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Abstract

CO, fertilization is very critical for plants in a greenhouse because CO, is insufficient after
sunrise due to the photosynthesis. This study reported the variation of CO, concentration
in greenhouse and the effect of greenhouse plants on CO, fertilization. Alstroemeria were
cultivated in CO, fertilization greenhouse and non- CO, fertilization greenhouse (Control
house). To supply CO,, we set a catalyst-type CO, generator at fertilization greenhouse

'.) and it generated 0.36kg/h CO,. The CO, concentration at CO, fertilization greenhouse was
e maintained about 640 ppm from 6:00 to 10:00. The result reported that CO, fertilization
jogates significantly increased the weekly yield and shoot length. There was slightly increase at total

number of flowers and stem thickness despite of no statistical significance. According to these
a OPEN ACCESS positive results, we considered that future studies would be aimed at experiments with bigger
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Ch(Chen etal,, 2019). W2pA Al 2] £/9 71 |} LAZ|HR S 917 Shit7kAAH] FHo] HgE|al 9lom, ojo upg Al
o] co, #e] Bl 3ol thet A7t o] £ A| 2L Sl
LHbA 0 2 A Jl= BAPEA AlH| 9] o] 2 B A AJH] A] el o] SX1E of ¢ et ohet He], £71,

of Ay =7} X)) whgol At Al71o} 4 SR S ED B 710] Zol, de] WA, THale] 53 o Skt
L Z0lek o2 5ol B719] 3% Bk Al] Al 2 47+ 27K}l 2he] 2719k Feo] Z7Kickn HasgichRy,

al,, 2008; Pan et al., 2019). Sl F-2] 74-¢- Bat7kA AlH] A] &, 29
o] =S & 4 UASJTKPan et al, 2008; Xu et al,, 2014; Zhang et al., 2012). T3t Fof| w2} 7{SHA 71 & Y7 = Gt
=] AT Springer and Ward., 2007). kAl 243t BAZEA AlH])= 22 A S woiFH 2= 5710l BAA =g
S E 4 W7 w2l 2144 A7t H st

A ol co, 5 S 1A ojAtstetalt i3} BRIZEAES o] ok it etsheAA|d

AA] ERZFAEAY 7] E 0] 85H= B o] QITH(Table 1). AR w7tollA] gol 2 9]
, B R7FALPG) 5 EeteA AlE AR E B9 CO,E DT Lee etal. (2018)2 LPG
tof Aol B7]E Auliste] BAZEA AJH| 9] ZIHE HoFQle} SRA|RE U 9] LPG A A4A] &
| SallEiE7 A7} =] ZZ(CO : 100 ppm ©]4F, NOx : 100 ppm ©JA) =13 (Park et al., 2010) ©]2
371A(CO, NOx, SOx)y= AFEARS] 71730l 24|71 2 gt ofuje} 7]-3 M7 &6 1l & We] FH| AT S e
Al &0 A2|aHA B4 tAlol] 33kS n]ZITH (Muncer and Lee., 2018). 3+ IE 719} -8 @ MHMA| 0 2 HjZ7tA
227} ol AF 02 Qls) 2hEo] YetHals AN T LofdthFig 1). o|2ist EA1-S s Est7| Ykl ZulE o] &
5to] LPGE O] 4teteka & ZSHA| 7] = B AR 7| (Sl g ehak7 A AY 7)) 7L 7= 9l chFig. 2).

A E 22| olAlstroemeria)y = ¥4 E 21| 2]ofk(Alstroemeriaceae)Ol| 5t T FE £o] Shotal thefsiet. Ayt
20 2 20| EQFetAol|A 229 A4t 2 Bl S ETHHeij, 2002). BE FE2] 79 20°C o3 wf 7is}st
A Z5to] AYAbd o] ZhASHKHeij, 2002). Van Labeke and Dambre (1998) 57HA] £59] &4 E 220} (‘Barbara!, ‘Fiona),
‘Helios',"Mona Lisa' and ‘Tiara')l| EAF7FA AJH] A] 2H5 AAtFo] F7tet £7]9] #A17L S7stthe 28 Bl 2=yt
U dAEZu2]ot FF 3 g S-S 1e|s ehakAle] Eato] gt A= BESi

o] =E-2 Sy B tARAY7] S o] 85to] GAE Z|2jop ] FF SHsllel (‘Hanhera)ol| EAFZEA AlB] 22 S
ot gk 9 S AEIESE £7] o), 27] ) Elste] Bb7kA AlB|9] a3t BAISHITE ok A7 Sl
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Table 1. The method of CO, supplement

Type Characteristic
Solid CO, - Pure C.OZ . pplem'ent .
- Annoying installation and maintenance
- Pure CO, supplement
Liquid CO, - Expensive installation and maintenance fee
- Unstable supplement

- Expensive installation and maintenance fee

Fuel-bum type CO, generator - Concern about damage from harmful emission gas
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Fig. 2. The catalyst-type CO, generator.
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Materials and Methods

HE M=z 3 e 23

Agol| AHE A E= FAE 2|20k Shallabon 0] & 20211 8¢ 25 98 m’ 72.9] A|Ad(Greenhouse) F 7H &(H
27, A2yl AFEE AAG F 110 cm F501 20 em ZFH L2 3704 75(F 2154 SU5HA 2 5ol A AlsHlch
2021 9% 149 ZAsHg(1.2m X 10m)E 30 cm 0|0l A28} 20214 102 22¥, 80 cm 0] of| A 2|5}t

Yo 57324, 23] WA TS SIlth ASd 545 97| 9Ioto] o|uf-2 4 (Inner-Greenhouse) & 572 A 2] 513
31(Fig. 3, Red arrow) A|2+%] 7] 2% 7](Ceramic electric heater, Changsung boiler, Korea) S Ad2|5}0] 241 27} 15°C o]s}
o wf o] =& 5}3irt. 0|24 9] 79 8Al9Aofl 450 & ZiHel o Al U 2k 20°Col |9l AlAde]
ol Abs 7HHE] =& SEQITh(Fig. 3, Yellow arrow).

ERAFZRA AJH] A 2] ol Zuljad B A7) (DAONIA, DAONRS Inc., Koreayg A x|5to] Y7517 CO, & 3253
2I(Fig. 3, Blue arrow), i Z0ll= BAFZEA AJHI S GFA] Q4T BAZRA AJH] = BHAE7EA WA JJ 19] Ao w2t &
37H2] M o2 TESITKTable 2). A1 AE 271S 203 ebalzpAdY7 o] EXTF A2 AJ7HS T231A] 9o} 18
A7 RAZEA AJHIE ZI8sh 1584 = &l 24 7)1718 BAAZ Al 2 2021L4 129 LEAZHEE 174]
302 HHgste] 16A17HA] AlH[SEAL 717]+= &t 2b| 152 AAIAZATE BRA]9E A| A3 ofl= ShAd tl|o] | & v o & o]u-
2A 9 E I 2 O, 57 A f AR T A& Zarsto] 1241302 7H] AlH] s

Table 2. The schedule of CO, fertilization by the catalyst-type CO, generator
Time (h)
5 6 | 7] 8]9Jw]uml12]13]14]15[16]17] 18

1 session

1204201 ~1214201 [N [ EE———

2 session”

12152021 ~ 01102022 [ —

01.18.2022 ~ 01.23.2022
3 session

o222z

! Repair the catalyst-type CO, generator on 01.11.2022 ~ 01.17.2022.

Fig. 3. The greenhouse. The yellow arrow pomts at the wmdow of the greenhouse, The red arrow points at
the mini-greenhouse; The blue arrow points at the catalyst-type CO, generator.

Journal of Agricultural Machinery Engineering 2(1) December 2022 62



A Study on the Variation of Atmosphere in Greenhouse during CO2 Fertilization and the Effect of CO2 Fertilization on Alstroemeria Growth

A€ 83 oioje £ 2 MF

o
A Ul 5= 2% AIA(PTI00 RTD, DEAJIN SENSOR ELECTRIC WORKS, Korea)S ©]85t0] 2451911 AJA Y]
CO, 5=+ CO, 574 AlA(CM1107, CUBIC, China)g ©]-85to] Z7g5I3ltt. &= 4 eib7tA 27 HlofEf= Hlo|g A
%+ 2] (DAONi-con, DAONRS Inc., Korea) S £510] 2145191 01, gf|o]g]= | Enjct 4 H

WSTAL Y Hat 2243 TN

g2 UFA0] 2814 A 19974 ZARIGTE 27] T Shoot ticknessy= 3H4 112 g 71E0 2 2%
F12 271 ol (Shoot engihy= A %15} 418 4H7}4)2] Zol2 27519t ckFig. 4). HAntheno] 1S 1] 2] 74
FAIICE T4 8 M5 S 3 7Ne TE AF Y] T HH TRFUHE ) S ZARICE
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fujru

Shoot
thickness
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length

Fig. 4. The measurement points of Alstroemeria ‘Hanhera’.
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SA=EY

A A= A (version 16, Microsoft 365, USA)= 0|85+ 5% AARE - 2] 2|53t

=2

o

Results and Discussion

AVd Yl €O, &= H|oJElE o] 2 AASkL 104 7H o2 T & YEhlth(Fig. 5). 2E Lol %2]+-2] Co,
ST BAZEA AJH] A1 3 Z7 et o] U242 7 (Fig. 5, Red arrow)sHHA] FA 61| ZhAshe o] HRltt Fig.
5a2} ShE AT HTH, Z3¢o] Gl Aol A SAZEAIAY7]9] FAl & A7HE-2 CO, 52 6= Yo7 A X3ttt 514
S FE S oA S8 B HH 55 2= A2 ERl & 4 o F30] 271 £ o, s =7HAIA 104 B 2
A 2142 o= S50 B3l Al Q2 RE] RRAIZEA AJH] B = AZbo] T A1, 2HE0] 7] 472 o 7t S26l B
A| %ot CO, oH| o] WA gt A o & whhE,

A U 2= 28-S 913t 718 1S ul, Sl kA AlH| ks AT 0 2 AV Ule] o|Atetet ATt 555k 64]~10
Al(Fig. 5ol AZFEUES A& T, s 7oA X 2] 7Le] HA| H CO, &E& 644.68 ppmO] 1L tHET-2] CO,
H 555 391.06 ppm -2 2] 2|7 2F 250 ppm - F7F 0] A E 22 FRISHI CHTable 3).

ERAZEA AJH] A2 & 5 Z7F 71 (Fig. 5, Green arrow)S STlisto] FAll4(Trend liney2 A8 A}, Al o] Ad4=
E A4 Yl o, 557t Foltt AL 3HRIE 4 QlthFig. 6). AFS W7 2021d 12€ 04 ~ 20224 01 10¥)2}
FHE71(2022'F 01 189 ~ 2022\ 021 28Y)Z F2610] 6A] ~ 10A19] A 2] CO, Bt =5 ol 2 (Table
3), Auk7] A2 CO, B 55+ 694.36 ppm©] 1L IZT= 418.54 ppmo|H 8E7] 2]2] 7L €O, Ht BT+ 654.73
ppm©| 1L HiEH= 373.78 ppm & A 2| te} TR B OF 40 ppm AT, o9k 22 A2 A=o] AAF A
a1 o] AzHHA] €O, AH|Fo] F7FoHA] Bl o] Al W CO, Yol So& AL = A HTh

6A1~9A] Ato] CO, &S AIA-S BH(Fig. 6), E0|F(P1,P2, P3)E HEZ 7|27|7} 451 gt Eodp)7}
AZAZH21E 129 08Y-7A1285; 221 01 19Y-7A] 40 221 022 22Y-7A] 128) ZAj2he S s 2H, 1 Al-
o ZAA QI P35 E50] A2t o] O, AR Fo| Fold A 02 BAHL) 7|87] A7t L&A 17t 2 sHA oy =
A] O AL A 71/ 2bolof o5l e 2to|d 02 o SH Tt TSk A |2 o] E4F 7| 27| Flo] Aot

| QA 7] &3k} 2ol &HZo] A5 ARSH= CO, ARRO] JTZ 02 71317 fﬂi*_.i A
AJH] X 2] e} T2 Atol o] S/ El= §Qte = Eelsiele wl F/d ol 9lof F5HA| &tol7} WiTh(Fig.
7).%T-§P%k A 2loll A 51570, sl 2 31770 2 A 2)+ o] T2 tijH] 2F 62% T WA TH Table 4). T2+ 2135}
o] tju] §AF7EA AJH] A 2)9] 242} o7} 2k 82% T AJAL £7| FA GA| t 2 tiH] % 2] Lof| A 2F 0.74 mm T

ST Table 4). A5} g % 2] 7z b7 AJu] 22l 10]4 3 o 7] ] BATHTable )
%61, 18] A B3} o]l 2 E31E Holr] 2o]7} 2465 HEHL ok 5719 ofe] Zefol 2 o 712
Ao 7)chsct
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Fig. 5. The graphs of the CO, concentration and temperature in the CO, fertilization greenhouse and the
control greenhouse. The data is marked every 10 min. The green arrow means the mark line of slop on the
increase time from 5:30 to 9:00. a) Data on Dec. 08. 2021. This data represents ‘1 session’ data. b) Data on
Jan. 19. 2022. This data represents 2 session’ data. c) Data on Feb. 22. 2022. This data represents ‘3 session’
data.
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1000

Concentration(ppm)

Time (hour)

Fig. 6. The trend line(Dotted line) of increase time on CO2 fertilization greenhouse from 6:00 to 9:00. Point
P(1,2,3) are marked at the change point of gradient line.

Fig. 7. The image of Alstroemeria 'Hanhera' in the CO, fertilization greenhouse and control greenhouse. The

height of the second cut net is 80 cm (Yellow arrow). a) In the CO, fertilization greenhouse. b) In the control
greenhouse

Table 3. The average of CO, concentration from 6:00 ~ 10:00 on the former time, the latter time and whole

time.
Time CO, fertilization Greenhouse (ppm) Control Greenhouse (ppm)
Whole time
(12.04.2021 ~ 01.10.2022, 644.68 391.06

01.18.2022 ~ 02.28.2022)
The former time

(12.04.2021 ~ 01.10.2022) 694.36 418.54
The latter time
(01.18.2022 ~ 02.28.2022) 654.73 373.78
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Table 4. The comparison of plant growth in Alstroemeria 'Hanhera' under different treatment: Control and
CO, fertilization.

CO,

Total number of Shoot length of cut  Shoot thickness of cut The number of flowers per

marketable plant flower (cm) flower (mm) flowering shoot
Control 317 65.05 6.00 11.92
Fertilization 515 111.62 6.74 16.03
Conclusion

2 AL A4 Ujol] BRIz AR 7S o] gato] B RA AlH] A] A U] €O, B HSfet e 2ofj2of ateley
o] s} At L 5ol 1|3 L ZARISATE 2121 A4 U €O 641104 Afolol 640 ppm o14e] 52 £
A7F = oH, AlEo] Fd EF A7), A H Foll et w20 HakE RAISIIT: HAl7 kA Au] 2 Hat Akt
Ao} Aol = iz Bt FosiA| S7HESH YT oF 62% 571, Aet 2ol : oF 82% S7hste] a7t fasithe A
S AZ=5Hch

A U €O, B A RFHA], A0 A4, 7178 /dHiol mhet © 2] o = Hgtt) wehi] A2 77
2 AHIE Ylofiide AV W 2 50] whg S5 7ol B S EA AJH|E sfofstet 7t A7 2 A=

SRS AJH] AIZE 24851 R R AR A 92 & B 7T Eo] 93 A S 28 A AHIE
A FA o] AAs 71 o 2 mhdE )

A& Ao A=, BAZEA AJH] Al AJA W) CO, 528 LAH RAIAZIAL A 2] AlRkE 2%
2 2](124] 302~17A]), TL A2 (SA30E~17A)E TEoto] 2HE0] A5 et F3Hd
20| B dat Aol FFZ 7R 84 CO, sE BRFollet 2 & £F 5 of2] 87 2919 JFe |
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