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3.1 ATTUIUNIANUARAANTNIITOUS
Tutureansimuanadnsnisiiouivemdngns 1idnssidunndutuneunasnszuiunisd
Huszuudedaluil
3.1.1 Mmstmuanguiiidulddudevamdngns Usenaude
(1) dnAnwdagiu

(2) AwelA
(3) gflddnuin
(4) 213IHFURAYOUMANGNS 81158UTEAMANgNT 813158Kd0u
(5) amwwm‘mmmamuaumﬂiu‘laa
(6) @1 TUAMAIYITN @1VTIVITNNYATNTTY
(7) Fdevirt LasHUSAVOIUNTING ATV T3
(8) AduviAu LarriusNIveIREINeImE@nsLasinAlulad
3.1.2 N3EUUNITUALIINITTIVTINTRYA
1) AsaRUNU
)

(
(



21

3) MsUseaunqueey
4) NMSANWILALNUNIUITTUNTITUTLNYIVDS

(

(

(5) NSMIUFBUNTLUIUNITIANSISEUNNTEDU

(6) Uuiine@nasdimansinUszaunIsalvTInLnAnNY)
(

7) wuudsuay

PnualaNnsEUIUNTLarIENITTIUTIIdeYAa A rUaLay AT duladul e
YINENENT Al

Uszam ngu Usznausing Power/Impact wieafiauazissrusauteya
Afldule | easd |- 8131sdSuiiaveu HP/HI - MsUsey
diulde NANgA3 - N15ATIENYNTANAATYA
elu - 919158UsEIMENENT Wanunenisiauidseina uay
- 919138Kd0U gNSAANTVBIUNIINGNT 1Y)
W43y
Un@nw | - MunutdnAnvidaglu HI - Mydun1ual
- huuaRuaY
WINe1dy | - IdeviAl wasiusiaves HP/HI - Weviend uaziiusiavesumine sy
5198 | WINIREINAL T8 A8
318
AMEINET | - IduiAY wagiusives HP/HI - AdediAY wayiusiIvoIAme
AIAASLAY | ANEINYIAIARTUAS Ingraransuavinalulad
walulad | walulad unInerdesny UIINNRYITNVA T893
WNINeNRe | AgWaeesiy
ERKRE KN
378
Adldduld | @an13v1dn | - dededuanivdn HP/HI - YedeAvanInNINIngmansiaz
dautde | nedans | memansuasinalulad wialulag
Mewen | wazimalu
1ad
aonduna | - @a1913TNINYATNT Y HP/HI - AUIATYITN @1U1TYTN
1AW | UsEnaumieauinizlgn NYATNTIH
ANIVITN | WYLATYIND wagalvl
nunsnssy | wielulagnisinuns
Alddaudin | - UTEW WU waveIIme LP/HI - M3UsEyUngugey
3 d1fim - LUUAD U
- {18Y19g VIR N99Y1 - MINIUEBY
WAUAUATIDEINY - UwensEnUseaunsalinnan
- d1dnauinuynsdanda
Lie9318 nINALESY
N3NYAT
- USWW duoa Tn woun Tn
Wany 31119
- Ununeansy




22

Uszam ngu Usznaudiy Power/Impact iA3asilianarissiusiudoya
A -Jaudinfidi5an13fnen HP/LI - M3Useunaudoy
IINNANGATING1ANANT - WuvUARUAY

T @uivInedans
LATUTANISURILINA DY

(Lh)

3.1.3 msdansteyauaziiaszvidayannudssnisvasiiidwlddubianeasuuaziivua
Junadwsnisseudvasndngns

gduladude
(Stakeholders)

#

AUABINTS

(Needs/Requirements)

G PR P LRG R
(Sum up

Needs/Requirements)

NAANSNT3L3EUIN
NBUHUDIRNDA2IY
#a9n15 (PLOs)

¢ Yo

1 | 819715983 URAYOU
Nangns 813158
Usgdndnagns

9131585@RU

-dnfinwrliadiuiaiu
wialuladinunsduinday
nQvunedcuinden wag
S3usssudendeniiause
Uszgnaldaula

- Judindeusindinssivane
rutnaluladinyns
Awandou

- fudslaluniaoudas
Tnd 9 maentin
_@unsadedansiuiiieu
T LAZRUIBITUAN 9
JERGEANG

- @UN50ILATIE wazuAly
HoymAuwndeuld
-aunsauszendldainug
fudy 9 wieldlunisyieu
Aruinaluladinyns
auandeuls

-deen1slvdn@nua
Usgyndldaaiuiiie
wAdgnrnruinalulad
Wnensaswandauldags
RTREAEY

- feanslrnAnwidiaanu
WWalandnnisiiugau
ngarunaluladineng
deuanden novuie
AawIndeu LazasusIIN
Aawandeu

- AINSlUUnAnTa Ui
AIINUAINNADINITUD S
AANALIIUAUALULaY
\NUATAIINGDY

- ApanstnAnwanunse
AuaTesRnuilnailacig
aueadieldlunisuftem
TiuresAnsuazyuwuld

- feensdn@nwiiinng
doansiugBulsiduegned

- Iinwelunsiasiet uay
uilodemaswindeuls

- deenaslidndnenld
arwiitugiudumelulad
LNEATAILINGOUTINAY
Aransdu q wieualy
Uszgnaldlunisyiala

PLO 1 85U18%aNN1S
warAudiugIudIy
inAaluladinyns
Fandeuls

PLO 2 T4ia3nsiiouas
gunsallun1suginau
prutnalulaginyns
?%QLL’mé’aulﬁaamgﬂﬁaq
AIUNANIYINTT

PLO 3 Uszynald
inaluladinens
Fanndouiioudlotlym
ATUAISINYATLA Y
Awandou

PLO 4 1A 18%uAY
uAdgndsszuvlunig
USUISINNITINUATUAY
dawnndeunglinguane
LATATYTTIUIVITN

PLO 5 wansunuinlu
nsifuauninnquuas
HUY LagyineaIusIuiu
Hduedrsilnany

U A '

SURAYRUsIBEIAY

e

e

2l@an13 v w
AngrAans way
wialulag

A1UTDUIAUANIIVITN
Inerdransuazinalulad i
AMRUAlagan1Iv1T N
nenraniuazmaluladds

- fasnsltnAnwilvinwey
AIUNNTIATITHHANTENU
Aeandeusuinedans
wazNIIAIUANLANY 5

PLO 1 95UT8%UaNN1S
warAudiugIudIy
inAaluladinyns
Fawndeuls




23

=b.

galdaulddawde
(Stakeholders)

ANUABINS

(Needs/Requirements)

a3UAUABINNT
(Sum up
Needs/Requirements)

o ¢ a val
NAANWSN5LIEUIN
NDUEUDIRDAY

#aen15 (PLOs)

LAf1nuANInIgIUNIS
U3enovivITningnaans
wazwAlulagAIuANaIuINIg
AT vinansgvuisandon
AIUTNYIANEATUAENIT
AUANNaRvdIsT YA MauTR
vosgvesuluaynynusenay
1T nIneAransuay
waluladaiuauaiuinig
AnswinansgvuAsndon
AIUINEIAIANTUAL NS
AIUANNETY WIBUAUMTUA
VANNMUINITTUTOIMANE A
wazieniivaanvinag
AvAuNafivlad 5 Uszian
gog laun 1) grivnuuaiiy
th 2) faruauuafivernie
3) fAruANvryaaeuaTas
Ufina 4) grivauuaiuides
uazANAUAITioU way 5)
AIUANTDLATUNT Y

Vinwe lauA 1) n1saiuRy
uafinin 2) n13AIUAY
Uaiwa1n1e 3) NSHAIUA
vozyaresuazdsufna @)
N3EAIUANNaTYIHEUAY
Awduaziiiou uas 5) N3
AIUANTBUALSUATIY

PLO 2 T4iA30siiouas
gunsallunisufdnanu
prutnalulaginyns
dawandexldegnagnies
AIUNANIYINTT

PLO 3 Uszynald
inaluladinens
Fandouiioudlotlym
AIUNISLNEATULAY
Aawndeu

PLO 4 T1AS189UAY
uAdgnndsszuulunig
USUITIANITINUATUAY
dawnndeunielingmane
LAZATYTTTUIVITN

anUuRAI VAN
41913913 W
NYAINITY

AuEnUuAARYAN a1
T mnunsnssudedae
WzUgnitylATYgia wae
anmaluladnsinuns

- floen1siunAnwITinYy
ieldlunisusznauadn
AIULNEATATIY @19
wzUgniivlAsegne Wu
913INEUaNT17 81TNE QU
$17 o1 FniAviAeadn
21NN BATNTINIZURNT1D
21N U URUAIUNNS
IANITHANAALAENITAAA
Undudadu 913w
HUfURIUAUNITRATA
HANARN TSI 81T
HUJURUAIUTZUUNIS
IANITAIUYIINIT1D 819
a8y o1FwmsrauUsuiy
waNUFURN1INSINYRSTA
415U MY 0 1ANKENII9
LUanYATBUNIITEUUNTS
SUTDIUUUTEIUTIN LAy
avunaluladnisinuns

PLO 1 85u1euudnnis
warAudiugIudy
inaluladinens
Fawandeuld

PLO 2 19ia30siiouas
gunsallunisufunanu
arunaluladinens
?iﬂl,l,mé’amlé’afmgﬂﬁaa
AUNANIYINTT

PLO 3 Uszgnald
inAaluladinyns
Fanndouiioudlutlaym
ATUNITINEATLASY
Aawndeu

PLO 4 TiAS 18%uas
wAdgynndsszuulunig
USUITIANITINWATUAY
dunndounelinguine
LAZASYTITUIVITIN




24

et Wy Y d5UAUNARINTS NAANENIISoUSH
5 | Afdulddude ANABINTT : .
N (Sum up NIUAUDINBAIY
(Stakeholders) (Needs/Requirements) v
Needs/Requirements) 29115 (PLOs)
wu odntninalulagnig
IANITNITLNEAT DITNIN
AUATUNITINYAT UaTDITN
HUS¥NRUMTINYAT
4 | flidoudin Suineeiiieadesty | - Tadinawisoldqunsal [PLO 3 Uszgndald
dunndouluiesufianasly | waziedesfloionitauilu [tnaluladinyns
1Ny nsviala Aawndeuitondlyiiym
- usiviiAgatesdu | - TudndesUszgndld | drunisinensuasy
Ieinendawandon anudiiteuddamiluaniu | dswndou
Sldauldsunsuadfaiu | Ussneuniswasyuuule PLO 4 Jims1zWiuas
daundould - AosnsidansuRereu | uAdeynndsszuulunig
- Ysggnaldanuiiuauly | fleafduin wagay | UTn1TIANITinYAsLaY
Aansoule Foshulunuies dawndeuneglingmane
- IANusUinYeu WAZATUTTTNIVITN
- ARARATIUIN PLO 5 uanaunuinluy
- flanuidosiulupuies nsifuauninnquuas
Hu1 wazvineusaudy
Fouedradinany
Fuiiavaunadiny
5 | Awdiin - fosnslidinisSeunisaon | - desnisfiugiunig | PLO 103Ureudnns

Aafuansgiudsuindes
UINTFIVRAMNTTN WATN1S
AnsghauaInAy Tau
iﬁ@iﬂaﬂssu%uﬁQEWULﬁaiﬁ
InAnwaiuisansivdeu
ANUMIEaNTRYTangUN ol
fildeglutlagtu msesnuuy
vsednassounsallvilvansay
Audunaziiniulasnde
wazaunsaUIBuiguAIY
famulunisdndeld

- wéngasiiinseivifiu
WHFIIUNARNY LY Lean
WA WATLANTINID kAT
Wau1lasInisanfingsou
nsganatpadaslaniy
urnsgiulszinalneg
uana1nil WnAnwiaasiing
susuAgafunisseidiu
ASUBLUNANSLTITOIDIANS

Ainandou UINTFIU
QRAMNTT LATHTANENST
AiuInden wazAI1y
Yaoasalunisiisuiie
Usvendlddmiunisvineu
A3
“ans1edvadildsniude
n15UsENaUue1ITNAIUY
waluladinuasaunden
- Fosnrsuiiusedvasau
maluladinens wasau
warAandeu

warAudiugIudy
inaluladinens
Fuwndouls

PLO 2 1A 0silouas
gunsallunisuunanu
prutnaluladinens
?ﬂuamﬁamlﬁaéﬂagﬂﬁaa
AUNANIYINTT




25

et Wy Y d5UAUNARINTS NAANENIISoUSH
5 | Afdulddude ANABINTT : .
N (Sum up NIUAUDINBAIY
(Stakeholders) (Needs/Requirements) v
Needs/Requirements) 29115 (PLOs)
nsUssifiunfuouanIuY
VOIHARNTUIN LA TEUUNTT
dnsdawandon
6 | inAnwiUagiu - foansiFeuduyaiviay | - iiugadvidiumalulad | PLO 103urendnnis
ANUYEUTBIUAazyARALTle | LnunTuarAdadon warAudiugIudy
Usrgndldlunisinaulu | - desnisysanmsaruilu [inaluladineas
AUAN wiars1eivlugnsUfoa | dswandesls
- fpamsivinweaulusunsy | a3dluanulseneunms PLO 2 l4in%0silouay
adfAduAsuandon waznng | - unsuszendnisldan | gunsallunisujoasu
doanswienisuvaniun | funsiudanszeslnadu | Frumaluladinyns
Sanqusnudauandey N9 dswandouldodrsgniies
- FoansideniluniniFou PUENIYINTT
nsaeuiiviuasiouazsuduly PLO 3 Uszynald
n1sUsznoueTniely nalulagdinens
NUILITUVDINIATT WA dunndouiioudlytlymn
AALENYY ATUNITINEATUAY
- ABINSITIUNGNGATTE YL Awndey
du 1w nsdanisFauanden
TagUszandldainiaeuls
auduidasiu
7 | Adevimid waziusia | - ndavadinduuiansie | - desnislidndnwilvinug | PLO 4 Jiasizviuas
VOIUNIINYITY | DITN wazaNuiluniswdnuay | undgyvidsszuulunis
AT - NAANAIIUITEUALIIU | USUITIANITAIUNITNYAT | USUITIANITNLATLAE
a¥9assn Amngaufvaniwiosiu | Aunadeuneldngmine
- Wusnasivinisundeay | - Walantalvdnfnuwila | wavaSesssuivnan
iiosnseduaumTinves | uandsudousluvionseu | PLO 5 uansunuinly
Uszanwuluviesiu pgeadisassandouts | mniluaudnnguuas
- W ine1delmdu | aeaunsnausssu 9385330 | {10 wazvinsusaudiuy
pIANTUNINITIT USRS Tuilomiiaeu wazdaasy Houodrsdaany
AuEY daunin wasdl | adruavlunisiSeuniu | Sulinveusdedny
555008 AanssuiaudnAnw
8 | Weviril waziusia | esdnswienIsiseud ysan | - sesnsliind@nwluuin | PLO 4 Jiasizviuas
YRIANLINYIANENT | N1TAUTINED ATaseuin | nalleantin undeyndsszuulunis
wazinalulad | nspuainduindeuimun | - desmslithdnuwiided | vimsdamsinunsuas
unAInedes1usy | Mesduodredidu fusgleyisioyuyu dunndounelinguane
W31 WAZATUTITUINITN

PLO 5 La@naunuIntu
nsiluauBnnguuas
NU1 WaEyiNaIusIunY




26

o ¢ a val
NAANWSN5LIEUIN
NDUEUDIRDAY

#aen15 (PLO)

d3UAUABIN"S

galdaulddawde ANABINTT

(Stakeholders)

=b.

. (Sum up
(Needs/Requirements) .
Needs/Requirement)

PLO 5 wamsunuinly
nasiluguninnquuas
A1 warrineausaudy
Fduogrefimany

e e

a

SURnYRUsBEIAL
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Bloom’s Taxonomy
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4.5 M131993 U TEAUNAEWSN1TITEUSUAAZATUYaIURY

Level Cognitive Domain: K Affective Domain: A | Psycho-motor Domain: S
1 Remember Receiving Imitation
2 Understand Responding Manipulation
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4 Analyze Organization Articulation
5 Evaluate Characterization Naturalization
6 Create - -
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Green Technology for Sustainability

AET2107 ngvang wleuly LAz 3853 IUTEN1STANISINYATAILINSNBENS
Fadu

Laws, Policies, and Ethics for Sustainable Agro-Environmentz

Management
AET2108 ANSIANISNALULATLAE STUUNBATAILINADL

Agro-Environmental System and Technology Management

AET3102 WALLLAELN WA TP UL WAL TEUUNISHNANDE19098U

Smart Agriculture and Sustainable Production Systems
AET3103 N13AIVANLATNITIANITUATYN NN UTEUUNYATAING DY

Water Pollution Management and Control in Agro-Environmental

Systems

AET3104 ﬂ']iﬂ’JUfjﬁJLLﬁ%ﬂ’ﬁf\ajﬂﬂ’]illﬁﬁ‘lﬁ/l’]x‘i@?ﬂ’]ﬁiﬂi%UULﬂ‘i‘:ﬂﬂ‘iaﬂLL’may@lI

Air Pollution Management and Control in Agro-Environmental

Systems

AET3105 ﬂ’]iﬂ’J‘UﬂﬁJLLﬁ%ﬂ’]i%@ﬂ’]?ﬂ@ﬂLﬁﬁﬁu@iﬂﬂiﬂﬁ%UULﬂH@iaﬂLL’]ﬂél’eJiJ

Hazardous Waste Management and Control in Agro-
Environmental Systems
AET3106 rUUlansaumAlien sIaN A IndeNeg 19898y

Geoinformatics for Sustainable environmental management

AET3107 N153ANTITEULLAEAIndeNlUgnamMNTTUNYAS

Management System and Environment in Agro-Industry

AET4101 mMsUsyfiunansenuasindey
Environmental Impact Assessment
AETA102 Funumamaluladinunsdwinden
Seminar in Agro-Environmental Technology
AET4103 Tssnuidemanaluladinunsiandon
Research Project in Agro-Environmental Technology
3) nqudvden iseulidesndt 12 miedn
(1) ngudviugrumanaluladinyns
ITREIY Hodun
AET2112 wialulagnsuanitwuulaildau
Soilless Plant Production Technology
AET3110 \ATugEansAsndeuiiansinunsegadsdy
Environmental Economics for Sustainable Agriculture
AET3111 mﬁmiwﬁﬂmmwﬁwLﬁaizwmwmﬁunmé’am

Water Quality Analysis for Agro-Environmental Systems

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(3-0-6)

1(0-2-1)

3(0-6-3)

“uenn
3(2-2-5)

3(3-0-6)

3(2-2-5)
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AET3115

AET3118

AET3119

AET3123

AET2109

AET3108

AET3109

AET3117

AET2110

AET2111

AET2113

AET2114

AET2115

AET3112

AET3113

q@;ﬁaﬁ‘mmLﬁami’mmwumimwmﬁﬂanﬁau

Meteorology for Agro-Environmental Planning
weluladviuiuaznisifiusnvindarainuesifierudsdy

Drying and Storage Technology for Agricultural Commodities for
Sustainablility

wdnmsuazimedamsnziaea ooty

Principles and Techniques of Plant Tissue Culture
nskARAuAnunsUaensuasulnsdoduindon

Safe and Environmentally-Friendly Agricultural Production

2) ngwivrnugrumanaluladdsuandon
mim‘UfjaJLLaxmﬁmm'ﬁmﬁm?{mLLazmﬁumLﬁmﬂuizuumwm
Aundeu

Noise and Vibration Management and Control in Agro-
Environmental Systems

weluladmsuyFanndeuagiediiu

Sustainable Agro-Environmental Remediation Technology

(3) NGUIVNNYATIIRILE
mMsUszanananmAITaiiien1sinnisasndonetedaiy

Digital Image Processing for Sustainable Environmental
Management
nsldweunanduuuanniiuiionsinuinunsamandoudeiiui
Using Smartphone Applications for Spatial Agro-Environmental
Studies

(4) nguAvInsdanssEuLInERsIazAILIndon
N153ANSUIUBULAL N YATBUNTE

Community Forest Management and Organic Agroforestry
nsuUmsdan1srinsesadty

Sustainable Farm Management
MITANITTNEINTSIIUM ARG AIIASEN

Environment and Natural Resource Management
nsfnAndouetedd

Sustainable Environmental Development
nsafsfihuazieSeteilon s nuRsAIndeN

Leadership and Networking for Agro-Environmental Development
wdnnsewndiedindon

Principles of Environmental Health

91 MuulazANUasniulunIIngIu

Occupational Health and Safety

3(3-0-6)

3(3-0-6)

3(2-2-5)

3(3-0-6)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(3-0-6)

3(3-0-6)

3(2-2-5)

3(3-0-6)

3(2-2-5)

3(3-0-6)

3(3-0-6)
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AET3114

AET3116

AET3121

AET3122

AET3124

AET3125

AET4104

N5ENTIWALAAAUAUNNEWINFBUNBNITIANITNYAT

Environmental Quality Survey and Monitoring for Agricultural

Management
ANYIANENSNITAIULNDNITAITIALITEN9FIINADUBEN9TE U

Science of Diving for Sustainable Environmental Survey and

Research

nsduaSuuarAeasnIsNYAs

Extension and Communication for Agriculture
nsdnnTsiadafnduazsiagldaumunisinums

Logistics and Supply Chain Management in Agriculture
mi‘dizL‘ﬁufg%ﬂi%”?@%ﬁ%ﬂﬂﬁﬂﬁ@%ﬁLﬂmeLaz?aLL’mé’au
Life Cycle Assessment of Agro-Environmental Systems
msUseifiunsuenlussuuinunsuazuwindey

Carbon Assessment in Agro-Environmental Systems
mMsUseiiupnudesnudanandey

Environmental Risk Assessment

A. nuInvIEnUsEaUN1TRIRvI AW/ avRafne 7 wilaefin
TdeninUszaunisalvidnviseannafnuingulangumile

SYd Fodw
AET4201 mawSeufinUszaunisaBunTnmeluladinunsasnndey
Preparation for Professional Experience in Agro-Environmental
Technology
AET4202 msiinuszaunsaBundnmaluladinuasdsundon
Field Experience in Agro-Environmental Technology
%30
e Fodwn
AET4203 AnnNaANTY
Co-operative Education
3. NUINIYADNLET 6 wiaefin

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(3-0-6)

“ulena
2(90)

5(225)

U280
7(315)
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2.4 WHUNISANE

43

Un1sAnedl 1 aransanend 1

NUINIY SWHIY do3wn wiigin | vgel | UJUR |Anedisauias
Anwwialy | CRRUGEN101 |nsusinaluladidsia 3 3 0 6
Q) Digital Technology Trends
Jwnu | AET1101 %ﬁwmﬁugmuaxuﬁﬁ'ami 3 2 2 5
Foundation of Biology and laboratory
AU | AET1102 initiuguuazUfiRng 3 2 2 5
Foundation of Chemistry and laboratory
unu | AET1103 ?\I%ﬂéﬁugmuaxﬂﬁﬁami 3 2 2 5
Foundation of Physics and laboratory
Junu | AET1104 m‘jmmam%uaxaﬁaﬁugm 3 3 0 6
Foundation of Mathematics and Statistics
10sAU | AET2101 mdnmsmanealulaginunsauindon 3 2 2 5
Principle of Agro-Environmental Technology
37U 18 14 8 32
Sruautaluy/duan 54
Ynsdnendi 1 anansAnendi 2
NUINIY SWHIY o wiein | vged | UJUAR | Anvidisauias
Anwiall | CRRUGEN102  [m1sdnisaustiunsmianisiiu 3 3 0 6
QL) Financial Stability Management
Anwidll | GECRRU103  mailesdades 3 3 0 6
(UsAU) Smart Citizen
AU | AET1105 wilpszidnsunaluladinunsduindou 3 2 2 5
Analytical Chemistry for Agro-
Environmental Technology
unu | AET1106 widuviddmiumaluladinunsduinday 3 2 2 5
Organic Chemistry for Agro-Environmental|
ITechnology
AU | AET1107 Fuaidmiumeluladinunsauindey 3 2 2 5
Biochemistry ~ for  Agro-Environmental
[Technology
Av109AU | AET2102 UAINY WAL EANYAT 3 2 2 5
Ecology and Agroecology
374 18 14 8 32
Sruaudaluyduani 54




a4

Un1sRnerd 2 AranisAned 1

NUINIY EGRAA da3un wiagin | naef | URUA |Anwdnenuias
FAnwiily | GECRRU104  [nwdanguantls 3 3 0 6
(U3Av) Lit Up English
Anwvialy | CRRUGENXXX 3 3 0 6
(don)
0sAU | AET2103 welulaBiedesdnsnanunsuasdaindey 3 3 0 6
Agricultural and Environmental Machinery
[Technology
WU | AET2107 ngvae ulute wazadssssuiionasda 3 3 0 6
nMsnunsasndotegnady
Laws, Policies, and Ethics for Sustainable
Agro-Environmental Management
WU | AET3103 mimuqmLLasms%’ﬂmmaﬁwwﬁﬂuﬁwu 3 2 2 5
\NuATAINdeY
ater Pollution Management and Control
in Agro-Environmental Systems
Av109AU | AET3104 N15AIUANLAAITIANITUATR YN 19 INALY 3 2 2 5
STUULNUATAIWINg Bl
Air Pollution Management and Control in
IAgro-Environmental Systems
374 18 16 q 34
druaudalayduand 54
Ynsdnendl 2 anansinendi 2
NI FUHIY Fa3 wiein | naef | UJUR |Anwidieauias
fAnwialy | CRRUGENXXX 3 3 0 6
(don)
fAnwialy | CRRUGENXXX 3 3 0 6
(Han)
103AU | AET2106 waluladddenfioaudsby 3 3 0 6
Green Technology for Sustainability
WU | AET3105 N13AIUANLAZNMITANISVRIdET R8Ty 3 2 2 5
SYUUINEATAWINE DL
Hazardous Waste Management and
Control in Agro-Environmental Systems
Fv109AU | AET3107 mﬁmmﬁzwLLazéﬁmé’aﬂuqmmmim 3 2 2 5
LNEAT
Management System and Environment in
Agro-Industry
don | AETxxxx 3 3 6
374 18 16 q 34
Sruaudalayduani 54




45

UnsAnedl 3 aansanend 1

NUINIY EGRKA da3un wiein | nauf | URUA |Anwdtenuias
Anwvalu | CRRUGENXXX 3 3 0 6
(GEN)
u0%AU | AET2104 walulaBndsnsiiuieuiiennuddu 3 3 0 6
Sustainable Postharvest Technology
J109Ay | AET2108 nsdanswealuladuasssuuinunsauIndey 3 3 0 6
IAgro-Environmental System and
[Technology Management
AU | AET3106 syvugiiansaumeaiion1sdnnisdanndon 3 2 2 5
aenedadu
Geoinformatics for Sustainable
environmental management
Awuden | AETxox
Audon | AETxxxx 3 5
94 18 15 6 33
Sruaudalus/dUand 54
YnsAnwdl 3 aanisanendl 2
NUINIY EGRRA Ja3un wiein | nauf | UJUA |Anwrdnenuias
Fvwnu | AET3101 Aeinenduandey 3 2 2 5
Environmental Toxicology
AUsAu | AET2105 MsdamsninensinuayssuuraUsEuite 3 3 0 6
NEATEIIAGDL
ater Resource and Irrigation Management
for Agro-Environmental Systems
Uy | AET3102 mAlUlaBNYNTR3YLLAL ITUUNISNARDENS 3 2 2 5
feBu
Smart  Agriculture  and  Sustainable
Production Systems
Av109AU | AET4101 nsUssiunansynuiandou 3 3 0 6
Environmental Impact Assessment
AUy | AET4102 Sunumameluladinunsasndon 1 0 2 1
Seminar in Agro-Environmental Technology
A nden | AETxoox 3 2 5
394 16 12 8 28
Srurudalus/dUanv 48




ngun 1 WHonuauinUseaunisalivan

46

Ynsdnendl 4 anansinendi 1
NUINIY WAV do3un wiigin | nqud | UJUA | Anwdlenues
Au179AY AETA4103  assenAdemameluladinunsdunden 3 0 6 3
Research Project in Agro-Environmental
[Technology
I aNLES XXXX
PLARRRIGE XXXX 5
HnUsvaunisal | AET4201  pastessuinUszaunisalividmvalulad 2 - 90 -
TN \nuRAINE ey
Preparation for Professional Experience in
IAgro-Environmental Technology
394 11 q 100 13
Sruaudalayduand 117
YnsAnwdi 4 aanisanendi 2
NN WA Fa3 wiein | g | U§UR | Anwidieauias
HnuUszaunisal | AET4202  pasHnUszaunisalisndwmaluladinuns 5 - 225 -
AT Aauandey
Field Experience in Agro-Environmental
[Technology
39U 5 - 225 -
St luyduan 225
ngufl 2 \denusuaniafnw
YnsAnwfi 4 anamsAnundl 1
NN WAV Fa3 mhein | ngud | U§UR | Anwidieauies
U3AU AET4103  [lassenddomamaluladinunsasuindey 3 0 6 3
Research Project in Agro-Environmental
[Technology
WUFONET | oo 3 5
IUFONET | xxxx 3 5
394 9 10 13
Srurudluvduandd 27
Ynsdnendl 4 anansdnend] 2
NUINIY WAV da3un wiagin | nqued | URUR | Anwdlenues
HnUsvaunisal | AET4203  @udadnen 7 - 315 -
TN Co-operative Education
394 7 - 315 -
Fruaugalay/duand 315

3. AND5UNYSIEIYN
seyldlunianuan n



4. nMIRAINANISISEUSTulsasAY
4.1 PMITWAILINAAWSNNSITEUIAUNINTFIUAMAITLAUDANANET W.A. 2565 (MuIMIIANEINILY)

nsiaumanIsseuiidaziuluTgInmnaInanyinill fvuanan1siseus (Learning Outcomes) 4 Ay ¢iail

a o/ =

'
a = LY

[
a

UINTFIUNANTIEUS

nagnsnsaau

4 a = 4
naqwﬁmiﬂizmuwamswaug

ANUS
Y

1) faudnlanuifia vannis nguaiu
UYBEAIEnS dPUAEns AdnA1ans Inerans
LAZNWIANERNS

2) @111503LAT1EY duAsIEikaziinuiau
UYBEAIERNT dPUAIEns AtRA1EAS INeFEns
waginalulad nrwrrmanslyusulglunis@nen
dmsumsainlugafdva

3) @115 AYTUINITAIIUT AU YBEAIANS
FepuA1ans AaaA1ans Inerdans inalulad
wrans iluiduedesdiolunsiSeuazihlule
TudinUsganiu

1) U URasemegrninuenieaniw
\flonnsdoans semineyanafionis
e we 81y 1Weu Hanwlneuay
ARNUTEINABE I TNTEY LY
WigSeuiiniinue asleujufas lag
fijaeuduiduiernuazain

2) 4RANTIUTEAUAIIUAN FUUU
ofUTIBngx e ausauiile
NNSTIUINITUEIIMIAINS Lo
Ttinelulad vieTBnsiivannuas
3) dansvurumsiFouiiiuligiGou
HnfAn widguainaniunisaltlym
nIdiANYY U9 o) VSeunaaseu;
Tuvesiuivannvane

a) AnvuariinuAtReseluiuil de
n13U3N1sYuT wisldguyulugu
nsSeu3

5) IANITFTHUNTADURUUHANHAY
faRanssu luduidou vendudou
wazaoaulal

1) n1sUsziliunaannnasdaine
NOANTIUNISSEU N150AUTIY Tinwe
UHUR

2) RINNITAIMUANITEIY TUIY
Aanssu Tasanisdne q wiienas
Usziiumdnug vinwe Uay AuaNwe
fidoens

3) AINNITNAADULDYIIYNUIY NN
A1a Uarunim %39 take-home

examination

Lv



¥

mmg'mwan'm‘%sms

Y

nagnsnsdou

4 a = 4
naqwﬁmsﬂizmuwamiwﬂug

VINw

1) finuanunsninszvimdemiaasegnadussuy
2) finnarunsalunisussiiudeyanuifnuay
vénglyinnunasdoyaiivarnvansuazlddeyad
TauuwAdeym

3) Iinslimanawaz vatauawuglunisuilayviedia
a519a33f

1) danspurumsSeuiiciligiZou
Hnvinwy awlieu)Unase lneligaou
Juggwsanuazain

2) SEANANLAR FUNWT BAUTIENAY
iedausasdnuiliainnis
Seus n1suaaniadug laeld
walulad vioInsivannvans

3) dansvurumsiFousiiiulvgiGou
HnAn witgymarnaaiunisalleym
NIAARNBIUAN 9 NTounauTeus
Tuviosfiufivannuans

4) N9 TYUNTADUNUUNAUNAIY
fafanssu luduidou vendudou
wazaaulal

1) n1sUszLiuNaaINNITEILNA
NHANIIUNIIIEY N130AUTIY Tinwe
YU

2) INANTAINUANITEINY TUIY
A9ns5u 1AT9019619 9 Wilanas
Uszilumdnys vinve Uay Aanwy
fidoens

3) IINNITNAADULDYIIYNUIY NANY
a1A Ualwnim USe take-home

examination

38555U

[

1) finadedndgainuazusengAnilidunuuegng
filudan

2) PNdeaserenarianuiuinveusonuladlay
GNGH

3) Tamenan Heany BeitediowrnadBu warsuils
ANARLTIUYDILDY

1) §anszurunisiFouiidunas
duasulainisiiviun nseasng
Aflsunlunquidndnyn igiSeu
AAN1SSURAYRUADAULEY daAN &
mudednd gain Ussnginuliu
LuURETiAlu A

2) fauanaunsnidonuisafy
AssIu T3ussauluidlemilaounn
ERtdpkiy

1) Usziliuandugvsnansiseunas
n1sviiAanssuvesunAnen
WisuisuduAteduieUseney
Ranssuftuoumneg

2) UZ L ungAnssunIsi3 e uYe s
YNANW LWL N15MTIRBLIATLUAITLN
Fudeu nsdenu pnusasiielunig
Maungy

3) d157auarUseiiuanAuAnLTiy
VDIDNTEEARU

8V



UINTFIUNANTITEUS

nagnsnsdou

4 a = 4
naqwﬁmsﬂizmuwamiwﬂug

3) NSuanIENTINS T ULUUDENT
fvesennsdfasuiindremieddu
fandeamsriedBunasdea

4) gapulvianuddyiunisaiiaite
N1TATIABLIAT LATAIINTURAYDU
HaunanssuniIsiseunitsasulu
eV MUUNELHE TR aN 5SS
Bou vendudou uaveoulay

aNYULYAAS

1) annsadeansivyanaduliogriluszdniam
LAYANTAUTUITaN W lVEuAE AR sEnA
5]

2) aunsavineusanfugdunaziatsnlualiy
uanFsuazmsUftRdedBue1alutasiading

3) fimusuiinveulunisineu awnsaviauduy
Iy wagildrusulunisinanssy

N9U NTHANMIANINS

1) Wmuddgydufanssunisiseu
nsaeufitiunisvihauduiiy

2) An1stavuantifiuaraaiy
SutinveuliuUR

3) gaousedvwine 9 wuliindnw
lanseniunieiniudiAg e
AIUFNNUSTENINyUARA LAY
ANUFIFYUDIAUTURAYDU

1) Usgiflunaannnisvinauduiiy

2) NMSNNAN I UTEL R UAULB LAY
UsgliluduLes

3) miﬂimﬁquamsﬂu%uﬁau

6b



4.2 nagnsn1saauuaznagnsn1sUsaliunainsn1siieu (PLOs) nuindviAneialy

PLOs

SN8azLIYN

nagnsn1seau

4 a
naqwﬁm'sﬂizmu

PLO1

Uszgnaldesaainuiniuaiw
NNWeTIN RANINYIATEARS
wialulagansauna waginalulad
A3va Tuni1suaand @519 uag
WeLNIAWS v KunsezuIung
ﬁwaﬂuiamﬁuﬂﬁu en1 TR
othsdsBuradonuiowazdanule
ORANGEANGERTY

1. UjURaefefiniinuenaniviilenisieans
sprayanadensile wa 81u deu feamwlg
wazN W IRNIUTTIMARE 1IN EY
2. fanaiFeunsaeuunvurasrausAans Tl
HuiFeu vonduidou uazesulal

1. N15UsEEUNAIINAITFUNANYANTTUNITITBU
n38ius1e inyrUun

2. INNITLANTTEIIL Ty Aansau TAsenIs
#14 9 ilonsUsEIRuANLS vinwe LAy Andnue
Afoenis

3. 31NN1TNAFBULRYIIENUIY NA1NAIA YAy
A"A %139 take-home examination

PLO2

drusaldinue Atz An
uteynn ArasassALazAnee 19l
915U LATAMSIIN TUNIT
wamLazsaganAIuNslumans
719 9 LBNISISEUINARATIN Ay
< Yo v Aa
AULUURUILAZHATLNA

1. danszuaunsiSeuiniuligSouilninue as
floufjufa3s Inefifaoudugdrwsrnuazain

2. syaNAuAn duuw sAUTIenaw Wettaue
psfmuiildanmIEeus nsuaenag lag
Tdinelulad wiedsnsiivannvans

Y YV a

3. danszulun1sieuIMduligiSeullinda

Y

uAtgrannaatun sl nsElAnYY U9
wsaunaseuslueduivainvany
4. IANIFHSYUNITADUBUUNAUNAIUNINANTTU T

i% [%
U a U a

FULSHU WoNTUSEU waveaulal

1. NM5UsEIuNaaINNITEINANGANTIUNITIT B
n3eiusIY inyrUfun

2. INASRUANISEIY Ty Aanssu Tasans
#4 9 LitenUsEIRuANS vinue uay Aadnval
e

3. AINNTNAFBULDYII8NULEY Na19N1A Uaie
1A %50 take-home examination

PLO3

fanuinnudilalutendnualuag
AMUVAINYIATY TOITRIUSTIY Ll
1138159 $nwn Suld YSuLlaeu
wazau me3ndiindish BN
uazmanilaluiesiu

1. fanszurunsiFeuiiuulrgGoulininue as
floufjuRa3e Inefifaoudugdruiernuazain

2. syANANAR duuw aAUTIengN Liettaue
eAmSTlsnnsFeus maumemanud Tag

Towalulad n3935nsnvanviane

1. M5UTZHIUNAINATHUNANGANTTUNNTITBY
n38iusIe inyrUun

2. MINMIIMUANITEAIL Fuau Aansau TasenTs
#4 9 ilonsUsEIuANLS vinwe uay Andnue
Afoens

0s




PLOs 518821980 nagNsn1saau nagnsn1sUszdiu
3. danszununsBeui il Fedlndn widam | 3. 91nnmegeugosseniig natsnia Uae
naaun sty AsRifnY WA 9 YITEUVAY | 11A 30 take-home examination
Beouluviosduiivainvae
4. $an13FeuntsaeunuuNaNRaTueR g Tu
fui3ou uentuiFou uazesulat
PLO4 dlanaveensuluiendnuaiuay | 1. danszuiunsiSouindulifiZeuiininee | 1. msvsziiunaannisdananginssunisiieu

AINUNAINNANYVDITAUSTTTY
#0190 YTUINTITRUIAAAIARS
NILIIVNNBNN55159 Snw1 Suld
USULURYU WAL UAN U IMUSTTY
lfiog19a319a35A JAnAT wazeIeY
A o = ] a A

Indfinanulunatilaana

aaflouURase Inefifaeuidugsneanuagain
2. sgAuANAn duuun aAUTIenduiietiaus
peAmuFTlFnnsFeudnsuanaus Tne
THinelulad e snsiiviannnans

3. danszuaunsBsui il Sedlndn witlgm
nanun ity Asdifne NURN 9 BiTumal
Feusluviesdiufivannvans

4. $AN15\3HUNITADULUUHANRATLIIAANTTY
Fuidou uentuiSou uazesulat

nseius1Y inyrUun

2. MINMIIFMUANITEIIL Fusu Aansa TasenTs
#4 9 ilonsUsEIRuANLS Vinwe uay Andnve
fifoanis

3. 31NNNINAFDULRYIIYNUIY NANAA Uany
A"A %30 take-home examination

1§



4.3 WNUNLEAINIINTEAUANUTURAYIUNAANTNISI38UFINMANENTE5183%1 (Curriculum Mapping) naandsAnynaly

HaAWSN1TTEUSIBENTTauEIAIAn IS

WAV Fodn (Program Learning Outcomes (PLOs))
PLO1 PLO2 PLO3 PLO4
nauIvIUeAuREY
GECRRU101 wmsuawmAluladfdvia (Digital Technology Trends) K3 Ka K2 Al
GECRRU102 M33RNMsAUTLAIYINNISEY (Finandial Stability Management) K3 Al
GECRRU103 Waloadaasue (Smart Citizen) K3
GECRRU104 Mw1dangugadls (Lit Up English) K3 Al
nguIv AN
GECRRU201 ngvaneIuaIsen (Law Survivor) K4
GECRRU202 287138 (Smart Science Literacy) Kg K2
GECRRU203 wselunand (Stargaze with Me) Ka K2
GECRRU204 rUsznaunsilelvaiyaddvia (New Entrepreneur in Digital Age) K3 K4
GECRRU205 % (Media Literacy) K3 Ka
GECRRU206 satisudal (Artistic Taste) Al
GECRRU207 TusIINAS19ETIA (Creative Culture) K4 K2 Al
GECRRU208 \We9518@n®" (Chiang Rai Studies) Al
GECRRU209 pnKkUUSN (Love Design) Ka
GECRRU210 Uguneunavinesla (First Aid) K2
GECRRU211 M lngludinusydriu (Thai in Daily Life) K3 Al
GECRRU212 Fn1wuarmusssuuauians (Know the Language and Culture of the Dragon K3 Al
Land)
GECRRU213 ﬁm‘mLLazﬁJ’@JUﬁiimLmquﬁz (Know the Language and Culture of the Sakura K3 Al

Land)
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HaAWSN1TTEUSIBENTTauEIAIAn IS

WAV Fodwn (Program Learning Outcomes (PLOs))
PLO1 PLO2 PLO3 PLO4
GECRRU214 a9 az TwusIsuwAUANT (Know the Language and Culture of the Kimchi K3 Al
Land)
GECRRU215 uirsseviondienlng (Amazing Thailand) K3 Al
GECRRU216 e dudtuiia (Be My Guest) K3 Ka
GECRRU217 LAUKIANI5U3NTS (Charm of Service) Ka Al
GECRRU218 {iwavgalsa (Tourism Therapy) Ka K2
GECRRU219 \naileTin (Games for Life) K2
GECRRU220 W18 IRUTUARTAS UNFUAINUAL A1 (Brand Ownership of Health and Ka K2
Beauty Products)
GECRRU221 HUNUINIT AeRnWIL (Recreation and Camping) K3 Kd Al
GECRRU222 KU (Life Map) K3
GECRRU223 audifieWmundin (Meditation for Life Development) K3
GECRRU224 1158MA19LUNEIAN (Social Etiquette) Ka K2
GECRRU225 guamasigayulnsuarmsunmglng (Healthy with Thai Herbs and Medicine) Ka K2
GECRRU226 Aauznsle@in (Art of Living) K3
GECRRU227 mansuiaudugin (The Science of Leadership) K4
GECRRU228 Suisen (How to Survive) K2
GECRRU229 USuroanuedaqe Lﬂ?iau%imslﬁqmﬁa (Feng Shui Adjustment for Enhancement ‘@ Al
Life Prosperity)

¢q




5. MIRAINANSIBEUTTuLAazAIY (MuIAdYanIzAI)
5.1 AITWAILIRAANSNISITEUTANNIATTIUAMATLAUIANANET W.A. 2565 NUINTVUANITATY

s =

9

2) UfdReaumumalulaginunsdiwindeunigla
3YTITN ITIYIUTIU Wasnrneilietes

AU WINTFIUNANTIEUS nagnsn1sdou nagnsn1sUssiuNANISsEuS
U3 1) fanfuazidrlaferfuimaluladinuns | 1) msusses (Lecture) 1) Msdoutelloy
Auwndey 2) nisasulagiduuua (Practice- | 2) M3aeuufUs
2) fimwdiAafuieiesile wazgunsaifid duas | based) 3) Msdeu LU
Fududmsunusumaluladinuasdanndey 3) MmseAusengu (Group discussion)
3) Ianuslunisuszenaldesaniuinianalulad | 4) maseuluiesdufinis (Laboratory
NUASAIMINGDL study)
4) fmufiAerfuanudifguazanudniuves
395551UATITIBIUTTUAMTUUAUINAlulad
\nuAsAIINGeY
Vinwe 1) anunsauszendldesnmnuimamalulaginuns | 1) Msusses (Lecture) 1) Msdoutelley
Andey 2) nisasulagiduljua (Practice- | 2) nMsaeuUfUs
2) annsnidenliaiosile uavgunsaifid dgyuay | based) 3) MIFUNANGANTTY
Fududmsunusumaluladinuasdanndey 3) MseAusengu (Group discussion)
3) ansaun vty nianisuinla 4) Msseuluiesu]jimnis (Laboratory
study)
35T 1) SuavaudafmLaIkardIAL 1) gonunsniionilunsdanisdeunis | 1) UszuliuannNngAnITuNITL s ULAS

aounnTEvITINInsLarnedeu T
o19158faeul fURnuluuuueg1eiia
2) ivualusnufialunisvinfanssy
w30lAs9n15619 9 voadnAnwna
AANITUTIBUAAALAZNGY

NIITINAINTIUAN

2) UssiiunngnssunsufiReud
IF¥uneumnefienuduyanauazIy
nau
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AU WINTFIUNANTIEUS nagnsn1saou nagnsn1sUssiuNanIssEuS
anwaTYAAR 1) Weshilunuies néuansoon 1) aeaunsnilemlunsdanisiseunts | 1) Uselliuainnginssunisisounay

L
YSusiuaud uLasyineuduiiy
ﬁmwmﬂuwm
ﬁ@mm‘ummaumamuﬂmumwma

#OUNNTILIVIININTIAEN 1D 0U Lag

& v a wva Y ' Aa

9191585apuUURnulA lunuuag i
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2) inuaduwnyfuslunisyinnanssy

n301ATINI3ANY 9 V09U NANYIY

NANTTUTYUARALAL NG

NISTILAINTIUA 9)

2) UssidiuannginssumsufiRaud
IF¥uneumnefisnuduyanauasay
g

5.2 nagnsmMssauuaznagnsn1sUsHliunadnsnsiseuivamangns: PLOs waaa3glanizanu

PLOs F8azdun nagNsn1TeaU nagnsn1sUTELiiu
PLO1 | 9Bunewdnnisuazaudiugiudnumaluladinwas | 1) msussens (Lecture) 1) Msdoutelley
Aawandoule 2) Mmsapulaaitiuufiun (Practice-based) 2) M3apulfUn
3) NM3eiUs18Nau (Group discussion) 3) MsepUULEUD
4) n1ss3vulunesujifinig (Laboratory
study)
PLO2 | lHiaTosilonarqunsailunisufuAsudumealulad | 1) nmsussens (Lecture) 1) Msaauladeu
\nwmsAandenlfiogsgnaesmumadnivnig 2) nsapulaeliuufUR (Practice-based) 2) Msapuu)in
3) MseAUTIENEgH (Group discussion) 3) MUl LAUD
4) n15.38uluviasufusinis (Laboratory
study)
PLO3 | Usegndldineluladinwnsdunadeuilowdlotlygmidiu | 1) msussens (Lecture) 1) M3aeuleideuy

NSINEATLATEILINADY

2) Msapulaaitiuufus (Practice-based)
3) n1ssseuluniesujdfinig (Laboratory
study)

2) M5apUUUR
3) ANSADUULAUD
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PLOs F8azden nagnsn1saou nagnsn1sUszidiu
PLO4 | AaszvikasunUyniaessuulunisuinsdnnisinens | 1) nsasulaewiuufjus (Practice-based) 1) M3aaulaideu
uazdandounelingmnonazasessaivin 2) MsefAusengu (Group discussion) 2) Msaruu)Un
3) nsiseuluriesdjUiainisg (Laboratory | 3) nMsasuiiaue
study) 4) NFAVNANGFNTTY
PLO5 | wansunuinlunisiluani@nnguuaziui wassinau | 1) n15ussens (Lecture) 1) UsgiiunngAnssunisiieunay

SuiugdueglinusuRaveudadIAY

2) nMsapulaeliuUf iR (Practice-based)

3) nM3eAUTINau (Group discussion)

4) n13s3vulunesuuiinig (Laboratory
study)

5) nslgunumauu® (Role-play)

N13IUNINTIUAN 9]

2) Ysgifluannnganssunisugumanu
fldFuseumneisnuduyAnaLaY
UG
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5.3 LNUNLEAINITNTZINEANUTURATIULIATFIUNANISITEUFIINUANGATE5183%7 (Curriculum Mapping) 131303 ¥NaNIEAIY

HaAWSNSTEUSITIaNTTaUsIAIAN I

SHEIV I3 (Program Learning Outcomes (PLOs))
PLO1 PLO2 PLO3 PLO4 PLO5
NHUIYILNU
1) nguigafugiunig
INYIATANSTUAE Y
ARFNERNS
AET1101 FrAveniugiuiarUFoRnag K2, 52
AET1102 wilfiuguuar U K2, S2
AET1103 AndfusuuazUfoins K2, 52
AET1104 AdinansiazadAtugiu K2, 52
2) NFUIVNINYIAEANT
WIZAY
AET1105 wilnzidmsumnaluladinunsaaundon K2
AET1106 wiBuniddmsumaluladinensdundoy K2
AET1107 Fuafdmsumaluladinuasaunndoy K2
AET3101 fvAnedandon K2 S2
NENIYIVIAY
AET2101 wdnnsmamaluladinunsdundo K2, S2 K2, S2 K3, S3
AET2102 UAINYLASULIALNYAT K2 S2
AET2103 welulaBipiosdnsnainuasiardaindey K2, S2 K2, S2
AET2104 waluladndsnisiiuieadiennnudsdy K2, S2 K2, S2

LS




Hadwsn1sSeuRTeaussauziinane
SHEIV T3 (Program Learning Outcomes (PLOs))
PLO1 PLO2 PLO3 PLO4 PLO5
AET2105 N159ANISNINEINTUILALTTUUTAUTENI UL
2 o K2, S2 K2, S2 K3, S3

LNYRTAILINRDL
AET2106 walulad@deniionudaiy K2, S2
AET2107 ngvsne ‘LJIEJ‘U’IEIJ LarasusTnnilonIsdnnsinens - @

AWINaNDYNIEUY
AET2108 mMsdanmsmeluladuazszuununsasnndey K2, S2 K2, S2 K3, S3
AET3102 welulaBinunssansusuarszuunsanagnadsdu K2, S2 K2, S2 K3, 53 Ad
AET3103 MSAIUANLAENSIANSHATEMUSEUY

2y K2, 52 K2, 52 K3, S3

LNYATAIINADL
AET3104 m'ﬁmwjuLLazmﬁmmimaﬁmemm@fluiw‘u

NERTALIASEY “
AET3105 mimp@mmmﬁmmwmL?wé’ummiuizw o

LNUATAIIRDL
AET3106 ?EugﬁmiaumaLﬁ'ami%’mmiéqLL’mé’amasi'm <3, 53

898
AET3107 mi%’mmiiswLLas?ﬁLmé’aﬂuqmammsmmwm K2, S2 K2, S2 K3, S3 Ad
AET4101 mMsUszduransenuAeuwIndo Ka
AET4102 Funwwnameluladinuasauando Ka Ad
AET4103 Tnserudsemamaluladinunsasnde Ka Ad
nguAvFIN
AET2109 N1IMIVANLATNITIANITUAT W FLIUAZNS K2, S2 K2, S2 K3, S3

Fuaziieulussuuinuasiandon

89



Hadwsn1sSeuRTeaussauziinane
SHEIV T3 (Program Learning Outcomes (PLOs))
PLO1 PLO2 PLO3 PLO4 PLO5
AET2110 NTIANITUYUYULALIUNYATIUNSE K2, S2 K2, S2 K3, S3
AET2111 Msusmsdanisnsuegneday K2, S2 K2, S2 K3, S3
AET2112 walulagnisuaniivuuulaildfu K2, S2 K2, S2 K3, S3
AET2113 M3TRNIVSNeINIsITLTRLAz AN K2, 52 K2 K3
AET2114 nsWauAsadonetediy K2, S2 K2, S2 K3, 53 Ka Ad
AET2115 msﬁ%mtiiﬁmazm‘%asmLﬁamiﬁmmmwm K2, 52 K2, 52 Ka Ad
Auandey
AET3108 Lm‘[,uiagﬂ’ls?\lywd?ﬁLL’Jmé’amaéNé’aﬁu K2, S2
AET3109 mliﬂzsfaamamwﬁ%ﬁaLﬁamséﬁ’mms%umé’au <, 53
2819858U
AET3110 mwgmam%émmé’amLﬁaﬂmﬂwmasmé"q@u K2, 52 K3
AET3111 mﬁmwﬁ@mmwﬁwLﬁaiswmwméaLmé’a:u S2 K3
AET3112 winnseuTeAsundon K2 K3
AET3113 1T puNELazAmNUasnsYluA1IVINIY K2 K3
AET3114 miﬁﬁ’;wazammu@mmwéqLmé’amﬁamﬁm K2, 52 S2 S3 Ka
NSLNEAT
AET3115 q@ﬁaﬁwmlﬁamimaLqum'ﬁmwm%amé’au K2, 52 K2, 52 K3, 53
AET3116 Ewmﬂlam%ﬂlﬁiﬁfﬂLﬁamiﬁﬁinLLaz%’WN - <
AWInaURYN9dIEU
AET3117 ﬂl']{[,%ll;aﬂwaL@%’uluuamw%mIWuLﬁamﬁﬂmmwm o <
AWINADILTINUTN

69



Hadwsn1sSeuRTeaussauziinane
SHEIV T3 (Program Learning Outcomes (PLOs))
PLO1 PLO2 PLO3 PLO4 PLO5
AET3118 waluladvuisiazmaiusnynaananunsLite K2, S2 K3, S3 Kd
AEaEi
AET3119 winmswarimadanmsmziiesilodoiiy K2 K2, 52 K3
AET3120 walulagnsdnnsAunagle K2, 52 K2, 52 S3
AET3121 mMsduaSunazdoansnisinuns K2, 52 K2, 52 K3, 53 Ad
AET3122 nsdianisladadinduayinaldgumunisinuns K2, 52 K2, 52 K3, S3
AET3123 msuaRFuAnunsUaeniauaziiuingse K2, S2 K3, S3 Kd
Auandey
AET3124 N15UsIduInINTTINVOITTUUNTHAAMUN AT K3, S3
LarALnday
AET3125 mMsUszdfiunsuauluszuuinunsLazasndey K3, S3
AET4104 mMsUszluaudesnudanndey Ka
NENIYNNUsTAUN1SIIYITNHAIRENN AN
AET4201 nsmseNinUsyaunisaidnmaluladinens
= o K2 K3 Ad
AuwInaou
AET4202 nsiaUsgaunIsaldvndwinaluladinuns
o v S2 K3 A4
AuwInaau
AETA4203 ANNaAN®EN K2 S2 K3 Ad
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7. asAusznauREafuUsTaUNIsalntaauy (Mstinuszaunisaldundnnioaunadnu)
7.1 ynsgrunanisiteuivaslszaunisalniaauiy
WINIFIUNANISTUIVOIUTTAUNITANIAEUINTRIENANYT UseiiuaINAIINEINITAVRS
thnwludusie « feil

L a [

7.1.1 Tdfmsvhau Fednd aain anusuinveusonhiinlduteunng AusITNT3EsTIY
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7.1.2 msufuRnuwazuAdymianizndd

7.1.3 msufiRnuilduieumngegisdinufnadassd

7.1.4 mydwnseviawmevse Uy iadulunistinauasanunsavuuimislunisuite ey
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N1991197U
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Hnawula
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7.4 mafvuaauautAvesinAnuiiiazesniinUszaunisainiaauny
Seuasulunguinunusaziendsfiu ﬁasﬁua&jﬁ’UQaaﬁﬁ%aaaWﬁl’liéﬂizﬁmé’ﬂqm

8. dafvuaiarunsinnuide/lassnu/dymies/Aneninus
8.1 Anasunelagea
fimun1siadeiisafunsuszendesdnnuinisiumaluladinunsasuwandesluns
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ansauustunisualatyle
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GECRRU101 wmsuswmalulagfnana 3(3-0-6)

Digital Technology Trends
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Identify the knowledge of digital technology and operate information retrieval.
Create and present digital content. Apply digital technology and online media works knowingly,
creatively, legally and morally. Use digital technology securely to construct knowledge,
understanding, awareness and its importance in using digital technology at present and in the

future that impacts daily life activities and its applications.

GECRRU102  n159AN15A73siuAINIenIsiiy 3(3-0-6)

Financial Stability Management

srywadwunUssLanvesseld wazAnlddny efurguwifnnsiudiuynna asune
WUIAAYDINITOONLAYTEUUTELNNYDINITBBULALNITAINU 'iquLazﬁTﬂﬂﬁzLﬂwwﬁﬁgﬁiﬂmmmmam
UseAUAgdIuyAne 31ILNUATBUAAR I1IUNUNITRUAABABIEIIUIUAITENBOM LATNITINILNY
N1IRUMUAEN NG B Wa e

Identify and classify the types of income and expense. Explain personal financial
concept. Explain saving concept and identify the types of saving and investment. Identify and
classify consumer’s debt and personal insurance, tax planning, financial planning, including
working period till retirement and financial planning based on Sufficiency Economy Philosophy
Principle.
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GECRRU103  waliiaedanses 3(3-0-6)

Smart Citizen
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Explain the right and duties for the 21st century citizen with honesty, trust, anti-
corruption, voluntariness, public mind and the civic participation in societal activities, the role in
political institution, election system, public administration, the application of King’s Philosophy
under developmental principle and concept. Emphasize the use of resources to increase added
value by sustaining and balancing sustainable environment. Evaluate the value of social
engineering tools to integrate with multiple knowledge and create the innovation based on area
development as well as develop leadership and team working skills.

GECRRU104  anwndengugais 3(3-0-6)

Lit Up English

ysamsinuzniwidanquiiielfuaiesilodmivnisdeansludinusedrfudy
yrisiluaniunisaling g ey e drutu lessadsussleaiiuguiisndudenisdeansly
FAnUszdru lda1wite e8ute uanidsudeya fosve uansauAadiu dnauedeya afuie
JuussruvesUsemaldnrundanguy

Integrate English skills as the tool for daily communication with the non-Thai
speakers in various situations. Identify basic vocabulary, expressions, sentence structures
necessarily for daily life contacts. Apply the language for explaining, exchanging, requesting, and
presenting information, expressing opinions and explaining the culture of the country using English
as the native language.
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GECRRU201  nguaneiudlsen 3(3-0-6)

Law Survivor
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Explain legal process for societal survival, including the appropriate laws for life
spending in online world and basic right system of the citizen. Explain the practical methods for
controversy resolution leading to the application for the problems occurred in daily life activities.

GECRRU202  aa1a3ng 3(3-0-6)

Smart Science Literacy

DS UNYNSARTIMINGIFNERNS NILUIUATT LAY Uiuﬁlﬂ@ﬂ“ULﬂ'iaﬂﬂJa llllll@ﬁ/lN'J‘l/lEJWﬂﬁGli
KIRN ﬂﬂi@‘UG]’J ’]‘1/1EJ'1ﬂ’]’dGliVIUWﬁuI‘{IIu{]Q@UUuLLﬂu@u’]ﬂG] ﬂ’]iﬂ‘uﬂ’]’]LLauﬁ’]EJQ’]HLﬂEJ’JﬂUﬂ’J’]ﬂJﬂ’]’JMU’W]’N
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Explain scientific thought, process and the application of the tools for scientific
perspectives, its surroundings, interesting sciences in the present and in the future, research and

report of modern innovation advancement, and continual assessment for learner development.

GECRRU203  wsalugad 3(3-0-6)

Stargaze W|th Me
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Explain basic knowledge of astronomy. Enable to use the star map. Exemplify the
storytelling related to basic stars. Exemplify stargazing tourism management enabling to organize
the stargazing camp activities.
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GECRRU204  fUsznaunsilelmignaidvia 3(3-0-6)
New Entrepreneur in Digital Age

§f =
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Study the business principles and types, the entrepreneurial mindset, business
management, the concepts and preparation for being entrepreneurs in digital age, and analyze
business cases based on the evaluation after finishing the activities in order for developing the

learners.

GECRRU205  iude 3(3-0-6)
Media Literacy
AnvinarUfiRmsfviviudelugaddvia nansznuainde uazesdusznaunsdiviniude
nannadnfunazidfsdeyainanisaindesieq ieustlomigean wazlilfiAenansenumisausio
puesuazdany Tnefimsliasginsdifnuimudeluiifsne uaziinisianaseioafiofamungFou
Study and knowingly practice about the medias in digital age and its elements,
the principles of exposure and accessibility for the information from various medias for the
utmost benefit, and the prevention of negative effect towards self and society through the case

study analysis from various medias, and the continual assessment for learner development.

GECRRU206 satleufal 3(3-0-6)

Artistic Taste

FEULUIAA AIIUNUNY LLazfﬁﬂLLuﬂaﬂfﬁ“d':?3ﬂauﬁu§mmaaquw§8mam'§ﬁﬂu?ia‘dzLLaz
Auns asueITauInsvesfasuarauniiaeduy enfeglennunuvesaunsemanisinadiylulan
PTIUAN WaTMLIUDDN

Identify the meaning and classify basic components of art and music aesthetics.
Explain brief evolution of art and music. Exemplify the beauty of contemporary aesthetics in
western and eastern worlds.
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GECRRU207  ImIusIsuas19a99a 3(3-0-6)

Creative Culture

BTUNLUUIAANINATUINAATNATIANIUNITANYIMENNIT AUEIAvRIdRaN YAl
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Explain the concept of creative economics through the examination of principles
and importance societal and cultural capital identities of each local area, the principles of working
with local communities. Analyze learned knowledge lessons derived from the communities.
Evaluate the prototypical products, contemporarily local art products with its uniqueness.
Sustainably develop and improve the community economic level.

GECRRU208  1¥a9518fnen 3(3-0-6)

Chiang Rai Studies

Anudnindossely 4 §8 fe Sivmenienm (@i wazdnwugnUseine) IAnna
FININ (SLUUTIA BAZAIUNAINTANENTININ) TANIFANLAL IAUTITY (AUNAINTANLVBINGY
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Study Chiang Rai Province in 4 parameters: physical appearance (location and
geographical appearance), biology (ecology and bio-diversity), social and cultural parameters
(ethnic diversity), conservation parameter (natural resources conservation and ecological tourism),
and its case studies. Evaluate of each activity to provide the feedbacks for developing the
learners.

GECRRU209  @anuuuin 3(3-0-6)

Love Design

oSuwiiamnsiuTene 39la uagssaumAvesioladyius UszondliludinFesnis
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Explain the revolution of physical, mental and natural characteristics of the
reproductive age. Apply the knowledge for daily life activities on love adjustment, expression and
sexual role creatively. Explain love characteristics in learning age. Classify the problems caused
by love. Explain safe sexual intercourse, its related communicative diseases, and sexual risk
behaviors. Realize on self-esteem based on the respect of others’ rights. Understand
interpersonal behaviors and acceptance. Have positive attitude in self-reliance appropriately with
love. Practice self to cope with disappointment and plan sustainable and stable love life.
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First Aid
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Explain the meaning and importance of first aid enabling to assist people with
wound, poisonous victim, snake and dog bites, those who have foreign objects in their ears, eyes,
throat and nose, those with sprains and broken bones, convulsions, shock, and unconsciousness.
Assist those who have cardio pulmonary resuscitation, mass casualty incident and disaster, and

enable to move the patients.

GECRRU211  munlneludinuszaniu 3(3-0-6)

Thai in Daily Life

osunetinuenensldniuilve 4 sinwe Ussneudensile e n1seu wagnns
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Explain the skills in using Thai covering 4 parts; listening, speaking, reading and
writing. Use correct Thai skills suitably for modern times. Write, analyze, synthesize, evaluate and
interpret Thai language creatively.

GECRRU212  3mwnuazdmiusssuuaudiens 3(3-0-6)
Know the Language and Culture of the Dragon Land
Ssvuun1seenideveiisnyintwidu mdnn leinsal uasmsadeguuseloaniwdu

flugu Wanveiunisdeaisnimiu awnsadearsnimIufvaniunisalludinusesiuls

paenuldniwiunisiseuiiausssuiu assninuasiiuanA1veIn ¥ ke TRUSTTLLAsa1 501

AU IaInusTINIUlUYsEgndldlunsissinuarmsUsenaveinluewnanla
Know the pronunciation of Chinese alphabets, vocabulary, grammar, and basic

structure. Develop the skills of Chinese communication. Be able to communicate Chinese with

others in daily life activities. Use Chinese with its cultural learning. Be aware of and appreciate
on Chinese language and culture for applying in daily life activities and future careers.
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GECRRU213 30191488 IS IILAULINTE 3(3-0-6)
Know the Language and Culture of the Sakura Land
Yszuunnseanidsavesisnusnndu Adwst heinsal uazasaiisguuselen
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Tusuanla
Know the pronunciation of Japanese alphabets, vocabulary, srammar and basic

structure. Develop Japanese communicative skills. Be able to communicate the language in daily

life situations. Use and apply the language with its cultural learning. Be aware of and appreciate

on Japanese language and culture for applying in daily life activities and future careers.

GECRRU214  3n1wnuazdausssuuaunud 3(3-0-6)
Know the Language and Culture of the Kimchi Land
SIrUUMIoRNIFLIURIIBNYIN YNNG AAN Liensal wagnisaseguuselenniw

nwERugIY avna Teuisnusnvinnd wevusussloamulasaiiassleaiiugn Tneldedwi
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UTUNAN <) m"mﬂWiL‘%auifm%mﬁamﬁmuﬁﬁmLmviﬁ WU K-pop, K-drama, K-food, K-tour
Know the pronunciation of Korean alphabets, vocabulary, grammar, and basic

sentence structure. Spell and write Korean alphabets and basic sentence structure by using basic

vocabulary and basic srammatical structure. Be aware of and appreciate on Korean language and
culture in various situations though the learning process based on Korean cultural tools, for

instances; K-pop, K-drama, K- food and K-tour.
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GECRRU215  wiirassdviaaifienlneg 3(3-0-6)

Amazing Thailand
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Explore the Amazing Thailand towards stories, tourism destinations and activities.
Discover the beauty and unique of tourist attractions, arts, culture, traditions, lifestyles,
entertainment, food and tourism activities that remarkably different in different regions across
Thailand both through online teaching materials and virtual tourism tools. Field study are
provided, together with panel discussion towards the benefits, importance, impacts, elements of
tourism in various dimensions, the charm of tourism and the relationship between Global tourism
and Thailand tourism.

GECRRU216  nsidiuidndiuila 3(3-0-6)

Be My Guest
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Classify and identify the differences of needs and wants of tourists and visitors
according to their origin destination. Identify the reasons why their behaviour is different. Explain
how to satisfy and impress as a host to make guest, tourists and visitors, happy and satisfied and
make the second visit with friends and family members.
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GECRRU217  L@uusian1su3nIg 3(3-0-6)
Charm of Service
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Explain key foundation and principles of service. Identify the good characteristics

of the service, methods and techniques in order to provide the best service to meet customer

expectation and satisfaction. Identify and list procedures and methods of service excellence
psychology. Explain the principles of service Identify sood personality traits of service personnel.

Discussion of how to handle problems solving and complaint handling is also included.

GECRRU218  Lilgavignlsn 3(3-0-6)
Tourism Therapy
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Integrate and apply daily life activities with tourism activities. Seeking and exploring

new experiences for relaxation. Experiencing leisure, pleasure towards travel activities according

to personal special interest: walking, running, cycling, worshiping, meditation, yoga, healthy
drinking and eating.

GECRRU219  inuivedan 3(3-0-6)

Games for Life
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Explain the meaning of games, types of games, the origin of games, games and
ways of life, games playing skills, and games characteristics. Classify the types of games including;
recreational games, games and Thai lifestyles, Thai traditional games, games and learning, sames
as instructional tools (educational games), games and daily life tasks, games and vocational skills,
games for careers, the demonstration of games playing for life development, and game literacy.

Discuss the prevention of game addict and game crime. Design board games and online games.
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GECRRU220 1310894 UTUANRAANINFUNTWLAZAININ 3(3-0-6)
Brand Ownership of Health and Beauty Products
BFUNLVDULALAZAUNLNEVBINAATUNFUNIN LAZAINN WAL LWIARE NS UAII
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Define the scope and meaning of health and beauty products. Develop the ideas for

product making and creative health and beauty products. Use the natural extracts for health and beauty

products. Identify the relationship between its quality and product standardization. Apply business

creating ideas of health and beauty products leading to be brand owners.

GECRRU221  HJumuInig AWnusy 3(3-0-6)

Recreation and Camping
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Study the knowledge of concepts, scopes, meanings and importance of recreation,
types recreational activities, designs of recreational activities, relaxation with recreational
activities, meanings, objectives types of camping activities.

GECRRU222  unui¥in 3(3-0-6)

Life Map
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Explain the meanings of life. Know oneself, roles and abilities and be able to
design needed lifestyle. Understand and view the life as meaningful and challenging with
successful goals. Apply the skills in monitoring the progress of life design emphasizing new
paradigm and essential 21st century skills. Prepare for mental care-taking, problem facing, and
stress reduction. Explain positive communication being able to spend life with other societal
residents happily, adjustment and positioning self in the social groups appropriately as well as
spending life happily in every situation.
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GECRRU223 sunSiewmundin 3(3-0-6)

Meditation for Life Development
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Study the meanings of mediation, objectives, methods, steps, origins of
medication, the characteristics of chanting and meditation practice, the benefit of meditation,
the symptom of mediation against, and the application of meditation for daily life activities. Study
meditation and learning and working, characteristics, steps and qualifications, benefits of
contemplation, basic knowledge of introspection, differences of humbleness and contemplation,
world population and contemplation through the meditation practices (walking meditation and
meditating), and the assessment and evaluation after finishing the activities.

GECRRU224  1158n15tdndeny 3(3-0-6)

Social Etiquette
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Learn about social etiquette. The arts of communication towards spoken language
and body language. Off the job practical training about table manners and how to use tools and
equipment for international serving. Public appearance, dress-up and showing well personality in
various situations appropriately.

GECRRU225  gunwasedyulwsuaznisunndlng 3(3-0-6)
Healthy with Thai Herbs and Medicine
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Classify and identify the utilization of herbal medicine nearby for self and family

care. Explain how to use Thai traditionally herbal home remedies. Apply the use of herbs for
health and beauty care, cleanliness, cares of body shape, skin health, chronic diseases, and basic
sicknesses with Thai traditional wisdoms and herbs.
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Art of Living
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Classify and identify the principles, concepts, meanings, factors, and influences
impacting personality. Classify good personalities physically and mentally. Understand self and
others and be able to effectively adjust self with others in the organization and outside.
Systematize socialization under different context and self-positioning in various occasions under
Thai and international customs. Regularly practice self for personality development.

GECRRU227  enansusisanaududiin 3(3-0-6)

The Science of Leadership
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Study the concepts and theories of leaders, types of leaders for constructing the
awareness of benefits of changing factors that enhances innovative learning and information
technology. Discuss the process of creative leader development. Develop the leaders’ strategic
innovation, communication skills, conflict management and negotiation. Explain the qualified
leaders for innovative organization building based on local wisdom. And study field work for
investigating the leaders’ leadership in both governmental and private sectors.

GECRRU228  3ud2son 3(3-0-6)

How to Survive
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Explain, classify and exemplify about natural phenomenon and disasters caused
by the present world populations. Explain the process of area-based management by applying
technologies with disastrous situations. Use the principles of survival and assistance when facing
occurring disasters and emergencies. And explain the case studies about disastrous occurs.



95
AU F2IVIAIBSUIYITI8IV nuEnn

GECRRU229  USuviesmusnsde wWasudinligatle 3(3-0-6)
Feng Shui Adjustment for Enhancement Life Prosperity
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Explain the basic principles of Feng Shui based on Chinese knowledge. Understand

the principles of room environmental management to balance and harmonize with natural

energies. Present the pictures for room floor design with the layout of furniture in order to make
the residents happy, physically and mentally healthy and safe.
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AET1101 FainerfiugiuuazUfians 3(2-2-5)
Foundation of Blology and laboratory
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Explain the basic principles of biology and laboratory practices to develop

an understanding of the functioning of living organisms at the cellular and organ levels. Use

this knowledge to analyze basic problems. Practice the correct and safe use of biological tools

and equipment in laboratory experiments.

AET1102 indiNugTuuazUfoans 3(2-2-5)

Foundation of Chemistry and laboratory
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Explain the fundamental principles of chemistry, including atomic structure,
chemical bonds, and relevant chemical reactions in various systems. Practice in the laboratory

to develop skills in the correct use of tools and equipment.
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AET1103 NEndiuguuasufinnis 3(2-2-5)

Foundation of Physics and laboratory
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Explain the fundamental principles of physics, such as the laws of motion,
energy, and forces. Study physical phenomena in nature. Perform laboratory experiments
to enhance understanding of theories, such as force measurement and motion analysis.

Practice using physics instruments correctly.

AET1104 AdinAnansuazaRRNUgIL 3(3-0-6)
Foundation of Mathematics and Statistics
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Explain the fundamental concepts of mathematics and statistics, including
basic computations, the use of functions, variables, and equations, as well as statistical data
analysis, such as measures of central tendency, dispersion, and hypothesis testing to solve

basic mathematical and statistical problems in daily life.
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AET1105 wiAnnegidmiumaluladinunsiuandax 3(2-2-5)

Analytical Chemistry for Agro-Environmental Technology
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Explain the principles and concepts of qualitative and quantitative analytical
chemistry related to agro-environmental technology, including the selection of appropriate
chemical instruments and techniques for the analysis of soil, water, air, and plant samples.
Emphasize the development of scientific problem-solving skills, analytical thinking, and

teamwork. Practice using analytical tools and evaluating results correctly.
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AET1106 iiBuniddmdumaluladinunsieundon 3(2-2-5)
Organic Chemistry for Agro-Environmental Technology
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Explain the basic principles and processes of organic chemistry and its
applications in developing agricultural environmental technologies. Practice using tools and

equipment in organic chemistry to study reactions related to agro-environmental technology.

AET1107 Fuafidmiumaluladinuasiuandon 3(2-2-5)

Biochemistry for Agro-Environmental Technology
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Explain the fundamental principles and processes of biochemistry relevant
to agro-environmental technology. Emphasize the application of biochemistry knowledge in
natural resource management and the development of sustainable technologies. Develop the

ability to use appropriate tools and equipment for effective work.

AET3101 Awinerdawndon 3(2-2-5)

Environmental Toxicology
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Explain the principles and methods for assessing the risks of toxic substances
in the environment. Focusing on identifying sources of pollutants, evaluating their impacts on
health and the environment, and applying techniques for measurement and toxicological tools
in fieldwork.
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AET2101 wdnnsmamaluladinuasisuwndon 3(2-2-5)
Principle of Agro-Environmental Technology
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Explain the fundamental principles of environmentally friendly agricultural
technology. Apply technology in plant and animal production, and the sustainable
management of natural resources. The efficient use of resources, waste reduction, and
minimizing environmental impacts. Biotechnology for agriculture, alternative energy
technologies, organic farming systems, and smart agriculture, as well as policies and
development strategies that emphasize environmental considerations at both local and global

levels.

AET2102 JuarInauasiiafnuyns 3(2-2-5)

Ecology and Agroecology
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Explain the fundamental principles of ecology and agroecology, including
interactions between living organisms and their environment, biological processes, such as
photosynthesis, nutrient cycling, and living organisms adaptations within ecosystems. Analyze
the impacts of agricultural activities on the environment. Practice using tools and equipment

to assess environmental quality and agroecological systems accurately.
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AET2103 waluladinTasdnsnanunsuasiauwndon 3(3-0-6)

Agricultural and Environmental Machinery Technology
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Explain the operating principles and components of modern agricultural
machinery, including machinery selection, performance calculation, safety inspection, and
maintenance, as well as various types of equipment, such as tillage implements, planting
machines, fertilizer applicators, sprayers, cutters, and harvesters. Analyze problems and select
appropriate machinery for field conditions, and evaluate machine performance to improve the

efficiency of agricultural production.

AET2104 walulagudsnsifuiieaieanuddy 3(3-0-6)

Sustainable Postharvest Technology
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Explain the principles of post-harvest agriculture, including quality control
processes for agricultural products. Use this knowledge on appropriate post-harvest practices,
such as modified atmosphere storage, transportation, and fresh-cut processing. Develop
management processes for agricultural products for consumption and distribution in both
domestic and export markets to enhance value and extend the shelf life of agricultural

products efficiently.
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AET2105 mMssansminensituasszuuraUsEuioinuasaauandos 3(3-0-6)
Water Resource and Irrigation Management for Agro-
Environmental Systems
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Explain the importance of water in agriculture, including the water cycle and

agricultural water sources. Evaluate crop water requirements and determine appropriate

irrigation strategies. Develop skills in water control and measurement. Study and compare
various irrigation methods, such as surface irrigation, subsurface irrigation, sprinkler irrigation,
and drip irrigation. Apply efficient irrigation systems by integrating modern technology to

optimize water use for sustainable agricultural practices.

AET2106 walula8Fideieanudedu 3(3-0-6)
Green Technology for Sustainability
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Explain the concepts and principles of green technology, focusing on efficient
resource use and environmental friendliness, such as renewable energy, sustainable waste
management, and technologies that reduce pollution and chemical usage in production
processes. Explore strategies for developing technologies that promote the use of renewable

resources and conservation of nature that align with sustainable development goals (SDGs).



101

SN FoWATANBSUIYITIEIV Muene

AET2107 ngvang Wleute  wazasessuian1siansinunsaaandensdne  3(3-0-6)

defu

Laws, Policies, and Ethics for Sustainable Agro-Environmental

Management
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Explain the principles and provisions of laws related to agriculture and the
environment at both national and international levels. Understand policies and legal
measures affecting the agricultural sector and natural resource management. Evaluate the
impacts of laws and policies on agricultural and food security, environmental sustainability in
agriculture, and the economic well-being of farmers. Apply legal and policy approaches to
develop the agricultural sector in alignment with sustainable development principles and

international standards.

AET2108 msdansimaluladuazszuuinensieuindan 3(3-0-6)
Agro-Environmental System and Technology Management
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Explain about technologies applied in agricultural systems, including the use of

computers for data collection and analysis to support agricultural production planning.

Evaluate and apply policies, standards, and regulations related to agriculture, including the

study of agricultural product standards and environmental regulations.
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AET3102 waluladinunssaaiesuazssuunnanagiedeby 3(2-2-5)
Smart Agriculture and Sustainable Production Systems
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Explain the concepts and principles of smart agriculture technology, including
applications of Internet of Things, artificial intelligence, big data analytics, and automation in
agriculture. Explore sensors, remote control systems, and data management techniques to
enhance productivity, optimize resource use, and minimize environmental impact. Emphasize

skill development in designing and developing technological solutions for agriculture.

AET3103 ﬂ’]’iﬂ’J‘UQSJLLaZﬂ'ﬁ{]’ﬂﬂﬂiuﬁﬁi&ﬂ’lﬁﬁﬂu’izUULﬂﬂﬂ’i?‘i\‘umﬂﬁau 3(2-2-5)

Water Pollution Management and Control in Agro-

Environmental Systems
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Explain the issues of water pollution from various sources, such as
communities, industries, and agriculture. Analyze the impacts of water pollution on the
environment and human health. Develop strategies for water pollution control using principles
of relevant technologies and innovations. Practice the use of tools and equipment for water
quality monitoring and analysis. Apply knowledge to propose solutions for water pollution
problems in integration with other disciplines considering laws, environmental standards, and
professional ethics.



103

SN FoWATANBSUIYITIEIV Muene
AET3104 N1AUANLAZNITIANTUANENIDINIATUTZUUNEAT 3(2-2-5)
AInaay

Air Pollution Management and Control in Agro-

Environmental Systems
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Explain the sources and types of air pollution, including particulate matter,
toxic gases, and airborne chemicals. Analyze the impacts of air pollution on the environment,
human health, and ecosystems. Explore air pollution control technologies and processes, such
as filtration, adsorption, and combustion. Study relevant laws and standards related to air
quality. Develop skills in analyzing and designing air pollution control systems to address

problems effectively and sustainably.

AET3105 nMsauANLaznsIansvaadesunmelussuuinunsiaanden  3(2-2-5)

Hazardous Waste Management and Control in Agro-

Environmental Systems
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Explain the sources of various types of hazardous waste, such as waste from
industrial processes, chemicals, energy production, and agriculture. Analyze the properties and
impacts on the environment and human health. Explore methods and technologies for
managing and controlling hazardous waste, including collection, transportation, disposal, and

recycling. Study relevant laws and standards related to hazardous waste management.
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Geoinformatics for Sustainable environmental management
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Explain geoinformatics and their applications in managing agricultural and

environmental resources, such as land use analysis, water management, climate monitoring,

and natural resource management. Study methods and technologies for collecting data from
various sources, such as satellites and unmanned aerial vehicle, to support decision-making

related to sustainable development in agriculture and the environment.

AET3107 m'i{fﬂm'iszuuLtazﬁlumﬂﬁaﬂuqmamniwLmetﬁ'i 3(2-2-5)
Management System and Environment in Agro-Industry
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Explain the management of systems and the environment in the agricultural

industry, focusing on the use of efficient technologies and processes to produce food and

agricultural products sustainably. Study environmentally friendly production processes, natural
resource management, pollution control, waste management, and reducing environmental

impacts from agricultural industrial processes.

AET4101 mUssifiunansenudauandon 3(3-0-6)
Environmental Impact Assessment
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Explain the processes and principles of environmental impact assessment,

which includes analyzing the potential environmental impacts of activities or projects on both
the natural environment and society. Study methods for preventing and mitigating

environmental impacts.
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AET4102 dunuimanalulaginensiawinaou 1(0-2-1)
Seminar in Agro-Environmental Technology
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Explain the current approaches and technologies related to agro-
environmental technology through seminars and presentations on recent studies and research.
Apply basic knowledge of agro-environmental technology along with related fields, and
research new knowledge to develop or improve technological practices. Communicate
knowledge and work collaboratively for developing decision-making skills and the ability to

solve ad hoc problems.

AET4103 Tassnuidemanaluladinensdeuandan 3(0-6-3)
Research Project in Agro-Environmental Technology
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Explore special issues in agro-environmental technology by applying

fundamental knowledge related to ago-environmental technology to solve real-world
problems in agricultural production and environmental management. Use relevant tools and
equipment to address problems accurately. Integrate knowledge involving other disciplines
within legal and ethical frameworks. Practice teamwork skills and develop communication and
decision-making skills.
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AET2109  msmIuAsuazmMsIan1suaiiwistasnsduaziioulussuuinens  3(2-2-5)
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Noise and Vibration Management and Control in Agro-

Environmental Systems
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Explain the characteristics of sound and vibration, sound levels, and hearing.
Use this knowledge to classify the sources of sound and their impacts. Learn methods for
measuring and controlling sound, and develop strategies for preventing noise and vibration
in various environments. Evaluate policies, regulations, and standards related to sound and

vibration control to promote compliance with environmental and health standards.

AET2110 N153ANSUNYNTULAZIUNEATOUNTE 3(3-0-6)
Community Forest Management and Organic Agroforestry
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Explain the principles that contribute to the long-term sustainability of natural

forest ecosystems integrated with proper agricultural practices. Utilize knowledge to select
appropriate plant species for each forest type to enhance environmental quality and
ecosystem sustainability. Apply suitable agricultural systems in various forest areas and

community forests.
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AET2111 MIU3IsIan1snnsagnediiy 3(3-0-6)

Sustainable Farm Management
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Explain and understand the meaning, importance, and interrelationship of
farm management. Study farm economics, farm record-keeping, business planning, and
budget management. Explore the process of securing loans for farm operations. Solve

problem for farm management and forestry land use with agriculture.

AET2112  walulagnisugnisuwuulaildfu 3(2-2-5)
Soilless Plant Production Technology
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Explain the fundamental principles and concepts of soilless cultivation,

including various systems and techniques, such as hydroponics, substrate culture,

aeroponics, and vertical farming systems. Analyze factors affecting plant growth, including
water, nutrient solutions, light, temperature, humidity, and environmental management
within greenhouses. Plant selection, production systems, maintenance, pest and disease
control, as well as production costs and the development trends of soilless cultivation

technology at both household and commercial levels.
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AET2113 Msdan1andnenssssuTRuazianindon 3(2-2-5)
Environment and Natural Resource Management
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Explain the principles and approaches for assessing environmental quality

and managing agricultural resources. Use knowledge to classify types of resources that play

a crucial role in agricultural occupations and utilize resource assessment methods to analyze

environmental conditions in agricultural areas. Develop skills in using tools and techniques

for environmental quality assessment to examine the impacts on agricultural production.

AET2114 mMswauAsundouatndsdy 3(3-0-6)
Environmental Sustainable Development
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Explain the principles and approaches to sustainable environmental

development, focusing on the integration of economic, social, and environmental
development. Apply sustainable development concepts in natural resource planning,
pollution management, biodiversity conservation, and climate change adaptation. Explore
case studies of sustainable development projects and promoting community participation

in sustainable development.
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AET2115 nsafiuaziasetieiensaLneAsEIndey 3(2-2-5)

Leadership and Networking for Agro-Environmental

Development
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Explain the principles of leadership development and the importance of
leadership in agricultural development, including to identify the roles of agricultural
personnel and the relationship between leadership and agricultural advancement. Apply
leadership concepts to enhance the potential of agricultural personnel and utilize tools and

strategies to empower agricultural networks.

AET3108  walulaBnisiuydauandouotnedsdy 3(2-2-5)

Sustainable Agro-Environmental Remediation Technology
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Explain the concepts, principles, and technologies for remediating
environments impacted by human activities, and natural processes, such as soil remediation,
and water remediation. Selecting appropriate technologies, including biotechnologies,
physical and chemical methods.

AET3109 mMsUszuIaNanInAITaaNIIANTRsuIndenat1edeBy 3(2-2-5)

Digital Image Processing for Sustainable Environmental

Management
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Explain the concepts, principles, and techniques of digital image processing
for agricultural and environmental management. Digital image processing using satellite, and
aerial images. Image data analysis, image classification, and the application of softwares in
analysis, and decision-making in terms of natural resource management, environmental

monitoring, and supporting sustainable agriculture.
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AET3110  iAswgAansauindautnanisinunsatnedsiy 3(3-0-6)

Environmental Economics for Sustainable Agriculture
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Explain the concepts and principles of economics related to natural resource
and environmental management, including environmental cost-benefit analysis, valuation of
natural resources, the impact of environmental policies, and the management of
environmental issues in economic, and social contexts. Develop skills in applying economic

tools, such as financial analysis, and cost-benefit analysis.

AET3111 mﬁmiﬁzﬁqmmwﬁ'} iNesTUUINYATAILIAEDN 3(2-2-5)
Water Quality Analysis for Agro-Environmental Systems
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Analyze the chemical, physical, and biological components of water affecting

water quality using appropriate laboratory tools, and techniques. Evaluate the impact of

water quality on ecosystems, and human activities. Integrate knowledge of agricultural
environmental technology in managing, and improving water quality sustainably. Develop
skills in - communication, teamwork, and problem-solving to prepare for professional

workplace environments.
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AET3112  wdnniseunsivdauindou 3(3-0-6)
Principle of Environmental Health
oSuneuIAauarnannIsveseuisAaadoniiisadostuguamuosuy vduay

AN mYBsAILIndey Tnonsinsidadonedanndouifnansenudeauan 1y uafivnis

911791 11 uazAu n13danisuey namuaulsanAuandon uasn1sUszendlduninisiie

desfunazmuauilamaunimandauindon Foudnszuaunslunmsinmsmineinssssumninay

danadouifiedesiumsifindgmauamuardaaiunswmuniidsdu

Explain the concepts and principles of environmental health related to
human health and environmental quality. Analyze environmental factors affecting health,
such as air, water, and soil pollution, waste management, and the control of environment-
related diseases. Learn the application of measures to prevent and control health problems
from environmental factors. Understand processes for managing natural resources and the

environment to prevent health issues and promote sustainable development.

AET3113 1draudsnazANUannnelun199I9IU 3(3-0-6)
Occupational Health and Safety
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Explain the principles and methods of managing occupational health and

safety in the workplace. Risk assessment related to health and safety hazards arising from
work activities. Evaluating the work environment, and preventing work-related diseases.

Promoting a safe and healthy working environment. Learn laws and regulations regarding

safety and health in organizations.
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AET3114 mséﬂsqwazaﬂmuﬁ]mmw?i'eLnﬂé'aw,ﬁamﬁﬂnﬁl,nwm 3(2-2-5)
Environmental Quality Survey and Monitoring for Agricultural
Management
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Survey and monitor environmental quality using various tools, and
techniques to assess human activity impacts and monitor environmental situations. Use
tools and equipment correctly in conducting surveys. Apply knowledge of environmental
survey and monitoring in conjunction with other disciplines within the framework of laws
and ethics. Develop skills in communication, teamwork, decision-making, and problem-

solving, and demonstrate professionalism for effective work in organizations.

AET3115 anlloninguilonm NI NEATaLIndey 3(3-0-6)
Meteorology for Agro-Environmental Planning
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Explain the principles and basic knowledge in the field of meteorology,
focusing on the Earth's heat balance, the formation of seasons, temperature, and humidity,
as well as the movement of air both horizontally and vertically. Examine the processes and
factors that lead to severe thunderstorms and assess global climate variability trends, such

as global warming and the El Nifio phenomenon.
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AET3116 ngrmaainssninientsdsnazisendwindensdndedy  3(2-2-5)

Science of Diving for Sustainable Environmental Survey and

Research
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Explain the principles and techniques of diving for environmental exploration
and research. Collect samples and measuring of various environmental variables related to

marine ecosystem. Learn diving equipment and safe diving practices.

AET3117 nslduaundiaduvuauisninuiienisfneiinensiwindan  3(2-2-5)
Bl
Using  Smartphone Applications for Spatial Agro-
Environmental Studies
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Use smartphone applications for spatial environmental studies, with a focus
on utilizing Global Navigation Satellite System (GNSS) technology, and digital mapping to
collect, and analyze environmental data in different areas for supporting environmental

management decision-making.

AET3118 waluladviuuazmafiuinvndnnansnsioanudedy 3(3-0-6)

Drying and Storage Technology for Agricultural Commodities

for Sustainablility
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Explain and understand the principles of thermodynamics and heat transfer,
such as the properties of moist air, physical and biochemical properties of agricultural
products, including post-harvest losses, and quality control. Apply knowledge and theories
of drying and storage methods to the drying of agricultural products, and develop the ability

to effectively use appropriate tools and equipment in this field.
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AET3119 wannsuazmaiianmsinzideaiodofia 3(2-2-5)
Principles and Techniques of Plant Tissue Culture
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Explain the fundamental principles of plant tissue culture under sterile

conditions, including essential techniques and processes, such as the preparation of culture

media, environmental management for tissue culture, selection of plant tissue types, shoot
induction, root induction, callus induction, plant multiplication, and the transplantation of
cultured plants. Plant propagation, disease-free plant production, and plant improvement
at the molecular biology level. Practical laboratory sessions to develop understanding and

skills in accurate and safe tissue culture practices.

AET3120  wialulagnisdnnishunasley 3(2-2-5)
Soil and Fertilizers Management Technology
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Explain the principles and technologies for soil and fertilizer management to
enhance agricultural production efficiency. Emphasis understanding the physical, chemical,
and biological properties of soil, including soil analysis and proper fertilizer planning to
maintain soil quality, and protect the environment. Study soil improvement methods using
various techniques, such as the application of organic fertilizers, chemical fertilizers, and soil
management practices within sustainable agricultural systems, to promote the efficient use

of natural resources, and minimize environmental impacts.
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AET3121 msduaSuuazdeasnmanuns 3(2-2-5)
Extension and Communication for Agriculture
93UBLAEIAILLNT094AIUNNNY AMNEIAY LazWENAITEUASNNITINYAS

FBnsduasunisinuas nMsdeansifiensduaiunisinuns nsdsasUNAINgY wazATREUI

\nwnsns WlesanuuULArUsTINANsMILNLlATINS AL TAYAs nsUseilunaduialunis

duasunsinuns JymuazguassalunisduaSunisinuns
Explain and understand the meaning, importance, and principles of

agricultural extension, methods of agricultural extension, communication for agricultural
extension, group empowerment, and farmer development. Apply and design agricultural
extension project planning, assess the success of agricultural extension efforts, identify

problems, and challenges in agricultural extension.

AET3122 n1s3amsladafnduasialdguniunisinens 3(2-2-5)
Logistics and Supply Chain Management in Agriculture
asugnannIsuazaNdIfyvadladaindluningsnanuns WladsesRusenay

ye33vuUlaanng 59081590t NINER NMITALIU LAENNINTEIENANAANISNNTINYAT was

A11130IHUNNTEUIUNITINR LA ATUANLATARNALUNIANITINYAT Uszendldndnnisdnnag

Tadadndlunsuimsingfu adsdud wazdunu Ainszidadefdsmadouszaninmuesszuu

Tadafnduazialdguniu wazanunsaSeuifsuiumenisdnnisadsdufuagnisvudaii

UszdnSnnluusunvesgsianumsnssy
Explain the principles and importance of logistics in agricultural business.

Understand the components of the logistics system, including procurement, production,

storage, and distribution of agricultural products, and identify the processes for planning and

controlling logistics in the agricultural sector. Apply logistics management principles in the
administration of raw materials, warehousing, and cost management. Analyze factors
affecting the efficiency of logistics and supply chain systems, and compare effective
approaches to warehouse and transportation management within the context of

agribusiness.
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AET3123 mandndudunuasuasadsuazduinsdeduindon 3(3-0-6)

Safe and Environmentally-Friendly Agricultural Production

o5UIEMENNT WA uazanAsTLAITesTuNSHARAuA LN YRS UABARY daus
Funounaiwdouiu fusfie/dnd nislitadenisudn nsmuaudnsfisuazlsn mafuies n1s
Jan1sudenisiiuier naonaun1TnTIEUdaundU UIATIIUTEUUNITHAN LU GAP (Good
Agricultural Practices), Organic, S¥UUNI3SUTRILUUTAINITIN wazdInsFIUAUUADAIURINT
wansznuiegunmguila dunedey waveudsBuluilinsnandudinuns

Explain the principles, concepts, and standards related to the production of
safe agricultural products, covering all stages from soil preparation, plant/animal selection,
use of production inputs, pest and disease control, harvesting, and post-harvest
management, to traceability systems. Production standards, such as Good Agricultural
Practices (GAP), Organic, Participatory Guarantee Systems (PGS), and food safety standards.
Impacts on consumer health, the environment, and sustainability throughout the agricultural

production chain.

AET3124 nﬂsﬂimﬁuﬁgini?ﬁmaﬁwum'swaﬂmal,nwml,l,azalmmé'au 3(2-2-5)

Life Cycle Assessment of Agro-Environmental Systems

BFUNENANNIT |aENTEUIUNITVRINTUSETNTNINTTIATUTEUUNITHEANIUN YRS
uazdaanden Mwevduafiferfunisussdiuindns®in MausulazeeniuuszUUNITHAA AN
NaNIENUADAINEeN

Explain principles and processes of Life Cycle Assessment (LCA) in agricultural
and environmental production systems. The use of Life Cycle Assessment software. Plan

and design production systems that minimize environmental impacts.

AET3125 msUsafiuasuaulussuuinensuazdaindon 3(2-2-5)

Carbon Assessment in Agro-Environmental Systems

BFUBMANNT waresAUsENauvesiInsiazn1sUseliuasuauluniainunsias
dawindon Insgsunasiniln n1svantdes warnisinfivresfisieunseanluianssu
ManuATkarAnden n1sUssiiunisususlaniuivessandug n1sussifiunisuaurlamius
YBIBIANT WAZNITHAILIIATINTANTBISaUNTEINNAALATIININLINTEIUUTEINA LY

Explain the principles and components of carbon cycles, and carbon
assessment in agricultural and environmental sectors. Analyze sources, emissions, and
sequestration of greenhouse gases in agricultural, and environmental activities. Assess the
carbon footprint of products, carbon footprint of organizations, and Thailand Voluntary

Emission Reduction Program (T-VER) development.
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AET4104 msUssfivanudesdudaandou 3(3-0-6)
Environmental Risk Assessment
E]ﬁ"UTEJ‘VTaﬂﬂ’ﬁLLawﬂiuU’JUﬂ’ﬁIUﬂ’ﬁﬂiuLNUﬂ'ﬂ’]ﬂJLﬁﬂﬂ@’]u&%m@ﬁﬁm i'lllﬂx‘lﬂ’ﬁiu‘l.l

LLﬁu’JLﬂ’iWuM@U@iWEWILﬂﬂ'ﬁ]’]ﬂﬂf\]ﬂiilm']ﬂ 4 mmammummu’maau LU Lan¥I9eInA ‘Lﬂ Ay

LLﬁ%Lﬁﬁlx‘i ﬂ'l'iﬂigLllu@ﬁ]']llLﬁﬂﬂﬁ]’]ﬂﬂﬁ]WU@ﬂNﬁiiﬂJsﬁ’m LU W1e ‘L!']‘VI’JlI LLﬁ%LLN‘U@UlV’J ﬂ’l'ﬂfd

wpdiawaviesediolunisussdfiumiudes Wy mMslessiaudemiedd nslduuudasini

ANIRPNERS LLazm'iﬂizLﬁumaﬂizmmﬂﬂﬂiLﬁﬁauLLanamWQﬁmmﬂ inauuInnslunIsanAIy

L%’IENLLazmié’]’mmsmmL%’IENL‘ﬁaﬂaﬁuuazammaﬂiwwia%qanﬁau
Explain the principles and processes of environmental risk assessment,

including the identification and analysis of hazards arising from activities that impact the

environment, such as air, water, soil, and noise pollution. Assessment of risks from natural
disasters, such as storms, floods, and earthquakes. Use techniques and tools for risk
assessment, such as statistical risk analysis, mathematical modeling, and impact assessment
from climate change. Propose strategies for risk reduction and risk management to prevent,

and mitigate environmental impact.

A. nuNITRNUsTaUN1SalRYITN/aunarnel 7 wdaena
SHa YN FoWATANBSUIYTIEIV ILYINTe)

AET4201 mswsesiinUszaunisaileInmaluladinunsaauindas 2(90)
Preparation for Professional Experience in Agro-
Environmental Technology |
wansliiiudenisinseunsaunounisinussaunisalivndnludiumiuiaanudila
Tinwe dnwairddefimunefuendn warlenalunisvhau
Demonstrate pre-training experience in cognitive, skills, characters suitable for
professions, and career opportunities.
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AET4202 msfinUszaumsalivntninaluladinunsiaiadoy 5(225)
Field Experience in Agro-Environmental Technology
edniFosSeunnneu AET4201 nswsesfinUszaunisalivndn
weluladinunsaindon
UitRaildfuneumneluniissuniaigviotonsuiild Suauiiiureuain

Wsunswdnldiduednad dudunisiasanisviefanssufidaadussaunsaivdnsauduniieny

AASTYTRLENTURYITRY 1 1ATINT WIoUTATINTIEULARINANITATLII
Perform assigned tasks in public or private agencies that have been approved

by the course program well. Carry out at least one project or activity that promotes professional

experience in collaboration with government or private agencies, and prepare a report showing

performance.

AET4203 Avnafnen 7(315)
Co-operative Education
UftRnuluminsnunadgrdeonsuludnuarntinmnuisnsinalassnuilédu

woumnglaluegned @3191e9ulanImaUlagnSLELe
Perform in government or private agencies as a temporary employee according

to assigned projects well. Create reports showing performance and presentations.
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Law and Occupation in the Digital Age
awBitoau i

Meditation for Life Development
uywd dIAY AT uasNITHAILI

Human, Society, Economic and Development
InonafiansnanisiuiunsuSnsdanu

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

Volunteering for Local Development and Social

Services

2. vuandvnanizatu Tissu

2.1 NgUAVIINGIAEATHUGIU

1) nguimiugIuneivemansuazadaaans

ENV1108

ENV1109

ENV1110

ENV1111

ENV1112

ENV1113

ENV1114

ENV1115

ENV1116

MA3801

Fomenitugiu 1

Foundation of Biology |
UftRnsTAneitugiu 1
Foundation of Biology Laboratory |
Fineiiugu 2

Foundation of Biology I
UfiRmstimenitugiu 2
Foundation of Biology Laboratory |I
wilifug 1

Foundation of Chemistry |
UfiRnsiaditugiu 1

Foundation of Chemistry Laboratory |
wnilfiugu 2

Foundation of Chemistry |l

ﬁ”ugwu 2

a wa )

UhuaAnsiall
Foundation of Chemistry Laboratory I
adnrEniuaratn iRy

Basic Mathematics and Statistics
upaRaa 1

Calculus |

91  wuqehn

39 wiefin

24 mein
3(3-0-6)

1(0-2-1)

2(2-0-4)

1(0-2-1)

3(3-0-6)

1(0-2-1)

2(2-0-4)

1(0-2-1)

3(3-0-6)

3(3-0-6)

2. mnndwnawz Thsoulifiesnt 85 misefn &l

2.1 ngsdvunu iseu 24
(1) nquiv ugumMdnemaniuasadaans Tisou

lifeundn 12 wihefin

AET1101 %ﬁwmﬁugmua:ﬂﬁﬂami

Foundation of Biology and laboratory
AET1102 wililugruuazfiing

Foundation of Chemistry and laboratory
AET1103 Handiug ey URTRnS

Foundation of Physics and laboratory
AET1104 AdlnAAR fuayARANIg L

Foundation of Mathematics and Statistics

(2) nguidvainearaasianizdiu iSeulidesnin
12 mizefin

AET1105 witeseidmiumelulafinunsawandey
Analytical Chemistry for Agro-Environmental
Technology

AET1106 widuniddmsumaluladinunsduandou
Organic Chemistry for Agro-Environmental
Technology

AET1107 Fuaddmsumaluladinunsdandon
Biochemistry for Agro-Environmental
Technology

AET3101 fivinerdanden
Environmental Toxicology

2.2 nguivdeau TiSeulidesnd 49

AET2101 wanmsmaneluladinunsdundey
Principle of Agro-Environmental Technology

AET2102 dnAIneuaziaeinyn s
Ecology and Agroecology

AET2103 walulafirdesdnsnanunsuazduindey

Agricultural and Environmental Machinery

Technology

wdnefin

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(3-0-6)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

wnefin

3(2-2-5)

3(2-2-5)

3(3-0-6)
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PHO401

PHO0402

Andfugiu

Foundation of Physics
UftRmsiandnugy

Foundation of Physics Laboratory

2) NgUITINeEERsIaNIT AU

ENV2101

ENV2102

ENV2103

ENV2104

ENV2107

ENV2108

ENV3118

widAsen

Analytical Chemistry
UfuRmsiaiiiasza

Analytical Chemistry Laboratory
wfiBun3g

Organic Chemistry
UfiRnsaiidunsy

Organic Chemistry Laboratory
Fundl

Biochemistry

UURANMsTuall

Biochemistry Laboratory
adfuarsuifouidensdaunndey
Environmental  Statistics  and

Methodology

2.2 NNV NANIEATUTIAY

1) nauiniugIumdwandeu

ENV1101

ENV2106

VENNIEINe AR Sasnden
Principle of Environmental Science
fnrinedandon

Environmental Ecology

2) nguivinaluladuazuinnssudinden

- FNUNERYAINADULAZNITAIUAN

ENV2109

ENV2111

ENV2213

uaﬁwmﬁmazmsmuau
Water Pollution and Control
:Jaﬁwmﬂmmml,azmim‘uw
Air Pollution and Control
%@QL%SﬁuWiWSLLa%ﬂﬁWJU@&J
Hazardous Waste and Control

3(3-0-6)

1(0-2-4)

15 WAR
3(3-0-6)

1(0-2-1)

3(3-0-6)

1(0-2-1)

3(3-0-6)

1(0-2-1)

3(3-0-6)
Research

40  wuwnn
6 VTP h
3(2-2-5)

3(2-2-5)

18 WEAR
9 AAR

3(3-0-6)

3(3-0-6)

3(3-0-6)

AET2104

AET2105

AET2106

AET2107

AET2108

AET3102

AET3103

AET3104

AET3105

AET3106

weluladvdnsfuieufiennuddy
Sustainable Postharvest Technology
mMsdanisninensiuazsruuTaUsEmuite
NunIRIndey

Water Resource and Irrigation Management
for Agro-Environmental Systems
waluladdideufionnuddy

Green Technology for Sustainability

ngvinne - wleune wara3EssTUion1in
MIinunsAaIndeystediby

Laws, Policies, and Ethics for Sustainable Agrc
Environmental Management
msdanismelulabuazszuuinuasanden
Agro-Environmental System and Technolog
Management
welulafinumssasezuarsruunnanegnad
Smart Agriculture and Sustainable
Production Systems
ﬂﬁm‘uqmLLazmﬁﬂmimaﬁ‘wwfﬂuiwu
\nunTAIIAEEY

Water Pollution Management and Control
in Agro-Environmental Systems
N1TAIVANKATNITIANITUAR YN NBIN ALY
STUUINUASAINEBL

Air Pollution Management and Control in
Agro-Environmental Systems
mMsAuANLarMIIansveadsdunsglussuy
\nuATAIIAEEY

Hazardous Waste Management and Control
in Agro-Environmental Systems
i:uugimiaumﬂLﬁamﬁﬂmi?unﬂﬁam
agdady

Geoinformatics for Sustainable

environmental management

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)
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- Adumelulafuazuinnssudunndo 9
ENV3115 weluladnstindaundon
Environmental Treatment Technology
ENV3211 welulaBmstuydsnden
Environmental Remediation Technology
ENVA4121 Bumesidnvasarmnasmivuinnssudundey
Internet of Things for Environmental Innovation
3) nauArnsdansdawindon 12
ENV3101 syuugiiansaumaiiionnsinnisiauandon
Geoinformatics for Environmental Management
ENV3102 nsUsTanananwAdTaien s ianssanden
Digital Image Processing for Environmental
Management
ENV2105 npyaneuazulsuedinden
Environmental Laws and Policy
ENV4120 ﬂ’ﬁﬂi:ﬁLﬁuNaﬂi&’WUéﬂLL’mfgﬁ]M
Environmental Impact Assessment
4) NFNIVINTIUALITUFTTH 4
ENV1105 PussaAninmainemansauindon
Professional Ethics in Environmental Science
ENV4119 Funumdngeansuazuianssudauindey
Seminar in Innovative Environmental Science
ENV4101 Hymiiamwndimermansuaguinnssudanndon
Special Problems in Innovative Environmental
Science
2.3 ngudvndenaniziiuy 12
ENV1104 \Aygmansauandon
Environmental Economics
ENV2110 mﬁmswﬁqmmwfw
Water Quality Analysis
ENV2112 mﬁmmiszwLms?i&mé'aﬂuqmamﬂﬁu
Management System and Environment in
Industry
ENV2113 fvinedunnden

Environmental Toxicology

Fethi

3(2-2-5)

3(2-2-5)

3(2-2-5)

Fethi

3(2-2-5)

3(2-2-5)

3(3-0-6)

3(3-0-6)

iR

1(1-0-2)

1(0-2-1)

2(0-2-4)

etintc)

3(3-0-6)

3(2-2-5)

3(2-2-5)

3(2-2-5)

AET3107

AET4101

AET4102

AET4103

mi’%ﬁ’ﬂnﬁixuuLLaxﬁﬂané’aﬂuqmaWﬂﬁm
LNYAT

Management System and Environment in
Agro-Industry

msUssfiunansznuiandon
Environmental Impact Assessment
Fummamaluladinunsiandes

Seminar in Agro-Environmental Technology
Trssndfemamaliladinunsdanndon
Research Project in Agro-Environmental

Technology

2.3 ngydvngen Wiseuliteanin 12

AET2109

AET2110

AET2111

AET2112

AET2113

AET2114

AET2115

AET3108

NIATUALLAENITIANSUAR WA WATNS
duaniouluszuuinunsaanndey

Noise and Vibration Management and
Control in Agro-Environmental Systems
MITNTUIBUTULEL N BATBUNTE
Community Forest Management and
Organic Agroforestry
msuImsTamsrsuesnadiy
Sustainable Farm Management
walulagnisvanfiswuulildnu

Soilless Plant Production Technology
mMadanImineInIsTINTRLay Asndon
Environment and Natural Resource
Management
msauAmndonesadiiu

Sustainable Environmental Development
miﬁ%ﬂaﬁjﬁmamﬂ%miwLﬁ@miﬁ@ummwm
Aswndeu

Leadership and Networking for Agro-
Environmental Development
WIﬂiuiaﬁmiﬁuﬁémnmﬁamaém%ﬁu
Sustainable Agro-Environmental
Remediation Technology

3(2-2-5)

3(3-0-6)

1(0-2-1)

3(0-6-3)

etinte)
3(2-2-5)

3(3-0-6)

3(3-0-6)

3(2-2-5)

3(2-2-5)

3(3-0-6)

3(2-2-5)

3(2-2-5)
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ENV2114

ENV2116

ENV2206

ENV2207

ENV2208

ENV2210

ENV2211

ENV2212

ENV3201

ENV3202

ENV3209

ENV3210

ENV3212

ENV3213

ENV3214

ENV3216

ENV3218

vdnnsewiodaindey

Principle of Environmental Health

Vezy oy é"wﬁgauazmsmw}m

Solid Waste and Control
uaﬁﬁe}mmﬁmLLazmiﬁ'uamﬁauuazﬂﬁﬂ’mﬂu
Noise and Vibration Pollution and Control
ApNTANEIINYR

Natural Disasters
nMeTguasfufegmnadainden
Environmental Sampling and Analysis
ANURINNAIBNWTININ

Biodiversity

oTeuvuazanuUaonsiy
Occupational Health and Safety
MI0USNELAENNTINNSNINENTNE 1Y
Energy Resource Management and
Conservation

waluladazain

Clean Technology

WUUSIREMNE AN

Environmental Modeling

WS UL AINEEY

Energy and Environment
nswaLAsndoNegestu
Environmental Sustainable Development
miﬁ'ﬁ’mLLazﬁ(r‘lmumwaauqmmw?m&mé’au
Environmental Survey and Monitoring
mﬁmswﬁswuLLaz%’agamﬁaLL’mé’au
Environmental System and Data Analysis
g lusinen

Meteorology
nsausunsliuslomiviau

Land Use Planning
mousnuninensUlduazdnivn

Forest and Wildlife Conservation

3(3-0-6)

3(2-2-5)

3(2-2-5)

3(3-0-6)

3(2-2-5)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(2-2-5)

3(2-2-5)

3(3-0-6)

3(2-2-5)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

AET3109

AET3110

AET3111

AET3112

AET3113

AET3114

AET3115

AET3116

AET3117

AET3118

AET3119

mMsUszananan mAdiaiiion1sinnis
Awndeueeadiiu

Digital Image Processing for Sustainable
Environmental Management
mswgmam%ﬁ'%r;mé’amﬁamit,ﬂﬂymad’msfﬁu
Environmental Economics for Sustainable
Agriculture
mﬁLﬂiﬁzﬁﬂmmwﬁﬂLﬁaiz‘uummi
Aoy

Water Quality Analysis for Agro-
Environmental Systems
winmseundduandey

Principles of Environmental Health
21ipuntivuazAuUasaislumsvineu
Occupational Health and Safety
miﬁﬁ’mLLazammuﬂmmw?ﬁané’amﬁams
IAN15LNEAT Environmental Quality Survey
and Monitoring for Agricultural Management
QqﬁﬂﬁwmlﬁammwLmumnﬂwsﬁlmmﬁam
Meteorology for Agro-Environmental
Planning
Inernanimssmifiensdisiauasienis
Aswandeueeadsiy

Science of Diving for Sustainable
Environmental Survey and Research
msldueundinduuuaunininuiiionsdnu
\nuATANIndou LT

Using Smartphone Applications for Spatial
Agro-Environmental Studies
waluladyhuisuaz msiiusnunaananuns
wionudaE

Drying and Storage Technology for
Agricultural Commodities for Sustainablility
wénmsuarmaiamsmzds ooy
Principles and Techniques of Plant Tissue
Culture

3(2-2-5)

3(3-0-6)

3(2-2-5)

3(3-0-6)

3(3-0-6)

3(2-2-5)

3(3-0-6)

3(2-2-5)

3(2-2-5)

3(3-0-6)

3(2-2-5)
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ENV3219 VAT INEN 3(2-2-5)
Limnology

ENV3220 walulagnsauautaRyeINe 3(2-2-5)
Air Pollution Control Technology

ENV3221 wialulagnstidnvesdedunse 3(2-2-5)
Hazardous Waste Treatment Technology

ENVA220 msUszfiuamnundssiudandon 3(3-0-6)
Environmental Risk Assessment

ENVA4221 NMSEIUTINVIUTETTUREENTIANITAIY 3(3-0-6)
Tauda
Public Participation and Conflict Management

3. YNNIV UADNLES 6  wiaein

rminfinwideniseunniedvmidaaeulundngnsseaudSyansveaumine de
swiglese nglidriunmeiniieedeuneds Suulidesndt 6 miefn
WentnUszaunisalivi@nviseaniadnungulangumi

4. vuadvuszaunsalnnaguny 6  WUIwnN
IﬁﬁnﬁnwLﬁaﬂﬁ'aumﬁ‘ﬂﬂumﬁﬁ‘uﬂmmjﬁmwﬁwialﬂﬁ
1) nguign1sEnau
ENVA4303 M3fnwudaysannsiunisiieuauineiaans 2(240)
waruinnTsuAannden 1
Cooperative and Work Integrated Education in
Innovative Environmental Science |
ENV4304 mMsfAinyideysannisfunsiaudineiaians 4(480)
waruinnssuAsInden 2
Cooperative and Work Integrated Education in
Innovative Environmental Science I
2) nguAvamiadn
ENV4305 avnafny 6(600)

Cooperative Education

AET3120 walulagnisdnnishuuase

Soil and Fertilizers Management
Technology

AET3121 msduasuLazdoansnisnuas
Extension and Communication for
Agriculture

AET3122 msdamsladafnduazialdgumunmsinens
Logistics and Supply Chain Management in
Agriculture
msuandudunensasnionasiluingse

Fwndeu

AET3123

Safe and Environmentally-Friendly
Agricultural Production
n1sUsEdiuindnstinvesseuunsndnn1
NuRTLATAIINEBL

AET3124

Life Cycle Assessment of Agro-
Environmental Systems
nsUszidiuansueulusyuununsuas
Aawndou

AET3125

Carbon Assessment in Agro-Environmental
Systems
AETA104 msUszdunnudssudmandou
Environmental Risk Assessment
3. punrinUsEaunIsaiiundw/annafnyn 7
TdeniinUszaunsalivnvieaviadnungulanguunia
AET4201 msneuiinUszaunisalivndnimalulad
NuATAMINEeY
Preparation for Professional Experience in

Agro-Environmental Technology

AETA202 nsRnUszaunsalivIdmnaluladinyms
Fawndey
Field Experience in Agro-Environmental
Technology

%39

AET4203 akhehitel

Co-operative Education

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(3-0-6)

3(2-2-5)

3(2-2-5)

3(3-0-6)

etinte)

2(90)

5(225)

7(315)
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4, RIAIY WA NLES 6 i
Iﬁﬁﬂﬁmﬂ,ﬁaﬂﬁaumﬂiwzﬁﬁmﬁL%aauiuuﬁﬂqmﬁzﬁw%miym%aa
wingdesvdgisane lidiuseinies Sounuduarilssnegini
vualisou
10 | A1edue 10.1 518391 10.1 518391 - USuugesviaionuitelalsn
EACRL AT AnuvInEYaaLaYsEiTElundngns AuIEYBaLAYsTEiTElundngas nsaffusiaianlundngms
STV Fadnus ENV vefls Snfiiendesivinemaniuasuinnssudannden

g93191A Innovative Environmental Science
flaa 4 wan danuningasil
o & = v & o~
wANT 1 RN SEAUTUY
o v PR o
N7 2 vinede dnwagiilemInddinnunuefadl
@ 1 e nguivndadu laun nauduinermansiugiu uazngy
Arnanigaulsdu
187 2 Mnedle nquiTIonianIzA
1a% 3 et vnaIUTEEUNSalNAEUIN
18n7 3 WAy 4 Miunede auANNEINIEYRINT

ST IUNANgRTIMINeNde s 1w ey
A1oneT AET 691199nA191 Agro-Environmental Technology
nnede Anineadesiumaluladinunsdsandou

v

LaURIN 1 Usuaniesyauauendesedul
v 2 Usueandsanuusiileniun

@i 3 uay 4 UIUDNDIAIRUNDUNAIIOTIN

WA

A3 U8

ENV1108 FaAneriiugu 1 3(3-0-6)

Foundation of Biology |

autRvedaiTin n13dnsruuddiTin arsafvedin waduazuunue
3% Wugemand nalnvediimunnis anuvannvanevesddiddn Tassauazuthiives
i Tessadranagvihilvesdnd dnmiveuasnginssu

Properties of organisms. Living organization. Chemicals of life. Cells
and metabolism. Genetics. Mechanism of evolution. Diversity of life. Structure and

function of plants. Structure and function of animals. Ecology and behavior.

A3 UYII8IUN

AET1101 FrAnerugruuasufoanis 3(2-2-5)
Foundation of Biology and laboratory

a%mwé’ﬂmiﬁyugmmaa%‘ﬁwamaxmiﬂﬁﬁ'ﬁmﬁmq
Fmen ietamenudilaieafunisinuredadiiatilussiueduas
o¥u7 Marudlumsiinneidymitugiuuas Annisldgunsaiiedossionns
FinglunsvaaeiegngnsisuazUaende

Explain the basic principles of biology and
laboratory practices to develop an understanding of the functioning of
living organisms at the cellular and organ levels. Use this knowledge to
analyze basic problems. Practice the correct and safe use of biological

tools and equipment in laboratory experiments.

- U'?Uﬂgﬁﬁa‘iﬂmﬁalﬁlﬁ
nsafusiaialundngms
]

- USudsameBunesgin
TWeaonndesiu OBE
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ENV1109 UftiAn1sTaineniiugiu 1 1(0-2-1)
Foundation of Biology Laboratory |
auautfvesasiulamsa ain WeRiu nsailinddn nsldndes
anssel wad MIkUusad e msduiuguesdelldin maedyula nmsduun
UspiaviAsiiiin uaymvasesilaenadestuieninivineafiugou 1 (ENV1108)
Properties of carbohydrate, lipid, protein, nucleic acid, vitamin.
Use of microscope. Cell. Cell division. Tissue. Reproduction of organism.
Development and classification of organisms. Experiments related to the contents

in foundation of Biology | (ENV1108)

AET1102 iniituguuazUfians 3(2-2-5)
Foundation of Chemistry and
laboratory
o3urendnnisiugiuvened sauislassadnaves
ogman Wuspiadl UfiTeuedl wasndnnisiieadedussuuing q Anufoilu
esfuRnmaitenaniinuznsliiaiesdieuazgunsalogugnies
Explain the fundamental principles of chemistry,
including atomic structure, chemical bonds, and relevant chemical
reactions in various systems. Practice in the laboratory to develop skills

in the correct use of tools and equipment.

ENVI110  @divenitugnu 2 2(2-0-)
Foundation of Biology I
Ufnsenaiiluwad wulel msduaseideuas nsmelasgau
wad vinvesqdunisludauindon Svsnavesqduvidee Awindeuuaznisaiunm
uhily UstloviuarInwasqaunisuarnmsuszgndliluinermansaaandon
Chemical reaction in cells. Enzyme. Photosysthesis. Cellular
respiration. Species of microbes in environment. Influence of microbes on
environment and their control. Beneficial microorganism and microbial spoilage

and their application in environmental science.

P P

AET1103 Wandiugruuazufianis 3(2-2-5)

Foundation of Physics and laboratory
asUIEnaNMINUgILUeANd Wi ngmsndeuiives

Ty WA wazuse Anwrusingnisainieidndnintulusssuwd neass

il
a wa

UuRnsildndiieatuanudlalungud wu n15inuse uaznslnseinis

4

wndeuil THiedeaslomaiidndetagnaos

Explain the fundamental principles of physics, such
as the laws of motion, energy, and forces. Study physical phenomena in
nature. Perform laboratory experiments to enhance understanding of
theories, such as force measurement and motion analysis. Practice using

physics instruments correctly.

ENVITI1L  UftRnnsEadnerfiugu 2 1(0-2-1)
Foundation of Biology Laboratory Il
nsnaaelfuRnisufisenailuwad eulsd nsdunsizisie
was mamelaszduiad uaznmaassiiaenndestuiionivaing fiugiu 2
(ENV1110)
Laboratory experiments in chemical reaction in cells,
enzyme, photosysthesis, and cellular respiration. Experiments related to the

contents in foundation of Biology Il (ENV1110)

AET1104 AdnFERsuAzAR AN 3(3-0-6)
Foundation of Mathematics and
Statistics
a%maLl,mﬁmﬁugwwqmﬁmmam%uaxaaﬁ U N3
Fandosiu nsldileiu duus uasaums sals Sinsed Jeyadeadn
Wy Anady ATsegu dudsauuninTgiu weznIvaaouaNLRgIu ite
UszgndldlumsudtymmsadneanusradanuguludinUsy$iu
Explain the fundamental concepts of mathematics
and statistics, including basic computations, the use of functions,
variables, and equations, as well as statistical data analysis, such as
measures of central tendency, dispersion, and hypothesis testing to solve

basic mathematical and statistical problems in daily life.
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ENVI112  iadiivugu 1 3(3-0-6)
Foundation of Chemistry |
USinaudaniug lassadnesneunarautAvessinnums sy sy
vl uite veauds wosTulaundind
Stoichiometry. Atomic structures and properties of the
elements in the periodic table. Chemical bonding. Gases. Solids.

Thermodynamics.

Py PP -
wiidnszidmsumaluladinens
Faundou

AET1105 3(2-2-5)
Analytical Chemistry for Agro-
Environmental Technology
aFurBLwIRALasHaNN1sVRIATTATIT AT IRaA N
wazidaSinuiiAsidestumaluladinumswardaindon audenisidentd
ineddlenazmaiiamuaiiiimzaudmsunisinseisieg iy 1 eme
wagiie iR nueMsLAdymilinivenmans n1sAndiaTei Lagns
aududin Inufodnsldnuweiesdiofianmeinas Ussiiunadnsogis
AGER
Explain the principles and concepts of qualitative
and quantitative analytical chemistry related to agro-environmental
technology, including the selection of appropriate chemical instruments
and techniques for the analysis of soil, water, air, and plant samples.
Emphasize the development of scientific problem-solving skills,
analytical thinking, and teamwork. Practice using analytical tools and

evaluating results correctly.

ENVI113  Uftansiafitugiu 1 1(0-2-1)
Foundation of Chemistry Laboratory |
vdnufdAuszanaaeadeluriesuiifing asiesl UdRmsifent
waila msldgunsaiuaziedosiieugiumiuadl munisumsazats mslyinse ngues
wia LLazmimmaaﬁﬁaamﬂﬁaﬁﬁULﬁamﬁmmﬁﬁuﬁm (ENV1112)
Principle and safety in laboratory. Chemicals. Experimental
techniques. How to use chemical equipments. Preparation of solutions. Titration. Gas

laws. Experiments related to the contents in Foundation of Chemistry | (ENV1112)

p— -
wniidunsdannsumaluladinuns
faundou

AET1106 3(2-2-5)
Organic Chemistry for Agro-
Environmental Technology
oSurendnnswarnsrurumsmaaiiunsdidosdy
u.azﬂﬁﬂimﬂﬂﬂumiﬁ'@ummﬂiuiaﬁmwm?ﬁumﬁam Anldin3esiionas
gunsaimaaiidunisTunisAnwviufaseriiisadestumaluladinuns
Fandon
Explain the basic principles and processes of

organic chemistry and its applications in developing agricultural

environmental technologies. Practice using tools and equipment in
organic chemistry to study reactions related to agro-environmental

technology.
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ENVI114  iadiifugiu 2 2(2-0-4)
Foundation of Chemistry Il
YourIazaazaty aunanlusraunavedlonsu wliliin sawed
wnilBunddidesy

Liquids and solutions. Chemical equilibrium and ionic equilibrium.

Electrochemistry. Chemical kinetics. Introduction to organic chemistry.

AET1107 Fuafidwiumaluladinunsdeundon 3(2-2-5)
Biochemistry for Agro-Environmental
Technology
a3uEndNNITLaZNSEUILNIINIT Badifid Ay
wmaluladinwasdwandey Wudssgndldanuiiuiuailunisianis
ninenssssumRaznsiauinaluladiissdu fauianuannsalunisld
idesdlouazgunsaifivnzaslumsyinnuegiaiiszansam
Explain the fundamental principles and processes
of biochemistry relevant to agro-environmental technology. Emphasize
the application of biochemistry knowledge in natural resource
management and the development of sustainable technologies. Develop

the ability to use appropriate tools and equipment for effective work.

ENV1115 UftiRnsinfiiugu 2 1(0-2-1)
Foundation of Chemistry Laboratory Il
auURvosfanazvauds veuvamarasazany saunamansiail 0

viarnans il uasmsveaesiiaesadestuidoviviaditugmu 2 ENV1114)
Properties of gas and solid. Liquid and solution. Kinetic chemistry.

Thermodynamics. Electrochemistry. Experiments related to the contents in

Foundation of Chemistry Il (ENV1114)

AET3101 fivingdauandon 3(2-2-5)
Environmental Toxicology

aSundnmsuagismsussiuauidsmnansivly
Fwandeu LﬁumiisqLmédﬁmmaﬁm‘sﬁw UszlUNANTENUABAYANLGY
dawandeu Hudinisldmaialunisamaiauasiadesiientsivinenly
AAFUIN

Explain the principles and methods for assessing
the risks of toxic substances in the environment. Focusing on identifying
sources of pollutants, evaluating their impacts on health and the
environment, and applying techniques for measurement and

toxicological tools in fieldwork.
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ENVI116  adladnaniuazadiiiosdu 3(3-0-6)
Basic Mathematics and Statistics

pvsmne ey wa Audiniudileidy sruusuauess dunisuay
nsuszeynd nsdsuniae LLmﬁmﬁ’uﬁmﬁmﬁummﬂwmﬂu ANUNUIYUAY
vouteresadd nyiauwliudigdnnars Msinnisnssatevestoyn nsuseamen
UATNINAFDUANNRFIUNEADA

Introduction to logic. Set. Relations and functions. Real numbers.
Equations and it’s applied. Unit conversions. An Introduction to probability.
Definition and scope of statistics. Measures of central tendency. Measures of

dispersion. Estimation and testing hypothesis.

AET2101 winnismamaluladinensiawindon 3(2-2-5)
Principle of Agro-Environmental
Technology
osursndnmsiuguresnaluladinunsiiiuinsie
dawandon nsuszgnaldinaluladlunisudniy & uaznisdanis
n¥MeInssIsuYfededidu nsanvendsuarkansenuAedlLIndeu
waluladFinmiienisinuas maluladndinumaden ssuuinunsdunid
wazinuAssanior MufeulevsuaziuInnsRaL YRS TSUAANTaE
dawndeuilusyiuviosiuuazana
Explain ~ the  fundamental  principles  of
environmentally friendly agricultural technology. Apply technology in
plant and animal production, and the sustainable management of natural
resources. The efficient use of resources, waste reduction, and minimizing
environmental impacts. Biotechnology for agriculture, alternative energy
technologies, organic farming systems, and smart agriculture, as well as
policies and development strategies that emphasize environmental

considerations at both local and global levels.

MA3801 uAaAdd 1 3(3-0-6)
Calculus |
Hariduuazns alauazaruseiiomeileidy auwusveslaidy
fudaifiruaznsusvend Usiudidesdu
The function and graphs, limits and continuous of functions.

One variable derivative and application. Basic Integration.

AET2102 dnaIneuaziinmnyns 3(2-2-5)
Ecology and Agroecology

a%mwé’ﬂmiﬁugwmaqﬁnﬂ%mmuazﬁnﬂmwm
suffduiusserieddPiauasAanndon nsguiumsmedanw Wy ns
Fuasgaidaouas fdnsansenms nmsuiuiivesdedidinluszuudian
Annevinansynuvesfanssununsiedanden Inufiinisliedesdouay
QUﬂiﬂjLﬁansLﬁuﬂ_mmwﬁaLL’mé’auLLazswuﬁnmﬂwsa&hagﬂﬁm

Explain the fundamental principles of ecology and
agroecology, including interactions between living organisms and their
environment, biological processes, such as photosynthesis, nutrient
cycling, and living organisms adaptations within ecosystems. Analyze the
impacts of agricultural activities on the environment. Practice using tools
and equipment to assess environmental quality and agroecological

systems accurately.
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Wandnugu
Foundation of Physics

PHO0401 3(3-0-6)

naf1ansvesinginde n1sdunazadu adudss weslulaunfingd
< " aa a & v o ¢ aa ¢
narnansvesvediva wiwanlii inssua Sildnnselindilesdiu Aauaans Aand
gl
Mechanics of rigid bodies. Vibrations and waves. Sound waves.
Thermodynamics. Fluid mechanics. Electromagnetism. Electricity. Introduction to

electronics. Optics. Modern physics.

AET2103 walulafiniesdnsnainunsuazdanandon  3(3-0-6)
Agricultural and Environmental
Machinery Technology
aurendnnsvhuLazesAUIEnoUTENATRIdNING
nwnsuasdandenadslul n1sidenld nsduinanssour nsnsndey
audasnfe waznisvigsinwiadesdnsnainuns 1wy gunsallnIoudu
\3eaugnity 1adedliide tn3eriuansiail tndesdn uaziadeaiuiien
sz ndgniuazidonldindesdnslinunzausuanineuass saudenis
UssidunansUfoRauvenniosinsifieriuussansnmnisuanmienianens
Explain the operating principles and components
of modemn agricultural machinery, including machinery selection,
performance calculation, safety inspection, and maintenance, as well as
various types of equipment, such as tillage implements, planting
machines, fertilizer applicators, sprayers, cutters, and harvesters. Analyze
problems and select appropriate machinery for field conditions, and
evaluate machine performance to improve the efficiency of agricultural

production.
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PH0402 UtiAnnsianditugou 1(0-2-9)
Foundation of Physics Laboratory
nam1ans nisduuazadu guuwamians veslua auruluili
aumwidn uas des LLaxm'ﬁwmamﬁaamﬂﬁmﬁuLﬁawﬁﬁjﬁ\laﬂéﬁugm (PHO401)
Mechanics.  Vibrations and waves. Thermodynamics. Fluid
mechanics. Electric field. Electromagnetic. Optics. Sound. Modern physics.

Experiments related to the contents in Foundation of Physics (PH0401)

AET2104 waluladudensiiuifeaiionamisdu 3(3-0-6)
Sustainable Postharvest Technology

@%‘Uﬁ‘ﬂﬁﬁﬂﬂﬁiﬂaﬂﬂ’]ﬁLﬂ‘U@iWﬁﬂﬂ’]iLﬁ‘ULﬁlﬂﬂ i
NILUIUMIATUANANNUBINANTANNIINITNYAT ‘L%umilﬁalﬂuummﬂu
nsUfoansudanisfuifeddiunzan wu nsfuinsluanmdaudag
UI58IN1¢A NMITUds wagniswlszuaandenuilan Wauinszuun1sdnnis
Namwa%’mﬂ’]im‘t’miL‘ﬁlE)ﬂ'li‘U%IﬂﬂLLﬁgﬂ’]ﬁﬁhMﬂ’]ﬂ%ﬂuﬂiSLV\F’TLLaSﬂ’]iﬁIQE)E]ﬂ
erfiuyariuazdneignisiiuinuivesndnnanianisinunsedidl
Usgdniam

Explain the principles of post-harvest agriculture,
including quality control processes for agricultural products. Use this
knowledge on appropriate post-harvest practices, such as modified
atmosphere storage, transportation, and fresh-cut processing. Develop
management processes for agricultural products for consumption and
distribution in both domestic and export markets to enhance value and

extend the shelf life of agricultural products efficiently.

wiidasen

Analytical Chemistry
winnsiugurenaiiinse nouiuiatensauasiua UiATen
sonfintuuaziintu Ufisensiinanaddounasufisemaiinngneu n1sussend
UgRseumariflunmsiiessiiinalasmsanagnounasmsiauiines aunaiad
seuihaldlunisadadaeiinazane

ENV2101 3(3-0-6)

Basic principles in analytical chemistry. Theory of acid-base.
Oxidation-reduction. Complex formation and precipitation reactions. Applications
of the above-outlined reactions in quantitative gravimetric and volumetric

analysis. Interface equilibria in solvent extraction.

AET2105 mMssanmiwensinuassruuassmy 3(3-0-6)
Weinuasiauindon
Water Resource and Irrigation
Management for Agro-Environmental
Systems
odvsarudidmastiilunianisineas sdeiging
yasuavunduiiidlunsinens Usedfiuanudesnisivesfivuas smun
wuamnanslidiegramanya ﬁ'&umﬁﬂmlumsmmmLLﬁz"’;’mU%mm‘fﬂ
AnvuazilSouiieuiBnsvadsemuunuusinge Wy msloimaiaiy s
Thhmaldianu mslihuuuiades waznsliduuumen Uszendldssuy
saUszmuiiiussannim Tasysanmsmeluladasislmiiieiiayssdvsnm
nslimensinumsednadstu
Explain the importance of water in agriculture,
including the water cycle and agricultural water sources. Evaluate crop
water requirements and determine appropriate irrigation strategies.
Develop skills in water control and measurement. Study and compare
various irrigation methods, such as surface irrigation, subsurface irrigation,
sprinkler irrigation, and drip irrigation. Apply efficient irrigation systems by
integrating modern technology to optimize water use for sustainable

agricultural practices.
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ENV2102 UfiRnsdiiesiei 1(0-2-1)
Analytical Chemistry Laboratory
AuAaIaedeuluNIATIEn Msiaseideyaideata wdeailonas
wadlalunsieszidalinna Mmeassierfunsinseiasineiinnaneuwas
MsiaUines uaznisveaesiidenadotulionivuaiifiiaszy (ENV2101)
Errors in chemical analysis. Statistical data analysis. Instrumentation
and techniques in quantitative chemical analysis. Experiments on chemical
analysis based on gravimetric and volumetric methods, and experiments related

to the contents in Analytical Chemistry (ENV2101)

AET2106 walulaBdieuionrudsdu 3(3-0-6)
Green Technology for Sustainability

oSuruwIAauarudnnsvesmaluladdide iy
nsldnswensedreiivszaniamuanidufinsfuduindon Wy ndsu
naunu Mstamsvezegedsiu nisldeluladiannisudesuafivuaznsly
ansniilunszurunisndn Anwinumnisiauinaluladfidaasunigld
ninensvyuisuLas MseyiNYsITHTATIAARdBsiULLIMI ISR DENS
febu

Explain the concepts and principles of green
technology, focusing on efficient resource use and environmental
friendliness, such as renewable energy, sustainable waste management,
and technologies that reduce pollution and chemical usage in production
processes. Explore strategies for developing technologies that promote
the use of renewable resources and conservation of nature that align

with sustainable development goals (SDGs).

ENV2103 wndiBunsd 3(3-0-6)
Organic Chemistry
wilvesansusznovezdnifnuazaisusznaueszlsuifin weodiues
Astulamsn nsnesdly WWsuuardln msussandmaidadnslblomauwazdursisna
wWlnsalnlunisiigatussinnuesmyaridu
Chemistry of aliphatic and aromatic compounds, polymers,
carbohydrates, amino acids, proteins and lipids. Applications of ultraviolet and

infrared spectroscopy in functional groups identification.

AET2107 ngusne uleung WazaTusTIUENTT 3(3-0-6)

Fansinunsiuandouasneddiu

Laws, Policies, and Ethics for

Sustainable Agro-Environmental

Management

a%mwﬁﬂmmazwﬁzyzﬁﬁmmﬂg%maﬁLﬁsasﬁaqﬁu
mManumsuarAuandey nilusyiulstnawazsywiesung vhanudila
uT,EJmEJLLazmmmimqng]*vmﬁﬂﬁdmaﬁiamﬂmwmﬂﬁmLLazmﬁmmi
NINBINTEITUYR UszLﬁuwaﬂixwumaﬂﬂgwmaLLa:uIamwiammﬁum
MUNUATUATOINS ANEIEuNYENLIRdeNrENITINYAS UaZLATEENAVDY
1nunsns Uszgndlduuimiamiangminenazulovigiiowmuinie
inwnsnssliidenadestundnmsianneg s dulazinasgiuana
Explain the principles and provisions of laws

related to agriculture and the environment at both national and
international levels. Understand policies and legal measures affecting
the agricultural sector and natural resource management. Evaluate the
impacts of laws and policies on agricultural and food security,
environmental sustainability in agriculture, and the economic well-
being of farmers. Apply legal and policy approaches to develop the
agricultural sector in alignment with sustainable development

principles and international standards.

156




=p.

1Y a

nangaItau w.e. 2564

nangnTUFuUTe w.e. 2569

wiaralun1suTuuge

ENV2104 UfjuRnsiafisunid 1(0-2-1)
Organic Chemistry Laboratory
wadadesiuresufoinsiaiidunis Idun mannudn mamgaiien
nsndu nsain wazlasulnnsiil nsmsreaeunuandAnazuiisonaiivemy
laifutiavosansdun3s uazmannaesiidenadesiuiifeniviaiidunid (ENV2103)
Basic organic chemistry techniques including crystallization,
determination of boiling point, distillation, extraction and chromatography.
Determination and chemical reaction of functional groups of organic compounds.

Experiments related to the contents in Organic Chemistry (ENV2103)

msdnnsmaluladuazssuuinuns
Fauandou

AET2108 3(3-0-6)
Agro-Environmental System and
Technology Management
osunamaluladiiuszgndliluszuuinens uflenns
Uszgndreuiameilumsifiudeyanaziinseiifieatiuayunisnnauny
nsrvIuNTsHAnduANYAT Usslluwasdssgndliuuimaleuis uiasgu
wagnsmuAuiisadostunsineas safenisAnvnnsgududunens
wazdetafuiiieadestuduanden
Explain about technologies applied in agricultural
systems, including the use of computers for data collection and analysis
to support agricultural production planning. Evaluate and apply policies,
standards, and regulations related to agriculture, including the study of

agricultural product standards and environmental regulations.

ENV2107 Fuall
Biochemistry
Iﬂiqa%’ml,awﬂﬂﬁ%m%ﬂmLaqa ulriuazTmaeudEns wWunued

Fuuazmamuan MaiiukaznIskanseenvesdayanaiignssy Wuglainssy

3(3-0-6)

Structures and functions of biomolecules, enzymes and
bioenergetics. Metabolism and regulation. Storage and expression of genetic

information. Genetic engineering.

AET3102 waluladinunI99a38z1azIzUUNIS 3(2-2-5)
HANDE19E s
Smart Agriculture and
Sustainable Production Systems
aSursLwIAnLaznannIsuaRnAluladinunsdanses
Wwu msUszyndlddumesidavnasmds Jyaussing szuviinsesideya
ywelng wasszuudaluiRlumanens Anviduges ssuuaupuszezlng
waznsdanistoyaiiieiisyszavsnmlunisuan anmsliminens uazan
HaNsENUsAwINdD wunsauvinusluniseenuuuuasinunlegiunia
walulagdmsunianens
Explain the concepts and principles of smart
agriculture technology, including applications of Internet of Things,
artificial intelligence, big data analytics, and automation in agriculture.
Explore sensors, remote control systems, and data management
techniques to enhance productivity, optimize resource use, and minimize
environmental impact. Emphasize skill development in designing and

developing technological solutions for agriculture.
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ENV2108 UfuRns3uall 1(0-2-1)
Biochemistry Laboratory

msldasaranstwineslunsdied n1snageunenian wkaziaives
Fluana n153iAT1eMTUTUIM Iaunardasveteulsd N1suenkaEn1IINge
Tnddnliusgnd inadediaalnsliida nsAnwinalnlunssuaunsaunueddures
aslulansn uarnsmaaesigenadestuifenivduai (ENV2107)

Utilization of buffer solutions in biochemistry. Physical and chemical
properties of biomolecules. Quantitative analysis. Enzymes kinetics. Isolation and
purification of nucleic acids. Electrophoresis. Studies of carbohydrate metabolism.
Experiments related to the contents in Biological Chemistry (ENV2107)

AET3103 nsAauRuUAENsIANTsHaRwanly 3(2-2-5)

sxwmwiﬁm’mﬁau

Water Pollution Management and

Control in Agro-Environmental

Systems

a%mﬂﬁfwmaﬁwmﬁﬁ%mLma'aﬁwLﬁm&m 9 W
UNEIYUTY QARAINNTTU UAZINBATNTTN IATIEAHANTENUVBINAN YD
dandounaraunmyasysd ﬁ&umum‘wNmimmuuaﬁwwﬁﬂmFftﬁﬁ
vinmsmalulaBuazuinnssuiiiesdos Anufuansliiniesilouazeunsal
Tun1snsantauariiasigiqunimii Ussgndosdanudiierauauuinis
widymuafiunishiaufuaiansdu 4 Taeddsfenguus vinsgu
?ﬁmmﬁau LAZATTVIUTTUIITIN
Explain the issues of water pollution from

various sources, such as communities, industries, and agriculture. Analyze
the impacts of water pollution on the environment and human health.
Develop strategies for water pollution control using principles of relevant
technologies and innovations. Practice the use of tools and equipment
for water quality monitoring and analysis. Apply knowledge to propose
solutions for water pollution problems in integration with other
disciplines considering laws, environmental standards, and professional
ethics.

158




=p.

NANGASIAN W.A. 2564

nangnTUFuUTe w.e. 2569

wiaralun1suTuuge

ENV3118 adnuazsndeuitennddaandou 3(3-0-6)
Environmental Statistics and Research
Methodology
MeEirLLlUTI MInusumsnaassloiy msisuiiiou
N N13AT ALK TUTINTIN Nsaaaeenvan n13inAnuduiusdmiunise
11393 N1sanneuasdann egred1e n1siaTwlnsdn nslélusunsudnsagulunns
AT
Analysis of variance. Basic experimental designs. Multiple
comparisons. Analysis of covariance. Multiple regression. Measures of association
for contingency tables. Simple logistic regression. Probit analysis. Utilization of

packages.

AET3104 NN5ATUANLAZNNTIANITUANENIDINIA 3(2-2-5)
Tussuuinunsaaundon
Air Pollution Management and
Control in Agro-Environmental
Systems
aurgunaIn L lauarUTEIANYDILaTYN19eINTA
Wy Juazess fgiiy uavarsiadlue1nie insieinansenuvaauafiunig
pINAdedAIIndaN quamuywd uagssuuig Anvunaluladuas
ﬂi$U’JUﬂ"Iiﬂ'J‘UQJJJJaﬁUW'N?J’mWW LU N1INT9 ﬂ’]i@]@‘iU warn1swning
Anwingrunsnazuasguiieitesfuauaimenia fauninuzlunis
AATIEIRLATEDNLUUTEUUAIUANNATIEVI0 N AL Bl AT gy vnogsdl
UszAvEnnuazadu
Explain the sources and types of air pollution,
including particulate matter, toxic gases, and airborne chemicals. Analyze
the impacts of air pollution on the environment, human health, and
ecosystems. Explore air pollution control technologies and processes,
such as filtration, adsorption, and combustion. Study relevant laws and
standards related to air quality. Develop skills in analyzing and designing
air pollution control systems to address problems effectively and

sustainably.
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ENV1101 wdnnsmsingraanideuandon 3(2-2-5)
Principle of Environmental Science

femuazyseinnudumvemineinssssuefuardsunden seuu
ANALALAINEUAANNTITUIR ﬂﬁSLﬁmﬁJ@ﬂUix’lﬂﬂiﬂJHHéLLa3@04:171/\1%3&] AMAUUS
spwrhaasugmans doau uardwanden wansenuanmsliinemaniuazivalulad
#odaanden nansreinnunmanden winnsliineimansuazmaluladlunis
Jeafunazarunuuaiins n153an13n3nenssssuvAnazdanindonngiededu
nsdifine fnsAnwuenanud

Definition and history of natural resources and environment. Ecology
and natural balance. Quality of life and population growth. Relationships among
economics social and environment. Impacts of environmental science and
technology on environment. Principles of environmental science and technology
for pollution control and prevention. Sustaninable natural resources and

environmental management. Case study and field visited.

AET3105 nsauANkaznsianisveadedunsne 3(2-2-5)
Tuszuuinunsaaundon
Hazardous Waste Management and
Control in Agro-Environmental
Systems
aduBuvasiinvasedsdunsnaUseianang 4
LU vaudea1ngnaIvng sy ANANT WHNIY KATAIANITINEAT ATIE
ﬂiuauﬁﬁLLawaﬂiwmiaﬁ'w,'mﬁauua3?1“umwmaﬂm§wé Anwisniuas
walulaglunsdanisuazmunuvendedunsy Wy MaAusIuTIn N1svUEs
n3idn waynissluiAa imﬁaﬂgwmaLLazmmigmﬁﬁm*ﬁmﬁ’umﬁﬂms
vaudedunsng
Explain the sources of various types of
hazardous waste, such as waste from industrial processes, chemicals,
energy production, and agriculture. Analyze the properties and impacts
on the environment and human health. Explore methods and
technologies for managing and controlling hazardous waste, including
collection, transportation, disposal, and recycling. Study relevant laws

and standards related to hazardous waste management.

ENV2106 fnaindanndon 3(2-2-5)
Environmental Ecology

wdnmaieatuiinainen ssuuinn dadedita ndsew fpdnsvesans
Uz nT YU Mswasuuaunudl mansevuvesmsidsuulasdandensioszuy
A unumuazauddyreslnAIelunTNwURUTRATLAN 9 wasn1sUssynd
nuivmsiineinglunsfnuilagmmadannden nsddnw fmsfnwuenaniui

Principle of ecology, ecosystem, limiting factors, energy, nutrient
cycle, population community and succession. Impact of environmental changes
on ecosystems. Roles and importance of ecology in terms of solving

environmental problems. Case study and field visited.

AET3106 swuqﬁmsaummﬁamﬁﬂms 3(2-2-5)
Fawandouatnedediu
Geoinformatics for Sustainable
environmental management
EJ%mEJLﬁmﬁmzuuqiaﬁaumﬂLLaxmwianmﬂlmu
MISMITNEINTNINITINERTkar ANy Wy My haseinsleiau
n139AN1517 AMsAnaNanIngiend Lazn15uIu1sdnnnsg
niweInsosINR AnwiIsnisuazinalulaglunisifiutegasinunassng o
Wy anniiey wavenniaeulaudu Weldlunisdadulafiieatetunis
Wannfidihlunamainunsuazaanden
Explain geoinformatics and their applications in
managing agricultural and environmental resources, such as land use
analysis, water management, climate monitoring, and natural resource
management. Study methods and technologies for collecting data from
various sources, such as satellites and unmanned aerial vehicle, to
support decision-making related to sustainable development in

agriculture and the environment.
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ENV2109 uaﬁwwﬁmmmsmuqu 3(3-0-6)
Water Pollution and Control

arwdifossuieatuuvdsinia auve uaznansenuvesaivni
mMsuAuiiegng mimuﬁmiwﬁagumwﬁwwﬁmmamw wiluaz@anidesdu
wwanslunistiosfusasmvauuaiivniah wénnsidesiuresssuuidaide
ﬂgmmaﬁlﬁm%mﬁumifﬁ'ﬂm'ﬁuaﬁwmdﬁw n3difnw fnsdnuuenaniuil

Fundamental of sources, causes and impacts of water pollution.
Water sampling and basis water quality analysis by using physical, chemical and
biological parameters. Principles and processes of water pollution control and
prevention. Introduction to wastewater treatment. Law for water pollution

management. Case study and field visited.

mMsdnnsszuuLazdandauly
QAEMNTTUNEAT
Management System and

AET3107 3(2-2-5)

Environment in Agro-Industry

B%U'IEJL?]IEI'JﬁUﬂ’WS;fﬂﬂ’ﬁi%UULLa%%QLL’JW5611114
gnamnssumsinuasiaeiiunsliineluladuasnszuiunisiiiussansam
TunIsnanomsuazaanineinisinuasesedaiu Anwinszuiunisudnd
\uiinsdodauanden nsdansmineInssssuwid nsmunuuaiiv 13
INN1TVLL LLa?ﬁﬂ"liaﬂN’dﬂi$V|UWN§\1LL’J@§@3Jﬂ’mﬂ§$U’Juﬂﬁi@qﬁﬁ'ﬁﬁﬂiﬁu
NILNYAT

Explain the management of systems and the
environment in the agricultural industry, focusing on the use of efficient
technologies and processes to produce food and agricultural products
sustainably. Study environmentally friendly production processes,
natural resource management, pollution control, waste management,
and reducing environmental impacts from agricultural industrial

processes.

ENV2111 UANEN9BINIAUALNITAIUAN 3(3-0-6)
Air Pollution and Control

A1TUATNYNIDINIA NITUNINTLINYRASNANTLNUVBIANTUAT YN
meAfifideuyvduarduinden mmsviuaziiusiegeina ngmneiiieifes
funsmunuafiemeennie nsdnnunanweIma uazmsliinaluladiimizan
Tunmsmuguuaiivsenea nsddnw dmsdnvuenanud

Air pollutants. Dispersion and impact of air pollutants on human
and environment. Air monitoring and sampling. Laws related to air pollution
control. Air quality monitoring, and use of appropriate technologies to control air

pollution. Case study and field visited.

AET4101 mMsUszifiunansenudaandon 3(3-0-6)
Environmental Impact Assessment

aSursiieafunssuruntsuazndnnislunis
Uszilunansgnuduindeudesudinisiinse vnansenuvesianssuvde
Tasams s 9 fenafinansenusiedawandeustlunivessssurfuasdany
AnwiReatunistesfusarmsussinransenusoduwinden

Explain  the processes and principles of
environmental impact assessment, which includes analyzing the
potential environmental impacts of activities or projects on both the
natural environment and society. Study methods for preventing and

mitigating environmental impacts.
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ENV2213  22ud8dunsieuasnisaIunu 3(3-0-6)
Hazardous Waste and Control

N33UNU Iz dnvay azauifvesandsdunsis udnnisuas
wwRatunstesiunasaiuauveadedunsiy Fmwenweududunseluduindon
waraansEny Msnsaniauaziufetny nsusyfiuuarnnsdnnisannandss seuy
nsfusauTie vuds Yrdauaside ngazifeuuasdodaduiiisdostunistiontu
wazAIUANYBNAFURTY NSy nsAnwuenan i

Categorization, characterization and properties of hazardous
waste. Concept of hazardous waste prevention and control. Fate of hazardous
waste in the environment and effects. Monitoring and sampling. Risk assessment
and management. Collection, storage, transportation, treatment and disposal.
Legistrations and regulations related to hazardous waste prevention and control.

Case study and field visited.

AET4102 Funumamalulafinunsieuwandou 1(0-2-1)
Seminar in Agro-Environmental
Technology
adusumMazmaluladfiiefestunisinens
danndouluiligtu ’iunsdusuuagnisinaueihdennnisfinyuagnis
Funiidelus q Ussgndldnmuiugumanaluladinunsdanndeusiuiy
mansiietes uazduaianuilmidieiau visusuusamaluladlunis
vl deansauiuagieduiiniioRmurinue msdndulauaznis
uhilvdymiidniuluanunselianizwh
Explain  the current approaches and
technologies related to agro-environmental technology through seminars
and presentations on recent studies and research. Apply basic knowledge
of agro-environmental technology along with related fields, and research
new knowledge to develop or improve technological practices.
Communicate knowledge and work collaboratively for developing

decision-making skills and the ability to solve ad hoc problems.

ENV3115 welulaBmsthdadawndou 3(2-2-5)
Environmental Treatment Technology
waluladlunstrdnuaivdwandendiuing 4 Téun vafivniah
wafivnie1ne uaRvnadeuaynsduasiiiou uzyano ?ﬁ‘dﬁga wazueLde
dunsneg daedanenigain el Fanam n1sie nsdesiusaznisaivay wleune
ngsuidou uazdetsduiiieafumsmunuuaiin nsdifnw fnsAnwuenaaiui
Environmental treatment technology to combat water pollution,
air pollution, noise and vibration pollution, solid and hazardous waste by
physical, chemical and biological treatment. To study about measurement,
protection and control, also rules in pollution control, case study and field

visited.

Tasssuddgmamaluladinens 3(0-6-3)

faundou

AET4103

Research Project in Agro-
Environmental Technology
Anwrduairdgmiitasnianaluladinuns
dwamdonlneUszyndliauiituguiifedesiumaluladinunsdanndon
Tunsuidamiiieduasdlunianisudaniansinensuaznisinnisau
dawanden Minsesdlouasqunsaliiisrdedumsudlodlameing q egrsgndes
ysanmsanuiiufumansdu 4 meldnseungmneuazasserussailunis
vi9u Anstumsvhauduiiu wasfauinuznisioansnsdnula
Explore special issues in agro-environmental
technology by applying fundamental knowledge related to ago-
environmental technology to solve real-world problems in agricultural
production and environmental management. Use relevant tools and
equipment to address problems accurately. Integrate knowledge
involving other disciplines within legal and ethical frameworks. Practice

teamwork skills and develop communication and decision-making skills.
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ENV3211 walulagnsiundwindon 3(2-2-5)
Environmental Remediation
Technology
a P 1 I~ & a P
siin n1siafisudrswaznisildsuilresarsvuileuludauindon
dnwaglangvesmsuudou BnmsttunlaedBnsmeiuiidnd wll uazdinm Jadend
nasaUsransnmussnalulagnisiuldwindey n13in wuudiaeanendnaan sy
a o o & a v '3 a a & a 1 a
Wnetasiunisiudwanden inasinsidennalulagnisiuydwindeuiinuizan
nsAnw dnsfinwiuenaaiuil
Type, fate and transformation of contaminants in environment.
Characteristics of contamination. Physical, chemical and biological remediation.
Effective factors of environmental remediation technology. Measures. Mathematic
models related to remediation technology. Criteria for desiring suitable

environmental remediation technology. Case study and field visited.

AET2109 nMsAvANLAsMITaNIsuaieiewas 3(2-2-5)
nmsfuazifieuluszuuinunsiauiadon
Noise and Vibration Management
and Control in Agro-Environmental
Systems
adunudnunzianzvedsuar sduaziiion sudu
voadss uaznslidu laruiieduundseiamvesunasindadouas
wansznuitiniu iFoudisnistadeauasnisaauauies uasimuiuug
mamstestudeasanuduasiieuluanimuindeudie q Ussfiuuloune
ngseidou uazdetsduilisdosiumsmunuidsazanuduasiiiou ile
daieunsUftAnunasguduAundeuarguam
Explain the characteristics of sound and vibration,
sound levels, and hearing. Use this knowledge to classify the sources of
sound and their impacts. Learn methods for measuring and controlling
sound, and develop strategies for preventing noise and vibration in
various environments. Evaluate policies, regulations, and standards
related to sound and vibration control to promote compliance with

environmental and health standards.

SumedilinvesassnidmSuuinnssu

Faundou

ENV4121 3(2-2-5)
Internet of Things for Environmental
Innovation
winnalesduvedumesiiavesassnds ssusznouduesausuay
goiuas Tassadeiiugiu gunsaluaznindongunsaidumesidnvesasnsi
wzaufuunnssudswndon ﬂﬁﬁmuﬂﬂiLLﬂimﬂixmﬁLﬁaaﬁuﬁm%ﬂ%uma%l,ﬁm
YRIATING mnﬁaﬂizuuﬂﬁﬁ’amsﬁugmaumaiﬁmaaaiiw?ﬁﬁmmzﬁ’uu‘ﬁmﬂisu
dawandou
Basic principles of internet of things (IOT). Components of internet
of things, such as, hardware and software, basic structures, devices and its
suitable selected for environmental innovation. Basic application programs and
platform selection of internet of things appropriated for environmental

innovation.

AET2110 msdansthyuvuuasunensBunsd

Community Forest Management and

3(3-0-6)

Organic Agroforestry

adurendnnsfiviliiAnAudBunisvesssuu
s3suvAfamAunsinsinvasigndes 1dauilunisidensinvesiivi
wangaufulusagssan Weimunduindeuuazanusduvesszuviing
Uizqmﬂ%iwumimwminiim’?iv‘fﬂuﬁuﬁﬂﬂuu&iaxﬁuﬁ waZITUULNYATIU
Unguwuldogrumunzay

Explain the principles that contribute to the long-
term sustainability of natural forest ecosystems integrated with proper
agricultural practices. Utilize knowledge to select appropriate plant
species for each forest type to enhance environmental quality and
ecosystem sustainability. Apply suitable agricultural systems in various

forest areas and community forests.
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ENV2105 nguuneuazulsunedanindey 3(3-0-6)
Environmental Laws and Policy
wndndesiuuarlassadsvesngrneduindon unumuasngung
dandorlunismunuuaiivuazmseyinvaundey ngrneiifedestuilym
dawndon ulsuisresiglumseyintvineinsssaumiuazainden uaznsdiinw
Basic concept and structure of the environmental laws. Roles of the
environmental laws in pollution control and environmental conservation. Law
related to the environmental problems. National policies on natural resources

and environment conservation, and case study

AET2111 mavdmsdaniaviriuagnedsdu 3(3-0-6)
Sustainable Farm Management

a3urguaziiaudnlanunNe AudEIdY Lay
Anuduiusvainsiansvisy Anviasugamanslunsdanisiisy nsduiin
An1snise MILRLgsAINITuLasn1sdnnIsIuUsTu Fomdudeiiie
Usznouianisnsu widymlunisdnnisrisuuarnrsldiaudilifu
NSRS

Explain and understand the meaning, importance,
and interrelationship of farm management. Study farm economics, farm
record-keeping, business planning, and budget management. Explore the
process of securing loans for farm operations. Solve problem for farm

management and forestry land use with agriculture.

ENV3101 szuugilansaumaiianisdanisanden 3(2-2-5)
Geoinformatics for Environmental
Management
MANNISVDITLUVATATAUNA NTTUIUNTATNSTUUANTAUNANTATENT
nsUszanakazMTinsendeya lassaiawaznisdnnisgruteyalussvugl
ansauma msUszgndldszuugiiansaumalunisianisuasinmuasivaeudainden
nsdiAnw fimsfnwuenaniui
Principle of geoinformatics. Process of geographic information
system. Data compilation and analysis. Structures and database management in
geoinformatics. Application of geoinformatics for environmental management and

monitoring. Case study and field visited.

AET2112 walulagnsugnivvuuulaildaiu

Soilless Plant Production

3(2-2-5)

Technology

oSugmEnMILaruLIRR g uTensUgninlagll
A safsszuuuazmadanie 4 wu msvgniivluth msugninlutanugn
nstgnitsuuuuelsTuing uasszuudgnitvuuads nsesidedeiiinasienis
\SeyiuTnvesite oA 1 A158¥A1U5IRWNT Ul QN AT UAYNS
Jansdundeunglulsaieu msidenviinfiy szuunisudn nsguasn
msnuAulsALazLIaY TiwiuumsHaakazulinsianalulagy
ix‘uumiﬂqnﬁﬂiLLUUlﬂ‘ﬁﬁuﬁy’ﬂuixﬁm%’aSauuaxL“ﬁawuﬁﬂjé

Explain the fundamental principles and concepts
of soilless cultivation, including various systems and techniques, such as
hydroponics, substrate culture, aeroponics, and vertical farming systems.
Analyze factors affecting plant growth, including water, nutrient solutions,
light, temperature, humidity, and environmental management within
greenhouses. Plant selection, production systems, maintenance, pest
and disease control, as well as production costs and the development
trends of soilless cultivation technology at both household and
commercial levels.
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MIUTTUIANANINAINALNDNITINNNS
Faundou

ENV3102 3(2-2-5)
Digital Image Processing for
Environmental Management
NANNITUAZITNITVRINITUTEUIBNANIN AT LTU AINEI1eV190INA
wazamgrernaadien Wudu n1sUszanananmadvaiientsdanisdawinden
nsdiAne Snsfnwuenaniud
Principles and methods of digital image processing, such as aerial
photographs and satellite images. Digital image processing for environmental

management. Case study and field visited.

MIIANITNSNEINTETTUYV R LAY
Fauandou

AET2113 3(2-2-5)
Environment and Natural Resource
Management
A5UEMANNITUAZLUINIINITUTELTUAMAIN
dwandenuaznisinnmsnineinsnisinems Tanuslumsduunyszamaes
ninensiunumddsen1sUsEnou T MABAINTIN WATAINTLILLY
namsUszifiuguamninensuldiinneiaaunisafundouluiiuil
inunsnssu Andunsléiadesionazimaiiamsussiiununiwdandouile
mmaﬂumaﬂ33wuﬁLﬁﬂ%wiamiwﬁmmamsmwm
Explain the principles and approaches for assessing
environmental quality and managing agricultural resources. Use
knowledge to classify types of resources that play a crucial role in
agricultural occupations and utilize resource assessment methods to
analyze environmental conditions in agricultural areas. Develop skills in
using tools and techniques for environmental quality assessment to

examine the impacts on agricultural production.

ENV4120 msUszfiunansenudauandon 3(3-0-6)
Environmental Impact Assessment

ﬁm AIUNUNY LLaSLLLITIﬂ'J']lIﬁW“UENﬂ']S‘LJi%LﬁuNﬁﬂi%%UaﬂLL’mﬁ@N
nsrULNMIAnwLardavhesnumsssdiunansynuaanaden ﬂgiuﬁﬂuﬁﬁwﬂm
funsUseifiuransenudanndon mstmuainasnmsesiuudluazinaunsivaey
wansevy nsdifne fnsdnwuenanui

Background, connotation and concept of environmental impact
assessment. Methods of environmental impact study and report preparation.
Law and regulation of environmental impact assessment. Criteria of mitigation

and monitoring measures. Case study and field visited.

AET2114 mMInaNAsndauasndby 3(3-0-6)
Environmental Sustainable
Development
aduvdnMIwariuImsluN A eweeng
ey Teouiumsysannisserinamsianmaasugia dau uazdaindon
n1sUszgndlduulfnniswauiegradedulunisinsununisld
VSNEINITIIUYIR NIIANITUATY N15USNBAUNAINAABVTINMN ke
miﬂ%“uﬁam'amiLﬂﬁauLLUaMngﬁmmﬂ nsfnwInsdified 19wedasinig
Wannfiddu uaznisdaadunisiidusuvesyssulunsimuegiediiu
Explain the principles and approaches to
sustainable environmental development, focusing on the integration of
economic, social, and environmental development. Apply sustainable
development concepts in natural resource planning, pollution
management, biodiversity conservation, and climate change adaptation.
Explore case studies of sustainable development projects and promoting

community participation in sustainable development.
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ENV1105 BsTsNITINNINeAEnsFandou

1(1-0-2)
Professional Ethics in Environmental
Science
wdna3esssu nsldarnuimiundnaiesssunieduandonlu
FAnUseariu maufdgmasnndeauasnsianniiddu arusuiaveuredinuves
ﬂﬂﬂQiﬁﬂﬁUmi%’ﬂmﬁmmé’au MseAUIIBLaYMIMAGDU waNTRANY
Principles of ethics. Uses of environmental ethics in everyday life.
Environmental problem solving and sustainable development. Corperate social
responsibility and environmental management. Discussion and test, and case
studies

AET2115 nsas1ediiuazielavieiiionisiiamn 3(2-2-5)
nwAsAeuIndon
Leadership and Networking for Agro-
Environmental Development
afurendnNIINITTANIAIEgULazANd Ay Ues
A TuNTRRILINITINYAT TIUTENITATUUNUNUINYBIYARINTNN
MInuRshagaNduRusseniegirfunsiaunensnssy Usegndld
wwRnn Mz uMsSTRANENNYARINTNNITNYAS warlfindasdionas
NAYNSIUNMSETUAS NG WD NATTENWNITNLAT
Explain the principles of leadership development
and the importance of leadership in agricultural development, including
to identify the roles of agricultural personnel and the relationship
between leadership and agricultural advancement. Apply leadership
concepts to enhance the potential of agricultural personnel and utilize

tools and strategies to empower agricultural networks.

ENV4119 Fuaumainermansuazuinnssadewiadon 1(0-2-1)
Seminar in Innovative Environmental
Science
Funnluideiiaulamainermansuazuinnssudwandon Tnesiusay
wazSoussanaidteiviuaiofiediaue
Seminar on interesting topics in innovative environmental science

issues investigating from current researches and presentation.

AET3108 mﬂiuiaﬁmsﬁwd?iunﬂé'auaeiwél'aﬁu 3(2-2-5)
Sustainable Agro-Environmental
Remediation Technology
aSulrBuuIAn nannIs LLaszﬂIuIaﬁ'miﬁuvj
?ﬁmmé’amﬁlﬂ”’%’uNaﬂszwumﬂ‘ﬁiﬂﬂiimamqwéuazﬁiimﬁ L m'iﬁuvjé‘m
dvumbiou uaznisiununanir nsdenldimaluladdiunsan wu
wialulag¥inm walulagnienienmuaziall
Explain the concepts, principles, and technologies
for remediating environments impacted by human activities, and natural
processes, such as soil remediation, and water remediation. Selecting
appropriate  technologies, including biotechnologies, physical and

chemical methods.
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ENV4101 Yymeenaimendransuazuinnssy 2(0-2-4)
Fawandou
Special problems in Innovative
Environmental Science
WiAdeludeiraulansinemans uazuianssuduindon aels
mMsuuzveessTiuinm
Do research on topics of interest in innovative environmental

science under the supervision of advisor.

AET3109 msUszutananIWAITaLREN1SIANTS 3(2-2-5)

Aawandeusgnedsdu

Digital Image Processing for

Sustainable Environmental

Management

3UNBLUIAA UANNIT WaznAtANITUTZUIANANIN

Avadmsunisdanisiununswazauwanden msUszanananwAdvalagly
doyanmaeananflensaznmaieniaeinia nsiasigideyanin nns

wunUseianan waznisyszendldmaluladnisifeuiveanioslunis
wszikazdnduls Ussgndldgenduisiiauidaymiluuiunvenisinns

NSNYINTFTTUYIR NIIATINABUANINUINGDYL LaznITaNUAYUNITNYATT
fa8u

3
3

Explain the concepts, principles, and techniques of
digital image processing for agricultural and environmental management.
Digital image processing using satellite, and aerial images. Image data
analysis, image classification, and the application of softwares in analysis,
and decision-making in terms of natural resource management,

environmental monitoring, and supporting sustainable agriculture.

ENV1104 iATegAansHsuIndou
Environmental Economics

YymAwandoulasldn1sinssiduassgenans unumuemeug

3(3-0-6)

wswgmandse  nsudludlamanden anuduiussvinduindouiuiasvgia
ﬂzyuw?ﬁmmé’au AR LLaswaﬂs:wusuaam']m?iaaﬂwsmammmw?ﬁmmﬁau AN
LATUANENTIIENANITAIUANNANTIZ WIBUIBYRISTUIATUNSAIUALNANTIE
Environmental problems using economic analysis, the role of
economic theory for solving environmental problems. The relationship between
economy and environment. Environmental problems, causes and impacts of
degeneracy of environmental quality. Economic principles for pollution control.

National policy for pollution control.

AET3110 iTegAansisandeuiianisinens

)
YNYBUY

3(3-0-6)

Environmental Economics for

Sustainable Agriculture

Y o

SPuBLwIRALaTMENNSATEAERsTIieadasiunis
Fan1sningnssssuvAnasduanden aufanisitasizidunuuay
waUstlovinidaunndey NsUsEuAYemMINeINTsIINYIR KANTENUAN
ulsuiedanndon wazn1sdanistlymasndenluuniasugiauasde
Waninwelunslfiedosflowmsugmant wu mslinsginisnsdu s
AnseiiunulasnaUsylovl

Explain the concepts and principles of economics
related to natural resource and environmental management, including
environmental cost-benefit analysis, valuation of natural resources, the
impact of environmental policies, and the management of
environmental issues in economic, and social contexts. Develop skills in
applying economic tools, such as financial analysis, and cost-benefit

analysis.
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ENV2110 nsasesiaunmii 3(2-2-5)
Water Quality Analysis
mmilﬁhﬁuﬂ%mmmﬁmswﬁ msfunazfuinusedah ans
G]i?‘ﬁmiﬂ%ﬁﬂqmnWWﬁWVINé/WUMEJﬂWW wdl wasdanm msdmsgidayanaznisula
Na
Basic concepts in quantitative analysis. Water sampling and storage.
Analysis of water quality by using physical, chemical and biological parameters.

Data analysis and interpretation.

AET3111 mﬁmiﬂxﬁ@mmwﬁﬂ WaszULINYAS 3(2-2-5)
daundon
Water Quality Analysis for Agro-
Environmental Systems
Anszviesusznoumani menm uazdinmuenih
fifinadonuaimii Tneldiadosdiouasmadinmaiosu foansimunsan
‘UizLﬁuwaﬂiswuma&ﬂmmwﬁwmizuuiL'mLLasﬁﬁ]niiwﬂaqué wazYIan
nsesdnnuiFumaluladinuasdanedenlunisinnisuasUiuugnanm
thegnadetu sauietauitnuglunisdoans nshewduily wagnns
uityviawzwin ewSeunnunieugnsufdRauluaniuyszneuns
Analyze the chemical, physical, and biological components
of water affecting water quality using appropriate laboratory tools, and
techniques. Evaluate the impact of water quality on ecosystems, and
human activities. Integrate knowledge of agricultural environmental
technology in managing, and improving water quality sustainably.
Develop skills in communication, teamwork, and problem-solving to

prepare for professional workplace environments.

ENV2112 miﬁ'ﬂmiizmjLLaxéaLL’mé’au‘luQﬂawnﬁu 3(2-2-5)
Management System and Environment in
Industry
LLmﬁmLﬁmﬁ'uaigﬂiummgm‘uaﬁsuumié’fﬂmsﬁ‘lﬁi’ﬂuqma’mnﬁu W
1an. 18000 I1SO 9000 1SO14000 ISO 17025 HACCP TQM iauﬁﬂixuummgmmﬂa
frunsdanisdwinden Biduea) Fatunisdnnisdawandeu 1SO 14001 nsiild
UjtAlunugnamnssy msuuugsessiaidieuar n1snsaavsediu maduiunis
wazUsziiung waznsldnw
Concepts of standards of management systems in the industry, such
as TIS 18000, 1SO9000, 1ISO14000, 1SO17025, HACCP, TQM, including International
Environmental Management System (EMS) standard, particularly 1SO 14001.
Implementation in industrial work. Continual improvement and auditing.

Implementation and evaluation, and case studies.

AET3112 winnseusiedanandon 3(3-0-6)
Principle of Environmental Health

aduIBLIARLAEdNN1T YR Asuandeud
\Aerdestuguamvssuysduazauamuasdannden Insn1siiasgitade
medaandeuiifinanssnudeguam 1wy uefivnnsennia ¥ uazAu ns
IV mimuqﬂsﬂmnémmyam LLaxﬂﬁﬂixqnm“l%'mmmnﬁaﬂaqﬁu
wazmuauilymavamaindauandey Sousnszrurunislunisdanis
ningnssssuvAnardanadoniiedesiunmsiiniymaunimuazduaiums
Wannfidsdu

Explain  the concepts and principles of
environmental health related to human health and environmental
quality. Analyze environmental factors affecting health, such as air, water,
and soil pollution, waste management, and the control of environment-
related diseases. Learn the application of measures to prevent and
control health problems from environmental factors. Understand
processes for managing natural resources and the environment to

prevent health issues and promote sustainable development.

ENV2113 Awinedawindou 3(2-2-5)

Environmental Toxicology

1¥reusisuasauUasnnelunis
911974

AET3113 3(3-0-6)
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ansivluduinden nalnanulufivvesansiviudanadou Jodeiid
HARENTWNINTTETHaTiY N1sideudnawarnsnsyateansivlumang BREN
?ﬁLLlﬂél@ll mse?mmmaﬂiwuﬁﬁ@mﬂmsasamaamsﬁﬂuaﬁmé’am

Toxicants in environment. Mechanisms of toxicity in the
environment. Factors influencing on pollutants distribution. Transport and
accumulation of pollutants in environmental media. Monitoring of effects causing

by toxicants accumulation in the environment.

Occupational Health and Safety

asuremINMILazkwINNluMIInnsoTeuiona
auvasadeluaniuiivheu U'izLﬁumﬂm?mﬁmqmmwLLaxmmﬂaamﬁaﬁ
grAnTuaINMISYhy mavssdiudaandenlunsinu uarmstesiulsn
fsadesiunisriay nsduasunisadrsaninuindenlunisiiaud
Yaendauazdaunind Seudnguuisuavszifoudedduduaiulasasie
uazgunnluesing

Explain the principles and methods of managing
occupational health and safety in the workplace. Risk assessment related
to health and safety hazards arising from work activities. Evaluating the
work environment, and preventing work-related diseases. Promoting a
safe and healthy working environment. Learn laws and regulations

regarding safety and health in organizations.

“anNNsaUILERILINGaU

Principle of Environmental Health

ENV2114 3(3-0-6)
LLuaﬁmﬁugwmamuamﬂaédLnﬂﬁau Auduusszrinadanndeuriu
guan Jademnadunienin el Tanmuazdnuiidsnansznuseguain sauda
psfUsEneUTesBUT AN IAdDN
Principles of environmental health. Relationship between
environment and health. Physical; chemical; biological and social factors affecting

health, including components of environmental health.

AET3114 nsdianasinnuguanEsLIndon

1WaN159AN15NYAS Environmental

3(2-2-5)

Quality Survey and Monitoring for
Agricultural Management
drnauazAnnunsisaeununmasuindenlagld
in3esilouazinaiaiig 4 tleussifiunansenuanionssuayuduazinm
anunisaldanden TiaTesflonazgunsalegisgndeslunisdniuns
Usggndlfosdmnudiunisdisiauas nsiamunuamdwindensiuiv
Aan{au 9 MelFnTouvBINgMUNBLAZITIEIUTI Hnvinugnisdoans s
vheuduiiy msdndulasaznsudlvaniumsalianizwi sadamsusengi
auliiydinng ileannsaufoRamilussdngld
Survey and monitor environmental quality using
various tools, and techniques to assess human activity impacts and
monitor environmental situations. Use tools and equipment correctly in
conducting surveys. Apply knowledge of environmental survey and
monitoring in conjunction with other disciplines within the framework of
laws and ethics. Develop skills in communication, teamwork, decision-
making, and problem-solving, and demonstrate professionalism for

effective work in organizations.
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ENV2116 Yezyarag ?iwf]gauaxmimuqu
Solid Waste and Control

wiin sAUTENOU LarunatiLdnvewesyalosuardsfa nanseny

3(2-2-5)

vesdafnarioquameudiouazyuvy SnsmsifauaznismansaiUiinamezyanes
mSLﬁUGT’Jaai’NLLazmim’sﬁﬁLﬂswﬁ%:gaﬂaﬂuasﬁwﬁqa NMIAANUATIABUAMAN
dunndeuluiiuiitdayares npsuvunasdediuiifordesiunssnnmsuaraiuau
vozyariesuazdsne

Types, composition and sources of solid waste and night soil. Effects
of night soil on human health and community. Generation rate and prediction of
solid waste quantity. Sampling and analysis of solid waste and night soil.
Environmental quality monitoring in disposal sites. Legistration and regulations
related to solid waste and night soil management and control.

AET3115 galeuIngNan1TIUNLNSINYAS 3(3-0-6)
daundon
Meteorology for Agro-Environmental
Planning
a%mwé’nmma:mmiﬁyugwﬂummqqﬁw%mm
Tneiiuiiauganudouvadlan nafiagama guuginasanudy s
\ndouiivesenmanisluuussiukazuwIng Anwinszuiunswartadedivials
Wanng Az ueITulse wagUsedivwnliunisdundsvesanineniaAssiu
Tan wu anmglanisunwazusngnisaloailly
Explain the principles and basic knowledge in the
field of meteorology, focusing on the Earth's heat balance, the formation
of seasons, temperature, and humidity, as well as the movement of air
both horizontally and vertically. Examine the processes and factors that
lead to severe thunderstorms and assess global climate variability trends,

such as global warming and the El Nifio phenomenon.

waRunadeuaznsauasiioulazms
AUAY

ENV2206 3(2-2-5)
Noise and Vibration Pollution and Control
Snvaranzveadsaznisduasiiioy sedurendouasmslédu ns
wundseian wnasiuida wansenu n1sin nsdesduwaznisaivau wleuie
ngsafeu wasdodsduiiAsriunismunuidsuasniuduaziiiou
Specific characteristics of noise and vibration. Sound and hearing
level. Classification, sources, impact, measurement, prevention and control,
policies, rules and regulations related to noise and vibration control.

—
AneAdasnisainivenisdisianay
FReneiwIndousdrsdtiy

AET3116 3(2-2-5)
Science of Diving for Sustainable
Environmental Survey and Research
oSurevinmsuarmaiiantseiniienisdsauas
Womsdaandou ufegauaymatafudsang q iileadesiussuuiivg
NNLA mﬂ‘ﬁqﬂmgﬁﬁwﬁﬁ AnwnaiiamssihegaUaende
Explain the principles and techniques of diving for
environmental exploration and research. Collect samples and measuring
of various environmental variables related to marine ecosystem. Learn

diving equipment and safe diving practices.
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ENV2207 AeNUANIGEITNYIA 3(3-0-6)
Natural Disasters

U51NN190iv9553891R nszuaunsdfydenaliindefivinng
555U1A WaznanszMuidsonywed ssdlineuazanmgiienmaiisiauieideai
Usngmsaluazdeidhisng 9 wu wiviulmn Full guilvsada fAuadu gvnde 3
fosin 9 uazmswdsuudasgiiennielan

To explore natural phenomenal and process that affected to natural
disasters and their impact on humankind. Tectonic and climate related disasters
are examined in detail, including earthquakes, tsunami, volcanic eruptions,

landslides, flooding, hurricanes, tornadoes, and climate change.

aslduaundiaduvuaursninuiive
AMSANYUNUATRIINGDULTINUN

AET3117 3(2-2-5)
Using Smartphone Applications for
Spatial Agro-Environmental Studies
THueundinduuuansninuiensfnuamndeuly
Beituil Tngufunsldsrvumaileinisewedan wazunuiinavalunisiu
Toyauariinneideyadauindoluiiuiivng q Weatuayunsinaulaluns
Fansdaunden
Use  smartphone  applications for  spatial
environmental studies, with a focus on utilizing Global Navigation
Satellite System (GNSS) technology, and digital mapping to collect, and
analyze environmental data in different areas for supporting

environmental management decision-making.

ENV2208 mafasziuasifiuitagnmnsdanndou 3(2-2-5)
Environmental Sampling and Analysis
nsduitegns msfiu wagnsinwidaegieh fiu omAuagey Bn1s
Tun1simseaudivieinunienin el wasdin1m N1SAIUANAMAIN NITIATIEIN
Toyauazeudesiuvestoya
Random sampling, collection, handling, and storage of water, soil,
air and solid waste samples. The analytic methods for physical, chemical and

biological parameters. Quality control, data interpretation and data reliability.

AET3118 walulagviwisuaznisiiusnunanana
IneAsIioAUgIBu

3(3-0-6)

asunguarhaudilandnnismisguvnanansuay
msghemauden Wy audieniaty aulinisnienin uazdaiailves
nAAKANYAT ITINTadsLazn1sAIvANALAIN Tdausiasng ufves
Bnsukwesnaiuing dedszgndlflunmshuiedanainues s
stummmmmiﬂiumﬂ%’m%‘lmﬁaLLaxQﬂniaﬁﬁmmzaﬂuﬂﬁﬁwmﬂuﬁmiﬁ
agfiuszaVEN MW

Explain and understand the principles of
thermodynamics and heat transfer, such as the properties of moist air,
physical and biochemical properties of agricultural products, including
post-harvest losses, and quality control. Apply knowledge and theories
of drying and storage methods to the drying of agricultural products, and
develop the ability to effectively use appropriate tools and equipment

in this field.
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Biodiversity Ny

WUIRA ANUNINYYDIAIUVAINUAIENITINI B9AUTENBU ANNEATY
KaTNIIANYIAIINMAINNAINTININ N15gEYLABAUNAINTNAIBNITININ N3
oau¥ng maliuselond uardanmsanuvanuaemsdanmegnadidu nsdifnu

Concepts and definitions of biodiversity. Components and
importante of biodiversity studies. Loos of biodiversity, and conservation,

utilization and sustainable management of biodiversity. Case study

Principles and Techniques of Plant
Tissue Culture
a%uwwﬁﬂmsﬁyugwumaamsmwLﬁyauﬁm?jaﬁﬂu
ﬁﬂ?ﬂ%’ﬂﬁ@ﬂL‘?’Jj@ LWﬂﬁﬂLLa%ﬂi%U?uﬂWﬁﬁ?ﬁiy i ﬂ?iLﬁ%HN@WWﬂiLgﬂﬁLﬁakéﬂ
nMs¥anisdauandenluniswnzdes maidenviinveniaiediy n1sdnld
Aanisusngan msdniiliiaesin nswileniliiAaueada maifiuuia
fiy msdheugnieiildannnismisides nisveeiusity mandniiwUasnlse
waznsUFuUssiudfvluBedaineluana Anufdalusiesufoins iitelv
Lﬁmmmvﬁ’ﬂaLmzﬁﬂmlumsmwLﬁymLﬁaL?jaaemgﬂé'amasﬂaamﬁa
Explain the fundamental principles of plant tissue
culture under sterile conditions, including essential techniques and
processes, such as the preparation of culture media, environmental
management for tissue culture, selection of plant tissue types, shoot
induction, root induction, callus induction, plant multiplication, and the
transplantation of cultured plants. Plant propagation, disease-free plant
production, and plant improvement at the molecular biology level.
Practical laboratory sessions to develop understanding and skills in

accurate and safe tissue culture practices.
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a1dreudeuazalulasndie

Occupational Health and Safety
nann1ssIueITeuTsLarAulasndy lsAann1sUssnousIn
guRug wardunsigannnisuszneuendn nannisuazinalialunisussiliumsunsie
Tun1sviinu n1sauANdunsie nguuieaiueIdieudenazanulasndely

ENV2211 3(3-0-6)

nsruILNsUssdiusansEvusdanndey 1nsgIuiiu ofheunduasaulann e
seAvanauarsEAuUIEImA

Principles of occupational health and safety. Occupational diseases.
Occupational accident and hazard. Principles and techniques of occupational
health hazard evaluation. Hazard control. Occupational health and safety law in
environmental impact assessment process. International and national standards
of occupational health and safety.

AET3120 walulagnisdansfuuazde 3(2-2-5)
Soil and Fertilizers Management
Technology
osunevdnnsuazaluladlumsdnnisiuuazoiile
WiaszdvEnmnssdanisnisinens wuandiieatuuanianinienm
il wagBinmvesiy Tudinsiesgiiuuasnisnaununisidlesgns
wanzaiienwANImALLAzAswIndey Any1IBnsuTulgaRusemada
9 9 1wy n15lEedunss Jownil wagnisdansdulussuuinunssedu e
duasunisldnineinssssuyifedafiuszdniamuazannanssnunig
Aauandon
Explain the principles and technologies for soil and
fertilizer management to enhance agricultural production efficiency.
Emphasis understanding the physical, chemical, and biological properties
of soil, including soil analysis and proper fertilizer planning to maintain
soil quality, and protect the environment. Study soil improvement
methods using various techniques, such as the application of organic
fertilizers, chemical fertilizers, and soil management practices within
sustainable agricultural systems, to promote the efficient use of natural

resources, and minimize environmental impacts.

ENV2212 mMsausnuazN1IIANIIMINEINTNA 99 3(3-0-6)
Energy Resource Management and
Conservation
wiasiudnremdsnny anuduiusvemdunasdwindouiunis
fsalinegnsdinunin vdnnsuaziEnseyintndsnuuazdansdanndon wanseny
wagnmsdesiuudly Jymiundinuiardannden npmneuasulouiefiisios
Energy resources. Energy and environment related to the quality of
living. Principle and methodology to energy conservation and environmental
management. Effects and preventions of energy and environment with problem

solving. Laws and related policies.

AET3121 mMsdaasunasiaansnisinuns

Extension and Communication for

3(2-2-5)

Agriculture

odurwazimudlatisnnumune anudAey way
winnIsduaiuNIINERT Bnsduaiunisinuns nsdeasifienisduady
MsinwAs MsdalEBmdsngy azmsiaLnYAsns esenuuuLazUszynsd
msunulasinisdaasunisinens nsussliunadusalunisdaasy
nsinens Yymuazauassalunsdeasunisinens

Explain and understand the meaning, importance,
and principles of agricultural extension, methods of agricultural
extension, communication  for  agricultural  extension,  group
empowerment, and farmer development. Apply and design agricultural
extension project planning, assess the success of agricultural extension

efforts, identify problems, and challenges in agricultural extension.
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ENV3201 walulatiazann 3(3-0-6)
Clean Technology
AUARHIRETUAY NI wnAnveunaluladayen mi"dianémaxma
pyaUszliumaluladazen naddnw
Mass and energy balance. Concept of clean technology. The

application and clean technology assessments, and case study.

AET3122 nsdanisladannduazsiasldauniu 3(2-2-5)

NSNEAT

Logistics and Supply Chain

Management in Agriculture

gsuendnnIsazaNudRgvedladafndluningsia
inuas WilafsesduszneuvessyuuTadaing safinisdade msuda nns
FaLAU LAZN1INTEYHAKAANINITINEAT LAYEINITOTIUUNATEUIUNS
naununazaruanladafndluninnisinuns Yszendldudnnisdanis
Tedafndlunisuimsingiu adedud uazdunu Ainseitadefidmane
UszAnsnmresszuuladafinduasildguniu uazamnsaiuSeuiisuuun
nensdanisadsdudnagnisvudsiiiusansanluviunvesgsfa
WNYATNTIN
Explain the principles and importance of logistics in

agricultural business. Understand the components of the logistics system,
including procurement, production, storage, and distribution of
agricultural products, and identify the processes for planning and
controlling logistics in the agricultural sector. Apply logistics management
principles in the administration of raw materials, warehousing, and cost
management. Analyze factors affecting the efficiency of logistics and
supply chain systems, and compare effective approaches to warehouse
and transportation management within the context of agribusiness.
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ENV3202 wuuIraemeieundau 3(2-2-5)
Environmental Modeling
mimaumuﬁwaaww?ammé’am nﬁxmummazmwﬁﬂlumsa%ﬂq
WUUS eI A IIndeY waznsdifny
Type of environmental models. Processs and technique to create

environmental model, and case studies.

a a v [ [ a
nsHanduANERTUAIANEkASIIUNNS
fofuInday

AET3123 3(3-0-6)
Safe and Environmentally-Friendly
Agricultural Production
o8UIBMANNTT WAN wazamsguiiiRgatestunis
nAnAudINAUaen Y RaustuneunsAIsNAy Wusiie/dnd nslidede
nswan nsmuaudngfizuazlse nsiuies msdanismdsnisiiuiien
AADAIUNITATINABUGDUNGU UINTFIUTEUUNIIHEN L¥U GAP (Good
Agricultural Practices), Organic, 5¥UUN155U50AWUUTAIUTIN LASNINTFIY
amasnfsens nansenusiegunmiuslan Awanden wazeudauly
HalgnsuandudAnung
Explain the principles, concepts, and standards
related to the production of safe agricultural products, covering all stages
from soil preparation, plant/animal selection, use of production inputs,
pest and disease control, harvesting, and post-harvest management, to
traceability systems. Production standards, such as Good Agricultural
Practices (GAP), Organic, Participatory Guarantee Systems (PGS), and food
safety standards. Impacts on consumer health, the environment, and

sustainability throughout the agricultural production chain.

ENV3209 WA UNAzAwIAdoN 3(2-2-5)
Energy and Environment

ANUAAUIMAN AT InAesEUUTIALALH DN TR IATEEN AAY
dsau wiuluemns aanunisaluazinganisaindswiuveslan nanssnureInsiy
wianusedandon mslduag MIouSNENAIIY naMuMaLNY wleuieniseysny
nSwensnasuvesUseinalng

The importance of energy to ecology, economics and social
development. Food energy. World situation and crisis in energy. Effects of energy
used impacted to environment. Energy used and conservation. Renewable energy.

Thailand energy resources conservative policies.

AET3124 N15UsNIANTINVDITTUUMTHER 3(2-2-5)
Mansasuariundon
Life Cycle Assessment of Agro-
Environmental Systems
a8UNENANNNT WATNTEUIUNITVBINITUSEEIUTYINT
Finluszuumandnmanunsuarasnndon Tvondwafifeatumstssiduly
$n5730 NeuNLLATERNLUUTTUUNMSHARTIanHansEnUsANLIndDN
Explain of principles and processes of Life Cycle
Assessment (LCA) in agricultural and environmental production systems.
The use of Life Cycle Assessment software. Plan and design production

systems that minimize environmental impacts.
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ENV3210 mMaswaNAsnndauatdby 3(3-0-6)
Environmental Sustainable Development
mmiﬁyugﬂ‘u‘uadmiay%ﬂﬁuaxmiﬁﬁumﬁéﬁ@u NaNNITWAIUN
dawndousgnsdsBu  msUszgnduumaasugianeifisaiienswaundunndou
81989Bu uagnsdiAnwm
Basic knowledge of environmental conservation and sustainable
development. Principle and sustainable development. Application of sufficient
economy concept for development of sustainable development, and case

studies.

asUsziuasuauluszuuinuensuay
Faundou

AET3125 3(2-2-5)
Carbon Assessment in Agro-
Environmental Systems
a5uEndnn1T waredAUsznauvesigdnsuaznis
Ussifiunfuaulumanuasuardanndon Anseiunasindn nmsvanddes
wagnisfnifvvesfedeunszanlufanssunisinunsuasdauinden n1s
Uspifiupsuouraniuivessdning maUsvidiuasueunlawiuivesesding
uagnsimulasinsanfiuieunsyanaaadaslanuunsgulsemelne
Explain the principles and components of carbon
cycles, and carbon assessment in agricultural and environmental sectors.
Analyze sources, emissions, and sequestration of greenhouse gases in
agricultural, and environmental activities. Assess the carbon footprint of
products, carbon footprint of organizations, and Thailand Voluntary

Emission Reduction Program (T-VER) development.

ENV3212 mif‘hiqau,axﬁﬂmumaaaauqmmw

Fawndou

3(2-2-5)

Environmental Survey and Monitoring

Fnsuaziedestlelunisdnagunmaanadon 1wy QMﬂWWﬁW AN
91MA AW AMANYANBY AMNNAY ANTNNNTIINE (ﬁ'&ﬁ%LLazﬁm’i) Hu
fu n1snurudisiadeya nsiiudiedns nssnwdiedis nsinszigunm
Aauandey mﬁmﬁwﬁ%m&a N139189TUNA LLﬁEﬂﬁ‘lj’]Lﬁua‘ﬁlaHafﬁﬂﬂ’]iﬁ’]i’;mmx
ﬁﬂmmi’mﬁa‘uammwﬁﬂLL’mé’an

Methods and tools for surveying environmental quality, such as
water quality, air quality, noise quality, solid waste quality, soil quality, biological
quality (both plants and animals). Surveying planning. Sampling. Sampling
preservation. Environmental quality analysis. Data analysis. Reporting and data

presentation achieved from surveying and monitoring environmental quality.

mavszfiuanudesiuianandon
Environmental Risk Assessment

o¥urendnnsnaznszuaunslunsUssidunnandes
fudanndey Tudansseyuaziinsesisunseiinainfanssusing o il
KansEvUABALInAe WU waumneenA 1 Au uasdes msUszdiuey
deanndofitfimesssud wu g i uazusufiuln mslfimatiauey

AET4104 3(3-0-6)

wieadlelunsuseiiuaudes wu mslesearudomiads ansld
LLUU’S']ﬁE]\‘M’NﬂZﬁC‘IW]?IG‘I% LLa%ﬂTiUi%Lﬁuwaﬂﬁﬁ’mﬁﬂﬂﬂ’liLUSEJuLLUﬁQﬁﬂTW
Qﬁ@’]ﬂ']ﬂ LauaLmeﬂumiaﬂmmLﬁﬂumzmi%’mmmmm?auﬁaﬂaﬁu
LaTaANANTENURBRINGDY
Explain  the principles and processes of
environmental risk assessment, including the identification and analysis
of hazards arising from activities that impact the environment, such as
air, water, soil, and noise pollution. Assessment of risks from natural
disasters, such as storms, floods, and earthquakes. Use techniques and
tools for risk assessment, such as statistical risk analysis, mathematical
modeling, and impact assessment from climate change. Propose
strategies for risk reduction, and risk management to prevent and mitigate

environmental impact.
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ENV3213 ndnngissuuuasdayandawindon 3(3-0-6)

Environmental System and Data Analysis

nsUszInaNauagitAT ST UULaE dayan1vdaanden n1suszendlyd

Bssaifuazadaaanslunisiinseiteya Fandendiun msldlusunsy
neneui Ao lun1sdn Lﬁuuaﬁmsmﬁ%uua

Data compilation and analysis of environmental system. Application
of statistics and mathematics for data analysis. Quantitative environmental data.

The use of computer program for data collection and analysis.

arsiaseutlnUszaunisaldvndwn 2(90)
waluladiinwnsdendou

AET4201

Preparation for Professional
Experience in Agro-Environmental
Technology |
uanaliiuiansnseunsennounsinUssaunsnl
Fndnlusuanuienudile vinve Snvasddeivansiuondn uaglondlu
39U
Demonstrate pre-training experience in cognitive,

skills, characters suitable for professions, and career opportunities.

ENV3214 anilyinen 3(3-0-6)
Meteorology

mﬁmmlﬂlmmamuamwm Tagianzi3esaunaniudounaslan M3
Wingana gungiiuay ALY siAdpuivesenaTlunwsyiuLarluuwnia s
ang Az LoITUILT swudeualdunsdunlsvesanimeiniassaulan Wy @0z
lanfou viseusngniseleailly Wusu

General knowledge in meteorology, especially in earth’s energy
balance, seasons, air temperature and humidity, air movement in vertical and
horizontal directions, severe thunderstorm, trends of global climate change (e.g.

global warming, El Nifio)

a1senUszaunisaldvnwnalulad
INYATRILINADY

AET4202 5(225)
Field Experience in Agro-
Environmental Technology
UTRnuldsuneuningluminsuniafgnie
wnuitlduanuiureuaniusunsudnldiduedd dudunsiasensie
Anssuiidaaduuszaumsalindndutumssnuniaigielenyuetielios
1 Tasens nioudnvinsesuaninanisanduny
Perform assigned tasks in public or private
agencies that have been approved by the course program well. Carry out
at least one project or activity that promotes professional experience in
collaboration with government or private agencies, and prepare a report

showing performance.

sada

ENV3216 nMseununsTdUsloaifiau 3(3-0-6)
Land Use Planning

anuddesnsliusslonifiny anmnislifiauluusemelneg ns
Fuunuazndnn1ssiuun aussougdiny wdnnisléiauiiienisineasnssa nns
gnamnssy MUl guey wazdu q msnwsunslissloviiiiay wufanssy ns
Tiauluysznalnedudfny

Importance of land uses. Land use pattern in Thailand. Land
suitability classification. Land capability. Principle of land use for agriculture,
industry, forestry, community and etc. Land use planning emphasized on activities

of land use in Thailand.

AET4203 annafne 7(315)
Co-operative Education
Jjtinulundisnuniasgviaienyuludnuoe
wineudansanalassuilduneunneldiduesed asesenunana
NAURAENITULEUD
Perform in government or private agencies as a
temporary employee according to assigned projects well. Create reports

showing performance and presentations.
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ENV3218 nsayinEndwensthlduazdnivn 3(3-0-6)
Forest and Wildlife Conservation

pnudrfyveslduazdnivn nrsiwunsiingesUrlduasdnivalu
Uszalve duriveveslild dndn nsUgnashe et nsguasnuadndamivilil
nasnaumsaynEninenstliuasdn it ngranefiietudiliuaydnivn wii
vesanuiiAetestunistliuasda it

The importance of forest and wildlife. Classification of forest and
wildlife in Thailand. Ecology of forest and wildlife, plantation, managing forest
product, including forest and wildlife resources conservation. Forest and wildlife

laws. Roles of institution related to forestry and wildlife.

ENV3219 Y¥a3Imen 3(2-2-5)
Limnology

nsIMUn Awia LLazﬁﬂwmwwqmmimmmmLméqﬁﬂﬁaﬁuﬁiﬂﬂiwua
muduiussrrinedadiinfudanndouneluund whiafutadunenin 1ad waz
Fanm Snvaigmsidsuudas LLazwaﬂiz1/|Uﬂ1ﬂﬁﬂﬂssmaawwﬂmmﬁdfwﬁ’ﬁu ey
FWnsAnwmnesuad

Classification, origin and hydrological characteristics of inland waters.
Interactions between inland water and its surrounding environments in terms of
physical, chemical and biological aspects. Succession and human impacts on
inland waters. Limnological study methods.

ENV3220 waluladnisaruauuaien1eeIne 3(2-2-5)
Air Pollution Control Technology

mseonuuuLlaadu AIUAN ATIVEDU BALY wazU1F95nWIsTUUTEUY
0ImA MIvenuULLD sy AIUAL ATIREBY WAl wazUneinyssuuiUnuarindn
UaNENINBINA LLUUf\i’waawqmﬁmmam%ﬁLﬁ'msﬁaﬁumﬁﬂmiu,axﬂmﬂuuaﬁwmq
21N

Basic system design, control and maintenance of air ventilation
system. Basic design and maintenance of air pollution control system. Technology
for control and prevention of air pollution. Mathematic models related to air

pollution management and control.
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ENV3221 wialulagnsuntnveudedunsie 3(2-2-5)
Hazardous Waste Treatment Technology

walulansurtavesds dunsiemiedsnisnisnisan il Hramaz
audou nmsilsnavegaasady nseenuuuLb ey AIUAN ATIAEBY LAl uay
trgednuszuviiiauasdavesdedunsie wuusiasmadnmansiiieidosi
mMsdnnsuarAIuANTDLFLTURTIE

Technology for physical, chemical, biological and thermal
treatments. Secured landfill. Basic design, control and maintenance of hazardous
waste treatment and disposal system. Mathematic models related to hazardous

waste management and control.

ENV4220 mMsuUszdiuaNUEsIRuRwIndou 3(3-0-6)
Environmental Risk Assessment
wannsusEliuANudsmIudwinasy nsUsyiliuaudsinaisiadl

Tngdunsie wazgURdoeng q nmsvsziliuanuisegindussuusiennud uazszuy

AANm1nsinazngeen  nMsldaaddininlunisimsizinanisuseidiuanudes

-

wiedinduniaden wmsnsanuazdestu  anudss nsfiausanveagusulunig
Fanmsaudemedaundey

Principles of environmental risk assessment. Risk assessment from
chemicals, hazardous substances and various accidents. Systematic risk
assessment for human and ecosystems, both direct and indirect. Use of biological
indices in analysis of risk assessment results to consider alternative ways,
mitigation and prevention of risk. Publc participation for environmental risk

management.
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ENV4221 AM5aidIUs AWV IUTTYIYURAZNITIANTITAY 3(3-0-6)
Tauda
Public Participation and Conflict
Management
WIAA NG NTTUIUNIT ﬂgwmaLﬁmﬁumiﬁﬁ’mi’;mawiz Y1¥U
msfidudmrestszrmulunsdanisiuandeuuaznineins nmsdsediunanseny
Fanndon TadefitnasionnudifalunseuiumnisiidusmesUssvsu anumng
vostotaudauaztofinim auvmuasguluuves Anudauds nsdifnwivesnisiidsi
vesUszrukaraudaudlunsdamninensuazdunden
Concepts, theory, process and law related to public participation.
Public participation in environmental and resource management. Environmental
impact assessment. Factors determining the success of public participation
process. Meaning of conflict and dispute. Causes and patterns of conflicts. Case
studies of public participation and conflict in environment and resource

management.

ENV4303 nsAnwTIyIun1sAivatsinerudiu 2(240)
aﬂﬁﬂﬂﬂﬁﬁﬁtaxu’a’ﬂﬂiiu%;QLL’JG\Z?\’EJII 1
Cooperative and Work Integrated
Education in Innovative Environmental
Science |
AnuitRauduinemansuaruinnssuduandenlumineausing 4 Ty
Jfadene Wusssrnailddesndt 240 $2lus
Innovative environmental science practice in several agencies in
Chiang Rai province. Student will be systemically monitored as evaluated for a

period of not less than 240 hours.
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AnufuRausingimansuazuinnssudunadenlumesauizuna
fgiamie gafaenu visesdnsiliuarsnariils Taonisthanudenanguiuay

@ il
a o

UftRlFannsAnululdluanunmsaiads dliimsuguiimeaietuneazidoaves
nsiinay wagdniedudmaiesfusonazasunadamauiuingiamansuas
uinnssudauandeniiiniu nasnauisnisufledymilidnsegaasluded by
syozaliitfosndt 480 Halus

Innovative environmental science practice in government agencies,
state enterprises, private businesses, or non-profit organizations by applying the
knowledge in both theory and practice from the study to use in real situations.
An orientation for the details of the internship and organizing post training for
discussions and summaries of Innovative Environmental Sciencepractice problems
as well as methods for solving problems successfully. Student will be systemically

monitored as evaluated for a period of not less than 480 hours.

ENV4305 annafnen 6(600)
Cooperative Education

msuftRnuluanulssneumsiatioufundnnuvesaaulsznauns
Tudumisiinssivanuivineimanidaandes fiwhiisuiaveudauuasiigime
wieiindneuaiuaunisujufou dnsfienuuasyssuwanisujifcnuediudu
szuu Wuszeznanliidesndn 600 Halus fnssusmesdaiwidaiiseauuas
iauanan1suiRaniafnwm

Performance in the workplace as employees of the establishments
matched to the environmental science. Student must has a clear responsibility
and has supervision or supervisory staff. Student will be systemically monitored
as evaluated for a period of not less than 600 hours to gathering knowledge to

prepare a report and presentation of the cooperative education results.
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Abstract

This study aimed to determine relationship between Kai algae and water quality using
the Applied Algal Research Laboratory-Physical and Chemical Score (AARL-PC score) and
inverse distance weighting (IDW) in the Mekong River. Kai algal habitats were discovered
at three sampling sites during a survey of the Mekong River, Chiang Khong district, Chiang
Rai Province, Thailand in January and February 2022, Kai algae were collected in the field
and identified by microscope. Kai morphology and environmental factors including length,
dry weight, water conductivity, DO, BOD, nitrate nitrogen, soluble reactive phosphorus and
ammonium nitrogen were investigated. The results showed two Kai genera, Cladophora
sp. and Rhizoclonium sp., were presented in the sampling sites. In January, BOD had a
strong positive relationship with the length of Kai algae while ammonium nitrogen had
a significant relationship with water conductivity (p < 0.01), and DO had a significant
relationship with dry weight (p < 0.05). In February, BOD had a strong positive relationship
with the length of Kai algae (r = 0.9804), while ammonium nitrogen had a significant
relationship with water conductivity (p < 0.05). IDW derived from the AARL-PC-score
revealed that clean-moderate water quality was directly related to environmental factors in
January and February and can be used to determine Kai algal growth in the Mekong River.

Keywords: Kai algae; Environmental factors; Geostatistics; Mekong River: Lotic ecosystem

1. Introduction

Freshwater green macroalgae provide Anthropogenic activities such as the
several health and therapeutic advantages, construction of reservoirs and dams across
and are also vital water quality markers inthe  the Mekong River for electricity generation
lotic ecosystem. Natural macroalgae knownas  and water resources are rapidly altering the
“Kai” grow in the Mekong River in Northern  ecosystem by impacting the natural river flow,
and Mortheastern Thailand and are a vital  thereby affecting nutrient cycles and changing
resource for the local people (Peerapompisal  the physicochemical characteristics of the
et al., 2006). Kai algae grow on cobbles  water (Thiamdao et al,, 2012a; Mungmai
and gravel substrata along the riverbank  er al, 2014; Wang er al, 2017; Ruen-Pham
and belong to the genera Adegagropila, etal, 2021). Kai algal habitats are significantly
Cladophora and Rhizoclonivm. Kai algal  impacted by these erratic environmental
growth in the Mekong River only occurs changes. Understanding the relationship
during the dry season (November-March).  between algae and their environmental
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conditions is critical for algal management
planning in the Mekong River.

The relationships between algae and
the environmental parameters are complex.
Algal habitats depend on dissolved oxygen
(DO}, water conductivity and essential
nutrients (Wongsawad & Peerapornpisal,
2013; Hui er al, 2022). Previous research
into the management planning of algal
habitats emphasized the importance of the
water quality index (WQI) value (Ogbozige
et al., 2018; Sapna et al., 2018; Delina et al.,
2019; Massinai er al., 2021). The Applied
Algal Research Laboratory-Physical and
Chemical Score (AARL-PC score) is obtained
by monitoring key environmental factors of
lotic environments such as water conductivity,
DO, biochemical oxygen demand (BOD),
ammonium nitrogen, nitrate nitrogen and
soluble reactive phosphorus. All these factors
affect algal growth and determine both the
water quality and the trophic status of the
aquatic environment (Peerapompisal er al,
2004; Leelahakriengkrai & Peerapompisal,
2011; Thiamdao er al., 2012b; El-Adl, 2014).

Water guality assessment is important
for algal growth and survival and is used for
conservation and management (Liao er al,
2021). The geostatistical inverse distance
weighting (IDW) mapping approach is
commeonly used to anticipate spatiotemporal
gradient changes in water quality which have
an impact on the aquatic environment. [DW
provides spatially continuous environmental
data on aquatic environments (Al Nageeb
et al., 2012; Khouni ef al., 2021;) such as
water quality (Yang ef al, 2020), the aquatic
plant community (Tapia-Silva er al, 2015;
Zarco-Perello & Simbes, 2017), and suitable
sites for aquaculture (Longdill er al., 2008).

The inhabitants of Bann Had Krai,
Chiang Khong district, Chiang Rai Province,
Thailand have strong connections with the
Mekong River which contains large numbers
of edible aguatic plants and fishes. Kai algae
are well-known in Bann Had Krai, and a
Kai algae community enterprise has been
established (Pokaew, 2018). This study used
an integrated approach to assess spatial
environmental changes in surface water
quality as a quantitative trophic status score
using the six environmental parameters

(water conductivity, DO, BOD, nitrate
nitrogen, soluble reactive phosphorus. and
ammonium nitrogen). The IDW method, never
previously applied in this area, was used to
interpolate the spatial distribution of water
quality affecting Kai algal growth based on the
association between Kai algal growth and the
AARL-PC water quality score. Our results can
be used for determining water quality affecting
Kai algal growth in the Mekong River.

2. Methodology
2.1 Study area and field survey

Kai algae sampling sites were located
along the Mekong River at Bann Had
Krai, Chiang Khong district, Chiang Rai
Province, Thailand (20°154"t0 20°15'11 "N,
10024 48 " to 100°24 '52 " E). Three sampling
points (K1, K2 and K3) in which distance
from a point-to-point is 70 m. intervals,
based on the consideration of the presence of
Kai algae, were selected along the Had Krai
bank (Figure 1). Sampling of Kai algae and
the physicochemical water properties was
conducted in January and February 2022

2.2 Collection and identification of Kai algae

Kai algae thalli were manually collected
at each sampling site from substrate such
as rocks and cobbles. The specimens were
separated into two portions; one was used for
identification using morphological features,
while the other was investigated for species
content using quadrants for both wet and dry
weight determinations. The specimens were
kept in plastic boxes at 5 - 7 °C and transferred
to the laboratory. For the morphological study,
Kai algae were measured based on relevant
characteristics such as the width and length of
apical cells, ultimate branches, and main axial
cells. The examined qualitative characteristics
included organization of branches, cell shape,
characteristics of chloroplasts, and formation
of branches. The morphological terminology
followed freshwater algal flora and guide books
including van den Hoek (1963), Whitford &
Schumacher (1969), Prescott (1970) and Jonh
et al. (2002). Photographs were taken using a
digital microscope camera (Zeiss Primo Star).
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2.3 Determination of physicochemical
properties of water

The physicochemical properties of the
water were determined at each sampling site.
Water conductivity was measured using a
multiparameter Eutech CyberScan CD 650,
while dissolved oxygen was measured using
the azide modification method (Eaton er al.,
2005). Water samples were collected at a depth
of 30 cm from the surface of the water body
using polyethylene bottles, which were then
kept in a cool box at 5 - 7° C for later analysis
in the laboratory. Biochemical oxygen demand
was measured using the azide modification
method. Nutrient contents, especially with
regard to ammonium nitrogen, nitrate nitrogen,
and soluble reactive phosphorus (P) were
determined using the Nesslerization method.
cadmium reduction method, and ascorbic
method, respectively (Eaton er al., 2005).

Due to the small sample sizes in this study.
correlations between Kai algae and their
environmental factors were tested using
Regularized Canonical Correlation Analysis
(RCCA) and Pearson’s correlation in the R
statistic program (Crawley, 2005; Gonzilez
et al., 2008; R Core Team, 2022). The trophic
status of water was evaluated from the main
parameters (water conductivity, DO, BOD,
ammonium nitrogen, nitrate nitrogen, and soluble
reactive phosphorus) by AARL-PC score (Table 1
and Table 2) (Peerapomnpisal er al., 2004).
Our results complemented the regular surveys
conducted by the Pollution Control Department,
Ministry of Natural Resources and Environment,
Thailand that categorize water quality and
assess the trophic status affecting freshwater
macroalgae. Inverse distance weighting for water
quality assessment was conducted following
Peerapompisal e al. (2004) and Leelahakriengkrai
& Peerapornpisal (2011), based on Wetzel
(2001) and Lorraine & Vollenweider (1981).

2aanir oraaLr

Source: GISTDA, 2012; DroneDeploy, 2022: QGIS Development Team, 2022.

Figure 1. Study area and Kai algae sampling sites

Table 1. AARL-PC scores for DO, BOD, water conductivity, nitrate nitrogen, ammonium
nitrogen and soluble reactive phosphorus

Do BOD \Vatc‘r ; )?Xitratc Am.monium Solliblc l;cacti\’c
(mgl) (mgl) conductivity 2 2 phosphorus Score
(uSicm) (mg/L) (mg/L) (mg/L)

>9 =03 =10 =0.05 =0.01 =005 0.1
8-9 03-08 10-30 0.05-0.1 0.01 -0.08 0.05-0.10 02
7-8 08-15 30-60 0.1-03 0.05-0.1 0.1-02 03
6-7 1.5-3 60 - 100 03-08 0.1-02 02-04 0.4
5-6 3-5 100 - 200 08-15 02-05 04-10 0.5
4-5 5-10 200 - 350 1.5-30 05-1.0 1.0-20 0.6
3-4 10-20 350 - 600 30-100 1.0-20 20-35 0.7
2-3 20-40 600 - 1,000 10.0-20.0 20-45 35-70 08
1-2 40 - 80 1.000 - 2,000 20.0-40.0 4.5-100 7.0-15.0 09
<1 < 80 < 2,000 < 40.0 < 10.0 < 15.0 1.0
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Table 2. Classes of trophic status and water quality based on AARL-PC score

Score Trophic status Water quality

<8 Ultraoligotrophic status Wery clean
0916 Oligotrophic status Clean
1.7-24 Oligotrophic-mesotrophic status Clean-moderate
2.5-32 Mesotrophic status Muoderate
33-40 Mesotrophic-eutrophic status Moderately-polluted
41-48 Eutrophic status Polluted

=48 Hypereutrophic status Very polluted

3. Results and Discussion
3.1 Mentifving Kai algae morphology

Two species of Kai algae including
Cladaphora sp. and Rhizoclonium sp. were
identified based on their morphological
differences. InJanuary, K1 found Cladophora sp.
while K2 and K3 found Rhizaclonium sp.
In February, K1 found Cladophora sp. and
Rhizoclonium sp. while K2 and K3 found only
Rhizoclonium sp.

Cladaphora sp.

Macroscopic filament, sparsely
to profusely branched, or dichotomous
branching, filaments of cylindrical cells,
vegetative cells 40-80 um in width, 80-200
wm in length, cell wall thickened, attached
by a disc-like holdfast and/or rhizoids, cells
may be multinucleate, chloroplast parietal, or
net-like with bilenticular pyrenoid structure.

Ecology: Slow-flowing and fast-flowing
water in the Mekong River 20 - 30 cm deep.
The filamentous rhizoids were attached to
stones by long strands growing toward the
water surface.

Rhizoclonium sp.

Thallus unbranched or branched with
2 -3 cells. Cell length about the same as cell
width or many times longer, vegetative cells
40 = 50 pum in width, 50 - 100 pm in length,
sometimes with walls thick and lamellate,
each with a parietal, reticulate chloroplast and
several pyrenoids and nuclei. Filaments are
slender, may attach to substrate with basal cell
or holdfast. Reproduction by fragmentation
and fragment regeneration.

Ecology: Standing and slow-flowing water
in the Mekong River 20 - 30 cm deep. The
filamentous rhizoids were attached to stones by
long strands growing toward the water surface.
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Cladophora sp. and Rhizoclonium sp.
frequentlyappearinthe Mekong River(Figure 2).
They are immobilized on cobbles and
gravels in river and stream banks of lentic
and lotic environments { Thiamdao er al.,
2012a). Cladophora sp. and Rhizoclonium sp.
were not presented at all sample sites due
to varied development stages or maturity,
possibly related to the trophic status of the
water (Wongsawad & Peerapornpisal, 2013).
Findings revealed that Rhizoclonium sp.
commonly grew with Cladophora sp.
Peerapornpisal (2015) reported that
Rhizoclonium sp. was often found growing
with Cladophora sp.

3.2 Relationship between Kai algae and
environmental factors

In January, average lengths of Kai algae
in K1, K2 and K3 were 152.90, 54 40 and

136.50 cm, respectively. Dry weight of Kai
algae in K1, K2 and K3 were 2042, 8.08
and 83.81 g, respectively. K3 revealed high
water conductivity, DO, and BOD while
K1 showed higher concentrations of nitrate
nitrogen and ammonium nitrogen than the
other sites, possibly indicating increased
nutrient load in the river induced by agricultural
runoff containing nutrient-rich fertilizers.
K2 recorded highly concentrated soluble
reactive phosphorus which can contribute to
eutrophication (Table 3). In February, average
lengths of Kai algae at K1, K2 and K3 were
77.14, 50.30 and 42.20 e¢m, respectively.
Dry weights of Kai algae in K1, K2 and K3
were 24,92 298 and 4.91 g, respectively. K1
recorded high values of water conductivity,
DO, BOD and ammonium nitrogen whereas
K2 showed a higher concentration of nitrate
nitrogen than the other sites. K3 gave highly
concentrated soluble reactive phosphorus
(Table 4). High concentrations of soluble
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reactive phosphorus in K2 of January and
K3 of February may cause concern for
regulatory bodies in charge of monitoring and
managing water quality. Nutrient management
plans should be implemented to remove
phosphates from agricultural runoff and
improve agricultural practices to reduce
nutrient runoff (Sharpley et al., 2013).

In January, BOD had a strong positive
relationship with length of Kai algae (Figure 3

and Table 5), while ammonium nitrogen
had a significant relationship with water
conductivity (p < 0.01), and DO had a
significant relationship with dry weight of Kai
algae (p < 0.05) (Table 6).

In February, BOD had a strong positive
relationship with length of Kai algae (r = 0.9804)
(Figure 4 and Table 7), while ammonium
nitrogen had a significant relationship with
water conductivity (p <0.05) (Table 8).

Figure 2. Kai algae; Cladophora sp. (A-C) and Rhizoclonium sp. (D-F)

Table 3. Length and dry weight of Kai algae and environmental factors in January

; Sampling sites
Environmental factor

Kl K2 K3
Water conductivity (pS/cm) 270 282 289
Dissolved oxygen (mg/L) 78 7.6 8.6
BOD (mg/L) 0.6 02 14
Nitrate nitrogen (mg/L) 1.5 0.2 0.3
Soluble reactive phosphorus (mg/L) 0.14 05 012
Ammonium nitrogen (mg/L) 0.24 0.17 0.13

Average dry weight (g)
Average length (¢m)

2042 8.08 8381
152.90 54.40 136.50

Table 4. Length and dry weight of Kai algae and environmental factors in February

yoe Sampling sites

Environmental factor i © G
Water conductivity (uS/cm) 317 31l 314
Dissolved oxygen (mg/L) 8.0 7.8 74
BOD (mg/L) 18 14 1.0
Nitrate nitrogen (mg/L) 0.7 1.1 0.5
Soluble reactive phosphorus (mg/L) 0.35 0.11 207
Ammonium nitrogen (mg/L) 0,39 0.09 023
Average dry weight (g) 24.92 298 4.91
Average length (¢cm) 77.14 50.30 42.20
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Figure 3. Relationship between environmental factors, length (L) and dry weight
(D) of Kai algae using RCCA in January
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Table 5. Correlation coefficients of environmental factors affecting Kai algae in January

Environmental factors Length Dry weight
Water conductivity (uS/cm) 0.3903 0.6816
DO (mg/L) 0.9537 0.9990
BOD (mg/L) 0.9762 0.8433
Nitrate nitrogen (mg/L) 0.0409 -0.3031
Soluble reactive phosphorus (mg/L) -0.8751 -0.6570
Ammonium nitrogen (mg/L) -0.3853 -0.6776

Table 6. Pearson correlation analyses bel Kai algae and environmental factors in January

Length  Dry weight  Conductivity DO BOD N P NHs
Length I
Dry weight  0.2221 1
Conductivity  0.7447 0.5226 |
DO 0.1943  0.02779* 0.5504 1
BOD 0.139 0.364 0.8837 0.3333 1
N 09739  0.8039 02814 0.8317 0.8349 |
P 0.3215 0.5436 0.9338 05158 0.1825 0.6524 1

NH. 0.7481 0.526 0.003435**  (.5538 0.8871 0.2779 09304 1
**Significance level of 0.01; *Significance level of 0.05

o
-

- 7Site 1 Site 3

|| e
%
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Figure 4. Relationship between environmental factors, length (L) and dry weight
(D) of Kai algae using RCCA in February
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Table 7. Correlation coefficients of environmental factors affecting Kai algae in February.

Environmental factors Length Diry weight
Water conductivity (pS/cm) 0.6606 0.9030
DO (mg/L) 0.9256 0.7015
BOD (mg/L) 0.9804 0.8235
Nitrate nitrogen (mg/L) 0.1350 - 0.2663
Soluble reactive phosphorus (mg/L) -0.6718 -0.3255
Ammonium nitrogen (mg'L) 0.6889 0.9188

Table 8. Pearson correlation analyses between Kai algae and environmental factors in February

Length  Dry weight  Conductivity DO BOD N P NHa4

Length 1
Dry weight  0.2579 1
Conductivity 10,5406 0.2827 1

Do 0.2471 0.505 0.TRTT 1

BOD 0.1261 0.384 06667 0.121 1

N 0.9138 0.8283 0.5456 06667 0.7877 1

P 0.531 0.7859 0.9284 02839 04049 (3828 1

MH.4 05161 0,2582 0,02449%* 07632 0.6422 0.5701 09529 |

*Significance level of (.05

Results showed that in January and
February, average water conductivity was
28033 £ 9.61 and 314.00 = 3.00 pSicm,
respectively. In February, water conductivity
was higher compared to January, attributed
to heavy rainfall and runoff occurring
3 - 4 days before sample collection in
February (Chiang Rai Meteorological
Station, 2023). This resulted in elevated
water conductivity values for February.
Water conductivity values were correlated
with the dissolved organic matter content.
High water conductivity values indicated the
presence of dissolved organic compounds.
In January, water conductivity was within
the appropriate range, while in February it
was higher. Good water quality typically
falls within the conductivity range of 150
to 300 uSfem. Values exceeding 300 pSfem
suggest higher contamination, which might
not be conducive to the growth of aquatic life.
Results from the study on dissolved oxygen
levels in water are important for the growth
of Kai algae. In January and February, the
average DO values were 8.00 £ 0.53 and
7.7320.31 mg/L, respectively. Generally, an
appropriate dissolved oxygen concentration
for supporting aquatic life is between 5 and
7 mg/L. If the dissolved oxygen level falls
below 3 mg/L. itis not suitable for sustaining
aquatic life (Trichaiyaporn et af., 2006; Srirat
et al., 2012). The study results of the amount
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of oxygen used by bacteria for organic matter
degradation in January and February showed
average values of 0.73 = 0.6] and 1.40 =
0.40 mg/L, respectively. These values fell
within surface water guality Class 2. The
specified oxygen quantity utilized by bacteria
for organic matter degradation should not
exceed 1.5 mg/L. Measuring the oxygen
guantity utilized by bacteria for organic
matter degradation serves as an indicator
of water pollution. The measured values in
both months suggested that the water sources
were influenced by community activities
and were not fit for consumption before
proper treatment to eliminate pathogens and
improve water quality. Furthermore, these
water sources are also utilized for agricultural
purposes (Srirat er al, 2012). The study
findings on nitrate nitrogen levels revealed
that in January and February, the average
values were 0,67 £0.72and 0.77 £0.31 mg/L,
respectively. These values exceeded surface
water quality Class 3. The specified nitrate
nitrogen quantity should not exceed 5.0 mg/L.
Contamination by nitrate nitrogen in water
originates from agricultural activities and
domestic wastewater from communities.
Algae utilize nitrate, ammonium, and
organic nitrogen as significant sources for
growth and development (Srirat ef al., 2012;
Tuntoolavest, 2008). The study results on
ammonium nitrogen levels showed that in
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January and February, the average values
were 0L18 £ 0.06 and 0.24 = 0.15 mg/L,
respectively. These values conformed to
surface water quality Class 2. The specified
ammonium-nitrogen quantity should not
exceed 0.5 mg/L. Ammonium originates from
the microbial degradation of nitrogenous
organic compounds. In water sources,
nitrogen compounds exist as nitrate, nitrite,
and ammonium. Algae utilize ammonium
by converting it after transformation from
ammonium to various cellular components
(Srirat er al., 2012; Trichaiyaporn er al.,
2006). The study results on soluble reactive
phosphorus levels revealed that in January and
February, the average values were 0.25 £0.21
and (.84 + 1.07 mg/L, respectively. soluble
reactive phosphorus exists in dissolved form
in water and is commonly found in detergents
as well as being a component of chemical
fertilizers in agriculture, including areas where
plant and animal remains are incorporated.
The February values were higher compared
to January, attributed to rainfall occurring
3 - 4 days before the sampling date (Chiang
Rai Meteorological Station, 2023). This
rainwater washed contaminants from
communities and agricultural areas into
the water sources, leading to elevated
orthophosphate levels. Orthophosphate is an
essential nutrient contributing to the growth
of algae. An appropriate level for algal
growth should not exceed 0.3 mg/L (Srirat
et al., 2012; Trichaiyaporn er al., 2006).
From the analysis of the correlation
between environmental factors influencing
Kai algae, utilizing RCCA in January,
specifically at K3, a significant positive
correlation (p < 0.05) was observed between
dry weight of Kai algae and dissolved oxygen
levels. Kai algae in the Mekong River
cannot grow in the summer season because
of high temperatures and the southwest
monsoon brings rain and heavy storms from
April through to October (Thiamdao er al.,
2012a; Mungmai er al., 2014; Wang er al.,
2017; Ruen-Pham er al, 2021). Moreover,
suitable light intensity for Kai algal growth
is mo more than 35,000 lux. This allows Kai
algae to photosynthesize more effectively,
resulting in higher oxygen levels, typically
around 8 mg/L. The optimal orthophosphate

level is no more than 0.3 mg/L, promoting
Kai algal growth. Ammonium nitrogen
showed a significant correlation with water
conductivity (p < 0.05). The ammonium
nitrogen concentration was 0.13 mg/L,
relating to surface water guality Class 2,
which specifies that ammonium nitrogen
levels should not exceed 0.5 mg/L. The
water conductivity value was 289 pSfem,
and good water quality generally falls
within the range of 150 to 300 pS/cm.
A positive correlation was found between
BOD and algal length. The BOD value was
1.4 mg/L, and within surface water quality
Class 2, which recommends BOD levels not
exceeding 1.5 mg/L. These environmental
factors mentioned above contributed to Kai
algal ability to bloom and grow well (Mala,
2018; Srirat er al,, 2012; Trichaiyaporn
et al., 2006).

Analysis results of the environmental
factors influencing Kai algae using RCCA
in February, specifically at K1, suggested
a positive correlation between BOD and
length of Kai algae when the BOD value was
1.8 mg/L. This value related to surface water
guality Class 3, where the recommended
BOD level should not exceed 2.0 mg/L. DO
concentration was 8 mg/L, also within surface
water quality Class 2. Ammonium nitrogen
showed a significant correlation with water
conductivity (p < 0.05) at a concentration
of 0.35 mg/L. This concentration aligned
with surface water quality Class 2, which
specifies that ammonium nitrogen levels
should not exceed 0.5 mg/L. The water
conductivity value was 317 pS/cm. Kai algae
bloomed well in February based on these
environmental factors (Srirat er al, 2012;
Trichaiyaporn ef al., 2006).

During the sampling period (January and
February), K1 had mesotrophic status, which
caused Kai algae to have longer lengths
than at the other sites. The dry weight of
Kai algae in K3 (oligotrophic-mesotrophic
status) in January was higher than the other
samples but dry weight of Kai algae in K1
{mesotrophic status) in February was higher
than the other sites (Table 9 and Table 10).
Thus, Kai algae favored mesotrophic status
with moderate water quality suitable for
Kai algal growth (Moonsin er al., 2013).
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Table 9. AARL-PC scores in January

. Soluble .
Siles :T'FF"_.E DOy BOD }:“mc reactive An!:mmum Tuoral score w_u]l.':r
conductivity nilrogen o ephorus nitrogen quality
25
1 0.6 03 03 U] 03 0 (Mesotrophic  Moderate
status)
22
(Oligotrophic-  Clean-
2 0.6 [N | 0.3 0.5 0.4 mssotophic  moderste
shatus)
22
{Oligotrophie-  Clean-
3 LX) 02 03 04 03 04 mesotrophic  moderate
status)
Table 10. AARL-PC scores in February
N Soluble N
Sites cm‘;::tteir:'ir}r DO BOD n?::;:: Teactive Az:run::::m Total score ;r:f;;
phosphonis
1 i 02 04 04 04 0.5 25
{Mesoirophic  Moderate
status)
2 i 03 03 0.5 L1} 0.3 23
{Oligotrophic-  Clean-
mesotrophic  moderate
status)
i i 3 03 04 07 0.5 28

{Mesotrophic  Moderate
status)

However, the correlation between Kai algae
and key environmental factors requires
further consideration to fully understand their
sensitivity to environmental conditions in
the Mekong River (Ogbozige ef al, 2018).

The AARL-PC scores in January
and February indicated oligotrophic-
mesotrophic status and mesotrophic
status, respectively. Using the AARL-PC
score, Moonsin er al. (2013) found that
macroalgae, Spirogyra sp.1, Spirogyra
sp.2, Cladophora glomerata, Microspora
pachyderma, and Microspora sp. could
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grow in mesotrophic status with low to
maoderate water quality. IDW generated
from the AARL-PC score in January
(Figure 3) and February (Figure 6) revealed
clean-moderate and moderate water quality,
respectively. As a result, IDW provided by
the AARL-PC score (Figure 7) can be used
for determining water quality affecting Kai
algal growth in the Mekong River. Qur
findings provide an empirical approach to
improve the management planning of Kai
algal habitats along the Mekong River as
a useful tool for sustainable development.
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Figure 5. IDW derived from the AAPL-PC scores in January; water conductivity (A); DO
(B); BOD (C): N (D): P(E) and NH« (F)
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Figure 6. IDW derived from the AAPL-PC scores in February:; water conductivity (A); DO
(B); BOD (C); N (D); P (E) and NHs (F)

A {1

Figure 7. IDW derived from the AAPL-PC scores in January (A) and February (B)
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4. Conclusion

In this study, two genera of Kai algae
were found, namely Cladophora sp. and
Rhizoclonium sp. Most environmental
factors were optimized for Kai algal
growth, except for water conductivity and
soluble reactive phosphorus in February.
An analysis of the correlation between
environmental factors influencing Kai
algae in January showed that ammonium
nitrogen exhibited a significant correlation
with water conductivity. The BOD value
was significantly correlated with Kai algal
length, while the dissolved oxygen levels
showed significant correlation with algal
dry weight. In February, BOD values
were significantly correlated with Kai
algal length, while ammonium nitrogen
presented a significant correlation with
water conductivity. IDW derived from
the AARL-PC-scores revealed that clean-
moderate water quality was directly related
to environmental factors in January and
February and can be used for determining
water quality affecting Kai algal growth in
the Mekong River.
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Aestivation and its impact on the survival of snail
intermediate hosts and trematode transmission
in rice paddies
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Abstract

I this stusdy, we investigated the diversity and survival of aestivating snails in diy-season mice
paddies, focusing on their role as intermediate hosts for trematodes. A total of 1,159 snails from
variows Bamnilies were collected and analysed, revealing nine species, primarily from the Bithy-
niidae family, with Bithymia siamensis samensis being the most abundant. OF the nine species
collected, the most comman species, B 4 stamensis, exhibited a relatively high survival rate of
81.5% throughout the three-month dry period post-harvest, whereas the rermaining eight species
had survival rates below 24.0% (0-23.1%). Four snail species, B. « siamensiz, Filopalidina
martensi surtens, F. sumalrensis po and F. dolieris, were found infected with larval
trematodes, with an overall prevalence of BA46% (57/674). The larval trematodes identified were
categorized into four types: echinostome metacercaria, Thapariels anastomusa metacercaria,
unidentified metacercaria, and unidentified rediae. These findings demonsirate that trematode
infections can persist in aestivating snails despite the challenging conditions during the dey
season, emphasizing the potential of aestivating snails fo act as vectors for trematode transmis-
sion in agricultural settings. This underscores the need for effective management strategies Lo
mitigate the risks associated with trematode transmission.

Introduction

Freshwater snails are relevant for public and veterinary health, as several species act as first and
second intermediate hosts for hedlminths and parasites that cause various food-bome tremaiode
diseases in hursans and animals (Chad et al 2005, 2004 Madsen and Hung 2014). In Thailand,
seversl freshwater snall species are reported to be Infected by larval trematodes, with high

ce moded in nosthern and portheastern reglons (Burch and Lobachit 1953 Se-Aroon
2011; Woodruff and Upatham 1993). However, studies specifically addressing the potential for
larval trematode infection in northern Thailand, especially in Chiang Rad Province, remain limited.
Recent studies have documented larval trematode infectbons across varbous snail ies Im various
ecosystems, with particular emphasic on paddy flelds in this reglon {Chantima et al 2018, 2018h).

In northern Thalland, rice is generally cultivated once or twice per year. Farmers typically
grow rice during the rainy season, with some extending cultivation into the post-rainy season in
areas with irrigation access. Following the harvest, the dry season brings unfavourable conditions
fior freshwater snails in rice paddies. During this period. snails face exireme environmental
stresses, parficularly drought. To survive, they burrow into the mud and enter a state of
aestivation, a physiological process like hibermation. With the arrival of spring rains and
monsoon looding, snalls recolonize thelr habitats and reproduce. Aestivation is 3 crucial survival
strategy for snails facing extreme temperatures and desiccation, particularly in tropical envie-
onments. This adaptation s essential not only for their survival, but it also influences the
dynamics of trematode transmission {Osborne and Wright 2015; Rubaba et al 2016). The thming
of sestivation in relation o infection significantly impacts the development of trematodes within
their snail hosts. A study by Badger and Oyerinde {1996) demonstrated that Biomphalaria
Pledffert snails that aestivate immediately after infection produce cercariae in greater numbers
compared to those that delay sestivation. Furthermaore, aestivation can prolong cercarial devel-
opment, which in turn affects the transmission potential of trematodes in rice paddies. Notably,
shorter aestivation durations lead to lower mortality rates for the snail intermediate host of
Opistharchis viverrind, Bithynia stamensts gontowmiphalos (Chalyasaeng ef all 201%9).

Aestivation serves as a crucial adaptive mechanism for snails; however, it also poses challenges
for trematode transmissbon, Understanding these dynamics is essential for effectively managing
snall populations and controlling trematode-related diseases in agricultural settings. Therefore,
this study almed to investigate the diversity and survival of aestivating snalls in dry-season rice
paddies in Chiang Rai Province, Thailand, with a specific focus on thedr role as intermediate osts



for trematodes. The findings of this study may enhance our under-
standing of the ecology of aestivating snails and its mplications fos
public health regarding parasitic infections In agricultural land-
Scapes,

Materials and methods

Study areo and sampling locolities

The study ares in Chiang Rai Province, northern Thailand, within
the North Mekong River basin of Thaikand, has a tropical monsoon
climate with distinctive seasons. The mean annual rainfall of this
area varies from 1,200 mm to 2,000 mm (Eastham ef al. 2008). Eight
sampling sites were established across four districts: Mae Lao,
Mueang Chiang Ral, Phan, and Wiang Chal, based on the availabil-
ity of potential intermediate snail hosts, site accessibility, and the
tendency of snails to aestivate after the rice harvest during the dry
seasom (February to May) in endemic areas (Chantima ef al. 20184,
2015k; Chantima and Rika 2020). Geographic coordinates of sam-
pling sites were recorded a GPS device or determined as
accurately as possible from a map, Sampling sites were then digitally
msapped on a dot-by-dot basks on a public domain map (GISTDA
2011; Glthub 2024). Final maps wese complled using Photoshop
C56 (Adobe Systems Inc., San José, CA, USA). The coordinates of
thiese localities are presented in Table | and Figure 1

Snail ond soil sompling

Snall sampling was conducted once a month during three sampling
periods from March to May 2020, colnciding with the dry season.
The selected sampling sites were located at the dried end of a paddy
fiedd. Sqeails buried in the sodl were collected at two depth intervals:
from the ground surface to 5 cm and from 5 to 10 cm. A quadrat
measuring 0.36 i (6 square) was wsed to define the sampling
area. All snails found within the quadrat were brought to the
laboratory for further analysis. Species identification was carried
out using conchological methods based on the faxonomic keys of
Brandt (1974) and Upatham ef af. {1923). The snalls were subse-
quently examined for survival and trematode infections.

Table 1. List of locfities wheere snails wene collected

Coordinabes

Lcation (U
[Ban Pa Ruak, Dong Mada Subdistrict, Mae Lao District 47M 5742539
(ML) 2180001
Ban Sri Wang Mun, Buxsalee Subdistrict, Mae Lao District 4TM 579716
(ML) 2190213
[Ban Pong Mam Tak, Ban Du Subdistrict, Musang Chiang 47TH 586250
Fail District (MC1) 22107TTD
Ban Mang Lae Nai, Mang Lae Subdistrict, Mueang Chiang 47N 588413
Reai District (MCZ) 2214537
[Bani San Ka Hiang, Santisuk Swuhdistrict, Phan District 47TH SB0864
[PH1} 213834
[Ban Dong Lan, 5ai Khao Subdistrict, Pham District (PH2) 47H 573546
2ITTITS
Ban Sri ‘Wiang, Wiang Chai Subdistrict, Wiang Chai 47N 535176
District (WCL) 21964T8
HBan Pong, Wiang Chai Subdistrict, Wiang Chai District 47N 557990
[Wez) 2196273

K. Chantima et al.

Sodl samples were collected in the same quadrat as the smail
sampling. At each site, three replicate samples were randomly col-
lected from a 0.36 m™ area usinga metal shovel. Approxdmsately 200 g
of sediment per replicate was gathered from each site. Following
collection, the samples were sealed in labelled bags and transported to
the laboratory for analysis. The sodl properties, focusing on pH,
electrical conductivity, seluble salie concentration, and cation or
andon concentration in soll extract, were determined at each sam-
pling site using the methods by the US. Salinity Laboratory Staff
(1954) and Sparks et al {1996).

Asseszment of oestivoting snail species abundaonce and diversity

To evaluate the abundance and diversity of aestivating snail species,
several indices were employed. First, the richness index, specifically
Margalefs richmess index (), was wtilized and calculated using the
following formmula:

_5-1
" lnn

where 5 was the total number of species and v was the total number
of individuals (Clarke and Warwick 1994; Washington 1954).
Second, Shannon's diversity Index (H) was calculated using the

following formmula:
H=-3 " plbp,

where p, was the proportion of the tofal count arising from the i-th
species. A higher value indicated a greater number of species with
similar abundances, whereas a lower value indicated low diversity
that was dominated by ane or a few species (Clarke and Warwick
1904 HIN et al. 2005).

Third, species evenness (), quantifies the distribution of individ-
uals across different species within an ecosystem. This metric s
commonly represerted by Pielow's evenness index, which s caleu-
lated using the fallowing formula:

H
I'=1=
where H referred to Shannon's diversity index. Tt values between 0 and
I; values closer to zero represented uneven populations that were
domimsted by one species, while values choser to 1 represented even
populations that wene comprised of several species with smilar abun-
dances {Brewer 1994; Clarke and Warwick 1994; HiBebrand 200%).

Examination for survival of oestivating snail

The survival of aestivating snails was evaluated by reactivating them
in water for a duration of 24 hours. The shells of snails were
categorized into three distinet groups: 1) live spails that resumed

upon immersion in water, 2) dead smails, which either lacked
soft tissues of had an operculurmn, and 3) old shells, indicative of snails
that died during the prior dry season, distinguished by thelr white
coloration of discoloration and erosion (Figure 23, The counts of
dead and surviving snails, excluding old shells, were recorded 1o
cabeulate survival rates.

Examination for trematode infection

The examination of snail infections was conducted using shedding
amd crushing methods. For the shedding method, individual snails
were placed in 15 ml bottles filled halfiway with dechlorinated tap
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Chiang Rai

& Sampling site
Sub-district
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o 10 20k

Figure 1. Map of study area, showing the samgling kecalitkes and the districts where snails wers collected as indicated in Table L.

XX

Figure L. Photogragie of aesthating snail, Alasoke
{b] gz snail; fc) o shell with erosion.

fad I i

water and left for 24 howrs to facilitate the release of cercartae. After
this period, the snails were exposed to artificial light for approxi-
rgately 3 hours tocheck for the shedding of cercariae. Each snail was
individually screened over a pertod of 48 hours. Prior to the
crushing method, the snails were anesthetized by freezing. The
shells of the snails were then broken, and the entire body was
crushed in a Peiri dish. Following this, larval trematode infections
were detected by microscopically examining the crushed tissue. The
Identificathon of larwal trematodes was based on thelr morpho-
logleal characteristics, as described by Schell (1962) and Yamaguti
(1975), and counts were performed according to the species of snall.
Additionally, the prevalence amnd intensity of infections were
assessed, with infection intensity specifically determined by count-
ineg only the metacercariae.

Statisticol analysis

Statbstical analyses were conducted using SPSS v. 29.0.2. Two sets of
analyses were performed. The first set emploved basic descriptive
statistics to summarize soil properties, with values presented as
meanth D). Descriptive statistics were also used to summarize the
prevalence and intensity of trematode infections by smail species.
The second set bvolved correlation tests, where Pearson's correl-
ation was applied to examine the relationship between soil prop-
erties and the survival of sestivating smails. Statistical significance
was defined as p < 0L05.

Results
Asstivating snoil abundance and diversity

We collected and examined a total of 1,159 sestivating snails from
warious species belonging to the families Bithwyniidae, Viviparidae,
Ampullariidae, Thiaridae, Planorbidae, and Lymnaeidae. Based on
conchological assessments, nine species were identified (Figure 2):
Bithynia fusdculata (1.6%), B samesnsts shimiensis (724%), Filopalu-
dina martenst puartenst (8.4%), F. sumatrensis polygramema (69%),
F. dolieris (7.0%), Pomacea caralicedata (2.8%), Melpioddes tuberou-
lata (0.3%), Indoplanorbis sp. (0.6%), and Lymineea sp. {<0.1%)
(Table 2). Most of the aestivating snails oollected belonged to the
Bithyniidae, with B 5. siamensis being the most abundant and
widespread species, present at all sampling sites. Cuantification of
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Figure 3. Shell phology of ivating snails coll d from rice padds Mngmaaymm () Biehynia & : (b) 8 I} Flopafuding martens/
martens), (d) £. dofiaris; (o) £ sumatrens's palygramma, §f) Pom Weulara, (g) 2 (D) Ly sp.; (i) Indopfanorbis sp. Scale bar: 1 cm.
Table 2. Snail fauna, survival, and mortality (percent) of aestivating snails”
No. of Na. of live smad No. of dead srall
Family Species total snad % No. of old shells (% surdval) (% mortaity)
Bithyniidae Bithymia funiculata 15 15 5 3(233) 10 (76.3)
Bithynio siomensis samensis 833 724 a5 647 (8L3) 147 (18.5)
Viiparidae Filopaluding mortens) martensi a7 84 33 4(639) 54 (53.1)
Filopaluding sumatrensis polygrammo 20 62 20 11{183) 49 (8L.7)
Fiopaluding dobaris 81 70 38 s{167) 35 (83.3)
Ampullarsdae Fomocea conaliculata 2 25 15 1{53) 16 (94.1)
Thiandae Melonoides tuberculoto B 03 1 0 {0) 3 (100)
Planorbidae Indoplanorbis sp. T 05 0 o{o0) 7 (100}
Lymnacid Ly . 1 01 ] 0{0) 1 (200)
Total 1,158 1000 163 674 {67.7) 322 (323)

“The old shells were excludod feom the survival and menality rate calolations.

species richness and diversity revealed low values of 0.93220375
(D range: 0.314-1.431) and 0.79210.572 (H range: 0.072-1.741),
respectively. The evenness index was also low (J = 0.497+0.306; J
range: 0.066-0.865). However, some sampling sites exhibited
higher values, with J' approaching 1 (J > 0.8).

Survival and mortality rates of oestivating snails

Aestivating snails were found only within a depth of 0 to 5 cm from
the ground surface. None were found 5-10 cm from the ground
surface. After reactivating the snails in water, they were categorized
into three groups: live snails (674), dead snails (322), and old shells
(163). The overall survival and mortality rates, excluding the old
shells, were 67.7% and 32.3%, respectively (Table 2). The survival

rate of sestivating snail species ranged from 5.9% to 81.5%, with B. s.
siamensis exhibiting the highest survival rate. In contrast, the
mortality rate for all species, except B. s. siamensis, was greater
than 70%. Specifically, M. tuberculata, Indoplanorbis sp., and Lym-
naea sp. had a 100% mortality rate, meaning that no individuals of
these species survived the aestivation period. This 100% mortality
rate reflects the complete loss of individuals within these species,
with all individuals perishing during aestivation.

Relationship between soil properties and survival of aestivating
snails

There was considerable variation in the recorded soll properties
among the sampling sites. Soil pH varied from 4.01 to 6.10
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(mean 4.88+0.75), while éectrical conductivity varied between
0.0061 and 03248 d¢/em (mean 0.1063+0.1087). Soluble salts con-
centration in soil extracts also fluctuated, with values from 3.904 to
207 872 mg/l (mean 68.048169.579), Cation or anion concentration
in soil extracts ranged from 0.0061 and 03248 mg/l (mean 0.1063
20.1087). The analysis of soll properties in relation to the survival of
aestivating snails revealed a positive relationship between electrical
conductivity, soluble salt concentrations, and cation/anion concen-
trations in soll extracts with the survival of viviparid snails, including
F.m. martensi, F. s. polygramma, and F. dotiaris (p < 0.05). However,
no significant correlations were observed for other snail species
(B. funicudata, B. s. siamensis, and P. canaliculata) (p > 0.1).

Trematode infections in aestivating snails

The investigation of trematode infections in 674 aestivating snails
from dry-season rice paddies revealed that none of the snails shed
cercariae after being activated in water for 48 hours. Among the
total snails examined, 8.46% (57/674) were infected with larval
trematodes. Four types of larval trematodes were identified in this
study, including three different kinds of metacercariae: echinos-
tome metacercaria, Thapariella anastomusa metacercaria, and an
unidentified metacercaria, as well as rediae (Figure 4).

The infection rates and the number of metacercarise recovered
from various snail species are presented in Table 3. Echinostome
metacercariae, which were predominantly found dumping together
in the pericardial sac of the infected snails, were the most commonly
identified, with an overall prevalence rate of 6.37% (43/674). Through-
out the survey, a total of 224 echinostome metacercariae were
recovered from bithyniid and viviparid snaiks, including B. s. siamensis,

F.m. martensi, F. s. polygranuma, and F. doliaris. The infection rates for
individual species ranged from 5.24% to 100%, and the intensity of
Infection varted from 3.00 to 28.33 metacercariae per infected snail,
with an average intensity of 520 metacercariae per infected snail
Metacercariae of T. anastormusa were found co-infecting with echi-
nostome metacercariae, and were recovered from a single snail species,
F. doliaris. Out of 674 snails examined, 4 (0.59%) were infected, with a
mean intensity of 2.25 metacercariae per infected snail. Additionally,
an unidentified metacercaria co-infection with echinostome metacer-
cariae was detected in B. s siamensis, exhibiting a prevalence of 0.3%
(2/674). Rediae were also observed in this snall species, with a preva-
lence of 2.07% (14/674).

Discussion

This study focused on investigating the diversity of aestivating
snails and their potential role in the transmission of trematodes
in dry-season rice paddies in Chiang Rai Province, Thailand. We
identified nine aestivating snail species across elght locations with
most belonging to the family Bithyniidae. B. 5. siamensis was the
most frequently encountered species, consistent with the previous
findings highlighting its abundance in rice paddies and its broad
physiological and ecological tolerance (Pratumchart et al. 2019;
Suwannatrai efal 2011). In contrast, species such as M. tuberculata,
Indoplanorbis sp., and Lynnaea sp. were less common, likely due to
habitat preferences favouring stream environments (Chantima
et al. 2018a, 202(0; Kratlas et al. 2014).

Variability in snail diversity among sites was linked to the
different agricultural practices, particularly chemical applications,

and redia

from

oh,

shating saail: (3) An

stained with h

1g head collar with collar spines {arrowhead)y,

ara; (c) Redia stained with 0.3% neutral red; (d) Thapaviefio onastomusa metaceranae were froe, not encysted in the tissue of snads
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Table 2. Prevalence and intensity of trematede infections in aestivating snails

K. Chantima et al.

Echimastamse metacercaria Thapawriella anostomess Unidertified metacercara Redia
No. of srai No. of Ma. of snail Wa. of Mo of sl Mo of Mo. of snail
Ho. of snail infecbed metacercana infected metacercana infected metacercaria infecbed
Snail species  eamined  Peprevalencel  (intensity)  (%prevalence)  (intensity) (% prevalence)  (incensity) (3% prevalence)
8 fumiculato 3 a o o L] a ] a
8 5. siomensis 64aT 34 (534) 133 (351) o [} Zio.31) 315 14 (216}
F. m. martensi : 2 |28.57) & {3.00) o o 0 o
F. & palygromma 11 3 |zmamn) 85 (28.33) o o 0 (] o
F. dolions 4 4 {1000 30 |5.00) 4 [Lo} 9 (2.35) L o ]
. comaliculota 1 a o o L] o ] a
Tatal G674 43 (537) 224 |5.30) 4 [o.53) 9 (2.35) 2 {0.20) 315} 14 (207)

widch ey have molluscicidal effects (Min et al. 2020; (lu efal. 2020).
Seasonal changes in rice paddies, incduding paddy preparation and
Iarvesting, also influence snall populations. The golden apple smail,
P. canalicidiara, was notably scarce, contrasting with its widespread
abundance in other rice-growing reglons of Thalland (Chabchana and
En.urqnn i 5 Ngef al. 2020). Since its introduction in the 1980s, this
species has significanty impacted rice cultivation (Clanyapeth and
Achawakhom 1993), yet kscal factors mery Limit its proliferation in our
study area

In our study, four snail species, B. 5. siamensis, F. m marfenst,
F. 5. podygraminia, and F. doliaris, were lnfected with larval treman-
odes. These species, comumon i northern Thaikand's agrioulvural
areas, are important vectors of trematode transmission 1o humans
and animals (Chantima ef al. 2013; Chantima ef al 20182 Chan-
tima and Rika 2020; Phalee ef al. 201 5). Given their widespread
distribution in rice paddies, managing sestivating snails requires an
integrated approach that considers both their ecological role and
their significance in parasitic transmission.

Druring the dry season, the snails encounter extreme environ-
menial conditions. They must endure aestivation and burrowing
into the mud, which is a physiclogical process like hibernation.
However, aestivation ocours in times of drought and renders res-
plration difficult. This study found that almost all collected aestiv-
ating snails belonged to the family Bithyniidae, with B. 5. stamensis
as the most commeaon speches found at a sodl depth of -5 cm. Our
findings indicate that snails could bury themselves in depths up to
5em, in contrast to Brockelman et al. {1956) and Chalyaseang et al.
(2019), who noted that rapid habitat desiccatbon prevents smails
from preparing for aestivation in deeper soll. The average survival
rate of aestivating snails over a three-month period was high
(67.7%), whereas Brockelman ef al. (1986) reported a survival rate
of under 10% during a lé-month dey period in a non-ierigated area.
Our study, however, focused on 4 three-month sestivating period,
vielding a survival rate exceeding 60%. This finding & consistent
with the report by Chaivaseang ef al. (2019}, which also indicated
that bithyniid snails (B. 5. gosiomphalos) exhibited a higher survival
rate during a shorter dry period of four months in brrigated rice
plantations. Consequently, rice cultivation during the dry season in
irrigated areas meay enhance the survival of snall hosts, resulting bn
an increase in snall populations (Wang e al 2015). However,
results from other studies have demonstrated that effective water
reamagement in irrgation schemes can reduce snail populations
(Chandiwana et al 1995), highlighting the importance of manipu-
lating snail habitats in combination with mass drug administration

programs to more effectively reduce trematode transmission
(Fenwick ef al. 200%; Wang et al. 2009).

The ecology of sestivating ssails is potentially influenced by land
use practices, particulasly in rice paddies. These environments
undergo dynamic changes through different stages: irrigation, full
growth, complete drying, and occasional burning throughout the
rice planting seasons. Farmers in northern Thailand generally
cultivate rice once or twice annually. After harvesting, the most
comman method for land clearing and rice straw removal is open
burning. Dead smails have been found in rice paddy sampling
locations where burning has ocourred. This practice may Impact
snadl populations and disrupt the trematode Life cvcle, consequently
affecting the ransmission of assockited diseases. However, open
burning does not completely eradicate snail intermediate hosts in
rice paddies. Some snall species can burrow deep into the sodl
(Chaiyaseang efal 2019) or re-enter paddies from adjacent habitats
wia krrigation systems (Wang ef al. 2011, 2015).

The study on the relationship between sodl properties and the
survival of aestivating snails revealed a significant positive correl-
ation with the survival of viviparid snails. Conversely, no significant
relationship was observed for bithynild snails. A previous study
indicated that salinity is the most important environmental variable
affecting the density and distribution of Bithysia intermediate host
snails of O weerrind in the Khorat basin (Suwannatral et al 2001).
Currently, studies are underway to determine whether differences
in the survival of snail intermediate hosts related to sodl properties
correspond to variations in trematode infectbon prevalence. How-
ever, due to the limited number of soll property parameters ana-
lysed, no conclusive results regarding the assockation between sodl
properties and the survival of aestivating snafls could be established.
Furure rvestigations should focus on collecting a broader array of
soll property parameters to achieve adequate data for analysing the
survival of sestivating smalls.

This study investigated trematode infections in aestivating snails
from rice paddies during the dry season. Ower 48 hours, no cercarial
shedding was observed, aligning with Chaiyaseang efal {2019) wh
also found no shedding after reactivating aestivating snails. The
absence of cercarial sh could be duwe to several factors. First,
the dry season induces aestivation in snalls, slowing metabollsm
and potentially interfering with parasite development and cercarial
release. Second, the stress of lmited nutrients and prolonged
agstivation may lead to higher mortality rates in infected snails,
delaying parasite development or causing parasite death. It is also
possible that both the snails and trematodes enter dormancy during

238



Jowmnal of Helminthology

aestivation, with parasites ceasing cercarial production while the
snalls are metabolically inactive. Alternatively, the snails may have
already reached an advanced stage of infection, with metacercarize
encysted before the dry season, and cercarial shedding may have
occurred eardier. These hypotheses suggest that environmental
siress and metabolic changes during aestivation play a critical role
in the dynamics of trematode infections, highlighting the need fos
further research to understand the tuming and environmental
Influences on parasite development.

Although no cercarial infections were found, this study identl-
fied four types of larval trematodes: echinostome metacercarize,
T. anastomuzs metacercariae, unidentified metacercarize, and
rediae in bithyniid and viviparid snails. Previous reports have also
found echinostome metacercartse in these snall families in
Thailand {Bun:h and Lohachit 1983; Chantima ef al. 2013, 2018a,
20118b; Chantima and Rika 2020; Mard-arhin ef al 2001). Add-
Itionally, these snall species have been reported as second inter-
meediate hosts for Echinostomatidae in various areas of Southeast
Asga (Chal et al 2011; Madsen and Huing 2014).

Metscercariae of T. anastormiese were found exclusively in
F. doltaris, consistent with previous reports in viviparkd snails
(Filopaludiva spp.) from Thailand {Chantima ef al. 20152, 2015,
Chantima and Rika 2020; Phalee ef ol 2015). Earlier studies also
recorded T. anasfomusa in Bellamya bengalensts (Viviparidae) in
India (Agrawal ef al 2002; Rai and Pande 1967; Srivastava 1953),
with its adult stage found in the oesophagus of birds (Agrawal 1955
Prudhoe 1957). The occurrence of T. anastemess in multiple snail
speches suggests a broader host range, with birds likely serving as
definitive hosts. Since birds commonly consurne these snails, they
may play a key role in s transmission and geographic spread.
Further research is needed to clarify its host specificity, life cycle,
and potential avian hosts in the L

This study recorded a bow number of Infected aestivating snails
with larval trematodes. Previous research has shown that the
prevalence of larval trematode infections in snalls s closely linked
to snadl population density (Lively 2001). Recent studies suggest
that anthropogenic factors such as pollution, habitat modification,
and the introduction of non-native species significantly influence
larval trematode infections in freshwater snails. These factors can
alter the dynamics of trematode infections within snail populations,
as well as affect the avallability of potential hosts or environmental
conditbens in their habitats. (Bachtel et al. 2019; Kuris and Lafferty
1994). Understanding these interactions is crucial for assessing the
ecolegical implications of wematede infections in freshwater eco-
systems. To galn fusther insights Into the relationship between
larval trematodes and thelr snall intermediate hosts during the
aestivated state, additional experimental studies are needed. Such
studies should focus on controlling the tiedng of infection and
aestivation. It is also recommended that future research explore the
experimental sestivation of snails, both with and without parasitic
infections, to enhance our understanding of this phenomenomn.

Conclusion

This study focused on the diversity of aestivating snails and their
potential role in the transmission of trematodes in rice paddies
during the dry season. Our findings highlight that burrowing
behaviour played a crucial role in the survival of bithynild snails,
leading to high abundance of aestivating individuals. Additionally,
wee identified various larval trematodes in bithyniid and viviparid
snails, suggesting that sestivation meay facilitate the persistence of

trersatode life cycles in seasonal rice paddy ecosystems. Given the
high survival rate of aestivating snails, recolonization after the rainy
season may contribute to the continued transmissbon of tremat-
odes. While habitat modification and targeted snail control have
been proposed as pofential strategies for trematode management,
thelr effectiveness in seasonal rice paddy ecosystems remains
uncertain. Future research should prioritize field-based men-
tal studies on aestivation dynamics and thelr lmpact on snadl
population regulation and wrematode transmisshon.
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Abstract Results revealed that the 17 farmers are still used 20 varieties of indigenous rice.
Biodiversity was estimated by seed morphology and found four seed-nature-quality. Seven
seed-nature-quantity factors were identified in rice using the diversity index (H'). Diversity
indices (H') included the seed color of 2.90832, the length of brown rice of 2.8553, the color of
brown rice of 2.79396, and the appearance of brown rice of 2.91743. The cluster analysis was
significantly different (P<0.05), revealed that 25% dendrogram was classified as indigenous
rice in two groups, including the first group of Niaw Dam Dard, Med Fai, Niaw Kluay, Niaw
Dam, Chaw Mud, Dawk Pa-yawm, Nhiw Dam Ton keaw, Hawm Mali Rai, Sangyod Rai, Gai
Reang, Ya Sai, Niaw Dam Puak Keaw, Niaw Dam Ka Ton Dam, Nang Khean, Leb Nok Rai,
Pukaow Tong and Chaw Mai Pai and the second group of Dawk Kham, Niaw Dam Plee and
Niaw Mam Pueng The results indicated that indigenous rice varieties in southern Thailand were
highly diverse due to community enterprises producing rice for daily consumption, making
desserts in festivals, feeding animals, and selling it as local products.

Kevwords: Indigenous rice varieties, Biodiversity, Seed morphology

Introduction

Rice is a prime global food crop, with over three billion consumers, and
600 million of them, especially members of Asian households, consume rice as
their main dish (Chantha, 2015). This notion also applies to Thailand, as most
Thais have rice as their main dish. More than half of Thai citizens are farmers.
Rice is a component of Thai social, traditional, and cultural constructs. It is a
source of income in Thailand. Evidence shows that 5,000-year-old rice varieties
were discovered in Non Nok Tha, Phu Viang District, Khon Kaen Province,

* Corresponding Author: Phromkerd, W.; Email: wanchai3 1 8{@gmail.com
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suggesting that the rice culture is tied to Thailand and every Thai ethnic group
(Thongdee, 1998). Diversity-wise, there are over 20,000 rice varieties in
Thailand (Khaosa-ard et al., 1998) from 120,000 global rice varieties
(Siamwala and Na Ranong, 1993). Of 23,903 rice samples collected by the
National Rice Laboratory and Collective Center, 17.093 were classified as
indigenous rice 17,093 and 5,928 had unique names (Chantha, 2015). There 1s
reportedly over 11 million rai of rice farms in the country (Office of
Agricultural Economics, 2007). Chuthammarach (1998) found that more than
50% of southern Thai farmers cultivated indigenous rice varieties.
Nevertheless, many indigenous rice varieties have disappeared. As an ideal
choice for sustainable development, indigenous rice varieties are conserved
using good heredities from those rice directly and indirectly (Panomjan and
Amomwiriyachai, 2011). In addition, indigenous rice varieties offer high
nutritional values, such as phenolic acid, flavonoid, and anthocyanins
antioxidants (Tian et al., 2004; Zhou et al., 2004). Indigenous rice could be
conserved using morphological and physiological knowledge, which also can
be easily transferred to farmers (Panomjan and Amornwiriyachai, 2011). The
study was collected indigenous rice samples in Nakhon Si Thammarat and
examined their local state of biodiversity using seed morphology.

Materials and methods
Sampling

Seeds of indigenous rice varieties were sampled through community
collaborations within Nakhon 8i Thammarat Province.

The study was analyzed 20 samples by morphology and estimate
biodiversity at the Faculty of Science and Technology, Nakhon Si Thammarat
Rajabhat University. The nature of Morphology was measured in four areas:
seed size, seed shape, 100-seed weight, and husk and rice grain (brown rice).
Biodiversity was estimated in two dimensions: qualitative and quantitative
(IRRIL, 1996).

The nature of morphology was done by measured seed sizes the digital
vernier caliper using random seeds. Paddy and brown rice were measured four
times repeatedly by randomizing of 10 from 20 rice varieties. The obtained data
were calculated for the average width, length, and thickness (IRRL 1996) to
determine seed shapes. Furthermore, 100-seed weight was measured four times
repeatedly using 100 randomized paddy seeds and baked to 110°C for one hour
and weighed, then calculated the weight per seed. Husk and rice grain (brown
rice) were sorted by seed color and seed membrane color.
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Biodiversity was qualitatively estimated seed biodiversity based on four
physical appearances of the samples (i.e., seed membrane color, brown rice
color, brown rice seed length, and brown rice shape). Biodiversity was
estimated using the Shannon-Weaver Index(H) (Fowler et al., 1998), where H
at zero refers to all the seeds being the same, and H exceeding zero refers to
higher diversity.

E

H' =Zpt'1np£

i=0

where = number of diversity,
5 = number of saved diversity,
pi =ni/N = founded proportion in that nature (ni) per all samples,
In = natural log and
E = summary.

Statistical analysis

Quantitative seed biodiversity was measured using seven factors (i.e.,
100-seed weight, paddy seed width, paddy seed length, paddy seed thickness,
brown rice width, brown rice length, and brown rice thickness). Data were
statistically analyzed using the Duncan multiple range test (DMRT).

Cluster analysis was utilized to process indigenous rice by morphology,
determine its variants using similarity coefficients, and group them with the
UPGMA formula. The morphology analysis was recorded from 100-seed
weight, paddy seed width, paddy seed length, paddy seed thickness, brown rice
width, brown rice length, and brown rice thickness of 20 indigenous-rice
varieties . SPSS was employed via dendrograms to analyze the set of
morphology standards. Simultaneously, UPGMA and the mantel formulawere
applicexamine the cluster group, whereas COPH and MxComp were used for
the averages between the group.

Data collection and utilization
Data were collected from observations, interviews, and group discussions
and utilized to promote a better understanding of relevant socioeconomic

factors and the conservation of indigenous rice amid changing global
landscapes.
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Results

The coordinates of 20 indigenous upland rice varieties in Nakhon Si
Thammarat Province are shown in Table 1. This study collected samples from
the 20 varieties in the area, including glutinous and non-glutinous. Specifically,
their distinctive names included Dawk Kham, Hawm Mali Rai, Leb Nok Rai,
Niaw Dam Dard, Dawk Pa-yawm, Sangyod Rai, Niaw Dam Ton Keaw, Med
Fai, Niaw Dam Plee, Niaw Dam Ka Ton Dam, Niaw Kluay, Chaw Mud, Niaw
Nam Pueng, Ya Sai, Nang Khean, Pukaow Tong, Niaw Dam, Niaw Dam Puak
keaw, Chaw Mai Pai, and Gai Reang.

Table 1. The coordinates of 20 indigenous rice varieties in Nakhon Si
Thammarat Province

Code Thai Name Place

Province Latitude/Longitude

Dawk Kham (R1) Hawm Mali Rai (R2) Leb Nakon 51 B713'29.2"N 99°38"28.1"E
Nok Rai (R3) Niaw Dam Dard (R4) Dawk Pa- Thammarat 8°11'46.6"N 99°41'44.7"E

yawm (R5) Sangyod Rai (R6) Niaw Dam Ton 8°10'59.3"N 99°43'152"E
Keaw (R7) Med Fai (R8) Niaw Dam Plee (R9) 8°03'33.1"N 99°35'19.8"E
Niaw Dam Ka Ton Dam (R10)} Niaw Kluay 8°03'29.4"N 99°3524 2"E

(RI1} Chaw Mud (R12) Niaw Nam Pueng
(R13) Ya Sai (R14) Nang Khean (R15) Pukaow
Tong (R16) Niaw Dam (R17) Niaw Dam Puak
keaw (RI18) Chaw Mai Pai (R19) and Gai
Reang (R20)

Seed morphology results

NTSYS 2.1's UPGMA formula was analyzed the seed morphology and
group Diversities of 25% were divided into two groups. The first group
contained Niaw Dam Dard (R4), Med Fai (R8), Niaw Kluay (R11), Niaw Dam
(R17), Chaw Mud (R12), Dawk Pa-yawm (R5), Niaw Dam Ton Keaw (R7),
Hawm Mali Rai (R2), Sangyod Rai (R6), Gai Reang (R20), Ya Sai (R14),
Niaw Dam Puak Keaw (R18), Niaw Dam Ka Ton Dam (R10), Nang Khean
(R15), Leb Nok Rai (R3), Pukaow Tong (R16), and Chaw Mai Pai (R19). The
second group contained Dawk Kham (R1), Niaw Dam Plee (R9), and Niaw
Nam Pueng (R13) (Figure 1).

Seed physical appearances

Chaw Mai Pai Paddy had the widest seeds (P<0.05), followed by Niaw
Kluay and Niaw Dam Dard. Contrarily, Nang Khean had the narrowest seed
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(P<0.05). Furthermore, Ya Sai had the longest seeds, and Niaw Dam Plee had
the shortest (P<0.05). Finally, Chaw Mai Pai had the thickest, and White Seed
Niaw Dam had the thinnest (P<0.05).

Chaw Mai Pai had the widest seeds, whereas White Seed Niaw Dam,
Niaw Kluay, Dawk Pa-yawm, Hawm Mali Rai, Niaw Dam Ton Keaw, Leb Nok
Rai, Sangyod Rai, and Dawk Kham had the narrowest seeds (P<0.05). Nang
Khean and Gai Reang had the longest seeds, and Med Fai had the shortest seeds
(P<0.05). Chaw Mai Pai had the thickest seeds, and Leb Nok Rai, Chaw Mud,
Hawm Mali Rai, and Niaw Nam Pueng had the thinnest seeds (P<0.05).
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Figure 1. The dendrogram of 20 indigenous rice varieties obtained through
UPGMA based on seven morphological characteristics

Seed sizes

Seed lengths were classified by IRRI (1996) into four types as follows:
very long (over 7.5 mm) found in Hawm Mali Rai, Sangyod Rai, Nang Khean,
and Gai Reang, long (6.6-7.5 mm) found in Dawk Pa-yawm, Med Fai, Niaw
Dam Dard, Niaw Dam Ka Ton Dam, Niaw Kluay, Chaw Mud, Ya Sai, Nang
Khean, and Chaw Mai Pai, medium (5.5-6.6 mm) found in Leb Nok Rai, Niaw
Dam Plee, Niaw Dam Ton keaw, Niaw Kluay, Niaw Dam, and Chaw Mai Pai
and short (less than 5.5 mm) was bot found.

100-paddy-seed weight (gram) was found in Chaw Mai Pai which showed
the heaviest (P<0.05), followed by Sangyod Rai, Dawk Kham, Niaw Dam
Dard, Hawm Mali Rai, Med Fai, Niaw Kluay, Niaw Dam Ka Ton Dam, Dawk
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Pa-yawm, Niaw Dam Ton Keaw, Ya Sai, Niaw Nam Pueng, Chaw Mud, and
Leb Nok Rai. Niaw Dam Plee was the lightest (P<0.05).

100-brown-rice-seed weight (gram) was found in Chaw Mai Pai with the
heaviest (P<0.05), followed by Sangyod Rai, Leb Nok Rai, Med Fai, Hawm
Mali Rai, Niaw Dam Dard, Niaw Kluay, Niaw Dam Ka Ton Dam, Dawk Pa-
yawm, Niaw Dam Ton Keaw, Niaw Nam Pueng, Chaw Mud, Ya Sai, Dawk
Kham, and Leb Nok Rai. Niaw Dam Plee had the lightest seeds (P<0.05).

Membrane colors were sorted into three groups as follows: straw found in
Dawk Kham, Nang Khean, Dawk Pa-yawm, Leb Nok Rai, Chaw Mud, Niaw
Dam, Niaw Dam Plee and Gai Reang.

Straw and red found in Niaw Dam Dard, Sangyod Rai, Hawm Mali Rai,
Med Fai. Ya Sai and Chaw Mai Pai. Straw with Brown and Black found in
Niaw Dam Ton Keaw. Straw and Brown found in Niaw Dam Ka Ton Dam.
Brown and Red found in Niaw Kluay, Niaw Nam Pueng and Pukaow Tong.
Brown rice had four colors categories: white found in Dawk Kham, Hawm
Mali Rai, Leb Nok Rai, Dawk Pa-yawm, Ya Sai, Niaw Kluay, Chaw Mud,
Nang Khean, Pukaow tong, and Gai Reang. Brown and red found in Niaw
Dam Dard, Niaw Dam Ka Ton Dam, and Sangyod Rai. Purple and red found in
Chaw Mai Pai and Niaw Nam Pueng. Purple and black found in Niaw Dam
Ton keaw, Med Fai, Niaw Dam, and Niaw Dam Plee.

Biodiversity estimates from seed morphology

The qualitative seed biodiversity data were contributed by four factors:
seed membrane colors, brown rice colors, brown rice seed lengths, and brown
rice shapes. There were five seed membrane colors: straw, straw and red, straw
with brown and black, straw and brown, and brown-red. Additionally, there
were four brown rice colors: white, brown-red, purple-black, and purple-red.
Most indigenous rice colors were white. The seed quality was determined by
seed membrane color and length, as well as the diversity index (H) of rice
varieties (Table 2).

The quantitative seed biodiversity data of the 20 indigenous rice varieties
included the factors of 100-seed weight, paddy width, paddy length, paddy
thickness, brown rice width, brown rice length, and brown rice thickness. Their
values were significantly differed (P<0.05) (Table 3). Chaw Mai Pai had the
largest seeds with 3.57£0.45 g in weight, 3.1320.15 mm in width, 2.07=0.06
mm in paddy thickness, and 1.90+£0.00 mm in brown rice thickness. However,
all indigenous varieties had averaged of 100-seed weight of 2.2320.10 g. The
most paddy seeds in this study (12 varieties) had a long shape within the range
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of 6.6-7.5 mm, followed by the moderately long (5 varieties) and the very long

seeds exceeding 7.5 mm (3 varieties).

Table 2. Quality and diversity index (H") of rice Varieties (Paddy) in Nakhon Si

Thammarat Province

Seed Nature Quality
Seed Brown Brown
Varieties Membrane color Rice Color (Length) mm. Rice
Shape
. Dawk Kham Straw White Medium (5.9) Medium
2. Hawm Mali Rai Straw and red White Very long (8.07) Slender
3. Leb Nok Rai Straw White Medium (5.97) Medium
4. Niaw Dam Dard Straw and red Brown-red Long (7.20) Slender
5. Dawk Pa-yawm Straw White Long (6.83) Slender
6. Sangyod Rai Straw and red Brown-red  Very long (7.93) Slender
7. Niaw Dam Ton Straw and brown Purple- Medium (6.53) Medium
Keaw black
8. Med Fai Straw and red Purple- Long (7.37) Slender
black
9 Niaw Dam Plee Straw and red Purple Medium (5.73) Medium
10. Niaw Dam Ka Ton Straw and brown Brown-red Long (6.80) Slender
Dam
1 1. Niaw Kluay Brown and red White Long (6.67) slender
12. Chaw Mud Straw White Long (7.47) Slender
13. Niaw Nam Pueng Brown and red Purple-red  Very long (8.73) Slender
14.Ya Sai Straw White Long (7) Slender
15. Nang Khean Straw White Long (6.73) Slender
16. Pukaow Tong Brown and red White Vary long (7.74) Slender
17. Niaw Dam Straw :{:::C- Vary long (7.96) slender
I8. Niaw Dam Puak Straw and red Brown-red  Vary long (7.74) Slender
Keaw
19. Chaw Mai Pai Straw and red Purple-red  Long (7.47) Medium
20. Gai Reang Straw White Verylong (8.10)  Slender
Diversity index (H") 2.90832 2.79396 2.8553 291743
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Table 3. Quantitative seed biodiversity of indigenous rice in Nakhon Si
Thammarat Province

Varieties 100-seed Paddy Seed {mm) Brown rice seed (mm)
weight (g} Width Length Thickness ___ Width Length Thickness
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Niaw Dam Puak Keaw

Hawm Mali Rai

Sangyod Rai

Niaw Kluay

Niaw Dam Ton Kea Med Fai Niaw Dam Ka Ton Dam

Chaw Mud

s

Niaw Dam Ya Sai Chaw Mai Pai

Figure 2. Samples of brown rice seeds (left) and paddy seeds (right) used for
estimating seed morphology in Nakhon Si Thammarat Province
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Cultural utilization

The utilization of indigenous upland rice in Nakhon Si Thammarat is
based on features that can be divided into six areas: foods and drinks, medicine,
tradition and culture, cosmetics, agriculture, and economy and networks. These
are further illustrated in Table 4 and Figures 2-5.

Table 4. Indigenous rice utilizations in Nakhon Si Thammarat Province

Category

Varieties

Local wisdom/Utilization

Foods and
drinks

Medicine

Tradition and
cultures

Dawk Kham, Leb Nok Rai,
Sangyod Rai, Hawm Mali Rai,
Dawk Pa-yawm, Ya Sai, Gai
Reang and Chaw Mud

Med Fai

Med Fai, Dawk Pa-yawm,
Sangyod Rai, Gai Reang and Chaw
Mud

Niaw Dam and Niaw Dam Plee

Med Fai

Niaw Dam Ka Ton Dam

Niaw Kluay, Niaw Dam Dard and
Nheaw Dam

Main dish /Consume in daily life

Processed powder for making desserts
Kanom Kee Mod (germinated rice
used due to being small in size)
Kanom Duen Sib, Kanom Krok
(fine texture/medium)

Madhupayas rice stir ceremony (Yacu
Rice), Grain drink with millet, poppy.
and beans

Kanom Thong Muan (powder mixed
with millet and beans)

Healthy five-colored rice (Figure 3)

Khao Mak powder, Khao Mao, Kanom
Tod, Kanom Kom

Food for cancer patients in the
alternative hospitals

1) Ya Lom for postprandial colic remedy
2) Cha Ngao sticky rice (sticky rice
cooked with poppy and sugar) to be
consumed with boiled Jik treetop to cure
diseases, control blood pressure, and
manage diabetes

An ingredient of the following desserts
in Boon Duen Sib Festival held annually
from September to October purposely to
give alms to ancestors:

1. Kanom Pong (Figure 5. A) is
produced at the Sart Duen Sib Festival. It
has a flat appearance and is used to
invite ancestors to the event. The dessert
is made of Niaw Dam and Niaw Kluay .

224

250



International Journal of Agricultural Technology 2023 Vol. 19(1):215-228

Table 4. (conted.)

Category

Varieties

Local wisdom/Utilization

Cosmetics

Agriculture

Economy and networks

Dawk Pa-yawm

Leb Nok Rai

Leb Nok Rai,
Sangyod Rai,
Hawm Mali Rai,
Dawk Pa-yawm,
Gai Reang, Chaw
Mud and Ya Sai

2. Kanom La (Figure 5. B) is
produced at the Sart Duen Sib
Festival as a sign of clothes. It is
made of rice, sugar, honey, coconut
oil, and yolk.

3. Kanom Kong or Kanom
Kai Pla (Figure 5. C) is produced at
the Sart Duen Sib Festival as a sign
of ornaments for ancestors.

4. Kanom Bar (Figure 5. D) is
produced at the Sart Duen Sib
Festival as a sign of Saba to play on
Songkran days for fun.

5. Kanom Jor Roo, Kanom Jor
Hoo, or Kanom Dee Sum (Figure 5.
E) is produced as a sign of money
used in daily payments.

Month-five honey soap (Dawk Pa-yawm
is pleasantly aromatic and can melt fat)

1. As a bar of soap, it can be used to
clean the body and face. It also has anti-
rash and anti-aging properties.

2. As a shampoo, it strengthens hair and
has an anti-hair-fall property.

Rice bran is used as animal feed. Rice
straw is used as fuel and animal feed for
cows and buffalos and compressed into
bars for mushroom cultivation. Rice
husk is used as fuel, ice block covers to
maintain temperature, and fertilizer by
mixing husk with molasses.

Rice is sold by community enterprises.
Rice varieties are exchanged for
agricultural development.

Figure 3. A. Five—colo rice, B. Khao Niaw Kaew Guan, C. Brown rice soap,

and D. Shampoo
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. 5
Figure 4. Decks in the Sart Duen Sib Festiv
Thammarat Province

Figure 5. Sart Duen Sib’s desserts A. Kanom Pong, B. Kanom La C. Kanom
Kong, D. Kanom Bar, E. Kanom Jor Roo or Kanpm Dee Sum

Discussion

The biodiversity of indigenous rice in Nakhon Si Thammarat Province
was high based on 20 collected varieties, including Dawk Kham, Hawm Mali
Rai, Leb Nok Rai, Niaw Dam Dard, Dawk Pa-yawm, Sangyod Rai, Niaw Dam
Ton Keaw, Med Fai, Niaw Dam Plee, Niaw Dam Ka Ton Dam, Niaw Kluay,
Chaw Mud, Niaw Nam Pueng, Ya Sai, Nang Khean, Pukaow Tong, Niaw Dam
Puak Keaw, Chaw Mai Phai, and Gai Reang. In line with Chuthammarach
(1998), over 50% of southern Thai farmers grow indigenous rice. Furthermore,
Thongtawai and Kongkuea (2010) reported that from 114 rice varieties, 40
were cultivated in high country land, 35 in low country land, 6 in high and low
country land, 18 in low country clay, 12 in farms, 1 in muddy water clay, and 1
in high country clay. Currently, only 18 varieties remain. However, this study
discovered 20 varieties remained planted and conserved in Nakhon Si
Thammarat, the South of Thailand. Many varieties of indigenous rice were no
longer present (Bunsuaykwan, 2006) due to their textures being deemed
unsuitable for consumption. Therefore, public support is recommended to
encourage the conservation efforts of these original varieties of indigenous rice
and formulate plans to regrow them further.

The morphological study revealed that the most significant factor
suggesting the diversity of indigenous rice in Nakhon Si Thammarat was brown
rice shape (H’=2.91743), followed by seed membrane color (H'=2.90832),
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brown rice length (H'=28553). The least valid factor was brown rice color
(H’=2.79396). Consistently, Somjai et al. (2011) studied rice in Na Tawee
River Basin, Songkhla, and revealed that seed membrane color (H'=0.8418)
was the most significant factor. Similarly, studies investigated rice varieties in
Talay Noi Basin, Phatthalung, and indigenous rice varieties in Mae Fah Luang
District, Chiang Rai, and suggested that seed membrane color was the most
prominent indicator of diversity, whereas seed shape was the least crucial one
(Tajai and Kaladee., 2007).

The heredity diversity of seed membranes was influenced by
crossbreeding during the flower-blooming season (Deb, 2006). The quantitative
seed biodiversity of the 20 indigenous rice varieties was estimated by 100-seed
weight, paddy width, paddy length, paddy thickness, brown rice width, brown
rice length, and brown rice thickness at a level of statistical significance
(P<0.05). On this note, Somjai ef al. (2011) published a similar high-diversity
result indicating that the width and the length of 100 paddy seeds were
statistically different and varied based on changes in the environment and
required adaptation. Frankel et al. (1995) suggested that farmers can use the
knowledge of these features to improve rice varieties and control the quality of
rice (including seed contamination) in future cultivation.

In terms of utilization, all the 20 indigenous rice varieties had different
use cases, such as being consumed as a daily main dish (i.e., Leb Nok Rai,
Sangyod Rai, Hawm Mali Rai, Dawk Pa-yawm, Gai Reang, and Chaw Mud), a
medicinal ingredient (i.e., Niaw Dam Ka Ton Dam), and desserts in festivals
where participants give alms to their ancestors (i.e., Niaw Dam, Niaw Dam
Dard, Niaw Dam Ton Keaw, Med Fai, Niaw Dam Ka Ton Dam, Niaw Kluay,
and Niaw Nam Pueng). Besides, rice can use for agricultural purposes. For
instance, rice bran and treetops are used as animal feed (i.e., Leb Nok Rai and
Sangyod Rai). Furthermore, community enterprises can also turn rice products,
such as five -colored rice, to be positioned and sold as healthy food. These
activities can also change the choices of rice species in their network.

Acknowledgments

The author would express gratitude to Nakhon Si Thammarat Rajabhat University for
this research support and to all the farmers in Nakhon Si Thammarat and their networks for
valuable information and rice samples.

References

Bunsuaykwan, N. (2006). Southemn Rice Strategies: The Pak Phanang Basin’s Farmer
Strategies. Nakhon S1 Thammarat. Time Printing.

227

253



Chantha, S. (2015). Indigenous Rice on the Land of Isan: Agricultural Communities’ Local
Wisdom and Genetic Resources Management. Higher Education Research Promotion
and National Research Universities. Office of the Higher Education Commission.

Chuthammarach, S. (1998). Guidelines on the Rice Production Technology for the Lower
Southern Region. Office of Agricultural Research and Development Region 8, Songkhla
Province, Diepartment of Agriculture.

Deb, D. (2006). Flowering asynchrony can maintain genetic purity in rice landraces. Current
Science, 91:155-157.

Frankel, ©. H., Brown, A. D. H. and Burdon, J. I. (1995). The Conversation of Plant
Biodiversity, Cambridge: Cambridge University Press, 299 p. Fellow, Mational Institute
of Genetics, 254 p.

Fowler, J., Cohen, L. and Jarvis, O. (1998). Practical Statistics for Field Biology. John Wiley &
Sons Ltd., Chichester.

IRRI (1996). Standard Evaluation System for Rice. International Rice Research Institute. Los
Banos, Philippines.

Khaosa-ard, A.. Siamwala, A. and Rayanakorn, K. (1998). Plant species diversity. Bangkok:
TDRI. Research document no.4.

Office of Agricultural and Economics (2007). Thailand agricultural statistic report 2006/2007.
Agricultural statistic document 2007,

Panomjan, N. and Amomviriyachai, V. (2011). Genetic Diversity of Indigenous Rice in Thale
Noi Basin of Phatthalung Province by Seed Morphology. Hatyal Academic Journal,
9:25-31.

Siamwala, A. and Na Ranong, W. (1993). Knowledge process of rice. Bangkok. TDRIL.

Somjai, 0., Nualsri, C. and Laosuwan, P. (2010). Genetic Diversity of Indigenous Rice in
Nathawi Basin of Songkhla Province by Seed Morphology and Microsatellite Markers.
Agricultural Science Journal, 41:89-97,

Thongdee, 1. (1998). Rice Cultural and Changes Bangkok.

Tian, S., Nakamura, K. and Kayahara, H. (2004). Analysis of phenolic compounds in white
rice, brown rice, and germinated brown rice. Journal of Agriculture and Food Chemistry.,
52:4808-4813.

Tajai, W. and Kaladee, D. (2007). Pure Heredity Indigenous rice Seed Divide Ayo Mai village,
Mae Fah Luang District, Chiang Rai Province. Agriculture Science Journal, 37:183-186.

Thongtawai, J. and Kongkuea, C. (2010). Indigenous rice in Pak Panang Basin Landscape of
the top of the southern part. Resource Management Project by Southern river basin

community organization, Nakhon Si Thammarat, Time printing.

Zhou, Z., Robards, K., Helliwelland, S. and Blanchard, C. (2004). The distribution of phenolic
acids in rice. Food Chemistry, 87:401-406.

(Received: 25 October 2022, accepted: 30 December 2022)

228

254



International Journal of Agricultural Technology 2023 Vol. 19(2):421-434
Available online http:/fwww.ijat-aatsea.com
ISSN 2630-0192 (Online)

Effect of physico-chemical conditions on the phytoplankton
community in the Sago Palm Wetlands, Nakhon Si Thammarat
province, the Peninsular East Coast of Thailand

Chankaew, S."", Chunta, S.", Baimai, V.* and Kiriratnikom, 8.

'Department of Interdisciplinary Management of Biodiversity, Faculty of Science and
Technelogy, Chiang Rai Rajabhat University, Chiang Rai, Thailand; *Biodiversity Research
Cluster, Department of Biology, Faculty of Science, Mahidol University, Bangkok, Thailand:
*Department of Biological and Environmental Science, Faculty of Science, Thaksin University,
Phatthalung, Thailand.

Chankaew, 8., Chunta, 5., Baimai, V. and Kiriratnikom, 8. (2023). Effect of physico-chemical
conditions on the phytoplankton community in the Sago Palm Wetlands, Nakhon 8i Thammarat
province, the Peninsular East Coast of Thailand, International Journal of Agricultural
Technology 19(2):421-434.

Abstract A total of 30 genera of phytoplankton belonging to four divisions were identified.
The highest of Shannon Wiener diversity index of phytoplankton were 2.463 in dry season of
Trang River basin (TR4). The second-most abundant genera were Euglena and Pandorina. The
water quality of all sampling sites were not clearly differed and classified as oligotrophic-
mesotrophic status. Canonical comrespondence analysis (CCA) after analyzed the relationship
between the physico-chemical parameters and the phytoplankton. Among the environmental
parameters, hardness and pH found to be the most important factors for Baciflaria and
Gomphonema in the dry season. While, the wet season, Eudorina, Pleurosigma and Symedra
were positively correlated with dissolved oxygen. Fragilaria was positively correlated with the
ammonia content but Bacillaria was negatively correlated with total dissolved solids and
conductivity.

Kevwords: Phytoplankton, Sago Palm Wetlands, Water quality

Introduction

Microalgae or phytoplankton have numerous advantages that make them
suitable for biodiversity and environmental monitoring studies. The productivity
of the aquatic ecosystem depends on the phytoplankton (Parmar er al., 2016).
The microalgae are one of the most rapid bio-indicator of water quality changes
due to their short lifetime, instantaneous response to pollutants and easy to
determine their numbers.Phytoplankton or microalgae as a lower plant that
contains chlorophyll for photosynthesis. Microalgae are important for food, and
agricultural crop production in fixing nitrogen, drug to treat various diseases,

* Corresponding Author: Chankaew, S.; Email: suriva_cha@nstru.ac.th
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and wastewater disposal. Ecosystems are classified as producers and as a part
of the primary food chain of aquatic organisms (Peerapornpisan et al., 2007).
Phytoplankton is sensitive to environmental change and has been used as water
bio-indicator (Palmer, 1969). Some species go along in eutrophic water, while
some species thrive in oligotrophic water. Some genera of phytoplankton are
concerned as the most organic pollution-tolerant such as Obscillatoria,
Scenedesmus, Euglena, Nitzschia and Navicula (Palmer, 1969). Peerapornpisal
et al. (2007) using AARL-PP score method with dominant specie for evaluation
water quality in freshwater bodies. Many researchers are interested in
phytoplankton in terms of biodiversity in many areas and used as bio-indicators
(Palmer, 1969; Sakset and Chankaew, 2013: Bellinger and Sigee, 2015;
Prasertsin and Peerapornpisal, 2015).

Nakhon Si Thammarat province is one of the most biodiversity provinces
in Thailand as an important watershed because of the mountain areas. There are
many aquatic ecosystems in canal and stream flowing through the areas. In this
ared, a large variety of wetland plants are found as the endemic plants in the
southern of Thailand is “Sago™ (Sago palm, Metroxylon sp.). “Sago Palm” is a
plant that plays an important role as the main plant in the wetlands because of
the high biodiversity in sago forest ecosystem. In Malaysia, the sago palm is
grown in the freshwater swamps, especially in the state of Sarawak (Phang et
al., 2000).

This study focused on phytoplankton diversity in term of abundance,
species compostion, seasonal distribution and its correlations with the water
quality based on physical and chemical parameters in Sago plam wetland,
Nakhon Si Thammarat, Thailand. The obtained data provided basic information
and assessing aquatic resources of Sago plam wetland. It can be developed for
aquatic animal and Sago palm resources management for sustainable
utilization.

Materials and methods
Study sites

Data on phytoplankton diversity were collected which based on spatial
and seasonal variability in the areas of the sago palm wetlands of the peninsular
east coast basins of Thailand in Nakhon Si Thammarat province. It was
obtained from sampling freshwater fishes in four river basins, namely the upper
Pak Phanang River basin (UP), the lower Pak Phanang River basin (SP), the
Trang River basin (TR) and the Tapi River basin (TP). Each of the river basins
was included five survey stations in the total of twenty survey stations (Figure

422

256



International Journal of Agricultural Technology 2023 Vol. 19(2):421-434

1). The samples were collected during two seasons in 2020, summer (March to
May) and the rainy season (September to November).

15E 99°30E 99%4SE 100j00E  100313E

915N —{

}
9°00N —| 4
|} »”

8ousN—|

8°30N—|

8°ISN—|

8°00N —|

745N

| | |
99°45E 100°00E 100°15E

Figure 1. Map of sampling stations locates in the Upper Pak Phanang River
Basin (UP), LowerPak Phanang River Basin (LP), Trang River Basin (TR), and
Tapi River Basin (TP), Nakhon Si Thammarat province, Thailand

Source: Adapted from National Hydroinformatics Data Center (2020)

Samplings

The samples were collected from the sago forest wetland at 20 stations by
in 2 seasons, dry and rainy seasons, 3 replications per site using phytoplankton
net with pore size of 22 micron. Phytoplankton samples were collected
vertically down from the water dept along with water quality measurement. The
samples were filtered and preserved in Lugol's solution (Wongrat and
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Boonyapiwat, 2003).The samples were then transported to the laboratory for
identification into species. Phytoplankton was counted by using a Sedgewick
rafter chamber following the methods in APHA, AWWA and WPCE (1989).
The water quality was tested in terms of its physical and chemical during the
fieldwork, using a fieldwork Lovibond 600 water quality gauge.

Phytoplankton identification, diversity index and data analysis

The phytoplankton species were classified according to morphology
according to Presscott (1978), Lewmanomont er al., (1995), Wongrat (1995),
John et al., (2002) and Peerapornpisan (2006). The Shannon-Wiener diversity
index was done according to the method of Brower ef al., (1997).

Statistical analyses were performed using software the multivariate
statistical package (MVSP) for Windows. In order to identify interrelationships
among sampling sites, the cluster analysis was presented as the percent

similarity. The MVSP was used for Canonical Correspondence Analysis (CCA).

The trophic status of water was evaluated from the main parameters such as
dissolved oxygen (DO), conductivity, ammonia-nitrogen, nitrate-nitrogen and
soluble reactive phosphorus by the Applied Algal Research Laboratory
Physical and Chemical score (AARL PC score) (Peerapornpisal et al., 2004).
The cluster and CCA data were transformed to square root and the axes
extracted by Kaiser’s rule.

Results
Phytoplankton community

A total of 30 genera of phytoplankton were found from 20 sampling sites
of sago plam wetland, Nakhon Si Thammarat province, Thailand. It is classified
into 4 divisions. The chrysophyte (11 genera) was the highest of phytoplankton,
followed by the green algae (10 genera) while, euglenoid was lowest diversity
with 4 genera. According to the numbers of phytoplankton, Euglena was the
dominant genera, with 24.0+£27.1 units/L. Freshwater diatom was the dominant
group of Lower Pak Phanang River Basin (LP) and Tapi River Basin (TP) with
Navicula were 21.6£1.7 units/L and 16.4+8.6 units/L, respectively, while the
dominant group of the Trang watershed was Euglena, Strombomonas 22.8+13.2
units/L (Table 1).
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Table 1. Number of species, density (units/L), distribution and AARL-PP
score, of phytoplankton in the sago palm wetlands of Nakhon 5i Thammarat

province, Thailand
Dry season Wet season
Division / Sampling site Sampling site
fenus up sP TR " ur 5P TR ™"
CYANOPHYTA
Anabaena TRx156 5 X532 1234 12.4+17.9 o [} o a
Arthraspira [} 1] 242 1] o [} o a
Lynghva 1215 ] 2834 ht].3 o L[] o o
Merizmapedia L8+1.6 1] 1] (E+] 8 o [} o a
Chvcillatoria 13,659 12449 3239 74171 o 294277 21.ax152 106296
CHLOROPFHYTA
Closterium LIX:-5e Latie 206216 1431 4387 L[] o o
Casmarium [} 1] 1] 1] 154150 [} o a
Endoring 0424 D409 2] 22320 o L[] 3472 laxlo
Cromismm [IEE-E ] 1] 1] 1] 0.8+12 [} o a
Pandorina 240112 1E+H.3 52432 L] Bix0.0 B5.1362.5 o 36.9:36.1
Pedizstram BR+21 DA% 6.65 5 18425 A S [} o a
Pleurotaenim L[] ] ] L] 0.5:0.8 1.8+3.6 TA£16.5 1.3x6.7
Seemedesmus 6.6l DA% 1] 3551 [} o a
Spiragyra 21036 D409 0.581.6 05404 0.9:1.9 L[] B732 I0edd
Srawrastrm [} 2249 0.di B 1] 1L.7%2 5 [} o a
Srawrodesms 2440 LAxl.% 06212 L] o L[] o o
Symedra 17.004.4 D409 ] 22449 ] [] 1] a
EUGLENOPHYTA
Faglena 0271 160263 14+11.5 9072 3424391 10470617 16.1+6.5 473+ 5
Phacus L[] 34£T0 2435 L] 15.6£5.6 95.5+57.9 75248 AL 4E299
Strombomaras BE+RT 126195  22E#132 54455 o [} o a
Trachelpmomas 210131 1ROE1R2 20,093 UMY 2.E+34 42.6:34.7 0 19.3: 01
CHRYSOPFHYTA
Amphora D6et]1.2 LEEL.6 ] o 15429 o o L[]
Bacillario 2344 ubck1.3 1] el % 2000 a o [}
Caloneis 1] o 1] o 0%+1.3 a o [}
Cymibeila L6322 ubck1.3 ekl 2 o o a o [}
Dmtouma 1] WELEI R DA+ R o o a o [}
Diatomeils LYo Bt 10058 WELEI R o a o [}
Eumstrum 1] o 1] o o a 1LExd.0 1.5+2.0
Fragilaria ] o ] o OLEE1.6 o S.6S54 28432
Comphonema D.AH)E LEERIR ] o o o o L[]
Cryrosigma 24435 0LB+1.3 1] o 2 R+5.6 a o [}
Maviculs 22.4+50 21.6xl.7 17.246.9 16456 184+123 20129 T3 2 142160
Neidium ] LEERIR ] o o o o L[]
Nitzschia D.AH)E 12427 Dbt l.2 o 4.bckh b 4l 8 21£35 3509
Melosina D.EL].6 o ] o o o L[]
Pinmularia ] o ] o o 1222117 269382 14.9£10.0
Rhopaledic ] o ] o o o 6.7£74 35041
Surirella 1] o 1] o o 113495 o 52+55
Number of 25 25 20 15 15 0] 12 15
genus
AARL score 7.0 pii] 6.33 733 BBT L1 B33 L1
Trophic stalus Meso= Meso- Meso= Meso- Meso- eutrophic eulrophic eutrophic
eutrophic eutrophic eutrophse eutrophse eutrophic
Classified Class 4 Class 4 Class 4 Class 4 Class 4 Class § Class 5 Class 5
ol water
aguality
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In the dry season, distribution of phytoplankton was found 4 divisions in
25 genera. The chrysophyte were the dominant group (17 genera). The highest
of number was found in the UP and LP (Table 1). Ten genera were found in all
areas such as Anmabaena, Oscillatoria, Closterium, Eudorina, Pediastrum,
Euglena, Trachelomonas, Strombomonas, Diatomella and Navicula.
Distribution of phytoplankton in 4 areas of the rainy season was 4 divisions of
phytoplankton which 25 genera were found, in the dry season which the green
algae and the chrysophyte were the dominant group (11 genera) and the lowest
was found in blue green algae, Oscillatoria. Upper Pak Phanang found the
highest number of species (18 genera) while the lower Upper Pak Phanang was
the lowest of number (10 genera). There were found five genera in all selected
areas such as Plewrotaenium, Euglena, Phacus, Navicula and Nitzschia (Table
1).

Phytoplankton diversity index in SagoPalm wetland is shown in Figure 2.
In the summer, the most sampling site of the diversity index was higher than
the rainy season. The highest diversity index found in the Trang River tributary
area (TR4) of 2.463 while in the rainy season, the highest value was in the
upper Pak Phanang River tributary area (UP2) which was 2.443. The lowest of
phytoplankton diversity index was found in the rainy season at the lower Pak
Phanang River tributary (SP1) which was 1.33 (Figure 2).

3

2.5

| - Dry
W Wet
0

UP1 UB2 UP3 UPA UPS SP1 SP2 5SP3 SP4 SPS TR1 TR2 TR3 TR4 TRS TP1 TP2 TP3 TP4 TPS
Study Site

diiversity index
-
= w L

=
wn

Figure 2. Shannon Wiener diversity indices in site and season of phytoplankton
in the sago palm wetlands of Nakhon Si Thammarat province, Thailand

426

260



International Journal of Agricultural Technology 2023 Vol. 19(2):421-434

The evenness index of phytoplankton in two seasons were similarity. The
summer and rainy seasons were ranged of 0.74-0.936 and 0.718-0.945,
respectively. The highest of evenness index was found in the summer season at
the upper Pak Phanang River tributary (UP4) and the rainy season found in the
lower Pak Phanang River tributary watershed (SP1) which were 0.936 and
0.945, respectively (Figure 3).
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0.

b

'Figure 3. Evenness indices in site and season of phytoplankton in the sago
palm wetlands of Nakhon Si Thammarat province, Thailand

The water quality in Sago were evaluated by AARL PC Score. Most of
the sampling sites showed similarity trophic status in each season due to
similarity locations in Nakhon Si Thammarat province. The most sampling sites
were classified in the meso-eutrophic status, except at SP, TR and TP sites
during the wet season which shown eutrophic status. The TR site in dry season
was the highest clean water, and being meso-eurotrophic status because this
area was small site which surrounded by deciduous forests, there was not much
contaminated from tourists and agricultural activities. The change in water
quality and trophic status were not much in both sites and seasons.

The UGPMA dendrogram was classified into 2 groups at the percent
similarity of 50 based on phytoplankton diversity which demonstrated from 20
sampling sites in dry season. The first group was found at all sampling sites
except the upper Pak Phanang River tributary areas (UP4) and the River Basin
4 (TP4). In the rainy season, the similarity of phytoplankton distribution was 50
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percent which classified into 6 groups. There were found 4 groups in sampling
sites namely, UP4, TP5, SP1 and UP3 (Figure 4 and 5).

UPGM A,

P4
TP4
sP2
am
uprs
TP2
=
EPS
TPS
TR
TR
2P3

—— TP3
| S

TR3

TR4

TP

ey —
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otz 13 03k 36 i 1) ]

By Curtin

Figure 4. Dendrogram for clustering of sampling site based on physico-
chemical parameter in the dry season

UPGMA

Figure 5. Dendrogram for clustering of sampling site based on physico-
chemical parameter in the wet season
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Phytoplankton distribution and water quality were correlated by
Canonical corresponding analysis (CCA) that in the summer season revealed to
be low correlation. The Bacillaria (Bac) was positively correlated with pH,
while Gomphonema (Gom) was negatively correlated with pH (Figure 6).The
rainy season, Eudorina (Eudr), Pleurosigma (Pleu) and Synedra (Syn) were
positively correlated with dissolved oxygen (DO), Fragilaria (Fra) was
positively correlated with ammonia (Amm).Whereas, Bacillaria (Bac) was
negative correlated with total dissolved solids (TDS) and conductivity (Cond).
Trachelomonas (Tra) and Gonium (Gon) were negative correlated with nitrite
(Nitri) and nitrate (Nitra) (Figure7).

CCA gart plot

Axie Z

4

o e V8

Figure 6. Canonical Correspondence Analysis ordition of phytoplankton
distribution based on the correlation of physico-chemical water quality in dry
season
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Figure 7. Canonical Correspondence Analysis ordition of phytoplankton
distribution based on the correlation of physico-chemical water quality in wet
season

Discussion
Phytoplankton community

From the results of Canonical Correspondence Analysis (CCA), a few
species of phytoplankton were related with each physico-chemical parameter.
Bacillaria was a high hardness tolerant species. However, phytoplankton was
sensitive to the physical and chemical properties. In Sago Palm wetland,
Nakhon Si Thammarat province, 30 genera were found, the appropriate
conditions for phytoplankton are normally found in high nutrient water bodies
with mesotrophic—eutrophic status (Peerapornpisal ef al., 2004). Due to the
wetland of sago palm is small area. Chrysophytes was found to be the most
diverse because it possed a wide range of environmental variables (Mooser et
al., 1996). Phytoplankton diversity depends on the key ecological process such
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as succession, predation and competition, and changes in these processes can
alter the diversity through changes in evenness (Sterling et al., 2001).

There were found 30 genera of phytoplankton in this study which
revealed less than the number of phytoplankton genera reported in Sago plam
forest of Nakhon Si Thammarat province, which consisted of 100 genera of 6
divisions in 2013 (Weeraphong et al., 2016). The phytoplankton richness
showed the highest in UP and SP site followed by TR. While, the lowest
species richness was SP site which lower in diversity when compared the
phytoplankton community reported in the lower part of the Tapee River basin,
where the higher value of species richness was 63 genera (Sakset and Preecha,
2021). When comparison the study of Promana (2002) who reported toxic algae
distribution and water quality in Kwan Phayao that was similar group in this
study which were blue green algae, green algae, chrysophyte and euglenoids,
due to phytoplankton are commonly found in freshwater and eutrophic water
bodies.

Phytoplankton distribution and physico-chemical parameters

AARL-PP score showed 6.67 overall of both seasons, indicating that the
trophic status was meso-eutrophic to eutrophic status level (Table 1). The water
quality of Sago palm wetland in this study was classified to Class 4-5 of surface
water quality standard of Thailand (Pollution Control Department, 2016) (Table
1), resulted inconsistent with reported in Pak Phanang river basin (Sakset,
2011) and the lower part of the Tapee river basin, Surat Thani province (Sakset
and Preecha, 2021). It is suggested that the amount of water bodies in this
wetland was less than those area due to the small areas and high nutrients in the
water bodies.

As results, it was showed the range of physico-chemical water
parameters which related with distribution of phytoplankton in all sampling
sites. The major factors that influenced the distribution of phytoplankton in the
dry season such as alkalinity, pH and hardness. In the rainy season, the number
of phytoplankton was significantly decreased, except in TP. In the SP site, the
distribution of phytoplankton was found 25 genera which appeared in dry
season whereas only 10 genera occurred in wet season. Due to the wet season
in this area is moderate current velocity that impacted to the phytoplankton
distribution. The changing of water temperature in each season directly affected
the succession of phytoplankton. In the dry season, the average water
temperature  was 28.05x0.71 °C. Anabaena, Lyngbya, Merismopedia,
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Arthrospira, Surirella, Synedra, Strombomonas and Diatomella were found to
be the dominant species in all sites but not found in the rainy season, when the
water temperature was lower. However, many chrysophyte species (diatom),
Euastrum, Fragilaria, Pinnularia, Pluerosigma and Rhopalodia were found in
only the wet season.

Fluctuation in nitrogen and phosphorus ratios represent significant as
limiting growth factors to most algal species in aquatic ecosystems (Mohamed
et al., 2017). As the result, in the sago palm wetland in Nakhon Si Thammarat
province, the nutrients were slightly increased in the rainy season which high
concentration of nutrient because of nitrogen in the soil, agricultural fertilizer
and human waste diluted to the wetland. The high nutrient concentration had a
negative correlated with phytoplankton diversity. Nutrient which effect the
growth of phytoplankton are nitrate and phosphate which are found in natural
water bodies. Phosphate (soluble reactive phosphorus) is considered as one of
the important nutrient limiting phytoplankton growth (Welch et al., 1978).
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muﬂﬁﬂ'ﬂu‘[ﬂ‘r’hﬁ'u:huguﬁ’nmnﬁumn {Diameter at breast height) ¥TNN7T7 4.5 1TUALUAT uﬂ:ﬁﬂ’ﬂuga
annn 1.30 was leobhmadvisyssiinueslivu Fomerulrvesadudaudngs uasarugalilng
Tuwlaadan mia 10x10 e ndu il andmiyinefawsldamaneynmisu (W s,
2857) dnuimaranwinin Uinnmuiafimw laoldaumsuealawa? (Allometric equations) dmiuiud
ﬁuﬂﬁﬁﬂﬂ 183 Ogawa et al. (1965) WATWIF1ATTL auﬁﬂzﬂnariilumai'm'm '[aﬂﬂmi'ﬁ uF Comversion
factor 'Jmﬁfi"l 047 (Intergovernmeantal Panel on Climate Change, 2006)
TaquazgUnTalihdydmiumedndunid dun vl rrsnAlduEnwgudna 2 el niaauda 4 W@
thia KONICHIWA nilfaTzasmana 50 was 1 A8l vmlida STAMLEY HANDMAN muldaszusmama 20
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mﬁmﬂ:ﬁﬁﬂgﬂ

1) AumuIuky (density) vaaliludu (37 WanafoTd, 2551)

saTumwmin = udstariTEias s Auiwlssataimsihmsinen

2) UTnnanatinmuasnrmniuaiues

2.1} INEF MR aAwAL (aboveground biomass) 1¥aunuaalawsddeiullumnlsiwnsdunsas
174 Py PR EST Eni:'l*ﬁ"mm'mﬁjum'mﬁ'ﬁ":'lﬂ (Ogawa et al., 1965; @35l ATUAT uAtAE, 2663) Al

W = 0.0306 (DFH) **=

Wh = 0.00348(D°H) ™'

W1 = (28(Ws + Wh) +0.025)

WT = Ws + Wh + Wi

Taof Ws = mafimmmiladwaulsauiitudndu (@landy)

Wb = i mmieruduluduidui (flandy)

w1 = nsfrmmoiladuiuludud tuly (Ailanduy

WT = safnmimiladuiwtmun (Alandi)

D= mmmi’uﬁﬂuguﬁnmqﬁszﬁumﬂm‘u 1.30 LUAT

H= ﬂﬂugﬂf-ﬁnmmﬁ'ﬂﬁ (L)
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T At I NLAE TN A LA LE W

1) USanmesiadnm snudsadnaie wodi :ﬁmmmai*:mwumﬁ'u'hﬂuﬂwgn Wi dwadan Wiy
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(Pettophorum dasyrhachis) 8,413.01 filanu/li Uszdih (Prerocarpus macrocarpus) 4,041.78 filandu/ld ma
WA (Albizia chinensis) 2,373.23 flandwli uﬂ:gmﬁﬂﬂ"ﬂ { Eucalyptus camaldulensis) 2,020.68 filanduld
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Abstract

This study aimed to explore biodiversity of the plant community in a natural forest. It was in
terms of structure of the natural forest, plant species composition and biodiversity of the natural
forest (mixed forest). The exploration was conducted during July and August 2021. Firstly,
placed 3 temporary plots of 2030 meters. Each plot was divided into 10 study plots of 10x10
meters to collect big tree data. Besides, placed a plot of 4x4 meters to collect sapling data.
Then, explored plant species, measured the size and height of trees, and explored plant species
composition/biodiversity. Obtained data were analyzed for finding plant species diversity
index. It was found that there were 151 trees, 44 saplings included in 47 species, 41 genera and
26 families. The natural forest was 603-615 meters above sea level and the forest canopy was
420 meters in height. Most of the trees there were deciduous. FABACEAE had an important
value index (IVI) equivalent to 55.39. The most predominant plant varieties there was Tectona
grandis (33.31 in value). The index of species diversity of the sample plots was 2.5% and the
species evenness was equivalent to 0.67 Teak (Tectona grandis) planting should be promoted
to replace big trees in the area for natural reproduction.
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Introduction

The situation of forest resource in Thailand during the past 40 years face rather severe forest
encroachment. This made the forest area was greatly reduced due to forest destruction. In 1973,
the forest in Thailand covered an area of 138,566,875.00 rai or 43.21 percent of Thailand area
but it was decreased to 102,484 072.71 rai or 31.68 percent of the country area in 2019 {Royal
Forest Department, 2019). In fact, Chiang Rai province has mountains interspersed with plains
and abundant natural resources. A lot of forest resources there result in high biodiversity. At
present, however, there is a natural resource crisis in Chiang Rai due to unlimited exploitation
of natural resources, forest encroachment, urban expansion, etc. The forest in Chiang Rai in
2000 covered an area of 3,274,125 (44.85% of the province's area) but it decreased to
2,865,464 rai (39.806%) in 2019 {Royal Forest Department, 2019). Pa Doi Bo forest was
proclaimed to be a national forest reserve in 1974 covering an area of 149,185 rai. In other
words, it covered areas of Pa Tueng sub-district (Mae Chan district) and Mae Yao/Ban Doo
sub-districts (Mueang district). Although there is forest encroachment but the general forest
condition still have species at the original level and continue to reproduce naturally. Therefore,
this study aims to explore structure, species composition, and biodiversity of plant community
in the natural forest a Pa Doi Bo national forest reserve. The results of the study will lead to
making a plan for the forest area managerial administration.

Literature Review

Thammanu et al. (2020) conducted a study on diversity of plant species and environmental
factors affecting the distribution of deciduous forest plant community in Mae Chiang Rai Lum
community forest, Lampang province. It was found to have a diversity value (based on
Shannon-Wiener Index) at 2.491+0.281. This comprised 197 species and 144 genera in 62
families. It could be sorted into 3 groups: Shorea obstusa-Sindora siamensis Stand, Shorea
siamensis-Shorea obtusa Stand and Mixed deciduous Stand.

Kongdam et al. {2016) conducted a study on structure and plant species composition in Forest
structure and species composition in restoration by Teak plantation at Jedkhod-Ponghkhonsao
Natural Study and Ecotourism Center, Kheang Khoi District, Saraburi Province. Results of the
study revealed that there were 44 families 106 genera and 139 species. The density and basal
area were equivalent to 4,304 treesthectare and 26.50 m*/hectare, respectively. Local plants
from the dry evergreen forest that were well established in the rehabilitation forest were
Diospyros variegata, Mallotus philippensi, Lepisanthes ietraphylla, Aporesa octandra and
Prerospermum littorale. Hence, forest rehabilitation should select plant species which are wide
eco-tolerant. Besides, the implementation procedures should start from the rehabilitation of
around the age of the inner forest that is adjacent to the natural forests. This will help the forest
rehabilitation be more rapid.

Sumon et al. (2021) conducted a study on structure and plant species composition in the area
at the junction of the rainforest and agricultural area, Kathun Wildlife Sancluary in Makhon Si
Thammarat province. It was found that there were 82 species, 68 genera and 41 families. The
density and basal area were equivalent to 2,145 treesthectare and 1630 m*hectare,
respectively. The diversity of plant species was at a high level (H' =3 .86). The distinctive
genera based on the highest number of species was Euphorbiaceae. Thus, the selection of Plant
species for forest rehabilitation based on appropriateness with environmental factors tends to
increase the efficiency in the forest rehabilitation.

Sasunti et al. (2021) conducted a study on the structure of plant community and soil factor in a
4{-year-old reforestation area at Mae Sakhon upstream site, Nan province. It was found that
there were 61 species, 53 genera and 27 families out of 476 trees found there. In this respect,
Burmese ebony planting plot and teak planting plot had diversity index, basal area size, density
and similar index ere resemble with the mixed deciduous forest most. Howewver, the dominant
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plant species in the Burmese ebony planting plot were not clearly identified. According to
results of the study, it indicated that the rehabilitation of the upstream forest by planting native
plant species could make the forest condition retum to be resemble to the natural forest.
Asanok & Taweesuk (2019) conducted a study on composition of functional characteristics of
plants in border of deciduous dipterocarp forest and mixed deciduous forest in Mae Kham Mee
River basin, Phrae province. It was found that the dominant tree species in the edge of the
deciduous dipterocarp forest revealed their functional characteristics that differed from the
nondominant species in the marginal mixed deciduous forest. Thus, use of functional
characteristics of plants can sort growth potential of plant species in the forest edge area. The
forest rehabilitation should use functional characteristics of plants for selecting plant species
which are suitable for planting.

Hermhuk et al. (2021) conducted a study on influence of environmental factors on the
distribution of species of deciduous dipterocarp forest and San Sai Forest reserve, San Sai
district, Chiang Mai province. Findings showed that the deciduous forest in the area had 51
species, 37 genera and 27 families. Results of the study can be applied to rehabilitate the forest
and selection of plant species based on proper environmental factors.

Research Methodology

Locale of the study: The natural forest in the area where Mae Yao/Mae Xai Forest Park project
had cut off an area in Pa Doi Bo Forest reserve to be a conservative forest covering an area of
500 rai. It was in Ban Huaykhom Nork community area, Mae Yao sub-district, Mueang district,
Chiang Rai province (Lampang Forest Industry Organization, 2018). (Figure 1)

anrbarn 18 wiriiretha it o e arme vrem e o o e B e s RO cemenie S e S .

Figure 1 A map showing the location of the area to explore biodiversity of plant community
in the natural forest at Pa Doi Bo natural forest reserve, Chiang Rai province

Materials/equipment

Two diameter measuring tapes or four KONICHIWA measuring tapes: One 50-meter-long tape
measure (STANLEY 34-263 brand (20 meters in length): LEICA Tree Height GAUGE Model
D2; Garmin brand coordinates, model Etrex vista C, made in Taiwan; record form; device for
recording.

Survey and data collection

This study conducted the survey and data collection in the natural forest area of Pa Doi Bo
national forest reserve in Chiang Rai province. It was a mixed forest covering an area of 500
rai. It was located at a geographic coordinate between 19 degrees 59 Libda 50.35 North Filibda
and a line of longitude over 99 degrees 46 Libda 6.03 East Filibda. The forest area and level of
plant fertility were taken into consideration and could be used as the representative of the plant
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community in each forest type. Also, there was the location of plots in the planted forest and
the natural forest as shown in Figure 2.

Placing sample plots

Placing sample plots to be the representative of the plant community to be investigated. The
sample plots were 20x50 m” and there were 10 sub-plots with the size of 10x10 meters. This
was to collect tree data ( Diameter at Breas Height, DBH of 4.5 cm. and above as well as girth
at breast level: GBH of 15 cm. and above). For placing sample plots of sapling ( DBH of less
than 4.5 cm. or GBH of less than 15 cm. and 1.30 cm. in height and above). The sample plots
were to place a parallel plot of 4x4 square meters overlapping at one corner of the plot of 10x10
square meters. Data collection started from recording names of plant species. This was based
on identification of plant species surveyed found in the sample plot; refers to the plant
taxonomic documents and the Plant Species Classification Manual of Thailand, amended
edition (Samitinun, 2014) and Northern City Trees (Gardner et al., 2000). The tape was used
for measuring the tree diameter at the height level of 1.30 meter and the Haga hypsometer was
used for measuring the tree height. Regarding data of the 10x10 square meter sub-plots
determined to prepare a profile diagram, the following were recorded: crown cover, imaginary
north, imaginary south, imaginary east and imaginary west. Also. the coordinated of the
location of the trees according to the coordinate distance were recorded for the investigation of
the laced that were not plotted were studied as a whole type of survey (Figure 2).

Vi

o
wp

F

]

Figure 2 Placing the 2050 square meter sample plot for investigating the plant community
Source: Adapted from Pattanakiat (2008)

Data collection

Data collected based on species diversity, the amount of biomass and carbon sequestration of
the exploration site. Making the area survey of three 3x3 meters temporary sample plots
distributed in the planted forest area. Then, placing a sub-plot size of 10x10 meters overlapped;
a total of three large plots and thirty sub-plots were data collection in total. After that, making
a survey of big trees which the diameter at breast height was more than 4.5 centimeters and the
three height was more than 1.30 meters. Collecting information about the types of trees and
measuring the diameter and height of big trees in every sub-plot of 10x10 meters. Then, making
a list of plant species according to taxonomy { Samitinun, 2014).

Data analysis

Obtained data were computed for finding density, frequency of trees, predominance, basal area,
relative density, relative frequency, and relative dominance. This was for the computation of
importance value index and index of species diversity as well as species evenness as follows:
Estimation of an importance value index of plant species could be computed from the
importance of the value of each species (Pattanakiat, 2008) as follows:
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The number of plants of that species

Density value =
All sample plot areas studied

Frequency value = The number of sample plots where a given plant species was determined

All sample plots which were studied

Dominance value = All basal areas of determined plant species

Sample plots area studied

Basal area of the trees = nD%4 (Size of the diameter at 1.30 meters in height)

The density of that plant species

Relative density value = x 1

The total density of all plant species

) The frequency of that plant species
Relative frequency value = x 100

The total frequency of all plant species

The dominance of all plant species
Relative dominance value = x 100
The total dominance of all plant species

The total important value index for trees was 300
IVI = Relative density + relative frequency + relative dominance
The total important value index for sapling was 200
IVI = Relative density + relative frequency
Index of species diversity based on Shannon-Wiener Index
H'=—F{_, Pilog2Pi
When H = Diversity index of Shannon-Wiener
5 = A total number of all species
P = The proportion of the number of species i to the sum of all numbers of all species in the
plant community
I=123 ..
Species eveness valud based on the equation of Shannon’s evenness

Hh

J=

In 5
when J' = evenness® value

H' = Diversity index of Shannon-Wiener
5 = A total number of species

Research Results

The biodiversity exploration of the plant community in the natural forest revealed that the
structure of the natural forest in the sample plot was 603-615 meters above sea level. The forest
canopy was 4-2() meters in height depending on slope of the area (43-65%). Most of the trees
there were rather high and mostly were decedous trees scattering in inequal distance. The forest
canopy had light peneration for 10-20 percent. The forest floor was not overgrown and there
were enough food plants. There were many types of lace found: Croton roxburghii, Antidesma
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sootepense, Albizia odoratissima, Prterocarpus macrocarpus, Antidesma acidum, Lepisanthes
rubiginosa, Millertia brandisiona, Dalbergia cultrata, Aporosa villosa, Hubera cerasoides,
Sterculia guitata, Prevospermum semisagittatum, Lannea coromandelica, Wrightia arborea,
Anogeissus acuminata, Vitex canescens, Mallotus philippensis, Holarvhena pubescens,
Lagerstroemia cochinchinensis, etc. There were traces of wildfire that had taken place in the
plot area. A large perennial plant was found-DILLENIACEAE such as Dillenia ovata and
POACEAE such as Dendrocalamus stricius, Bambusa nutans and Gigantochloa albociliata
was also found. According to the plant community in the natural forest in this study, 47 species,
41 genera and 26 family were found. An average number of species was 18.67, the density was
503.33 trees per hectare and the average basal area was 1.62 square meter per hectare ( Table
1).

Table 1 A number of species, density, and basal area based on each plot in the natural forest

Plot Number of species ﬁ::;{ri; tare E'I.?j’l!-;:;::e
Matural forestl 20 470 1.31
Matural forest2 16 540 1.65
Matural forest3 20 300 1.91
Average 18.67 503.33 1.62

The locale of this study had 151 trees and FABACEAE family was found most (29 trees),
followed by BURSERACEAE (28 trees). LAMIACEAE (22 tress) and others (72 trees). The
total value of basal area was 4.87 square meters. It was found that FABACEAE family the
basal area most { 0. 80 square meter), followed by BURSERACEAE (0.74 square meter),
LAMIACEAE (0.73 square meter), ant other families (2. 60 square meters). Regarding the
importance value index of each tree in the top 5 families, the following were found:
FABACEAE (55.39), BURSERACEAE (50.92), LAMIACEAE (42.45), EUPHORBIACEAE
(35.38) and APOCYNACEAE (34.65), respectively. The top five dominant plant species were
Tectona grandis (33.31), Protium serratum (33.10), Albizia odoratissima (31.05), Aporosa
villosa (20.79) and Dillenia ovara (18.02), respectively (Table 2).

285



PSAKU International Journal of Interdisciplinary Research (e-ISSN: 2730-3632)

Volume 11 Number 2 (July - December 2022)

286

[122]

Table 2 Total basal area, number of trees, relative density, relative dominance, and importance value index (IVI) of tree species in each family

e

Total basal area

é Family Common name Scientific name :fu::;r Square meter ::::t‘;" Rel:ﬁn\'e :lt:h_m-\e I
1 FABACEAE Kang khi mot Albizia edoratissima 14 .60 9.27 940 1238 3105
2 FABACEAE Ket dam Dalbergia culirata 9 0.1z 596 5.98 243 14.37
3 FABACEAE Kra phi chan Millettia brandisiana 5 0.07 331 342 1.35 5218
4 FABACEAE Ching chan Dalbergia oliveri 1 0.01 066 086 017 L&9
5 BURSERACEAE Ma faen Protium servatum 20 0.42 13.25 1L11 #74 3310
6 BURSERACEAE Ma kok kluean Canarinm subulamm ] 032 530 598 654 17.82
7 LAMIACEAE Sak Tectona grandis 17 0.63 11.26 8.55 13.50 33.31
] LAMIACEAE Pha sian Vitex canescens 3 0.03 1.99 2.56 0.55 5.0
9 LAMIACEAE Ka sam pik Vitex peduncularis 2 0.03 1.33 1.71 100 4.04
10 EUPHORBIACEAE Mueat lot Aporosa villosa 12 0.23 7.95 7.6% 5.15 20,79
11  EUPHORBIACEAE Plao luang Croton roxburghii 9 013 596 598 265 14.59
12 APODCYNACEAE Mok man Wrightia arborea 13 ol #5061 684 225 17.70
13 APODCYMNACEAE Mok luang Holarrhena pubescens 3 024 1.99 1.71 488 H.38
14  APDCYMNACEAE Tin pet Alstonia scholarix 1 033 066 086 685 337
15 DILLENIACEAE San bai lek Dilffenia ovaia 4 058 265 342 11.95 18.02
16 SAPINDACEAE Ta khro Sehleichera ofeosa 3 0.0 1.99 2.56 4.11 B0
17 ANACARDIACEAE 0i chang Lanmea coromandelica 3 ol 1.99 2.56 225 680
18  CRYPFTERONIACEAE Kaam Crypleronia paniculaia 3 014 1.99 1.71 289 659
19 COMBRETACEAE Ta khian nu Anogeissus acumingia 3 003 1.99 2.56 LGE 523
20 PHYLLANTHACEAE Ma mao sai Antidesma sootepense 3 0.l 199 2,56 019 474
21 AQUIFOLIACEAE Nao nai Tlex wmbellulan 2 0.1z 1.32 086 246 4.64
12 RUBIACEAE Kham mok huang Gardenia sootepensis 1 0.12 0.66 0.86 139 39
23 EBENACEAE Phaya rak dam Diospyros variegata 2 0.04 132 1.71 0854 38T
214  TILIACEAE Lai Microcos paniculata 1 0.0z 066 086 0.30 1.82
15 TILIACEAE Po yap Colowma winitii 1 0.01 066 0.85 0.30 181
26 LAURACEAE Sa thip Phoebe paniculata 1 0.01 066 0.85 0.23 174
27 LAURACEAE Ka thang Litsea grandis 1 0.01 066 086 016 Lod
28  CLUSIACEAE Ma da luang Crareinia xanthochymus 1 0.07 066 0.86 1.52 304
19  DIPTEROCARPACEAE Rang Shorea siamensis 1 0.0z 066 086 043 1.95
30 SALICACEAE Kruai pa Casearia grewiifolia. 1 0.0z 066 086 033 1.85
31 MYRTACEAE Wa khao Svzygium claviflorum 1 001 066 086 014 L6
37 MALVACEAE Ngio pa Bombax anceps 1 001 066 0.85 014 1.65
33 ANNOMNACEAE Ka chian Hubera cerasoides 1 0.01 0.6 0.85 .04 1.55
Total 151 4.87 100 100 100 300
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There were 44 saplings in the locale of this study and the following families were found most: APOCYNACEAE and EUPHORBIACEAE
(8 saplings each), FABACEAE (7 saplings), BURSERACEAE (5 saplings). BIGNONIACEAE (4 saplings) and other families (12 saplings). The
top five importance value index of saplings in terms of dominant species included the following families: APOCYNACEAE (IVI = 32.90),
EUPHORBIACEAE (IVI = 32.89), FABACEAE (IVI = 27.68), BURSERACEAE (IVI = 26.07) and BIGNONIACEAE (IVI = 20.85). The
following were top five dominant sapling species: Wrightia arborea (IV1 = 32.90), Aporosa villosa (IV1 = 27.68), Protium serratum (IV1 = 26.07),

Dalbergia cultrata (IV1 = 17.25) and Oroxylum indicum (IV1 = 15.04), respectively (Table 3).
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Table 3 Number of trees. relative density, relative frequency. relative dominance, and importance value index (IV1) of saplings in each family

Number

Relative

Relative

Rank Family Common name Scientific name of trees density frequency VI
1 APOCYNACEAE Mok man Wrightia arborea 8 18.19 14.71 32.90
2 EUPHORBIACEAE Mueat lot Aporasa villosa 7 1591 11.77 27.68
k) EUPHORBIACEAE Plao luang Croton roxburghii 1 227 294 521
4 FABACEAE Ket dam Dailbergia cultrata 5 1137 5.88 17.25
5 FABACEAE Kang khi mot Albizia odoratissima 2 4.55 5.88 10.43
[ BURSERACEAE Ma faen FProtium serratum 5 11.36 14.71 26.07
7 BIGNONIACEAE Phe ka Ovaxyium indicimm 3 6.82 8.82 15.64
8 BIGNONIACEAE Khae sai Stereospernum newranthum 1 227 2.94 5.21
9 LAMIACEAE Pha sian Vitex canescens 2 4.55 5.88 10.43
10 LAMIACEAE Ka sam pik Vitex peduncularis 1 227 294 521
11 MALVACEAE Po daeng Sterculia gutiata 2 4.55 5.88 10.43
12 MALVACEAE Kham khua FPrerospermum semisagittatum 1 227 294 521
13 EBENACEAE Phaya rak dam Dipspyros variegata 2 4.55 2.94 749
14 LYTHRACEAE Salao dam Lagerstroemia venusta 1 227 294 521
15 HYPERICACEAE Tio khon Cratoxylum formosium 1 227 2.94 5.21
16 PHYLLANTHACEAE Ma mao sai Antidesma sootepense 1 227 294 521
17 DILLENIACEAE San bai lek Dillenia ovaia 1 227 2.94 5.21
Total 44 100 100 200
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Conclusion and Discussion

Regarding the structure of this natural forest of Pa Doi Bo national forest reserve, the natural
forest was 603-615 above the sea level, depending on slope of the area (43-65%). Most of the
trees there were deciduous perennial scattering in inequal distance. There were enough food
plants in the forest and this forest had 2 canopies. There were 47 species, 41 genera and 26
plant families found in the forest. The total basal area representing the dominant plant species
was 4.87 square meters. According to a total number of trees in this locale of the study, 151
trees were found which Tectona grandis was the most important dominant plant species found
in this forest (IVI = 33.31). Index of species diversity was 2.59, species evenness was 0.67,
and FABACEAE family had Importance value index most (55.39).

According to the study, it was found that Tectona grandis was a sapling dominant species not
found in the area. Alternative reproduction would be a problem if the mature one die. That was,
other deportment species would replace it and result in a change of the forest structure.
Therefore, it should have a planning of the forest managerial administration to sustain the forest
structure condition. In other words, teak trees (seedlings or saplings) should be planted more
in this area to help nurture a balanced ecosystem. In this, 33 species were found which was
different from a study of Chandaeng et al. (2020} which had less value than the study. It was
found that the index of species diversity of than plant community in the mixed forest at Wang
Nam Khieo Research and Training Station, Nakhon Ratchasima was equivalent to 2.844.
Compared with other mixed forests, this forest condition is not so abundant as it should be.
Also, sapling species do not support natural reproduction. [t should have a planning of the
forest managerial administration of sustainability such as reforestation. Therefore, a study on
the natural forest landscape at Pa Doi Bo national forest reserve should be conducted in order
to obtain more detailed information.
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ABSTRACT

Microplastic (MP) ingestion has been reported in several marine species but knowledge regarding MPs in freshwater
species is limited, with only a few studies on the occurrence of MPs in freshwater fish, particularly in Thai freshwater
ecosystems. The aim of this study was to assess the occurrence of MPs for the first time in the gastrointestinal
tracts (GITs) of freshwater fishes from the Nong Luang Wetland, Chiang Rai, Thailand. A total of 100 fish specimens
representing 15 species from 8 families were examined. Basic fish measurements as total length and total weight were
used to calculate Fulton’s condition index (F). The GITs were subsequently removed and MPs were extracted by visual
inspection and digestion solution. Qualitative attributes such as color and MP types (fibers, rod-shaped and fragments)
were also recorded. Results showed relatively low MP prevalence at 21.0%, with 25 MP particles removed from the
GlTs of specimens representing 7 species. The number of ingested MP particles ranged between 1 and 4 per fish, with
an average of 1.1920.68. MP particles were categorized as fibers (92.0%), rod-shaped (4.0%) and fragments (4.0%)
with blue fibers the most prevalent. No significant correlations were observed between the number of MP particles and
the body length, weight, and F value of fish. These findings provide the first evidence of MP contamination in fishes
from a Thai wetland as a baseline for future studies and risk assessments on the biota of many aquatic systems spread
across the country.

Keywords: Blue fiber; fishing gear: freshwater fish: microplastic: wetland

ABSTRACT

Pengingesan mikroplastik (MP) telah dilaporkan dalam beberapa spesies marin tetapi pengetahuan mengenai MP
dalam spesies air tawar adalah terhad dengan hanya beberapa kajian mengenai kejadian MP dalam ikan air tawar,
khususnya dalam ekosistemn air tawar Thailand. Matlamat kajian ini adalah untuk menilai kejadian MP buat kali pertama
dalam saluran gastrousus (GIT) ikan air tawar dari Tanah Bencah Nong Luang, Chiang Rai, Thailand. Sebanyvak 100
spesimen ikan mewakili 15 spesies daripada & famili telah diperiksa. Ukuran asas ikan sebagai jumlah panjang dan
jumlah berat digunakan untuk menghitung indeks keadaan Fulton (F). GIT kemudiannya dikeluarkan dan MP telah
diekstrak melalui pemeriksaan visual dan penyelesaian pencernaan. Atribut kualitatif seperti warna dan jenis MP
(gentian, berbentuk batang dan serpihan) turut direkodkan. Keputusan menunjukkan kelaziman MP yang agak rendah
pada 21.0% dengan 25 zarah MP dikeluarkan daripada GIT spesimen yang mewakili 7 spesies. Bilangan zarah MP vang
diinges adalah antara 1 dan 4 setiap ikan, dengan purata 1.19+0 68. Zarah MP dikategorikan sebagai gentian (92.0%),
berbentuk batang (4.0%) dan serpihan (4.0%) dengan gentian biru yang paling lazim. Tiada korelasi yang ketara
diperhatikan antara bilangan zarah MP dan panjang badan, berat dan nilai F ikan. Hasil ini memberikan bukti pertama
pencemaran MP dalam ikan dari tanah bencah Thailand sebagai garis asas untuk kajian masa hadapan dan penilaian
risiko ke atas biota kebanyakan sistem akuatik di seluruh negara.

Kata kunci: Gentian biru; ikan air tawar; mikroplastik; peralatan menangkap ikan; tanah bencah

INTRODUCTION into the aquatic environment. Accumulation of plastic
Due to high production levels and improper waste  debris caused by anthropogenic activities is polluting
management, plastics are now increasingly discarded  aquatic ecosystems but few studies have addressed this
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aspect. Plastics generate remarkable societal benefits,
with outstanding features of light weight, durability and
versatility at low production cost (Andrady & Neal 2009;
Hammer, Kraak & Parsons 2012; McDevitt et al. 2017).
Plastic particles less than 5 mm in diameter are termed
microplastics (MPs). These comprise a heterogeneous
group of particles differing in size, shape, chemical
composition and specific density that originate from
diverse sources. MPs can be categorized into primary MPs
and secondary MPs. Primary MPs are commonly defined
as micro-sized particles released into the environment
as resin pellets (raw material for the production of
plastic products) or as personal healthcare product
ingredients (e.g., peelings and shower gels), while
secondary MPs emanate from fragmentation of large
plastic materials by biodegradation, photodegradation,
thermooxidative degradation, thermal degradation or
hydrolysis (Duis & Coors 2016; Thompson et al. 2009;
Wagner et al. 2014).

MP wastes pollute a wide range of natural terrestrial,
freshwater and marine habitats (UNEP 2018). MPs
enter aguatic environments by many pathways and
cause physical and toxicological effects on organisms
at different trophic levels (Anbumani & Kakkar 2018;
Horton et al. 2017; Law & Thompson 2014). MPs are
difficult to identify and readily ingested by aguatic
organisms because of their microscopic size. They
can absorb and transport more organic matter than
large plastic particles because of their greater relative
surface area (Bakir, Rowland & Thompson 2013, 2012).
Anbumani and Kakkar (2018) and Ha and Yeo (2018)
presented a generic overview on the exposure and
toxicity of MPs, and determined growth impairment,
behavioral impairment, reproductive impairment,
feeding impairment, reduced survival and increased
mortality in aquatic organisms. The toxicity profile
of MPs in short-term exposure does not have a major
biclogical effect but numerous studies have identified
toxicity from long-term exposure (Anbumani & Kakkar
2018; Foley et al. 2018; Ha & Yeo 2018; Li, Liu & Chen
2018, Wagner et al. 2014).

Recent research on MPs has focused on marine
and coastal environments rather than freshwater
waterbodies, and these ecosysiems require detailed
investigation (Li, Lin & Chen 2018; Wagner et al.
2014; Yu et al. 2018). Several studies have reported
on the ingestion of MPs by marine species: however,
information for freshwater species, especially freshwater
fish is scarce. The first evidence on the occurrence
and detection of MPs in freshwater fishes was reported
by Campbell, Williamson and Hall (2017) and Silva-
Cavalcanti et al. (2017), with most previous studies
concentrated in Europe, North America and East Asian

regions (Ajith et al. 2020). Few studies have been
conducted in Southeast Asia, particularly in Thailand,
with only a few studies on the occurrence of MPs in
freshwater fish (Kasamesiri & Thaimuangphol 2020:
Kasamesiri et al. 2021). Kasamesiri and Thaimuangphol
(2020) reported on MP ingestion by freshwater fish in the
Chi River as the first observations on Thai river ecosystem
biota. Recent studies conducted in Thai reservoir
{Ubolratana reservoir) also showed that the freshwater
fish had ingested MPs (Kasamesiri et al. 2021).

MPs have been studied worldwide in terrestrial
and freshwater ecosystems, particularly in wastewater
and other water bodies (Elkhatib & Oyanedel-Craver
2020; Rochman 2018). However, only a few studies
have focused on the occurrence of MPs in freshwater
systems such as lakes, rivers and wetlands (Horton et
al. 2017; Kumar, Sharma & Bandyopadhyay 2021).
Wetlands provide many ecosysiem services, and also
provide for human livelihoods, including aesthetic and
recreational values (Mitsch, Bernal & Hernandez 2015;
Scholte et al. 2016). Wetlands also act as a reservoir
{i.e., both sink and source) of MPs (Kumar, Sharma &
Bandyopadhyay 2021). This study was conducted in the
Nong Luang Weiland, Chiang Rai Province, Northemn
Thailand. This small-scale wetland in the Chiang Saen
Valley is surrounded by low mountains and hills. The
Nong Luang Wetland has been designated as wetland
of international importance. It is located near the Nong
Bong Kai wetland, designated as a Ramsar site in 2001
(TISTR 2011). Many people live in and around this
wetland and depend on the wetland’s resources for their
livelihoods. Mong Luang Wetland is a well-renowned area
with developed agriculture, aquaculture, and animal
husbandry (Masa 2015; ONEP 2004; Panboon, Soe-
been & Sukkasem 2017). Wetland investigations based
on fishes have limited impacts on the understanding of
pollutant effects on fish populations but provide valuable
information about resident biota. Freshwater biota
research is lacking in Thailand, and this investigation
was conducted to determine baseline pollution levels
of MPs in the gastrointestinal tracts (G1Ts) of fishes
from the Nong Luang Wetland. Study findings will fill
the current knowledge gap as the first scientific record
of the occurrence of MPs in the GITs of freshwater fish
captured in Nong Lung wetland, Chiang Rai Province,
Northern Thailand.

MATERIALS AND METHODS

STUDY AREA

This study was conducted in the Nong Luang Wetland,
a small-scale wetland area in the Chiang Saen Valley
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of Chiang Rai Province, Northern Thailand surrounded
by low mountains and hills. Nong Luang Wetland
covers an area of 14.71 km? and has been designated
as a wetland of international importance (TISTR 2011).
This wetland stores rainfall and water runoff’ from the
highlands and consists of marshes and swamps. Many
major tributaries as the Mae Lao River, Huai Sak Stream,
Rong Ber Stream and Cham Tong Stream drain to this
wetland and exit through the narrow northern channel to
the Kok and Mekong Rivers, respectively (Masa 2015).
The Nong Luang Wetland area encompasses the Wiang
Chai and Don Sila Sub-districts of Wiang Chai District,
as well as areas in the Huai Sak Sub-district of Mueang
Chiang Rai District in Chiang Rai Province (19°50°55.1"
N, 99°56°32.6" E; Figure 1), located near the Nong Bong
Kai wetland (designated as a Ramsar site in 2001). This
area forms part of an ecologically connected network
comprising wildlife, water birds and migratory birds
(ONEP 2004). Many people living in and around this
wetland depend on the wetland’s natural resources for
their livelihoods.

SAMPLE COLLECTION

Before sampling, all tools and containers were cleaned
with filtered pure water. Fifteen species of fish as 100

2473

individuals (Table 1) were collected from local markets
situated nearby Nong Luang Wetland. Sources of
plastic pollution included fishing activities, aquaculture,
agriculture and sewage from residential areas. All the
fishes were caught by local fisherman during the rainy
season (August-September 2020). Criteria for choosing
different species included their importance in the fishing
activities of the area and also their diverse feeding
features and habitats. Samples were transported in
iceboxes to the laboratory and stored at -20 °C before
examination. Plastic material was avoided throughout
the whole sampling process.

SAMPLE PROCEDURE AND MICROPLASTIC
IDENTIFICATION

In the laboratory, freshwater fishes were identified to
species level, then weighed and measured for body
length to an accuracy of 0.01 g and 0.1 cm, respectively.
Body length was measured from the tip of the snout to
the end of the caudal fin. Fulton’s condition index (F) was
calculated for each fish using the formula:

F = 100 x W/L?

where W is the weight in grams and L is the length in cm
(Nash, Valencia & Geffen 2006).

Chiang Rai Province

Thailand

)
4!7’ Nong Luang

- )

FIGURE 1. Geographic position of Nong Luang Wetland (Chiang Rai
Province, Thailand)
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Lab coats and disposable latex gloves were worn
to prevent sample contamination with MPs from other
sources. All laboratory materials (Petri dishes, scalpels,
scissors and tweezers) used during the sample
processing were also cleaned with filtered purified water
before use following previous methods (Bessaetal. 2018;
Calderon et al. 2019; Yoan et al. 2019). The samples
were analyzed in a laboratory with resiricted access
to prevent airborne contamination during the entire
sampling procedure (visual inspection and digestion
of solutions).

Fish samples were cut open with a scalpel and the
gastrointestinal tracts (GITs) were immediately placed in
clean glassware to minimize the risk of contamination.
The hydrogen peroxide (H,0,) solution digestion
method was conducted as previously described (Jabeen
etal. 2017; Pazos et al. 2017) with some modifications.
Briefly, each dissected GIT was placed in an Erlenmeyer
flask and digested using 30 mL of 30% H,0, (Merck,
Germany). The volume of liquid did not exceed 50%
of the total volume of the flask. The flasks were then
covered with tinfoil and placed in an incubator at 65 °C
for 24 h. Three blanks with only 30% H,0, were run for
each batch of 20 samples to correct for potential airborne
MP deposition in the laboratory (no contamination was
found in the blanks during MP extraction). After 24 h of
digestion, saturated NaCl solution (density 1.20 g cm™)
was filtered and added into the flasks to separate the MPs
by floatation. The mixtures were manually stirred for 2
min and allowed to settle for 12 h at room temperature.
The supernatant was then pipetted and filtered through 8
um Whatman paper.

The filter paper was stored in a glass Petri dish and
subsequenily observed under a stereomicroscope (Nikon
SMZ-2B, Japan). Suspected MPs were photographed
and analyzed following previously established criteria
(Hidalgo-Ruz et al. 2012; Lusher, McHugh & Thompson
2013; Nor & Obbard 2014). Particles were classified as
MP-like if they had the following characteristics: (i) no
cellular or organic structures visible, (i1) fibers equally
thick throughout the length, (iii) homogeneously
colored, (iv) if fibrous, all fibers had 3-dimensional
bending and (v) particles were shiny and not matte.
The MPs were categorized as fibers. rod-shaped and
fragments according to Tanaka and Takada (2016). The
number, shape and color of the MPs were recorded.

DATA ANALYSIS

The frequency percentage of MP occurrence within the
GITs was calculated using the formula:

FO% = (Ni/N) * 100

where FO% is the frequency of occurrence of MP
particles; Ni is the number of GITs containing MPs and N
is the total number of GITs examined (Pegado et al. 2018).
Spearman correlation analysis was used to assess
possible relations between the number of MPs and
body length, weight and Fulton’s fish condition index.
Statistical tests were only conducted on specimens
with MP particles in the GIT and performed using $PSS
28.0.1.0. Statistical tests were considered significant at
P value < 0.05.

ETHICS APPROVAL

Fieldwork, including collection of fishes in the field and
specimen preparation in the laboratory, were managed
according to the guidelines approved by the Institute of
Animals for Scientific Purposes Development (IAD).
National Research Council of Thailand, and the
relevant document (no. U1-03137-2559) was approved
by the committee. The guidelines for animal care and use
of animals for research, testing, biological production
and teaching in the kingdom of Thailand were used
according to the Animals for Scientific Purposes Act
2015. This study complied with all the relevant national
regulations and institutional policies for the humane care
and use of animals.

RESULTS

A total of 100 fish specimens were collected and
classified into 8 families, 11 genera, 15 species and
four feeding habits as carnivore, detritivore, omnivore
and zooplanktivore (Table 1). Body length averaged
121397 (6.0-24.0) cm, with average body weight
46.96:31.90 (8.96-163.35) g. Fulton’s condition index
ranged from 1.25 to 5.06 (average 2.73).

Numbers of MPs in fish GITs were analyzed and
are listed in Table 2. Owverall, 21.0% (21/100) fish
retained MPs, with 25 MPs removed from the 7 fish
species Trichopodus microlepis, Oreochromis niloticus,
Cyelocheilichthys armatus, Gymnostomus siamensis,
Labiobarbus siamensis, (')xyel’ea!‘ri_t marmorata, and
Pristolepis fasciatus that each contained at least one
MP. The percentage of occurrence of fish species with
MPs ranged from 15.79 to 100, while MPs/fish ranged
from 1.0 to 2.0, Among the 7 different species, L.
siamensis recorded the highest MP prevalence (FO% =
100) followed by C. armatus (FO% = 50.0), G. siamensis
(FO% = 28.57), P, fasciatus (FO% = 27 27), Or: niloticus
and Ox. marmorata (FO% = 25.00) and T microlepis
(FO% = 15.79). No fish was found with more than four
MPs in the GIT tract. Proportions of fish with different
amounts of MPs in the GIT are shown in Figure 2(A).
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Most fish contained one MP, and only one species of
fish (Ox. marmorata) contained three or more MPs in
the GIT. MPs ingested by the fish samples varied from
1 to 4 particles per fish, with an average of 1.19+0.68.
Correlation analysis showed no significant association (P
> 0.05) between the number of MPs and the body length,
weight and Fulton’s condition index.

The most common MP morphotype was fiber,
followed by rod-shaped and fragment, accounting for
92.0%, 4.0% and 4.0% of the total, respectively (Table
2 and Figure 3). The proportion of MP types varied
with fish species although fibers were dominant in all
species. The percentage of fiber reached 100% in most of
the fishes (Figure 2(B)), except for T. microlepis and P.

Jasciatus where fibers accounted for 66.7% of recovered
MPs. Rod-shaped MPs were only found in P fasciatus,
accounting for 33.3% of the total number of items in
this species, while MP fragments were only found in 7.
microlepis at 33.3%.

Colored MPs accounted for 85% of the total
recorded in the Nong Luang Wetland. Five MP colors
were found in the GITs as black, green, red, blue and
transparent. Color distribution of ingested MPs was
generally uniform across all fish species analyzed, with
blue as the most prominent (39%) followed by red (23%).
black (15%) and transparent ( 15%), while green was less
frequent (8%). The variety of colored MPs was higher
in Ox. marmorata.

A) =0 MP = | MP =2 MPs = 3 MPs and more
Pristolepis fasciates
% Oyeleoirts
< L Parbuy shamensis woMp
: G i 1 MP
Z Cyclacheilichtiys armati =2 MPy
% Oreachromis miloticves o3 MPs and more
Trichopodes microlepis

0% 10% 20% 30% &% S0% 6% T0%
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B0% 9% 100%
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g O
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0 Oneack wilfotleves ninem—

Tricupondn micrudepi

0% 10% 20% 30% 40% S0% 60 M BO% 90 100%
PERCENT
Tranparcot ™ Black ™ Green ®Red ® Bloe
Pristolepis fasciates

n Oxyeleviris - vz,
o S Al g rangu!
g cl u Black
v ® Green
3 Cyclocheilchys anmuns e
= Oreach nilutices a8l

Trachapodo microdeps

0% 10% 2M 30% % S0% o MM
PERCENT

Bt 9 1000

FIGURE 2. Composition of microplastics by number (A), type (B) and, color (C)
in the gastrointestinal tract of fishes from Nong Luang Wetland
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FIGURE 3. Examples of microplastics found in the gastrointestinal tract of fish:

A-B) fibers are isolated from filter pape:

hibiting fraying ( ). €) rod-
Ox ficati

scale

shape, and D) fragment. (A-C, comp

+ S

bar represents 2.5 mm)

DISCUSSION

Nong Luang Wetland plays an important role as an
ecologically connected network comprising wildlife and
supports the livelihoods of the local people. The area has
been designated as a wetland of international importance.
This study contributed new knowledge as baseline data
on the ingestion of MPs by freshwater fish in the Nong
Luang Wetland by providing an initial snapshot of MP
pollution levels as the first evidence of MP ingestion by
freshwater fishes in a Thai wetland area. Investigations of
MP ingestion by freshwater fishes are limited compared
to similar studies of marine fishes. Recent studies
conducted in Thai river and reservoir systems showed
that the fishes have MPs in their GITs (72.9% and 96.4%,
respectively) (Kasamesiri & Thaimuangphol 2020;
Kasamesiri et al. 2021). Here, 21.0% of fish were found
with MPs, while the number of MPs recovered per fish
varied from 1 to 4 (overall average of 1.1940.68 particles
per fish), indicating a relatively low prevalence of MPs
in freshwater fishes from this wetland. Comparisons
of MP abundances recorded in the literature must
allow for diverse sampling, sample preparation,
extraction, purification, identification and quantification
methodologies (Hidalgo-Ruz et al. 2012; Li, Liu &

Chen 2018; Mai et al. 2018; Wang & Wang 2018).
Previous studies using similar units for quantifying MPs
in freshwater fish compared with our results indicated
that the Nong Luang Wetland contained fewer MPs than
the Taihu Lake, China (95.7%) (Jabeen et al. 2017),
freshwater fish (Hoplosternum littorale) in the Pajed
River, Brazil (83.0%) (Silva-Cavalcanti et al. 2017) and
in the Widawa River, Poland (53.9-54.5%) (Kusmierek
& Popiolek 2020), with comparable results to freshwater
fishes of Southwestern Germany (18.8%) (Roch et
al. 2019) and the common noxious fish (Gambusia
holbrooki) in Australian urban wetlands (19.4%) (Su et al.
2019). In our study, the percentage occurrence of MPs
in each species ranged between 15.79% and 100%, with
the highest in L. siamensis. However, it was difficult to
conclude a general trend of MPs in fish due to the small
number of samples. Further evaluations require a larger
sample size. Low intensity of MPs was detected at 1 to 4
particles per fish, concurring with Roch et al. (2019) who
found low intensity of ingested MPs ranging between 1
and 4 particles per fish in Southwestern Germany. Similar
results were also recorded in other freshwater systems
(Jabeen et al. 2017; Kasamesiri & Thaimuangphol 2020;
Silva-Cavalcanti et al. 2017).
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MNong Luang Wetland is a well-renowned area
with developed agriculture, aquaculture and animal
husbandry (Masa 2015; ONEP 2004, Panboon, Soe-
been & Sukkasem 2017). The MPs observed in this
study indicated that key environmental pressures
from anthropogenic activities are now influencing MP
distribution (Kumar, Sharma & Bandyopadhyay 2021
Vendel et al. 2017). Global studies showed that effluent
discharge and urbanization increased the accumulation
of MPs within environments and resident organisms
{Du et al. 2020; Duis & Coors 2016; Li, Liu & Chen
201%; Wagner et al. 2014). Communities living around
the Nong Luang Wetland have no wastewater treatment
plant. Wastewater originating from the surrounding rural
non-point sources discharges into river networks and
wetlands without treatment, contributing plastics as MPs
in the aquatic environment (Yuan et al. 2019). Thus,
sewage wasiewater discharges were considered as one
source of contamination. MPs in wetlands are transported
by surface runoff and associated with diffuse urban
pollution sources, while recreational activities in urban
wetlands increase the risk of MP pollution via unmanaged
waste disposal and recreational fishing (Su et al. 2019).

Aquaculiural activities also increase MP pollution.
Poor waste management practices such as illegal waste
accumulation and wasie burning were observed in the
wetland. MP concentrations in freshwater wetlands vary
with space and time (Rodrigues et al. 2018; Stanton et
al. 2020). Eriksen et al. (2013) concluded that the
abundance of MPs in wetlands depended upon various
vital factors including investigated locations, approaches,
and human interference, while Meng, Kelly and Wright
(2020) considered that flow regimes, freshwater
topography and extent of biofouling determined
microplastic transport at spatial scales, together with
anthropogenic activities.

In our study, the correlation between the number of
ingested MPs, fish length and fish weight was positive
but weak, with no significant correlation observed
between fish length and weight and number of MPs
in GITs. Correlations between these attributes depend
on fish species and feeding habits, fish trophic level,
sample size and MP characteristics (Mai et al. 2018;
Yuan et al. 2019). Our small sample size negatively
impacted meaningful factor correlations and this aspect
requires further evaluation with larger sample sizes and
individuals from different size classes according to the
scientific literature in freshwater habitats (Mai et al. 2018;
Possatto et al. 2011). Previous studies confirmed that
factors determining the levels of MPs ingested by fish are
still not well understood; however, even small amounts
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of MP ingestion seriously impact fish health (Anbumani
& Kakkar 2018; Du et al. 2020; Li, Liu & Chen 2018;
Wagner et al. 2014).

Three MP morphotypes were presented in fish
GITs as fiber, rod-shaped and fragment, concurring
with previous studies (Jabeen et al. 2017; Kasamesiri &
Thaimuangphol 2020; Kasamesiri et al. 2021; Pazos et al.
2017; Sun et al. 2019). Fibers were the dominant category
of MPs ingested by fish from the Nong Luang Wetland
at 92.0% of the total occurrence, similar to results in
most field studies of MP ingestion in freshwater fishes
(Andrade et al. 2019; Campbell, Williamson & Hall
2017; Collard et al. 2018; Horton et al. 2018; Jabeen et al.
2017; Kasamesiri & Thaimuwangphol 2020; Kasamesiri et
al. 2021; McGoran, Clark & Morritt 2017; McNeish et al.
2018, Silva-Cavalcanti et al. 2017; Sun et al. 2019). The
dominance of fibers as the MP type originated from the
peeling of plastic fishing gear, fish cages or nylon ropes
and other equipment used in aquaculture (Cole et al.
2011; Kasamesiri & Thaimuangphol 2020; Kasamesiri
et al. 2021; Welden & Cowie 2017). Domestic sewage
containing fibers from laundry was also an important
source of fibers (Browne et al. 2011). Lusher, McHugh
and Thompson (2013) concluded that rayon made up
over half of the polymers identified. with possible
sources as clothing, furnishing, hygiene products and
nappies as indirect input through sewage. In the same
vein, Wagner et al. (2014) suggested that urban areas near
water bodies are potential sources of MPs, while Jabeen
etal. (2017) considered freshwater systems and estuaries
(transitional systems) as potentially more prone to fiber
contamination than the marine environment because
these systems are closely located to potential fiber point
source discharges.

Fibers observed in fish GITs in the Nong Luang
Wetland varied in color, with the highest variety found
in Ox. marmorata. Blue fibers were the most abundant
followed by red, black. transparent and green. Previous
studies also reported blue as the most abundant fiber
color (Bessa et al. 2018; Kasamesiri & Thaimuangphol
2020; Kasamesiri et al. 2021; Lucas-Solis et al. 2021;
Lusher, McHugh & Thompson 2013). The Nong
Luang Wetland is an important fishery resource with
abundant fishing activities. Local fisherman usually
use transparent or black gillnets to catch fish, while
blue fiber fish cages are used in agquaculture, with blue
plastic materials used in fishing gear (nets, traps and
lines) as sources of blue fibers ingested by fishes in
this wetland. Blue fibers are also commonly found in
freshwater systems affected by sewage spillage (Leads
& Weinstein 2019). In our study, MP type and color
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played no relevant role, implying passive uptake. The
distribution of MPs and color varied between habitats
and feeding habits, with no evidence of active uptake.
More detailed research is required to evaluate potential
uptake pathways. Some previous studies hypothesized
that the color of MPs and resemblance of MPs to food
may contribute to the likelihood of MP ingestion in fishes
as a result of visual confusion between prey (Alomar et
al. 2007). Ory et al. (2017), Savoca et al. (2017), and
Selleslagh and Amara (2015) highlighted that various fish
species consider everything as potential prey, including
MPs being mistaken as a food source.

In conclusion, our study sheds light on the
occurrence of various microplastic morphotypes in fish
GITs from the Nong Luang Wetland, with fibers being
the most dominant type. While color variations were
observed in the fibers, they did not significantly influence
the uptake process. We recognize the limitations of our
study, particularly the absence of microFTIR analysis,
and propose future research to employ advanced
analytical techniques, such as microFTIR, to enhance
the accuracy and reliability of microplastic identification
(Lin, Chiu & Kuo 2023, 2022).

CONCLUSIONS

This is the first report detailing MP ingestion by
freshwater fishes from a wetland in Thailand. Results
showed that MP pollution was relatively low compared
to other investigated areas. MPs were ingested by
freshwater fishes, indicating that this emerging pollutant
is ubiquitous in the Nong Luang Wetland. The main MP
type as fiber was found in the GITs of 7 fish species.
Color compositions of MPs ingested by fish were diverse,
with blue being the most abundant. MP types indicated
their origin as mainly from fishing gear, such as nets and
synthetic fibers from clothing. Wetlands provide for human
livelihoods, and MP ingestion by biota that negatively
impacts food webs must be investigated to maintain
both structures and functions of wetland ecosystems.
More attention must be paid to wetland pollution and
other biological toxic hazards impacting aquatic animals
and humans. The Thai Government should improve
waste management facilities and monitor aquacultural
activities in wetland areas. Data presented here provide
ameaningful reference as the baseline pollution level for
future MP research in the Nong Luang Wetland.
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Abstract

The abjective of this research was to study biogas production from maize waste using simple and
household type of fermentation systern. Biogas production set was included 2 main equipment; (1)
anaerobic fermentation tank of 200 Liter which made from polyvinyl chloride (PVC). This tank was for
fermented the materials from maize residues (Maize cob and husk) and cow manure. Cow manure was
used for working as catalyst and also building the anaercbic bacteria inside the tank Anaerobic fermentation
tank must be in close systemn and did not allow for air moving inside. Manual agitator was installed on the
top of the tank for mixing all material inside and improve anaerabic bacteria activity. (2) Biogas storage tank
of 200 Liter that same volume to anaerobic fermentation tank was for storage biogas which produced from

fermentation systern. The storage tank was included of turning upside down tank that turning down in main

72 Journal of Science and Technology CRRU
Vol. 2 No. 1 (January - June 2023)

303



storage tank and it was using for storage biogas inside by floating up in case of the gas was happened. There
was a conveyed pipe sending gas to final using. The research results of the study were found that biogas
from fermenting maize residues produced 2.48 Liter of gas in time duration of 18-21 days. Gas concentration
level was 95.6%. The conclusion in this research can achieve and reach the objectives and finding that the

production of bicgas is enough for using in people hausehald.

Keywords: Biogas, Waste material, Maize
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Abstract The effects of magnetic field intensity on the
growth of Niew Khiaw Mgoo ((ryvza sativa var. Glutinosa)
tissue culture was studied in order to determine the applica-
tion to increase germination rate and plant growth in the
tissue culture process, reduce time, chemical usage and the
costs of tissue culture. As a result, using magnetic fields in
combination with tissue culture process could be a good
option for plant tissue development. Glutinous rice seeds
with good guality characteristics were selected. peeled, steri-
lized and coltured in Murashige and Skoog (MS) for tissue
culturing in 6 groups of glass bottles of which each group
contained 30 bottles. Each sample set was cultivated at the
same time and placed on the foam based equipped with mag-
nets that generated different magnetic field intensities of 0
{the control), 14, 27, 65, 172, or 343 mT. After three days,
each sample was examined for the percentage of germina-
tion (GF). Four days later, the rice plants were measured in
height, root length, fresh and dry weight. The results showed
that the intensity of the magnetic field influenced the growth
of glutinous rice culture. The intensity of 14-65 mT could
increase rice biomass. The Shoot/Root ratio induced by 65
mT magnetic field strength was the highest (1:2.36). The
results showed that the growth rate of shoot was less than
oot (1:1.53) and their roots grew in the same direction as the

[ Meschai Thepnurat
TMeechan |46 grmail. com
' Program of Physics Education, Facalty of Educaton, Chiang
B Eajabhat University, Chiang B 57100, Thaidland
2 Physics Innovation Laboratsry, Facully of Education, Chiang
Eas Bajabhot Umiversity, Chiang Ean 57100, Thasland
Program of Biology Education, Faculty of Education, Chiang
Eas Bajabhot Umiversity, Chiang Ean 57100, Thasland
4 Program of Biology, Facully of Science and Technology.
Chiamg Ra Rajabhatl Universaty, Chiang Ran 57 1, Thasland

control group. In contrast, the strong magnetic field intensity
at 343 mT resulted in the highest shootfroot ratio of 1.53:1.

Keyvwords  Magnetic field - Germination - Seedling
growth - Rice - Tissue culture

Introduction

To induce seed germination, applying chemical methods
can yield many more products as plants responded quickly
to chemical stimuli in their environment {Jan ot al., 2013;
Rehman et al_, 2016). However, some chemicals are found to
have some negative effects on both humans and environment
{Prashar et al_. 2016} so that it 1s recommended to reduce
the use of chemicals in agriculture or find another option.
A new method with physics applications including intro-
duction of magnetic field (MF) application in agriculture
is one alternative way (Prashar et al., 20016; Hozayn et al.,
2016). Magnets have helped seeds to induce water absorp-
tion, accelerate germination rate, and increase plant growth.
Due to the influence of magnets on gene stimulating, plants
can respond well to stresses in the environment and become
strong and resistant. Magnets also stimulate water absorption
by roots, resulting in a higher growth rate, stem height and
oot length (Dhawi, 200 3).

Pre-treatment of seeds with Magnetic Field (MF) is cur-
rently a new environment friendly technigue in agriculture, to
improve seed germination and increase crop yield (Martinez
et al., 200%). MF pre-treatment is one of the physical treat-
ments which has been reported to enhance the performances
of various crops (El-Gizawy et al., 2016). The effect of MF
helps to obtain healthy seedlings growth and shoot regenera-
tion of cotyledon node explants in Latfyvries chirvsmths Boiss
in large quantities during in vitro seed germination {Bahadir
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etal., 2018). Moreover, magnetic fields influence plants at the
DMA level. The MF in excess of 15 Tesla has far-reaching
effects on the genome, such as the wide-spread induction of
stress-related genes and ranscription factors, and repression of
genes associated with cell wall metabolism (Paul et al., 2006).
Fegulating plant growth and development by exposing seeds
or explants to MF is a new, interesting method. However, their
influences on biological functions of organisms are stll few
to understand and need more actively studies (Belvavskaya,
2004).

In addition, tissue culture biotechnology can help increase
production potential by producing a large amount of produoct
that is sufficient o a market demand and providing high resist-
ance to plant diseases. The technique is used to cultivate plant
cells in synthetic foods under aseptic conditions to prevent
contamination. However, new knowledge is still needed to
develop and increase its efficiency. The use of magnet appli-
cation is also an interesting additional way in order to reduce
the use of chemical substances during the culture processes
{Singh:l al., 201 8; Garcia-Gonziles et al_ 2000).

Miew Khiaw Ngoo glutinous rice is a popular quality breed
of rice. It is cultivated in many plantation areas in Chiang Rai
provinee in the northern region of Thailand around 250-350
million tons per year and generates high income for farmers
(Benjavan, 201 7). Niew Khizw Ngoo glutinous rice has white
slender granubes. It 15 rich in nutnients and resistant to diseases
as it 15 a plant in the same family of grass, which is easy to
grow even in a limited environment. Khao Niew Khiaw MNgoo
Chiang Rai (5.5, Mo. 8974 is a special sticky rice vaniety grown
in four districts of Chiang Rai Province. In 2019, it has been
granted by the Department of Intellectual Property (DIF) of
Thailand o be registersd as one of local geographical indica-
tions (Gl products. In addition, the outcomes development
of this particular rice strain is able to be controlled by many
factors, including the magnetic field effect.

Currently. tissue culture technigue is a method used o
improve production of rice species but it is still not sufficient
to increase germination rate and growth in the culture pro-
cess, To reduce time, costs and chemical usage for tissue cul-
turing, using magnetic fields in combination with the tissues
culture process is becoming an efficient option. Therefore,
in this research aims to study the influence of magnetic flux
density on the growth of rice tissues to develop production
of Miew Khizw Ngoo glutinoos rice and to obtain healthy
seedlings in large guantities.

Material and methods

Theoretical background

Magnetic susceptibality (y,,) is a constant, which has no unit.
It is a value for classifying the magnetic properties of

materials. Materials without a magnetic property have a
value of ¥, equal to 0. A, while material with paramagnetic
properties has a positive ¥, and a diamagnetic material has
a negative y . If ¥, = >0, the material is a ferromagnetic
magnet. Magnetization (M) is the magnitude of magnetic
strength of magnetized objects. All magnetic properties have
their dipoles orderly. This can happen when an object is in
a magnetic field as in Eq. (1) as it is induced by a magnet
(Jiles, 1991; Paldin, 201(; Serway & Jewett, 2003; Ueno,
1993). The magnet has an auxiliary magnetic field (J-]' :}

which is another feature of magnets. Mo matter how small
the volume of the magnetic sources, they are always dipoles
like miniature bar magnets. There are as many magnetic field
lines coming in (to the south pole) as out (from the north
pole) as shown in (Fig. 1A). Magnetic flux (Phi, @) with the
Weber unit of flux, (Wh)) is the product of the average mag-
netic field times the perpendicular area that it penetrates.
The flux density (Wh/m?) is the number of magnetic force
lines per a given unit area, where the magnetic force lines
are perpendicular. Since flux (@) is measured in (Wh) and
area (A} is in meters squared {m?). the flux density is given
the symbaol B in Teslas (T) and (8) is an angle between the
arca of the sample and the magnetic field direction as stated
in Eq. (2) and (Fig. 1B} (Jiles, 1991; Paldin, 2000; Serway
& Jewett, 2013; Ueno, 1993).

B=p,(F+ 1) (1
& =8.4=BAcosf = uHA (2)
Materials and experiment design

The experimental process started from grain selection and
seeds were prepared for the tissue culture procedures. Niew
Khiaw Ngoo (Oryza sativa var. Glutinosa) grains were
selected and peeled. After that, they were sterilized for | min
in 95% ethanol, then soaked in 40% concentrated chloroxide
(prepared from 60% Sodium Hypochlorite) for 10 min and
washed with distilled water 3 times for 15 min. Later, they
were dried and cut to the appropriate tissue size. Then, the
tissues were placed on top of Murashige and Skoog (MS
medium) {Murashige et al., 1962) synthetic media in a4 oz
culture bottle inside an aseptic cabinet. The tissues were
placed in culture bottles of 6 different magnetic treatments,
30 bottles for each, and each bottle was placed on a foam
sheet base containing a permanent magnet bar (Neodymium
Magnets (NM)) equipped underneath to generate magnetic
ficld. The magnetic effect on the cultures were influenced
by bar magnets which expressed various magnetic field
strengths in the range of 0 (control), 14, 27, 65, 172 or 343
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Fig. 1 Druagrams of A magnetic
fhux lines of stract, repel and B
flux density angle with the area

A

mT depending on how far the bar magnet was placed as
shown in (Fig. 2A). The average magnetic field intensity
was measured by the electromagnetic field meter (Item no.:
13610-90, PHYWE Teslameter, digital, 110/115 V, 3 meas-
uring ranges 20-200-2000 mT.. Germany. The intensity of
applicd magnetic ficld was influenced by thickness of the
polystyrene foam foundation base as shown in the graph in

Fig. 2 The dsmagram of the rice
culture jars sefling on & mag-
netic fiedd A where the culture
battles were placed 10 cm.
apart from each other B. The
magnetic flux density decreased
when the magnet bar was placed
farther away from the bottom

(Fig. 2C). When the base thickness increased (0. 0.5, 1, 1.5,
2 c¢m). the intensity of the magnetic ficld decreased. The
magnetic direction pointed to the north where the rice cul-
ture bottle was located, as shown in (Fig. 2A). where arca A
made an angle of 0 (8=0) to magnetic ficld B. Each culture
bottle was placed 10 cm apart as shown in (Fig. 2). After
3 days, the germination effect was recorded by counting the

- Glass bottles

Rice seedling

of the culture bottle, as shown
in the graph C in relatioa to the
thickness of the base D

A D em(343mT)
L 0.5cm(172mT)

th i Distances
¢ magnetic |1 em(67mT) - 1stances
10 em L5 em(27mT) :)r(\))m tha
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o
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number of germinated seeds in each bottle to determine the
percentage of germination. After 7 days of cultivation, rice
plants were taken out of the culture bottles and washed. The
average height of rice stalk stems was measured as well as
the length of neots. Later. the stems and roots were weighed
fresh and then baked in a hot air oven for 1 day with tem-
peratures ranging from 6080 *C. Then, they were taken out,
weighed dry. Finally, all data were recorded and statistically
analyzed. The results of three replicates were reported in
Table 1 {mean +5D). Analysis of variance (ANOVA) was
calculated followed by Duncan’s new multiple range test
(DMET) (Gomez., et al., 1984).

Resulis

Afiter rice seeds were planted for | day. they were continu-
ously measured for germination percentage for 3 days. It was
found that the rice seeds that were cultivated under influ-
ences of various intensities of magnetic fields had statis-
tically significant (<(0.05) higher germination percentages
than the control {without magnetic field). The rice seed set
cultivated in a magnetic field with intensity of 343mT had
the highest germination percentage of 90.00% + 10.00%
while the rice seed set under the magnetic field intensity of
OmT had the germination percentage of S0.00% + 10.00%
only, as shown in (Fig. 3A). After germination, the rice
plants were measured for height. The highest was found
at magnetic flux density of 27 mT (216800 % 3. 9800 cm).
However, when the magnetic flux density was increased, the
height of rice stems decreased o be equal to the height of
rice grown under O mT magnetic flux density as shown in
(Fig. 3B). The characteristics and orientation of rice stems
and roots in the culture bottles, as shown in (Fig. 3(C-H)),
were influenced by magnetic flux densities as presented in
Fig. 3. Different outcomes according to different magnetic
flux densities can be observed.

After the rice plants were cultivated in the culture bottles
for 7 days, they were removed from the culture bottles and

the food jelly was washed off from their roots. Rice stalks
were weighed fresh to measure the average fresh weight as
shown in Table 1. It was found that the average fresh weight
of stems in all experimental group was greater than the over
age fresh weight of the control group (0 mT). Moreover, the
fresh weight increased along with the increase of magnetic
fiux density as shown in Fig. 4. The average fresh weight of
roots was also higher and it was the highest at 65 mT. When
the magnetic flux density was greater than 65 mT. the aver-
age fresh weight significantly decreased to be closely to the
control group (0 mT). For the shootfroot ratio, the results
was shown in Table 1. that treating by 65 mT magnetic field
resulted in the highest ratio (1/2.36) which became con-
versed with increasing the magnetic flux density (Fig. 5).
RKice stems and roots were baked with hot air oven and
weighed. It was found that the weight of stems and roots was
higher compared to the control group (0 mT). The weight of
stems from rice planted under the magnetic flux density of
14-27 mT was high and the highest was achieved with 343
mT. In addition, the weight of roots with the magnetic flux
density of 14—65 mT was the highest. The dry root weight
also had the same tendency as the fresh weight. Therefore,
the magnetic flux density at 1465 mT was suitable to be
applied for nce colture in onder to improve production.

Discussion

From the results shown in {Fig. 4), the weight of stems and
roots increased when influenced by magnetic flux densities
in the range of 14-65 mT. Therefore, it was a suitable range
as it helped the process of rooting and increasing the number
of roots. Moreover, it helped the roots better absorbed water
and nutrients along the direction of the magnetic field. The
seedling area was influenced by Flux Density (@) that gen-
erated a magnetic field vector at 8 =0 degree according to
the Eq. (2). In addition, magnets had a diamagnetism effect
on the magnetic property of plant nutrient substances, such
as water, air, phosphorus, zinc, and hydrogen in food agar

Table 1 The resulis of fresh weight of lems and roots and the rato off shool 1o moat

Lh‘-‘mﬁ“ﬁ““'-' BUE s and leaves {Ei su) Fresh weight m{i & su} (Shoatiroot rati)
Ly (mT)
Fresh werght Dy weerght Fresh werght Diry weaght Fresh weight Dy weaght

0 {Comtral) 03T 200145 (L0075 = 0u0021® 0.0535 0002437 (01 15+ 0.0035° 1142 14153

14 (KE4% £ 001 10 (L0093 £ DT 0.1175 £ 00364 © (LI 59 £ 0.0034" 1214 1171

27 (iR + (01058 (L0 + (24" 0. 12008 + (028350 (149 +0.0027* 17158 1/1.55

65 (U552 =001 14° (L0075 = u021° 0. 1306 = (L0437 (155 £ 0.0044% 1236 1207

172 (L6d + (L0265 (L0062 +0001F 0.0552 £ (L0227 (0T +0.0037 13941 1172

343 (L1061 £ 00260 0000 26 = (U027 00605 £ 00207 (T2 £ 0,002 1,530 1.751

a, b, and ¢ in the column represent difference al (V05 sagnaficance level
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(MS medium), due to a paramagnetism effect (on aluminum,  emergence was activated by changing of physiology and
oxygen, alkaline, manganese) and a ferromagnetism effect  morphology processes that involved physical and chemi-
(on carth metals, such as iron, cobalt and nickel). Therefore,  cal factors including light. temperature, oxygen, and water.
nutrients were drawn to the arca where magnets were placed  Consequently. the process of seed initial imbibition needed
ncar plant seeds or roots. The concentration of water and  an increased moisture for decomposing of seed coat in order
nutricnts subsequently increased and stimulated mechanisms  to absorb water adequately. The sufficient amount of water
of plant roots. molecules directed to the seed arca helped facilitated abun-

The rice sced germination rate was corrclated with con-  dant water. Therefore, the seed imbibition could be said to
centration of magnetic flux density. It could be explained  accelerate and activate the process of seed emergence. Water
that the magnetic field induced the direction and density of ~ molecules activated the biochemical process of seed emer-
water molecules within the media around the seeds. Seed  gence by inducing the release of gibberellin hormone and
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Fig. 5 Dragramof the
operation of rice seeds and
rowols wnder the magnetic field
inlflwence

decomposing of endosperm to modulate embryo develop-
ment during a radical emergence process, resulting in an
increased stem height.

This research found that the magnetic field concentrations
in the range of 14-65mT were optimal for accelerating the
stem and root growth of rice grains in the tssue culture pro-
cess. The result showed that the fresh weight of stems and
leaves tended to increase following the high concentration
of magnetic flux density. However, the fresh weight of roots
only increased when treated with 0-70 mT magnetic flux but
decreased dramatically at 175 mT. The dry weight of stems,
leaves and roots showed the same pattern as the fresh weight,
corresponding to the research of Rathod. G.R.. and Anand,
an magneto-priming-technique with 50mT (2 h) static mag-
netic field subjected to particular salinity stress (150 mM
MaCl) which caused a significant increase of height, leaf
arca and dry weight of two wheat genotypes (HD 2967: salt
sensitive and Kharchia 65; salt tolerant) under non saline
and saline conditions (Rathod et al., 2016). It was possi-
ble that the magnetic flux density facilitated increasing of
concentration and density of water and mineral molecules
surrounding the cultured rice or directly delivering them to
the roots. The resulis were consistent with the principle of
solution diffusion (Rathod & Anand, 2016). The concen-
tration of water molecule surrounding the roots was high,
lzading to transport via diffusion of water molecules into
the stems and leaves consecutively. Water was one of the
important factors for the process of photosynthesis in order
to produce glucose. Therefore, an increased fresh weight
of stems and leaves could result from the accumulation of
walter in their stems and leaves. Moreover, the high weight
of dry stems and leaves indicated that a large number of
stemn and leave tissnes of the cultured rice was generated and
increased during the growth process. Apart from effects of
MF on seed growth, a previous report from Azimian, F.. and
Rozhandel, P., stated that MF also stimulated production of

Glass battles

Water, Hydragen,
Adr

Paramagnetism
Alurmimm,
Orygen, Alkaline
carth metals

Irom, Cobalt,
Mickel

some important substances in Artemisia sieberi. Incubating
with 200 mT magnetic flux for 20 min cansed a consider-
able increase in polyphenol concentration and antioxidant
activity compared to the control, regardless of the presence
or absence of NaCl (Azimian, et al_, 2015).

The results from this research supported the study pro-
vided by Bahadir, (Bahadir et al., 2018} showing that the
effects of MF helped in vitro seed germination. seedling
growth, and shoot regeneration of seeds and tissues. The
findings were in line when higher densities of magnetic
ficlds had far-reaching effects on the genome. The wide-
spread induction of stress-related genes and transcription
factors, and repression of genes associated with cell wall
metabolism, were prominent examples (Paul et al., 2006).
In addition, the magnetic field exposure level played a role
on DNA (Dhawi, 2014). by extending the lifespan of free
radicals and changing the phase of atoms which created
unpaired electrons and led to stress and oxidation reaction
(Sahebjamei et al., 2007). Many reports stated that the mag-
netic field had effects on transaction and mutation as cells
were stimulated by free radicals, which affected DNA integ-
rity. causing the breakdown of DNA doubling and mutation
{ D¥harari, 2014).

The future benefit of this research could be achieved by
applying the use of MF o tissue culture applications for
cultivating rare seeds which couldn’t germinate in nature.
The technigues in this research could be applied for further
crop production and advanced crop cultures as the applica-
tions was highly snitable for a closed system process with
high controllability.

Conclusions

The magnetic flux density could be used to accelerate the
growth of Niew Khiaw Ngoo rice in a culturing method, and
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the intensity of 14-65 mT was the most suitable magnetic
flux density for accelerating the growth of rice stems and
rontz. This application conld be an efficient way to improve
the germination rate while reducing the use of chemicals and
costs of seedling production in the future.
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ArdAny : Inalviem, answividamud, nawdseaduuulyna, vuaeTu
Abstract

The objective of this studies was to find out the appropriated time for using a glyphosate
solution for study of mitotic cell division using pretreatment technigue. Completely Randomized De-
sign (CRD) was et up with 3 replicates, 10 samples each of 4 treatments consist of control methods,
1 hour, 2 hours and 3 hours and wsing the Sunflower (Helionthus annuws L) as example plant. The
results indicated that the different of pretreatrment with a glyphosate solution had effect an the per-
certage of inhibiting mitatic cell division in sunflowers at the confidence level of 55%. In addition,
it was found that the pre-treatment method with glyphosate solution far 2 hours gave the highest
percentage of inhibition af mitotic cell division in sunflowers, which was 65.00+5.00 percent. While
the control method wses distilled water as a pre-treatment substance. It does not cawse any inhi-
bition of cell division (0 percent). Moreower, it was found that the scores for inhibiting mitotic cell
division of sunflowers which caused by using glyphosate solution as a pre-treatment substance in all
3 treatrments had values equal is 3 points. Therefore, in this research it is concluded that glyphosate
concentration can be used as a pre-treatment substance for studying mitotic cell division in sun-

flowers.

Keywords : Glyphosate, Pre-treatment, Mitosis study, Heliarnthus annuus L.
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walulagnisugnity 145U warUszanvesszuy 1w lalasluiind uels | Lecture) Tnsvnausiilovivdnnisuas | Assessment) Insdoaounarsmanazdate
wuulalldfiu Wind warszuuTagugneng o laegsgnees walulagnsugnitlsiu wiawendedne | na uazhuunaaeuges (Quiz)
2. nsesinaziUouiisuted-dosriavesusias | uazaiu-nouiiienszdundn 2. MsUssliuiinueUuR (Practical Skills
syuudgniteliiu sawdetadedsndeniifinasie | 2. n1siBeuriunsufuaess (Hands-on | Assessment)
nsasyAulavesieyg Practice) Tnsn1siinufuAnisiwiontan | 3. msuszifiunsdeansuaznisiaiusiuiy
3. senuuukagAndassuuUgniialaslaléduly | Ugn $annsaisazatesine wis uas | (Communication & Collaboration
srAuNaasInsesTauasuouldegumnzauiu | aruauaninwindaululsuseunse | Assessment)
YAy Vieanaaes
3. nmsduAuuaziaueteya (Inquiry-
Based Learning) laglitinAnuiAuni
Joyamaluladlvi 9 wazuulldunis
Wawinsugnitgliduluszdulan wdn
Wnawslugluuunenuvseluames
AET2113 1,2,3 2 1. 85U1ENANN1TLAZIUINIINITUTTTUANAN | - USsEneuuuiiUfduiusey - MsEeUTOTEU
n133ANS duwndou - {nUZ R (Lab-based Learning) - AAINTTUNGUUAZAITUNAUBIIBITUNANT
NINYINTFIIUAUAL 2. IuundszinnvemingInsnsnens - 1Feuiandgunn (Problem-based | msiaimdes
Auwndon 3. Annesianiunisaidsnadenluiuiinuesnssy | Leaming) uazmsvhnudundgs - mafldausalutudeu
Iingnegneias - sEaNANARsInAulunTIATEIvSe
4. Wauinwen1sAngadinsied n1sysannis | duasievideya
foya uaznisinaulaiionisdnnisminensoeng
fiuszavsnnuasdsdu
AET2114 1,2,3,4,5 1 1. o3 uUneudnnIsLaruulAnABIfUNTWAILY | - UFIBLUUTU ARSI - AsERUTBLTEY
MsWaLAwInde Aeuandoundadidu uagnsysunnisiasygia | - asituiidnwiiiedisaadywinazmn | - diauensnulutudou waensdfng
ogadaiiy &sau wazdandonldednagniies wwnslunmsudludtomsiauedesedy | - msfdusaluiudou

2. A5 N13UsEYNAlTuLIANNITRRINBE1S
fagulunisneununisldnsnenssssuvflaogig
Wz a

1

- \3guiaindgynn (Problem-based
Learning) uaznsineulungy

- n38dANY1 (Case-based Learning) hag
afuTuNgy

8¢e



P o oy
NAYNINITIANIILIYU]

518391 PLOs YLOs CLOs A - nagnsn1sIaNaussiiung
(NagnNoN13IANITLIIUNITEDU) )

3. Ussifiudegalasanisimunfiseduain | - sauarudasufulunisingivie

nsdlfny wazasUuniGouiiannsailudszgndld | dueseideya

et

4. afaumasazdsasunsidsiuvesuguly

n1sWau1dsuindouagiadaduldegnad

Uszdndam
AET2115 1,2,4.5 1 1. a%msmé’nmiu,azLLmﬁmLﬁmﬁ’Uﬂnx@ﬁﬂums - UsseenUUTUfduuS I - ASERUTBTEY
msasaguiuay Wawinsinwasliegnagneiog - aefiudidnvuiedisatguiuasm | - tiauereruluiudou uasnsdifinw
\Sotefion s 2. Aingianudidyresnnsfirlunisiam | wmndunadluiomsimuegussiy | - mafidusuluiudeu
inwnsAandon neasnsIukaznIsaiunienientimsineasia | la

GERNVRERH - \3vuiandamnn (Problem-based

3. SIUUNUNUVINTBIYARINTNINITNBATAY | Leaming) wazn1svienuungu

ANuduiusTEnIgitfun s LnunInssuld | - nsdlfnwn (Case-based Learning) way

9g9dnLIY IIFRERGH

4. UssgndlfwnAnamigiitenisiaundnenm | - seauanuAnsaniulunisinsziuie

YOIYARININWNIINYAT BN Ty dunzideya

5. \donltinTesiouarnagvdlunisairanagiaun

W30TENNNISNYAT eI sEAVE AN
AET3108 1 3 1. o8uenannis LLazmquIa@msﬁwjﬁaLL’mﬁau - UsseeLUUTUfauRuS I - Msaoutarlou
wilulagnsituy ldsunanssnuanfanssuesiyuduasssund | - EnufdRmsiinei - MsapuUUR
Aawndoungnadu 2. efusemaidentdinalulagdinim walulad | - afusengu - dhauerenulududou

yamenmiaziaiiiiofuyundon
AET3109 3 3 1. 88UemaNN1INITUTEINANANNATVA - UsseeLUUTU AR uS I - MsaouTailau
MSUTLUIANANN 2. dAndunistanisdeyaideiuiilasldnig | - Inufohmsieses - M3A0UUUR
Advaiionsdnnis USEIaRaN WA - aAUTENgY - dauerenulududou
dawndousgnadau 3. Usggndldtoyanmaieananiiien wareina

eulsautduidngsvuumneuiiames
AET3110 \isugA1ans 13 3 1. sfunAnifnfuasugamanidanadeuld | - ussesuazmeAuny - Msaeudalleuy

FaInaauLiie
ASiNuRTaE1Idedy

2. ansadaseiiarduasgiosdaiuiineadu
wisugenansdwindeula

- N3N (Case-based Learning)
- AnUuin1samsnevt

- dauesenuluduseu

6¢e
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3. ansatenmuinuasygmansauanden

luuszandldlunmsinuuasludinUsedr uld
AET3111 2,3 3 1. 14adesdonazimaialusiosujudnisidie | - ussereuvuiufduiuss - Msaeutalluy
nslaTesigunmih Aeseiaumwiildogiegndes - a15ouaviinUUR (Lab-based Learning) | - n1saeuufjuf
WlaszuLYAS 2. Uspdiunansenuresgummitdessuuinauay | uageanninau - MINAUDTIBNUNANTUATIZI
dawndon Aanssuanywdla -15vuiandgyu (Problem-based

Learning)

AET3112 1,23 3 1. afunsunAnieriundnniseunivdsuanden | - usseisuazsmeiUse - mdoudaidou
RANNITOUY 1 - n3glAne (Case-based Learning) ~shiaueneaulududeu
danndon 2. ansodeseiuazdansesiesdmuiiieddu | - BnjdRnsiiensitasameauny

vénmseuiodaindenls

3. amnsntieanuiudnmseunsdaundonly

Uszendldlunsvhausaghudisdszaniuld
AET3113 12,3 3 1. o5ursuIAnLRfundnnisedieundfouas | - ussersuazsmeiUse - midoudaidou
T puNlELarAIY Aulasndels - n3elAN®N (Case-based Learning) - thauerenmilutiudeu
Yaoadelunmsinu 2. ansodesesiuazdansesiesdmuiiiedu | - BnujdRnsiiensitazameauiy

91euliarauUaendiy

3. aunsniie1ANiauedleunduuar Ay

Yasadeludsegndldlunisviiaiunaszlu

oz iula
AET3114 1,2,34 3 1. e¥u1emdnnsuazdunaunisdisuasinniu | - vsseiswuuijdniusion - Mydoudailivy
Msd1TIUaTRAARNY @mmwéunﬂﬁam - AnUfUR (Lab-based Learning) wageen | - n1saeuufus
AN AIInZouLite 2. MiaFesflounsmadiansinnnnindandonlsd | maauiu - MFUNAUTIIURANTIATIEN
MsIAnsinens DENYNADY - 13vuiandaunn (Problem-based

3. Annsideyaduindeniiouszifiunanszny | Leaming)

NAIMNTINLYWE

4. Uszgndldosdaiuisindumanidulunis

FanstlymAindon
AET3115 anileuinen 1,23 3 1. shuevdnnsuazaLSiugudugnienine | - usseneuuuiufdiniusio - Msaeudalleuy

WBAITINSRY
ANSNUATAILINGDN

Iingnegneing
2. Awsginsgurunisuardadenvinlviinnig
Wisuwlasmsanmgiennidldegiumaneay

- \3vuiandamnn (Problem-based
Learning) warnsyiaudungy

- dauesenuluTuSsu LavnsaAny
- myfdusiulutusoy

ove
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3. Uszgnaldmnuidugnienineniiedanis | - ns@ifnwn (Case-based Learning) uat
dgmianineiniaiidinadedsuindonuay | afunengy
manuasla - sEANANARsInAulunITIATIEIvSe
dunszideya
AET3116 Ineneans 2,3 3 1. Anwwidnnsuasmadanisin - UssenenuUTUfduuSIIw - Msdoutorlou
msshiitensdse 2. 1gunsaisnhlFesnaaende - AnUfuRn1sImszi - M3a0UUHUR
uazidomsdaindon - 9fUsenau
ogadidu
AET3117 2,3 3 1. M¥szuumfiontisosadlanuazunuiingsa | - UL UUTUfAuNUST I - AsERUTBTEY
msldueundiaduuu ieifuteyauaziiasesiteyadauindenls - AnUuRnsiase - MsapuUfUR
aunsvilniuite - afiuTengu - thiaueseulututeu
MIANYUNLAT
Awandoudeiiui
AET3118 1,3,4 3 1. 9ENAITNINQUUNAAIANTUATNITAINANY | - UTTE8RUUTIUauiusTu - PSARUTBTEY
walulagyiuvisuas foulunszurunsiuisandanianisinuasld | - 13sugaindyun (Problem-based | - Yuausssrulutuidou uagnsdifing
MUY IHEaNE DE9YNADY Learning) uagnsviranuungs - nsfiduianlutudon
inwnsiiterudady 2. UATIEAWWINNNMTATUANAMANYDINEANS | - N5eANYY (Case-based Learning) uag
wnunslaogaumangay CRIEREIGH]
3. Uszgndldnguiuasndnn1sueddsmsiiuie | - ssauanudasiudulun1sieseinie
wazmsivinuwanRaLesilefinnunnLay | duasesiteya
o1anaiusnuliegnaliuszd@nsam
AET3119 1,23 3 1. suemdnnsiugiuresmamisidsaiiodefis | 1. msussersuuuidiudan (nteractive | 1.uvunaasudeuwasnduiou (Pre/Post

wannsagmAlaAnIg
& & oA A
LWIZLAULUBDLUDNY

wazUNUMUDITTEENg o 1 gasluy oM
oo wavanmsunden

2. wisnowadsdefofivuazdanisszuulaen
elutesujoinmslfegragnifes

3. UftRwadanameidsaiodeivduiuguls
iy nsuenidede mamdnilfAsseauazsn
MIBYUIARUNGN

4. YjuRnuluriesd juiinismeninusuiaveu I
e wazAsIUANANNUaBASENTINN

Lecture) Tnglddenin Jile uaznisda
AMniensgdunisfauagyiaudile
LLmﬁmﬁugm

2. msandauarinUjuRluiesujusng
(Demonstration & Lab Practice) lag/l#
Snfnvilnesenemsidsuiioide n1s
vauluguaende nistieide nisdn
Y8R/ UATNITELUIARUNGT

3. n58AUs18ndY (Group Discussion)
1A83LATIEMITIUNTTUNSOUNANTY

Test)

2. Yadaunanana/danenia (Written Exam)

3. Tase91ungs (Group Project)

4. msUseiliunanisaeaiswaznisvinaudu

i3l (Soft Skills Assessment)

1ve
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Aenfumamzdsaiodeluiinasuio
aulng wioigunlyd
4. nsisguilaenisagvioudn (Reflective
Learning) lnglsinAnwideu reflection
n&nUfiRudorilaseanu ieussiiiu
mufmthuaggefinisU3uUs
AET3120 1,23 3 1. gsvenannsuasanantininienn il uag | 1. n15UTTEnewuUiUauius (nteractive | 1. n15Useiiund1ui (Knowledge
waluladnsdnnisau Fanwveshu saufaunuinuesiudonts | Lecture) Insiauaionidaguinay | Assessment) lnglddaaaunansniauazians
uazdey WinAulavesitliogagnes ndnnsiugiu wieuldmaunseduld | ma wasuuuvageutes (Quiz)
2. AATIRazUITIUAN MAUAI8TEN199599 | UnAnwnlidiusa 2. M3UsziluinueUfuR (Practical Skills
Ans1gvieng 4 e lugmsdansimanza 2. naseuilaeldUguiidugiu | Assessment)
3. 90nUUUUNUN1sTAnIsAunazdelussuy | (Problem-Based Learning: PBL) Taglsf | 3. msuszifiunisdeansuaznisianusiuiu
\nwnsnssuidsdy uazdenlddeaiinia q ldeths | dnfnwidinsievdayminisdnnisiuuas | (Communication & Collaboration
fusgdnSam Jeluanunisalade 1wy Jymiduidon | Assessment)
Wisuvisenslddeldmunzay
3. n15i38u3HIUN1SUSUR (Hands-on
Practice) lagRnujuRnisiiudegnsiu
mseneiiudoiy waenssdeuls
4. msduAukagdnauataya (Inquiry-
Based Learning) 4oUNN1891UAUATT
Jayawmalulagluy 9 dufuuasde wioy
thiauslutudeu
AET3121 1,2,3,5 3 1. 95U18ANUNLIY ANNAIALY WATNANNITVEY | - UTIEWUUTU NS IM - AsERUTBLTEY
nsdaatuuazdonns nsaEsuNSn YRSl - InUfUR (Lab-based Learning) - M3aeuUgUR

NMNYANT

2. ouneuarUseyndldisnisduasunisinuasly
uiunene 9 e

3. AT IEvilazuNunsAoasiian sdaLaTy
manunslieg1aiuszansnm

4. i launumvesmsduasundingy uagnis
Wawnnuaansluguy

5. aunsnsvyuarineidaynuazgUassalunis
duaBunsineas wiauaueuwImaunlule

- \3guiandgyvn (Problem-based
Learning) warnsyiaudungy

- szauauAnsmiulun I inse
duaswitoya

- AANITUNGUKAZNITUNAUDTIBITUNANTT
AR

ot Y
- mMsfduinlutuseu

e
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AET3122 1,2,3 3 1. afurendnnisuazaudidgvedladafindly | - ussenewuuiufdunussiy - MsaERUTBLTYY
msdansladadingd npgsianunslieggnaes ~13sudarniqgmna (Problem-based | - thisuessmulutuGeu uasnsdidnu
uazvlggunu 2. @130AATZRkazdniurun1s9an1slad | Learning) waznisviudungu - msfidausalutudou
AINYAT afndlaognsiiuseBnSam -n38lANY1 (Case-based Learning) ua
3. ansaSeuiisunwinianisinnisadsdudn | eAusiengy
wagn1svuddluuunvesgsianuasle - sgauANuAnsIuiulun1TIAsIvInTe
dunszideya
AET3123 1,34 3 1. 83UNEMANNTT LUIAR WABUINTFIUAN 9 7 | 1. msussenswuuii@rusan (nteractive | 1. n13UsgLiuainug (Knowledge-Based
ANTHANAUALNEAT et osfumsnanausinunsUaonde 1wy GAP, | Lecture) TnelddoUsznounisasu Wy | Assessment)
Uaendouaziluling Organic wazNINTgIUALUABANERIMNS unugil dlensdlfny uara1u-noy iio | 2. n13UsEfiuRnugU{UR (Performance-
sodauandon 2. AATgAnsrUIUNISHARNIINITINEasTulay | nsesunsAnuarAuila Based Assessment)
funou uagsrygadesitonaiinadennutasads | 2. n15i3euslaslddaynifugiu | 3. n1suszifiulaseeiu (Project-Based
YIAUALNYAT (Problem-Based Learning: PBL) Assessment)
3. 9RNLUUTTUUVToUNUNTHARAUANNEAST | TiinAnwuilymaia 4. MsUsziunmuanumey (Affective Domain
donndesiuunsgiunulasadesanludnsie | 3.01558udnnsaiieuuf (Hands- | Assessment)
Faundou on/Practical Learning) 1ng
UfuRlustasnunsuselsaseu naaedld
MINTAIVANANNMN wazEindavindudin
nInTIRARUdRUNGY
4. nseAusienduuazuaniudsuniy
AaLiiu (Group Discussion & Peer
Learning)
AET3124 3 3 1. B5UnBLuIAn MENN1S wazdunouLeInIg | - uTInBLUUTURRuS - MsaeulaIdeu
mMsUssiiningdns®in Uszludginstinlussuunisudamianuasiag | - InUjdRnisiesei - M3ARUUUR
YBITYUUNITHAANNG dawndould - afUTengu - thiaueseamilududou
e NISTEH 2. Benldwendurfifeniunsussdiuipgdngdin | - szauaruAatiufulunsiinseivie
dwsunmaiivfeya nsdwan waznmsulanald | duaseideys
3. panuwuUNIaun1sUseLiudginsdinues
nAnfivsenssuIUNslusTUUINYAsA W Inde
AET3125 3 3 1. 93U1EWANN1S wazeAUsEnaUTesiginswas | - ussenewuuiiufduiuseu - MsapulaIdeu
msUszliuasueuly mMsUsziiuasveulumanuesuazdanadonld | - Anufdinmsiee - NM3ERUUUR

SEUULNUATHAY
Fandou

2. 1mSeailauazimsizinisiniuaisusuniy
WnsgIUEINaLe

- aAUTIUNgY

- dauesenuludus

eve
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3. panuuunsyuIunIsdaLivdoyanisueunn | - szauanudasiuiulunsiasizivse

Wiuviveseng uaznanausild dunzideya
AET4104 4 4 1. a5urenszuIUNITHAnANNIsuNIsUsELIY | - Ussenewuuiufdunuss iy - M3deuTeIdey
nsUssdiuaudes audssiudundon - afiUTenau - thiaueseamilududeu
fudawanden 2. Wnnwinnudssinudandey

3. o¥unenslosiunarnsussmadeediiu

Aawndould
nuIndvEnUszaun1salivdw/annafnen
AET4201 1,3,5 4 1. 1137 AINTTUMTEUAIUNSDUADUBBNEN | - S1@BIEn AT - thiauerseulutuSou
MsLeSELRn Uszaunsad - mMsldunumauud - 9iusy
Uszaunsallvan 2. uanseonispunieumsnuauiuasinuedl | - ssaunnuAaLiy - dunanginssu
walulaginuns aensuivenTnnouseninUszaunisel - MIYIAUINSAUNISIe
danndon
AET4202 2345 4 1. Uaﬁ’amuﬁlﬁ%’wawm&J‘Luuﬂummmﬂ%ﬁﬁa - AnUuRn1siese - thiaueseuludutou
msHnUszaunisal nvuiildSuarnudiureuanniusunsdvld - MITAlATIIUNSORANTTY - danengRngsy
Fdnmalulaginuns 2. dndunislassnisuiefanssufidaaia | - msysanmstunmsyinnu
Aawndon Usraunisallgndnsiudumitenuainignie

nyuegtey 1 1A59013

3. afenenulaniraazun1sadulasinivie

flanssu

4. uansoondansiiiaunfuazaidoniinlunis

au

5. wanieanfiin1susenginuuazniseeusy

npunaeivesTausIINeIAnTYeanIuiifln

Uszaunisal
AET4203 1,2,3,45 4 1. yftRnulumbenumesgyseensuludnuue | - Inufuiansinsei - thiavesnulututou
anfafn wifnedaasmilasanuildFuneunngld - N133ALASIIUNIBAINTIH - dunangRnssy

2. @598 TULENINAU
3. dlEdueNasu

- MIysaINsiun i

12%%






