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Abstract: Watermelon (Citrullus lanatus (Thunb.) Matsum. & Nakai) is sensitive to
low temperature and shows retarded growth under 10°C. Although early transplanting
guarantees higher returns, it requires cost and labor to maintain the appropriate
temperature for plant growth. Therefore, cultivars tolerant to chilling stress is necessary
to reduce the cost and labor requirements. The purpose of this study is to analyze data
on plant growth and fruit enlargement under continuous chilling night temperature to
develop new cultivars tolerant to chilling temperature. Two cultivars expected to have
chilling tolerance and another cultivar sensitive to chilling temperature were grown in
greenhouses with chilling and optimal night temperature conditions. In the early growth
stage after transplanting, the cultivars expected to have chilling tolerance showed
better vine length, fresh weight and dry weight. However, one of the tolerant cultivars
showed significantly lower vine length, leaf length and width, and petiole length
than the sensitive cultivar during pollination period and later growth stage, showing
genotype specific responses. The fruit length, width, and weight were also significantly
lower in the tolerant cultivar. The fruit set ratio was significantly higher in the chilling
sensitive cultivar than the two tolerant cultivars. These results suggest that the present
chilling tolerant cultivars in watermelon were selected based on their performance in
the early growth stage, and further studies on chilling tolerance in different growth
and development stages are required to develop cultivars adapted to various forcing
cultivation systems.

Keywords: watermelon, chilling stress, plant growth, fruit enlargement, continuous
night chilling temperature
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Watermelon growth and fruit enlargement in continuous chilling night temperature

M

rhu

AR oAF L1 48 (Citrullus lanatus (Thunb.)
Matsum. & Nakai)-> 20199 7] =W A 11,814
ha, A 476,634, AN s eWlojd oz AR F
AR Aol 71 Wom HA BAfF it oF sx 23
Y F 109%E AAISEAL Qlof BY], BEOtE, EAF, @
o], &uf Zelet A Fa 7o FAfe] ok AEoltt
(Ministry of Agriculture, Food and Rural Affairs 2020; Korea
Rural Economic Institute 2021). ke =2 Al ol A vt
/A Aoz A= o] A W] 73.3%7F 5~7
dofl BEsL glom Frt= &5 P 2~37124F
Al Sl G2 Al71E 1~290lA 11~1288 dE7]n
21T} (Kwon et al. 2005; Seoul Agro-Fisheries and Food Cor-
poration 2020).

HE2 otz ezl it A2of gt AEw As
22 18~32°CO|1L 10°C OJ5toll A= Ao A A=At
A =t} (Korkmaz and Dufault 2001; Bidabadi and Mehralian
2020; Rural Development Administration 2020). 58} H.9]
95.4%+= FEHOIM 57t T2 SR A SHotH
= HH A A2 oJ_t 1= Ex WO AU (Ministry of
Agriculture, Food and Rural Affairs 2018), HEEA 2 E) 2H
Hot o2 /34 Aol A & s 27 o] =

ghuto]| OJ5f W5l (chilling stress) & W= 5= AT 4-8Fe]
dl= 7]&0] A& Aol HIste 10°C o §4 0] B
A ) s, otk 2] 27} 6°C ofstE 1~2U7t A
d o YoflA Yl S4ol B2 o Arh(Kwon et al.

n
2001). wHebA] EES] S92 A 712 9 Hgo] "
O] 31 (Kwon et al. 2006; Noh et al. 2013) 57t A= AE
= AU B2 GE o]8ste] =5 st 9l
o 2y A EAS RSt ot A 25 18°C= A
ot 7% oFF B+t 2,185 H]-8-o] WAL (Noh
et al. 2013) FEH-2H7NE o]-8ch= ¢ A 7l Al
S 2 57 SR AsSt of# 9] EEo &
Qo] E7}1] 5t} (Korea Rural Economic Institute 2021). T
2tA 22 HoliE A 4= e Aul7led #2004
T st abd dhdo] gt S48 a2 N
o] Q%41 Slth

AE2 A2 gl FolA EH Ao digt A=
SAAZ17] s Al W FEEEEE
v

el
=
AT ZFT] S8 g4 AANA Pale] 4 o

W)

ol

olN

A5k, Al e] AFtE RISt HlaE 2hef oH A=
A7) H5HS ST} (Theocharis et al. 2012; Lu et al. 2020).
TH B Ao &S O AFE2EEE 7H8A
I (soluble sugar), &¥F, A, =7 (proline) 2] o]
ko= 5 FAFSE §E8-2 HQIth(Lu et al. 2020). Y3l
tiet s AlE Ao vhe2 A, 2 5 ol UEhv=
ZHAIAQ] m5fie] B 421 8Fste] B7FskA L (Kozik and
Wehner 2014; Sheikh et al. 2015), Zd F=F (electrolyte
leakage), 'WET €t 6] = (malondialdehyde) &%, H,0, 3¢
ZF 52 5ol A=A 24 W fsiE AL 4 Utk (Kwon
et al. 2003; Rivero et al. 2003; Guo et al. 2007; Bidabadi and
Mehralian 2020; Lu et al. 2020). T=3F =4 -3} 33
Mg 52 (photosynthetic capacity) 5782 &-ofl Wofioll <
A 719 1ol E B 7oA Y (Korkmaz and Dufalut
2001; Ko et al. 2012; Sheikh et al. 2015; Cheng et al. 2016;
Bidabadi and Mehralian 2020; Lu ef al. 2020) =3 &=, 7}
84 T o, A a4 B4 58 S5t AL e
712e] &A= Sl 42 B7Hd & Utk (Rivero et al.
2001; Kwon et al. 2003; Rivero et al. 2003; Wei et al. 2015).

gA] o] 3 0] HkS 27/12°CO] Aol 71Tt e EA|
= wf 32/17°ColA 9] Aol Hlofl F=at wir] o] Zo]
7} o3 vfele] 47k FolEcka B v gloit
(Rudich and Peles 1976), tH-52] A= 24 47 o|st
o] ofdl HE -2~15°C9| A2 74 ol5to] &2 71t 5
¢ EAIX] F A=A BHES TSR 2 (Korkmaz and
Dufalut 2001; Ko et al. 2012; Sheikh et al. 2015; Bidabadi and
Mehralian 2020) ©]& &5 AA| Al Fofl Uehvh= 4}
AlZA et B o] e vh-3-2 45t o fHA17F )itk &
S| FR717F ohd pEEe) Ajul717E - ot A 2o] 2] &A]
o= f2E off Uehths Aot o] sl msfof
A A= A 7= Aok

wheba] £ A= A7 F A EA Q) ot 220 €]
S ate] A Bl A vl 4 BIekE ARl WA
T FENE e 7|2 At m B B85kt -3kl

e 9

A7) ALz F2 Auste 2mEE
(Nongwoo Bio Co., Korea) #53 W34 At oz Hig
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‘Chaleston gray’ (Kozik and Wehner 2014), SF<-d2fjufo]] 9
2] o]-§5t= FF? “45E (Hungnong seed Co., Korea)
= U eR 22 we A% 2 A vt S Hln
SHtE 20204 3 2620l Y-8 A E (Hungnong seed
Co., Korea) & A2 505 E&o] (W 280X L 540 x H 48 mm,
Bumnong Co,, Korea)l| 49 EALE ohEoal 3347 S
St 20201 49 28U FAESE HJ§ FEE 1:12
E3tsto] A& SHE (D 16 X H 14, D 30 X H 40 cm) ]| 4~5]
o] £ho] &9 4 HE A2} A2 Al =w F5Y
67l1e] A=A WHEF= A5k EOH’J THE
WESHHA 2~3of| 7F 14 o] Fro] FE5] Za 4
L= ypotalon 44 149 Fof ofng = 17H9} k=4
= 170E sk

A2gtd 2 Aol E2etd 2o o471 A
oA 37148 Ao BE (EWGC; Modified CEEWS
model, Environmental Growth Chamber Chagrin Falls, USA)
of AAl A7) 2719 o]FSHL YR 2E A
83}o] F/0kt LEE 26/10°C (H A 3°C, 1L 38°C) &2
Aot oft 25 Hbo] Aol A E = 10°C ©]
st2 AA3519ct (Korkmaz and Dufault 2001; Bidabadi and
Mehralian 2020; Rural Development Administration 2020)
F7F A Fr = $Eo] s shA el 800 pmol - m2-s7!
(12/12h)7HA] Ao 5 Fete & AAsto] Wit jf
o] Fe& 245 (Fig. 1). TR A2 20

0] 40m, = 7m, 51 3.7m, £1 1.7m &5 o|F H]

nE"’

TR Y

e OT-Day e CT-Day

----- OT-Night CT-Night
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Fig. 1. Average day and night temperatures during growing peri-
od. OT; optimal temperature, CT, chilling temperature.
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S (210 m*) oA Bt 25 30/19°C (F|A 6°C, 2L
47°C) 2 Aot pHpe] A5 229 18~32°C W 9l= A
Aot th (Korkmaz and Dufault 2001; Rural Development
Administration 2020). A&7} 222 2]4L9] g H|o] =

A0 2 HE oF 50cm Eo] 9 A=A FHo| 255% Hlo]
E| 27 (Temperature/humidity data logger, TR-72wb; T&D
Co,, Japan) & “dx]5to] =35}t (Fig. 1).

3. 48] X271 929 4%
g 27] 2wl ME EF A 0| BE Slste] 4
X % 2099 ojulFEe] nht] 5, Pol, AAF, VEFS
YT AAG-S A& (CY423C; Aczet, India)S
ol gato] ZAst T e MES EAZ7](DS-80-3;
Dasol Scientific Co., Korea) 2 75°CllA] 3¥

BEES 25

1ol AxT &

4. 2o et

Ao Aelof the 7t BEE wl7)S wlLsl] $i5) of
u|g 2ol A WAE kel sl et st e
wjel ob 94 el7} o] o]l x| A|7]e] Sl

YY)

ZLolo] Holzl oS thAto 2 FAVSHY o 3HA] WAy
G ol 7Rk Aot @ Q45 Aol awul]
g zAkH

F5ua 98] WEe At 920 ARHLE Sl
1397 9& WOE 9, 4, 439 BoIg 2Asty

Aot A F 359 A2
2] A7) =] o] ZAF7F 7}_0}@1 o
U AeAes B2 2R Qe AEA 9] Aso] 2
AA=]o] 134 A3t U}EM AY5EA] kgt e A8
Aol A =2 mit) 7t WAYSHAA] off mir] o] Qlat
59 FEIF EsHA Hi=d| oF 207t of| A 3HHA] QFEo]
kot wHf7]oll= 1384 do] e8] HE o] 97
ool 7 H2]+te] a7 g ZAMY R Aoty A3
A2 | ol A ZHz g4 & 35U} 45U o]l A A5k

6. 4% ¥7| 2ol Wa

A7z w5 150l A8 57] A3 A
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om Lo W A5 2pol2 ) H2A 2T FA
S0, A=A B4 F
19t Tdet Yo R ofngZ o] iy 5 o], AT,
= 2AFST] A[5A R ofh A 2o ot FFE A

H] e,
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N
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El

7. Akah 9 2 iy

A eo] 2hte} 34 vleo] vl GRS erobi] 9
o 3 el Al elel 2 SR - Ao
A0 2 ool A Tl §cm o402 HHEEE A 0]

Hlas 2apstel AoHES Aelelct, 314 Hlef el
WS 4ot 2ol H H 5 15%o] Fu AL o)
KO R I, E, 153 Soke] ZASAT,

8. 20 ot ‘4 tH}

T [e3e) =
1 245 E0] ALt ALl A 5 Age] Aol
s

agE Ve on tho) AL So) skt

AEA 9 v o] AeFAR= ZEo) ¢ HHES 450619

A 24t - AL A =42k

HAag (%)= X 100
HEEe H e =gt

60dol AAISHAH. B+
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9. 4 &4

Zt= = SPSS A Z 2 17 (version 27, IBM Co., USA) T}
Microsoft Excel (version 2016, Microsoft, USA)—O* o]-g-5lof
2A5}9IcE 7} A2 7 fO14L sl elrEold Bt
=21 (Analysis of variance)= A A|otal ©Z19] %‘iﬂﬂ@ |
(Duncan’s multiple range test) 2= H|WSEAL 747 (Stu-
dent’s t-test)-2 A A|5}e] p<0.5, p<0.01, p<0.001 F<E°]
A $oe Aesict

2 o
1. 4% £7] Y20 WY
A F 20900 Lo T2 B5W 27 B5E 2R

+ =

A}, A F50 WA E5
= fago] IEAAE) FFET A2 Aoz YEht
(Fig.2). THE] 2 2 BE] x| S 3) W)
o FE491 AREelM e gagol visdou Wil &

<1 ‘Charleston gray'+= #-2° A wutt] 7} @313 F7}st
At (Fig. 24). ‘A2 2 A2l gz Zol7h 42 div]
25% @Al 2ol e 7P 27 AT (Fig. 2B).

(B) 5.
S 30 a
£
b 25 4
5 b
o 20 b
g
>
= 15 |
g 104
g
g5 59
Q
[~
0 T
(D)
g 60 a
B
20
o
z
—E 40 H
b
= b
5 20
S
: j
=
=
Q
&0 : . )
Speedkkul  Charleston gray ~ Sambok-kkul

Fig. 2. Reduction ratios in the number of internodes (A) and the length (B), fresh weight (C) and dry weight (D) of vines for different water
melon cultivars grown in chilling temperature in comparison with those in optimal temperature at night on 20 days after transplanting. Bars
represent standard deviations. Different letters indicate significant differences by Duncan’s multiple range test at p<0.05.
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ARTE AL Dol Beolon UE F 5

L£35]3 AHolA gAFo] S7IsHA (Fig. 2C). A=
FE ARTE Aeo] o Haso] o} BE T &
Zo] 71482 BAFOE GolohA ARB R} Aot
(Fig. 2D).

2, %30 e} Y

o] s Ao ols) 27 AAsE Aoz vet
SHe] (Table 1) o] A&l oJa] uhe] o] @4e] A=)
WA s~7ateinhe A E S ool 2] A AE|97] o
Rolt}, AeAz ol BB A4 B3} 922 31

RUYA7)

A AZ2o] st A Ao vla] 108 H= A A= o
A T 450f W7o HolE4l Mﬂ@ffﬁ+iﬂ
2of|A 7HetAQ A57t 10~15Y H S7FohH &5 1ol

Astast 2 2ol 5 Hol7) ‘E%‘ZIE}(Table .

RSB REE Pagol BAROR folg 4

£ 10]7] golrh(sig 34). A2 ©l8) o] A EF o
AEe AFS Byt gL RE ZZo|A A5
1 7482 ‘Charleston gray 7F 7V 31 AnEEo] 7t
% 2Fokth (Fig. 3B). B&T MG A Boy A
TE2 A2o|A 23]y HFo] F7tshltt (Fig. 3C). &
O] doli= HE F50] 47% ol HAaste] A4 7}
 3A HZashs AEFS BHYor A2 ‘Charleston
gray 7} 7P AaL A= AR 2 SAH o #O
gt zfol= 1 Slth (Fig. 3D).

©

o
4. 85

T 7| Y20 A%

wHj = 15Ye] BFY 4= ‘Charleston gray’©llA] 2F 10%
A gastl o Au e HEE A= 25 F
7}oFSITh (Table 2). B2 2 ©] E3F ‘Charleston gray’ ol 4] 7}
& AA FASHAAL, AN EE M AHRE +O0 8 A
o] ZAH o2 FolatA HUTH(Table 2). BE2] AAIF
2 A EEo] thE FFol HIs] FAACE {ofstA &
aZol AQlom, AEF Haed 55 7 Aol7F it

(Table 2).

Table 1. Differences in days to flowering for the female flowers on fruit set node among watermelon cultivars grown in optimal and chilling

night temperature conditions

Days to flowering (days)

) Reduction 2
Cultivars Optimal night Chilling night ratio (%) t-test(p)
temperature temperature
Speedkkul 312 -39.6 -7.368*** (<0.001)
Charleston gray 359 -44.3 -6.996*** (< 0.001)
Sambok-kkul 32.8 -36.2 -4.095**(0.001)

z,

ns, *, ** and *** represent not significant, significant at the p<0.05, p<0.01, p<0.001 levels in t-test respectively.

Table 2. Differences in vine and fruit growth, and fruit set ratio among watermelon cultivars grown in chilling temperature in comparison

with those in optimal temperature at night on 15 days after pollination.

Reduction ratio (%)

Cultivars ; ) ] . . _ Frgit set
No. of Vine Vine fresh Vine dry Fruit Fruit Fruit ratio (%)
internodes length weight weight length width weight
Speedkkul -10.4b* 30.2b 457 b 369a 43.4b 46.7 a 84.1b 14.3
Charleston gray 99a 46.3 a 51.3a 40.1 a 571a 515a 894 a 35.7
Sambok-kkul -6.2b 235¢ 554 a 4443 446b 40.8a 80.8b 0.0

“Different letters indicate significant differences by Duncan’s multiple range test at p<0.05.
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Fig. 3. Reduction ratios in vine length (A) and leaf length (B) and width (C), and petiole length (D) among watermelon cultivars grown in
chilling temperature in comparison with those in optimal temperature at night on the day of pollination. Bars represent standard deviations.
Different letters indicate significant differences by Duncan’s multiple range test at p<0.05.

5. &} of apA H|oy

A o] 24 o] A1 4 2
.23 Aol e F 15elo] Znket T A8 HlL
S A3t QLo B4 o), = T 2 Zoz gl
ach (Table 2). T ‘Charleston gray’” T ohE T E£0
H|5l A S 2 FolotA Aol IHE2 ‘Charleston
gray' ¢t ‘AT EEo] AHEE o] Hls] FAIH SR §-2fsH
A8} 32 ‘Charleston gray")ﬂ/\'1 EAHoZ 59
e AAE BYlon AnEE L AHEE 71O] ztol= ¢l
Atk 2Hag-2 SEEA A SE9] AEE oA 7Y 8k
O m ‘AT EE ‘Charleston gray’ 9] A2 TA&o] 7}

shoiet.

n o

B Q7L AT F44E B R0E gEs B
FEL okt 420l I BAA BRWNSS 243}
3 olg AL7] S8 A& AT L FFAL] 724
2= 2837 ST TAES F ANEL A

=710 Zjefish= Z/3 A8 -8, ‘Charleston gray’'+= 57|
A-2o|A F& WS Hl £F (Kozik and Wehner 2014),
AEES A WA FFolt. whehA AEE
o] H]3} ‘Charleston gray’ﬂ ATEE 0] A&EEE= %28
ZAoAE WddS BY A o= o Ssk3ich

A2 M= AERAS otk AlZEF7]7F o]
A1 M| 3L 0] AP4to] ZshEHA] o] A o] Lo], &
7] A%, =% Fol 44| "ol A2 stflM=
& A Hole e WA o= Brlskal 9l
T} (Erwin et al. 1995; Korkmaz and Dufault 2001; Ploeg et al.
2005; Hussain et al. 2018). Y¥F2 0 2 Z=1to] -85 37}
& o g=9] do|7t 4al FATE FTrEeRE Aso]
et A0 2 Tttt (Ko et al. 2012; Cheng et al. 2016;
Sherzod et al. 2019; Bidabadi and Mehralian 2020)

A5 27]9] ofZt A 204 ‘Charleston gray’$t ‘AT =
= o] RIS SR ¥ F2 A Hof 959t
HRe} Zho] Yl@/AdS Hols Z o s wHE It (Fig. 2). 5
5| ‘21 EE T} ‘Charleston gray = A5 27| oKt #|20f
A AAIFo] 251 F7lohe A= HA=t ole A=

oA gt HF FRIF A2 Hoh S o] SR o] A
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T A%} (Sheikh et al. 2015)¢}F FAFHITE B 27] A&
oA AEAe ATl F7Fohe olfe A2l k&
98 U AELAR AL 184 T, B, 4, mgle)
staro] Zotsto] A1BA| o] AFEQto] Z7bst AT (Lu et al
2020) R&] a127]0f giEo] Al W= el Eof 2T
ATl F7kE Ao = WHET: T A 27] A2
O3t Y& o] FHAE-2 ‘Charleston gray’ @t ‘A1 EE 0]
A o] A Q1 ZfolE Ko A §h3EO L ‘Charleston gray'+= #]
oA iy 7} @353 715t WA Ak ol A
& Sofl A S0 2ol 7} EASEAT (Fig. 2).
yydog FA%= ‘AuEE T ‘Charleston gray ©]l
A et A 2719] w2 AL A (Fig. 2)-2 H7]
(Flg 3B)°F A5 #7] (Table 2)71A] % *37\] ‘EJ‘?J\'E 1, ©]
50 =T 7|0l A4 F S 2719 W
”o“éoﬂ W7] mgl Ao wetE, dnbd o s 497
Hl= SRAgA 222l At B 23] A2t
£ A717F =AY A2719k FAHEA s 271 ol
AZA7F A2l leEH AL, o] LA RE7F H3 ST
0]'04 J5oll frelgt 27do] dok whebs] S 5
T2 ZA 2719 WA HSHL FAEFE
% 5]'1/}J ‘Charleston gray'+= -2 7] #]-2-& #]2]sto] Ui
WS &9t 0|2 2 (Kozik and Wehner 2014), 74|
3 B A2 A2 u s 27
o= TR WIS HolA] ¢ Ao r feETh
WH7] O] AFZA A v o
Tt} 2 7] A80| —E—OPE] ‘A
MEES AEEY _Tﬂ_HH7] AlZ2A)e] A% 2 vl v
of & Zto]7} G1L AL (Table 2), ‘Charleston gray’®] 73-%- 2
Sl wH)7] o] AR I H|th7} HEE ET FAA S
2 895 Z:}'_/J\_s]"ﬁ‘jr(Fig. 3, Table 2). 73}7] E3SF &
o7k glol 10~15Y B gastilEd ole 48t
215} E/4 3 o] Qlet apEk wiuttt shube] 2o
F3H ™ s~7attjuitt gFEo] AAPstal 1 2)9] nir o
= 20| Fgsh= 5AJS Hol=t| (Rural Development
Administration 2020), #1222 Q15 B <] g4o] 2|
o] o] 2 T3 2| AH 37| whizolth HEE o] 7
G A 2ol Zakgo] A2k 2 2po|7t {I=H ol
"] EE7 ‘Charleston gray oll4] 20| 274 #AH A
3} 2= Avto|th(Table 2). A2 7oA et 2o
2 29ke 41717 SleA shle) el shao] ge

L 1o, ofy

F
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o] Fasfjof st shEu7fEo] A FFH 4 UrF
20~25°C H9]9] 27} FA] =] ooF gttt (Lim 2010; Rural
Development Administration 2020). 9441 15°C9] A2
oA pEo] o] disl ARt A Sho] I
A S LA ot Ffere] Ao g shto] A off 1
Z5]2] Fslo] gelo] ZSHE AT (Lyu et al. 2019). ZA1E
T T ANEES 227 3FE EEo] 2 o= U
A ot Aol ot kg Ashrt HAEE O Hls 2
Al vreh Sk &2 Qlof] o Asitgo] Aarkeof ek

L |z Ao 2 oo

£ Q72 So Ao LBEL Sl f07], A%
71, 74 H]t)7] 5 ST Aol s 7)71e] o}
o £5 W4l T e By 4 glrke e 3
QI3kArk. o Ak fitel B Ik Eo A2 Aelst
of g4 AL AU 7|2 AT WHORE S F
Furo] AFEA AR ALoA A3t 9 v HlhE 5
T 5 QIeks 22 BolEck Auagel et 42417} 4
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E5 940] WAt A0 P EF 57 o vk
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Watermelon growth and fruit enlargement in continuous chilling night temperature
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