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Abstract yield per tree, soluble solid contents, and blooming
were not clear by the occurrence of biennial bearing

As apple trees mature, it is important to maintain good in the control. These results indicated that tree thinning

light distribution within the canopy to produce market- was a good method for improving light penetration and

preventing biennial bearing in the old ‘Fuji’/M.9
high-density apple orchards.

able fruits. Tree thinning is the selective removal of
a proportion of trees growing in the orchard to provide
more growing space and a good light environment for
the remaining trees. This stuc'iy was 'condtfcted ove1T 3 Key words: Accumulated yield, Biennial bearing,
years (14—16 years after planting) to investigate the in-
fluence of tree thinning on vegetative growth, yield,

fruit quality, and blooming in the 14 years old slender

Blooming, Light penetration

spindle ‘Fuji’/M.9 apple trees planted with the tree ME
space of 3.2 x 1.2 m. The trees were placed in a control
group (no thinning; 260 trees per 10 a) or a tree thin- ) M9 SiAUE-S o148t 1WA AN Malus dome-

ning group (thinned 50% of the control; 130 trees per stica Borkh.) A= oy HEE AY9E wdT o
10 a). The tree thinning successfully improved light 1996\ €] o) ﬁ—‘é—x]oﬂ—g— FHo7 tfely FHAAEZ

o
penetration, yield per tree, fruit red color, and yield e Aol EAA o7 A2 Q1] G4 o)
efficiency for 3 years, and the tree thinning controlled g HElES kst £ °ﬂ 1% ‘SR /M9 S A He] =
the occurrence of biennial bearing. However, tree thin- H XA E 3.0~3.2 x 1.0~1.1 m (280~3005/10a) &
ning significantly decreased accumulated yield per 10 T, 78 15 25 m AR Adtele] T AYS d
a compared with the control. The vegetative growth, & 5 Qe AREEES WAselti24]. 23y =) Al
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Table 1. Increment of trunk cross-sectional area (TCA), Increment of tree canopy and light penetration of ‘Fuji’ /M.9 apple

trees for 3 years as affected by tree thinning

Increment of TCA (cm?)

Increment of canopy volume (m®)

Light penetration (%)

Treatment” Year after planting Year after planting Year after planting
14 th 15 th 16 th 14 th 15 th 16 th 14 th 15 th 16 th
Control 115 b* 226 a 149 b 170 b 481 a 150 b 176 b 296 b 18.3 b
Tree thinning 1.65 a 181 b 193 a 287 a 325 b 216 a 458 a 431 a 456 a
(p value) 0.0302  0.0203  0.0402 0.0473 0.0029 0.0228 0.0004  0.0183  0.0116

“ Means followed by the same letter are not significantly different using T-test, <0.05.
¥ Tree thinning was conducted at the early of February in the 14th years after planting (2011). Control was planted 3.2x 1.2 m
(260 trees per 10 a), and tree thinning was planted at 3.2 x 2.4 m (130 trees per 10 a) after 2011.

Table 2. Shoot growth of ‘Fuji’/M.9 apple trees for 3 years as affected by tree thinning

Number of shoot (ea/tree)

Total shoot growth (cm)

Average shoot growth (cm)

Treatment” Year after planting Year after planting Year after planting
14 th 15 th 16 th 14 th 15 th 16 th 14 th 15 th 16 th
Control 191 b* 214 a 173 b 4005b 5576a 4113 Db 21.0 b 26.1 a 238 b
Tree thinning 237 a 209 a 199 a 6,478 a 4571 b 5,365 a 273 a 219 b 27.0 a
(p value) 0.0428 0.2549 0.0360 0.0105 0.0322 0.0103 0.0112 0.0321 0.0354

“* Means followed by the same letter are not significantly different using T-test, <0.05.
¥ Tree thinning was conducted at the early of February in the 14 years after planting (2011). Control was planted 3.2 x 1.2 m
(260 trees per 10 a), and tree thinning was planted at 3.2 x 2.4 m (130 trees per 10 a) after 2011.
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57.1%% 279 68.7%K.t} WK Table 3).

AR AxPE W F g A4 149k 16194
A 287 2442 11570, 101702 thz7-2] 1127, 105709}
Zpol 7k Aot A4 15 atelli= P77 1147012tz
6871 tiv] 2ul %= wokch W SAAAE oA A4 14d
2kl 16\ A312] 4$- 78771 31.3 kg, 28.8 kg o & T2 T2
29.3 kg, 25.0 kg¥t Afo|7} IAA, A4 152kl 7
T7} 37.2 kg O & tix7-2] 23.7 kg tY] 57% AL Wit
et I A 149219 A P77 272 g O % T
262 g7k Zol7t GIAIE, A2 15 Atell= 7P} 326 g o
F R0 349 gtk 7AE9lal, A4 16 A= Rt
a7} 285 g O & T 238 gH U S71E| ST Table 4).

A AxPE 718 18 = TS A2 1433k} 1604
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°Brix, 13.2 °Brix 5.t} 0.5 °Brix % %gkort A4 15734}
o= "k 747} 13.3 °Brix @ thE7-9] 13.7 °Brix ¥t}
wokth Ak gk 31 F<t 7PE71 0.33~0.35% YL o)
Z79] 0.34%8} 2kel7F glalom, A e 3 w9k 1
T7} 16.8~17.5 Hunter a value 3EZ tZ7-29] 132~
14.6 Hunter a valueX®.t} %8t Table 5).
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A 1¥E I 9 A Y27t tjztErt 9 tK Tables
4 and 5). 18 A2 15@3 o= 7HETY] =3 Wl 353}
go] TRt BokgeE Estal AT Ht et
M 185§k g2 Wekti(Tables 4 and 5).
ol Wil AL BeE ey A 1EE SRR
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Table 3. Total terminal bud number and flowering terminal bud number per tree and blooming of ‘Fuji’/M.9 apple trees

for 3 years as affected by tree thinning

No. of total terminal bud No. of flowering terminal bud Blooming
per tree (ea/tree) per tree (ea/tree) (%)
Treatment” Year after planting Year after planting Year after planting
15 th 16 th 17 th 15 th 16 th 17 th 15th 16th 17 th
Control 236 b* 332 a 175 b 75 b 227 a 65 b 318b 687a 371D
Tree thinning 295 a 319 a 238 a 188 a 182 b 157 a 637a 571b 660 a
(p value) 0.0247 0.3724 0.0251 0.0043 0.0228 0.0231 0.0005  0.0004  0.0056

“ Means followed by the same letter are not significantly different using T-test, <0.05.
¥ Tree thinning was conducted at the early of February in the 14th years after planting (2011). Control was planted 3.2x 1.2 m
(260 trees per 10 a), and tree thinning was planted at 3.2 x 2.4 m (130 trees per 10 a) after 2011.

Table 4. Number of fruit, yield and average fruit weight of ‘Fuji’/M.9 apple trees for 3 years as affected by tree thinning

Number of fruit (ea/tree)

Yield (kg/tree) Average fruit weight (g)

Treatment” Year after planting Year after planting Year after planting
14 th 15 th 16 th 14 th 15 th 16 th 14 th 15 th 16 th
Control 112 a* 68 b 105 a 293 a 237 b 25.0 a 262 a 349 a 238 b
Tree thinning 115 a 114 a 101 a 313 a 372 a 28.8 a 272 a 326 b 285 a
(p value) 0.1181 0.0053 0.4422 0.1628 0.0074 0.0594 0.1660 0.0317  0.0335

* Means followed by the same letter are not significantly different using T-test, <0.05.
¥ Tree thinning was conducted at the early of February in the 14 years after planting (2011). Control was planted 3.2 x 1.2 m
(260 trees per 10 a), and tree thinning was planted at 3.2 x 2.4 m (130 trees per 10 a) after 2011.
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Table 5. Fruit quality of ‘Fuji’/M.9 apple trees for 3 years as affected by tree thinning

Soluble solid contents (°Brix)

Titratable acidity (%)

Fruit red color (Hunter a value)

Treatment” Year after planting Year after planting Year after planting
14 th 15 th 16 th 14 th 15 th 16 th 14 th 15 th 16 th
Control 13.5 b* 13.7 a 132 b 034a 034a 034a 14.6 b 14.4 b 132 b
Tree thinning 14.0 a 133 b 13.7 a 035a 034a 033a 173 a 16.8 a 17.5 a
(p value) 0.0137 0.0309 0.0494 0.1835  0.5286  0.7418 0.0289 0.0003 0.0045

“ Means followed by the same letter are not significantly different using T-test, <0.05.
¥ Tree thinning was conducted at the early of February in the 14 years after planting (2011). Control was planted 3.2 x 1.2 m
(260 trees per 10 a), and tree thinning was planted at 3.2 x 2.4 m (130 trees per 10 a) after 2011.
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T e AZ1E(A, 44 5ol Zeskh11]. 53, =
Ao 7HAS B g A o] whE ﬂom & ﬁ*ﬂﬂ%[lé]
300 g o1& 74, 250 g oleks shEo® L QItH15].
£ AFelA = A2 16t h = Z““Ol OkﬂP 280 g
AR T PSS AN 5 A, dixTte 2ol =
ek 250 g olake] shE Tl Eo] Wol AAtE| It Tables 4
and 5). o|e]§t tiz=7e] HEA AJet 2 A2 #/(Tables
3, 4 and 5)°] 23 & AF¥EA2 A2 17:dxH20144) 62
of HYS A1, A4 18dxK20154) 2Ll FL=HSA
o} whek 7hd %—% ot 2T AAUEE So] 3
i ZIAZTHA A2 2034742 Al 2ol

o
—m
_t;_ll
o
o M
OlN

>
0=

£ U Abg
A Azl Fa g2 7pd77E 39 Uiy 0.64~0.86 kg
fruit/cm® TCA =% t)x79 0.53~0.70 kg fruit/cm?
TCAXRT} =94t} 7eiu AxPE 10ad Ak 3W Uiy 7+

U7} 3.7~4.8 ton JEZ, 272 6.2~7.6 ton TH] 33

~46% X‘]J_ ]'iﬂ L rg 10a% o} Ag)\]-ak ol 314 ‘—X%
10a%d Ak 7F :rL ]- 27} 4.2 ton, 12.6 ton. % 2+
9] 6.8 ton, 20.3 ton tMH] 27} 38% A% AAaE ST Table 6).
A2 A el dglol FF, tiE 9 Fdo] i A2 A
o] VIS vl st & v FEFasES Avtehs A
o] AAgtt[16], A Brtel| thsh ¥ LSS FRE
&2 WA el vlal i eiEels @A8] #1[30], W
W Aol WEE okt e,15]. & AlgelA 1HETe
A AXPE L 3d U tiE7 R0 E3k=T|(Table
6), o= 78] TCA HIti=H (=4 Bhk, ddd®)ol
71 Fdels Estal (M gl En
Ul FFakEo] EolxHA(Table 1), WHE Hit 350 S7}
(Table 5)sto] Wi 3 FARO] ZA] S71307] wie
(Table 407 FAHSITE 5, 1 A= w7 5 U
eli7h sk A ARl A BAE S SXIAA
? A= Aiz)selgta @ = Sith
AntA o7 AAU LT} GEaE U RS Ay
Ak oA AR STl 2 A SltH4,11,31].
AT A tizrellA i e7h A gEel s Eekal A
A E7b wiokd hEae] oA o Axpd Ak et
Ak Ul A AAERL- 2 H T Ykt Tables 3, 4 and
6). o= ‘FA /M9 AFRFTFE] AAUETL 5575 Sl
7} ASHA HASIAA T A A AAPE e A F Ft YAk
A AR g Al o9l Augle] AXE Tt
USE Ao Bu6]9) S5t

Table 6. Yield efficiency per tree and accumulated yield per 10 a of ‘Fuji’/M.9 apple trees for 3 years as affected by tree

thinning
Yield efficiency per tree (kg fruit/ cm? TCA) Yield per 10a (ton)
Treatment” Year after planting Year after planting )
Mean  Accumulation
14 th 15 th 16 th 14th 15th 16 th
Control 0.70 b* 053 b 054 b 76a 62a 65a 68a 20.3 a
Tree thinning 0.76 a 0.86 a 0.64 a 41b 48b 37b 42b 126 b
(p value) 0.0091 0.0248 0.0234 0.0054 0.0390 0.0070 0.0006 0.0006

* Means followed by the same letter are not significantly different using T-test, <0.05.
¥ Tree thinning was conducted at the early of February in the 14 years after planting (2011). Control was planted 3.2 x 1.2 m
(260 trees per 10 a), and tree thinning was planted at 3.2 x 2.4 m (130 trees per 10 a) after 2011.
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