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in Different Cultivation Types and Plant Spacings
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Abstract. Recently, the interest and consumption of mini watermelon (Citrullus lunatus Thunb.) are increasing due
to nuclear family and one person household. However, there’s no research for mini watermelon. Therefore, the pur-
pose of the study is to develop standard cultivation method of mini watermelon. The test cultivar is ‘Minimi’, which
is a small-sized fruit, the rootstock is ‘Bullojangsaeng’, which is a cucurbit line. Grafted plants were transplanted on
April 5, 2017, and harvested in early July. Cultivated types were 3 methods, which are N-form, arched, and runner
type, and plant spacing were 40, 60, and 80 cm, respectively. The rowth and yield in N-form was higher than that of
the arched and runner types, and the sugar content was higher a bit. The yield per unit area was about 50% higher
than N-form, which can be plant density cultivation than that of the runner type. The number of seeds per fruit of
‘Minimi” was similar to that of ‘Sambokggul’, but seed weight was one third lower than that of ‘Sambokggul’. The
content of lycopene was 30% higher than that of ‘Sambokggul’ watermelon, and the main sugar content is similar to
or slightly less. In conclusion, the N-form staking cultivation was superior to the runner type or arched cultivation in

terms of fruit setting ratio, yield and quality.

Additional key words : cultivation type, lycopene, mini watermelon, plant spacing, sugar content

NOE

oA5d I SN Citrullus  lanatus  Thunb.)S
T2 AAE0=R o]gHI lom, taFe| Aolidf, H
EF A, C, AEZH citrulline)?} 2to]=Z3 (lycopene) 5
o] HrEo] o] FIst A, A, T, wiH],
18, "o|oE S At e o= 4EA Utk
(Ko &5, 2009). < F8ke] An|AdEke A dlgg 5
Aol|A A7IEBle] wWE 1~22) 7S] STkl w
g}, o|XET 2k A ute] MEEIAL e FA0
tHLim %, 2016). ©]&|3+ 2kg ©]3} &8 FHke 7]&d)
2} 7Y AR AZT sl cofEaboleiar
sttt e FEE ustal, 278 2, U=
AAzrolon FHFeE wmysubog ETja ok
(Jeong 5, 2017). ¥YHEe] AL =77} Zo} Fto}

*Corresponding author: jeongtk@korea.kr
Received June 7, 2017; Revised March 15, 2018;
Accepted April 11,2018

Ao -AE25, M2rd M2 20184

S A3 UthJeong 5, 2016). s ke Uulz
Aoz 1274 175 Aikskedl, vysEke A
2N 5~ oPFe] S A F 3l Aol &
Ao, A7tolu g wak Ankle)] Hx|x] ket
el A mygate] S APgel] Usks wivk si=
slido=m AniRlEe] WS EoY, dAle B
Hold T vuFHERke] FHE FAA AR A
kel ok mjuseate] zjuel #g Ave B
AR AFgte] 2R A gl mjugke] AAR
ol #ek AT Qelle A9 gtk ke AFAplE
Higho] & Fslar WS FarT ks
el a7t 2o15a, 99HAY 79 =Y 5 2
= 83 Aotk Ko 5, 1993). =AM #3EQ
AFAE ] 3k AF(Bae 5, 2003: Kim 5, 2012;
Lee 5, 1998, 2004; Park 5, 1997; Takashi Kaizuka%}
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Masahito Suzuki, 2004)= LZJHAFE 2o AT} Lee
519930l wW=W A XA Al A2ARE
200 x 40cmZ 3l o]Fe] FYell FAS dlar £
4~5mf) W) HAS 3l ol5E7] wHE Ay A2H A3}
U A3 A3l 33 A=E FAAE APle Aol 4
9 5SS 5 ok st v AT 4
Hho] AAke dFo] ol tlHE] 70~80% GOl
Basi] vl 71 10~20% Yol 2] §kolr, 23
] ZTlEe ARHIE aEshd FAjAdo] Holdtes B
I% JEHLim 5, 2016). HF GFEAA s7IA 2=
Al vUeEt 25 T8t ARApREkaL gl 5
P FHE =o)7] 9% VeH AAF A7) o]Fo
AR a1 Qlef, mUgrtel] tigk EFEAN7IE o]
AlFeE AA oIt}

B AT vyl digh sEAmiES Fske] &
A Al v rES ZAgE] flske] 37HA] ARl
WE AAAZE wugHEre] s, A, BEEAT
gho)zdl ¥ gk Soll vAle FS AL

=
1. MulREY 45 ¥ o SH
B A7 20159 28 S0H 2016 74 AT
FTE AT dAY pakdgaol A FalEiiitt. ks
& 29 A& ‘Minimi’(Bayer Cropscience),
2 ISR B=2748 (Syngenta Koreays 29
20 IESl], dHEREeE HEAIA  SHSIHU

180m*& 6m, Z°] 30m, =°] 2.5m) Z7]9] ©E H]
Jke2 35AEMAEE 150, A, oAE, E
28 5 7 Aplades delsdnkFig 1). NAE
< o] 2.1m, FF 1.2x4°]30m 719 35S A3
AL, oA FE =o| 3.5m, FE 6xZ°]30m, 25 A,
FEFS FE )5x70|30m 79 2EE AT

AXAZE 40, 60, 80cme] 3FFo 2 AT the, F
T olETA] 3HEES ARt e g dFd

aaaa g

N —for

Arch type

OIS E

o] 4~5m) UgkS o splen, 2o b od
2] AASAE. e EHS o83l] 1 Lo
71 AEE W go] 33 AR 15 o2 &

A= oA &AL, FEAVIE Aeh] fsl A =
A 1FY BRE A A2 FAIE 9AE s
AIEIALE B A TS o83l B, 71
B 55 aEst] FUIFoR SiaL, ARle EYA
A A7s EgiZ 7RIE FHH] 2,000kg/10a, N-P,Os-
K,0=5-6-5kg/10a, S*HIZ N-K,0=7-4kg/10a 23] ¥-*|3}
Act. 71el WHalE WA 2 25T #e

S

_u‘{q'i:_,

>

o,

T
90dAel T, 7, A, 95, 9,
58 A3 3R 69 10Y8HE 330 AX 2
SR, g SAl A, A=, 35, 9EE,

o, #, %, B SR BE), TS 5 BESAL

BN 2 >

2 Bl0|ZW W YME B 5
ElUSe) Minimic EEol o] Qe 2olzH
9 SR e dne 39 ARELube gaT

2 3t BAsITh glolzdl A A0 & 2
gt 89)F 1g A8 ImL hexaneS ¥al 28 30%

&< shakingste] FE3 &, dAEEg Asde A
=712 42 9 ¥ THFEE A8&3a)-34sle] deje
3 #HHAS HPLC(UltiMate 3000RS; UltiMate, Torrance,
CA, USAZE A5 29 4 (fructose, glucose,
sucrose, maltoser> FAAXS AlE 10l 70%
methanol 50mLE 7}3F & 75°CoA 1AI7E B2t A8
A AgZx(Mars X, CEM Co., USA)E F=3}1L oja}
gt 10mLE 9AEESk EFYS AL ELSD(Model
2000, Softa Co., USAYE “2Fst HPLC(NS-2004GP,
Futecs Co., Korea)Z 23} c}.

3. SAIEN

AlEAFT= CoStatZ=Z 13 (Monterey, California, USA)

Fig. 1. Cultivation types of mini watermelon, ‘Minimi’ in 30 days after planting.
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Table 1. Early growth charcteristics according to cultivation types of mini watermelon ‘Minimi’ in 30 days after planting.

Cultivation type Plant spacing Stem diameter

Stem length Internode length No. of leaves

Leaves length Leaves width

(cm) (mm) (cm) (cm) (plant™) (cm) (cm)
40 10.7 134 9.7 12.7 19.2 18.8
N-form 60 11.3 134 10.6 12.2 19.4 18.0
80 11.8 158 114 14.0 20.4 21.3
40 10.5 135 8.8 12.0 18.8 18.7
Arch type 60 10.7 142 9.7 13.7 19.7 19.0
80 12.0 154 9.9 14.7 20.7 20.8
40 12.2 177 11.0 15.0 21.1 20.3
Runner type 60 11.9 182 11.0 15.2 214 19.9
80 12.4 185 10.9 16.4 22.0 20.0

F-test
Cultivation type (A) Hkk *kk N.S ok *k N.S

Plant spacing (B) Hokk *x N.S ** N.S *

AxB ** NS N.S N.S N.S N.S

*p<0.05, **p<0.01, ***p<0.001, ™ Nonsignificant.

< ©]-83ld Two-way ANOVA 78-S AAJste] Al
7 AAAYT 0T fod HES P<0.05
SR e =

2

1. X7 ¥s 54

FEY, NAE HE oXY T A FEoE Apmis
PlusEEE Minimi© FE0] G4 309 & 271S2
Table 13} 2t} FEE izt NAFo o}x| & Au)
of vlal A, FIHE 5 SRl E9ka, AR
o Aol Al A 78 BT FHAYE 6eTE
Aol o F& AUk AERE 2ol 271859
a0l grto] QPEA AEoX|wh o u) AF 15
o AfF oz fRlsk] 719 HaEEo] Yo} 2=
b AL ot Z7olle Y] ol 2 4-3E80]
FER o] sl FA] @otd 27143%e] td Zo=
BT a3y FURAAVIE A AR Ho
€ AS 50 ool 23]y EEAIETE NAFFo]
- olx1E A oA v, 94E 5 ASSS
o] Folxrt.

g7 Eke] Al gubdeE 130 23578
frelsted, =719 DR Fuht dr|a ymR] Zakd
FHke T} gohfjo] IE 5~10kge] 7R 71Tt
gy mysake 150 342715 f918k] ZHHsiA|
a1, =719 FAE 2-370, BAE s~of A=A 2}
IAA 500g~2kge] Z7|1E 719 3 w3 v
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TR dwbdoE AWM EEFow Apfsh=d),
Pl EEAPNE 7R SRR, Ho] BlaA 7
9] AFAIEFOl wige}l 719 WH)E F= sl
o, ¥Eg AFH(NAY, oA &)E el 127
S A% F BES frdske] A

£ AN N2 0] 2.1 1.2x2°] 30m),
O (%ol 3.5xFF 6xZ°] 30m), TEIFES FF
2.5xZ0] 30m)E AHRsATHFig. 1).

B 48 54

A2 90d F 719 AS 5L ANl TA
glo] AXAE F45 A7 WY 9 ASo] %
on, AMFEEEE VNS g8 NART ol
A AFAl Pyt £5F Aol Hls) 4, v
Y AFo] o FL ZAFol|UtK(Table 2). HEFH A|21A
7t F55 T, 922 5 ASSEE EkeH, Al
R A2IAR] Telle BE ZARMRAA ol
7F DR et 37EA] AeiE 25 A2 A7
S5 AV desida, 253 ®Ho 57 X5
APRAE] NARZ ofx]Fo] Also] FEUTh. o]gh
AFAE Fele Feol & i e T s
T e Aol o], A 9 Fro} WHElT WS
ZAF= a3t 7] WE(Ko 5, 1993), EEAHHS]
H|3] o] T2 Ao ActE)

Park 5(1997y F-54F 8k 7HAAL AMiR3S
gt Ay}, ZISolM S 24, G, B 2 FY
71X Y EEApRT ZFApe] o] sl

)

=

i
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Table 2. Later growth characteristics according to cultivation types and plant spacings of mini watermelon, 'Minimi' in 90 days after

planting.

Cultivation type Planzcsr;r)l?cing Stent I(rilirarlll;leter Stergs rl;:;lgth Internz)cc:i)length No(.p(l);iall)ves Leav(e(::sngngth Lea\:jn \;vidth

40 17.7 524 8.7 51.3 28.7 21.0

N-form 60 213 623 10.5 56.7 29.0 23.7

80 24.0 667 10.8 60.0 31.0 247

40 17.7 583 13.4 533 34.0 22.7

Arch type 60 21.3 627 11.8 56.7 34.4 243

80 22.7 698 12.9 59.7 333 26.0

40 16.5 523 11.5 44.0 25.7 20.9

Runner type 60 17.7 543 9.7 46.3 26.7 21.9

80 19.5 575 11.5 48.7 28.7 227

F-test
Cultivation type (A) koksk skoskosk ks koksk koksk sk
Plant spacing (B) Aotk ook ok k *rk NS sk
AXB koksk skeskosk ks koksk skoksk sk

*p<0.05, **p<0.01, ***p<0.001, ™S Nonsignificant.

N -form

Arch type

Fig. 2. Pictures of later growth according to cultivation types of mini watermelon, 'Minimi' in 30 days after planting.
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Table 3. Yield and yield component according to cultivation types and plant spacings of mini watermelon.

Cultivation type Plant( Csrpl)gcingz No. ((;fi ;li?f)zﬂ)hms lzlr:;ij[p\l);iit%};t No. ng fil;;i;[_ls)etting (1:2-611(?;')
40 1,350 22 4.7 9,073
N-form 60 1,080 2.4 5.0 8,428
80 864 2.7 5.0 7,582
40 730 24 4.0 4,555
Arch type 60 584 2.7 43 4,407
80 468 2.9 4.7 4,146
40 750 2.9 42 5,938
Runner type 60 600 33 43 5,534
80 480 3.5 4.5 4914
F-test
Cultivation type (A) ok ok N.S ok
Plant spacing (B) sk ok ok sk

“Plant density(ridge-width) : N-form 120cm, Arch type, Runner type 250cm

*p<0.05, **p<0.01, ***p<0.001, ™ Nonsignificant.

40cm, ©]% 7FZ 120cm, =°] 210cme] AES Fal,
G2 35712 fdstd AW Ae, 718 ZEANY
Ao Hl8]] e 53%, == 0.5°Brix =7/1=o] 71
ZA| A o]t

4. JAEN

Al AFe EZEFPo] 2.9-35kg0 = NAFFO]
U olXIFET 0.6~0.8kg =943, BT NAFE>0RXE
FEY #o2 Yeh A3 35, d=e] 79
2101 AAA7E AJTHTable 4). A2AE] ©& vy
FHke] HF e AXATY WeTs Z Aol
e FFAE A ARl wEt FolF ZfolE B
o|x] ekgktt, AuF-ETF It NAFEe] H 11.5Bx
2 K 9 w2 o= AFAMY] Be A T
o] ZEAuloll wlsl] Eo} Fo| JFE wR AHo=
BTt wyaale) g g3l 75t ke A3
Aujelde AAEEE eSS B, o]l =4 v
Eh, 2 Aldddeks o gelsidlth(Park 5, 1997).
2 T2 AN ejo] Ae- HaAIFAplE T Al
AF BEFE TN AR LERATE Fot B9
SIS VIR o] dan dAS THARAT)AL 3L
F4 AE Aks =Y 4 UdtkBae 5, 2003). 27
o] A9l o X A=A B9 7S, S
5, 7%, T4 BT 2ERIE 2o 955 o= Yg
WTHKim &, 2012). WepA] mlygat s N2 25
Al ek ZEAul] s B, 2N, 32 T

vV

O1-0 "=
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a7} Qo] FEAFE, T TA FHS B,
o} emrte] A=Al Ao} Hiszst RS B

AXAZ = @2 8kg o) Iut ks A 7
$ BE F7 45emxFF 250cm A=t AHdsiy, vy
FHEe BE (.52kg A= F719] RS B
g o), NAE AFA] 7S 40x120em, oA F EE
A 40x500cm, EEANE] 40x250cm =7} e A
oF v

53] NA AFAlE IF AlgkE WA Lo
7Fsele 3 G718 A¥slslal AYAkES
vyl Aol A Juke Aoz whdEh olHst A
= 9y HAE AFAE Al ARAYE S
140x40cmollA] Agsittar Badk Jeon(2002)8] Ao}
FrAFSHATE.

S, vyl F5 ‘Minimi'2] 2RI A 566
NE N FFQA AEE 9] 61lETt Aar, ¥y
FO 87g0E AHRE 2809 132782 AQITHFig. 3).
T FA] 727] 2 B4 F59 AolE vlwA A
Al AEE 5 3L, FH BAER B AT
ol 8-¥th(Kang 5, 2000). &Rz} JgollA] Fute] F
29} g giEA] EAES Ajle 44, A7E A
FHh, A7b 22 E Fol th B oulA] FEbe] &
A= 400~7007 A= AsArt dedl, A7E 2
< e AE ol A ARt A9t A Holx
EREHA G=F NES FEEEA, ErE T4 2]
£ 71 iyt AlsolthKim 5, 2009).
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Table 4. Fruit characteristics according to cultivation types and plant spacings of mini watermelon.

Cultivation type Plant spacing Fruit weight  Fruitround  Fruit length  Fruit width  Thickness of the rind ~ Sugar degree

(cm) (kg) (cm) (cm) (cm) (cm) (°Bx)
40 22 47.6 16.3 152 0.7 11.5
N-form 60 2.4 53.4 18.2 17.2 0.9 11.5
80 2.7 55.1 18.9 17.9 1.0 114
40 2.4 51.9 17.7 15.7 1.1 11.2
Arch type 60 2.7 54.0 19.0 17.1 0.8 11.2
80 29 55.9 20.7 17.7 0.9 11.0
40 29 52.1 19.2 16.8 0.8 11.0
Runner type 60 33 54.5 19.8 17.8 0.8 11.1
80 3.5 55.7 20.6 18.3 0.8 11.0

F-test
Cultivation type (A) ok N.S kokk *x N.S ok
Plant spacing (B) *EE ** Rk ** N.S N.S
AxB o N.S N.S * N.S N.S

*p < 0.05, ¥*p < 0.01, ***p < 0.001, N Nonsignificant.

No.of seed(ea) Weight of seed(g/100)
618125.7 28+3.3
I 366116.1 I 8.7:0.4

Sambokggul Minimi Sambokggul Minimi

Fig. 3. Seed characteristics between mini watermelon, ‘Minimi’ and big-sized fruit watermelon, ‘sambokggul’.

5 faME gate] glolzAl SlEke EnlEd HiE) 30% AT BO
njygsle] shpElo] Qe Ehol=al 2 AR SRS o, 35 100g9 F 4mge] E°IUtHKo &, 2009). 2+

Zgste] duEEl AREESut vlnd AdKTable  o]ZAS ko] Il NS dAlshe A8-E 8t
5), gol=al e ANREEQ] AbEEe] Wlsl] W] ¥ QA 9] F8 carotenoid® I P} 248
U=kl Minimioll ©F 30% o1 ESITh Kim 5(2013) & 7HAE aRksAjoln, Mgdxe] o 2 obg AdulA|
9] 5z Z

o ATl ofshd BT SelE FSut 5 oy ¥ RS oAt HuEthKim 5, 2013). ¥
50| elolzal FFLS 3.02-5.54mg/100g0E BAE  § Fupe] AulERe] LG fructose 5 T FRAE
o] B fAzte} vigzsiit. glol =M (LycopeneyS 7F TR AHEEIL wigzeg o e Aol &
FZE]=0]=(carotenoid)?] LFO=A HEFIEEIS] o] dko] 9 RS o] oF 92%elal FEo] wWol &
Az, Fute] oo} Fedlo] Rojdrs FPo] Zrket  fuo] Jedl, I BE I TEgo] YRES
o, EolE, Uk 5 2o ko] w@ol gide] k. A3 FrE ojB] 2ES FolFu Wz &
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Table 5. Contents of lycopene and sugar between mini watermelon, ‘Minimi’ and big-sized fruit watermelon, ‘sambokggul’.

Lycopene Content of sugar component(%)
Cultivar
(mg/100g) Fructose Glucose Sucrose
Sambokggul 3.48+0.3 4.1+0.2 3.1+0.3 4.5+0.6
Minimi 4.80+0.5 3.4+0.5 2.9+0.2 3.3+0.5

2
kO

A2 17 37 32 ISR <l widel
g 2B)7F S7EESL ek webA iyl igk
TAEE ] HAsted, Aulgel e A
7F viusate] A, R, S elol=al 3 3
g 5ol mixlE TS AR g4 304 B 90
DT AL AMREEE AAAR 255 A5l &
Fallon, #8179 FUI8EE EIEY ApiEks of
Aol NARelN 718 dEsilt. F9 Fdr= A
HFEEE ol Aole figlon, SeuHT sk
LAY TRk NAREe] ofx@nt EEe] vl
50% ol wekor, 9EI} Ui S8 ‘Minimi*®]
T FAE tiaE]]l AR vissiglod, &
A} 100852 A0 1337]12 A9ie). gol=d &
Fe AHEE R ‘Minimiold 30% ol &9k, B4
& ol Ael7k stk mEbA Wiyt g
& NARY AFAENZE 25 ool Bls] e
A gt F4o] wokom, AXARE 120x40emelA]
THE S, 7F R T2 S 7P FEsisith

=

27} FACL: AFAW, (AR A, AR A, E

& Al 2, A, 9=

AL Ab
R R =

(PJO11217)A1 el o3l 3= s
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