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Effectiveness of ICT field monitoring linking field images with soil and environmental data:

case of a cold upland cabbage field

Yuki KOJIMA!, Shoichi MITSUISHI? and Masaru MIZOGUCHI!

Abstract: The effectiveness of information and communi-
cation technology (ICT) monitoring, which links real time
field images with soil and environmental data, was evalu-
ated by a case study in a cold upland cabbage field. Soil
and weather conditions were measured with the ICT mon-
itoring system in order to understand the water cycle at
the cold upland cabbage field. A fieldserver and soil sen-
sors (ECH,O-TE, Decagon Devices) were installed at the
cabbage field to measure weather condition, soil temper-
ature, soil moisture, and soil electrical conductivity (EC).
Soil moisture at the cabbage field was close to saturation
during the cultivation season. Possible reasons for the wet
soil conditions are that a hardpan with a small saturated
hydraulic conductivity exists at depths of 40-45 cm, and
the precipitation rate was much larger than the evapotran-
spiration rate at the cabbage field. The soil EC revealed
that soil solute transfer clearly followed the precipitation
pattern. Soil temperature and soil moisture during the win-
ter season showed different diurnal variations depending
on snow cover and its melting. The real time field im-
ages linked with the soil and weather data provided a more
complete description of conditions than could be captured
with only soil and weather observations. The ICT mon-
itoring of soil properties and weather conditions was an
effective tool for enhancing the understanding of field con-
ditions through the use of real-time field images.

Key Words : information and communication technology
(ICT), field monitoring, real time, field image, soil infor-
mation
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6 A TAEING 10 A TRIEFTORN4 » AT, BRIZL-
TIFFE2 M (X XY - KF v Y) OEFEET-T
W5 L, 1990). mE&mHTOX ¥ VI ENE, EO
FORGEMEITRIFEREIND. KIEROHR 5T, &
VERFICATE SREE D 72D KB O X% v Y NEEMBEFE SN D
fEbLHY, BELEFYXVAENEEND (KF,
1970 ; ‘=i, 2006). Z OHIX DX ¥~ FE5 IR %
L2 7a, BKEELHOERKEDNELHO KX
BREREIoTNDEEZOND. F72%< OESEME
B ECHFELTWD 720, K, & REME L OREH
OHHRANEBIZ 2> T D (D, 2007 5 #0 - K
MR, 2002 ; ZEH, 2010). ZoLEEEEIF ISR EE
TR oA M < BB LT\ 5 (Le Bissonnais and
Singer, 1992; Cruse et al., 2001). DL EDHFR LV, HEA
2 ¥ XYM T DKIBBR RS, HFIC HEIK B
FOMEHNEETHH.

i 4, information and communication technology
(ICT) ZHAL-E#MOE=F) 7 (74— FE=
ZULT) ICHEEPEET-TWD (D, 2007, 2012).
74—V RE=ZY T, BEH#ICBNTA Y —
v MEHTHEHGOREG - LT —%, B X OHLHE G
RERYVTNIALE LIFHEY TV A LTI
5. BT e l—%EEL, B TOT—¥EHE
EATOWEROPWEEIZH LT, 74—V RE=HXT
JCIEEMBNC T — Z EUCEE < MR 2. Elet
THHNEe T —DOBEIZ LV FRA RS 2o T
b, PEROFHTITBRAICIFM 2 o T DIizxt L,
T4 =NV RE=LZ Y T TIEZEDOY T AE A LMED B
BRI T, HaliZextiEnrlge L 725 G&O, 2007).
S HIZHEROBPIEHE BT o 2B BRI 2 E T
BiEOLE [T — X e CMENOHEEN L TR
TW BRI A RIS TE 5. FlxiE, BiHfE
YD B IRIECRIE B BRIF W7r EMize S, REROFE
72 BLHCR I O HR N AT RIS 72 5. F 728 fET — & L8
MR ) 7 D2 LT, BUET — & 721 TR
PEE U WEER R BIRBRICRL o L b
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T4 =V RE=H YT —=D—DIT 4 —IL K
H—N (FS) b 5. FSIE, BMHKEEATR T oY <
7k IF—=2 =2 - TNV AT L) (HI3-HI8
FHE) OHFT, FIRBEREGHIEE & —03B% L2/
MEe=F U rary NT, BEOEY, Web & £
7, W LAN ¥ o — L7 E Ok 4 7 TR 2 ik
L7 4=V RE=FV VT AT A 2 TH% (Fukatsu
and Hirafuji, 2005). FS O IZFIZE OFRELHK B
(Fukatsu et al., 2006 ; #H#: 5, 2013 ; FEHES, 2014),
THINESCHER T 7 r—va ol (B,
2007 ; 25, 2011 ; HF S, 2014) 7oL, HEREm % &
RELTER, BTV Z RIBTICRE - HiiIh
TW5 (Honda et al., 2007; Manzano Jr. etal., 2011). L
NLRNE, TOFMME, FFlchE . [R5 —% L
Effgal) s SED T ETHROLNDIHFROALEMEIT DN
T, FEBEOBEMIRETHIC TS B8 18 - KRG HE
F451 2 IO TR L7l 7w,

O CARRFFETTIE, IRARSE v X S D /K AE SR O i
Bragple L, K4 HEERT—2 LRE#s ) v
7 LI ICT E=2 U » T OFNEERIET 5 2 & %
By & L7,

2. RER7TE

HES I B ERER AR O % v~ 4 (E : 138° 28° 407,
N:36°30° 37, #5 1160 m) IZ FS & 3w oY 2% E
L, F®r"VEREHM (B 4F020H7 44— F
E=F Y T ETo. EEGOTEITRER S - ()
Ta—2 8 69%, k2%, Hit 9%, HHmE
®026kgkg™ ) ThHotz.

21 =42y

2008 ©E 8 H 3 HH 5 2008 4 10 H 22 H £ ¢, FEEkEH
LZBIT DX v XY OB LINHEIZADLE T, EF0D
T4 =NV RE=F V) T ETo. WIEHBIX, [R5
(RO - AR - AR - BOE - &E - BokaE), +
BEReE (RFEE KSR - iR - EXREEE (EC)) BLUEL
WE G TH D, [ET —Z 1% FS (28t S 7= Weather
transmitter WXT510 (Vaisala, Vantaa, Finland) Ti|E L
7. BHEEORE 21T ECH,O-TE (Decagon Devices,
Inc., Pullman, WA, USA) % v 7= (ECH,O-TE i 2008
FEREO® Y CTAEKT LTEY, BIEEmAM & EC
HEREN M EL7 STE ~EWB ST 5). MG
X 25cm, 5cm, 10cm, 20cm, 30cm, 40cm, 50
cm, 60cm TH 5. 7=, FFEFTOMEELS 10 cm
D& S RN 3 (Dielectric Leaf Wetness Sensor,
Decagon Devices, Inc.) Z&%i& L, fE#E/KORBAEORE %
Tolz. [GEFEMEBMBGRIT2 5T LI, TiEREtEL
EFIL 15 0 T EICE Lz, BRI X OSERN
T — X [\IRIZIET — % v H— Em50 (Decagon Devices,
Inc.) AW, [T — & LBMEHIT FS 2k > T
A E =2y P = ERIRES N, FOXRFEEER
BEFRENICCER L., BFE=X ) 7Tl

T—HIXT — X aH—CRIF, BREIT-7=H FS %
WTHIE L7 BT — & 2@ TR 5 2 & % Al6E
TobH. ECHO-TE THIE S5 EC IO BT o
EC (ECy) THBD. D72 ECy 1% Hilhorst et al. (2000)
OFETEIRREC (ECy,) ~:#HE L X (D).

K ECy

ECy=—"—"—
Kb — KEC,=0

(D
ZIT, K [IKOHFEESR (20°C D L =1280.3), K (T
T FHER, Kec,=0 (F ECy N0 EpplEotiE
DOWFEERT, HRTHEOWFEBRLE AR T LN TE
5. Z ZTi¥ Decagon Devices Inc. (2007) 23#8E5-2%
KEC,=0 = 6 A L7 K, 13 ECH,O-TE (2 & - THIE
SINHLOEMEHL.

Fiz, BFE=4Y 7 BitAID 2008 48 H 2 HIZ
15 100 cc =27 OFELE{T->72. 100 cc = 7 OREUL
ZhFn0-5cm, 25-7.5cm, 7.5-125cm, LIS
cm §2 62.5cm £ THOEI TITolz. HEL7Z =
TIIPFRBICRELIF D, ERAMIEIC TG KR,
SRRZI TRz 2 A L7z

22ZFFE-A Y)Y

2007 & 11 A 19 B 5 2007 4 12 A 20 B £ TAF
D74 =NV RE=HZ Y T HITo. AFE=FY 7
1L RS R DI, AT D BHK O 28 & E)
THROREETITHO> TETHH-Z. L1 L FS ~D&E
AR DR LZE E 720 12 H 20 BICHBEE IR > 7272
O, BHlTENETE L. BiEHEBIE, EFEE=%
VT LRERTH D, ETERBLEFLFEKROLOE
7z hy, ECHyO-TE (3572 2R S ICHIER L7 (4 em,
8cm, 16 cm, 32 cm). F7-HEEL7-BIEAHF%2 FS
WCED R, FORIEEE HHETRT Z Lz kv ik
DR BARE LT, AF07 — X 3% 5
DETEFSICLoTA v ¥ —xy b — N LIZRIFEL,
[RIBFFEEE N TR L 7=,

23 EFNHNIZ L L UVEREHREDHT

WESNZKEB LT — 2 2 AW TEEX v~
VIO S & Kk %, Noborio et al. (1996) O
EBICK VHEE Uiz, W& R, TRV E H, R
ERELE I, ThEAUTOXSICEETE .

Ry=(1—a)Rs+&&0L" — &0l )
H:_Ca(Ts_Ta)/rh (3)
LE = —L(va _pva)/(rt’+rs) 4)

ZIT, o T REOKEHRE, R IZEHE, & & &l
WFE & RKOFHHER, cIIAT 77 RV Y < B
(526x108Wm2K™), T, & Ty ITRE & HiFKH DR
E (K), C lERKOEEEAARE Om3 K™, Lidko
IR Tkg™), pys & pua 1THIRE & KKDOKES



AL KRG HEEN T — X CEME®EY Y U LEERHICT =4 Y 7 Oa3M 7
35
— | i —25cm  ——5cm
830 " H|H[‘ | b ——10cm ——20cm
o 25 ! iin A v il - -
2 'M»!“&Hlli\“;h»"‘i ! l l}’h “U" RALL AR mn | ‘ o o
g 20 \ \ ’H \‘s | &_A_.:u.-.a--‘;:;““J“.Wu_15‘;"&‘. ! ﬂ-; \1‘,“. L | 1 il "
E' 15 | " \ \ \ \ I\ Wa' ‘—“S!"‘w‘?‘;"‘v'\". ‘;“—gs.;._‘_"_l_
5 il "H“i““"““H“”
Fo | ik H\UW
\ y U Nyy ¥4
5 L L
3-Aug  11-Aug 19-Aug 27-Aug 4-Sep 12-Sep 20-Sep 28-Sep 6-Oct 14-Oct 22-Oct
R (a)
0.7 50cm 60 ~
Eo6 | cm 50 £
Sos | 22M100m a0
o]
Co04 {30 &
Q
+ —2.5cm ——5cm Re]
§0'3 —10cm —20cm | 20 __,Hg
(¢} —30cm ~50cm o
% 0.2 | \ — Precipitation 110 3
Eo.1 | L 71 A T N . 0 &
(©]
> 3-Aug 11-Aug 19-Aug 27-Aug 4-Sep 12-Sep 20-Sep 28-Sep 6-Oct 14-Oct 22-Oct
€
N 2.0 600 £
E 500 £
915 2
2 400 £
&) o
Y10 300 8
Rel o
= 200 ©
205 =
= 100 E,
® 0.0 0 3
Q
3-Aug  11-Aug/ 19-Aug 27-Aug |4-Sep 12-Sep 20-S 28-Sep 6-Oct 14-Dct 22-Oct <
(c)
16th Aug 16:57 31stAug 17:07 22nd Sep 12:00 13th Oct 12:00

(d)

2008 Cultivation season

Fig. 1 F v XYM O (a) THOREE, (b) REE KR LBAR, (o) LEFRESRMEEE (ECy), (d) BilimEA.
Soil temperature(a), soil moisture(b), soil solution electrical conductivity (c), and landscape images (d) during the

summer season.

B (kgm™3), m, ry, 1o lZENEREEREA~DLER S
ZOIRPL, KEKELEA~OES ) FEGT, HifE oK
ARLREICKT DB TH D (sm™1). M EWE G ix
MR & HHOK S EOSRE S L VIRER L (Sauer and
Horton, 2005) 12 CHRE L7z, 4 BN S IH 3 3R 17 D 2L
WERIZ L > TR bR D.

R\+LE+H+G=0 5)

X ©2), B), @) TEIHMERHERE T, BRI TH S,

X (5) ZWil-d T, 2RDBHZET, Ry, H, LE %1
ZRURE LTz, IRE L2 LE 2R Y 72 0 OKOFRREE
Bop L (25°C D& % 245 x10° Tm™3) TH: L CHARH
BE (ms™!) Z#ELE.
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B1EFE=4YVYT
Fig. 1 13835 HIH 2008 428 H 3 H5 10 A 22 HE
TOHIE, WEEKR, B8R EC (ECy) OZLTH
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Distribution of bulk density and saturated hydraulic
conductivity.
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Fig. 3 IEREn -t ¥ M7 & xR,

Output of leaf wetness sensor and relative humidity.

%. F7-, FS TR SN-BMEBRD 5 b, FEHR L
DxFL LTz,

311 EHEBENEL

FHEEHWIM OMIEZAE T, AEHIM A2 B L CHRE MK
TLThLERT R TE 2. £/, 20cm LV HEW
BT LWBEE X TWD A, 30 cm IR CTILEA
FERBEHIRONT, 92 NTETL TV 25
cm OJETIE, 1 B O E iR A3 E## <ix 35°C g7i
%, IARHIR A 20°C Fijifg T, EDZEN 15°C 76 20°C
FEHY, FREIHETITRLWVAZEEZ L.

312 EEHEEKEDEL

WS AKRIL, #£E25cm, Scm, 10cm £ TN
EARBEBMICE W LVIKSEBAR R b, —HTTE
D30 cm LUETHEHMLWETNIXR N T, ZARBEHT
RIBIZE DD &, FHTBERIC L 28T 0 L
ANR 6T, 20cm LUEDE TIL, EKREE KR HEs
HMAZBELTCTO055 05 075 DREREER L. v

XYM HEOBIREN T0 % FRETHDL I LE2EXD L,
IR E A S B’ CH 5. Fig 2 XM TR
L7z a7 B IE U7 ARG KRS & RERE FE O #h
ESMTHD. Fig. 2 02 HIES 20cm 225 45 cm 15T
MR N LR U, E72ffidkRE D 30 725 45 cm
TIRT T2 Z & bEBRERFELTHDLDONRDND.
Tl - B (1995) IR EOF v XY B TIEZoL S
TEARJE N — RIS IFE L CWD 2 &2 ME L TRy, =
DREAESEIC K > THRROHTFIRENITITEN TERE 20
cm 25 50 cm FHEO EEAREASRERERFL TN D &
EzbND. EEMFERAITO 2.5cm & 5 cm ORFES
AKX, BNV THRMICEMT @8R A 50
Tz, THUTOWTIEZIRD 3.1.4 HNIZTELRET 5.

313 Ex1TEAKEC OEIL

+HEAW BEC 1%, THHEOmmERESE e ST
MIERZRAH Y, WEOFEROIIEL TN TE
2 (BES, 2002). HIERES 8 A TAIET, #S
2.5cm, 5cm, 10cm @ ECy, 1IEVMEEHERF L, B
FRIEHUTHE D BB ZMVIEL T2y, 8 29 AnbD
8 H 31 HOMIZAMITIET L7z, ZHUfkEvyy, #E 20
cm DED ECy, ML=, Z oMM, X 20cm B0
ECy I3FEANE L FEOZEBZ L TWD 2 Lnb, Bl
IZ & o THIR AT ICAFAE L CW D FREICii S h

TEEZB2DND. ZOBEORBER/ Y — LW i s
ETHY, ZOZENLEROME &HEENREOBE

OEBERERNTHL EE2DND.

F72, 8 A 23 Bn 8 A 26 B FE TIRMRE ORERE N
Witz 8 2E L TR Y, FKED ECy ODRAMARK T
Zo7-8H29 Bn 8 A 31 BiE, #ETEOKRES
KENEVIRRETHEFF SN TW2, ZoZ b, 8 A
29 A UARMEERE HEOKEREN &<, HERm»HEA
L 7= BRI R DBk S, B O LI LA
SNTWrEHEINDS., —FT, 8 H29 A5 8 A
31 HidEE LEORKEREN /NS o272, L L
WMHRFAEL, WEOTE~OBEIDNFER SN LEZD
ns.

314 EFNDOEL

Fig. 3 123 v~ 3B (2008 428 H 3 H ~ 10 A
22 H) O¥EFENEUCFHAEBKEER L. EERIT
BERNOENHTH 1 HEHI T L < EE) LTz, Fig.
41%, BN EZ S0 o72 2008 4£9 A 7 H 12:00 7>
52008 49 H 11 H 12:00 £ TOIEREN & fHxHEE O
ELTHD. TR 18 gD 20 RO A %I EF7
i, wElEZ@BL T ERERITA. 2L T, HH%ZED
5 WD 7 FREICIAICHR U, DIKE B 3% £ Ol %
FEL T, MIRHBED EF US54 2 R I 3
BB ERLTWDZ Enn, MRETHERKOEEN
FAFIKERELFICE L BRICHEBERF R I TV &
EBZOID. TOX DR ¥~ M Tl I &
L CTHRRBICH #2534 LT\, Fig. 512 2008 4= 9
H9BENH 200849 A 12 AFToiEENE LV H T,
25cm & S5cmiBICBITAME L RBEEKREELT-.
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Output of leaf wetness sensor and precipitation during no
rainfall days (9/7/2008 — 9/11/2008).
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Output of leaf wetness sensor, soil temperature, and

volumetric water contents at 2.5 cm and 5 cm depths
during 9/9/2008 — 9/12,/2008.
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Estimated surface energy balance.
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i, TR YoM ERIZE> TENENOBES
DOEMEEKRENRETORMERL LI EF LTS, 4
[ /i L 7= Decagon Devices Inc. 8o £3ik /5t > Wiz
I, BERFESER STV D RS, 2008). L
L7235, (RFEE KR OBENMBALGREZ] 3 K OB N5 (ERF
A IR O E— 7 RGN g - Tz e, RigLHED
RHWOEBEEAKEDO LHIL, FEIC K- TOKGH I
HIRENTNBE EEBEZLND.

BAS5 EEX v RAYMIZE FHEULT - KIRE

Fig. 6 (2% ¥ XY FHIEHMO 1 HH 72 OBINZ D
EleaF Uz, FHEEHM A8 L T R, OB ERNIC
Hote. FGIFEOMELIY LADEEZEDHDIEH N
%<, WilZ@m L ChRnbiRmGE~0T gL X—
DORMININBN TH 7=, £7-, LE £ H TlX, HIZxL
T LE DERe Y REREEZRL, FEEHHEAEL T
Ry D70 ~90 % » LE \Z/Be STz, LHEENRHE
WIEDHA, Ry O LE ~D 53 #1% 70 ~ 80 % FREEIZ /e
%A -, 2003) Z ol D, HEEHIMAZEL TLH
HEOREREE AR L T 22 b,

i3 1 D BN 3 A O HETE S AT HE W o B R AR
BT 201.4 mm Th o 2. HIEHH OB ERAK X
3327 mm T, AFE@BEERE EBE>TW., Zhit
30cm &V S W RENREFNTEV KRS B ARk TV
TEERESELTWD. [RGTT A X 20BRELLEIC
S L, 2008 FEHIFE LY HORBEAKREDDINET
otz EFHIEWM B A -10 ) oBROFEREEEK
£ 432 mm [ZxF L 2000 LA D F)IE 539 mm TH Y,
LB O T HEREO Z E N E X 5. lRi s
LTz 2008 FEICBKEN AR HEEELZ KE L EA-T
WieZ Enh, HEMEL LI v XYHIENARETH S
bbb, EO—FT, BWKSGESHERF ST
22 e, BEOBENSITFE LI RV, Fr VT
THoRJERENEGNMEHTHY (HEFS, 2014), 1%
TR TOF ¥ _XYBEB T FIE LY bBE~OFEENE
BLe %, ElmEuKS TR TIRRE I O e E R
DOEBAEZ D LTV EEZOND. EEH TIEHTK
PoEFRRENE (BES, 2009), FREBZ 6
LB OIS Z DE W HHOK S BN L FIF L
TWHEEZEZDHZD. ZOMERBEROEMIL 3.1.3 ©
ECy ®Z{t (% EC AR & & IS TEICBE) 21D
HHERTE D, I HITIFAACHEE D HERAIC
DVTH HEOFEK S EHERAEE LTS, mkS®E
R0 LA~ ORI O AKE MR T2 D I
TR T/ &< 7% (Smith, 1999). b IREER2SH
R &80 5L, THERREENEIALLEZZOND.

32&FE=4 1YY

3.21 £FH#BOEL

Fig. TICAFE=4 U v 7 IC k> TR L HHRE
L WFR IO FHRE A R Uiz, MRS I iR m o kg
RTEAGRICE > TENT D, BA LR ERAaD L
ThiE 0.08 5 0.13 F2E T, #HEOKFREL 0.75
M5 0.95 FEEE L IEFIZE < 72 % (Campbell and Norman,
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Soil moisture during the winter season 2007.

1998). X - T Fig. 7 HORKIHRIE D L AIIEE OIFAE
ZRLTWA. #EEL< O HEEEIT 2007 4 12 H 12
HETIEREL BEBZ LTV, LML HZEH)
BROENTESH 2D 2R L. i & FRHZ SR
BRZBITHML, MENEZ 72 B bnb. Lo
THEZSHOIHITE WA REZFF>FHIC L - Tidd
AMEODARBKE SNl btBhbND.

3.22 ZFREEKEDEIL

Fig. 8 ICIZAFE =4 ) v VT hOKEE KROLE( %
R UTz. HHOKSEOMER & IR, MEORZ S
12 A 12 B T BEBIIA LTRSS LT
7. LML 12 H 12 BZ2@E5 LM LVCAZLE#ZRL
2. ZOHBIZHOWTIT 33 HMNICTEET S.

33 HhEBRELE [KRET—4DU Y

B O = Ke=2 Y T, MEREER
OEAL, FEEROABRNAREDOF ¥ XV AERESL, BKEREIC
o R ORAE (Fig.ld, 8 H 16 HEifg), MElE<om
AT 72 EOFEE L (Fig.1d, 8 A 31 A L%
BHEGE N LR T D ENTE -, BEHBESGOMAD
AFRDIE, —MICER S5 | 2 ED O IR
LWEZEDOOESTHD. ZOFS gzt s2 L

THEREZEOTEZLBFRETHS GEHDL, 1993). F7-,
IS OB E KBRS EEIRIKE EC I E 0T — X
LS LEDED Z & THHMORNZ L EEMmciEET
HZENTE]. =& 20E, 8 A 16 HOEME DORERN D
B, MLWHIREEA BRI TE, BHOKSEORN
IR TEZ2H 00, BEROETE TERREEL TRy
ZENbND., £7-8H31 HB9 A 22 HORMICHK ¥
XY OFEERDIEE D2 ON BB GERTE 5. FRHIC
+Hedh o ECy, 13 L, 9 H 22 AURIRIZIE—E L 7
HZE0D, BHICEROBEMOATIHRL, fBERICHE
WRIIZF v XV ISR RE S R SR S 7= TR © &
Abib.

AFE=H Y IRV TE, KA OfEH
(HL M 23 RV S B ik L 7=, Fig. 9 1 Fig. 8 il
LWHZEBEhZFEH L= 12 A 13 B2 12 H20 BT
DOEMEEKFEL, MR ORGSR, BHmG e & i
RLEbOTHD. BHEGR,D, BEICHS LHRE
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