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Abstract. This study was conducted to apply with an air duct for the cooling and a utilizing cultivating method that uses
the fruiting node and the defoliation to the high-temperature vertical and hydroponic cultivation of the oriental melon.
The lower fruiting node (LF) was to remove all third vines generated from 5 nodes of a secondary vine. The higher
fruiting node (HF) was fruiting on the third vine generated from a first node of the third vine. The direction of the stem
string; upward (UW), downward (DW). Four treatment conditions were applied with the LF-UW, LF-DW, HF-UW
(control), and HF-DW. The leaf age of melon leaves was measured for photosynthesis at 3 days intervals, and the fruit
characteristic was conducted on 79 fruits in each treatment. The photosynthesis rate steadily increased after leaf
development, reaching 20.8 pmol CO,'m™s™ on the 10 days, gradually increasing to 21.3 pmol CO,'m™-s” on the 19
days, and reaching 23.4 pmol CO,-m™s on the 32 days. After that, it lowered to 16.8 pmol CO,-m™-s™ on the 38 days
and dropped significantly to 7.6 pmol CO,'m™'s™ on the 47 days. As a result of the fruit characteristics by fruiting nodes,
the treatments of the fruit length was 12.6-13.4 cm, respectively, which was significant, and the fruit width was 7.9- 8.6
cm, respectively, was not significant. The soluble content ranged from 12.9 to 15.7°Brix, and the significance of all
treatments, and higher than of LF-DW and HF-UW. The photosynthesis rate of melon leaves was good until 32 days
after leaf development, but after that, the rate decreased. As for fruit quality, it was conformed that melons can be
cultivated at the LF because the fruit enlargement and soluble content dose not decrease even when set at the LF. Results
indicated that those can be used for LF and defoliation in the development of vertical and hydroponic cultivation method
in high-temperature season.
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Table 1. Specification of the air duct.

Items Value
Diameter (cm) 30
Length (m) 30
. Thickness (mm) 0.15
Air duct )
Area (cm’) 706.5
Velocity (m's™) 10.84
Air flow (m*h™) 4,685
Diameter (cm) 2
Row 1
Number of holes 360
Duct hole
Hole distance (cm) 16.7
Area/hole (cm?) 16.7
Total area (cm’) 1,130
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Table 2. Chemical properties of the Yamazaki nutrient solution for the

oriental melon.

A~
& 53

SR Felel @uE YA Mt 89l By

Fertilizer Concentration (mg-L™")

KNOs 202

Ca(NOs),"4H,0 826

Fe-EDTA(12.5%) 16

Macro

KNOs 404

MgSO, 7H,0O 369

NH;H,PO,4 152

H;BO; 1.2
MnSO,-7H,0 0.625

Micro ZnS0O4 7H,O 0.09
CuSO4-5H,0 0.04
Na,MoO,-2H,0 0.013

A

/3

A) A W= AFEFA) 2l upward, UW) = 5854] 21
(downwoard, DW)-& 93] HF=tol| 4] Z+2F80cm 2} 1.8m =0]
of| 2|53k
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UW (Control)
Higher fruiting node

) o ¥

Lower fruiting node

Fig. 1. Stem string and fruiting node conditions for the study. UW:
upward, DW: downward.
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Fig. 2. Average temperature and humidity

in the oriental melon

greenhouse.
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Fig. 3. Average CO, concentration and accumulated radiation in the

oriental melon greenhouse.
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2702 20024 79 210 9% 147 ZAsHdct
(Fig. 4).

2] 919 P G} AFo] lemel 21 1 A 3ol
39 7HA0 R 47A71K] B3] 24 7)(LI-6400, Portable
Photosynthesis System, LI-COR Inc., Nebraska, USA)&
Fgsto] 041 10404 124] Afolef) 2 ahck. 2] 9
P2 vl 1 gl AL AL R RA9) 2 AEiEt67H]
WE3- 5902 38)% ZAstel 1YL ol g3t
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(PPFD) 1,000umol-m™s' 9] 2710 2 5}3ir}.

Fig. 4. Air duct under the cultivation-bed. UW: upward, DW: downward.
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Fig. 5. Variation of the temperature between the duct (DW-15m) and
the greenhouse.
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Fig. 7. Average temperature of the oriental melon greenhouse compared
with air duct sensors. UW: upward; DW: downward.

Table 3. Photosynthesis by the leaf age of the oriental melon.
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3,43 5 2w gj7)o] ufe} 2ho]7h 9o} 25°C of5e
FAEE A o® yepd 2 1127] S5 9 E Yio] Ayt
7} e A0 R Tk B3 UW A W= 33 HE 25
7} 0F 22— 24°C & DW A} M= 4% UE 2% 0F23—2
5°CHT} U1, DW-15m2t UW-29m 2] ©-% 7} H]2=314] Ut
et 218 A} W] o] 1m Kol Q15te] 5 2]21] 371
$% B7o) vizeil wAlshe Ao Wekth Yu
(2014)0] fzolo] U2 FLEEES HAF 21} ol 7} ol
W 0] 2715 B7] 5 AAA| o] FolErkil okl
t}. ALk, Jeong 5(2020)0] HAF-A| &8 computational
fluid dymamics) &= 24 W5 S35 oS8 off 2= A
| Hl = szolof wheh 37] -5 thEA| Yebgths 2 4
=olut Auf Hi=Tt Aekoz 283 Al Aor Y7
T}, o] = Afuj) W= olof wet S5 ol e lu Hy

=

S B AR AT 4 Qa2 R eEs 7
s WSOl A A% FUNE Bt 5 S A

(Kim 5, 2004; Yu 5, 2014; Jeong 5, 2020) 0 & setech

A AN SR HESHA| F7Fske] 10de]
20.8umol CO»'m™s™0]$111, 1990 21.3pmol CO,'m™'s™
2 254 =olx]E Y, 32U0f 23.4pmol CO»'m™ s & 714
=QIt(Table 3, Fig. 8). ©]%-382o]l:=16.8umol CO,-m™s™
2 ol 1, 47Yof=7.6pumol CO,m?-s™ & FA| ol

Net photosynthetic rate (umol CO,m>s™)

Stomatal conductance  Transpiration rate

Day 1 2 3 Average S@@d (mol-m™s™) (mmol H,Orm™s™)
deviation
1 73 7.4 8.8 7.8 0.66 0.22 445
17.5 17.7 18.7 17.9 0.52 0.38 2.67
19.1 20.5 199 19.8 0.60 0.73 7.03
10 214 20.2 209 20.8 0.49 073 6.42
13 22,6 20.0 20.2 20.9 1.20 0.74 6.28
19 23.0 20.5 20.6 21.3 1.17 0.63 3.77
21 22.0 22.0 214 21.8 0.30 0.74 4.95
24 21.7 229 25 223 0.51 0.68 5.93
28 22.1 23.4 23.0 22.8 0.57 0.52 3.34
32 23.7 23.7 228 234 0.40 0.24 1.91
34 21.1 20.7 215 21.1 0.31 0.60 3.19
38 17.9 17.0 154 16.8 1.02 0.37 2.55
44 12.8 9.8 9.8 10.8 1.40 0.05 041
47 6.3 9.6 6.8 7.6 1.45 0.10 1.08
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Table 4. Characteristics of the oriental melon fruit as affected by the fruiting node.

Treatments Fruit length Fruit width Fruit weight Soluble solid content ~ Unmarketable fruit
(cm) (cm) (® (°Brix) (o)
HF-UW (control) 132 @ 85a 503.8 a 143 b 13
HF-DW 126 b 81a 4437 b 134 ¢ 39
LF-UW 128 b 79 a 448.8 b 129 ¢ 39
LF-DW 134 a 86 a 5358 a 157 a 1.3

“HF; higher fruiting node, LF: lower fruiting node, UW: upward string, DW: downward string.
*Mean separation within columns by Duncan's multiple range test at p = 0.05.
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Fig. 8. Photosynthesis rate of the oriental melon.

C(Table 3, Fig. 8). <] 11.27] 52 - 573w A] k] 2]
AL 9 W F W E F7slg oL, 1ol
oflt= %27} HolA|= Ao e}, o] Zak: 18] %
F S=S olgsto] Al M= olefel WS FomM &
AR 227} 4t 26°C = YFsH| -4 = 1(Fig. 7), 71
A" F8te] St A A = o(Fig. 7) 78]
QI3 EIick w3k, 11.7] 7t oJR AR 15to] o) <)
£ 32900]) Q) WA} R EHA B4 7} H 1] o]
EA H31, 2 o5 = F ST 43| Wor A F gt
3lth= Buchanan-Wollaston 5(1997)3} Worku 5(2007)
O] -5 SHERIRITE AlH7E Rhee 5(2015)2 24 U2
© pom 220) R F4 RO A 55 57}
2 Yahd st gasto] %ol oAEcka shick. wet
A, 227] 22)2] e Q) WAL el 1 - 25 o)
SR 7ol 2] A% Palo] Ego) B Aoz Ba,

@

at

}a

uz

ENM
= O

g 344l A9 AFHLE-UW), 429 5}
FHLF-DW), 2701 49189 AHF-UW), 49189) 5}

NI
i)

= [e]
S4e %

J

94

SHHF-DW) 2|8 & Al H i 712R2-12.6-13.4cm 2 2] 2]
kool slglom, aE2-7.9 - 8.6cm 2 -9/ 0] ¢l
tHTable 4). T2 LF-UWT} HF-DWXC} LE-DW1}
HF-UWo| 2}7}535.8¢7+503 820 & 714 51 $Ic}. g
12.9—15.7°Brix 2 LF-UW, HF-DW, HF-UW, LF-DW <
© & Z=9}tHTable 4). w}e}A], Lee2} Lee(1996), Hwang 5
(1998), Park =(1995)7} Park S(2015)0] 2} 2 9]7} =0
TR el S} ok e 7 el che
A LE-UW-S A]9J3k L 2] %] 2] 215} 5w 7k 3] o
etk Tejt 489] A A] ool HE-UW T 2,
TRE, P RAF |25 S bkt i AT
LF-DW2}HF-UW A&+ 1.3%, LF-UW<SLHF-DW A 2]
T=3.9% = LFERITK Table 4). Y 582 LF 213} Alof| =
I vt e} =7} Ho A 2] k7| ufj<of| LFof] 2fafsto] ¢
= A = o= eIk E3E Wee 5(2018)-2
Zo| BARES AAsk= aclolakar 3191l Kim 5(2007)
I} Lim “5(2020)-2 =7} 214 F4of -3 Ha-& ghrtar
SIS}, LF-DW & 24, hE, b, e 7} 71 A ek
1L, HF-UW(H 271 7FLF-UW X} HF-DW 2]+ 2o} 74k,
I, I, 7t = A ek 7| oo HF-UW 2FLF-DW
A7 A Aatel] felgk 2l o= sekE T Table 4).
Alth7}, Hwang 5(1998) 1} Lee 2} Lee(1996)7}F LF 2k}t A
AAEFo| adith= ik & AtollA= e A] et
whEba], 2he] o] a12-7] =A] - =734 uiRg 7ol LF 2o}
DW AjufE 2851 2 A4 A7 E 7= 2R 57
o1& =Y 4= qlom, AL o AES Al A AEiet
S Qo1 Al B S 0l 4= 98 Ao ek,

A<
AN = =2 T

B ol $F YES o g3}ol

A 4] gle]

Journal of Bio-Environment Control, Vol. 32, No. 2, 2023



187 $F GE Hg 585

o 99239 Tt Wikt Sl 3 e
ol sk ofsjoll A Al S EE B A
She A=, olEY R mm ol AT A2
of 23} Hel(4 ) S Stk A A Z7] fo1E of

PolH 912 Felshs el Cap, el ok 25k 4
P(SHE Shick FTASTEE o AN FHE FE

Z7}¥810] 1029] 20.8umol CO,'m™s7' 0] 11, 19 0] 21.3
umol COym?s'2 ZFH =olA|tiY, 32 23.4umol
CO,;m™? s 2 =9kr} 71 013380l 16.8umol CO, m™
s ol 11, 47 o= 7.6umol CO,m™-s™' &2 T A YrobH,
o}, 2l A 9y whA] BEAJS A A Q)(Ah, A A (518,
2HAD), 2H3HH o g2 12.6 — 13.4em = 12143
o] Qlglom, TEL-79—8.6cm O E F-olAo] Qi) T
= AENCED I skl Hlaste] A L|(5H
535.8g 7} th2H(/d3) 503.8g 2= o) /o] =8Itk G
12.9— 15.7°Brix 2 AZA AT} 2K 3Fh 2l 924
Ol AEAFH T =T (3H Bk =qhch 7o) ] 4
T3 A Al Zhe) Q1o T2 o AN 32 U7HA]
= AL Lo Folli= &7t ol A= A 0 =2 Yyt 1}
AEEE A A9 2t Alof| = a9} P =7 Ho x| %] oF
7] wjszoll A& 9ol 2hasto] Zhels e 4= 9132 Sl
ST} AT A= Q)9 127 2] - AR A
of| A& 9] 2Htel A Yol L8 4= S A o' HekEr.

F7h A I B4, $F CE, 93, Hat 89, F

Literature Cited

Bae S.G., S.K. Choi, Y.S. Shin, I.LK. Yeon, and B.S. Choi 1998,
Round-frame-staking cultivation increased growth and yield
of oriental melon. J Bio-Env Con 7(Suppl I1):77-81. (in
Korean)

Bot G.P.A. 1983, Greenhouse climate: From physical processes
to a dynamic model. PhD Dissertation, Agricultural University
Wageningen, The Netherlands.

Breuer J.J.G., and P. Knies 1995, Ventilation and cooling. In JC
Bakker, GPA Bot, H Challa, NJ van der Braak, eds, Green-
house climate control: an integrated approach. Wangeningen
Publishers, Wageningen, The Netherlands, pp 179-185.

Buchanan-Wollaston V. 1997, The molecular biology of leaf

MESAX XSS K|, M32H X125 2023

AR elol g YA 2t e v

/3

A

senescence. J Exp Bot 48:181-199. doi:10.1093/jxb/48.2.181

Choi K.Y., EJ. Jang, H.C. Rhee, K.H. Yeo, E.Y. Choi, LS.
Kim, and Y.B. Lee 2015, Effect of root zone cooling using
the air duct on temperatures and growth of paprika during
hot temperature period. Protected Hort Plant Fac 24:243-
251. (in Korean) doi:10.12791/KSBEC.2015.24.3.243

Fernandez J.E., and B.J. Bailey 1992, Measurement and prediction
of greenhouse ventilation rates. Agric For Meteorol 58:229-
245. doi:10.1016/0168-1923(92)90063-A

Fernandez J.E., and B.J. Bailey 1994, The influence of fans on
environmental conditions in greenhouses. J Agric Eng Res
58:201-210. doi:10.1006/jaer.1994.1049

Hwang Y.H., K.H. Cho, G.W. Song, W.K. Shin, and B.R.
Jeong 1998, Effect of pinching and fruit setting, and planting
density on fruit quality and yield of muskmelon cultured by
deep flow technique. J Bio Fac Env 7:219-225. (in Korean)

Jeong I.S., C.G. Lee, L.H. Cho, S.Y. Park, M.J. Kim, S.J. Kim,
and D.H. Kim 2020, Development and validation of inner
environment prediction model for glass greenhouse using
CFD. Protected Hort Plant Fac 29:285-292. (in Korean)
doi:10.12791/KSBEC.2020.29.3.285

Jun HJ., and I.LH. Jo 2002, Changes of nutrient contents of
circulating solution in three different new hydroponics for
oriental melons (Cucumis melo L. var. makuwa Mak.). J
Bio-Env Con 11:168-174. (in Korean)

Jun H.J., Y.S. Shin, and J.K. Suh 2012, Soil EC and yield and
quality of oriental melon (Cucumis melo L. var. makuwa
Mak.) as affected by fertigation. J Bio-Env Con 21:186-191.
(in Korean)

Kim T.Y., K.D. Kim, I.H. Cho, E.Y. Nam, Y.I. Nam, Y.H.
Woo, and B.H. Mun 2004, Improving the distribution of
temperature by a double air duct in the air-heated plastic
greenhouse. J Bio-Env Con 13:162-166. (in Korean)

Kim Y.H., B.H. Hwang, and J.K. Kim 2007, Changes in soluble
and transported sugars content and activity of their
hydrolytic enzymes in muskmelon (Cucumis melo L.) fruit
during development and senescence. Korean J Hortic Sci
Technol 25:89-96. (in Korean)

Lee D.S., J K. Kwon, S.W. Yun, S.Y. Lee, M.T. Seo, H.J. Lee,
S.G. Lee, and T.G. Kang 2021, Comparison of yield and
workload depending on stem training methods in oriental
melon hydroponics. J Bio-Envin Control 30:377-382. (in
Korean) doi:10.12791/KSBEC.2021.30.4.377

Lee S.G., and W.S. Lee 1996, Effects of fruit-set position and
number of fruits set per plant on netting, fruit quality and fruit
weight in nettted melon (Cucumis melo L. var. reticulatus).
Agric Res Bull Kyungpook Natl Univ 14:61-65. (in Korean)

Lim M.Y., S.H. Choi, HJ. Jeong, and G.L. Choi 2020,
Characteristics of domestic net type melon in hydroponic
spring cultivars using coir substrates. Hortic Sci Technol
38:78-86. doi:10.7235/HORT.20200008

Park D.K., Y.C. Um, J.H. Lee, and H.T. Kim 1995, Effect of

95



YA - o - 84S D

fruiting position on harvest time, yield and quality of oriental
melon in protected cultivation. J Korean Soc Hortic Sci
13:60-61. (in Korean)

Park E.J., G.B. Lee, Y.G. Park, .M. Suh, and J.S. Kang 2015,
Influence of fruit set internode on seed germination and
seeding vigor in watermelon. J Environ Sci Int 24:1673-
1679. (in Korean) doi:10.5322/JES1.2015.24.12.1673

Park S.H., J.P. Moon, J.K Kim, and S.H. Kim 2020, Development
of fog cooling system and cooling effect in greenhouse.
Protected Hort Plant Fac 29:265-276. (in Korean) doi:10.
12791/KSBEC.2020.29.3.265

Rhee H.C., G.L. Choi, K.H. Yeo, M.W. Cho, and I.W. Cho
2015, Effect of fog-cooling on the growth and yield of
hydroponic paprika in grown summer season. Protected Hort
Plant Fac 24:258-263. (in Korean) doi:10.12791/KSBEC.
2015.24.3.258

Sase S., T. Takakura, and M. Nara 1984, Wind tunnel testing on
airflow and temperature distribution of a naturally ventilated
greenhouse. Acta Hortic 148:329-336. doi:10.17660/Acta
Hortic.1984.148.42

Shim S.Y., S.W. Lee, L.W. Lim, and J.H. Ju 2003, Development
of fertigation culture method of oriental melon. Gyeonggi-do
Agric Res Exten Serv Center, Hortic Res Rept, pp 345-349.
(in Korean)

Wang S., T. Boulard, and R. Haxaire 2000, Measurement and
analysis of air speed distribution in a naturally ventilated
greenhouse. Acta Hortic 534:277-284. doi:10.17660/Acta

96

3 olNg - ol - B

Hortic.2000.534.32

Wee W.C.,K.S. Lai, C.L. Kong, and W.S. Yap 2018, Impact of
within-row plant spacing and fixed fruit setting on yield and
quality of rockmelon fruit cultivated by drip irrigation in a
greenhouse. Hortic Sci Technol 36:172-182. doi:10.12972/
kjhst.20180018

Worku M., M. Banziger, G.S. Erley, D. Friesen, A.O. Diallo,
and W.J. Horst 2007, Nitrogen uptake and utilization in
contrasting nitrogen efficient tropical maize hybrids. Crop
Sci 47:519-528. doi:10.2135/cropsci2005.05.0070

Yeo K.H., I.LH. Yu, G.L. Choi, S.C. Lee, J.H. Lee, K.S. Park,
J.S. Lee, and K. Bekhzod 2016, Effects of modified installation
methods of roof ventilation devices in the single-span plastic
greenhouses on yield and fruit quality of oriental melon.
Protected Hort Plant Fac 25:334-342. (in Korean)

Yeo K.H., S.H. Park, I.H Yu, H.J. Lee, S.H. Wi, M.C. Cho,
W.M. Lee, and Y.C. Huh 2021, Cultivation demonstration of
paprika (Capsicum annunm L.) cultivars using the large
single-span plastic greenhouse to overcome high temperature
in south Korea. J Bio-Env Con 30:429-440. (in Korean)
doi:10.12791/KSBC.2021.30.4.429

Yul.H.,N.K. Yun, M.W. Cho, H.R. Ryu, and D.G. Moon 2014,
Development of CFD model for analyzing the air flow and
temperature distribution in greenhouse with air-circulation
fans. CNU J Agric Sci 41:461-472. (in Korean) doi: 10.7744/
cnujas.2014.41.4.461

Journal of Bio-Environment Control, Vol. 32, No. 2, 2023





