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Effects of Heating Initiative Temperature and CO, Fertilizing
Concentration on the Growth and Yield of Summer Squash
in a Greenhouse

Hei Woong Goo', Eun Ji Kim', Hae Yeong Na’, and Kyoung Sub Park**

!'Graduate Student, Department of Horticulture, Mokpo National University, Muan 58554, Korea
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Abstract. This study was conducted to find out the efficiency of heating initiative temperature and carbon dioxide
fertilization in summer squash (Cucurbita moschata D.). The heating start temperature experiment was performed at
9°C, 12°C, and 15°C using an electric heater and operated when the temperature was lower than the target temperature.
The CO, fertilization concentration experiment was performed from 7 to 12 with the control, 500 pmol-mol™, and 800
pmol-mol™ using liquefied carbon dioxide. Investigation items were plant height, stem diameter, number of leaves,
leaf area, fresh weight, dry weight, also economic analysis was conducted by surveying only fruits exceeding 100 g.
Photosynthesis was measured for the upper leaf position to calculate the saturation point according to the control. The
photo saturation point was 587 pmol-m™-s”, and the CO, saturation point was 702 pmol-mol™. 4,,.. values by carbon
dioxide were 13.4,17.8,17.2,19.6, and 17.5 umolCOz-m'z-s'1 in the order of 9°C, 12°C, 15°C, 500 pmol'mol'l, and
800 pmol-mol™. In the temperature experiment, 9°C in growth did not grow normally and no fruiting was performed.
12°C and 15°C were higher than 9°C, but there was no significant difference in growth and production. The CO,
fertilization experiment showed no significant difference between the treatment in growth, but the productivity of 800
pmol-mol™ was the best. Comprehensively, the heating initiative temperature of 15°C was good for crop growth and
production, but there is no significant difference from 12°C, so it is good to set the heating start temperature to 12°C
economically, and maintaining of 800 pmol-mol™ is effective in increasing production.

Additional key words: carbon dioxide fertilization, cucurbita mochata D., heating initiative temperature, photosynthesis
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off uk2 ol A F& vt JEj & o] §El = 2Efo g
S FE O Eouta o ti 3491 S A 28K Cucurbita
moschataD.) 50 sptolt}. H3EFQ] ‘7| et F4E T
HhQl < Ajgute) o] Fhu At SR EE 19740 S/3 %k of
SHF 2| 29| F5-2 EUAPE o 2 HH B o] a1, Xt off 5Ef
FE 20U su] o] ofstal Y2 ko 2 A E AL
QlthKo2}Cho, 2013). o 1R Z=7|1] Sdlo] v]sl| 40|
73l A 7N} ol ARgSE = FEIE A3l Edsto] =
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WAL 773.5hao]al o TBRE 593 3ha 15 A]A of| g Hko]
AEH AL 228, 1ha o] cHKOSIS, 2020).
S HE2-22 — 23°C 7} A A 20]w 35°C oo aL2ofl 4
StolE o] o)/do] A 2kt E5Fo] i o= qlrk 24t
o b 151 @ ofol] H]3) S AT} oS- v Hol
1R EL 5 ERAS o] g3t HakHelst B et
o2 vhat 2hgof) H] sl W2 10°C oA A0l 4 8L 7hs
ST, AT S S 16°C o] 2 fx1a) 7
+ Aol Fohal d#A QItiNeSmith, 1997). 249] 2=
CO, 55, 35, 23 e g doll T3t Qaolrh =2
oM 25T SV E A Ash 2 2rolAe
ol e 2 Ao 714 A Be] BRI 22T E
of w2 2231 Q Qlo|ti(Dorais, 2003; Heuvelink 2} Challa,
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1989).

H27] 2L B3] Ho] FaAo] Fak Alxte] CO,
517} ptobd WA S A5 A% elal 4= glo] %
7tol| A= CO, AlHIE jHtiJeong 5, 2022). EHFE|A CO,
o} 2= Afo] St 7H Bof RS Zrhs A(Lee
5, 2008)7} Q13131 EulE B APALA]| 24.7°CL}CO, FA| A
] A The A2 ol u]3l) o] HAEE AL & 4= YA
FHAn 5, 2003), 51922 o &x} Aol A] WL} CO,
Aol et A7 A=EIA) 1tk of5ate] 79-CO, Al
ulop wh AhA] Lol et Hlo] )7} Rt o]tk £ ¢
oA b ] SEHCO, Alulo] wff o Eute] A3 g
Ak w] A ke ZAtstel 2127 of St e S

oSl

VERCTTE

2 4ge Baojshn ¥4 U 2% PE B8 Seay
BF-A(15: 19.5%8.2x5.0m; 25 17.5x7.5x4.5m)of| 4] &
BY5FaL 4] bl e FTH4x3x3m)S 2/d5He] 2019
W 1295 2020 490717 ARS skt FAEL
ofj ZH} ‘320l (Nongwoo-ae, Nongwoo-Bio, Icheon, South
Korea)& ARg-510] 503 S8 LE| 0]of T 3 28 YA
FHIE STFHE(110%x20x10cm)ol| FASFIE QFole- Al
S A ) ol &H} ufjoFole: 71520 2 EC 3.0mS-em™, pH 5.5
S 7oz sigieh T 371 AAkdAREe] 1005-em™
o o) A1, 271 100mL, A4 0 5= 200mL & Fols} 2]
o}, 24 Y 2= 23 Al o] WHALE: o]-8-5to] ATt el
U B LS Agele] B3 L wr A S5} ot
AW 27)%o] Ge== sk3ik

2, CHEHAIRE AE

A7) i AN 2= 28 98l A7) 2 FFX|(SWE-
15F, Shinwoo Automatic, Daegu, Korea)E A5t A
7] L9732 o] vhit HA] &EE-9°C, 12°C, 15°C 2 A 5]
B35 £ ofsjol et 2551 stich 2 ol 10°C ofs
2 Yei/b] thie] ofzh hio] FRAo| 25k 710 E4x
ghatE geFo] Hojx| i 24 d £Ao] 2 o= ARSIt
(Jeon -5, 2022).

3. CO, AlH| s AA
QAA] CO, T 3|7} 7] A|2FaE A HE] 7hAs)
371 % ol STk S RHEgiT) 11l 21E E 3

9% 5

MEStARHSIS|X|, HM313 M4z 20224

7h 3Bk 2 CO, FF A & 4= AT A7) o=
77T L-HA ot CO, a2 ez} =7] ek A2 24
© & B22]7415°C), 500umol-mol™(15°C), 800umol-mol™
(15°C) 2 AABIAIL AlM] AIRE2 TAIE 12A1704] 21385}
Ak 7Ha= 371 5ol Qs 2014171 4171 wiZell &7 1%
°]30% o]’ e AlHIE HASHAT COxn= A58
o} g o]-8-sl3ieh

Nebraska, USA)E o]-§5to] S5t CO, B 574 Al
CO, =100, 200, 400, 600, 800, 1200, 1600pmol-mol™!
© 2 A5 Light 9F8- 24 A] 221600, 1200, 800,
400, 200, 100, Opmol-m™-s' 02 ZA3}grt Ay L
25°C, A5 55% lth. 2ha9] 333231t CO, 23Hd2
FA2{(15°C) & o]-8-5o] Ah&a}qlrt. F3d vhe=tAl2
HAAE 71 A9 AEq. 1) ARE-SHTHKume it
Ino, 1993; Kim¥} Lee, 2001a).
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5. MSZA U 48 EA

ofto] Al AR 4] F200A1 e UelslolT 24,
[ 7157), BAS, a5, IS AR A9
-8 AH A=A 7|(LI-3100C, Li-Cor Inc, Nebraska, USA
ol g3te] ZAstirk e 25 el 7 e o
of MAZAA EulEE(4-CPA, FarmHannong, Seoul,
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T8 - 7oA -

ofl= 371¢] 7S 71 Al TLR o = g o853t
(Kim 5, 2018). Base temperature+ $E}0] Z|#| A &=
01 8°C 2 A3} tHLee 5, 2014; Wi 5, 2021). A=Y
L7 g4t E 49002 Asn

GDD — E( Mazx temp. + Min temp.

— Base temp.) (2)

Max temp. : & il 7]
Min temp. : & Z|#] 7]-&
Base temp. : 20| H|5h H7

BAV 4220201 299) 40147} 2| Zo]| w2 40] ]

& 3T 2222020 2 Y9 of Fufe] Ht 712 o]
BB A E2 7| stol| whE Am AR CO, &
IS AFEstelTh

7. Hlojg 47
24 34 A=L glo]E 274(CR1000X, Cambell Sci.,
USA)E of-&sto] 4, s-3lsklth Wi e b= A
of| Y3t EA| B4 =A L& 12 R(4.2.1, R Foundation for
Statistical Computing, Vienna, Austria)2 AR8-5}o] U
X BARELAS 4308} a1, AR5 © 2 DMRT(Duncan's
multiple range test) S AM5IATE 3T} T 2

ol = Al Z1n} Z3(Sigmaplot 14.5)2 ARE-5S T

7 2M

7=|Il_|. oj _T_”_é!'

1,24 L 87 2y
Al3] 2440123 PE ZefA eSO A0 | YRE 3Y7IA] &
A e Uj5-e] PPFD RISHE ZARSHITH(Fig. 1). 24 5]
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Fig. 2. Daily change of temperature and CO, concentration in green-
house at the January 23th, 2020.
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Fig. 1. Change of photosynthetic photon flux density (PPFD) during experimental period in greenhouse.
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170umol-m™ s & A S|eF 3YRE A5517] ARBkck

199239 % £29LCO, MaR=Fig. 29} it} 77| 2}
A QI3 Y A REE9°C, 12°C, 15°Col Ak ol
Z712-29.5°C, 13.1°C, 15.8°C 2 44 £:2}0.5°C, 1.1°C,
0.8°C Zpol7} ekttt 72 COsi= 87130] A A
21%) efol 8~ 1441714 ZH4315iek. ol UNFE2l A.27)
2404 T 4= Gl Btk CO, St 84178 4
310} B w0 wE7HA] OF 14171308 A AT, A
H7} B2 E 1245 CO7L 1S Lot 2 ok 5
9lek

2, X2l 2+ Hary B

o
of 2 chdofl theth B S8 L= AR SFE 54
sheith F sZoH(Fig. 3)% CO, ZoH2- T 7iA] 2&=7}
15°C Rl =70 glo| Bl & o]-§-5o] AR=dt3l=tl| 322314
2 587umol-m™s™!, CO, E3}-L 702umol-mol ™' o] $ITh
(Park -5, 2016). Y 7HA] 2 L2of| mhE FHE-5 Bl skl
= 0] 9°C= thE A 2lof] Blsf W= Fehd H=(Fig. )5 1
AtHRowand} Davod, 2007). o]= =7} g4~ ZHAJof 43
& Zrpe ARl vaPe v B Ak pholg
HH= 7)2k0 2 A o)A f49] o] shobzl Ao meltk
(Lakso®} Kliewer, 1975).

CO;, Ao T2 B3 E-2 500umol-mol ™ o] 714 2=k
tHFig. 4). 800pumol-mol & A% o]l 4] 500pumol-mol ™ I}
ELeof| A 7o} FARE ke Btk o] Hls|
CO, AJHILE B d B0l & A2 =0k CO, sl A 4]

£ A9] CO, EQl Ao olate] ali]o] 2A1E]7] wfj&+
o|tKim} Lee, 2001b).

H*] ol mhE Aol A 9°C A= A 9] A5

o] a1 A] SATHFig. 5). 15°CoH2°C = EAH 02 fo]
w} 1 ol gbAal 15°ColA A, AEEE A

Lol A 2] 7 B AT Table 1). T 7HA] 2=
7}9°C o HH = 27} o] FO{ R A] oo} gtwk 1l oA A
QJ3laL, 12°CE} 15°C= 242} 5.1kg ¥} 5.3kg & 25}0]
0.2kg o] 7} JERGTHFig. 6). TEF0] A2 2 22t S =
22—25°Co|al B r = 13— 15°Co|t} Wi 7jA] &%
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Fig. 4. The CO, response curve of photosynthetic rate for summer
squash after heating starting temperature and CO, enrichment con-
centration treatments.
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Fig. 5. Photographs of summer squash shoot due to heating starting point treatment of 9 (left), 12 (middle), and 15°C (right).

Table 1. Effects of temperature on the growth characteristics of summer squash grown in a greenhouse.

Plant height Stem diameter Leaf area Fresh weight weight
Temperature (°C) (cm) 8 (tmm) No. of nodes (om?) © eh Dry © eh
9 52.8 b* 7.0 c 223 b 1,489 b 99.0 b 102 b
12 240 a 110 b 335 a 7,021 a 670 a 99.5 a
15 249 a 123 a 355 a 7,058 a 649 a 944 a
“Mean separation within columns by Duncan's multiple range test at 5% level.
Table 2. Effects of CO, concentration on the growth characteristics of summer squash grown in a greenhouse.
CO, conce_rlltration Plant height Stem diameter No. of nodes Leaf e;rea Fresh weight Dry weight
(nmol-mol™) (cm) (mm) (cn) (2 (@
Control (15°C) 249 & 123 a 355 a 7,058 a 649 a 944 a
500 252 a 114 a 373 a 7,072 a 638 a 88.0 a
800 289 a 123 a 415 a 7,318 a 764 a 104.0 a

“Mean separation within columns by Duncan's multiple range test at 5% level.
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Fig. 6. The accumulated yields of summer squash due to heating starting temperature and CO, concentration treatments.
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12°C9} 15°C A7) 245 &7} 13.1°C, 15.8°C21 A
© 2 HOFS o) T At A2 AEYAS A = 2
QAL 4= ek oo ¥hsf 9°C= oo A& AE g Ao
2R 4 7 A 2241 10°C E T} Yol 211k 7} o]
Fo2)|2] k2 Ao = HITh

CO, #2jof| w2 AF-e nE gHeof A 800umol-mol’,
500pmol-mol”!, T} 40 2 =9kt G048 Kol ¢k
QI Table 2). S=8l=Fo]| ] 7.8kg, 5.9kg, 5.3kg 0.2 )=
of| vl 46%, 10% =2 52152 A ek CO, AlH|7} Ent
& 53} AEFRS S F T Harg vlet Zho] vhato)|
A& COy AlR|7F ST AATEERS: 57 HA F T Peter 2} Peter,
1978).

4, 4= 2=(GDD)2t X2 8 ! FHY
B2AM
=
[e)

A8 Eel Lol inr Sateile] B 517] 242 B

A Ao|TFig. 7). ok 48 717k 16
Al AR 27] 15°C0] Seglaro] WA 24 F7]ole
7)9] Hl5gt S0 2 LR o) sl 481 o
W 7RA] 25 15°C 2710014 8.3 U(34.3g/Y), 12°C Z710flA]
9.62(283¢/2)) £ RE|UT, Lo WE AU SE
Qlal) =2} A)7]of) Aol 7} ubalE A 0w ZAE,

b A o] e A B Ak ooC s 2t o] 2
OlA]] ¢Fot =37} WAISITH Table 3). SHXIeF 12°C} 1
5°C A 2)7L0] 14 AH|ZRL. 2 8911.9}4,955L & OF 1.7H] 2}
o] el WA £ 15°C Ael7e] Aakeo] Hok
Ak, @17 4w epo] Wolsgxel & 12°C7} E9kthKwon 5,

2018). CO, AJH] HE o] T2 CO, AR ERS-500umol-mol™
3,320kg, 800pumol-mol ™ 13,280kg ©. & 4uj9] x}o|7} vk
A 27| Al 22 52 COy = Qe w2 A F=2x|7| o
2ol AlB] A 220¢1 713 7iH| 30%7H4] T g2 e
COE AME3HA EQiek 12 18f CO, 1l Bl-8-= 48 $AA|
7HCO, 800pmol-mol™ Q1 & 2] Fo| 4] S=2}efo] g2 tiju]
46% %= ok HA| eg=elo] =2 AT Ak o]
ANE A o2 Bl W 7|A] 254 15°C) A2 A=
A5} AYAtoll= EUAIRE 12°C e} §-2] %1 2to] 7} Glo] 7
A& Sl A o 28t sho-A i Al =5 12°CE A
3}aL, CO, AH] 5% 800umol-mol ' & H-2|5H= 7 A4k
F7toll avpAolehs 482 Atk
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Fig. 7. Relations of accumulated yield and growing degree day (GDD)
of summer squash grown in 12°C and 15°C treatment under plastic
house.

Table 3. Economical analysis by heating temperature and CO, fertilization concentration.

Seasonal heating  Kerosene CO, w  Kerosene u
, sy . Gross profit y,  CO, charges Income

Treatment load consumption’  consumption’ (won- 10a™) charges (won-10a™) (won-10a™)

(keal'm? mon)  (L-10a™) (kg-10a™) (won-10a™)
9°C 7,130,852 1,013 - - 814,452 - 814,452
12°C 20,350,526 2,891 - 11,722,232 2,324,364 - 9,397,868
Control (15°C) 35,167,067 4,995 - 12,193,808 4,015,980 - 8,177,828
500pumol-mol™ (15°C) 35,167,067 4,995 3,320 13,446,913 4,015,980 996,000 8,434,933
800umol-mol™ (15°C) 35,167,067 4,995 13,280 17,796,555 4,015,980 3,984,000 9,796,575

“Seasonal heating load was calculated from February 1st, 2020 to February 29th, 2020.

YHeater was provided from February Ist, 2020 to February 29th, 2020.

*Price of summer squash fruit is 3016 won-kg".

“CO, was provided from February 1st, 2020 to February 29th, 2020.

¥Avererage price of tax-free kerosene is 804 won'L™" for 2020.
“Price of CO, is 300 won'kg".

MEAX MK, M31H K4z 20224
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H 2

2 A= 7R 252 CO;, AJH9] B8-S Yoty
el Y= ek T RA] 2= A2 9°C, 12°C, 15°C=
THEsto] i 2 e ot wolxH 7] 2d7 |97 2HEsHA|
SFTE CO, AlH] 5k A2 ABIHATIAS o]-85fo] £
28], 500pmol-mol™, 800pumol-mol' &= 7TA|KE 1247}
A| Attt S S48 24, A7, d4s QHZ, A
= AETS AL 200g = THATES iAo = =5
= ZAPE] A1 A4S STk A9 Aol iRk 3Rtd =
& st A g]of| whE IS AFESGIT off sEke) Farst
A2.587umol-m?-s" 0] 3L CO, ZFFE-2-702umol-mol™” ©]
ATk COL 0 28t A A-2-9°C, 12°C, 15°C, 500pumol-mol ™,
800umol-mol” &2 & 13.4, 17.8, 17.2, 19.6, 17.5umol
COym™ s 0]Q)rk &2 Ad o)A 9°C= A8} 27t HAY
2 0 7 oo R Z] Akltt 12°Ce} 15°C= 9°C et =314
TE S} Aol A f-2Jugt 2ol S ol Z] okttt CO: -5
= A2 Sl A A7t fofgt Afo| & Hol R ARt
800pmol-mol ™ 2] Rk o] 71 ET. oAke] AulE 3t
2o 2 i W iA] 2= 15°C Q1 A2 AE Y-Sk g4k
ofl= AT 12°C e} F-2] 7 Q1 2fo]7} Glof A4 ZHo
A INA 2EE 12°CE AAsk= o] 2 2 0= Ho|
™, CO, AH] 355 800pmol-mol ' & FA|5H= Zlo] AAkeF
7ol &apA o]t

27H7A0] 1 CO, Alu, HTA, Wl A2, o5}

AL AL
2 A2 SRS D | s BEAE,
AEH o] Ao HA AR ]E67 %7 Aesel &
ohEF AT A k] 2uE TR A a)7) 2] 3 41747
BEA}9] 0] 2] 912 Hbo] ¢I L8] 91-2(421003-04, 421041-03).
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