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Abstract. This study was aimed to determine the changes in CO, concentration according to the temperatures of
daytime and nighttime in the CO, supplemental greenhouse, and to compare calculated supplementary CO,
concentration during winter and spring cultivation seasons. CO, concentrations in experimental greenhouses were
analyzed by selecting representative days with different average temperatures due to differences in integrated solar
radiation at the growth stage of leaf area index (LAI) 2.0 during the winter season of 2022 and 2023 years. The CO,
concentration was 459, 299, 275, and 239 pmol-mol™, respectively at 1, 2, 3, and 4 p.m. after the CO, supplementary
time (10:00-13:00) under the higher temperature (HT, > 18°C daytime temp. avg. 31.7, 26.8, 23.8, and 22.4°C,
respectively), while it was 500, 368, 366, 364 pmol-mol”, respectively under the lower temperature (LT, < 18°C
daytime temp. avg. 22.0, 18.9, 15.0, and 13.7°C, respectively), indicating the CO, reduction was significantly higher
in the HT than that of LT. During the nighttime, the concentration of CO, gradually increased from 6 p.m. (346
pmol-mol™) to 3 a.m. (454 pmol-mol™) in the HT with a rate of 11 pmol-mol™ per hour (240 tomatoes, leaf area
330m?), while the increase was very lesser under the LT. During the spring season, the CO, concentration measured
just before the start of CO, fertilization (7:30 a.m.) in the CO, enrichment greenhouse was 3-4 times higher in the HT
(>15°C nighttime temperature avg.) than that of LT (< 15°C nighttime temperature avg.), and the calculated amount
of CO, fertilization on the day was also lower in HT. All the integrated results indicate that CO, concentrations during
the nighttime varies depending on the temperature, and the increased CO; is a major source of CO, for photosynthesis
after sunrise, and it is necessary to develop a model formula for CO, supplement considering the nighttime CO,
concentration.
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Table 1. Representative days in different average temperatures during daytime and nighttime due to differences in the integrated solar radiation (ISR)

during the winter season of 2022 and 2023 years.

Nighttime temp. (°C)

Daytime temp. (°C) ISR (J-cm™day™)

Observation -

Average Min. Max. Average Min. Max. Average
HT 2022* 14.1 11.9 18.2 22.1 11.8 374 1,192
LT 2022° 13.8 11.8 15.8 16.9 10.7 29.6 619
HT 2023* 14.3 12.5 16.0 182 11.7 23.8 816
LT 2023 14.1 11.0 16.0 14.0 83 18.9 220
“February 8, 10, 11, and 12 (4 days) were selected for the higher temperature (HT, > 18°C daytime temp. avg.).
YFebruary 4, 5, 7, and 9 (4 days) were selected for the lower temperature (LT, < 18°C daytime temp. avg.).
*December 31, 2022 and January 1, 2023 (2 days) were selected for the HT.
“December 22 and 24 (2 days) were selected for the LT.
HT=Z 15°C O]TS‘ _4 O SLITZ /\‘17(401— 1:]— 200 HT temp. LT temp. 40

(A) Daytime (2022) —— HTCO, - LT CO,
gole] BARAL SAS 94 2xEQe] TIIASAS T | 59
Institute, Cary, NC, USA) S A25}0] t-test 2 A5} ch £600 B 5
E5s00 {25 &
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§ 300 15 5
1. 7423 CO, AlH] 2A0M 2=0] ME COo, == HE} 8,200 10
o)

A A9 24A CO: & S AIRFHI(13:00 — <100 ¢ 5
16:00)°]| HT (higher temperature) o]} 4] LT(lower temperature) 0 0
B 9% o 2 vttt CO, 33 A7 (10:00 — 13:00) ©] 800 - HT temp. LT temp. _ 44
5 23?—1 2,3, 440 HT7H 2174317, 26.8,23.8,224°C  _qqp | PPovimeCOD) 77 HEEO o LTCO )
T CO, %= 459, 299, 275, 239umol-mol™ 0] 12 LT7} € 600 30
22.0, 18.9, 15.0, 13.7°C¥ ufj Z}Z} 500, 368, 366, 364 %500 1 25 %
pumol-mol™ © & HTO A CO, Zhafo] LTHTF L 164] £,y 0 &
(p <0.0DF17A(p < 0.05)] BAH G242 HATKFig. 539 | 5 §

&
1A). 20235 A23(19) A% SAoME202W 64 B, 10
3 TS WTKFig. 1B). S | s

Fig. 2+=Fig. 17} 538t 29| of7F A|71f|(18:00 — 06:00) 0 0

ol CO; 5 WSS Lhel Z1o|Ek. o7k CO, 1wk HTe) 78 0 10U 1211 ls 15
Time

3 6A|(346pumol-mol™) FE] A A]3] Z7}E]o] 9413
Al(454pmol-mol ™) o] 7F4 =9k 0 ™ 9 A1 7F5¢F 2F 100umol-
mol™ o] Z7}5te] A|7H oF 1 1umol-mol ™ 0] Z7}=] ¢ LT
ZZo|| M= 11 S7REo] vl Uolth(Fig. 2A). 2023 & oF
7FCO, 5= HT Q] AL 935 9A]of 496umol-mol”’ &
LT2] 463pumol-mol' BT} §-2]4 0 & =9F0m 9A|7} H¢F
oF 30pmol-mol ™ 0] Z7}8l¢lom 11 Z71EL 2022 H L}

szt o] Ak 2023 o] LAI 2,091 ASTHA7} 1
2022419) 29 8Th-24 7] 2] et A} eto] ik Fig.
2B).

Fig. 3- Fig. 1, 20| 38 H $U3H 90| 244)7HCO, =

MESAX XSS K|, M32H HM45 2023

Fig. 1. Changes in the CO, concentration at daytime (from 7:00 to
17:00) under higher temperature (HT) and lower temperature (LT)
conditions during the winter cultivation period for 2 years,
including 2022 and 2023. Observations were made for 4 days in the
2022 year (A) and for 2 days in the 2023 year (B). Means
statistically significantly different at p < 0.05 and p < 0.01 are
indicated by * and ** respectively. Bars represent standard errors
(%) for the 4 replicates in the 2022 year and 2 replicates in the 2023
year.
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Fig. 2. Changes in the CO, concentration at nighttime (from 18:00 to
06:00) under higher temperature (HT) and lower temperature (LT)
conditions during the winter cultivation period for 2 years,
including 2022 and 2023. Observations were made for 4 days in the
2022 year (A) and for 2 days in the 2023 year (B). Means
statistically significantly different at p <0.05, p <0.01 and p <0.001
are indicated by *, ** and *** respectively. Bars represent standard
errors (¥) for the 4 replicates in the 2022 year and 2 replicates in the
2023 year.
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Fig. 3. Diurnal changes in the CO, concentration under higher
temperature (HT) and lower temperature (LT) conditions during the
winter cultivation period for 2 years, including 2022 and 2023.
Observations were made for 4 days in the 2022 year (A) and for 2
days in the 2023 year (B).
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Fig. 4. Changes in the CO, concentration and temperature at nighttime
(from 17:00 to 06:00) from April 3" to 14™, 2023 (Experiment IT) in
in a CO; supplemental greenhouse for commercially grown tomato
during spring season.
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Table 2. Nighttime and daytime temperatures, CO, concentrations prior to first supplement (7:30 a.m.), and calculated supplementary CO,
concentration for 4 days in a CO, supplemental greenhouse for commercially grown tomato during spring season.

Calculated CO, supplemental
CO; conc. prior to PP

. Nighttime temp. (°C) Daytime temp. (°C) amounts
Observation first supplen_llent (g COymh")
- - (umol-mol™)

Average Min. Max. Average Min. Max. I I it
HT 17 19.5 17.8 23.7 249 17.8 33.2 1,637 0 13 54
HT 2¥ 16.0 154 17.1 22.8 17.0 28.8 2,065 8 0 0
LT 1* 13.8 12.0 15.5 20.6 122 30.1 552 24 48 26
LT 2" 14.3 13.1 16.7 19.5 14.7 29.1 574 63 69 32
“March 22 to 23 for the higher temperature (HT, > 15°C nighttime temp. avg.).
YApril 13 to 14 for the HT.
*April 6 to 7 for the LT (LT, < 15°C nighttime temp. avg.).
“April 14 to 15 for the LT.
I 8=9 am., II: 9—10 am, III: 10—11 am.
Tartachnyk 9} Blanke(2007)+= A3 24 Z7A(14—22°C, (CI7TEE 5E(C R} FS o o] &5 13 CO, 3 FHS

VPD 0.6— 1.4kPa, PAR 84— 700umol-m?-s™)o]|A] ofzt
CO, 712 149 749 A17Hg 15pmol-mol™ 09131 2¢Y
2 17pmol-mol” & 2 33T} 2= 7} et 2 Yof| o Wol F
7IRIaL sFQiTh 2 At Aol A= ASH 2 AN &
uhE 240 7§ A|(FG 2 330m?) Ajufol A oFgke] A7k S
718 CO, &= 2F 1 1umol-mol ' 0] QJtH(Fig. 2A). B4 E
ubE L7t (ERHE 1,050 704, Ajul 4 1,670m’), ok
CO, H%2= 4 600 — 800pumol-mol ' (Fig. 4) 0= #AL4
2.419] 2|t} 454 — 496umol-mol' H T} =gkom, A|7tg =
7}k Zf 135umol mol! © & =G THFig. 2). E3
CO, AlH| 7HA] 2140 4% CO, 5= HT oA LTH )3
—4uf ko 1o Ak FF CO, AlHR HToj|A]
LTXt} At Table 2). T3k CO, =7 A& 1 A7 30
43| Ak 2S AsEeIthFig. 3). Tartachnyk 2}
Blanke(2007)= A48 @419 FEAFH o]st 210l A4 CO,
=51 600~900pumol-mol”! © & o] sgeku} of7t 2o
uhah zjo| 7k ¢lom, 144 30 dof| FRAFH oldollA CO s
L @A 94]0] 840pumol-mol”’, 232 4]¢f| 500pumol-mol™ &
2 A7 58umol-mol™” ZAF(ERLE 500704, SHA
88m?) 1 & AJ71d 23 umol-mol ' (2F50%) 0] P o= &
2% v, 249 9k 3Pt J-2 8 A] o] 906pmol mol ! &
2 1Y9Rt) =9k 134]9) 336pmol-mol”! & A]7Fg 110
pmol-mol™ 7F43to] A|7F 51pumol-mol ™ (46%)0] B34
O 72 2% A0 HUsQirh wheba], A2 Auloll A =7¢
B 27 AR 2704 ot REE A 0 R
FABNFHCO, AHFE 2L = US A Z Helth 2 A
T2 Z AollA CO, AlH] WA Al S] 24 CO, 5

MEAZHSS|X|, M32H K4z 20234

| 53FATH Choi -5, 2023). ©] Lol Cii= oRECO, 5=
HEP7IA| AAH ASA 2 5 CE oI53HCO, 35 24
o] AQg o= wrterh
oM Q

2 A= AT 5 CO, Al BrlE 2404 W
Hho] 2= $3le) w2 CO, 5= ¥I3HE g8kl AlkE CO,
Sa g Hlaskalal askeith 24 W CO, 52022
At2023 99 A Aol 240 M ASTAZFLAT2.09)
HEA N G5 F A Ao = Qg Bt 2Tt HE Y
= A7gsto] AT Bt 2= 18°C o] 49] 4L,
HT), CO, 3 A1ZHH(10:00 — 13:00) 0] 13, 14, 15, 16 4]
of| Z}7}31.7, 26.8, 23.8, 22.4°C Y W CO, %459, 299,
275, 239umol-mol” 0] 11 H# &%= 18°C 0]5}2] (A
£, LT), 22.0, 18.9, 15.0, 13.7°C Y uff Z}z} 500, 368, 366,
364pmol-mol™ © & HT 4] CO, 7HATo] LTHT} 3014
O 7 =Sk} oFCO; 5= HT 9] -9 2% 64](346pmol-
mol™) 18] A A3] Z7E|o] 27 3A](454umol-mol™)of| 7}
A 1=9kom 9 A7 5F OF 100umol-mol ' o] F7hE|o] A1ZF
G 2F 11pmol-mol ™ 0] Z7}=| Q3 ErHE 240704, FHZ
330m’), LTo A& 71 Z7k%o] Woket 22 CO, AlH] 241
of| A CO, AH] 7HA] A17( 2741 7:30) ol S8 CO, 55e+=oF
H&=7H15°C o] 2] - HHT) = 15°C o|5+9] Z-HLT)H
U} 3 — 4uf 2 A o= Yepyton Z1d o] AL 3+ CO,
A= HT | 4] A Q). & A A zol| A o CO, 5=
el Al7]of| g 2= 0] FEFe Hhow, offtof F7HE CO,
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