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Abstract

This study evaluated the impact of rain shelters made of plastic film on spring frost damage
and fruit quality in Asian pears (‘Niitaka’) over two years. In 2021, during the coldest spring
days (between 0:00 am and 7:00 am), temperatures dropped to -1.20 - 0.43°C at 120 cm
and -1.33 - 0.57°C at 200 cm above ground level in the control. Conversely, the rain shelter
treatment maintained higher temperatures, -0.40 - 0.87°C at 120 cm and -0.43 - 0.77°C at 200
cm. Flower damage was significantly lower in the rain-sheltered group, with incidences of
1.3 and 6.9% at 120 and 200 cm, respectively, compared with 18.1 and 22.6% in the control
group. Visual observations verified the prevention of frost adhesion on flower organs in the
sheltered group, compared with noticeable pistil death and petal browning in the control
group. In 2022, when temperatures remained above 0°C, fruitlet stalk length was 5 - 6 mm
longer in the sheltered group. The cumulative impact of rain shelters was evident in the
improved fruit quality over the two years. This study suggests resilient cultivation strategies in
the face of climate change to reduce frost damage, increase productivity, improve fruit quality,
and potentially increase incomes of the farmers.
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Introduction

Z| T A2 dstol| e 7|2 5o B AF A e Aashe FAIATHIPCC, 2021),
7H8}7] 2 21-2-0f] 2J%F o] 2 Z{SK(Chitu and Paltineanu, 2020)2} 5291 7|5 ¥ 54 wj&oj
=4 7ek7]9] AE|mlsll= o] TAYSHAL 1th(Jo et al, 2022). FHAHAERO W=
2018EHE] 37 2|20 2 QI3 E3) mlafs B 1h4 L3t Q1A A 2] e&E o
o3l & 108,608 haollA] EA¥sto] 231190 2] Aa B 1] 71 2| A= Q=T (MAFRA, 2021),
o]} 2 F H|-&ut &4 2 F0)7] A= TslE 41HA1717] gt tiFo] e gt A% o]

o}
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B3 AR n)se Aol 2 A2 Wele] d-33/dol| olal WAYst=Tl(Rodrigo, 2000), A]2|7} 3}7]of| 25
zZo| A=, Alzato|u} JEA| 9] who] Z5tE] o] mpa =] ALt M7} Eet SA] EThPearce, 2001). E3F
H 525 22 o] 27} dE5te] A HH 2R 2 SRl o 2 Zato] el 22 o] A 7] 52 AdAlsiAl Hct
(Longstroth, 2021). o]of] e}, 4730l i= ZAE & 4= Ql= 20| ol &/ HER A= A ZFsh ak4of AabeF 7ha
& ooz A Hct.

= JEAY I 222 on] A T2 A2l T]s) &ulE St o] o] E7Fs sttt kA, EEl 9l v
HE ARESto] AE|Tal| S 2| 481l ok Sttt Choi 512011)2] AAtol] wh2 ™, v ZHlof| A 3719] thR& E-851A
L}, 50 45 F Al BEE = LS o] 83t nAapet i) AR A Eu]slE ol S5 B3,
ol= FAlol 22 FIA7)= 2 Bk T3t 2K 8olA 7|Ee] 9A, A, A 71 & o] &5t A4
H AL EA A AaxpAfl HEeke A et dajuletd 58 AFESte] B We] x5 Fol= WS
A|QFsEaL QITHNIHHS, 2020).

H7FA A2 32 2 AfujollA] 851 e R FR9 7]2S wolil ulo] BpstE SRF S
AA AL oS A 7|1, B P ES Fo] TFH] XE S APAiksh= dlof] E3F2Ql 2o g Bk
(Chavarria et al., 2007; Ahn et al., 2012; Meng et al., 2013). W2}A] B]7FE A A-S vl 2}lof] 218514, 1}2lo] &
=0 A7t 2528, £, fato - o2 JFS FA| @A BSSHHA FAl0] B IYES AN S
< oflidg ok

olo]] 2 Aol v IS tiF o2 v|7HAI LS AX|5tal A S R 2 Sto] vl 2o A2 U 52
m)sl] 2] g3t 9 $87] 9] ;A F- o | x|= YFS Bl wsHIch

Ee=)

Rt o

Materials and Methods

e 3 H7HEAE 2

e =AM A S8 944 HR|of] x]& Al Al A A E] o] Q= 40184 Al v E Tt e = A
ST Al As RAAE R £ 222 H7FIAE S AdX]sko] v skl BI7FI A ) A g = 0.05
mm2] LDPE (low density polyethylene)S AF2-5F0] 100 m X 15 me] #2215 A5ttt v|7F A o] vl 7}
o= 78] S N A S AR A g3t X[upe] ‘e A A7) FAIE 2] 6l e Ha S dE T2

=7t 27| AlAFshH Al dE ATl Bs Al o2 RSkl ThFig. 1).

3 ¥
[ %1 e — K

Fig. 1. Picture of open (A) and closed (B) structure of rain shelter. Arrows indicate the directions of the
closing (A) and opening (B).
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HI7FIAIE 2] 7ol e 255 HEhE Blwstr] 9Jsl Z2F A 2)tol 3x]7H(F, 5, &) X 291%|(4, sHAH
O 2HE 7200, 120 cm]) BE F 128790l 2= AlA] Hlo]E| A (Testo 174H, Testo SE & Co., KGaA, Germany) S
ARSI, 2t |0l A 102 ZHE 2 SA53iT). 25 Wt 9 Afju]sf A] 2o ¥h3-5 wake}7] 9| sl efl
2 7}H|ZHATL200S, Afidus, Taiwan)E- HY 22 9]x]of| dx|s}o] 202 7HA 0 = Z75Iich AAd=o] Rid 2
202132 49 8%, 202202 49 16¥ 0]} o 33| ‘of2) SHEO 2 JAZ+ES AAIFITH

Hi % AM2| D|SHZ=A}

E4710] A2l A8 910 48 219000 Aol 719F Lol fafeted Aol 2 Usfein wets
) 37 S Aste] 71 R 2R U ko2 AAE 109AHA 0] 81, & 1208152 T2 2SI
Cf. shute] S0l B2 1] 2ol 13100] 3 ol o] 2 52 S 2 gt 4ol TAYE
o) w32 e 2O R 7Este] 815G ol u 8-S AT 202210l 49 22%o] 35T L HhES
ZA¥shaL 59 620 X2 E 2 by §ukE s7)A SealArel A 3H, 2k B wHE o) Zo|2 Akt

i)

E
-
r';

x+<

SEZAH A YelFs) ot

20219 99 197} 20221 89 31%0f] X 2jd 7 g FA9| & A ste] St =AY ketoist oh4
Qlojat Al Al 2 o]%s—}oq B Aof o] 851 ch 8 T2 25°C A20] 1Y WS & 22 ZARE AAIEH
ot A2 vk 4= 2021100 187}, 2022100 302H5 ARESHIITE TS ZAbE TS AT & A
s %ixwa(cmooo, AND, Korea)2 574511 7411 9l 2HE-2 H{U o282 B A5 o] &5to] S74513ict. 2Hal

O] A= o] A EH-& 7|50 2 7] £ ¥l 7|11 8 mm flat-tipped probe S AH-2-5+0] Rheometer (TMS-Pro, Food
Tech. Corp., USA)Z 5 mm sample move, 100 mm/min®] 2710 2 S SAs5Itt 7184 1= 2 7}
A HrrHe] FUHEES | em T2 Zet 47 9] cheese clothE ©]-8-5l 25310 digital refractometer (PR-32a, Atago,
Japan)® ZA31l 00, Ak ke Eolgh Wi 0 2 2Ea} T4E s mLE % 2= 35 mLo|l 341519 0.1 N NaOHE
0]-8-5}0] pH 8.37FA] S35t 2743 & Atatako 2 ShARsIATE Thu] A =72 chroma meter (CR-410, Minolta, Japan)
£ o|-&sto] ZH7iA| 9] mE T o] A =& SA4510] LY a*, b*E :TLO]'J— Huedt= Ao THKim et al., 2022).

S A 242 Python (version 3.10.12, Python software foundation, USA)= AF8-5l] 43 =] iTt. to]E] *|2]et
£ 913l pandas (version 1.5.3)2} numpy (version 1.22.4) 2to]B2{2]| & ARE5IITH 0]94 EAHE A (Two-way
ANOVA )< statsmodels 2H0] 2.2} 2] (version 0.13.5)2] ols®} anova Im S5 AREsto] 4~3Y313lth AL A=
statsmodels] MultiComparison®} pairwise_tukeyhsd $H~5- A}-8-510] Tukey's HSD B|AE S $3)31itt B & A
oA o] 2720052 A g3t

Results and Discussion

H|I71EAIE EX]oj] IHE 23}

7Nek7] Z4%0]l 2173 120 em@F 200 cm =0l ollA 25 S48 A}, v7F Al o] A | A 2] toll A= ti2+
of v3l] 7]-2 A5 a7} ol ich o] Axb= 2021 2022 25 G E Q| AR o2 7].20] b
oFE 2021 0] 202210 HIB|A LEARS I F T4 LeRTh 2 2021 4 12 EE] 49 287712 2] AZ %]
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25 X277} gzol Blaked 120 cm 2 200 cmofl A 212t 0.54,057°C 29E0m, 20221 42 122014 4€ 30
A7H] YZFH A2 T QR]ol|A] ZH2}0.21, 045°C =A] RAFE] A Th(Fig. 2).
20210 AMEjmjsfio] FFe T A 2EE AR A3, 7P 2571 W2 0AFE 2 7A17EA] 9] 7417
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Fig. 2. Comparison of minimum temperature by treatment and position in 2021 and 2022. Arrows
indicate full bloom day of each year. Con, control; RS, rain shelter.

Bt 22 2&71 0°C ofst= HolXl F2 4U 2 AT, 571X F £ U] YA =S AR AT
ZFo A= A4 120 cm =104 49 99, 49 14, 4 15Y, 49 19Y 0] ZH2} 0.80, -0.63, -1.20, -0.43°CE =
A FLZF 200 em F0[o| A= 22} 093, -0.80, -1.33, -0.57°CZ S =] o] |4 200 cmOf|A] ThA B2 2=
Hol= 710 & LEFGTHTable 1). ¥HH, H]7FI A X 2]qLoll A<= 120 em o]0l 5Lt ZH2F-0.13, 0.00, -0.40,
0.87°C2 SA =31, 200 cm 0|0l A= 242} -0.27, -0.03, -0.43, 0.77°C2 Z4 =] o] thRFLH T} 3+ 0.88°C =3k
O A zolof mkE Aol = thRtof| HshA]= A2 21 0 2 AT,

A o 7 R HA0] 2= EYe] A&, A EH] AR, Aoy AlAgo] o3t BARYZ; Apeka} 22

I ox

Table 1. Temperature (°C) by treatments on days with minimum temperatures below 0°C.

Control Rain shelter
Date 120 ot 200 cm 120 cm 200 cm
2021-04-09 20.80 093 2013 027
2021-04-14 063 -0.80 0.00 003
2021-04-15 4120 133 040 043
2021-04-19 043 057 0.87 0.77

* Data were collected on 120 cm and 200 cm above the ground in orchard.

olg] 22lof| oJ5) Y Wh=t|(Lindkvist and Lindqvist, 1997), & & 10| &= X|E LA of| A WJz}o] wo}
A 7V @3 157} Fold 42 rtka H1H Bf Q] th(Nishiyama, 1985). £ Lol Al AW 9] 200 cm@] 227}
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120 cmof B3 Tha B AR5 QIR Ak 3hlzo) =0 2 Seputol 9Ll Hhzo] & S X ofH E4of
7 QUSIAAL 278 200 cm7} LF0] 71 AFERRLE t7) B0l =Bl Ak A7kl gl

ahH, 2022301 20213 7He ThE A, 9H7) o] % uf 3hele] L5 3 W 0°C o]l Holl Fo] gtk wet
A 3H9lo] H2jujs] BALE o4e §ABIHo DR, of Aol Ml 7E L& 2hol7} zhelo] A2jn]sfoil vl
2= ofgo] 7o) gighe Aoz Belth

H|7HAIE EX]ojl IHE 3 A2 m]cH

7 o]ste] 2ol A )7} s M oA 22 Y SAR QISH7|AIY AEHA B YR 83
I gea 22 of2] A ARl AERAR Qlsf mls 7} AR 4= AATHLevitt, 1980). 202110 RO A= A
2jo] Bata} 2|2 FAnjs 7t dAgdsto] £lo] Az BAL, o] kS BhH, w7 A A 2] to]]

A AE7F A4 0 2 BRE] = 21 doba] 245 FEe] £ |Qho 2 3kt 4= QI3lT. o]+ Cloudberry©ll
A 37171 A A 0 & Ae| o 2 RE F7H4 0 2 3]u]H Ro|ol|A = tiREe] o] Bl &40 S gl
o] Fafju] 5l 7} AAATH= Agren (1988)2] Ha1o} A=|5h= Zlo| it

32T ool E B2 20| HlE-2 AR A3t 2ol A= =olof wha} 18.1 - 22.6% 2 FAFE| AL, H]7FH A
A A 2] 7e] A foll= 1.3 - 6.9%2 ] 2|Lol| A 52l otA wlsh 7t e AatE Blck £9] 3oiE2 120 cm A4
of H]3} 200 cm Ao A W F =7t o] =7 LrebET, of= 212l f-7et daglo] & A 7] 2]#2=7}t
200 cm Aol A] 120 em A HE T I Zlo] 21910 2 HoltkTable 2). o|2]3t AutE E5f v]7Fg Al e] A%
7H Q] ol tigh 22 malE A7) Al A AR A e] 222 3lu]oh= A el e, A-20] =iFile )
Fxjg|ol v A o2 =2 25 FAIFH Aol shue] HxAQl eolo g 2h835h 71 0 & whrhe| Qi

T 202200 2 TS ZAFSE A Z7FI A A2l gret iR B )7t 2ARE A ekokth deid e
49| A2 &7} 0°Col/d2 R AI1F7] Wil Alejnjsiut a7t EAdehA] gk A 0 &2 ek Qi

Table 2. Effect of plastic film rain shelter installation on flower damage per flower cluster in 2021.

Treatment Position Flower damage rate (%)
Control 120 cm 18.1+32a
200 cm 22.6+2.7a
Rain shelter 120 cm 1.3+13c
200 cm 6.9+3.8b
ANOVA*
Treatment wrK
Position *
Treatment X position NS

Mean =+ standard error (n = 30).

“ Two-way ANOVA with an interaction term.

a - c: Different letters within a column indicate the significant differences (p < 0.05) by Tukey’s multiple range test.
NS, *, ***: Indicate non-significant, difference at p <0.05 and p <0.001, respectively.

o CF O
Qe ot

=22
Tt S vl A, 3, wal, B R 8|7 A 2257} thRAtol] Bl sl tha A AR Rl

(Table 3). £3], #7d2] Zo]7} th2739] 120 cm@} 200 cm AN A ZF2} 34,9, 33.5 mm, HI7FHA|AD X 2]t= 242}
39.7,39.4 mm= H|Z7FH A ] A7} 7|2 A¢5 0= QIeh 1 do] A7l 3441 FF2 vlx]= A= Tt
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O

ek ol Aol R} 459 59 £157] 51248 2 717} Aob ana, LE7} 5845 34 37
7} 70Tk A7 Aol §AFE 7 3F0] QITHBergh, 1990). 0] 23t H740] Heke of E o] o] .2 sk shol 1}
A ol 20 2 28 20 2 WREh Bae) zhel 35S AL 2a H2l 7 7io] eloleh )
oli= LA kA2 Bkl Al A 2l ol A fate] Bhaet mEo] tha JA) ZAE|gich nheb 27] e 7)eo]
Sfe] wgol) ke 714 o 2 kg v 4 rka s

l‘N I'NF

Table 3. Effect of plastic film rain shelter installation on fruitlet growth in 2022.

Treatment Position Fruitlt size
Stalk length (mm) Length (mm) Diameter (mm)
120 cm 349+1.5b 16.7+0.8b 14.4+0.6b
Control
200 cm 33.5+£09 172+0.7b 14.7£0.7b
Rain shelter 120 cm 39.7+1.6a 16.0+0.5b 143+0.5b
200 cm 394+2.0a 18.5+04a 17.0+0.3a
ANOVA*
Treatment ok NS NS
Position NS * w
Treatment X position NS NS *

Mean + standard error (n= 15).

“ Two-way ANOVA with an interaction term.

a, b: Different letters within a column indicate the significant differences (p < 0.05) by Tukey’s multiple range test.
NS, *, #**_#¥%; Indicate non-significant, difference at p <0.05, p <0.01 and p <0.001, respectively.

:I_I.AI

o EE =M

HH

HI7FI AV A2t 2o I F2 Aol 5 AR A, BZF A 22|37} tizTtol] vlsh 3 s
FEI7EE2 A0 AT 281 I o) 375 2ARE A3t BIZFAND 257t 2halel o] thzto]
HI3]] 2] LEh eztol] Hlsh thax thakel 2102 ZARE QI th(Table 4). O] 2] ko] HI7Fd Al dollM
T S B o]F 5 A] B o] A7)0 FFE 71X Aoz kT djaleh -2 HIEO 2 sl A H]
(length/diameter, L/D ratio)= 0.87 - 0.90.2-% 3‘—*@ o] HAF ] IAFENE Bt ghd, 2021 H0f| 2H=2o] Z|ohigh
I} 2|k Abolol| |AP7F th2ALol| A 4.3%, HIZFIAIAE 22| Ftol|l A 2.5% 2 HI7FIAIA 22| 3te] db4do] o)A
TUE7} 2 202 ZALEQIT: wp2bA] B7FI AV 2] ol Hlsh thabs Ak = Q= o=
T

Ol

Table 4. Effect of plastic film rain shelter installation on fruit size.

Fruit size”

Year Treatment Length (mm) Diameter (mm) L/D
LL SL DF (%) LD SD DF (%) ratio
2021 Control 100.8 93.7 7.0 1122 1074 43 0.90
Rain shelter 101.9 934 8.3 116.6 113.6 25 0.87
Significance NS NS NS * *k ok NS
2022 Control 94.4 86.3 85 108.9 104.0 45 0.87
Rain shelter 99.5 90.8 89 111.9 106.7 45 0.89

Significance okk ok NS * * NS *

LL, long length; SL, short length; LD, long diameter; SD, short diameter; DF, size difference factor, (LL-SL)/LL*100.
“ Fruits were harvested at 146 DAFB (days after full bloom) (September 1, 2021), and 138 DAFB (August 31, 2022).
NS, *, ** ***: Indicate non-significant or significant differences at p <0.05, p<0.01, p <0.001 by t-test, respectively.
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Ao FA-E BASH At I F-2 HIZ7FI A 2]t 2021 751.0 g2 = thRT 689.3 goll HISH 8.2%
1, 20221800+ B 7FE A 8] 77} 653.4 g O 2 TR 606.7 gol| HISH 7.1% A ZAME ATk o|e} D] 148 Ar =
H| 7} A1 2] 2] ol A] 217F27.8 N B 279 N2 th2+ 32,9 N H 32.8 Noi| BI3H 212} 18.3%011A] 17.6% SA| &
AFE] A THTable 5). ©]+= HIZ7FH Al A A 2]ty 7]20] tj Lol A B}t sopx o|eh -2 Ay uh2 Zio &2 gk
). o]H 9] Aol whE R Abaof| A whEedt 2 ol A AulE A o] thatkE Aabeh Thee] A= Rokths
Aol U] FHH Warrington et al., 1999). ZHA 0] FZo]| Rlo] 7 595t 2191 7184 & &gt 4t SHegol]
A= BAK R [l gt 2ol & Kol x| QAT H| 7 Al A 2] Ttol| A itu] 7} =A] A= It o= H]7H
Al A 2] o] dHAl o] Ad&at o] e x|of| H|sl X1 g T F7HY O AvlE =4 Wl Ao s o

.
Table 5. Effect of plastic film rain shelter installation on fruit quality.
Fruit quality parameters” Color difference
Year Treatment EW. Firmness SSC TA SS/TA
. 4 i a* b* Hue®
(%) N) (‘Brix) (%) (ratio)

2021 Control 689.3 329 115 0.12 939 66.0 6.6 40.0 80.7
Rain shelter 751.0 2738 115 0.11 1033 67.5 6.6 403 80.7
Significance * ok NS NS NS wk NS NS NS

2022 Control 606.7 328 114 0.11 1045 65.7 12,0 373 72.1
Rain shelter 6534 279 11.1 0.11 108.1 66.8 1.1 36.8 732

F.W.,, fresh weight per fiuit; SSC, soluble solids content; TA, titratable acidity; SS/TA, soluble solids content/titratable acidity.
“ Fruits were harvested at 146 DAFB (days after full bloom) (September 1, 2021), and 138 DAFB (August 31, 2022).
NS, *, **, ***: Indicate non-significant or significant differences at p<0.05, p<0.01, p<0.001 by t-test, respectively.

T2 270 de) AA HEE e Lrgto] HIZ7F AN A 2] toll A tha =A] S = JlTh(Table 5). 2022
Wofl&= ML Ql axgh2 thRTollA] tha =qtout & X2 o|A 2% Thu]o] JFA7} 5] A4 H AJE)
Atk =5k FA TS e b e thR oA Tha =2 ZA7HS B 3th Hue angle2 60°= yellowS 75°+=
yellowish greens 2] U|sH=t], B]7FEA]A 2] 2] E T} cRto)| A] Tha Yol Aukx| o 2 o] ZMo|| 7i7ke- A3t
£ HQit} o] 72 A3k vlollA] ZFo] 42 Ligh B0, at gk W2 S Btk 7|E A7 Axtet
A x|5H= Z 0| A thKim et al,, 2014). THH, 20211} H] w5}o] 20221 of] Thu] Ao] ThA x}o]7F W 1018wl A
27191 8of| AWM BEUF At o] Z44-aFo] HFdtH] 151.4%°] E5h= 0|4t 7]$E H Y I(RDANIAS, 2022), ©]
of wpet 57| Fgoll S 7131 Ao & Y=, EFH|E] Q] v7F Aol A] Fafoll cigh A7t At 7|14
270 #AIGlo] Al U B/ a 3 ARE T E(photosynthetic photon flux density, PPFD)7} = 2]of] H|5H 12 4~
02 Jokth= A3kKimetal, 2011)E 212 uf, 2 A3 of| A M =7} ol A2 AFA] | =]o] Qe A1 51}
| upRE] W53 T X 5o FRER 8l 4go] "ol = S3S AlAlsH= Ao Lt

ol’fel Auts Folsto] & uf, vI7FH A X g iAol vlsl pHAERE-2 E715ko] ) AYAtol| felst
Ak =3 FAH|E o 20|15 ] 5t A7) S th 2ol H]al thazt 3 4 S A o = k= gl
SIAIE, g5 70l o] B 9 H|7FEA A L] 2 Eo] FFE Y 7HsA Qlol TRt of tha E2|E

w5 oo=w & o O AA

-

4902 Ao gheker) hH, o] 22 1|7} AJALe Ax]u] 83 Zukx|ode] ] A5 A} R(RDAAMCIS, 20212
2502 v ) 3 Yol 7| A5 ] o] Sl4E|m e AA4o] gl Ao 2 pekEr)
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Conclusion

HIZFIAE AR A2l 2ol A H 0 R RASHE 218 o, u) o] M L5 45 wot Heins) o
ST Y A0S Beirh Aeinls) Aol WYsks 2 Bjsw ul7k Al o] 9% B Aol A
Shsick. o] 2o F ol GFL 11E 202 BeIT HIFPAIL X2 ol B 2 2hA PArstgon], gt
M 0] Aln|S FAIZICE o] ATES HIZFYAA AX7H AT ) o] Hejals) YAle) Exprt g
o= gekEil, vf S48 AL AL TR} ALY E ATE B8 57t A5 ol T 7lofF 4 AL AR
welr,
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