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H* 2-2 Sensor Reading Value at 50% depletion of soil water by soil type

Soil Type Sensor Reading at 50% depletion of soil water (cb)
Loamy sand 40-50
Sandly loam 50-70
Loam 60-70
Silt loam, silt 70-90
Clay loam or clay | 90-120
- JA B W EY B MA TN =
xgu ESESe Doz Boh M Y| # COlES S Jhssich wot
400~700nmutdt #Hele| ZtotM =M SAIZH(PAL)2 =™t HOolHE o|&sto Ect MY
ot A7 E Z2H JtsstA skt
E 2-3 7|4 BH MM 2 £ £ HA
2R s 9] 25 s
. _ _ 0 o + 0,2 °C £ 0,15 % of the
=5 40.000~80.000°C 0.001°C mesure
+1,5% (0~90 %RH)
+2 % (90~100 %RH)
R @ T=15~35°C
sk 0.00~100.00%RH 0.01%RH
+ (1,5 + 1,5% of the
measure)%
@ T= remaining range
co 0~5000 01 +(50ppm+3% of reading)
~ m : m
7| Ak ? PP PP @ 0°C~50°C, 0~ 5%RH
%gh o o o
o 0.0~360.0 0.1 +1
(=34
=25 3
(zo) 0.00~60.00 m/s 0.01 m/s +2°RMSE from 1.0 m/s
U
U AL 0~3000 W/m? 1 W/m? +5%
0.00~150.00 0.01 Calibration uncertainty:<5%
PAL Cosine response: < 3%
pV/(umol m-2s-1) | pV/(umol m-2s-1) | Linearity: <1%
E2F pH 0.00~14.00pH 0.01pH +0.05pH
EQF EC 0.0~10.0 dS/m 0.1dS/m +1%
£
EY &8 |0.0~100.0% 0.1% +2%
HAl2D|E 0~94 kPa 0.3 kPa +2% of full scale
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a8 2-17 LoRa 2H % gojot2
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Abstract

Wi analyzed the variations in the (0, concentration and
temperature between a CO—enriched and control green-
house. We cultivated Alvrroemer'lo ‘Hanhera' in the nvo
preenhouses and essessed the growth pammeters (stem
lemgih, stem thickness, and the number of flowers) and
yield The COv-enriched greenhouse had a OO, generator
that produced CO; at rate of 0.36 kg'h and its windows
were programmaed 1o open when the iemperatune sxceedisd
20°C and close when it dropped below 157C. The control
greenhouse had o additional CO; supplementation, and
its windows were programmed to open when the temper-
atune exvceeded 20°C and close at approximately 17200, In
the moming, {0 concentration remained above 300 ppm
in the CCh-enriched grecohouse, which was higher than
that inthe control greenhouse (approcimately 370 pramd.
The ventilation effect only theowsh the side windows tore-
duee the termperanme in both greenhouses did not appear
dynamically. C0: supplementation promoted plant growth,
resulting i @ significant ncresse in plam vield of over 604G

* Corresponding, anthor: WonSok Sung
Phone +82-p2-52540345; Fax: sE2-p2-53540047;
E-mail: wesungivdaones ke

reTscensesbyenc3.0) which permts unresdiricied mem-commercial ese, distribuation, and reprodoction i sany medmm,

Donguk Park

Pilson Jeong
it orcic e 000000251204

compared to that of the conm] greenhouse. Our findings
suggest thae elevated O concentration in the moming
can significantly promote the growth and development of
Alarroemeria doring the winger.

Key wards: Controlled enyironment agriculbure, Elevated
O, Growth

Introduction

Profected hortculture has pamed .‘ug'lr.flu.u'rt wriberest
due bo ongoing dimate changes Gréenhouses, becass
af ther encdosed environment. face difficull atmios-
pheric conditions and mutribonal fsctors. Therefore,
creating an appropriate p\emhmae Envimonment 1=
erucial for mmproving crop productivity, Carbon dios-
ides [COx) b5 essental for the growth and development
af plﬂ:nl's. Ina grrun]mru.‘u.-. li:nrtinq; the toncentration
af 0y has negabive impacts on crops. To overoome
this problem, by supplving additional CO; artificially,
whiich 5 called “CO ennchment’, cultivator can create
enviranment in widch the photoaynthetic achvity of
erops can Founsh, Numemus sodies have examimed
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A Study on the Variation of Atmosphere in
Greenhouse during CO: Fertilization and the

Effect of CO: Fertilization on Alstroemeria
Growth

Sepnjin Lee, Wonsuk Sung', Donguk Park, Plsoo Jeong

DWONRS Inc., Chonnam Mational Uinesersity, Geangiu 611586, Republic of Korea
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Abstract

0, fertilization is very cntical for plants in 2 greenhowse because CO, is insufficient after
sunrise due to the photosynthesis. This study reported the variaton of 00. concentration
in gréenhouse and the efiect of greenhouse plants on €O, fertitization. Alstroemena were
cultivated in CO; fertilization greenhouse and non- OO, fervlization greenhouse {Control
house). To supply CO0,, we set a catalyst-type 0, generator at fertilization greenhouse
and it generated 0.36kg'h €0, The C0; concentrateon at C0; Pertilization greenhouse was
maintained about 640 ppm from 500 o 10200. The result reported that CO, tertilization
significantly increased the weekly visld and shoot length. There was slightly increase at total
number of flowers and stem thickness despite of no statistical significance. According to these
positive results, we considered that future studses woold be aimed at expersments with bigger
scake and more details

Keywords: Alstroemeria, O fertilization, Horticulture, Phetosynthesss, Data acquisition
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The Effect of CO, Fertiliztion on the Growth of Cut Flower

Seonjin Lee. Wonsuk Sung’, Donguk Park. Pilsoo Jeong
DADMES Inc., Chonnam Mational Universaty, Goenaju 61186, Koarea

I this ssady, we investigated the effect of OO0y fertilizstion on the growth and prodwction of cwt bowers in o
groenhouse. We grew Alstroemeria “Hunbers" in owo grecnboases. A OO0, generator was installed ar one grecn-
house (CO-tresied greenbwwse) ond the other greenhouse {non-treated greenbouse) maingained environment
without additional supply of CCk, The €0 generator generated 0,36 keh OO, We had the OO, concentration
managed approximately 644 ppm from Go00 to 10200 in OO —trested greenhouse. We found that the applicazion of
0, Fertilizer incroased marketable crop vields by approximately 62% at the O0-ireated greenhouse compared 1o
the non-treated greenhowse. Also, the mimber of Aowers per fowering shoot at the COb-reated greenhouse was | 3
times ligher then &t the non-reated greenhouse. Moreover, shoot length of ait flowers was also increased by §2%
at the CO-meated greenbouse compared o the noo-treated greenhouse. Consequently, these resulis suggest thar the
application of 00 fertilization can be an effective method 1o increase ot fower production and it helps farmers pet
hagh profit

This work was supported by the Korea Instituie of Planning and Evahestion for Technology i Food, Agriculire
ardd Forestry IPET ) through Technelogy Commercialization Support Proorem, fnded by Ministry of Agriculione,

Foosd ared Bursd AffairsMAFRANE? 603358010}
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Computational Analysis of Flow Field and Ventilation
Characteristic by Natural Wind in Single Span Greenhouse
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Abstract

y wariations inithe €0, ol
tempersture between s CO-eniched and conteol green-
house. We culiivated Alstroemeria ‘Hanhera' in the two
greenhouses and assessed the growth pammeters (stem
length, stem thickness. and the mumber of flowers) and
yield. The CO,-enriched greenhouse had @ OO, penersior
that produced CO: s rate of 6,36 kg'h and irs windows

JFCunddnsﬁwltnltdmpth‘_!m _The control
enh uad no additional COy ion, und

comgared 1o that of the contrul greenbouse. Our findings
mggm ha elevased O, comeentration i ihe moriing
of

Abstroemeria ﬂlmmthr:w:m

Key words: Controlied environment sgricuiture. Elevated
O, Girowth

Introduction

its windows were programmed to open when the temper-
20°Candclose at ty 1700 In
0 P
inthe COenriched greenhouse, which was higher fhan
that in the control greenbouse {approximately 370 ppm.
“The vertilation effct only through the side windows to re-
duee the temperature in boh greenhouses did not appear
o plant growah.
mﬂﬂulqgmasgmﬁmuwmphﬂ\dﬂnfmm
* Cumsporning suthor. Wosil. Sy
Phone: 5 Fax

Protected s g sigrificant iherest
due b cngoing climile changs Gréenhouss, becatse
of thesr enchsed environment, face difficult atemos-
pherie coaditions and stritionsl faces. Therefore,
cvéating an appreeluis. groenhouse wwismmest B
cruckal for improving erop productivity, Carbon diox-
ide (€08 s essential fue the growth and devilopment
of plants. In o greenhouse, limiting the concentration
af CO; his negative impaits on erops, To overcme
this problen, by supplying sdditional CO; artificially,
which i ealled ‘0, enrichment', cultivator cin create

in which the activity of

Emall; Wiaagtdace b

crops con Rourish, Numerous studies have examined

the relationship between plast geawth and CO: con-
centrabion |1,2], Far et al. have demonstrated that ele
vated OO concentratien enhances plant growth under
water stress by incressing loal photosynihesis in bell
pepper [3). Zheng et al. found that lead biochemical
and photochemical process are eructal in determin
ing the positive effect of CO; envichment. These proc-
esses diseetly mnervase carbeylation rahes and glectron
transport eates in perennial grosses (4] 1 was found
that (O, enrichnent in groenhouses significasdly im-
proved the quality and incressed the vield of chrry
tomatoes | Lyopersicen esculortum L) |5]. However,
Cubiliis. and Hughes Fousd that elevaied 00 had few
significant effects on tamatoss  Lycopeusions hopersi-
cumi [6]. Additionally, the impact of GO ennichment
e plant growth, yield, and Bower stem quality &
greatly influenced by temparaturs and 5
light [7-9]. Pereyda-Gontler et 4l found tht elatated
CO; counteracted the detrimental effects of high tem-
peratures pn growth parameters and fower number in
peppers. However this was ol enough o prevent
Bower abortion and the detrimental marphologicsl
churacteristis of Frult cased by o bemperitune of 40°C
116 In acldition, photosymthisis & ehanced by CO:
enichirent, il lateral branch and Aoval bud pro
duction aee maximized at the high light level (260 +
) pmol v %) e here in Phalsenopsis Queen Beer
Mantsfor’ [11]. In arcder to obtain the positive CO: ene
richimerd, several factors such a3 temperature; Tight,
and species mist be taken it seunt
Abtriemeria 15 a type of cul Aowens that can be
growm in South Konia. Alstrsmmenis i found in cun-
tries with cuol climates, s i reguins low temperatise
foe optisul griwth and produstion [1213] In Seuth
Koren, farmers can cconomically benefit from this

al b

churacteristic by using protected cultivation echnigues
during the winter months (December o February) in
South Kores). I the systematized korean Aoricaliun
iesdustey, there is amgeing adoption of OO, ensichment
However, there has been insulficient research on the
efficts of CO. emvichment on plants. particularly
Altroemenia Korean cultivar.

I this shdy, we evsmined the difference in CO;
concentration betwesn greenhouses with and without
additional CO. supplementation on & field scale. nol
lap scale. The temperature changes within the green-
Inonses duie b ventilation were verfied. We examined
the impact of supplementary CO; on the growth con-
dition and produdivity of Alstroeneria Hanbers'.

Materials and Methads

Plant materials and expetimental desian

The experiment took place at Chonsam University
in Gwangju, South Kores, using two greenhouses: &
and 8 COyenidhed (3590935
126°51°117 EL Each greenhouse (3 m x 15 m = 3 m)
was equipped with an Inner-Greenhouse (1G) (0.8 m
% 10 m = 2 m) inside to profect plants from freering
{Fig. 1

We usesd Adstroesieris* Hanbers', which were colti-
vaded on 4 plastic bos 1052 m « 037 m x 032 m).
Twenty-one Alstrovmens Hankera' with &5 shoot were
prumed Tesving 101 em oot port and transplaned
with 20 em gap apart (Rowe 4 Calumn: %) (Fig. 1) an
sail dn OR2SH21. A fisst cut ned (12m = 10 m % 030
m) and 4 second cut net {12m « 10 m = 080 m) was
installed (Fig: 1), The drip-irrigation system zan for 5-7
aninubes tvive weekly. The electric hister (Changserg
ailer. South Kores) was wsed from 180 to D500, but

L -J.-L-c.i

Tig 1 Schematic of the grreshouse
2] the windaws of 1G. The gray do lines
sensors. and the red cirde 'C represents 003
CO; generator

The sices windows are mdicated by black dash fines - =) and the blue da fines

{3 sepresent cul nets. The red circle ‘B represents fempreratune
sensor. a) The front schematic. b) The side schemate. "A’ represents the
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Fig. 5. The Plant yield a) Total yied: b) Weekly yield

fuet profts from coops since the longer the plant
tength s, the higher e product value is. The siem
thickness incvased By 10637 (Table 2 p=0.005).
Sirnilar findings wen observed in other species such
55 roses, Gerbers fmesans, and Phalaencpssis [18:21]
In auddition, the mverage of number of fowers per
fluwering shoot in the CO-ensiched was
spprovimately 15 which was incressed by 24374
(Tabde 2. p0001). The most significant outcome wis
the markelable yidd, a4 shown in Fig. 5. Fig. 5a s
trates the dispority of lotal marketable yield between
twin greenhouses. The marketable yield in the C0-en-
riched greenhouse was 62467 higher than in the con-
trol greenhouse, Additionally, weekly plant yiedds
were consstently higher i the COrenached green-
house (Fig. bl The difference wis espesially notice-
able in the early stages of harvesting (Fig, 5b). The re
sults suggest that harvesting high-puality erops early
i COrenriched greenhouse can result in economic
sdvantages. Xu et ol found that the fower production
of G juresoni were barely promoted aboul 1 fower
per plant under OO; ensichment iry the ower yield of
ench plant was averagely increased [20], On the other
Band, in cxie of Phalsenopsic Fuller's 'Pink Swallow,
€0 enrichment had no effecs on thie mamber of fow-
ers 21]

The sffects of devated CO: on lowering time ae
nol a5 well understood and vary widely among spe-
e [2], In the present study, elevated €0 comoen-
tration environment did not have & significant impact
on the flowering Sime of Afstnemers 1t was fund
that high €O concentration could accelerate Nowering

time i long-day species and delay Aowering in shost-
day species |22 Additionally, Song et al. found that
firwer induction may either speed up o delay fower-
ingg, depending on the photoperiod 23] Afisrosmeris
1. Jong day plant, but its fowering time may be in-
fuenced by femperatuns |1
In facs, it is not cost-efficient to use
CO: for Alseroemeria due to high ventilation rate re-
quired by s temperature reguirements. However, in
winter, low temperatuns ansas such s South Konsa
may beswefit from shorter vetilation lmes for efficient
management. Particularly, 1t is anticipated that eo-
sarske sanagennt can ke achioved by imtalling an
additional greechouse on a bank ke 16 and supply-
irg 00 based on bemperatuns and tine dependencies
40 maintam high CO: concentration before activating
the ventilation systemn (ikely in the moming during
winter) in a real field

Conclusion

In practical settings, i is challengmg 1o maintsn 8
consistently high CO: concentration during the mom-
Irng o clesar days becaise of phofosynihetic activity of
the plants. However, it is clear that maintaining & CO:
comventestion of 50 prpm or higher during the. mom-
ingg alune can grestly enhance plant growth and pro-
ductivity. The ventilation through the side windows
did not effectively reduce the lemperature.

In the next study, an sctual profit analysis will be
concluctend, and economically viable sspplementary CO,
smsethods will be proposed hased on the resulls
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A Study on the Variation of Atmosphere in
Greenhouse during CO: Fertilization and the
Effect of CO: Fertilization on Alstroemeria
Growth

Seonjin L ee, Wonsuk Sung, Donguk Park, Pisso Jeong
'DADHRS i, Channam National Unevessny, Gwangiu £1165, Repubilc of Ko

NG AUTNOr WESIETEIoNT AT

Abstract
€0, fertilization is very critical for plants in 3 greenhouse because €0, is insufficlent after
sinrise die to the photasynthesis. This study reported the variation of €0, concentration
in greenhouse and the efiect of greenhouse piants on €O, fertilization. Alstroemeria were
cultiatad in CO; fertilization greenhouse and non- 00 fertilizarion greenhause (Control
house). To supply C0,, we set a catalyst-type €0, generator at fertilization greenhouse
and it generatad 0.36kgh €0, The C0; concentrasion at €0; fertilization greenhaise was
maintained about 640 ppm from: 6:00 to 100, The result repartad that €0, fartilization
signiicantly increased the weekly yield and shoat lenggh. There was slightly ncrease at total
despits of na satistical si . heeording to these
positive resuts. we considered that future studies would be aimed 2t expsriments with biggsr
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Table 1. The method of €O, supplement
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