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Abstract

The aim of this study was to determine the optimum level of carbon dioxide to maximize the quality and yields of
strawberries cultivated in a greenhouse. Specifically, two strawberry cultivars, namely, ‘Seolhyang’ and ‘Maehyang’, were
subjected to varying concentrations of carbon dioxide and patterns linked to their productivity were noted. Both cultivars
showed improvements across various physical variables (i.e., leaf area, crown diameter, plant height, fresh weight, and
dry weight) when carbon dioxide concentrations were at 1,500 ppm. The optimum carbon dioxide concentration for
increased fruit yields and quality was 1,000 ppm. When carbon dioxide was at 1,000 ppm the yields of ‘Seolhyang’ and
‘Maehyang’ increased by 1.99 and 1.78 times, respectively, compared to control plants. The influence of carbon dioxide
on fruit color was negligible. However, the carbon dioxide increased the sugar content and sugar-acid ratio of the
experimental fruits compared to control plants. Specifically, the sugar-acid ratio, which is directly related to taste, was at
its highest when the concentration of carbon dioxide was at 1,000 ppm (i.e., for both ‘Seolhyang and ‘Maehyang’).
Overall, the application of carbon dioxide culminated in improved yields and fruit quality for both cultivars of interest.
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upba] 24 Yol g7t AE Fgote] 2HE A%
= FIAFE 7IeE oln] QR E vdrtsolA
A7 A= o] 483 =it} T oAk ohax
271 4 {93 EvtE Aufol] eat7kATE Al 8= 9L
3, 3 §3= A2 84995 © ) £ U1
2 =27 Ao g ety Qltt E3] BRFoE
Z7)4=Fo] S7vstal AR} Hlgol 7ot 5 B4
FAF AT FATE Ao 2 I A Jck(Farrar et al.,
2000).

T Fo| M= 457 1,000 ppme] SAEAE A5}
H g==Fo] 28] ol 7t 5F S H(Willits and Peet,
1981), ool A e gat7ks Algo] Ikg 9 F & 3
A ATHLL SHATHShin et al., 2014). B[4 X g
A7EA A8 Tt 2Ape o] heks S7HAI7] AL A4t
ZF2 30-40% S7HAFH 2 H(Jeong et al., 1996; Paek
et al., 2020), #& F&4 2735l A 1,000 ppm2]
EHA7EA A8 A5 Felo] t e Hls) 3ui7tA]
S7HAZIH AL S tHSung and Chen, 1991; Jeong
et al., 1996; Lieten, 1997; Kim et al., 2009).
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7¥512] e =3t o] WSk, Q5|8 sk o] &
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2005), WE2 1,200 ppm(Yuwen and Shidong,
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3, 2%, 2, A%, 4 285 240

o1§BHAT, A4t 4] Lok 1 om o1gYl A&
A=

AfsHlth. HEF-2 105T 2 Ax7]0A 12407 %

[

A 53] 24T w7kx] 42k A
o}, I o] =8 WA7E2 AT 77 3 g ool
SE7 FAs AL giite 2 519t S8kt B3] 4
& O, P 9 e A 3, e
Vernier calipers(CD-15CP, Mitutoyo Cor., JAPAN)
2 ARgSte] Sotoint. g Tr1] Edof TaEE A
T g, Ak, IS 2AREEE, A A
(CM-3500d, Minolta, Japan)E AFH85F] Hunter L,
a, b A2 54 5 Yo# o2 Yehlglet L values
O(black), +100(white), a valuex= +a(redness),
-a(greenness), b  valuex  +b(yellowness),
-b(blueness)= 428} 51t} G (PR-201a, Atago,
Japan)® 49| $E-& Smm 7FFS defd & Z&5S)
o] Z4ot9drt. A= Titratable acidity 22 18]
1 LS ZARSHCE

Ad Aol BAEAL Y9395 (Duncan's
multiple range test) A& 5311, o] fl5l SAS =
2 13(Statistical Analysis System, Inc., Version
9.4, NC. USA)E o]-83sIitt.
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4%, U, A= 5ol S8 SAh 7%
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(Nelson, 1998), &= ¥ E4& A ZItHKang et
al. 2007).
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o] 7 &9kt 1,000 ppmdt 79431 2Fol= gl
tHTable 1).

FHAL 2Eo] Aol & YT PIA= 81lo]
), Z2% G g = RS ST 84
ot} ZEAul Al FAZEA T2 91O BH]|F 2] AL
O] AE FXIA 711, AUAT} A4-E FIHA7IH 11
Hhe-2 223 F5ol weEh Aozt vkl deiA ik

(Taylor et al., 2001). “A3F of B:E7FA 1,500 ppm
S AE T 30900 AW 24 2 694.7 cm?/
plant 937 750 ppm A&7+ 585.5 cm?/plante] &
}ste] 1,500 ppmeoll Hsl A o] Reket. migF of
A& 1,500 ppme BAIZIAE Al85E H©7]9] dWH
22 762.0 cm?/plant 924 750 ppm 1A= 649.4
cm?/plant®] GHAE Hof ghal7tA Al§ 5vt =
=5 QUAL FTkekoh B3 AEAY 24,
A AR L BA7EA AE FETt =25 S|
F4= K (Table 2).

ARF 9 uieF £ 2 BF VRS A8 Bk
w2t A FT AEFl 2 2FolE BH.2™ 1,500 ppm
A8l A 2V 9 2eHR 0] A1 F2 HAEFol o
27 ] =% th(Table 3). SHARF A2 &&= 1,000
ppmt 1,500 ppm Atolollis 27, G4, 04, 94 2

D719 AL FIAZ 4= e BAVEA A Al s
T 1,000-1,500 ppm H$IQ AL 2 T} o
St AvM= E7](ang et al., 2019), T2 7HPark et al.,
2012), BiS=(Oh et al., 2016) & 113(Song et al., 2016)
ToNE BATEA AMIEET S-S AlEA
=7, dvd 59| Ago] P Tt A ATt &
ARt AFbct I 991L eMVtA B Ut ZUtEE

RuBP (Ribulose-1,5-bisphosphate) carboxylase &4

2 oln FIHL 2ste] FAIE AL 7t

A1Z1 AT Mitchell et al., 200002 3|4 Hct.
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Table 1. The effect of CO; fertilization on number of leaves, leaf area, leaf length and leaf width of strawberry plants

Cultivars €0z Concen. No. of leaves Leaf area (ar) Leaf length Leaf width

(ppm) (mm) (mm)

30 days after transplanting”
750 11.22b ™ 585.50 10.43 8.98a
Seolhvan 1,000 11.46a 622.2a 11.22a 9.72a
yans 1,500 10.98b 694.7a 11.46a 9.5la
Untreated 10.43b 574.5a 10.98a 9.20a
750 12.04ab 649.4a 12.04a 7.492a
Maehvan 1,000 12.30a 636.92 12.30a 7.63a
aehyang 1,500 12.42a 762.0a 12.42a 8.18a
Untreated 11.58b 463.1b 11.58b 7.72a

60 days after transplanting
750 9.00a 1,082.3a 11.84a 10.11a
Seolhvan 1,000 9.78a 1,230.7a 11.82a 10.04a
yang 1,500 10.00a 1,290.0a 12.09a 10.11a
Untreated 6.89b 791.3b 10.39b 9.28b
750 7.56a 1,044.5b 11.97b 7.91a
Maehyan 1,000 7.33a 1,203.2a 12.90a 8.46a
aehyang 1,500 7.62a 1,286.7a 13.10a 8.95a
Untreated 5.78b 1,132.6b 11.99b 8.22a

90 days after transplanting
750 10.11a 1089.0a 11.42a 9.43a
Seolhvan 1,000 9.97a 1666.6a 11.56a 9.31a
yans 1,500 10.11a 1764.1a 11.99a 9.83a
Untreated 7.00b 554.7b 8.42b 7.84b
750 6.44a 1087.3b 11.87b 7.52a
Machvan 1,000 6.41a 1352.5a 11.87b 7.96a
aehyang 1,500 7.33a 1364.0a 13.58a 7.96a
Untreated 5.67b 744.4¢c 11.92b 7.21a

“Plants were different levels of COxfertilization applied from transplanting to 90 days growing periods. Untreatment was the condition in which non

COgzsupplied.

YPlant growth measured was at 30 days intervals for 90 days after transplanting.
*Means in columns within each cultivar are separated by Duncan’s multiple range test at 2= 0.05.
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Table 2. The effect of CO fertilization on plant height, stem diameter, crown diameter, and root length of strawberry plant.

Cultive CO; Concen. * Plant height Crown diameter Stem diameter Root length
HHVArs (ppm) (cm) (mm) (mm) (cm)
30 days after transplanting”
750 33.62a* 16.27a 3.04a 16.20b
Seolhyan 1,000 32.41a 15.49a 3.02a 20.60a
yang 1,500 35.07a 16.87a 3.42a 22.52a
Untreated 28.63b 14.19a 3.33a 14.30b
750 36.33a 14.90b 3.10a 20.10a
Maehvan 1,000 37.70a 16.26a 3.19a 22.05a
achyang 1,500 37.70a 17.23a 3.58a 23.45a
Untreated 32.88b 12.05¢ 2.93b 23.40a
60 days after transplanting
750 34.24a 19.58a 3.82a 21.25a
Seolhyan 1,000 35.92a 21.10a 3.78a 26.75a
yans 1,500 37.27a 22.19a 4.02a 25.30a
Untreated 30.31b 19.15b 3.47b 24.80a
750 38.91a 19.76a 3.50b 25.95a
Machvan 1,000 40.14a 18.93a 3.37a 23.20a
achyans 1,500 40.80a 20.86a 3.88a 29.75a
Untreated 36.80b 19.65a 3.69b 25.29a
90 days after transplanting
750 34.56a 25.69a 3.45a 21.15b
Seolhyan 1,000 33.48a 25.15a 3.43a 29.15a
yans 1,500 35.31a 26.32a 452a 28.75a
Untreated 23.39b 16.82b 2.96b 24.60b
750 36.54a 17.52a 3.85b 29.90a
Maeh 1,000 35.71a 20.90a 3.93ab 30.15a
achyans 1,500 40.65a 18.75a 4.78a 37.70a
Untreated 32.82b 17.39a 3.37c 28.55a

”Plants were different levels of CO,fertilization applied from transplanting to 90 days growing periods. Untreatment was the condition in whict

non COz supplied.

Y Plant growth measured was at 30 days intervals for 90 days after transplanting.
*Means in columns within each cultivar are separated by Duncan’'s multiple range test at 2= 0.05.
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Table 3. The effect of CO; fertilization on fresh weight and dry weight of strawberry plants

) CO, Concen. * Fresh weight (g/plant) Dry weight (g/plant)
Cultivars

(ppm) Shoot Root Total Shoot Root Total

30 days after transplanting”
750 2699 " 8.59 35.58a 4.96a 1.25a 621a
Seolhyan 1,000 27.03a 10.61a 37.64a 5.40a 1.01a 6.41a
yans 1,500 32.35a 11.06a 43.41a 5.32a 1.37a 6.69a
Untreated 22.78b 6.79b 29.57b 4.18a 0.89b 5.07b
750 22.52b 7.97¢ 30.49a 4.16a 1.01a 5.17b
Maeh 1,000 26.01a 8.22b 34.23a 5.02a 0.87a 5.89b
actyang 1,500 27.71a 13.28a 40.99a 5.10a 1.44a 6.54a
Untreated 20.63b 4.73¢ 25.36b 4.47a 0.64b 5.11b

60 days after transplanting
750 49.02a 31.99a 81.01a 9.84a 3.28b 13.12a
Seolh 1,000 50.50a 28.44a 78.94a 10.33a 2.72b 13.05a
coyang 1,500 53.55a 38.46a 92.01a 10.25a 4.53a 14.78a
Untreated 32.05b 20.28a 52.33b 6.42b 2.46b 8.88b
750 42.96b 24.39a 67.35b 8.26a 2.30b 10.56b
Maeh 1,000 45.45b 21.24a 66.69b 9.20a 2.89a 12.09a
aetyang 1,500 50.70a 25.02a 75.72a 9.92a 2.90a 12.82a
Untreated 46.32b 16.36b 62.68b 9.17a 2.10b 11.27b

90 days after transplanting
750 57.83a 36.68b 94.51a 11.21a 4.65a 15.86a
Seolh 1,000 71.48a 45.39a 116.87a 13.73a 5.31a 19.04a
coyang 1,500 64.54a 49.41a 113.95a 13.23a 5.58a 18.81a
Untreated 21.20b 34.44b 55.64b 7.40b 4.13a 11.53b
750 50.27a 27.60a 77.87a 10.90b 3.38a 14.28a
Maeh 1,000 60.29a 32.02a 92.31a 11.93b 4.02a 15.95a
aehyang 1,500 67.46a 33.55a 101.01a 16.49a 5.46a 21.95a
Untreated 28.72b 17.64b 46.36b 5.48¢ 2.44b 7.92b

*Plants were different levels of COzfertilization applied from transplanting to 90 days growing periods. Untreatment was the condition in which
non CO; supplied.

YPlant growth measured was at 30 days intervals for 90 days after transplanting.

*Means in columns within each cultivar are separated by Duncan’'s multiple range test at 2= 0.05.

Table 4. The effect of CO; fertilization on number of fruits, fruits weight, fruit length and fruit diameter of strawberry

Cultivars CO; Concen. * No. of fruits Fruit weight Fruit length Fruit diameter
(ppm) /plant ” (®) (mm) (mm)
750 57.3a* 4.97a 21.0b 20.4b
Seolhyang 1,000 76.3a 6.36a 24.1a 22.5a
1,500 60.3a 5.52a 22.8b 21.5a
Untreated 38.3b 4.28b 20.9b 19.4b
750 38.0a 4.73b 23.6a 20.6a
Machyang 1,000 45.8a 6.87a 26.5a 20.7a
1,500 42.0a 4.79b 23.6a 20.0a
Untreated 25.8b 4.52b 22.9a 18.6b

*Plants were different levels of COfertilization applied from transplanting to 90 days growing periods. Untreatment was the condition in which
non COz supplied.

Y Fruit quality measured from 1 flower clusters to 5 flower clusters.

*Means in columns within each cultivar are separated by Duncan’'s multiple range test at 2= 0.05.
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Table 5. The effect of CO; fertilization on chromaticity, soluble solid content, acidity of fruit in strawberry

2 y . Titratable
Cultivars CO; Concen. Hunter Soluble N Olfd acidity SSC/TA ratio
(ppm) L a b content(*Brix) (Acetic acid %)
750 43.77a 45.03a 30.03a 7.2b 0.92a 7.83b
Seolhyang 1,000 43.99 46.73a 30.94a 7.6b 0.70b 10.86a
1,500 44.47a 47.03a 32.60a 8.6a 1.09a 7.89b
Untreated 42.40a 46.16a 29.80a 7.1b 0.98a 7.24b
750 40.36a 43.71a 26.28a 7.8b 0.90a 8.67b
Maehyang 1,000 42.88a 43.53a 28.24a 7.8b 0.68b 11.47a
1,500 41.32a 42.69a 24.86a 9.6a 1.00a 9.60b
Untreated 40.19a 42.70a 24.96a 7.8b 0.99a 7.88b

”Plants were different levels of COxfertilization applied from transplanting to 90 days growing periods. Untreatment was the condition in which

non COzsupplied.

Y Fruit quality measured from 1 flower clusters to 5 flower clusters.

*Means in columns within each cultivar are separated by Duncan’s multiple range test at 2= 0.05.
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=
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DEYY) WA ] I LA A G SIS
ssty] St
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=90t 7)ol B St 24
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ppm& BAI7IAE AL H]Y EF52
Sfl 1.9948}, ‘WigF ofl A= 1.7841 9] TH kS FTA
Z 4= 9leh. BATEA A2 o] Melo s &
FS FA 3 vhE BATEA A8 428 4 9
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SR A8 w719 8-S FUAIL 4
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