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Abstract

This study was conducted to analyze the effects of summer greenhouse environmental factors on the
productivity of sweet pepper (Capsicum annuum L.) and to determine the influential factors. Two
sweet pepper export farms in Gangwon-do (Fy, in Inje and F¢, in Cheorwon) were surveyed during
2021. The flowering of sweet pepper started in March. Fy, undertook two-stemmed cultivation for
35 weeks and F¢, utilized three-stemmed cultivation for 31 weeks. The amount of accumulated
solar radiation gradually increased from the first flowering period, peaking in July, after which it
decreased to about 60% due to frequent rainfall in August. The temperature was high in July, with
the day temperature exceeding 30°C and the night temperature being over 21°C. The night
temperature increased to as high as 26°C from July 4 to August 13. An analysis of the growth
characteristics showed that F, has a shorter flower length, a thinner stem diameter, and a shorter
internode compared to Fcn. The relative internode ratio of Fy, was 138% for group 1, which is
significantly higher than that of F¢,. However, the ratio became lower than that of F¢,, from group 2
and significantly shorter for group 4, reaching 80%. The second half productions of F, and Fc, were
36.1 and 39.9% of the total production rates, respectively. Both farms showed sharply low fruit-set
rates in group 5 along with very low harvest rates in groups 4 and 5. It was noted that the low
fruit-set rate and harvest rates for groups 4 and 5 led to low yields in the second half of the year.
Multiple regression analysis results showed that daytime temperatures and solar radiation levels
were positively linked to production levels, while night-time temperatures and growing degree days
(GDD) (24h-mean temperature minus 10) were negatively linked. Greater influences were
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observed in the following order: night-time temperature, solar radiation, GDD, and daytime temperature. Based on the
obtained results, it is recommended to keep the 24h-mean temperature in the optimal range by keeping night-time
temperatures lower while minimizing the decrease in solar radiation in July when the temperature is high in order to
secure production in the second half of the year for summer-cultivated sweet pepper.

Additional key words: harvest-rate, high temperature, low solar radiation, multiple regression, night-time temperature
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I 27N Capsicum annuum L.)y=737], 57, 73, A2t 2| Hol|A] § —9Ho|| HAI5o, the- 3] 79714 -8tel= A&
2Fd vt A 2|9} G oA 3 - 5Lof Alsled, 5 - 129 8ok o5 2HE 0 2 AYATE| 11 Qlo] A AJAto] 7Hs STt
20209 - S TR E7hEER2 30,3 MTE Wi E B 2.5% MTE $&o19.0u 1 -3971 8- 1092 &3> B
157 MT2 Bl 2 22 Wo|Th(KaTi, 2022). 1 -3 97 8- 109 0] W 572 212, AUX, 11252 §70] 4
SIS 712 71 0 2 U2l A It Adams et al., 2001; Lee et al., 2014; Kim et al., 2021). £3] o5 Afuf o] A stko] 72 Afuj
o] RARFRTE 20% Wol(Cho et al., 2009), 8 — 109 2] A =0 7]&0] D a5},
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stz el7h= 7 Al 717t 2A G Aol FAO ol R oAl e B, 2, B, olelt A S e
olo] wjat AJ84¥o] A7 Hrh(Bakker and Uffelen, 1988). 2710l AAAARE: G 61, IHIH|H 7| o= UYL

A =
Lol 7t Baskal ST Aatsto] el ARlsHA BEgS5l7| wiZell Wskar HEeh edvte]y
(Marcelis et al., 2004; Heuvelink et al., 2002). w&5}1L A A3t 2} J}E]—‘;— T 2, %l:._
oF 7 5 Ao e aQlo] Bt o 2 Ao Ag ol o T E et 15 1’0}
7t AAEeH o5 Qdlo] Akl Fake rlFitk=s ARPAT @3’}7} HAE
Myung et al., 2012; Woo et al., 2014; Myung, 2016).

A7k =] szt s 7 27 g Qlo] she]zhe] et Aol w3l s geke skl 24 URo] A
&= =50k B ottt 55] o5 24 IR e et 22 = 2ol okl =(Jeong et al., 2009) HHH &
Tea=30°C oge] ao] A&k of 2420 i FE5 Yot s 212, YA BT s v)sso] HAY OW(Marcehs
etal., 2004; Cho et al., 2009; Myung, 2016). 0|43 A7} 7|5}, 27} Sof] L7} 37 Tholslr] 2ol AL ThAE
T7H g aste] A 5 7 o= 21 -23°C, 2k I 7] ofli=21°CE P2fgith(Bakker and Uffelen, 1988).
25°C ool A Z-E-2 34 3-S(maintenance respiration)= 57 A A B8} Et= HRE0] 2012 1, 34°C o}412] 11-20f4
7H&} Hof| YaletthRylski and Spigelman, 1982). H&-2 F R M= o 2o & kS W= A0 2 deffon
(Rylski and Spigelman, 1982; Bakker, 1989), £5] o7t £ &7} =11 9 27} kS wjofi=Z20] JopAte] Befo g R ul 4
Aol ol 1L A= 9ot B= Yol FthMarcelis et al., 2004; RDA, 2020).

SHollA = AV U 27 floto] o158 AR (Ee AFAN T AV T2 B HER R WHMHIE B 2 £
At ALE B 289t o 248 Aokl Q). Lee et al.(2014)-2 LEP(nghtmg Emitting Plasma) X = H3d3H-S
) G- o] Zrtsto] A ST} 7Fsoithal B 1161501, Ha et al. (2012)-2 9323 12719 30% 245] 244
S 24 o7 Aol 251G 1 24 YR A4 8t 2 2°C 5P, MM 2% 5°C 5P, 9] 2% 3°C P2 avf
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O E5] 15°CY A7 ke Bl A S 59 32 o] Sap7t-olo] B HEsi 38 &S A AT stelth. 18ud7]
hAle g 25 AR Yok ]EE%%L@—E*}QX}QO}L o] AlEA ol = FaFll thet olai7F F=oit.
Foll= A2 at-gohs 24 o] 220l vl A= Gkl Tt A7 48] 11 QIT}. Myung(2016)-2 1H 2] 7} Afufo]
A ojitetetaof Auat 2, AL L o Yt -5 AV ST ECE o 22 Aok 2 B A Z1AS SR S A
s } At 719 731—}01] E}E‘?ﬂ TFEC] =2 A&7 AMIE SPHA] - gl whet oAbl Aot ECE 4t
g SH7E s siet. ek AlEA ol vl 2 21e] JF AT
ot AV S & —15‘} ] %5 Oﬂ‘:} ‘I}‘j)r/ﬂ AN = A o F 2 o]zt AL A] Aol ok rl A= TRt
2 QR 11 5 FFH o] w2 2H4 IAK(Influence factor)E -H ot A} oF ATt

=2

AT AT A A 7 17H;(Fm)9} U 172 (Fen) o] 2t AF 24l 202130l 5385kt 24 57}
A wfze|7hE Aot om FE, AL, HAY 52 240 wheh GithTable 1). Fipi= 20219 2 19 A A6}

129 13¥0f| F=019. 0™ LH(DL x W x H: 120 x 12 x 8cm, Grodan, Netherlands) =3 AH1 2 32 7] 421615t Fo e

2021939 14 AAl51o] 119 1190 £a35159.01, Folo] HjZ(L x W x H: 100 x 15 x 14cm, Duck Yang, Sri Lanka)©]l

2E7] 1ot} 73 Ao Tt T el Tl WA o) A dALA o] B kel E mEt L, Auie Tl ko] T

& 1

q
Ay BEXztaE w7 AAH 2SS A oA A-(MAXIMIZER 4.2.0. build 4771 Version, Priva B. V.,
Netherlands)2 AF8-510] &4 U} 95 L o AITS T | AAJERS 5B Tk 2 AlES 213 S ARE-51gie), nfma)7he] S}
Aarer B892 A NS 5 109714 2% ZP%LE 27 uiy &, Gt A5, 23t P o], 8 A BA 9 R
ZAeRIT). BEokE mirA(GARES, 2019)°]l 6to] 27482 2| AR5 1 A47H] Aol g, v 4= Hotthe] 6 A%
AR BiEE ARSI 1em V3o v Atz sl wol= AR e A WA 7} e 7iz] Aol & AL, A

Table 1. Information of surveyed sweet pepper export farms in Injae (Fin) and in Cheorwon (Fcn) in Gangwon-do, South
Korea in 2021

Sector Farm code
Fin Fen
Location Injae (38.26°N/ 128.80°E) Cheorwon (38.27°N/ 127.35°E)
Farm size (m?) 14,546 3,465
Variety Lyker (Monsanto) Keessie RZ (Rijk Zwaan)
Plant density (stem'm) 6.78 6.68
Transplant February 1 March 14
First flowering March 4 March 31
First harvesting April 26 May 25
Last harvesting November 13 December 11
Temperature and humidity control equipment Air flow fan, Double-layer screen Double-layer screen, heat conservation cover
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3 o 351 2 5] A7t Y o] ARt & S5t 2HA0] 90% o Fol X I SEtele] gt FAE S0t
et A= 249 67119] mhi )7} iAE BEERAL5FL 0 H-2 oo FiA AEstsi.

A A g Uehle A B2 AhA A7 HlE(Eq. 1) 7217 8845 Ueille A1 82 Ake(Eq. 2), M=
Uehfl= 2182 <2} o] £8H5(Eq. 3) 2 APgoelth. 24t 22 AEAle] suitd S 1 050 = 0}04 Z 5713(40u}
o) L2 7251 Jang et al.(2016) ] ® ol w2t 248t 2t I WY A= 101523 - 58 £, 20w 58 56
A%, 3052695079 40528-9Y, 552 1090|ict. Ty WA FH A e = }O‘Oﬂ T2 A A 2}
A& 8ot ol K week) @] AYATFS AFESISITHEG. 4).

AT A7 ulE(%) = S DA Bt vt Zo)/ A 44717t Bt ke Zo] <100 (Eq. 1)
k(%) = 2}l 42/ % vk 4= x100 (Eq. 2)
2tk o] EHE(%) = 488/ 2R <100 (Eq. 3)
Wi kgm?) = AEA & Bt 78 (kg plant”) x D= (stem m?) (Eq. 4)

LIS MEsIEA U SARY

th A 2] AT EAREA ol AR HlofBl= T A1 Y] ZHRt AR E miA|et AL & Agkste] Fi= 20213 39 4%
—11¥ 13Y, Forem 20219 39 319 - 1Y 11249 Hlo]8lE ARSI HlolE G214 AL SPSS(IBM, New York,
NY, USAYE o]-§3le] 20| 71 BoHIAS N24Z 05%l A BT BA5R SYBET 7474 WAl Sashglch

Je BN AL OF AFIAR DS AL, T AgalAR DL S8 17] obde] Jaelart gl
45171 8olgt BEl=(Hwang et al., 2021), 17]] o)/d9] A7 F At 2= s w457 ] ol st A4

A 671 T2 A EA A §F ol FERt M2 FATSLT y = [, .+, il & B 2T P12 A 48k F2t0] 1,
S A R e A (TR PR AT = [en, em, -+, enl ) BS 2
o}, FA}rkc} 2K nterval) o] yot e7} 012, 7k 3t HE £8lo] 1, Sl 717 1] B 22191 77 L1, ok
25, A5 Y(Growing Degree Days, GDD), 51 B YAFES +2]5to] 85151t AlE0] Aek=t] B a3t 2|43t
LEE U E AR U2 AW 2 of mhrg|7le] 71K L 10°CE ¥ Zh(Marcelis et al., 2006)-S AFESHAT F,
FCh_ 01-7(] 7\474] Aﬂ/\]- Z/\O] = ()o] 1:]—

Ea;é
lo

¢

o

Ao A ARSS o A Bl R E 2 of i ot ETh(Eq. 5). Tha A @3 242 T5H-(A R yE A9sh | Yot &

HEExy, x0, 0 ,xlaﬁ}%o}‘ﬂ 2 AN xzper, Xopres, Xopp. XaaC|t g AFSHEA A My A2 e
Ag Zgloto] -2k I Asl| oA <dE S ARSIt

y=PBot Bt faxat Bt faxat & (Eq. 5)

y=production (g), 3= Constant
= day temperature (°C), x, = night temperature (°C)
= GDD (°Cd), x4 = solar radiation (MJ-m™)
=0
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FAL 71T Fin @t Fep @] 24 Q5 2= Fiy 7t 15.1°C, Fovs 17.1°CE Fiy @] B 7120 B WSk, Fiu @t Fey ] AW 973
THANRY Bat) 252, F/OR Bt &5, 512 Wt AAAARES 7421°C, 21 -23°C, 18- 19°C, 15MI-m™ & H|5:gh 5
oz nfel7L A AR AT, HE=F,7t81.5%, Far’t 94.1%= LFERGTH Table 2).

o1 Wt AT AAFE2 Al 7170l A4 F7ho 2 F HElE-S Bt A A)s shfo] v = Wt A7) 9] 27 FF
(N3 5 15) 2 Fu@t FanZt 2 13.6, 17.1MI-m™ & A 251e] 2|44 2014 Fi= 1955(7/9 - 7/15)00 24.3MI-m™>d™, Fey
£ 165(7/14=7/20)°1 23.3MJ-m™-d ' 7k oPlth(Fig. 1A). A4tdAler 2473 o] ¢ dAto] FA6H "olz|= Heke

HAEH Fi= 215700 64.6% 75522, Fors 17701 61.8% 75201 AT, 71 5 ZATAARRLS J155] Lok Fy,=2455(8/13
—8/19)°l 7.6MJ m?, Foy=2055(8/11 —8/17)°] 6.2MJ-m>7}2] WolAt). 0|9} 28 A zefo] Migl=3 - 59 AAl5}o] 11
Aof| FEh= o5 2 o) B4 0.2 Al 717 57191 78 YARFo] 7 AN ke 2R 7o 2 Sl do| ol g
Afgo] FAGHA Bol A& 74 akE Bl o] % Al 77| 2 3o Ei= 9gH = Aldo] HsHHA A Afs] Aol Holzl
th. 2021 ¢lA|H Y X o] Hup= 7Y 3URE 19971X(KMA, 2022) & B Bt Al Q471 gol Al 7| 7kl & JAT
o] STH &G0 8L o] <] 1? H 7e-2 53 do] WTHKMA, 2021).

ofof whet Afuf A 515E7] HitdAtgol A 2fol g BT Fi, o] 4 o1ek7] 24 AR 742090.7MJ-m'2, 1582.5MJ'm”,
Fore 2 1915.5MJ-m, 1315.9MJ-m” & 57| F2xtdAteFo] AHt7] tie] 75.7%, 68.7% <=l 23 thFig. 1B). 0|2}
T2 7oty | Bt AAr AR = e Fr 7517 1ol ZF17.1MI-m?, 13.6MT nr FChL ZF17.8MJ-m”,

LH ol
st

Table 2. Average temperature, average relative humidity (RH) and average integrated solar radiation (ISR) of the surveyed
farms in Gangwon-do, South Korea, for the entire cultivation period in 2021

Average temperature (°C) average RH Average ISR
Farm Code - - >
Outside 24h-mean Day Night (%) MJ'm*~-day™)
Fin 15.1+6.7% 214+£20 23.5+24 188+1.5 81.5+9.8 15.1+74
Fen 17.1+6.3 21.9+£2.0 21.9+£2.0 193+2.0 9%4.1+7.6 15.1+7.2
Signiﬁcancey skok * skokok * skokk n.s.

“Means with standard deviations significantly different according to an independent samples t-test (2 = 186, 226, or 255 depending on the
farm code and indicator).
“n.s., ¥, ¥* *** Not significant or significant at p <0.1, 0.05, 0.01, and 0.001, respectively.

30 3000 :
= B * Elmeﬂrst-h(ajlfh i
E 4
NE 25 - 2500 o EieCOH a
£
= 20 = 4
E £ 2000
5 15 g 1500 4
& 101 & 1000 1
©
g 5 500 -
I

0 . . . . . . . 0 4

1 6 " 16 21 26 31 36 Fer
Week after the frist flowering Farm code

Fig. 1. Weekly changes of the average integrated solar radiation (ISR) from the first flowering to the end of cultivation (A)
and the total ISR from the first half and the second half of cultivation period (B) for F, and Fcn. The significance of (B) is
0<0.05 (n=15 for F, and n= 11 for Fcn).
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13.0MJ-m 20| Ath(Fig. 1B). A Z3+E A|Zsh= ntza|7ko] 24 3 9782 2. 3MJ-m™>-d o1, &3t nfxa]7ke= 24
20MJ-m™-d"'(Marcelis et al., 2004; Myung, 2016; Jeeatid et al., 2017) %2 224 QItt. F, @ Fo, o] YAERS A 23S A2}
Sk Al71e] 4 SR E50] = o o)y SRS Adst Al SR = 24 g 8= ojH] B 2F60%
ZF 02 BALQILt

Fin2t Fen@] 2 Al 717 A 24A17F Bat) 28 /0Kt 25 nfig]7t s24-2Q1 571 25-27°C, oKF 18-
20°C, ¥t 21°C(Bakker and Uffelen, 1988)°]l A HoHA T A 0 &2 YePITH Table 2). 12y 7Ret & 53+ A8+
TR Fin@ Fop 25 57 3 - 457 1120 &2 §A] o] 2|t 25 - 26°C7HA] Aotk (Fig. 2). 7Ha} & et 1
71 Fiult Fon] A Al717F gt 7heh § o] 2to7F Q19 ot BL5 780 Qi Jeong et al.(2009)0] =12k UE7HES]
A - 915 875 v B3R Aol A e Y=t Ea= 2 AfjEl 717t 2 HE} glo] 18 - 19°CE L oHA| T H A gt ¢
Uak= 22 —25°C & HskZo| It sl

i A)ZPE F/0Rt 2} A Aol A 51 F AR A2k H91E Hlojuhs @4 T o ASich Bt

rfo

r

Temperature (°C)

1 4 7 10 13 16 19 22 25
Week after the first flowering

Fig. 2. Weekly changes of the 24h mean temperature from the first flowering to the last week of harvest for Fi, and Fc in
2021.

Fin Fen
)

35 1

28 A

21 1

Day temperature (°C)

Night temperature (°C)
S

0 1 6 13 21 28 35 420 3 10 17 24 31 38
Week after the frist flowering Week after the frist flowering

Fig. 3. Hourly changes of daytime temperature and night-time temperatures for Fi, (A, B) and Fc, (C, D) from the first
flowering to the last day of cultivation. Single dots indicate an hour on average (/7= 255 for F, and 7= 226 for Fc,).
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Fonis AR 770 2 27 M9 2 RAISHL 0L 57 28°C o/, ok 21°C oo &2 A HIQIE =" 471 47
IQITE. Fip ] F1F 2= A7) 72, 319171 80 91 28°C ool A 74 7Y R E 89 12U7HA] DHC” 30°CE 9 3lct
(Fig. 3A). oFft- 5= A1) 49 51E7] 52 B<121°C oAfol9la, 7t L rotnriA| 2 79 79 R E 8 87 of
A FAEA 01 2|11 26°C7HA] 5ot At Fig. 3B). Fen] 5725 AHH7] 399, 5Hi7] 28 B9t AL 8 259k
I, O 2 =AM 309, 5] 43 S A A L T 5 2 EQ K Fig. 3C and 3D). Fi, 2P IR 2 79 124K E 8Y 2
7R F2F- 27 30°CE HAY, 78 445 89 13971 = o E 7ol k0 2|11 26°C7HA] 5ot
SFF 5 2|4 1Al A Z|Tf 10A]7F 2-20] A& gl o, offt- 2 7124°C o 0 2 453t I Fiy 7t 1Y, Fo/F2190]
2Ith(Data not shown).
S SAIT} Clo| BT MRt v

[ —-—"10 OL-O

npgj7ko] A8 EAJS ] flote] 19 1€ 71502 385 2H9Y Slse)oll A ZARE 42342l h Fi, 8] 27|
314.8cm= F, 2] 286.1cm& TH A {TH (Table 3). 7 ZjHl 713 AP A2 320] Pt 0 2 Vel ot Aol =F,
9} FenZt2F 8.4cm, 8.9cm, P =01 =Fy, 5.0cm, Fep, 6.0cm, 27121732 Fy, 4.9mm, Fey, 5. 6mm§Fm7]-th Hoga 7k
Ak 3 2ol IO H Fiy 8] G70] 17.9cm=E Fep ] 18.7cm B OHARQ T, ZA4WHF, 7t Fop i ok 2| Y=t Fi, 2] A
571710] A7) % SHA|R SFEE 257 1.6°C HOMAH 25 2ol = QI FalikE At AFo] Afo] & 244wt Hit 47t
Z+2F20%, 15% 27 Rt & a%x%(Park etal., 2012), Fi,@ Fe @] 24 U2k 29} 0.8°C)& 274 2o/t Ao 2
A7), 12U Fr@t Fo o S A BE B 274 9] 218004 Fa/t-FrolobA] A U2 A 02 Hol Fove Fin@F HI W3S
Za o YRS A 0= Helrh nfrajyto] JPAS Aok 8108 112 1 =00 2 Qe Yol B
o] &4 910 Li(Bakker, 1989; Marcelis et al., 2004; Choi et al., 2013) 2 Ao A= -2 o} 3=kl A Fy, @) oy
FERbatol7F giglo B 2 50| B4, A S T, 2HE 24| v B of et 24 Y] S 28] 0] Fiy 't Fey
& B4 FFe FUS A0EA Z.*%H(Kim etal., 2012). Fiy& 24 U] 9% mo] A2 &]o](Table 1) 11-27] 224
T 5 @7 Fop Bt 22 A 0 2 Ko, AR Fi= T 257 o, EEH0.8°C 2|9 O 2= F, B 0H0.5°C W9k
THTable 2). Fi,&] & WO| Fe, T2 DIFE WA A 274 0] Aojxl §Hd, 21454 2 Wi 37] ogto 2 A A &
Lok 7o 2 Holnh Al A Y Ht T ol Bek-2 F,°] 2 1060.1mL, 231.7mL, Foy”} 2H918.0mL, 395.9mLE Fe, & Hi
HBEO| Fy, B} =30 TH(data not shown). BlH-E-2 =7 A afjofl 4] ARg-RE T o]o] Hl2] &] <] H]-&(Chipt Dust2] Hl-&)of ut

2t gepd 4= Qlof A=) ASat v #] ekt WAt EAo] Fasht 2 AddoA = 2 8lle T o= EASIeITh
A A A=E Uil A8 A A7 vl 24 At B 17150014 138%E A7 sttt 21551 95%,
93%, 80%, 83%= 470 AAE| ATk Fig. 4). For 11500141 112%2 A4S sHAA T Fy, Boh-f-2lobA @i, 2 155
E] 97%, 97%, 94%, 100%= SR AFAAIE Bt 415N E Filt Fo, 25 A% 0] AA= AT Fy, o] f-2lobA T

=g

g
e

lo 4
oZ,

¢

Table 3. Shoot growth characteristics on average of sweet pepper grown in Fi, and Fc,

Farm Code Plant height” Average growth length  Length of flowering  Stem diameter Leaf 'size (cm)

(cm) (cmv/week) (cm) (mm) Length Width
Fin 314.8+£12.6 84+0.8 50+0.8 49+03 17.9+0.5 10.5+04
Fon 286.1£14.9 8.9+0.7 6.0£0.9 56104 18.7+0.6 10.8+0.5
Signjﬁcancew sk * kk skekok sk NS

“Plant height was measured on week 38 of 2021.
YMeans with standard deviations significantly different according to an independent samples t-test (2= 18 for F, and n= 14 for Fy,).
“ns, *, ** and, ***: Not significant or significant at p <0.1, 0.05, 0.01, and 0.001, respectively.
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AA =Tt Fro= Fop B} 5ol At 0 2 73et GRS, Fatol] S et Ao 2 FAF A4 A7t ujg
100% ©l5HH Aol A== A A1 AAS LR AL 100% ool A7 o] 93t G840 2 wteit(Jang et al., 2016).

4 Al 717F Fio2 Fon o] T B Atk 723 .8kgm?, 15.3kg m> FTH(Fig. 5). Fiy 2} Fen 2] Z/4 g 2fo]

A 71740} 714:0] FFE aiAS 5= QAT Aet B 1 - 550 F, 9] QHA-L L7} Fo, Rt ot Atz o 2 o
T Elo] 27]0f SAR FGA Ab=o] o T Aitegel] 37 AR FeRS niFl A o2 FZEh Fi, 2 Fo o] ohet7] A4t
7.6kg'm?, 6.1kg -m2& AA|2] 7} 36.1%, 39.9%°]Ith(Fig. 5). o3& ZFollA] 5178 —9Y) Seko] BF45] 74
2 Um et al.(2013)2] HAlof|4| ofF 2H] mha)7} Jateto] 89 460kg ha'-day ' 2 A Arh= ATte} fAlsltt. o=
Al-5EE7] 9] Pk 2 g7o] E5by] fiRo 2 A o] RS 100%2 P& W S| 60 - 70% 550 2 AtE o2
obgeld| gt 74 gt 27 oY 120 2 H 2| H 24 W2 Qloto] Ystel Yals -fist el A 0 = A7 gt YAt
0] 4] A= o]u] x| (Myung et al., 2012) 3g=Fo] AL 73t 4=t 74 747 A o)Xtk il sFlth(Jaafar,
1995; Jeeatid et al., 2017).

Fig. 6= 158 23hg Avtoltt. F, o 25 282 1 155 75.7, 61.8, 70.8, 68.8, 26.4%% Bt 60.7%2] Z7+&
< Btk 25 Zahg 0] Ajol= Aty o M7 |(FFI 7 E THEShe T e}rt A A ofgt Ao A7k
o}, e} 5 252 o9 0 2 Lo kg8 BTt Fy, 0 15 k8- | 185 25.7,26.4, 17.4,22.9, 5.6%= F1, <]
At 0] ZhES B Y O U F, oF-5 Yol 5 15<] Zkgo] g4 5] WolHlth o= Al upRa] A7) 2 A1E A1) £A17F
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Fig. 4. Changes in the relative internode ratio (average internode length/total average internode length x100) of F, and Fey
according to the growth stage. G1 emerged from March to early May, G2 from mid-May to early June, G3 from mid-June
toJuly, G4 from August to September, and G5 from October. Bars indicate the standard errors of the means. ** and **x
denote significance at p<0.01 and 0.001, respectively (n=6).
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Fig. 5. Total production in kilograms per square meter for F, and Fch divided into two halves: the first half from May to July

and the second half from August to October. The cultivation durations of F, and Fc, are 35 and 31 weeks, respectively.
The production volume was measured every two weeks from the sample plants.
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Fig. 6. Fruit-set rate (FS) and harvest rate (H) of Fi, and Fch according to the growth stage. A group is formed with eight
nodes (G1: 1-8 node, G2: nodes 9-16, G3: nodes 17-24, G4: nodes 25- 32, G5: nodes 33-40 from the main stem). Vertical
bars reply the standard deviation (n=6).

oFsf| %] gkt sty | Azt 52 F7HoR & R0 2 =HTE Bakker(1989)= 24417 Bt 257} zol 45 2}
T 7h 2o 7Tkl B ATSEGI A, Marcelis et al.(2004)= 712t § 25574191 33°C 9] 123 2] 7} 7|2t 5 1500f] w1ds}A ¥F
2510 211 75%2] YolE =gttty B U5t Rylski®t Spigelman(1982)= ok 2|7} Afjaf) A] of7k £ 18°Coll A=
2L R SHA R 240 CollA] B iAS B st & Aol e Hekas FAIGH] Qo 4 tHAl S A5 = 534
T o] o257 oA 24°CE 2= 78 5 AN 37150 21 Ha0] 17.4% 2 71 H%-26.4%(21+5)2422.9%(4 1
) tH] ¢F 65 - 75% 0 &2 W2 A 0 2 njRojHol o7t 2 O] GJRkS HE2 71 0 & S2HT Fr, o Aatgo] Fy, o] Ayt
0 & WS o] fof € 2 Q1 o TRt 8810 Il oW w2 o 25 (>21°C) = R 7 Ewwet & 4 EHE 4
O7|BE(RDA, 2020) Foy&] ORF-2 57t Fi BT 5A] Y] 357 B Bl oA 0 2 | Pl A= kS 13
O 2 JBZHEI. Bakker(1989)= oK -2 57 EA] ol oA Hikgo] S71ol=t|, 77 R HTh= ok 2% o T
Zo1A| §ES5HAHAL SHIH.

21k o] 2252 2t FoZt 315714 81 -91%9] =2 7852 Btk 12y 3250 Fint FonZt 72+ 61.4,
70.1%= oA 515041+ 6.1, 0%712] ol ATh. o= Fi,©] 73 8 —9-dofl Zakgt 74 5 9F 40%7F, Fon] 735 oF
30%7F SfotA U BV Rt As ofuRict. whebA shiE7] 2| 2ot Ak 4 - 5T05-0] e Aalkaat -8hE TR o
2 B9 Y= A5 Z4(source strength) Ei= 2124 7|3 7F G FE 7 3l (sink strength) THzofl EHAYSHH(Marcelis
etal., 2004) 55| 7§32} § 14 o[ 2] o] I o] &Leof RIZtsITal e T Wubs et al., 2009).

flo
o W

Ho

3 2t
SRR FE 2ot o 2 ST Y(Growing degree days, GDD)} AfEFO] 4= A Ak ZH= A1
BAS o537 g o2 39Igh A} ohgat e thF Ay 8] 7| do] TEE Yt

T2t QA AR ol PAIE B, o 2= S E (R ET 25 -10)2 22 WS HAt ol &
Sto] F7 20} Aol S7FTH A= F7SIAL, o 2o e do] sk e daste A d

=
t}. 7 g4 2 919] 9JaFedg Uehiii= H361H Al4x(Standardized coefficients)= F7F- Lol ofE &0 A8l A}
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0] 7}0.405, -0.837,-0.505, 0.657 2 UEHY, G2 o7t &% > AAlEF > AL T (LW 25 -10) > FH2 T AR
AUtk Table 4). Z, LB+ YAJEFO] IMJ-m™? Z715PH RS oF 0.7g ol 11, F7t jl1£7} 1°C W‘é}fﬂ *E =
Ag WO = ¥, offh 257} 1°C /5o AA2 0.8 2 &
olu]git}, ol2jgt Avk= thE A Avto A e B =9t Um et al.(2013) ﬂ%&’%ﬂ é #%* % £ 146}04 ozt
&5 A Prefoks 2S ASekr Qlrk. ot 5= 2o elatol PRkS n|x 1.0 2 o7F 2 I 24°COfl A AEA]
3 6.67]2] TS AR E o7 2 18°Cofl A= 12.67HE &Itk B 1 E 13 (Rylski and Spigelman, 1982), A TH
07 2 ot 2hoi= FE TARlo] Zateto] Arfal B E I (Saha et al., 2010). =EE B2 4 24A
F(adjusted R?) 0.6792] A& 714 0 §-o]140] 0.001 Ht 2ot EA|1 4 0 & §-on|gh Re -2 LFERHTH Table 5).
webA L7} Stk 7ol Bk HU= SEEIHA ot R E WA Yejste] Qi 2571 21°CE w g
& Q=5 Aoz Ao] 8T A 0= A7) jigkEo] & 2E el = 53ME et source-sink Hl&-S HIAA A
9] Et Gt I o] FoFs nIA)7] gzl Aot S AR FAISE] floiAl 2 W /o 255 st
Al 5212 = 2 7} Qlrkal s thMarcelis et al., 2004; Jeong et al., 2009). UE T A4t ZLZ__J Aolel Yrsfe} g &+
Bt BRI S floto] Al YR SER BT 25 21°C, oK E 18.8°CR 7 Hs §lo] H|wA HdstA Fefst
of QP H AAES-51al Q11 (Jeong et al., 2009), =7 F=2 (i) 2F W7, (ii) T 7HRIA]7], (i) TH1AA T S sk
H2A)(Heuvelink et al., 2002)& AF&-ot] 374 QPYABARS okl Qlek. @A 73 nhmajz} of & Afufe] pajo g A5
H& R Aof7h o] o) 2| 1 Qi Ty o] AT WAL g Aljtoh= AR 0] 9L (Woo et al., 2014) K-
o] ofe} 224 YR FHH|E T efolols o AA| Aol 2l §H A Q1 AT HAlo] of 34 24 Ui 2 yhe]of avtdo|ct
(Kim et al., 2021). FA4 2AA 11-27] spra)zt i STE flote] 2382 B3 2 Alo] A FFE Hagtom
HAAZIHA T2 25 Alofotal A3 Al R 2L ob S AL 4 e 238 ARSI BZh 5 A=291 2] ARgo]
gt spxa]zh Al o] F Al 7172 31 - 377891 A-S Aot o 15 - 245 = TRz} Afuj spEt7]of EojA= Al
71012} gt 112 ggo] A El= Al7|o| B2 sl A7) of] A8 Aol a1 aitA Q] S| Mo] 2% AtE|ojopd Ao
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Table 4. Results of the impact of environmental factors on production of F, and Fcn

Unstandardized coefficients Standardized
Variable . t Significance
B Std. error coefficients
(Constant) 10792.279 3351.909 - 3.220 0.006
Night-time temperature -20.513 14.131 -0.837 —-1.452 0.167
Solar radiation 2.578 0.651 0.657 3.959 0.001
Growing degree days —-19.962 10.837 -0.505 -1.842 0.850
Day temperature 8.490 11.001 0.405 0.772 0.452

Table 5. Summary on the fitness of the multiple regression model

Std. f ANOVAY
R R? Adjusted R? erroro —
the estimate df F Significance
0.864" 0.746 0.679 1214.194 4 11.028 0.000

“Predictors: (Constant), solar radiation, night temperature, GDD, day temperature.
YDependent variable: production (g).
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