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LI-COR, Inc., Lincoln, NE, USA), CH, =41 7|(Model LI-7700, LI-COR, Inc., Lincoln, NE, USA)
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8200-1S Smart Chamber

EHZA:20 cm
HH 21 : 42441 cm?

oL HHY :317.8 cm?
224X (-20 to 50 °C), ZI¥MA{(50 to 110 kPa)

lilli.L Licor kf i
Soil Gas Flux Systems

CH4 ’5.75; 2l : 0to 100 ppm
+ CO, 5% 2| : 0 to 10,000 ppm
* H,0 573 2 : 0 to 60,000 ppm

SoilFluxPro”

The Ultimate in Data Processing Simplicity

HE M E 72 AT BESE 2HH0M /7|22 265t ml'ﬂ% ‘AE5tH, HE Abfst=
B =2 OEXNQ ML X st4do 2 ME = HiE d2& Ho §7|232 &%t O
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Transport through rice aerenchyma
(H E7| =% & S8 7| M| 0| F, Transport)

02& CH, Ebullition (&)

<Atmosphere (ti2|)>
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o “ Diffusion (2t:h
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° OQ CH4 02

(Acetogenesis)

CHCOOH 4\

Organic matter (371 8)

H, + CO, '/

<lafe| aixouys

<38 23> B T =0flAfe] HEH 4Y X HiE @as 2, 2022
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— RGB 70| 2f(Raspberry Pi Camera V2.1)
—FLIR AFQ| Lepton 3.5 2 Z(FLIR Systems Inc, Boston, MA, USA)
— Gty FHHEt= _’F_ia ZFE{(Model Raspberry Pi 4, Raspberry Pl Foundation,
Cambridge, UK)O| £&tsl ALESHRAS.
O 2t=Hj|2| m}o|= E'H%' 06~19A[(K[A]) AtO[Of 1A|ZF ZtHAL = MHAE|O] RGBRF Eotat
O|D|X|E HISI=F S, Eot TH AR5 245517 o] ™22 2 E(Witty Pi
3, UUGear, Czech Republic)E F7t2 TA5t0] TR0| 250t SF0ME ALY =+

— =
= o
%EE [e) ﬂ_

UEE 7Rt 7 R AN AR (B)

- Raspberry Pi3 Model B+ (Raspberry PI
Foundation, Cambridge, UK)

‘Broadcom BCM2837B0, Cortex-A53
(ARMvVS8) 64-bit SoC @1.4GHz

‘1GB LPDDR2 SDRAM

2.4GHz and 5GHz IEEE 802.11.b/g/n/ac
wireless LAN, Bluetooth 4.2, BLE

‘4 USB 2.0 ports
‘5V/2.5A DC power input

- Camera module v2.1, Raspberry Pi
-Still resolution: 8§ Megapixels

-Sensor: Sony IMX219

-Sensor resolution: 3280 X 2464 pixels

-Optical size: 1/4*

- FLIR Leption 3.5, FLIR Systems Inc.
-Thermal spectral range: 8 um — 14 pm
-Scene temperature range: -10 — 140°C

- PureThermal 2, GroupGets LLC.

- Witty Pi 3 (UUGear, Prague, Czech
Republic)

‘Micro controller: ATtiny841

‘Realtime clock: DS3231SN
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M, NetworkFragment S2iAa£ QIE YO 7|2
NeE s=8sts 72 7HE.
— NetworkFragmentOj| Af =2

= HERXI A
Callback SeiA7F A8 k| O{0F

—

—
.
o

SEA
ot

ZIZEEQ HTTPE AHESH0] AN 7|4

=0| 2EL|7| fdiNE FIH2 2
IH, 2 30| A = DownloadCallback SefjAE A

— CallableDownload 22lA+= DownloadCallback 22iA0A HS7|Moz2 QXS I AME

e 22

—Ol2{ot EYHASS AHESI0] 7|SAIRE CH22E &2 W, T2 7|55 ASAI7IL AME
Xt QEALES BHE5H7| 21l LocalSetActivity SEATF ALEE.
LocalSetActivity
<<Property>> -wxData : String
+mContext : Context
-currentindex : int
-spinLocalView - Spinner NetworkFragment

-btDownload : Button
-swiMixData : Switch
-index : int

-mDataText | TextView
-mDownlcading : boolean
-mSiteCode : String
-mRefYear : String
-mTgtYear : String
-mModel : String

LocalTa
ST 9 . -local_intent - Intent
Sy 9 ¢|-mCal : Calendar
val . int -istLocal  |.dotNum : int
+LocalTag(String, int) -percent : int
+toString() : String -dwidStartTime : long

~handler ;. Handler
-listLocal : LocalTag
-networkFragment : NetworkFragment

-networkFragmen

¥
*

#onCreate(Bundle) : void
-initializeLayout() : void
-setlistener() : void

CallableDownload
-res - StringBuffer

-sitecode : int -startDownload(int) : void
-tgtyear - int +updateFromDownload(String) . void
-model - int +getActiveNetworkinfo() : Networkinfo
-index : int +finishDownloading() : void

-mixData | boolean +onProgressUpdate(int, int) : void

+needMixData() : boolean
-setLocalData() : void

~CallableDownload(int, int, int, int, boolean)
+call() : StringBuffer

+TAG : String

-REFYEAR _KEY : String
-TGTYEAR KEY : String
-MODEL KEY : String
-mConfigString : String
-mCallback : DownloadCallback
-mDownloadTask : DownloadTask

+getinstance(FragmentManager) - NetworkFragment

+onCreate(Bundle) : void
+onAttach(Context) : void
+onDetach() : void
+onDestroy() : void

+startDownload(boolean, String, String, String, String) : void

+cancelDownload() : void

-mCallback

<<Interface>>
DownloadCallback

<<Property>> +activeNetworkinfo : Networkinfo

+updateFromDownload(String) : void
+onProgressUpdate(int, int) : void
+finishDownloading() : void
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DSSAT

«*WEATHER DATA :

X131

+*SOLAR RADATION DATA WAS ESTIMATED USING A-P MODEL.
AMP REFHT WNDHT
27.9

@ INSI
X131
@DATE
19001
19002
19003
19004
19005
19006
19007
19008
19009
19010
19011

1Aa819

SRAD

10.
10.

10.
10.
10.

10.

v b WwWwohiikE LB OO~

o~ W

LAT

36.6

TMAX

0.

-]

O On

QD o= = NW W W W W e

nb&wwowwo

w

LONG
127 .4
TMI
-

-J

WU A OOWU WO K= WKN =N

N
5

ELEV

57.2

RAIN

0.

e

O 0000

bo © © O

TAV
14.5

-99.0

-99.0

h27.4,36.6,57.2,
131,2019,1,4
131,2019,2,8.
131,2019,3,8.

131,2019,5,8.
121,2019,6,7.6,
131,2019,7,8,-6.
131,2019,8,8.7
131,2019,9,7.9,-
131,2019,10,0 3
131,2019,11,4.7,
131,2019,12,4.5
131,2019,13,8.7,
131,2019,14,2.5,
131,2019,15,2.8,
131,2019,16,8.2,

2

6

7
131,2019,4,5.4,-

6

6

ORYZA
0.18,0.55
5.5,0.3,0.3,1.4,0
7.2,1.5,0.3,1.4,0
8.1,3.9,0.2,0.9,0
7.2,3.8,0.3,0.8,0
4.3,3,0.3,1.5,0
7.1,3.9,0.3,1.1,0
9,3.9,0.3,1.2,0
-5.5,2.3,0.3,1.8,0
-8.6,1.5,0.2,1.1,0
-3.4,1.4,0,3,0.9,0
-1.9,6.7,0.4,1.1,0
1.7,8.5,0.5,1.2,0
-3.4,8,0.4,0.9,0
-1.8,4.7,0.5,1,0
-5.3,4,0.4,1.9,0.1
-7.2,-0.4,0.2,1.5,0
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o O

ModelinputWriter DSSATWriter
<+ odelinputWriter( ) +DS SATWriter()
+setDelta¥ear(delta Year : int}: void +setSunDurCoda(code ! int} | void
+setMedium{coda ! it} : void +setSolarRadiationE stimation (value : boolean) : void
+satDalimiter(delim | char) : void W F——|+configure() : void
+setYearForlnput(year . int) . void +readOffHeader() : woid
+setPathToHistorical Data{path | Sting) | void +filHeader(site : String, year ! int) : void
+setYearTcDownload(year : int) ! void +coempaseFiename(path : String, site : String, year : int): String
+setPathFornputipath : String) : void +composel eadingCol(site : String, year : int, doy © int) : String
+setTemporal Resolution (R : char) ; void sconvernSunDur2 SRAD() | vold
+geiTemporalResclution() : char +calc Sol{doy | float, sun_dur : float) : float
+setNumDays(numDays : inf) | void +compoaseHeader{sitecode | String) : String
+getFirstDoy() | int +writeToFile(site | String, year | int, deitaYear : int) : void
+getlLasiDoy() | int +writeToStreamisite : String, year : int, delta¥ear : int) : vold
+getNumbDays() : int +writeToList{site | String, year | int, deltaYear . int) : void
+getNumHeaderCols() : int +ransferSheet{present : DESATWriter, year © int, doy @ int} | void

+getNumVariables() : int

+getWxVariables() : ArrayList<WxVariableNode>
+addVariable{node : WxVardableNode) : void
+upate\/ariable(node | WxVariableNode) : vaid
+gefWxContent() : String

OryzaWriter

+0ryzaWriter()

VP sw | boolean) : void
sgetiixList() ; LinkedList<String= ::;1 mi J\E;W i et n]’{’m :
+inkDB(db | WebD8) . void 2 .

+setinterpolation{sw : boolean) : void

+readConfig{configname : String) : woid :] soonigurel)void
+readConfigS tream(configstream : String) : void +ﬁI\HcglGerf.5de int, year ; int): void

+configurel) : void +gapfill() : void

+craateSheetiyear : int): void .:Qnmrlﬁndn +void

+deleteSheet() : void +RH2VP(): voi‘d

+getSheetValue lime_index | inl, var_index : int) : foal +processinterpotation(} : void
+setSheetValue(time_index . int, var_index . int, val ! flcat) : void ‘Em,pemmxngcmi;ﬂ inl, year | int, day : int} . String

puintShasi() | ol +composeHeader(sitecode : String) @ String

+readOffHeader) | void 4
Fil X th- String, site : String, tint): St
+readSheet(flename : String) | void +composeFilename|pal ing, site : String, year : int): String

+gapfill() | void

+run{ByVariable : boolean) : void

+composeFiename(path ; String, site . String, year . int}: String
+filiHeader(site : String, year . int) : void

+illByVariable(site : String, year . int) : void

+lillByRowsile © String, year : int): void
+composeleadingCol(site : String, year ! int, doy : int) : Stang
+composaHeader(sitecode | String) ;- String

+write(site : String, year : int, dettaYear : int) : void
+writeToFile(site | Strng, year: int, delta¥ear ! int) : void
+writeToStreamy(site : String, year : int, deltaYear ! int} : void
+writeToList(site : String, year : int, deftaYear ; int) | void
+copy Sheet(present : Model InputWriter) : void
+readappendSheet({filename | String) | void

+combine(year ! int) : void

+isLeanYear(vear  int} : boolean

AEYSEYE 25 73

AT SHE0M FSEEE /HLUE DSSAT E¥S 2HY WM FE5E = UAEE Al
AHIS HASIFOH, 0| & X|R5t7| I8 ModelRunner 22§22t DSSATModelRunner 2
AE HASIS.

ModelRunner SefjA= YOl HERHO| YHAESS MdstD 0|E 35H7| ¢t
L4810 g2 8RN, AERE2 EF XEAN A3E7| {20, +&0| 223t X|
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CESH THfEt2|of E AEdsS 2257 fld 83, AlH| X mE XSS 48 =

A= &MHLE0| ModelRunner Se{A0 ZEHE|E.
T

QUM Q| ZE2 DB EH2| DSSAT 2&o| 1938t EMS N2{sl0] ME2DHo| UHXIE
M 50| 223 40 g==0| FIIEUS

59|, 39 HAE StROM A2 d=S 2o5t7| fl6), AHEE #E YEE NSt
257 gt &80t g=50| ZeEUS
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@)

ModelRunner D55ATModelRunner

#milsMixed : boolean -mCuttivarld : int

#mSeasonLength @ int -mCropType [int

#mlLatitude | double ~mPlantingY'ear : int

#mlongitude : double -miPlanting Month : int

#mElevation | double -mPlanting Day . int

#mCropName : String -mHarestYear | int

HmBeginDate | String -mHarvestMeonth : int

#mEndDate : String -mHarvestDay @ int

#mPlanting : Sting -mPlanting Treatment : int

HmFertilizer : String -mirfgationTreatment : int

#mirrigation : Sting -mFedilizer Treatment @ int

F#mHarvest | String -mResidueTreatment .. int

#mControlSetting @ String -mSpray Treatment © int

#mCropParameter | String -mTillageTreatment | int

#mSoil Parameter | String -mEnvModification : int

#m\WxPage : LinkedList<String=> -mHarvestTreatment | int

#mModelinput : Crophodel Input ‘:]—-n\.Simul:n ionControl Treatment © int

#mFielk : FieldRecond -mSailld : String

~MedelRunnarmodelinput | CrepModel Input) -mAPY : String

+run{simulationMame : String) : LinkedList<String> FmCultivarMapper : LinkedL ist<Pair <Integer, Sting>>

+setinputimodelinput | CropModellnput) : void +D3 SATMode IRunner{model Input : CropMo delinput)

+sathMixed(mixed : boolean) : woid +runhodel{ XFile : String, SOLFile : String, CULFile : String, WxFile : Sting, APV : String) : String

+zetField(field : FieldRecord) | void +setAPV{apy | String) ! void

+setDate{begin . String, end ; String) : void +run(simulationName : String) : Link edList=String>

+assign\Wilist{shift : int, wxset . LinkedList<String=) : void +setCultivar{cultivarld : int) : void

+clearxPage() : void +getCropParametercultivarld | int) ! woid

+setWxPagefwx | LinkedList<LinkedList<String=>=} | void +updateControl{sod Id ; String, delta¥ear : int, deltaDay ; int) : void

+getSeasonlength() : int +setControl(field : FieldRecord, modelinput | CropModelinput) @ void

+gethodel DOY (line : String) : int +setSoillfiek : FieldRecord) : woid

+setSoiifield : FisldRecord) : void +writeC ULFle{) : String

+setCulthran cultivarld : int) : void +write SPEFile{) : String

+setControl{field ;. FieldRecord, crop | CropModelinput) ; void +write ECOFile() . String

+getControlFile() : Sting +writeHeader() : String
+write Treatrment() | String
+writeCultivar() : String
+writeFiekd(sitx : String, sidp : String, scilld : String) : String
+writelnitialCondition{d elta’ ear : int, deltaDay : int): String
+write Planting{delta¥ear : int, deltaDay :int) : String
+writelmigation|deltaYear: int, deltaDay ! int) : String
+writeFertiizer(deltaYear : int, deitaDay ! int) | String
+writeResidue{delttaYear ! int, deftaDay ©int} ! String
+writeTillage(dettaYear | int, deltaDay . int)  String
+writeEnvironmenta iMedification{delta¥ ear | int, deitaDay ! int) | String
+writeHarvest(deltaYear: int, deltaDay ! int) : String
+writeSimulationControl{deftaY'ear ; int, deltaDay . int) : String
+writeAutomaticManagement(deltaY ear : int, deltaDay : int): String
+writeScilProfile(scilld | String) | String
+writeSoilN() . String
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dAAM HE 20 252 AAM7E WEO fIXSIRSH =2t e ARE

of AAMZE 2+2h SEAE o HE ot E HiXIE(OE 43).
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MM 2E Xtz 32| ~2ZEQof 74

Mz SEE B5USS 2elst7] figt 2ZEQ0E 2A5IUZ

M MMERYH FHUS A0 S0l ZE2IUMSS FHAS.

i MMEE Ho|HE e85t 2otE0l= EAlof 0|7t /UZ; oE =0, AHT202| &4
€ adafruit 2t0|E2{2|& 0|83} i2c YA 22 [ O|H °1'01 =0|%, BH1750, CN1107N

Of AR i2c WAooz MEs A | Zt 2byte, Sbyte THE 940 =4,
SEN-143512] ZAE AS7263 LIO|M 2t0|E2{2|E 0|&235l0 LH’é% £ O|8310 gt2 A

=4

MMEEYH O BFUS MEZA O 7|55t X L2 A NEE o= 7|5
s= TS| ot Z2AWS VLIRS, o2t AZEQ 0] HAE fIsH CHo|o] 1=
2 Hd5ies

M, 8 AE =L 2 ALE|2E 79510 Use Case Diagram= 25U 2. 7N
HEQl 7| SES MOjstY| 23 ool Z2aMar 2t V| 5E HYSls B& AO|Q SAIA|
AE HEASL7| 2I8l Sequence Diagram= ZH43IAS.

Data acquisition

Wrile all Sersor

Wrile Sensor
Read Sensor

—_—

"'\-\_,_‘__\_H_‘_

Sensors

Read zll Senzor

Calculate Radiation

Deavice

Manager HES

Save sensor data
-‘_'_‘—‘—__
Send data to
external server

Haspbemmy

<38 46> Use Case Diagram
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Sensor Device Manager Raspberry External server

] ]
] ]
IDDD/ — Send data — — —

h

1.1 Calculate rad

3. Send post
2. Saved data L

Y

<% 47> Sequence Diagram
= FH5H7| 2l AP Z=O| ALEE.
(@)

EEEH AT AZES FHL
o

ol

=

e Shof & 2

0 Ol 780 Bl =doM 2 & U= AlE SMES LAE FEEEQ Spectral2
=)

O AIZHE LAY FHUCZREH YxTo= TS| 25 TetA 5 HESHD, AFZHES
2 5EE 2= Sdurgts Hlwste 7 ZUS 2o A[ZTE JHEMES Adke

O A2 3 2 HZ 2T 24

O BEXIEE QEUS S¢f UL £TY 4 U2 XYt REST 7|4l APIS B83H0]
NAHS SAB%S

O RESTE UIESIT 40l RS Folotn Aol thet F4E XMt W0l thet Y2l

£ M-S & (Fielding, 2000).
O HTTPE S8} X2S MEE O, 7ol SOAPDH 22 HEo| HE 50| ABEAS
(Mumbaikar and Padiya, 2013).
O EHH RESTE F7HAQ HE 71Iom0| NRHSS XAY = A= UHo AHE IOIAOIEH
(Mumbaikar and Padiya, 2013). £9|, REST2} 22tk|= g4 o] E
HAIX| S -JotE ZHEFet HTTP °|E1LL1I0|*E ALESHEEE A2 20| 7HSHiE ', 0|E1°F
BE|E M2E AA"S2 RESTfulO[2tAE &
O RESTE| dHo 2= HEo| QZatE 55K et Atzugs X|ot= HolH, §
S|, HTTP ZREZ0| QIZalZ 7|§oz ARDBS +8Y + 7| G20 HTTP Z2E

22 B#ES 2s 2= EHF0AM 28 7Ise

= I EAE

O EE3h APIO| MEE|= HAIXIE &S| MAISH| IIE0| AHAE CIXQIE I FTE XA
st g 5 A HE =9, MH2| urlO] http://ssmsoft.iptime.org:31188/api/ 0|1 T E &[0
Of 8l= HIO|EHH &2 application/json HEHZ POST 8l{OF Sl= AR, Otz ELt 20| Requst

O Body #=0 S0{7t0F & LEl0ESE Foloty ELE = US.
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<¥ 10> Regeust Body example

Header

2 Taolw My
Parameter
. ALE XL Al otolC]|
uuib String Y (0fl:46d941 48—fd9e—4c52-b230-078d4ch5b15)
PLACE_ID String Y Hiolel =& x| F& otolc] : (of: 1, 2)
Parameter Z  EHoR My
SENSING_TYPE  String Y oiole] EbQl : EfEZ 01, A 02, 4S5 03
STATUS_ID String N MEfHE ofolC|(lHBE E=xX)
prmtld String Y ujzjo| e otol |
prmtNm String Y o2fo| e
time String Y Al ZHAHAAZHE X)
val String Y 2t

O RESTZt 7|Z2| el=zatof ofEst7| M0 o2 EE0l EXg.
— Atz uetof| E5tEl BFEO0| EXWSHA| @0t ST 7|5S 7T A|A”O|2tE CHfo HEfZ

E
S A o
ToE = U2

— AR MES 91T HEo| AES AM8SHX| 7] E0| AH8E %= U= HTTP Method HEH
7b Mo Q.

— HTTP HeaderOf| RESTE == HA|X|7} ZHEE|7] I20 URLE S3lf TESt= ALLH 7N
4ol ol ANY 2.

— KB, REST% X &ots & HEtRXME0| £2[Z0 HIZLRA7| 20 78 AA"Me

2o W 2ol U SUY 4 Y

O ol= ADLEE3} loT Clufo|Agt 20| HEH I pcel WA EeHEIX| S F|IIIAE &
Ng E 4 YRR B

O 3], 56 AlHol HAEQI 7|2 oz @utY AX| HEEY 7|20| WHstD 0], 220
J|a¥ Wste D50 THY BHOM YEEH HEE & s ARAS AlAHS T
zote 200 RalY

O AIAHO| 7|28 Mo ZHIS ARUN ML XFE X2 +T MHo BB}
oot 2AZEQOIS HYBEY| YUoH CURLS EEIIAS.

O CcURLZ client URLS| 9fAtz Lot &4 Z2EZS 0|&35t0 HO|HE T&E5H7| flet

=229
=
B AZEQO ZEMEQ

gto| 22|t HME 2ol =75 HSSte AR
- 58 QELAON 2 Z2EZZ XJ
—HOIHE MHO| M&ESH| sl cURL HMEZIQ E2 AHESIYS.
O 2R 0M 2HH ez Xtg H& 282 EUAS W, 0|0 LS| 2|8l Flask 7|2He| R A H|

AE MBSl AMAHEE AR S, Flaske LO|MOo 2 ZHGEl OO 2 & = A9
StLEZ ZHEteh BIAME =0 O] O|2&; O|E =0, Hyun et al.(2021)2 Flask & A&}
o &= BHo EZT2LE FYSH7| st =”LUHEI AMAEIES TSRS,
O HIo|H u=t2 2o AMHE +HSIRULE Post HACE HO|H ST
O A|2Ee| 2NN = 2t=H|tS ALESHRICEH |4 Z2[E S vne MHE
O XAE2XES 22t 2AZEQOE HXISIALE Zip HEHE cron 822 5%
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Leaf
Width
(cm)/
Plant

(cm)/P
lant
249

Leaf
Length

Leaf
Number
/Plant

Stem Diameter
(mm)/Plant

Plant Height Stem Number
(cm) /Plant

Condition

16.3

11.0 13.0

1.7
2.1

41.2 *

APV
Control

174

249

11.6

10.8

249
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*significantly different between APV system and control plot using a t-test (p = 0.05).

<H 14> 959 EfYE ol Xt £7(2021)

Tuber Number Tuber Weight per Shoot Tuber Root Yield of

. . Total
. per Hill Hill (g) FW. FW. FW. per Good ?a
Condition il EEL EEIL Qualit Yield
Good Poor Good Poor per Hi per H1 ! kua/ll't Y (kg/ha)
Quality Quality Quality Quality ®) ® (kg/ha)
APV 4.6 1.1 427.0 10.4 124.7 437.4 7.3 21,130 21,650
Control 59 1.3 491.0 12.2 140.7 503.2 8.2 24,303 24,907

FW., fresh weight. A t-test result showed non-significant difference.

< 15> 358 HYY olF A%t ¥ % 72022

. Yield of
Tuber Weight Good  Total Yield
Condition Plant Stem Leaf per Hill (g) Quali
Height Number Number v
Good Poor (ke/ha) (ke/ha)
Quality  Quality & &
APV 32.6 1.5 12.0 472.4 19.9 20,995 21,879
Control 249 2.3 12.2 529.4 14.2 23,313 24,089

A t-test result showed non-significant differences.

<2 50> BEHENYT AR HEH|(RF) L FTHERED)

O E=4Y EYE st & M5 U =&

— s HYE St H THjA| B AR 4@ Y2 CHE S CHEA 23|28 =
T0| HsH ReAME ZHASIYULD, ot X2 EfFASHRN RO Hs] 72X
o= ZAASIUS(AE 51).

—T270ls E5Y EfYE SR BE(ALE O/MANE Z=FI FASHA CHEF0 Hls] &
AR BEARIE O/FA]), 22X, RREXF RREAHE, MY, 45, A T
+ot ZHEL2 =Y EfYnt SHEQt CHEFZI| [2/F Q1 Xt0|7t SIAS(E 16, 1 49).

—10a% B T2 B SHEOA CHETO HISH 19% FAXCE HASIRASH, 0|23t
B SHRo| =& Ldas MES0 sl 7|QE= H2E AREUS.
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<13 51> S5 YW SR W) MSeE 5L ZAh

*significantly different between APV system and control plot using a t-test (p = 0.05).

<E 16> Y53 EIYT BHE W 48 ¥ 23

Ratio of C ! Seed 1000

Effective ao . © Capsule Capsule apsuie ce Seed .

. . Effective j Number Number Seed . Yield
Condition  Branching . Length Width . Weight
Number Branching (mm) (mm) per per Weight (/) (kg/ha)
(%) Hill Capsule (8) &
APV 43 86.0 28.8 7.7 60.0 57.5 2.02 143 429

Control 51 * 86.4 294 7.6 68.2 60.9 224 * 176 528 *

*significantly different between APV system and control plot using a t-test (p = 0.05).
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<18 50> ¥5Y EYYE ofF 3 YA TF; B BB)

*significantly different between APV system and control plot using a t-test (o = 0.05).

_— - I 2ld 3 o o] A
<E 17> S5 HUY G5 5 4 U 2F
Pod Seed Grain Weight per Plant 100
Pod rain Weight per Plant (g) Plant  Lite
Number  Number X . Ungrained Seed Yield
A Cond Weigh Grain ~ Ungraine, d Number  Weight
per per ) . Total Ratio Weight (kg/ha)
(® Weight Weight (m?) (g/L)
Plant Plant (8)
Pai APV 20.1 34.9 55.8 14.8 0.2 15.0 1.8 * 252 14.0 755.9 2029
aj
) Contro 1 24.8 40.9 64.7 16.9 0.3 17.2 0.8 25.9 16.0 732.1 2463 *
v APV 20.1 26.9 41.8 13.3 0.4 13.7 3.1 % 32.7 13.5 756.9 1665
oung
kwang Contro 1 272 33.5 53.4 18.7 * 0.4 19.1* 1.6 35.8 123 732.1 2092 *

* significantly different between APV system and control plot using a t-test (p = 0.05).
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<38 56> I3 EYTE ofF B 4=

* significantly different between APV system and control plot using a t-test (p = 0.05).

<E 10 Y5Y YT o% B ¥S U 2
Spikelet
Culm  Panicle Panicle Npl eb Ripen 000 Seed Yield
um
Area Condition Length Length Number Grain Weight
(m)  (cm) per Hill P (%) ©) (kg/ha)
P Panicl &
. APV 69.8 17.2 11.8 75.0 81.0 26.7 5248
Seungju
Control 68.6 16.6 13.8 * 77.8 86.2 27.4 6037
APV 88.2 * 17.8 17.2 70.0 77.3 26.4 5537
Boseon g
Control 78.8 18.4 18.1 75.4 87.1 27.8 6464
Nai APV 81.2 * 19.2 14.0 94.3 86.1 27.0 6040
aju
) Control 75.3 19.5 15.8 104.8 91.6 27.8 8580

*significantly different between APV system and control plot using a t-test (p = 0.05).
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* significantly different between APV system and control plot using a t-test (p
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*significantly different between APV system and control plot at different investigation dates using a

t-test (p
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*significantly different between APV system and control plot at different investigation dates using a
t-test (p = 0.05).
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*significantly different between APV system and control plot at different investigation dates using a
t-test (p = 0.05)
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*significantly different between APV system and control plot using a t-test (o = 0.05).
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*significantly different between APV system and control plot using a t-test (p = 0.05).
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*significantly different between APV system and control plot at different investigation dates using a

t-test (p = 0.05).
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<HE 14> CIYSt FSPENLE ZHSIM B d]7|E EY SF Mo}
A5 B3 ] pH T-N OM Av.P,0s A1€d (cmol’/Kg) CEC
A AR (1:5) (8/Kg) (mg/Kg) K Ca Mg (cmol’/Kg)
. By 5.7 0.16 40.74 182.41 0.51 3.95 0.97 15.79
AR
N Y 5.6 0.20% 46.95* 208.05* 0.50 4.06 0.99 17.13%*
Ef 2 55 0.22 49.08+ 169.80%* 0.28 3.66 0.62 18.12+
R LR
Y 5.7 0.21 47.70 156.02 0.31* 3.88x 0.69* 16.00
U Ef 3 6.3* 0.10 21.89 52.06 0.36 5.47* 1.85 15.81
N 3y 6.2 0.10 23.45% 67.27* 0.43+ 5.18 1.81 15.63
R Ef 3 5.7 0.15 36.72 171.38 0.48 3.69 0.83 15.27
AR
N 3y 5.6 0.20% 47.75% 234.56* 0.53* 4.27* 0.91* 18.00*
Ef 2 5.4 0.24 53.56* 197.12* 0.31% 3.71 0.78% 18.64+
SES A
Y 5.5 0.22 49.82 160.64 0.29 3.79 0.71 17.18
s By 7.0% 0.10 20.75%* 88.54* 0.46* 6.43* 1.95 15.31
N 3y 6.5 0.09 18.45 53.46 0.40 6.25 2.05% 16.33
. By 5.4 0.16 37.07 182.19 0.34x 3.28 0.64 16.17
AR
N Y 55 0.17x 37.07 206.59* 0.30 4.27* 0.84x 18.26*
Ef 2 5.4 0.23 49.88 170.16%* 0.25 3.84 0.65 17.95
287 LR
Y 5.4 0.23 53.68x* 130.56 0.27* 3.79 0.63 17.98
U Ef 3 6.5 0.36 20.75%* 63.30 0.39+* 5.97* 1.67 15.95
N sy 6.5 0.08 16.49 31.21 0.37 5.52 1.87%* 16.22

*significantly different between APV system and control plot at different investigation dates using a
t-test (p = 0.05).

Bs HYd . pH T-N OM  Av.P;0s Z|8Hd (cmol”/Kg) CEC
A AR (1:5) (8/Kg)  (mg/Kg) K Ca Mg (cmol’/Kg)
B =g 7.1% 0.15 23.85 600.28 0.37 6.95 1.88% 15.86
R opE
ey 7.0 0.15 24.08  674.48+  0.43« 7.46% 1.64 18.41%
Efory 7.1x 0.11 16.93 689.29 0.42 6.44 1.77x 16.15
357 mp
2y 6.9 0.19x  29.02%  732.95%  0.75* 7.10% 1.30 19.78
Ef 3 6.9 0.12 17.99 599.98% 0.33 6.89 1.81% 16.16
287 mp
3y 7.0% 0.12 21.15%  500.29 0.35 7.18 1.50 17.59%

*significantly different between APV system and control plot at different investigation dates using a
t-test (p = 0.05)

<H 16> YSYH Y ZS0M ZX} 4]7|E EY SE M}

A5 ENgd ] pH T-N OM Av.P;0s Al (cmol’/Kg) CEC
oA AR (1:5) (8/Kg)  (mg/Kg) K Ca Mg (cmol’/Kg)

Ef =g 7.3 0.14 21.83 503.65 0.48 6.08 1.52 11.95
R cES

ey 7.5% 0.17x 22.30 516.93% 0.67* 6.43* 1.69% 12.69%*

Ef 2 5.3 0.13 28.68 52.91 0.34 2.88 1.17 13.61
357 cEs

Y 5.3 0.15% 29.71% 62.84 0.34 3.02* 1.21% 13.86

By 7.4 0.08 14.34 498.15 0.53 4.29 1.15 14.01
287 cEs

sy 7.4 0.21% 26.55% 514.34% 0.74% 6.89%* 1.79% 13.69

*significantly different between APV system and control plot at different investigation dates using a
t-test (p = 0.05).
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<E 17> Ctfot SEAEILE ZUSI0M B 4]718 AEH SE He
}'3%__9"_ E}loofﬁo . N P K Ca Mg B Na Mn
A YA (%) (mg/kg)
o B 1.94 0.30 2.93x 0.25 0.14 5.45 467.20  294.19%
T
oy 2.00 0.20 2.37 0.29* 0.15 14.62* 620.90x  258.40
Narl B 3 3.07x 0.35 3.38 0.24 0.17 6.51 354.01  264.63*
oy 2.66 0.34 3.34 0.23 0.14 9.24 368.94  200.98
. B 3 1.69x 0.22 2.35 0.23* 0.17 5.31 216.15  482.18x
HE oy 1.45 0.22 2.23 0.19 0.14 6.52  257.24«  353.88
o B 3 0.93x 0.15 2.09x 0.33 0.14 7.02  342.19% 451.18%
T
oy 0.74 0.16 1.76 0.33 0.14 9.38x  258.66  402.62
s wa B 3 1.13% 0.20% 2.07* 0.33 0.14 4.42  192.34«  300.86
o8 0.88 0.18 1.84 0.37x 0.14 4.55 150.84  687.11%
. B 1.26x% 0.11 2.62 0.30 0.17 6.85 257.54  514.52
HE o2y 0.70 0.09 2.19 0.33x 0.13 5.61  314.55x  544.46%

*significantly different between APV system and control plot at different investigation dates using a

t-test (p = 0.05).

HOFI‘.I-

ZUsIM & =7

2 AEH ¢E Hel

oo
ne Elloof_"’ ] N P K Ca Mg B Na Mn
A AR (%) (mg/kg)
Efj oFd 5.40% 0.46% 1.62* 2.01* 0.30% 52.75% 20.47 88.44x
CEE
3 3.61 0.27 1.14 1.78 0.28 45.57 27.49 67.10
Efj kg 1.72 0.23 1.35% 1.32 0.21 33.55 160.67 46.20
ES
38 2.38% 0.27+ 1.02 1.62* 0.28% 29.41 148.71 42.02

*significantly different between APV system and control plot at different investigation dates using a

t-test (p = 0.05)

<HE 19> YSHE Y ZASI0|A 2t 7|8 AEH Y& Hal
ne Elloof_"’ . N P K Ca Mg B Na Mn
A AR (%) (mg/kg)

Efj kg 4.06 0.14 6.74 2.70%* 0.83% 79.21x  846.66% 34.21
CE

38 5.86% 0.34% 6.74 1.61 0.61 36.80 361.48 39.52%

Efj kg 5.77+ 0.38% 6.56 1.59 0.58 41.13  1048.22*  37.22%
23] AR

38 3.57 0.12 6.28 2.47* 0.60 94.29%  622.60 28.87

*significantly different between APV system and control plot

t-test (p = 0.05).
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at different investigation dates using a
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* significantly different between APV system and control plot using a t-test (p = 0.05).



= =2 -
Xtz Ao o EE Ll 2R T ENCIRS Sl
(%) (%) (%) (%) (%)
o2y 2.14% 0.20 78.07 1.26%* 18.32
FAvys SRS
Eff o 1.91 0.18 79.94 1.09 16.88
a8 34.02 12.59 8.86 5.28 39.25
o5
Efj o2 34.48 11.96 8.37 5.32 39.87
ey 35.46 12.06 9.21 5.18 38.08
o3
O o
Efj o2 34.83 13.56 10.48 5.28 35.85
sy 6.23 0.67 9.29 0.40 83.41
=5
B 6.68 0.79 9.41 0.40 82.72
oy 5.59 0.50 9.49 0.41 84.02
H:] HA
Ef g 6.60* 0.46 9.83 0.41 82.69
oy 5.43 0.51 10.90 0.43 82.74
Lz
B3 8.21x 0.57 10.58 0.38 80.27
* significantly different between APV system and control plot using a t-test (p = 0.05).
<E 27> ¥5d HYE TN ZEE FI7|8 & H}
2 Al Azl Ca Cu K Fe Mg P Na S
(mg%) (mg%) (mg%) (mg%) (mg%) (mg%) (mg%) (mg%)
ey 9.43% 0.00 284.29%* 2.18 25.39% 52.41 9.16 37.93
FAZS RS
Efj oFg 6.77 0.00 234.84 1.85 21.02 48.34 8.64 51.12
58 209.97 0.42 1570.79 5.89 205.15 885.59 12.76 22.64
o
Efj ok 223.57 0.49 1550.75  6.50% 225.31+# 925.95 13.14 38.47
A
S 231.10 0.75 1564.92 7.36 245.97 819.40 10.54 62.55
o1
O o
Efj ok 253.31 0.98 1574.82 7.87 247.68 869.90 16.04+ 58.06
S 11.16 0.23 113.85 1.42 28.95 139.46 18.04 40.51
=5
Efj ok 10.40 0.23 128.91 1.59 29.86 148.46 17.53 31.37
U] 10.63 0.38 132.43 1.42 29.56 147.18 15.80 39.96
i =Ko
Efj oFg 11.52 0.22 150.30 1.31 31.81 160.75 13.61 54.85
sy 9.31 0.09 155.54* 0.74 26.82 144.70 20.85%* 68.34
(RS
Efj oFg 11.12* 0.05 126.13 0.94 27.70 137.27 15.46 77.32%

* significantly different between APV system and control plot using a t-test (p = 0.05).
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* significantly different between APV system and control plot using a t-test (p
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i B S AlZEAE N &d ¥ MMul=A E&
2021310 20223 BSHENY St ZH Rt ZHHY 42 E[H| 1,500kg/10a, FH|E, AGH|LH
Al 2 AI7{2| 20X100cm EE= 25X90cm, =2 62 21 XjHi=
ASHOIAM CHZEFQ H|Wwst =2F ZAQ10| IHHi7t 7HsotRA 2.

=]

>
T
I8}

ESF EfYE AE2 XHEHE 31.6%, HHZF 99kw, 7JHE 24N, B &2 2B 36 cell, 3X12
EFQO|ACE etA HXe| A2 22| EfYa A|dnt IHHZZHOA HEY X o2 RjHfg ==
UAS Ao Z TCtE

3 MHl E AIH[ZHN-P-K, kg/10a) 4.8-4.8-54, &
ATHE, A 2| 80X20cm, 80X10cm, =2 11& 10

of 0| 18~20% AAOIUS. Eot 0|5 EHLE AlE2
AHEE 32% LT 150kw, WEZ LS, ZE2 32 cell, 4X8 EtU2 2N O[5 TSI A
£ 3 T 447t S7tHSY| Mo ME=A e A2, AEE =) 247t 2
2SICt EHERE.
202191 2022 L, 55 A Y SIS ofF H M B2 ST MEF, 74,
A0|H, IS 180~250g/4 X, |R7|ZH 15Y, 18Y, AH|ZHN-P-K, kg/10a) 6-3-4,
9-45-5.7, A A2 15X15cm, O|¥ Y 5& 262, 58 31¢, 6& 152 7|AH[0|Y HH{ =23}

(o]

=l

TAOIE 20| M= Aa 2tExd Xolof 7|elsls Az EHEHE.

LS O| 5 A|EE2 KHEE 25%, 32%, Z™EF 100kw, 107
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T SLRUN 3 ZAE B07| AshAE AHIY, HALEQL 2 S
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Lt A=d EfY ofF HEY AEE Mui7|s (1SS - S2HE)
O B Al A3 o MALEE M8 2 5 Hsf 7y
O AAE 2HHE Zaf
— ROl AL N2|77F h=Fo| H|8H 5~11cm 2O, A Y EZH Xjo|= {2o|0|st X}0|E
HOIX| EAS(AE 72)
120
100
E 80
S
o ® Control 50 plants/3.3m’
@ 60
f B control 70 plants/3.3m’
=
E"‘_’ 40 ® Treatment 50 plants/3.3m’
Treatment 70 plants/3.3m*
20 Bar means SE
0
6/24 7/13 7/20

mon./day
<33 72> £ MAIE H3t
— =879 AAE BetE i A, ZU|4|7|12H0I1¥= 552 A, 73 13Y)0l= o=
T2 M| 7o Hls =€ S f*7f BASLL O 622 (78 20¥) 0|20z 2=
HIZOHX = dgE BE/g (A8 73).
t

02 r_\J f

-
o
T

d
-

—M2| et =72 {24 HI%% 2|7 35.8%, CHET 363%2 CHE7F 472t 52 B
S EQon, MAYE 7t 8FA HIEL 50F/3.3m 17t 44.8%, 70F/3.3m 17t 28.0% =
724 HE2 50F/33m 7t 70F/3.3mT0f| B3| 16.8% =US.

35
30
o 25 )
T =8~ Control 50 plants/3.3m’*
= 20
o ®= Control 70 plants/3.3m’
)
.g 15
3 === Treatment 50
< 10
plants/3.3m*
5 Treatment 70
plants/3.3m*
0 Bar means SE
6/24 7/7 7/13 7/20 8/4
mon./day

<38 73> 27|Y 2L AAE Het
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— =7l M2t =0 Hig 3% =8 (AF 74).

=20) 1 2021.8.17 T x27] : 2021.8.14

EEE e
<18 74> M2|7e}t i=Fe E7| X0|

O Mg 8 o2 2M ALt

— XX M2|F7F 102.7cmZ CHETO| 949cm| H|8H 7.8cm7t Z{2O, O|& EfYE Z&E
AX|of IHE XFeE N7 RHWES AR HEE|H, YA YE 7Hofl= 50F/3.3m 7
7t 99.1cm, 70F/3.3m* 77t 98.5cmZ 2 X10|7t QYA S(E 10).

—7tEe AN e Ao Z X217t 85.0cm, CHETRZF 77.5cmZ XN E2| 77t 7.5cm L2
o, MALE ZH& 50%F/3.3m* 77} 80.7cm, 705/3.3m' L7t 79.8cmZ 2 X10|7} QiR S.

-2 M|, =272 HALE 7t SAHX |F2|d0| AF-EX] AUS.

—33mE oAt THET 70F/3.3m 77t 283.07H2 7t Bon, OS2 HET 505F/3.3
mTR7b 2787702 HUSH, M2|F 70F/33m FUA 2540702 JHE HYoO, Mzl U
=77t g EW Ne[774 256770, SHET7F 280.97H2 CHETTt 24.2(8.6%)7H7F B
fon, MAUZZH0E= 50F/3.3m 7t W 269.07H2 70F/3.3m 2| B 268.5712t 2
Xo|7¢ UUS.

—rdEs s=& X PESS M7 A U=+ MYBE=ZH| 7o[H el xto|7t g s

—10aY 2 W=F 50F/33m 77t 715.1kg2 2 71& =%om, M| 70F/3.3m 7t
550.0kgR = 7}& UL, 50F/33m 7| M|+ & ofx=7 7t XNE|F7t 558.1kgl =
CHz= 715.1kg0fl HIBH 157kg(21.95%) HUAL20, 705F/33m 72| HM2[7 & =T o=
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ME| 77t 550kg2 2 CHZET 644.6kg0ll HIBH 94.6kg(14.68%) U

— =7, M2[7Zh 10aS B +F2 HEF7F 679.5kg0| A2, XM2[F7t 554.1 kg2 = A
2| 27t CHZ=T0l HISH 18.5%(125kg/10a) 20| U,

— o= Mo|#72t AU HEL2 505F/3.3m 7t 636.3kg/10a0| A2, 705 /3.3m" 7t
595.3kg/10a2 2, 705F/3.3m 77} 505/3.3m 0| H|SH 6.5%(41.3kg/10a) 20| A3,

A2

4
. 4>
+ ok
ol
A
=
2

=R 2%
(8) (kg/10a)

)
8
)
g8
)
g8
S~
W
w
8
N

f&2550 96.1ab”*  77.3b 18.6a 278.7a 119.8a 85.0a 25.7a 715.1a

=170 93.7b 77.6b 19.5a 283.0a 114.6a 83.0ab 24.7ab 644.6b

2|50 102.0a  85.0a 19.3a  259.3b 116.5a 82.4ab 24.0b 558.1c

A2]470 103.3a  85.0a 18.1a  254.0b 111.0a 80.6b 23.6b 550.0c
Pr>F *7 * % NS * NS NS NS * ok

LSD 7.6385 5.6411 2.6377 50.574 63.28 3.964 2.5304 13.827

"Means with the same letter are not significantly different at 0.05 probability level according to
DMRT.
NS, *, **, Nonsignificant and significant at p=0.05, 0.01, respectively.

O X|o EfY2 SHEON X7, 29A, S57| 20N K07t JUS.

— 22 M| 7F cH=F0 HIs] F 7.8cm oM, IE Ef¥a ZEEXZ ol XH&of 9f
of RO 2 WEHE|H, M2t S57|0| 20| RHEE 0|0 CHDH Ajufate| 7t 2 2E.

— 294 HMHHCOZ oY = 55K £7| & 7|7H0l= CHEFZE H2|70 His) &<
4 BIEE7 oL Oy 7 62Y 0|0 29d7t HIZ8X|= AT,

—XIDEHU7|= 0| 7 552(7/13Y)2 HEE|D, N[+ CHEFZH| XD 2Y7| X}Hol&= Xt

7l 9 A2 THEN, XIR2HeE M2|77F 2737}, CHEFZE 29.77H2 ARt
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— 8o ZP YUY BE X Al ETO) Hls| M2l HBOR 18.5% +HO| L
7| 20| 7|E HTet OHETIRIE Hol B9 HHYF BF MA| Al UMY B4 o
Mo £YYLT BITSITIT BEED, HADEZ0IE 705/33m 7 505/33m
oto| Xf0|7k Fx| UUKIB EHUT REO| O3 (YO YT =2 0[Y7|FY TSt
AshAE A ECH 2N0| RE|Y HO=Z NEE.
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o = 6 8YU(0|Y F 299) ZAO|ME= BETIF AH|HE|F
DA77 X 78 8Y(0|Y = 598)0= 4.8cm S, Ol=
O Z#ast Zo=z HHE A 72)
ot 22 B 604cmO|A 2T, C=F2| HFET(63.3cm),
AH|F621cm)y= 2 Ao[7t it EFO| AH|FE=
U*S(AE 72). O] GA| HE L2 £F EZ2E THEHE.
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35

30

25

20

15

10

MNumber of tillers

JUNB. JUN14. JUN17. JUNZ2Z. JUN2Z28. JUL1. JUL 5. UL 8.
Date

==t Cont. Standard Fet, s=8=Cont. Less Fet.

== Trt. Standarf Fet. Trt. Less Fet. Bar means SE
<d8 76> Z7|T 20| AAE Hal

« 570 M2|F7F ti=Fof B3 5€ =5 (A" 77)

=57] : 2021.8.21 =27] @ 2021.8.16
A2l [ "
<38 77> N2 et CiEFC| E47| X}0]

O Mg Y +uy 247

_ 7S M2l TEIYBRE)T BE 7420mE CRETO| 723cmof BB O 2om ZYOLE £
ol40| gI%S. Ol EYTRE HX0f M2 RTOR HaRJt =YHS HO= WEE,
Al 72Ol EETI} 737cm, 28|77t 72.8cm2 EETIF O 1cm ZiSLE S240] ¢
LRI

— B2 H2l77 162cmE ATl 183cmE L O 2cm HAST, EAH go/40| O
E|92. O] A ZHE T ORITIRIZ AHZO| ofef XzlTol +F0| HOHH Ao WL,

~ 7| 0|4 4= HalTet BhETIE 22 122014, 13201422 2 Xfo|7t g9l 13y
L AlE] RZHOS EET} 1450/4122 AH|TO| 1080]440] Hlof 37014 RS, 0l
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AlH|ZQ| Xtolof oot ZAntE TEHE|D, AH|FE BETFO| Hig &2 330 £FUCID
THEHE

-2 EsEs MR, EFU0 BE T, AH[FZH| Ko7 A/US.

— 1000 &2 N2|77t 24.1g, =7t 248922 CHZEF7F M2|7of |8 0.7g U2,
Fo|MQl Xto|7} QIFE|R M, AH|FZH EEFLF AH|FZE 2 K07t RS,

- S&5E82 Ne|7#e tHEFZ, BEETFQ AH|FZH0 R2/80| UUAS.

—10aY =2 NM2|77t 472.4kg, CHETIt 497.9kg= LIEILAS. EHH 2= K|
HISH CHETZF ©F 25.5kg/10a =R2LE, SAXMLEE 72|40 QHE|X| LUAS. AlH|FZH
o= EZT7} 501.5kg, 2H| 77t 468.8kg2 2 EET7} 32.7kg EU2H 82|40| o1F g
AS(E 37).

<H 31> Ho| 45 Y =¥ £/
T R 2% 2% 01*442 283 AFF: 548 ¥ 2L
(cm) (cm)  /3.3m =R (8) (%)  (kg/10a) %)

2EF 7217 17.77ab  16.770a 63.03b  24.13b  95.27a  520.20a 100

RESSE AH|E 72.40a  18.77a 9.63b 83.37a  25.43a 94.43ab  475.63a 91

Bt 72.29 18.27 13.17 73.2 24.78 94.85 497.92

EEF 75.13a 16.33b 12.20b 76.33ab  24.07b  94.20b  482.80a 92
Alel AH] 73.20a 16.10b  12.03b 72.87ab 24.23b  93.00b  462.00a 88
ot 74.17 16.22 12.12 74.6 24.15 93.6 472.4
TRT(A) NS * NS NS * T NS
Fertilizer(B) NS NS * T NS NS *
AXB NS NS * * * NS NS
Block NS NS NS NS NS NS NS
LSD 54653  2.214 4.2669  14.127  0.6601 1.929 32.778

Means with the same letter are not significantly different at 0.05 probability level according to DMRT.
NS, *, **, Nonsignificant and significant at p=0.05, 0.01, respectively
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— BN ot H 3 HtS

o 7R 10aY T2 HEF BEET7L 5202kg2 & 71 %, HAMo2 = NE[77t
472.4kg2 2 CHZET H0f H|8H 4.9%(2F 25.5kg/10a) HUS. Ol= Kr2of ot 224
2 oEE

o A[H|FZHOE AH[F7F EET 501.5kg0| HISH 6.5%(32.7kg) A2 M, 0] HA| SESH &
2 320| O|F0X|X| %2 ME2= TEHE.

o APZHIO| M £ZES T 600 ~660kg/10a(T E A ZEISHRl 2011) 569kg/10a(EH 57

Y, 2012)22 =HE 25%S ZOSIH, 70% HEo| B +=FO=E EQ Ol AIFEHO
E I

SEX| 2 =22 HSE7F R2 Aol ez

O A4 Auf A @ ZA MY A8 45 R sFHE 7Y
15~20% AtO|Of O|FO{X|2t, ZHAHO[ 17§ 0| X[LtE LIELLEX|

O Ao e 25 o
QOF ZXF £ J|CHT 4 YLD BEHIGHRS

O 2R 40| LAt ATIZ 3 8 O[47|S(BHO Hlo) %S 22 U)ot 54 Ty BT
of olgt ZLA OH)S 08T U QA R s LXHO| LIX| 2 Ao F

89 109 2|7

99 10 2|7 9™ 10d gEY
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24 FATIL B 20702 3E 292 FA T
QYRS

S .
O ZA = 50¢ =719 &7| =& HEF 1.970, 270 Me2|(Yetd, F0td) W 1.870H2 CH
ZT 9 M2IT BR2 X0|7t GO0 ROM0| ANER| $US. YA F 50Y YT
ol =7| =& 38 24 YA B 24702 38 29¢ A9l 23742 XO|7t QIS
<E 3> B BEY ¥ YA U2 AR £F % 37| 4
= Z7%{cm) 7 2
o A B 3 A A % B %
=0 (/%) 309 502 309 502
. 3/24 11.550" 31.30a 2.11a 2.55ab
3/29 9.66ab 32.11a 1.66ab 2.77a
e 3/24 11.11ab 34.06a 1.89ab 2.22ab
=ee 3/29 9.66ab 36.36a 1.66ab 2.22ab
e 3/24 11.11ab 34.41a 2.00ab 2.55ab
e 3/29 9.05b 32.83a 1.44b 1.78b
BE(A) NS? NS NS NS
R A17|(B) - NS - NS
AxB NS NS NS NS
L.SD 2.13 37.851 0.5277 0.8107

. Significant at p = 0.05, 0.01 respectively; ns: non-significant at 0.05 probability level
Y. Means with the same letter are not significantly different at the 5% level by DMRT

O 4 & axtel YRE2 96~99%= 2| =¢O0| &0, Efdd 2= 7 YA7[ZH0= X0
3

T7F 429cmE 74E HUCH, M| (Yt
4 74 7ot Xto|7t IFE|AS.
= =T 2474, ?HEI-‘rL Uty Ents) B 21702 XHO|7F QS
mm, M2| ety E0t) B 8.8mm7HZ XHO|7F QA LE HA7|
%M—‘Hf g8.6mm, 38 29¢ HAFIL 9.0mmE A7 FAS.

= =7 3670, Me|H(Yetd, F1td) Ha 31702 Xo[7h it

F= =770 7070, Me2|(etd, Fard) B 567012 tx+7F 04
to|7} oI™E|9lS.

!

M
i
0%
okl
El

Iy
N

Jal
froox of

@)
e
N <
o
0-|-
HH )
0% P2
bope
OO
L oo

5
- Mo
Oft )
N
o
“‘ ox
>

=~ 0o
62
$Q
|0
L=
0 ki
1o
Q_F
>+ r

O =Y 484 118 T2 U271 37249, Me|H(2ety, Foty) B 342.1g22 =
'_I'I'7|' 30. 39 %%ED:‘ %gl-él;l- |' |E EAAE-
O 10a¥ 488+

2 =771 1,878.6kg, Me|F(EEHY, Fatd) Bo 1724.6kgR2 L
T7t 154kg(9%) =AM [eph X0|E EUSZ. HAE ZEd Ho= Lt
1,699.4kg, FIFHO| 1,7499kg2E 50.5kg &US. 2 24

1,828.1kg/10a, 3 292 HAI7|7t 1,723.7kg/10a2 3¥ 24 A 7|7t k7t =/hOLE
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O HAof ofsff =8z 7|dAtz= I8 14410F €0| =& &,

date co2 lux temp hum rad
2023-02-08 15:50 217.1  14467.3 Q.72 32.23 4.14
2023-02-08 16:00 217.7 135828 8.39 3543 3.68
2023-02-08 16:10 2114 120388 1.78 3522 344
2023-02-08 16:20 207.3 10943 71.32 35.12 313
2023-02-08 16:30 2103 101815 742 35.87 2.9
2023-02-08 16:40 210.1 9188.8 1.32 38.45 2.63
2023-02-08 16:50 211.5 8766.6 .32 39.63 25
2023-02-08 17:.00 2094 7184.1 6.94 40.46 2.05
2023-02-08 17:10 209.8 5265 &15 41.96 151
2023-02-08 17:20 210.6 40703 5.03 43.59 1.16
2023-02-08 17:30 211.5 2667.6 44 4499 0.62
2023-02-08 17:40 211.6 1957.2 3.95 45,74 0.56
2023-02-08 17:50 208.7 900.5 3.49 45.73 0.26
2023-02-08 18:00 209.9 346.3 311 45.5 0.1
2023-02-08 18:10 208.8 89.6 2.97 44,54 0.03
2023-02-08 18:20 206.5 16.5 2.67 4575 0
2023-02-08 18:30 203 7.1 1.98 48.06 0
2023-02-08 18:40 201.8 6 1.64 49.49 0
2023-02-08 18:50 198.2 6 1.02 51.59 0
2023-02-08 19:00 196.9 6 0.55 53.12 0
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Agro-Environmental Observation in a Rice Paddy
under an Agrivoltaic System:
Comparison with the Environment outside the System

Minseok Kang', Seungwon Sobn', Juhan Park’, Jomgho Kim',
Sung-Won Choi', Sonpgsik Cha'®
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ABSTRACT

Agrivolinle sysiems, slss called solsr sharing. staied from an idea thei wiilizes sumlight abeve
the Bight saturation point of crops for power generwlion using solar panels, 10 is expected Tt
agrivalimle systems con reslize climate sman agriculture by redocing evapotmsspintion and
meethane emission doe 10 the redwction of incilent solir mdiation amd the congaguent swface
cooling effect and bring sdditiensl imcome do fsms throwgh selar power genemtion. In this
shely, 13 evalusly el sgeivollaie svdlems are suigalde [ar realieatben of climang s apricaliee,
we condected agro-emvirmnmeental ohsemvabions (ke dowwmsanlfwpwant  shortwavedongwave
radiarions, air empersture, relative homidicy, water empersiure, sobl empershire, sad wind
speed) im A rice poddy smder an agrivolisic sysiem ared with the envirmoment
nutside the system using satomated meteorelogical m:m (AMOS) Durng the
observation period, the spatinlly aversged incomimg soler rdintiom wmler e agrivolaic
system was shomt T0% of that in e open paddy fehd, asd clear differences in the soil asd
water temperaimres between (he paddy field mnder the agrivelic sy=tem apd the open poddy
fleld were comfirmed, slthough the nir tespersiures were similar. It s reqoired in the mear
fupere to conflirm  whither such  envirommental differcaces lead 19 & redsclisn in water
consumptien and greeshomse gos emissions by flux measeremsents.

Key wovds: Agriveltsic sysiem, Rice paddy. Micremetesrolegy, Anfomated Meteorobogical
Dihierying Svabem (AMOS), Radiation bhalanse
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Abstract: Agro-photvoltaics [APY) could be the optimal means of sustainable development m
agricultural areas poce a few challenges are overcome, perhaps the greatest of which is the constant
shading from AVP structures. This study examined hisiw the growth and vield of rice, prtato, sesame,
and soybean crops could be aptimized when grown underneath different APY systems. The solar
radiation, shading levels, and bemperatures dunng cop cultivation were measured. 1o addition, the
photosynthetic efficiency was measured at different growth siages. Adjacent to the APV systems
werne the control plots with full sun. In these studics with potate crops groswn under APY systems,
must growth and yield parameters were simalar to those grown m the cantral plot except for the
plant height. On the ather hand, sesame crops grown underneath the AMY systems had a lower stem
bength, effective branching number, 10 seed weaght, and a reduced vield of 19% compared o the
crops from the control plat. In bwo distant lecations (Paje and Youngkwang), seybean crops grawn
undermeath ATY systems at bath sites showed increased ungrained ratios per pod and a reduscsd
yield of 18-20F% compared to the control plot. Finally, rice crops culbivated undemeath the APY
svetems had a lower pun.l.zk.- number per hiill, spikelet numbser per P\.'I.I1I.|:||.'. 1M seed weight, and vield
reduction nf 13-30% compared to the control plot. Overall, craps grown undemeath the APV systems
had a greater plant beight and stem lengthe Moreaver, the solar radiation and PAR underncath the
APV systems were also bewer than in the contred plots. The phatosynthetic efficacy in rice plants
grivvn underreath the A svstens was lower than in the contral plots. The photosynthetic efficacy
may help lower the crop yield swhen cultivation is underneath an APV system.

Keywornds: agro-photovaltaic; crop; phatasynthests; weather fackor; wield

L. Introduction

Fessil fuels are J'u.'a.vil:( redied LPOT A% erergy sources and are still the |a.r5\|:ss|: SCFITTE
of greenhouse gas emisions in the power generation sector [1.2]. On the other hand,
to comply with the Paris Agreement and meet its objective of limiting global warming,
the demand for -uxl:aHishi.ns an alternative Ny xu]:!P-J}- i the world has led to the
use of renewable energy, which has favorable mitigating effects on carbon dioxide with
minimal environmental impact [3-5]. Comman renewable enengy sources indude bicmass,
hydropower, geothermal, wind, and solar. Fusthermenre, the development of renewable
enwergy soarces for replacing fossil fuels has become ome of the major societal challenges in
m1|.-.-'ir|.;|.; the eneTRy and climate ch.:ng,l: CTiSis.

Amony the renewable energy technobogies available, photovoltaic power generation
requrires & huge land amea which can m lesger be used for sgricultural applications. Pho-
tovoltaic sysbems have been n.dapllsd tir resduce their negative effects on a.Eril.-uH.ur\e. The
comeeept of the apro-photovoltaic (APY) systern was introduced by Goeteberger and Zas-
troww [£] more than three decades agn. Since then, APV systems have become an innevative
facility to encompass photoveltaic power production and crops in the same agricoltural
frelds [4]. The Korean government is implementing APV svstems in cural areas as parct of
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Estimation of global solar radiation under the agrivoltaic system using a
three dimensional model
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Differenes in Growth and Yield of Potato and Soybean under
Agrophotovoltaic

Yong In Kok, Young Ok Kim, In Tack Hoang, Hyo Jin Lee
Deparvmeny of riveeal Medivioe Resowes, Suschon Motonal Ushersing, Suscheon 7022, Repubific of Korea
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Agro-Environmental Observation in a Rice Paddy under an Agrivoltaic

System: Comparison with the Environment outside the System

Minseok Kang', Seung-Won Sobn, Juben Park Jorgho Kam, Sung-Woes Cloi, Sungsak Cho
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Development of a mobile application to aid decision-making on rice

management under agriveltaic systems
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Assessment of region specific Angstrom-Prescott coefficients on

uncertainties of crop vield estimates wsing CERES-Rice model.
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Effects of Agrivoltaic Faciliies on Methane Emissions from Rice
Paddies
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Observation of Greenhouse Gas Emissions from a Rice Paddy
under an Agrivoltaic System using a Closed Chamber
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Weed Occurrence Patterns Underneath Agro-Photovoltaic

Systems in Rice, Sesame, and Soybean Fields
Yo Geon Kim, Young Ok Kim, Yong In Kuk®
Department of Bla-oriantal Medicing Resources, Sunchon Mational University,
Suncheon 57922, Squth Korea

Agro-photovallaics (APY) could be the opimal means of sustainabie dsvelopmeant in
agricultural areas once a few challenges are overcome, perhaps fhe preatest of which
I5 the constant shading from AP siructures, Although APY technology i@ baing appliag
worlcwide, there i vary litia accompanying sclentfic research o axamine 8 impacs
On agronomic parameters, such as weed QColrrenca. Thus, this study examinad waod
Aocurrance undemeath APV systems in Nce, sesame, and soybean fiekds, For this
study, petale (Chungwon) ang sesame {Pajul crops were plantad at one facity each,
whereas rice were planted at thres APV facilies {Bosung, Majy, and Seungiul, The
shading rates of |he APV uz=d in this sludy ranged from 25% fo 3%, In areas
arowing pofaio, hree wead Species wers observed Under tha AFY system and in |ha
control piots at harvest Of Mose weads obssrved, one weed SPECies  (Comman
lamsguarter! grew at g similar growth rate both under the APy sysem and n the
controd plots, whereas the oiher w0 species were dilfarant depending on their location,
In scvbean fislds, 5 wead specias were observad undar APV systems and B weed
species In the oontrol plots, Futhermaone, weeds grawing in both APY systems ang
Cantrol piots had similar growth rates. In rice figids In Seungiy, 6-7 wead EDECkE wira
ohserved in both APV Systams and controd plots, However, shoat frash wesight  af
Sagifana Infols  Sicacs frondasa,  Eoiipis orastrals, Monochonaz  vaginads and s
alsmoiges in the control plots was higher than under APY systems In rice fiekds in
Bosling, oWais afamoiies, Sofivs prostets Bidens frondoss wera abserved under APY
systems, but were nol observed in control piots. In rice felds in Naju, weed speces
were ot cbesrved in both APV system and conrol pleds. This resull means the
Qccurrence of wead spacies varied depending on APY faciliies,

Acknowlsoperments: ThiS ok Was camed ol wih e sunmort of Cooperative
Ressarchl Program oy Agicuitire  Boisnce & T schnoiogy Devalaomen!  (Profect No
ORI T Fura) Dovelpoment, Reputic of Kores,
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Kowteorde Drirhig bosigg-verms Nus sealtading, wie oecoenally enounbis dbmstins wiene the cilsling measuenmnl wlup
Flun musl b clanged. Considering il cue of the main gerposs of beng-term Gl ioesitesing is dentifying long-
KLy oxrrla s perm varigbiEny sed trends, which se relatively small in is important w endestand or coreeel Tor flux differ-
eres cimsaad by the M esent selling clusges. In this sudy, befere changisg the M sessuremness beigss of
the CRE (Chitarmon Rice poddy, Borea) site foos 100m 10 5 o, we ingalied another sddy ovarsinee syslon @ 5
i i pompiod he sensibie s 0000/ O, Munis an both Teights Toom Apell 3020 1w Ageil 2021, Although
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Cnmparative churreation

1. Introduction be chamged from an open-path EC system o a chosed-pach EC system o
Improve data retrieval rates during the wet season (e.g., Kace = al

20043, £2) the measurement height of an EC system may be adjusted s

The measurement design for agricubiural and forest metearalogioal
ohservations can be changed with the observaton™s purposes, targets.
ard condidons. We may occnsionally encounter sibaathins where the
existing measurement ssrup needs o be changed, particolarly in bong-
term momicoring sites. For example, in the case of forests, the mea-
surement heights for meteorological bles (&g, air temyg and
humidity, precipitation, and leaf wemess) may change depending on the
canogy keight and crown that change aloog with the growth of the
stnnds. For fux measurement wsing the sddy covariance (EC) sysiem,
the following tases need constderation; (1) the type of fas analyzer may

thee camopy hedght champes (£.g., Febmuasnn e al, 2018) or lowered o
narrow the flux fociprint as the ferch is shorer due to land-use and
land-cover changes (LULOC). Due o the aging tower struchure during
lnegg- bermn monicoring, a new tower may be constraoted around the siee,
and the EC system may be moved 10 a new bocation

For o long-term mondtoring site, one of the procedanes tha should be
fedlowed after changing the messurement design b= to ensure ibe con-
timuity af the time-series datn. One of the greatest validin of long-term
abservatins of ecosystiem-aimasphere fluxes is wo ideniify mends and
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Assessment of Region Specific Angstrom-Prescott Coefficients on
Uncertainties of Crop Yield Estimates using CERES-Rice Model
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ABSTRACT

Emplrical modeh incluling the Angstrom-Prescont (AP) model have been wied 1o estimate
solar madistion st sites, which would support 8 wide wse of erop models, The objective of
this study was to estimate two sets of solar mdistion estimates wsing the AP coefficients
dertved for climate fone (APye.) amd specific siie (AP respectively. The daily solar
mdliation was cstimstcd =t 18 sbes In Koova where long-term mcasurements of sobw radistion
wore available. Im the present stmdy, daily selor mdistion sl sumshine  durstion  were
colleciml for the period from 2012 o 2021. Doily westher dats inclwding mavimom and
minimum  lengperstures. and  reiafall were  ale  oblaised fe prepare bnpat dala e a
process-based crop madel, CERES-Rice model included in Dechion Suppart Syetem for
Agretechnology  Tramsler (D55ATE B was Toumd that the daily estimates of solar mdition
wsing the clmaie rone specific coelMicient, Siwe. bad skgnificanily less ovor tham those ining
site-speeific cocllicients Seu, (pe008). The camulative values of S, Ffor tbhe period from
march v Seplember sho had less eror at 35% of smdy sites than thove of Sq. Sl ihe
we of Sy amd So. as inpeis (e ihe CERES-Hice model resulied im slight dilferences
between  the outcomes of crep growih simolations, which had no significant  differesce
between these ompemt. These ressbs suppested sl the AP coeflicients for the lemperste
climate zome would e prefernble for the estimation of solar rudistion. This merits furiher
evaluation studies 1o compare e AF model with oiber sophisticated approaches soch as
maodels based on satellive data,

Key wordi: Angstram-Prescofl cocllicient. Solar mdiation, DSSAT, AF model, NREMSE
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