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Labor-Saving Orchard Management,
Technique Improvement of Fruit Skin Coloring, and

Decision of Color Development for 'Fuji’ Apples
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SUMMARY

1. Title of Research

Labor—-saving orchard management, technique improvement of fruit skin coloring,

and decision of color development for 'Fuji' apples

II. Objectives and Necessity of the Research

The cultural area for apple trees has been decreased from53,000 ha in 1993 to
26,000 ha in 2001 as showing the 50% decreasing level. One of the reasons for
that decreasing may be lower productivity from more labor requirement. While the
Korean orchard produced 15.38 ton apple fruits from 1 ha field, another orchard in
South Tyrol, Italy produced 50 ton apple fruits from 1 ha. Hence, orchard managers
in Korea have been steadily concerned with the cultural practices for producing
more apple fruits with less labor.

Rural Development Administration announced that the man—hour for apple
orchards was 196 hours per 10a area in 2001 (RDA, 2002) but the man-hour in
Korea was three times as much as that in South Tyrol, Italy (Werth, 1994).
Therefore, one of the most needed studies for Korean apple industry is the
decrement of the much man-hour. For the labor—-saving orchard management,
certain cultural practices are applied such as omitting some cultural practices
defoliation, fruit turning, bagging, and weeding and applying other practices such
as using proper chemical or mechanical methods.

Fruit skin coloring is chiefly decided by nitrogen fertilization or inner—canopy
light conditions. In addition, certain fruits were collected to analyze fruit
characteristics and observe pigment content such as anthocyanin and chlorophyll.
The analyzed data were supplied to establish the standard for color development
decision in 'Fuji' apples, which may be used for orchard managers as well as

consumers. This experiment is to contribute for good—quality apple production



through establishing the developing process of fruit skin coloring in apple fruits.

1. Contents and Scope of the Research

1. Labor-Saving Orchard Management for 'Fuji' Apples

Certain orchards were selected for administrational analyzing from the chief
producing districts for 'Fuji'apples such as Chungcheongbuk-do,
Chungcheongnam—-do, Gyeongsangbuk—do, and Gyeongsangnam—do. The
investigated orchards were sorted to three groups as leader type, slender spindle
bush, and pending system. Each group recommended 5 orchards to supply certain
cultural practice for labor saving. The collected cultural techniques for labor saving
were examined in an experimental field. The examined cultural practices were as

follows.

a. The man-hour using the pruning practice was counted according to using
proper tools.

b. The man-hour was estimated for the management to the trees with leader type
and pending system.

c. The labor-efficiency was estimated for omitting some artificial practice by the
replacement of chemical or mechanical methods.

d. The cultural or post-harvest management for fruit quality was closely

examined to find out more efficient cultural methods.

2. Technique Improvement of Fruit Skin Coloring for 'Fuji' Apples

Some orchards were selected in Chungju, Chungcheongnam-do to examine
certaincultural practices as follows.
a. Improving fruit skin coloring by controlling nitrogen content in soil or leaves.

Soil from the selected orchards were collected and analyzed for the proper



fertilization.

b. Improving inner-canopy light condition.
Inner—canopy light conditions were improved by the shortening pruning to
inter-rows, inter—trees, or intra canopy spaces. After the practices, tree
physiology and fruit productivity were compared.

c. Investigation of the inner or outer factors affecting fruit skin coloring.
Certain orchards were selected according to their fruit quality and their

orchard conditions were compared.

3. Observing Flesh Tissue and Analyzing Anthocyanin and Chlorophyll Content

Some orchards were selected to represent certain orchard sites such as
mountainous, inland, and coast-low lands. Mountainous area was represented by
Jangsu, Jeollanam—-do, inland area was represented by  Chungju,
Chungcheongnam—-do, and coast—-low lands were represented by Dangjin,

Chungcheongnam—do. Some fruits were obtained from market to be control plots.

IV. Results of the Research and Suggestions for the Practical Use

1. Results of the research

@ Labor-Saving Orchard Management for 'Fuji' Apples

Some cultural practices for labor—-saving management were collected from chief
producing districts for apple fruits from July 2003 to July 2006. The collected
practices were examined in the experimental field in  Chungju,
Chungcheongnam—-do. Such cultural practices needed intense labor as training,
defruiting, crop management, quality management, and post—harvest management.
In training, man—hours can be saved through changing training systems from leader

type to pending system and applying proper tools. Defruiting can be saved by

_10_



proper chemical treatment. Inner—canopy light conditions were improved for fruit
quality by the practices as defoliation and removing succulent sprouts. Certain
cultural practices had undesirable effects for fruits such as fruit turning and fruit
stalk removal. The applying proper cultural practice can reduce man—hour from

196 hours per 10a to 92 hours per 10a.

® Technique Improvement of Fruit Skin Coloring for 'Fuji' Apples

The recommended cultural practices for fertilization lead to excessive nitrogen
fertilization. So the chemical properties of orchard soil were examined to supply
proper fertilization, which resulted optimal tree growth and orchard management.
The pruning for improving inner—canopy light condition must be conducted with

careful observation because of its undesirable effects.

@ Observing Flesh Tissue and Analyzing Anthocyanin and Chlorophyll Content

Not only physiological but also environmental factors affect tree physiology and
fruit productivity. Environmental factors were soil and weather conditions. This
investigation indicated that weather conditions had a good deal of effect for fruit
productivity.

There was no certain correlation between fruit quality and pigment content. So
this investigation observed the outer features of apple fruits to analyze a certain
relationship with inner fruit information. For that reason, this experiment

establishes a standard method for deciding fruit skin coloring and brix degree.

2. Suggestions for the adaptation of the experimental results

- These results suggest the training course for orchard mangers through

national educational institutions for the distribution of labor—saving cultural

practices.

_11_



Some results of these experiments had some risk of technical drain such as the
theoretical methods for decision of color development and sugar content for
'Fuji' apples. Hence we ask some favor concerning with the technical
protection.

These results suggest some educational course for the practical methods
deciding fruit skin coloring and brix content. The educational course makes us

to inform with more detailed level to agriculturalists.

_12_
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) 3} A3 25 A=A T 5 4
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&) | 4 (mm) | 4 mm) | #F(g) | FZmm) | E7(mm)
A 76.9 a 30.72 ab 34.94 bc 2285 b 66.69 b 81.19 b
B 529 b 29.15 ¢ 34.63 ¢ 2092 b 64.82 b 78.07 ¢
C 549 a 3155 a 36.04 a 263.2 a 68.97 a 84.78 a
D 71.2 ab 30.10 b 35.89 b 2133 b 61.41 c 79.71 b
E 71.7 ab 30.23 b 35.61 b 1945 ¢ 67.36 a 77.20 ¢
F 84.2 a 31.16 a 36.49 a 241.1 ab 68.16 a 80.93 b
G 66.1 ab 3041 b 36.79 a 248.4 ab 68.33 a 82.80 b
H 86.2 a 30.53 ab 3534 b 243.9 ab 66.78 b 84.25 a
I 82.6 a 30.83 ab 35.77 b 2333 b 66.58 b 30.99 b
J 935 a 30.16 b 35.72 b 256.5 a 69.38 a 83.79 a

¥ A f+37] A3 B A G Ash
D: Sevin 13] 4F3; E: Sevin 23] A3
F: Sevin+tMineral Oil 13] 43; G Sevin+Mineral Oil 23] 43
H: Ethephon 13] 43
I: Ethephon 23X % Sevin 13 A3; J. Ethephon 2¥ % Sevin 23] A%
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#=E el oy sevin A4¥ & ethephons AE A gle 4 o= ethephons 13]
Ay A st AR 28] AX HEsteE Aol B g&H ot}
Seving @802 A% A3 A Tkl 7)o A A e o] AFEI vt

ey A7 A I A gl

27k itk webA] SfAlATE AA Y u

83ttt W sevin?t mineral oilS E8&3te] AX APt A7 FEFe EEAlTI
of TEHHA Fol FEE At 27 /AT GE 1-4).
Aappgd e 83 R diste] S xAE AAsler o Ade <E 1-5>
o Al Hol= npe} i
<% 1-5> Tuji’ 5] Axaeid 34 54
A= Anthocyanin
2 I 3= (°Bx) 2FE (%) =
(kg/5Smm @) (ug + cm %)
A 134 ab 0.06 a 0.73 a 845 ¢
B 144 a 0.06 a 0.70 a 9.96 ¢
C 14.2 a 0.06 a 0.72 a 9.63 ¢
D 135 ab 0.06 a 0.69 a 8.86 ¢
E 13.2 ab 0.05 a 0.73 a 10.09 b
F 14.0 a 0.06 a 0.66 b 1359 a
G 134 ab 0.05 a 0.63 b 10.61 b
H 13.8 ab 0.06 a 0.72 a 11.77 a
1 124 b 0.05 a 0.69 a 10.49 b
J 13.6 ab 0.07 a 0.73 a 12.45 a
AL Frab7] A3k B AE; C A8k
D: Sevin 13] 4t3; E: Sevin 23] A3
F: Sevin+Mineral Oil 13] 4t3; G Sevin+Mineral Oil 23] 4
H: Ethephon 13] At
I: Ethephon 23 % Sevin 13 A3; J. Ethephon 2¥ % Sevin 23] A%

% 59% sEold fold A4
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74 % anthocyanin, chlorophyll #4
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7F. ‘Fuji’ A% X9 ¥ A EA 9L anthocyanin, chlorophyll #4

<HE 3-1> Fuji’ Agh A9 Au) 54

A g A 2(3H) a2k 9 o] & A2 A 2
3 A A o F2 (34 E) 50 17 M.26/ A3 5x3m
FauAY (9.3 ) 400 7 M.26/ A3 4x2m
HESAY ST(HHT) 150 18 M.26/2 A8 5x3m

it Aol A FAFE TR Fuji’ At & 50 mo] AEoA FH
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RE AR E 230 M26S g o R g A THE 3-1).

flo JI-U

<3 3-2> Fuji’ At A B TR
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R e C 1 DI T
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W 5 324 oj A ) 68al 19a | 779 a | 068a| b8a | 13 a
US54 g T (HHT) 69al| 20a | 708a | 073a| 50a | 15a
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<HE 3-4> Fuji’ A FAHE BAEA

A o F AW |EoHhE | 9EEBx) | AFE(%) o
(kg/5mm @)

193

& oA = o FRGEAE) 290.4 b 1154 b 0.05 a 067 a

Ul &34 o F4 (9 %) 3142 b 14.85 a 0.06 a 0.76 a
WsEEAY | FFEHEF) 3649 a 1373 a 0.06 a 0.75 a

govl | AeCEEA) | 3070 b 1353 a 0.05 a 0.60 a
23 %

& oA = o FREAE) 286.8 a 126 b 0.20 a -

Ul &34 o F4 (%) 2758 a 164 a 0.31 a -
WESHAY | FFEHEF) 2757 a 142 b 0.25 a -

gov [ AE0EEA) | 2808 a 129 b 0.25 a -
39

3 2HA A o TR 2943 a 144 b 0.30 b 0.75 a

Ul &322 o A (%) 2802 a 156 a 0.32 a 0.74 a
WESHAY | FFEEF) 280.4 a 141 b 0.31 ab 0.72 a
% 5% FEolA o4 AA

24 1del 20039 Tl A AR Abel BEAHL E4e BTEARF 3070 g
1353 °Bxol & ¥, 0.05%9 b &, 12ar 060 kg/Smma o HFHEE
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] Y =-5.234+0.84X-0.032X2
035 R2=0.47484*

Anthocyanin (530nm)

T T T T
11 12 13 14
Soluble solids(oBx)

< 3-4> ‘Fuji’ AH F2 e F =9 anthocyanin g 37+e]

Soluble solids(oBx)
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| 1 R2 =0.82083**
/
11 4 // -
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. Fuji’ A% A= AAZ7E 43

2 ATE AEEE 20039 F-E 2005 74A] wid AR FARA] 9] FAME

dho ‘Fuji’ AR E SEEE FAAAT FA8 AL A9 oH 54T
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Fuji’ Abgh sl Zaw 9
<E 3-5>3 20034, 20044, 20051e] fetel WAL THEE FHF F 4 TH

et e 9P 540k gy FAS 54w

<¥ 3-5> ‘Fuji’ AHE e SHE EE v
7

W5 <7 =] s A A
53 EEER
(g) (mm) (mm) (Bx®) (%) (N)
134
1 s+ 314 a 773 a 90.3 b 0.86 a 138 a 025 a 119 a
2 5+ 304 b 770 a 914 a 0.85 a 137 a 0.26 a 122 a
35w 309 b 770 a 91.3 a 0.84 a 139 a 0.26 a 118 a
2=
1 59 311 a 75.2 a 88.0 a 0.86 a 145 a 0.30 a 161 a
259 309 a 735 a 87.7 a 0.84 a 137 ab | 027 ab| 165 a
3w 305 b 75.0 a 88.5 a 0.85 a 132 b 0.24 b 142 b
33}
1 5+ 278 a 727 b 84.8 b 0.86 a 147 a 0.28 a 136 a
259 328 a 748 ab | 872 a 0.86 a 142 ab | 025 ab | 129 a
35w 292 a 76.8 a 86.0 ab | 0.89 a 138 be | 022 b 90 b
4 5+ 301 a 76.6 a 86.7 a 0.88 a 13.0 ¢ 0.24 b 120 ab

# 5% FEolA freld HA
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<¥ 3-6> Fuji’ AHY e SHE EF v

Anthocyanin Chlorophyll a | Chlorophyll b Total
Rl Y o 72 chlorophyll
(pg - cm ) (pg - cm ™) (ug - cm ™) L
(#g - cm )
134
15+ 13.011 a 0.092 b 0.067 a 0.139 a
25+ 14511 a 0.092 b 0.054 a 0.146 a
35w 9.702 b 0.106 a 0.063 a 0.169 a
22
1 s+ 14.382 a 0.147 b 0.119 a 0.241 b
25+ 11.370 b 0.176 b 0.335 b 0.461 a
3w 7.462 ¢ 0.314 a 0.158 a 0.429 a
3d
1 s+ 11554 a 0.457 a 0.234 a 0.223 a
25+ 11482 a 0.385 a 0.301 a 0.083 b
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<3 3-7> Fuji’ Abt I EA I ) W] Azt Adaa
s s AE [UAEAI| dEFL a | HE2 Db | FEEL
(°Bx) (%) (N) (g - em ) | (pg - em ) | (ug - ecm ™) | (ug - em )
g
(°Bx) )
A% 0.1618
(%) NS )
A= 0.2706 0.5506
(N) NS - )
SFEAIol] 0.0121 -0.3693 | -0.7434
(kg -em )| NS . s B
HE4 a || 02308 0.5126 0.5736 -0.6162
(1g - cm®) NS *% sk sk B
HE42 b || 05202 0.0083 0.3035 0.1719 0.0248
(g -em?)| NS NS NS NS NS )
FAEL || 04592 0.4401 0.6412 -0.7307 0.8629 0.5267
(g -em?| NS s - « s - B
A7) ARE NFHoR ARRd o] AdLo] A wep I YR e
anthocyanin 3 #-& Z7}8}+= ¥kA chlorophyll 858 7HA4stE Aoz B 4 9ty v
W oS WM e A AHe] WP mEl B59 atmel Fmrt fgaste A
S A Ak AN B d& A Eet B ol 3 e Wl 1k #
Al A= gt FadA= s & AATHGE 3-7).
W R S diste] g ] o] A4 s BASste AoRE et
233} 0

oust FHAAE ZFS 5 AT A 2 AFAE Hye oFA A UHd S
o] 1024x768 pixel®] = 7oA 1.2 Mega-pixel ©]% HH ==
% Image Pro-plus softwareZ library® 3}¢] Excel program¥ ## 3 <3t

P
Sl

program= A}2t3sh o] Hlo] Wy S FAMEATHE 3-8, 3-9).
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At gael wliet vl ()= YEbiYh ZF g2 058 2557hA] ®istsbd A Hle] 394

of g wigHles FAFeEN FFo| detn HeEHE I wEv. oA )

= ul—xgg}o:lq_
o = AR .
o] TAstATh AdA A EAsteE BE A4S 2] 39 Red, Green, Blueg €3t
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g w A FTHol = AHE A& of s A 29l bk A =T
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T RO FA FEqith v b
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B71 AIE A7 ke oo AukA|o] Aztstol B #u] o A to] Wreas
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L —
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a _
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(ﬂg sz) ok NS ok * k% ok
B Ao Ao AAS BAsl=d Hunter valueXth /A% W2lo g Ae)sl
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<3 3-11> A Adgdd A5 290 o3 HAED FAHo AdE &
S
2] 5 cEREE
W (X) TE5HE YY)
I % (Bx°) 0.8861
A& (%) 0.0123 ™
) AT (N) 0.0532 N5
7oy G , .
_ SFE Aol (ug - cm ) 0.1234
(SCS index) " S
HAE4 a(pg-cm™) 0.1477 ™
JE24 b (pg-cm? 0.4148 *
=922 (g cm?) 0.3353 N
R x SCS index 0.9798 #x Y = 97108 + 0.027x
9= (Bx°) |G x SCS index 0.1611 N° Y = 126999 + 0.010x
B x SCS index -0.0022 NS Y = 136213 — 0.0001x
R x SCS index -0.3811 * Y = 46352 - 0.011x
A% (%) G x SCS index ~0.6830 *x Y = 53294 - 0.025x
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R x SCS index -0.4329 * Y = 184.720 - 0.432x
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B x SCS index ~0.7842 *x Y = 181.671 - 0.620x
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Ae AR A FA% 5432 FARL gdojobw WAk webd ol FA e
of Bstrel Fejsk FAF 548 FAT 5 10, FF wA W] BT 3
$5 ur o BFT AR TRS 014 ditel olF Ak PyAsw sk
47 A% Meel dYe <19 3-6>3 2ok
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<a¥ 3-6> Ao Fd A4 (SCS index) Tw. 1.0 ~ 0.7(%)

Al 2] R %
<E 3-12> ¥y Ao "de] ZHRGB)S M FH(CMYK) o= 3hakgk 4wt

oft

<% 3-7> RGB H2lo] <3t 1A ME 3]

. 9= L | ¢ | M | Y | K
(°Bx) (0~255)
. 180~145 | 127 252 63 135 255
. 160~130 | 145 244 04 146 255
S T DN . - b -
120~95 181 208 178 136 255
10.0~8.0 202 194 220 135 255

# Ctocyan (3 =4); M: Magenta (A&4); Y: yellow (&4); K: black (54).
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