7Rl—l | INE= M‘J-"lﬁnn*i \aa*jio'” Eﬁfﬂ' ﬁﬂ%
THE - 2 E - TRA
Studies on Apple Cultivation at High Altitude Area

K. K. Lee, S. K. Han and D. W. Ree

Reprinted from
The Research Reports
of
The Office of Rural Development
Vol. 24(H), December 1982

Suweon, Korea



AAEE 24 (EE) © 129-135(1982)

Res. Rept. ORD 24(H); 120-135(1982)

Zo 0l U2 AtnhEsiE #ikoll RS A%
FHE - @R - TR

Studies on Apple Cultivation at High Altitude Area

K. K. Lee, S. K. Han and D. W. Ree”

ABSTRACT : Tolerance to cold weather and fruit quality of four apple cultivars with

different maturity traits-early to" late, were tested on the hillsides with four different
altitudes-100, 400, 600 and 800m above sea level from 1976 to 1981. All the trees grown

in the area of 800m above the sea level showed bad performance because of cold weath-

er. In the area of 6U0m altitude, there were some possibilities of cultivating early or

mid maturity cultivars. The area below 400m was considered suitable to all the culti-

vars with different maturity traits.
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Table 1. Soil characteristics of each site with different altitudes

Altitude (m) pH Available Soil Soil
POs (ppm) texture depth (cm)
100 6.0 — 6.8 92 — 226 Sandy loam 20 - 30
400 5,9 151 Sandy loam 40 ~ 60
600 5.6 275 Sandy loam 90 ~ 100
800 5.3 41 Clay loam 40 - 50
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R HER #HE l~2T, 600miEE 2,5 ~ 3.0 T,800 mi
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Table 2. Seasonal changes of air temperature on different
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\&%\ Average ( C) Maximum {T) Minimum ()

Season Altitude

Monthd‘m\ 100 400 600 800 100 400 600 800 100 400 600 800

Dormant November 8,2 57 5,3 3.1 11,7 11,3 4,8 4,1 0,1 0,6 0,1 —-1,2

season December -0,5 -1,0 0,7 -0,7 36 -0,6 2,2 1,2 -6,6 —-7,3 -3,4 -3.6
January -3.1 -4,5 4,6 —-5.7 2,2 1,1 ~0,7 1,4 -8,0 -10,1 -8,8 -10.3
- February -27 -39 4.4 -5.8 3,1 2,6 0,6 1,0 -81 -10,6 9.3 —7.3
‘March 47 002 2.6 -1,0 11,2 9,7 7,2 4.1 -1,7 -3.1 -29 —6,1
Mean 1.3 96 0,08-20 6,4 4,8 2,8 1,4 -49 ~6,1 -4,9 -57
April 122 147 7.8 6,3 16,7 16,2 13.3 12,0 40 2.2 47 0.6
May 16,1 20,8 13,1 12,1 23,9 23,5 19,6 18,5 9.7 6,0 6.8 4,8
June 220 25 19,4 17,1 27,2 26,8 24,1 22,2 17,1 14,8 14,8 12,9
July %0 17,2 21,6 20,3 29,2 28,6 26,1 24,7 20,7 18,2 17,2 16,9

Growing August 244 109 20,7 20,2 286 27.8 25,2 24,0 204 18.2 16,6 16,9

season September 18,7 17,1 15,5 14,0 24,7 23,3 21,8 19,1 13,5 11,2 9.4 9,5
October 27 109 109 86 20,0 185 177 154 62 3.2 42 21
Mean 18,7 17,1 15,6 14,1 24,3 24,2 21,5 19,4 13,1 10,5 10,5 9,1
Year round 11,5 10,0 9.1 8,6 16,8 15,7 13,5 11,9 5.6 4.1 4,1 2,9
mean

* The lowest day temp. () 100m - 18,7 400m~23.5 600m —22.5 800m—27,6

. . ( Jan. 18,198C) (Jan.18, 1980) (Jan. 18, 1980) {Feb.15, 1978)
*Effective temp. index ( ) 86.1 84.8 74.0 63.6
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Table 3. Seasonal changes of air temperature on different altitudes during winter months of 1980- 1981

Item . -
Average Maximum Minimum

Season Altitude—~ rage (C) (t) ()
Month™9 @ 100 400 600 100 400 600 100 400 600
Dormant December 5,3 -13.6 -6,9 0,7 1.4 -1,1 -10,6 -16,6 -12,6
scason  January -10.8 -19,6 -12,5 -2,9 -12,1 -3.4 -17.3 -26,9 -17.8
February =27 -12,2 -5.8 3.3 0.3 -0,4 - 8,5 -17.1 -9.1
March 4.9 -1,6 0.5 12,6 8.6 8.6 -1.4 - 2,6 -3.7

100m 400m 400m
* Lowest day temp () -23.8 =340 -25,0

(Jan.5 1981)

% 4ol A ASBATEHRHY KBS sl ual Bl
FEEAEC A 100 migEst 4 AT BRTETH thfE
Ho] 5 A TAEl &Rl %itst T Hald
400 miEsE 3 15 B, 600 mitHE 15~20 H
BE, 800 miHE 30~35 H BE L ¥ %kt
BESIQ -l ol BAEEES 15Tl EEYd i3
Kol #eipsleoknlol BATEST WHESE o= A AH
Q3 800 mittEe ¥ R REAA 5 AR
Bt/ dgdvd ARt = el ERS B
RHol k3t EBFEL oS BAESEREA XBEel gt

(Jan. 5, 1981)

{Dec. 30 1981)

g2 e

EF R50lA & WHA ALK HERS A
o2 YokEul ol opF ghkikagels] wlEdl BETE
ot Aol BRI FoorR] Rsbr] el obdsk B
BleElgn #5400 mipiricl 600 miEst S4ES
W AL #HREGE el ARA7E EEe00m 3
Bl o sl Aol BEel slgletxn #E
4.

£mERN RELAEMMS FEETh BEERES
H 604 HEshd BEAZol Spur Earliblaze & i

Table 4.Effects of different altitutes on brooming periods, their temperature and frost damage of flower

Blooming period

Index of frost

Air L gtest
Altitute (m ) April May :t‘.le temperature { C) P ates damaged flower
3rd Ist Zad  3rd Ave. Max,  Min, [rosty date (1-5)
100 Qrm e o) 4.1 21.3 3,0 Apr. 26 1
400 O-rz = -0 14,7 23,5 6.0 May 7-12 2
(10-15 days delay)
600 Qromrom oo 13,9 21,1 7,3  May 10-17 1
(15-20days delay)
800 crmmme———— =0 10,2 16.7 3.1 May 17-20 4
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Table 5. Effect of different altitudes on blooming and fruit setting of four apple cultivars.

Altitade (m ) Item Spur' Starkrimson  Spur Golden Fuji
Earli Blaze
400 No. of blossoms per tree 1243 1.9 23.3 0.6
No. of fruits per tree 43.9 T 0.3 13,9 0.3
Fruit setting rate ( %) 37.9 31.2 56.9 . 30,3
600 No. of blossoms per tree 288.4 53.3 215.7 25,2
No. of fruits per tree 126.4 24,3 97.8 11.9
Fruit setting rate (%) 44,9 47 .4 62.6 56.8
800 No. of blossoms per tree 3.1 - 3.8 -
No. of fruits per tree 0.0 - 0.0 . -
Fruit setting rate (%) 0.0 - ’ 0,0 -
& 100 mipigol A REARMRel 111 A BEERE Hol £& %oA& @EEE 2.
= 2,391 TS m&sel W, 400 miie 100 B BetRel Fujidldz 2 fimez REERBK
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Qi INEIHE 400 migisl 3 H, 600 miFE7E 5 7/ A9l 600 minEl A 636~973 T/t Agle
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Table. 6. Effect of different altitudes on dates of blooming and maturing and also on accumulated air
temperature of four apple cultivars

Altitude Ttem - Spur Earli Blaze Starkrimson Spur Golden Fuji
(m) 1979 1980 M 1979 1980 Mean 1979 1980 M 1979 1980 Mean
Full Blooming date May 1 May 3 May 2 May 3 May 3 May3 May 4 May 5 May 5 May 3 May 4 May 4
Marturing date Aug. Aug. Aug, Sept. Sept 25Sept.%5Sept 27 Sept 26Sept. 27 Oct.  Oct..  Oct.
o - e 1o 18855 1555 3530 SOt & -0t 3 -OCL 5 -Oct 10-Oct ‘8 20-23 25-30 23-28
Fruit_growth 111 110 111 148 150 149 150 151 151 173 177 175
duration (day)
Accumulated air 2,376 2,405 2,391 3,238 3,062 3,150 3,275 3,077 3,176 3,583 3,369 3,476
temperature ( C)
Full blooming date May 13May18 May 16May 156 May 20 May B May 13 May 22 May 18 May 16 May 23 May 20
400 Maturing date Aug. Aug. Aug, Oct. Sept.300ct. Oct.  Oct Oct. Oct. Oct. Oct.
20-25 18-28 19-27 5-10 -Oct. 8 3-9 5-15 1-8 3~12 20-25 20-30 20-28
Fruit growth 102 98 100 145 137 141 150 136 143 162 153 158
duration ( day )
Accumulated air 2,174 2,053 2,113 2,052 2,797 2,875 2,992 2,671 2,832 3,245 2,863 3,054

600 temperature (C)
Full blooming date May 14 May 21 May 18May15 May 22 May 19 May 16 May 25May 21May 19 May 23 May 21

Maturing date Aug. Aug, Aug. Oct.  Sept.28Sept DOct.  Oct.  Oct. Oct.  Oct. Oct
20-30 22-30 21-30 1-10 -Oct.2 -Oct9 5-15 1-10 3 - 18 20-25 15-20 18-23

Fruit_growth 102 98 100 142 134 138 147 133 140 157 148 153

duration (day)

Accumulated air 1,977 1,841 1,909 2,668 2,280 2,474 2,793 2,248 2,520 2,947 2,397 2,697

temperature ( C )
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Table 7. Effects of different altitutudes on the air

RAME 10 Aharz BEsle Rl RBRE
IXEsHe ol Amgstcta BRsgler fEAET &
Bae 29 100miEe 10H 15~ 21 HelL, 400
m HEE 98 27 Hola 600 m e 9 B 238~10
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temperatures of late maturing cultivars

Item Altitude(m) October N(;:tember Mean
1st 2nd 3rd
Maturing period 100 o————0
400 o———O0
600 o————0
800 Not matured by freezing injury
Mean temp (C) 100 16,1 14 .4 9.5 9.0 12,3
400 13.7 12,0 7.9 - 11.2
600 11,4 11,6 7.4 - 10,1
800 9,8 8.5 7.4 - 8.6
Min, temp { C) 100 9.4 6.9 2.6 3.0 5.5
400 6.1 4.4 0.9 - 3.2
600 5.8 6,8 1.2 - 4,6
800 2.8 1.4 2.1 - 2.1
100 22,6 21.3 16,4 17,0 19,3
Max. temp.(C ) 400 21,4 19,6 14.5 - 18,5
600 20.5 - 19,4 15.4 - 18,4
800 17.6 15,5 13,2 - 15,4
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Table 8. Fruit quality of four apple cultivars influenced by different aititudes

Cultivar Alg' f;u/ltfr:;;ght Lengt]:-.l;rmt sie { )Diameter Soluble solid (%) Skin
rode 1978 1979 1980 Mean 1978 1979 1980 Mean 1978 1979 1980 Mean 1978 1979 1980 Mean color )
Spur 100 172.2 1744 1856 1797 65 6,5 67 6.6 7,3 7,5 7,5 7.4 9,0 83 127 10,0 7595
Earli Blaze 400 15662300 189,0 1919 6,0 7.0 6.8 6,6 65 7,8 80 7.4 - 89 126 10,8 60-90
600 16752260 1760 1897 7.0 7.2 6,0 6.7 8.0 7.2 7.6 - 89115 10,2 40-9%
Starkrimson 100 26462003 3475 2375 7.5 6,7 7.7 7.3 8.2 7.1 8.4.7.9 93 84 128 10,3 100
400 - 21002100 2100 - 7.2 67 7.0 - 7.9 7.6 7.8 - 102 11 4 10,8 70-100
600 — 2470 1836 2153 - 7.6 6.8 7.2 - 8.2 7.6 7.9 - 102 129 11,6 98100
Spur Golden 100 2137237.1 200 2169 7,0 7.2 7.1 7.1 7.7 7.7 7.6 7.7 15.3 107 147 13.6 Green,
400 - 27002128 4i4 - 7.8 67 7.3 - 87 7.8 83 - 119 142 13.1 .
600 — 28702116 2493 - 7.8 69 7.4 - 88 7.8 83 - 119 153 13,6 ”
Fuji 100 19402165 2320 2142 6.5 7.4 6.7 6.9 7.4 7.8 7.8 7.7 14,8 158 17.1 156 60-80
400 - 24801910 2195 - 7.0 59 65 - 84 7.0 7.7 - 128 15.1 14,0 10-60
600  — 2240 2075 2158 - 6.6 58 62 - 80 69 75 - 128 155 14,2 45-65
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Table 9. Degree of cold injury of four apple cultivars affected by the different sites with different
altitudes in 1976-1980.

Cold injury .
Cultivar Altitude (m No.of obser- No. of Cold injury Injured part
ved trees injured trees degree (1-5)

o
o

Spur Earli Blaze 100
400
600
800
Starkrimson 100
4090
600
800
Spur Golden 100
400
600
800
100
Fuji 400
600
800 9
*; Cold i.njury degree ; Light -severe (1-5)

Branch
Trunk and branch

Trunk
Trunk and branch

W W O (O O 0w Wl W O V| v W

Trunk
Dead
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Table 10. Degree of cold injury of four apple cultivars affected by different sites with different altitudes
and experienced a severely cold winter months in 1980-1981.

Cold injury

Cultivar Altitude (M No. of No.of injured
observed trees trees

100 9
Spur Earli Blaze 400
600
100
Starkrimson ) 400
600
100
Spur Golden 400
600
100
Fuji 400
600

Cold injury
degree (1-5)"

Injured part

1
1 -
1
1 -

3- 4 Branch and flower and
1 -

2-3 Branch and flower bud
1 -

W W W W WO WO WO W[ W

4-5 Branch and flower bud
2-3 Branch, trunk flower bud

L © o0 O O » O O O
[

=1

# Cold injury degree ; light -severe (1-5)
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