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ABSTRACT

This study examined the treatment effects of micro-spray system, anti-frost fan, and hail net
facilities installed to reduce meteorological disaster damage to fruit trees in Gangwon-do from
2020 to 2022. In relation to the occurrence of cold damage, which is currently the biggest
problem in fruit trees among meteorological damage, the temperature of occurrence of spring
cold damage by flowering bud development stage was investigated for major apple varieties.
The temperature at which the occurrence of cold damage begins was -1.5C in the 'Fuji'
variety, -1.4C in 'Hongro' cultivar. Among meteorological damage mitigation facilities, fine
watering facilities are installed for the purpose of preventing cold damage in spring and
clearing away high temperatures in summer. It was investigated that the temperature in the
orchard rose by up to 1.3C when treated to prevent cold damage in spring, and the incidence
of cold damage in flowers was 16.6 % was found to decrease. However, since the water
consumption per hour was 3.7ton based on 300 pyeong (sprinkler nozzle), it was judged that
the use may be limited in orchards with a relatively large area of 2,000 pyeong or more.
However, since the water consumption per hour was 3.7ton based on 10a (sprinkler nozzle), it
was judged that the use may be limited in orchards with a relatively large area of 60a or
more. During the summer treatment, the temperature in the orchard decreased by up to 3.5C,
and the surface temperature of the fruit also decreased by 3.0C, suggesting that the
temperature reduction effect would be significant. The effect of raising the temperature and
the effect of reducing the cold damage of flower buds of anti-frost fan, which is less affected
by the orchard area, did not show a big difference from fine watering. In addition, the effect
of hail nets, which are aimed at preventing hail and bird damage, on the orchard environment
and fruit trees during growth was investigated. During the treatment of hail nets from June to
August, the amount of light in the orchard decreased by 160.0 to 325.0x mol/m?s, and the
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temperature rose by up to 1.2°C. As a result, the photosynthetic amount of fruit trees
decreased compared to untreated when hail net treatment was conducted, but it was
investigated that the surface temperature of fruit trees was reduced by more than 1.4C at
maximum. and There was no significant difference in fruit characteristics compared to

non-treatment in the case of temporary treatment in the high temperature period.
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1:00 2:00 3:00 4:00 5:00 6:00 07:00(PM) 1:00 200 2200 200 s:00 00 07:00(PM)
'.‘J-l—%ll'i"?' '."Ell'x‘iel _._j_:élp_i__:'l_ = K‘l El
(O 22) IYER M| 2 #Ha} (32 23) TYE2 H2| & 3}
oAl A Aol whE 1 20| WIS AR A Az S A9 Al I} EH
P2EE 3L.0CE 3%1?4(33 9°c) ] 2.9C ZAT AoR RAEGON, IYET =
Ao w2 7 FHo] HHF LT 34 0CE F£AE(37.0C) H] 3.0C @A Aoz A

HAH ™ 24).

40 40 37
33.9 34
35 31 T 35
o 5 J
5 30 J 5 30
ol oll
25 25
20 20
AnzlEd SHE IUET X

(O 24) DiMlefs 20| ME DY BH2L o}

FH AP Bo mALS AT A B W BEEEE HY 15% o4 /b Aow
Holon, £E Asol BE W A uga SE A7) thE da wae 2ASC,

PR g Ao el A RAe o] 429 4 A
HCHE 9. T 20208 T-88 Fol BAIHO] AFOE 1es] WALE AE 95)

48] oW Aglow, webd W WA AA Hetol

g Ael et BAET BRolA AR ke
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= o
ZHA e L EFX{tH UA T}
— _7F_A I:IH:g o _JF_A l:lH:g o _7F_A HFAH o
g gy wss ol 52 wes 0 9 eus
(7H) (7H) ) (7H) (7H) ) (7H) (7H) )
nglAEE 240 23 10.8 90 4 4.4 90 0 0
2AE 240 16 6.6 90 7 7.8 90 0 0
7] &% S Qe uAAS ArE A vpEe] G wol W Z0R fehE, o]
wet HE 5U7H16~'20)2] 7~8Y I LAY AT (14~16A) 9] FEHS AR A, wlA|
Ao S F= 3.4m/sRHERHE) oA F& UM Wk 4.6% FEOE UEHY 2
gFo] ¢l oz AGEUTHIY 25).
12
-]
B
{-_l-r— 6
Hio
3
o]
0 10 50
X D2 =(°q)
(O3 25) DJM&t4 Ao M2 2t BEHRE Ha}

# B4 18(0,0~0.2m/s), ARIHO.3~15), FAMI(L6~3.3), ARSHIR(3.4~5.4),
AEHRH(5.5~7.9), SEHEHE.0~10.7), HelH(10.8~13,8) olshet

P Sl 9 Z 4 9 A0 weEt 6, 7, 8o UAskEo
134] ~ 164|744 AASATHLY 26).

ok
BN

d

o
B
o
_>l4_‘4
T
rir

N

= ]

32 F A% 1e7]9
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Aelol w2 FeF 4 A= 160.0~325.0¢ mol/m”/s& RAME|G oW, olof w}E F FIHES
oF 79.6~84.6% 0| ATHIE 10).

9w . Z 2Kumol/m?/s)
(2.¢) A = 13:00 14:00 15:00 16:00
u 2 (A) 1,255.0 1,223.7 920.0 902.5
6 17 42 (B) 1,576.2 1,531.2 1,156.2 1,098.7
o HAHA-B) -321.3 -307.5 -236.3 -196.3
E3E(%) 79.6 79.9 79.6 82.1
uFzk(A) 1,306.2 1,283.7 1,056.2 956.2
- 242 (B) 1,631.2 1,576.2 1,296.2 1,163.7
T H2HA-B) —325.0 -292.5 -240.0 -207.5
F3E(%) 80.1 81.4 81.5 82.2
uF 2 (A) 1,282.5 1,227.5 1,053.7 816.2
o 19 232 (B) 1,563.7 1,463.7 1,246.2 976.2
o HAHA-B) -9281.2 -236.2 -192.5 -160.0
E4E (D) 82.0 83.9 84.6 83.6
2 wkz &g A7k 13:00 ~ 16:00

A% Ao m}s— el WliEh 2AE AAG RE YRod Ha 02004 Y
*o%% A% Aelo] 42 3 | F7] L8k

% W o ar 2 =(C)

(2.¢) 13:00 14:00 15:00 16:00
H2TH(A) 26.6 27.9 28.5 29.5

6.17 242 (B) 25.9 27.6 28.0 28.7
HZHA-B) 0.7 0.3 0.5 0.8
"2k (A) 34.1 35.2 34.0 35.9

7.4, 242 (B) 33.3 34.0 33.7 35.4
H2HA-B) 0.8 1.2 0.4 0.6
2 TH(A) 31.9 33.3 33.7 33.8

8.12. 232 (B) 31.7 32.6 33.2 33.1
H2HA-B) 0.2 0.7 0.5 0.7

» ek AAIZE 13:00 ~ 16:00
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2 A =12 gl 0.3 ~ 3.6umol/
COu/m’/s BASHALH, 1507 FEATE Aozt 7P 2 ACR UehithE 12), gz
AR Aol W YIS i el vhet Fo) daota 12wt 450 Jgon

<H 12> 27| 4L HEA2[of M2 yehdE (ZAFAA]: 2022.08.12.)

ZEH2H(umol /CO,/m?/s)

13:00 14:00 15:00 16:00
= 13.8+1.23 15.3+0.15 13.5+0.52 14.3+1.05
A2 16.5+0.23 15.6+0.64 17.140.22 16.8+0.44
ol Y P EEs TR 37.5T, 'FA 38.5CR AT tiH] 242} 0.4, 0.7C A3kl
B FHo HFLr ‘TR 36,97, ‘A 38.9CE FAT iy 22 1.4, 0.3C HAsATH
(3 13). 202 2pgA| el wE FF a2 A4 ke A7t 050 49 uH

eml gasts AoR 2AEY

<H 13> 27| YXY MYMI|of| mE It L a8 BHRE (ZAOIA]: 2092.08.12.. 14:00)
2 =(T)
X 2 2. o
g2 =X g2 2X|
Al 37.5+0.87 38.5+0.45 36.9+1.40 38.9+2.77
A 37.9+2.03 39.2+2.91 38.3+2.64 39.24+4.94

450°C 450°C

265 °C 265 °C

SAC

27) B2 2t F3hY 0[0[X|

FdEs dade] WAyo] Hglow olo wer | Bl FA o] WAES 3.3, 5.69%
T AolE HolA ATHE 14).
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A a ZAb ot Uzt dhlia UAu UME
(71) (7H) (%)

Bz} 90 3 3.3

E=RAR 90 5 5.6

# 2 A2 ARG w=2E 1ol A

Wl a2 A7) tdAo g Akl RS STkl AeshA] ¢kl FEEE
SHstgon, Ao M2 ‘T2 Abpke] ;A EAL2 35, T 9 A& (Hunter Value a) &
RE ZARFEA F Aol E Ho|A] UTHGE 15).
<H 15> 127 UL HEK2|of ME 2d EH(SE) (n=21)

H 2l o = g = M= 4 = Hunter
(9) (brix) (%) (kg/ @ 11.3mm) Value a
H 260.8+31.34 14.0+£1.28 0.10+£0.04 8.2+0.7 41.4+7.54
S 245.7+40.88 13.8+0.75 0,13%£0.03 85+6.1 40,9+£3.55
(NE 6) T4 ol4714 24 9 waeba 2y (2020-2022)

AU o474 MY WIS 2AE] fstel £ M99 2020 ~ 20224 7o) W
HHLE, Ao, YRAS 2AET HU1990~2020)7 WmsteTh, 202099) 714
2% 23 128 BE1ee WY ol 242 45T, 270 BUE Ao mAEglon] 489
el A dHl 11T W9, B3 -41T olste] olgALe] WSttt 8Y Biwe

773.Tmm= FE thH] 456, of dut, gt F9 W7t YT AoE FHE T
20219 3~4¥9] H7]2> Fdthu] 2Cold woF o) ol 9 A} A7|7F AR,
T~89 Fi17]20] 37T oo R U4 Fo| A7t WASATE 20229 299 FH2EE
B ] 14T @oron, w4 ASr|(48) 2%+ 18T 2 S ot 693 9¥€9
Frge ﬁﬂ%i iy 242k 274 4mm, 74, 0mm @Ok, o] YO R 6Y UXAZRE HE ]

N)
=
5
52

rl

<H 16> J|AEA(2020~2022, £H)

Hi2E g LZAZH
T (C) (mm) (hr)

20 21 22 md 20 21 22 md 20 21 22 md
14 -0.1 —-47 -40 -46 800 177 2.2 203 1677 171.3 193.5 170.0
249 1.4 1.2 =27 -13 54.2 6.6 6.9 238 1747 1956 2158 174.3
34 7.0 7.8 6.2 45 13.8 1041 891 417 235.7 207.1 1924 199.9
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Y2z g UZA|ZH
T8 () (mm) (hr)

20 21 22 m '20 21 22 W 20 21 22 A
44 10.5 13,1 134 11.6 144 121.7 26,5 62.3 267.1 2243 262.3 210.1

= 181 164 173 171 1183 1723 11.6 1040 208.9 2022 302.9 227.5

6 242 212 216 217 758 561 3975 123.1 2419 207.7 171  205.0

74 23.8 264 257 245 1743 213.1 2383 383.8 150,56 2625 1873 144.2

Y 26,1 241 243 246 7737 133.8 4350 317.5 101.1 158.6 141.1 166.3

= 19.7 2056 19.6 194 157.2 109,56 2349 1609 166.9 1982 1994 173.3

10¥ 119 132 119 125 0.1 686 121.6 44,3 2109 153.7 180.9 178.9

11¢ 6.0 9.9 7.1 0.3 824 551 65.7 483 1765 164.8 165.9 141.8

129 -26 -16 -52 -20 5.2 5.4 9.9 242 1826 1574 1735 1484

4 5 4NE 12145 71202 347H(20~'22) 1~29 B To)&S 2ARE A3, 43
TEEA B ws) Wao] BT FOITHE 17). ol E 16614 Lt AA W 3z 19
29| 7]-20] B tju] 2 Fjol7h U] oo FAL uPAle] ubet pehbe whe] 2 w37}
PR A e Ao BuE

<H 17> 1EY E& IO5§E(2020~2022)

Atz | 220t T

X =X g2 i e ASY g I Hiz  ZHHp)
'20 21 22 20 21 722 20 21 22 20 21 22 20 21 22 20 21 22 20 21 ‘22
2 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0O 0O 0 0 0 0 O

¥4 0 0 0 0 0 0 0 00 0 0 0 0O 0 0 0 0 0 0 0 O
2% 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O
¥+ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O

) 2 st olo] et
At A, F2 EFS o A% stedeh 20209 &4 § 442
Azl A 2 WS 2ARE Ak, EHT FHOIM FAY 2 Y
A e, T

Aojola] FA'S 2 Walgo] ‘T2 ol &
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H
M
H=
jels
nio

<E 18> 20204 2& A}

=N g2
Al 4 E £ ojsiZ4 ojshe E £ ojsiZ4 ojsig st
(7H) (7H) (%) (7H) (7H) (%)

= A 185 85 45.9 52 1 1.1 4

o+ 43 1 2.3 44 1 1.7 1

3 A 50 32 64.0 49 1 2.0 1
FH(31Lh 135 0 0.0 134 1 0.7 3

Z Al 545 119 21.8 421 5 1.2 12

2021 0ll= & T SAIE 147200 Abe] Z mlel&S ARSI, AGFeRE 7t
‘TA" wsf& 26.3%= E A ﬂiﬂl 7 A, EFHEEE 20209 vpbA R ()
L0 T2 EFF ) JMM F BWTHGE 19), 20209 tfH] FFx|Go] Halj7t HH
olfe B A7 A o] A 2 =A HAsA 25 5 e Aol 0T o5k
A2dAy o] #AE A okokA| J, H% 0T olste] Aol WAstHA Faj7t U AR
wekE ot

10°

<HE 19> 20214 X Atnt £ IOjsis

hu

=3 =i

M zAb 2 ms) B4 mEig ZAF R4 md 24 DEE 17)
(74) (7H) (%) (7H) (7H) (%)

=4 64 3 4.6 71 4 5.6 2
AF 333 65 19.5 320 0 0.0 4
A 165 22 13.3 181 15 8.9 2
a4 60 12 20.0 59 8.5 2
FT- 258 68 26.3 66 3 4.5 4

Jo] wEEA ok,

).

2022 9] %A} Az} % DIEE S |

Ae B me o
O}:;LL- AL X‘]_Q___L] 0H7]‘ —5‘]— ]E’_]_’ —‘—]EH 3.1% —r“-_r_‘_g_i

u]SFATHGE 20

o, o

<HE 20> 20224 X Atnt & IOjsis

7| gz R

XIO:I oA Tl oA NEk= oA Tl oA = _Lé: |-_'_

= ZA E Osf £ olsiE ZA E Olsf £ oshE (747)

(7H) (7H) (%) (7H) (7H) (%)

=4 98 0 0.0 120 0 0.0 2
o 30 0 0.0 66 0 0.0 1
4 35 0 0.0 72 0 0.0 2
F 271 b) 1.8 161 b) 3.1 b}

3. flozat )/ 397




Qz=zs /s

(HIBMIFHA: 2 MEF Atz =2 454 ™)

(NE D AT ZE Ys

7b SR 2 s nAd 2 AJZHLT10) 2%+ 587 -1.4T, $587] -1.17T,
M7 —1.3cen, &9 Fo] gsjE & LT90 #+H2 =7] -5.1T, F2|7]
-3.8C, W3] -3.7C °|Y&

U A 25 wswAd g WAy AJRHLTI0) 2E+= 527 -1.5T, FE7] -1.17T,
Ast7] —0.9CHom, dFEEL o] HaE & LT90 7t =27 -4.3C, T&7]
-3.5C, /M&7] -3.2C Ol‘zim

o A FFY dE HA e TR EFF 8 BAHOR EopA ‘T FFo|
TR FE oy e %‘4"4@ Ao 2 =S

(NE 2) = I J3) AAE AR

7 AUE g AR AT F A LS E % 697h7R =AY

U oA S ARG BTl B HA 2,008 ool G0%E 1% wsker,
1,000 o]3}7} 21%, 1,000 ~ 2,000 0] 19% <0]U-S

th 24} 7ke] BRI B AL 55% ol4fe] 10E olshe] BHAE 2§t ggon,
20E o|Ar2 19%=2 71AF A ge

e A A BARE B REe] M2 ASAW ool WA 4% JH4 wob WA U
Ao ger ee A AR, AHge] e H oS

of, R W b AAS B8 ke 2 177hR 2abEiglon, Akg A BAEoRE
Wal WA Aot ojelsieha g olzdo] 6% 7MY WS

1. 20209 49 5% uww* Aol At E o _ym,} g2o] 2 weas
219%% A o] 16.6% AW, FA'S B W& 43.5%2 FA o] 11.4%
298

oA AR A wEW 28 BYS 2AG AT AT B B 2uFS AP
o)A 67.4L/h, ASFEF = 6

o =% 8 4ANA, AU 5L neT B
29 Z=E0)A 10a(eF 30038) 7% 3.7&°

. walel el mhel B Ago] wlelstel S71e)

;2 e
O
_EL
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r[r

% as

1y

of, tH A ARgo] 7hed Aom wekE A
A rocen, Yl HAEE A A 2 XM
N8 4) 127 &5 AZL 93 nNS 44 =SAA
7h, SFaLo] vhst 8¢ 19U (H L% 34.90)F 8¥ 20U (F 2= 34.87)0l 2zt Az
=29 =&Y AgET =59 adge A S
w2z 3y o] mhE ol W 2= FHATe Bt 2.8T, L 3.8T0I%NAL, A
ot Bl W 35 FAD e B 7.7%, L 13.3% S5
o AR =E Ao Ui B W 2% FAades Het 2.7C, L 3.5ToIeH,
TESEE P 10.6%, L 15.4% A5HAS
gh, Ao WE B s 2SS Aol FAY i8] 2,9C, AYEF =& 3.0CT
Hashes Ao2 2AES
of, Ao wE ¥ HAFES 2AEG oW 20 T~8Y At AY|SE 127] ulAabgs A
Sl=7F 43] o2 Aglow uweba ) Ao M2l wke] E7HESHAS
NE 5) B4 A - SF N F 2T Agan 717(2022)
7h 2 AR Ae A Aol ¥ £ ¢ e AR AHEE 6, 7, 8o AA
shplow, ohF 5 s 27|91 13A] ~ 16A171A] AASHS
U, Ao wE FeF kA T 160.0~325.04 mol/m’/sE RALE|Q OB, oo w2
T FIEE 9F 79.6~84.6% 01U
oh A Ao wE I W t7] ks 2ARE AAIRE B dRbA 2 02T A F T
L2T7HA A5t i=
gf, e AR Ay Al FF g, 2k Ay e FEAES FAY el 0.3
~ 3.6umol/COy/m*/s 43S
oh ¢, BYY FH2EE FAY tiH] 0.3 ~1.4T #AAdshe AFS Hof dadt Y
BHANE 5 E Ao AdENE
v g2 Ao wE TR ARG B EAS AP Ay g, 9 3 2N E
(Hunter Value a) & H< RAEO|A & 2ol HO|A] ks
A" 6) T o714 #A 9 H3jdd ZYEF(2020-2022)
7F 20209 1~29 Hat7]&2 HW o] 217} 45T, 2.7C =L, 4¥€9 72> B tfH
L1T @ten, 53] 41T o|s9] o]/fA=0] WA=
L 2021 3~499] Ht7] &2 FE thH] 2Tl ok #4=9f Wot W IS HA 7] 7F YA
T~8Y FIL7] 0] 37T o|fo=m Uiyt Fo a7t WAsHS
3. oAt /399
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o 20229 2909 WRLEL BY hul 14T Wgrom, B A9 L 187
o AFS BYS

o mUEY 717 B0 BEE Fof wae BAEA gorov], BA Yo wye N&How
BT, ATHE 7102 T YRS 0.0 ~45.9%2 hyBtAS

Corollaro, M, L., Manfrini, L, , Endrizzi, I., Aprea, E., Dematt , M, L, Charles, M., ...
& Gasperi, F. (2015). The effect of two orchard light management practices on
the sensory quality of apple: Fruit thinning by shading or photo—selective
nets., The Journal of Horticultural Science and Biotechnology, 90(1), 99-108,

Gindaba, J,, & Wand, S, J, (2005), Comparative effects of evaporative cooling, kaolin particle
film, and shade net on sunburn and fruit quality in apples, HortScience, 40(3),
592-596,

Laszlo Szalay, Zsuzsanna Gyorgy, Magdolna Toth, (2019), Frost hardiness of apple
(Malus X domestica) flowers in different phenological phases,

Michigan State University Extension, 2004, Critical Spring Temperatures for Fruit Bud
Development Stages, http://msue,anr msu,edu/news/critical spring tempera tur
es_ for tree fruit bud stages,

Rieger, M, 1989, Freeze protection for horticultural crops, Hort, Rev, 11. 45-109,

Vitasse, Y., Schneider, L., Rixen, C,, Christen, D, , Rebetez, M,, 2018, Increase in the
risk of exposure of forest and fruit trees to spring frosts at higher elevations
in Switzerland over the last four decades, Agric, For, Meteorol, 248, 60—69,

Zatyko, I, 1986, Effect of frost damages in different times on the yield of apple
(Kulonbozé idészakokban bekovetkezett fagyok termescsokkent§ hatasa az
almanal) GymlcsInform 86 (3), 108—112 (In Hungarian),

Rodrigo, J., 2000, Spring frosts in deciduous fruit trees , morphological damage and
flower hardiness, Sci, Hort, 85, 155,173,

dgot, olmAl, AdH, & F42. (2008). AT Haf HAE A% A2 FAL 714 £

et At bR 2|ete]A], 43(6), 824-842,
A4 2022 W=AE. http://www,.kma, go kr/weather/observation/currentweather, jsp
P, HEA, AYe, 23, A, AP, & 782 (2012), AAUHVR QS F
&371 7Fsd mAdarE Yalujs Aol vA= 9. AE=AlsEdNEeeAl,
24(1), 60-64,
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