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6.1 Wiowanszuunshianuan nAuduluAuLuy Real Time kazuuvusiaadlunisusuiiuay
Fosmsimesdasuvuwiusuuuinuasuladivg)

6.2 tieussiumaluladfimnrauvassuweinnafanuiuiuiasmsdearstoyaluiuiiugndos
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7. vaulwnvadlAsINIsIdY
voumesiuiinunseunquituiinisugndesiomalutninuasanssd 744,942 13 audayaann
N nenuiiuiivgndesgamann 2559/60 vasdtinnurmsnssunsiasuarinmanse Tasitieseosdu
Buszeznamismizgnifeuiiuiay auisszeznafuieludousunau U we. 2561
luituiineaedideiie Wuiinisugndesuasivg Useuna 5,000 15 ves 3w inwaslng Sumesiudu
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8. NN ANYAFIU UATNTDUUUIANYDILATINTIY
nsUssdlumiudesnsinvesdeslunisdnudded Wun15tienseuy Real Time Monitoring
System lun1siamuanmenuduiulufuiionzgndes thandnameiaudensidinesdesass
(ETo) $rufuprmudosnisiivesiindads (ET,) wasiduussanéaslithuesdon (K) mudrananis
W3duTnaufenaiufies suaunsi (1)
ET. = KKET, (1)

m Fafiudn K, 1Jurn Water Stress Coefficient 984808#il455UU Soil Sensor M uiaTeilonsiadn
mesLazimanssneiasaunquituiinisUgndesionn vasfuiidnu fefuilmzugndesludmia
uAsAITIA 744,942 13 mu%’ayjamnswmuﬁw?iﬂqnéaa Yn1swam 2559/60 Ya9d1INIUANEASSUANSDBY
wagdwavsy  Tnednunzusstuu Soil Sensor Real Time Monitoring anunsouandldnmusuil 1

s Y 4 o o v o q v
LONATUATNAINTZUU NRMS LUaUv 2/10/2560 1381 12:56 u. UM 4 910 37 BiWN
9876 izuuaﬁ'uaqum‘;ﬁﬂﬁuhmi'l'uﬁwanzmuLLaxﬂﬂiv‘mumamwuLLuuéﬁﬁW%'UUqﬂaaa



UMAIUAUUSEUN LKA Userdauuseane w.A.2562 Tasen53de

7
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AAFC Network \
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% Gateway
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alcz
LT v
L& Soil Moisture Probes rﬁ
L N
L{Te (Steven’s HydraProbell) : P~ N

Data Storage AAFC Network
\ / \ Computy

3‘0‘171 1 Soil Sensor Real Time Monitoring
w1: Phillips et al. (2014)
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LSASATIVONIARBZLUUTIA9A19Y wazn1sUuRnselurasldasaundivung auleulvvasanin
a1me wazlladevunzandensujiinisiuai MuaninsaukIAnn1TIdeagun 2

Server Data Storage

) = -
LLNLWIR1']”€UQU

e ¥
KA | wuhmrudeimsesdon
sruumivaunisindulafio Ete = KsxKexETo

aldith (Pumping)
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9. NISNUNIUITIUNTTN/A5aUWNA (information) ANeU84
9.1 Usziiua21ufsanislduruasie (Crop Water Requirement)

Usuaunasldirvesite (Crop Evapotranspiration; ET) wanels Usunaniiiftedsanisld
734 sufnaiigydsiuanuagn Tnssuaumsaieivesite fmheoduaunveniymisam
WU vesiy/mireay e Wy fadwas/Tu Taemsmesavethvesivudousunanislé
YDINY (Consumptlve Use) LUunsumumssmmnmmnmsamLaammnmmuimamssuma (Evaporation)
WA msazgmammnw‘ﬂmmsmam (Transpiration) Fudmduluaaiieniu nssamerhaniuunau
nfidnaterfindfimnnsenuinduduwdn mﬂsmmmssvmm}vammLsaaq NARUAINNTTATEYLAULR
fuaqu‘umawsqwuﬂnﬂammwmu Tnowla3uugnity mssemethaniuay LUunsvmumwanmmms
qauJLaEJm meaw‘uummsmuLmUT,mLLauummuﬂnﬂqmuamqaugsm n'ﬁngLaauwzmmmnnszmums
Mot dundn (Allen et al,, 2006)

s‘i’iqmﬁmﬂ%mmmﬂ%’ﬁwaqﬁﬂuLLanUanﬁi‘émsViﬂ'aufz'hquqmn ?Nﬂnv‘hmsﬂmﬁuima
ImﬁmmmmnmauaamuEmesn TueRnfiiiun Snswannaunisieuissa (Empirical) uag AuouRida
(Semi-empirical) Funnung LwaUSUmuﬂsmmmﬂmuwaqusaﬂsmmmﬂ%uwaqwmmqaqmnmaua
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gafloninen uadrulnglildluanmaisugnuazaniwaimaiisumis Liawnsaussyndldliiu
anindendun Assnnanwuandeniiansivdiugnimuniy

d1uUsununsldivesies1eds (Reference Crop Evapotranspiration; ET,) #388199¢
NU195I409A1 Potential Evapotranspiration; ETp ety wmaﬁwﬁﬂmﬂumiﬁwmmmﬂ%mmﬁwﬁ
gy dolunnfiufinigugnitifieunaauagedwiis Taoithues Fesflanutuegodniisawanumny
maqmwmwwaamnmLLauwumww.,Uaﬂuuaumamum:uﬂ’m‘l,wywawmlumlmmiiumau,aumimauw
yosfirFasnsznunsuitourndvinameuonuintin unmsiariuesanfiuiuasfoufedinsiio
foamsliiUEununislddvesivdsdsiiueg fummuudsuutasesanimgfianaseudraudiiseedng
e Wy Svdnaiiineinnsudfsdvasaeniing gamgll Arududiivg anuiian Fluasen Hu
fu nMafwamUiinumsldtvesindede snduniminefeyavesanmgiionnia a gaanaua
anuiiilinaassiunioduaniuiiiazidinslidhwesfindredal Uldau deyadendnosdasinis
aTvday g Ufuupmaensuuimlinssiutisniselgiulavioogiivvdetianfiasiiluly
Tngldgnaviedsnsanduadiagiudaldfustrunsvans 1wy Modified Penman, Penman Monteith,
Pan Method 1Uusiu

Wil Usnnannsldiwasfiedneds (Reference Crop Evapotranspiration: ET,) #ia wanlunns
ﬁwmmmﬂ‘%mmﬁwﬁamﬁﬂiﬂamssvma‘anm*ﬁuViLWWVUaﬂﬁﬁﬁmUﬂﬂauasjasjwﬁ"ﬁmauaﬁ%aua Tnglal
%uaaﬂwumwm 803 msmzymuimmwm wazMsInnslunlas mumammwwummwamammmaqms
vosiiy wariuiinzdgniuszfasivunninslugweitarlivinldnisssveuaznisasdvasiiadas
nsenunsziileuandudwanisuanindn edaanislivdununisldiivesiivdredstuegiuninu
Wasuwaswesanmgienmnndenusiissetwiies ey ET, annsadwiaildnndeyagaioning
Tngldannis Penman-Monteith detoyadiunnlddaldun dayassdanering guugiainia anuiu
Tuenia wazmnndian FsanunsaUssananalagldeoniuag ET, Calculator 3aWaurdulae Land and
Water Division 189 FAO

Taglutiagiu msvsaiutiununisléivesiivdasaunts Penman-Monteith Tag FAO 1é5u
nsenuliIisinasgudmiunsldnstowazdnatinumsldivesiivd1sds ET,) Tneviunu
nsliwesity (ET) annsaussduldananduyseavi meldihvesiie (<) Fsduiusiurinislédvasiin
81989 (ET,) fauansluaunsil (1)
ET = EToxKe L (1)

ag19l3fn1u MInRa1TuISINAYU Crop Growth Curves Faduwusfuaiuduwlsvesnis
Lasmmu‘lmaqwmmuqmmamaq ma'Lmuaulﬂva] 817 n1siresEiveveiiy Weulwnsaniwenia
Immawwuasmmmswmmmamumamiuw warulen Water Stress Coefficient (K;) aza1u15aUTu
aunsit (1) Wdsaunisi (2)

ET = KoxEToxKe 2)

9.2 n3awmsanandnuiiuludiu (Soil Sensor Network)
Soil Sensors M sinArsitladidnvinvasiuiilifinruudei mnUiinaniluiu R
annsadaifusunuvesdnvasiuifianuuandafuldivarsuuy sdansiliees swe o1i gungiives
fu (wadea), pruduludu (WRY), Aasiivesdidnvin ddunsifudmnsfmesaneg fnsdeimszuy

y v d_v o v d v
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w3etnensasivaeumNtulufy 81 msdeansuuu GSM/GPRS Sailuszavsnmiidudruasil Solution
fiineluntsdsderauuuliarnuy Real Time 9nfidsanndl didenszuvdeansifuinsuuulimees
Rogers Li18491n GSM/GPRS fanuindeielunsidanlufiuiidne wisuuu Remote Telemetry Unit
(RTU) @sfiuthiindnassegaiiedeansiuieugesuardeansiu gateway ﬁﬂﬁqasgndqmulﬂﬁq probes
way observations MnwuLweslUds RTU Tnanisiiusiusindeyalas RTU gndsluds gateway tuszuy
\3eUnul¥any Adaia RTU way probes anunsaderiussuuiadetnsliansluse RTU dle RTU finnsdeans
foua probes waeld RTU annsndsmsasuifieuld fnsiernisiauasddidug ludusumesrinuany
dadeans d¢ RTU Minaluladnsdeans GSM/GPRS lunisisanstitussuuiaiednglansluds cateway
visiigunsaidnglvues RTUs Uszneushe wumaeTuuumnsalwld 6.2 V uas wnaiwaduaseniinduun 460
mA (Phillips et al., 2014)

usnaINMsAeansiuddoyasay GSM/GPRS Saanunsadedeyarituszuunsauteyadalulia
(Automatic Packet Reporting System; APRS) H1uv1958UU Packet Radio Faluvszwelngldaudnans
yestiningadasidu Raideddelisiduinmsnaieunnszuuiaietievenanau way Weldluiud
vslnafideyey1as GSM/GPRS 1nlaids annmsAnwives awAesh (2560) vaagsdadayavinaniiingiain
dnvaureinia ludmingasiind 31uiu 3 aonll swduiaieviginglunsdaiudygin way aaniunn
1835 $udwn 5 undl 923du UHF 9600(GFSK) uarldrinualildsau VHF 145.525Mhz APRS 1200bps
wuiansodudsdeyaldinsuiu fiduvusinitsyuu GSM/GPRS wnn

F8n1snsaatananududu SruunBuidnienss Oirect) waznaday (ndirect) Fan15197t 1
10838 Gravimetric method udfagiifunudndunissi armasdongs wiidedrindenisiiluituiiounn
ngifenfuiegisiuiumn Tagisinanutulufuyniideilieuseslieglufunui ergmsldnudy
571 3-6 \Weu iflesnninisinnseuvedlaveviwmihilusnilwiwasdyarannud 8nseden 79
Adu Microwave ansafndelilufufissduanudnanifufusedusng q uilifidiuvenauwesiidudeanu
Fefimunmuuarlfonulddeidessnui wanzauieriunldlunsiamuenuEsuuianutuluiu
WUU Real time 16l

A9 1 W3suiflsuismsnsivinauruludusmuinosisinusngg |

Methods Criteria Measured parameter
Cost Accuracy Spatial Response time
Direct Gravimetric method Economical High Limited 24 h Mass water content
Neutron probe Expensive High Limited 1-2 min Volumetric soil moisture
Time domain Economical High Ltimited Instantaneous Volumetric soil moisture
reflectometry (rv28 s) content
Capacitance and FDR Expensive Low Limited Instantaneous Volumetric soil moisture
content
Tensiometer Economical High Ltimited 2-3h Soil water potential
indirect Gamma ray attenuation|Expensive Low Limited Instantaneous Volumetric moisture
methods (rv60 s) content
Remote sensing Expensive Low Targe Instantaneous Soil surface moisture
Capacitance sensor Expensive High Limited Instantaneous Volumetric soil moisture
& Y 4 o o v & v
LBNATUATNINTEUU NRMS wiaiun 2/10/2560 1181 12:56 u. UM 8 910 37 viun
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Gypsum block method |Economical Low Limited 2-3h Soil moisture tension
Pressure plate method |Expensive Low Limited Soil dependent| Soll water potential
Ground penetrating Expensive High Large instantaneous Volumetric moisture
Microwave Expensive High Limited Instantaneous Volumetric moisture

i UFuu537n Dobriyal et at. (2012)

9.3 wuudraasnisandulanisufuinisiunans vshunalsumAlvenauuy

Ysedna (2553) Wimunszuunensaleimeauagianannududalumsujiinisduvais nsdlfnw:
wuudrassmsfeduladaysannslumsvidurinadssmelne Tnensieszisaudsifiangnalunis
wernsalerme iiaduannuanuiiinanfued we. 2549 Ussnaudedeyanismiasiniatuuy deya
wen oy feyasianduazusngmisaisneg Advinadeanizeiniagiane fuandugui 2 Seua
nsAnwnuituuuasimsdaduladysannislunisinluuinassmelnensuvy Usenause
WuuTIaevidn 3 wuudiaes fe 1) wuudnasimnuminsanveieniauasusseanalunsufiRnisdu
a2 UsEnaume 2 wuudnastgay likn wuudnasinsmamngsiuauminsauueia 1 nmnaniy
aneluseuiourswusavanmglivsswmanasniivsemeluseuiiou waswuuinassauminzaulun1svin
Huainaniizeinieseaugiinig 2) wuudnassnnuvinsanlunsufuinisduvaidaglszilivaniie
omesverdu Usznaude 5 wuudastdesldud wwudastnanizeimaseduniu wuudasimside
iWenennsafanmzenmeuuuhasinsnsaenieduuy Tagiiaunisannes wuusiaesnsnsaeInedy
v Tag3iAndrinresiius uasuudasinsmaniieanizeImaszszefifisninagenuieins
USnauruanismnd 3) wuusiaeteuminEaNvesdn1IreInIAszduInRen 1Ty Usznousie 3
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' Basic Research

T Basic principles observed and reported
" Concept and/or application formulated
" Concept demonstrated analytically or experimentally
@ Pprototype Development
" Key elements demonstrated in laboratory environments

¥ Key elements demonstrated in relevant environments

" Representative of the deliverable demonstrated in relevant environments

" Pre-commercial Demonstration/Product Development and Commercialisation

€ Final development version of the deliverable demonstrated in operational

environment
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T Actual deliverable qualified through test and demonstration

" Operational use of deliverable
10.2 szRuAawsumalulaBosAnduf e ssauaamdt (Fenanuaonedosgeamiiios
Fadaiisavint)

' Basic Research
" Basic principles observed and reported
" Concept and/or application formulated
" Concept demonstrated analytically or experimentally

" Prototype Development
" Key elements demonstrated in laboratory environments
* Key elements demonstrated in relevant environments
" Representative of the deliverable demonstrated in relevant environments

€ Pre-commercial Demonstration/Product Development and Commercialisation

" Final development version of the deliverable demonstrated in operational
environment

" Actual deliverable qualified through test and demonstration

" Operational use of deliverable
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- Applied ecology and biological science
- Greenhouse gas measurement and management

- Life cycle Assessment (LCA) Carbon and Water footprint

- Geographic information management (GIS), remote sensing (RS) and global positioning system

(GPS)

- Environmental and landscape design
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- Development and utilization of biological nitrification inhibitors (BNIs) from rice and grass
genetic resources for rice breeding, conserving nitrogen nutrient and mitigating greenhouse
gas emissions. 2012,

Waimhlasanisidy

- Discovery and development of bioactive natural products for Biological Nitrification
Inhibition (BNI) and their characteristics in some rice (Oryza spp.). 2012.

- Nitrification inhibition capability in field condition of native Thai rice varieties. 2013.

- Monthly water footprint and midpoint and endpcint life cycle impact assessment of water
consumptions for rice cultivation in Chao Phraya river basin. 2015..

- Methane emission from rice production system with water-saving irrigation. 2015.

- Mitigation of greenhouse gas emissions from agricultural sector by nitrification inhibitors: A
case study of sugarcane. 2015.

- Mitigation of greenhouse gas emissions from sugarcane production by nitrification inhibitors:
Extension of study results to farmer plot and dissemination to target groups. 2015-2016

- Plant materials for low-maintenance green roof to conserve energy and reduce carbon
footprint. 2015-2016

W aw

Unideuluwidy
- Mitigating water footprint and improving water use efficiency of Thai rice production under
climate change. 2013-2014.

- Enhancement of efficiency for wastewater utilization from palm oil mill industry. 2013.
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- Application of water use study model and crop coefficient (K.) of Thai rice to mitigate water
footprint and increase irrigation water use efficiency of Thai rice production under climate
change. 2013-2014.

- Integration of biological approaches for enhancement of biogas production, wastewater
treatment, and utilization of palm oil mill effluent. 2013.

- The Analysis and Database Construction of Climate Change for Research and Development
in Thailand Highlands. 2015.

- Development of mixed bacterial inoculum for promoting growth and recovery of staple

crops under drought condition. 2015.
7.2 WHaWATING

7.2.1 Publication

Lek-Uthai U, Sangsayan J, Kachenchart B, Kulpradit K, Sujirarat D, Honda K (2010) Novel
ellipsoid spatial analysis for determining malaria risk at the village level. Acta Tropica, 116, 51-60. 5-year impact
factor 2.710

Kachenchart B, Jones DL, Gajaseni N, Edwards-Jones G, Limsakul A (2012) Seasonal nitrous
oxide emissions from different land uses and their controlling factors in a tropical riparian ecosystem. Agriculture

Ecosystems & Environment, 158, 15-30. 5-year impact factor 3.869

Kachenchart B, Jones DL, Gajaseni N, Edwards-Jones G, Limsakul A.
Effect of spatial proximity to river on N,O emission in a tropical riparian ecosystem. Geoderma. (Manuscript

Submitting) 5-year IF 3.349

7.2.2 Internatioanl Processding

Kuhakarn C, Pootanakit K, Jaipetch. T, Sirithunya P, Pongyuen W, Pichakum A, Roytrakul S,
Traipermrn P, Hongthong S, Kachenchart B. (2013). Inhibitory properties of root exudates and their chemical
compaonents of native Thai rice (Oryza sativa L.) on nitrification. The 10™ INWEPF Steering Meeting and
Symposium. Balancing between Food Safety and Food Security in Paddy Production. 57" November 2013.
Chiang Mai, Thailand. International Network for Water and Ecosystem in Paddy Fields (INWEPF), Page 13.

Kachenchart B, Kuhakarn C, Pootanakit K, Jaipetch T, Sirithunya P, Pongyuen w, Hongthong
S, ManitkooS$1,Thongsamut C, RuangsomN, Sukruedeehansa T. (2014) Biological nitrification inhibitory properties
of root exudates from traditional Thai rice (Oryza sativa L.) and their mitigation of N,O and CH, emission from
paddy soil. The 4th International Rice Congress (IRC2014). Rice for the World. 27" October - 1% Novermnber 2014,

Bangkok Thailand. International Rice Research Institute (IRRI).

7.2.3 National Processding
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7.2.4 Book Chapter

Boonlue Kachenchart, 2016: Key finding in the fifth assessment report of intergovernmental
panel on climate change. In: Second assessment report on climate change 2016: Updated climate change
knowledge and information of Thailand. Working group | The Thailand research fund [Amnat Chidthaisong,
Pariwate Varnakovida, Matanapan Jewjiam, Atsamon Limsakul, Suppakorn Chinvanno, Chalotorn

Kansuntisukmongkol (Editrors)]
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