME HATH Table 2).

TheAo] et 2P H8-8 89t ZAKSHIE 1 80% oV F7 2 THd o] Hlgo] A A] 3R}l 25 oA 85% 2 71 =
Ok, 4537652 27 78%2 12%2 HISet 50| Lo 71 EA -2 59%2 7HE Wokom A A] 4datel| o
=GO E 79 -85% Ao 71 ZAFEFH-2 60%l THTHFig. 8).

T Eolof wE £FE M A AEE Hlu e o A 3dxblls S iR A = 7| 2P F oM

Table 2. Fruit Quality of ‘Fuji’/M9 Apple Trees Trained on Tall Slender Spindle and Multi-Leader Systems Planted in 2019

Year Training systems _ Fruit weight (@) Hunter value Firmneis Soluble soli'd Ti.tr?table
L a b (kg/lem®)  content (°Brix)  Acidity (%)
Spindle 379 ab” 404 a 234a 134a 35b 14.0be 045b
2-leaders 323b 40.8a 226a 13.7a 37a 133¢ 040c
2020 4-leaders 397a 403 a 2.1a 124a 38a 14.6 ab 047b
6-leaders 377 ab 40.7a 235a 132a 35b 149a 0.52a
Spindle 331a 46.7 a 172¢ 194b 38a 143b 048a
2-leaders 335a 457a 272a 47.1a 39a 155a 047a
2021 4-leaders 356a 452a 26.8a 43.0a 39a 154a 0.39b
6-leaders 339a 479a 20.8b 199b 39a 155a 049a
Spindle 380a 48.5a 174b 194a 33b 147 a 046a
02 2-leaders 384a 45.7 ab 21.0a 174 ab 35a 14.8a 047a
4-leaders 400 a 441D 20.5a 14.8b 35a 153a 0.51a
6-leaders 364a 46.3 ab 20.8a 16.3 ab 35a 153a 0.51a

“Means followed by the same capital letters, within the row, are not significantly different (Duncan’s multiple range test at p < 0.05).
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Fig. 8. Proportion of excellent colored fruit with over 80% of red color coverage (percentage of fruit surface area) of
‘Fuji’/M9 apple trees trained on tall slender spindle and multi-leader systems planted in 2019.

Horticultural Science and Technology 11



Ho
i
T
1]
)
>
>~
)
il
Ao
ogl
1o
o
J

~
0=
03
o
0=
=
0x

Fig. 9. Fruit red overcolor at different canopy heights of ‘Fuji’/M9 apple trees trained on tall slender spindle and multi-leader
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SO AGE B e o R &4 glom o2t A 7 AR 0 &2 tiA & SIth(Dorigoni, 2016). 3 Y- tjH] &
w2 o] Goji] il o]-&-50] 511 S8kx] 47 =0bA (Tustin et al., 2022) Tkl QlojA & 7122] 7| 2AdF of 1]
il et A ol ik

Musacchi(2008)2} Dorigoni(2016) ‘5] 8171 HEe} o] B oM 5 47} S0l d 45 et 7t ol 4117} wot

]

12

Horticultural Science and Technology



A 45}#194 739 159 712459 325em 2] 252> 96%, 4352 92%, 65

2l 3em?2] 2EFL 56%, 45 33%, 6B 19%°] B3

HUAXE & 4725 Ao dol w9 A28l &

H] 3]
|

N
) E
N
%
i
ofl
10
N

Rufato et al.(2022)7} Dorigoni(2016) 5©
A5HA F7Fole Aol out 653 9] 71 7IEAEE R0l HlshAl= A% ot Aol BRI 453 2539
Az A2 0] 28I 25 BES o] 85to] tE5dS WAL & 4955 6532 AT fix|oM Fo= 4= SX)7F
of oot op= g /\HE—{.}%HPO}HHO Sh= 7397 AL she] thmol] & 7 o= T Al o] RATEHA]
TJo] Ho| =oj2= ATHE HGl7] uiizol i % HFE FM 25 HES Ao 259 05 71& A5 1537 Ed ThEA]
A1 AT 43902 18 B4F 250 Mo 124 S, 6534

1], 5 12 88 2074 e ekl ) SR 25 0] 321962 14 5506 A A4
0] T WA RO AT 1,25 8 45 0] A2 M8 3% OIS oL 632 oF ol Ho1efe 40
Tdo] =oizlof whet sl o] 8-Fo] AASHA W& & 4= I Tustin et al.(2022)°]] =W 7| A EF 7 0459
WA F =30 f57] g A 2L4f<}77}7<]-‘= 7|2APEEF o] Bt ou A4 2134t o] -7 E FH T = o]
Eol w55t 5715t 3dAtol= A& HIS:gt <ol o] 2aL A A 42} o] Fofli= HTH T o =g o] B o
Frpa Rt ol2fgt Avtg nlfo] S 2 ﬂ:ﬂ'oﬂ/ﬂli 59 F= 6134} o] Foll= thE g 9 g0 718AEH
L7].61— 7/'—1 oz cxﬂ/\]-ﬂl:]—

AAEEES 945 pdo] W1l agEo] HoRHA o] S7lske 22 25| dejRl Abdolth(Palmer,
1976; Monteith, 1977; Agha and Buckley, 1986; Hunter and Proctor, 1986; Robinson and Lakso, 1991; Robinson, 2003,
2007; Hampson et al., 2004; Dorigoni et al., 2006). -F-HFZA| 53 o]-goto] AL LS =o|H 2HxEE A4o] 713t
ol o FRrolA 3t /o] WEA $HJE]7] el 7] ool 71 RHH|(Van oosten, 1976; Osterreicher,
1989; Wertheim and Webster, 2003; Robinson et al., 2013) 0]= 259 ¢RI S HE O 2 AU 5 =of 72 %
dokE olfrolth. 259 SAHES A ol GA 1590 Bl A E B F 0= 27 tghe Adsh] 91kl
g & Aol A= 7] Aol O FH 157 259 O] 21 > 212 Tk} 8.8kg O & o5t LT A 0 & AR

o] 23l H 453t 653 %7—1*7* 5.3kg ¥} 3.8kgoll ESHAT. 12U 3 AT B = 5 o -yto] 2 ﬂtﬂﬂtq 1 TS

‘”f_&

o_>;1_. <
iy
odll
o
W
L

ol

TP EEgiete] 42 25 1 SRR 4%90] 41, Tkg, 2% 0] 32. 1kgo] O 0] @AIEH 2 652 157 ]
Zehe] 27 4kl elsieh, 3 ol el A7} 9o 59 9 ) 9 ] s wﬂ %# ﬁ%
SN 2ol 2 BalekDorigoni, 2016). hat 2E0 2 SHIHS 1] 458 A4 29%e] 15 T 2% 0] o] o214

FoF o 3R o= 84 —89% =0 2 B EE|G 1 4 Aol = oM F7tohes B9l HE B Mﬂr. T2 639 7
S 4AZ 1, 2, 453 <] ARt m]2] 2] Zohs S-S HT

S ool 2719] F-& Al 9= 7% 1719] S5 A= Aol Blsl] -3 o] FolA] 7| wizel] GHAHE & o it o[ 2o}
S H|IESHFRoME 25 Y] A 159 G7HAEET} 10% E0l= Z& F481aL QIthDorigoni, 2016; Andergassen et
al., 2018; Hahn, 2018). o[&E|o} HElBolM = tf=d o] 7721 E 2.4 - 2.6m= F4517 Q) 1(Christanell and Osterreicher,
2022) Dorigoni?} Micheli(2018)+=2.0 —2.4mE F45}1L Ut 724N E Tustin et al.(2022)2 1052 HH F Q=3 AJY
NN QAR E 1.5me}2.0m= 5t A& =387k ek 2 AloA 1572532 G0 E 3mE SISt 2582

AT E 2. 7mEZ, 45765 P2 QAR E 2.8mE 510U 2.5m=E 9| 420] 50cm W22 F7] fiEe] 71£2] SS
7]9} 1142 7] FQlo] 7hssrtal Ay 2t % ol A= QAR E 2.7m, 457} 6532 GUARE 2. 5mE F9 AL
2 SIS 1 2250] 99.2F /ha, 4530] 104.3E/ha 02 7| ZAP5E tH] 2252 8%, 4532 14% S50 Z7}s}

Aot 3 o] md 652 71 EAHY ?@H Hto] Balslo] 27] thegt ZHA ZAV} e Ao 2 veRdt
(Fig. 7).

Horticultural Science and Technology 13



2a|LploIA Al CHEE0| 9

e g, 3719k vlEe] 744 27l glotAl mhe- Fasieh Afartol|A] A A4l QFEAJoP o] WFofli= theRt @<l
o] 2-8-& 5FA|qt Fhujof] 23 siElo] Zofok 57| wfRof(Gonzalez-Talice et al., 2013) ZHAo] thA Bafeh 2] £ 9lo]

=
A% 2 WS B AT Yol st B Auby], WPEE 27] 5 3711 8 g 7o Ao] URto]
ot 32He] 7| 2AP S Hlsl BHae] thEgo] A A 9] 2ol sttt Hal= Wrk(Dorigoni et al,
2011; Dorigoni, 2016; Dorigoni and Miccheli, 2018; Rufato et al., 2022). - QLo A& v}t e Aty Ar Soha X
A QRlofA=AfolE Hox] ekt ot ZMef Qlojal= 7| AP g Hlal] & ol TAIGlo] thEg o] gt A o2 1t
B (Fig. 8) o] 23 2HA2] Zkol= Dorigoni et al.(2011)0] 1R HE} o] yto] Q5= A=7]0] B% F-2isid A
o= gt

AEHOR 2% BEOR (5SS IR T F¢- 259 1H4592 159 7|12APEE o vlel =17t 4 - 8% L
= o] @A) Fo] £ o] thA ol A4 4dx7R] 27| ego] 7| EA S Tt Hlseet oot 22
o] 7] gzl 48 e v 6532 4 o] YR =] 27| theglollA] IA| et A o= eyt

22

=
FAMY 25 BES AN 3.0 % 12mBHT2FHOR, 28 x 1.6mE UL A5G0, 28 % 2.4mE HT 6502
7931, 221 xﬂﬂﬂvﬂ 3.0 x 1.om= A 7IEAPFSTE 02 7]9 A ] B B4 B4de vlasilth 159
712 1 IS T oA 3 5 47 5ol g5 a7 Hotr| Al S0 phi Ao] 315k fashe Bd= EA
ok 9 AR A - 28Rl 15:0] 72 A g 25 o] BOk 3 -4t 457 6599 F 4%
Aol A 2150, T, 65709 25 o] el A 8740l 45 e A Fo ek A 49710 2

3
B2 7|12APSEF B 259, 45901 35.7 - 36.3%2 A 2 HISESHH 01 6582 24.4%01 =35I A4 48321712 9
T e U F0l B 6592 Alefs Sol WoldaE It 2590] 32.1kg 02 712 ST F 9]
27.6kg Ht 16%, 4582 41.7kg 2 7| ZAPEL TG HEF 51% Bolth U S9iad eafo s Shia 7% 7124
T2 91.7E/a, 2592 89.2F/ha, 4592 93.1:5/ha 4 o 652 40.8F/haol =51 = <ol mhHE ARt

2 A =2 2po|7HFEI5HA] phgtot A4 3R o] ZE0i x|l QlE 7| AT P ol Tl Hlsh 4

27} 220 : YA, Malus domestica Borkh, HH, 7|2 HS§, 7] AT}t

Literature Cited

Agha NSA, Buckley WR (1986) Assessment of canopy efficiency of apple trees in beds. L Canopy development assessed by direct light
measurements. J Hortic Sci 61:153-159. doi:10.1080/14620316.1986.11515686

Andergassen C, Pichler D, Brunner P (2018) Der Bibaum® - Versuche zum optimalen Pflanzabstand. Obstbau Weinbau 55:5-10

Barritt BH (1987) Orchard systems research with deciduous trees a brief introduction. HortScience 22:548-549. doi:10.21273/HORTSCI.
22.4.548

Bhusal N, Han SG, Yoon TM (2017) Summer pruning and reflective film enhance fruit quality in excessively tall spindle apple trees. Hortic
Environ Biotechnol 58:560-567. doi:10.1007/s13580-017-0375-y

Choi BH, Kim CS, Jeong YJ, Jeon JH, Shin BY, Yoon TM (2023) Configuration of the tree shape in a bi-axis apple orchard using ‘Fuji’/M.9
grafted plants - tree growth and productivity during early years according to the planting distance. Hortic Sci Technol 41:560-570.
doi:10.7235/HORT.20230048

Choi DG, Song JH, Kang IK (2014) Effect of tree height on light transmission, spray penetration, tree growth, and fruit quality in the
slender-spindle system of ‘Hongro’/M9 Apple Trees. Hortic Sci Technol 32:454-462. doi:10.7235/hort.2014.13157

114

Horticultural Science and Technology



Fe|LI0A Al CHERI0| RR7| Hut Mity

Christanell J, Osterreicher J (2022) Mehrachsensysteme im apfelanbau. Stdtiroler Beratungsring fir Obst- und Weinbau. https://www.yo
utube.com/playlist?list=PLwyhwdxij_mVGVdOvgEwfDcw1HAUNKGZn Accessed 24 April 2023

Costa G, Beltrame E, Zerbini P, Pianezzola A (1997) High density planted apple orchards effects on yield, performance and fruit quality.
Acta Hortic 451:505-512. doi:10.17660/ActaHortic.1997.451.58

Dorigoni A (2016) Innovative fruit tree architecture as a nexus to improve sustainability in orchards. Acta Hortic 1137:1-10. doi:10.17660
/ActaHortic.2016.1137.1

Dorigoni A, Dallabetta N, Piffer | (2006) Biasse: less costs for planting and more light for apples. The Agricultural Informant 40:2-5

Dorigoni A, Lezzer P, Dallabetta N, Serra S, Mussacchi S (2011) Bi-axis: an alternative to slender spindle for apple orchards. Acta Hortic
903:581-588. doi:10.17660/ActaHortic.2011.903.80

Dorigoni A, Micheli F (2014) Possibilities for multi-leader trees. European Fruit Magazine, San Michele All' Adige, Italy, 2:18-20

Dorigoni A, Micheli F (2015) The fruit wall: are tall trees really necessary? European Fruit Magazine, San Michele All' Adige, Italy, 6:10-13

Dorigoni A, Micheli F (2018) Guyot training: A new system for producing apples and pears. European Fruit Magazine, San Michele
All'Adige, ltaly, 2:18-23

Eccher T, Granelli G (2006) Fruit quality and yield of different apple cultivars as affected by tree density. Acta Hortic 712:535-540.
doi:10.17660/ActaHortic.2006.712.66

Gonzalez-Talice J, Yuri JA, Pozo A (2013) Relations among pigments, color and phenolic concentrations in the peel of two Gala apple
strains according to canopy position and light environment. Sci Hortic 151:83-89. doi:10.1016/j.scienta.2012.12.007

Hahn A (2018) Der Bibaum® auf dem Pruefstand: Versuchsergebnisse und erste Anbauerfahrungen an der Niederelbe. Obstbau
Weinbau, Niederelbe, Germany, 9:506-510

Hampson CR, Quamme HA, Kappel F, Brownlee RT (2004) Varying density with constant rectangularity: Il. Effects on apple tree yield, fruit
size, and fruit color development in three training systems over ten years. HortScience 39:507-511. doi:10.21273/HORTSCI.39.3.507

Hunter DM, Proctor JTA (1986) The correlation of light interception with yield and fruit color of McIntosh apple strains. Fruit Var J 40:79-
82

Kishore K, Singh HS, Nath V, Baig MJ, Murthy DS, Acharya GC, Behera S (2023) Influence of canopy architecture on photosynthetic para-
meters and fruit quality of mango in tropical region of India. Hortic Environ Biotechnol 64:557-569. doi:10.1007/s13580-022-00500-z

Lee JJ (2011) Light Environment and Fruit Quality in Two Different Planting Systems for High Density Apple Orchards. Master Diss.,
Kyungpook Nat'l Univ, Daegu, Korea

Lespinasse JM (1977) La conduite du pommier: Types de fructification. Incidence sur la conduite de l'arbre. INVUFLEC, Paris, FR

Maintinger H (1997) Eine Optimale Befruchtung Sichert Qualitativ Hochwertige Ertrage. Obstbau und Weinbau Fachblat des Sudtirolel
Beratungsringes 34:71-75

Monteith JL (1977) Climate and efficiency of crop production in Britain. Philos Trans R Soc Lond B Biol Sci 281:277-294. doi:10.1098/rstb.
1977.0140

Musacchi S (2008) Bibaum®: a New Training System for Pear Orchards. Acta Hortic 800:763-769. doi:10.17660/ActaHortic.2008.800. 1
04

Musacchi S, Iglesias I, Neri D (2021) Training Systems and Sustainable Orchard Management for European Pear (Pyrus communisL.) in
the Mediterranean Area: A Review. Agronomy 11:1765. doi:10.3390/agronomy11091765

Osterreicher J (1989) Gutes Pflanzmaterial fur hole Anfangsertrage. Obstbau Weinbau 26:329-330

Palmer JW (1976) Interception and utilization of light by apple orchards. PhD Diss., Univ of Nottingham, UK

Palmer JW (2011) Changing concepts of efficiency in orchard systems. Acta Hortic 903:41-49. doi:10.17660/ActaHortic.2011.903.1

Park IH, Han SG, Hong WJ, Lee JS, Hong NK, Yoon TM (2022) Planting density and application of BA for the production of well-feathered
bi-axis apple trees. Hortic Sci Technol 40:504-512. doi:10.7235/HORT.20220045

Robinson TL (2003) Apple-orchard planting systems. In DC Ferree, ed, Apples; botany, production and uses. CABI Publishing, Cambridge,
MA, USA, pp 345-407

Robinson TL (2007) Effect of tree density and tree shape on apple orchard performance. Acta Hortic 732:405-414. doi:10.17660/ActaH
ortic.2007.732.61

Robinson TL, Hoying SA, Reginato GH (2011) The tall spindle apple production system. New York Fruit Quarterly, New York, USA,
14:21-28

Robinson TL, Hoying SA, Sazo MM, DeMarree A, Dominguez L (2013) A vision for apple orchard systems of the future. New York Fruit
Quarterly, New York, USA, 21:11-16

Robinson TL, Lakso AN (1991) Bases of yield and production efficiency in apple orchard systems. J Amer Soc Hort Sci 116:188-194. doi:
10.21273/JASHS.116.2.188

Rufato L, Woitexen JFW, Luz AR, Silva PSD, Macedo TAD, Pereira MFG, Ferreira AS, Kretzschmar AA (2022) Horticultural performance
of ‘Fuji Suprema’and ‘Maxi Gala’apple trees trained at Tall Spindle and Bi-Axis systems grafted on different rootstocks in Southern
Brazil. Ciéncia Rural 52:1-10. doi:10.1590/0103-8478cr20210419

Tustin DS, Breen KC, Van Hooijdonk BM (2022) Light utilisation, leaf canopy properties and fruiting responses of narrow-row, planar
cordon apple orchard planting systems—A study of the productivity of apple. Sci Hortic 294:110778. doi:10.1016/j.scienta.2021.
110778

Horticultural Science and Technology 115



Fe|LI0A Al CHERI0| RR7| Hut Mity

Tustin DS, Van Hooijdonk BM (2016) Can light interception of intensive apple and pear orchard systems be increased with new
approaches to tree design? Acta Hortic 1130:139-144. doi:10.17660/ActaHortic.2016.1130.20

Tustin DS, Van Hooijdonk BM, Breen KC (2018) The planar cordon_new planting systems concepts to improve light utilisation and
physiological function to increase apple orchard yield potential. Acta Hortic 1228:1-12. doi:10.17660/ActaHortic.2018.1228.1

Van oosten HJ (1976) Effect of initial tree quality on yield. Acta Hortic 65:123-128. doi:10.17660/ActaHortic.1978.65.19

Wertheim SJ, Webster D (2003) Apple-orchard planting systems. In DC Ferree, ed, Apples; botany, production and uses. CABI Publishing,
Cambridge, MA, USA, pp 125-151. doi:10.1079/9780851995922.0125

Wiinsche JN, Lakso AN, Robinson TL (1995) Comparison of four methods for estimating total light interception by apple trees of varying
forms. Hortic Sci 30:272-276. doi:10.21273/HORTSCI.30.2.272

Yang SJ (2008) Study on High Density Apple Orchard System with M.9 Rootstock. PhD Diss., Kyungpook Nat'| Univ, Daegu, Korea

Yang SJ, Park MY, Song YY, Sagong DH, Yoon TM (2010) Evaluation of Early Productivity of High Density ‘Fuji’ Apple Orchards by
Planting Well-feathered Trees/M.9 EMLA. Hortic Sci Technol 28:374-380

Yang SJ, Sagong DH, Yoon TM, Song YY, Park MY, Kweon HJ (2015) Vegetative Growth, Productivity, and Fruit Quality in Tall Spindle
of ‘Fuji/M.9 Apple Trees. Hortic Sci Technol 33:155-165. doi:10.7235/hort.2015.13190

Yoon TM (2012) High density apple cultivation technology. Kyungpook Nat'| Univ Apple Res. Inst., Daegu, Korea, pp 35-48

116

Horticultural Science and Technology



