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Culturing Stingless Bee in SuratThani province

Jitkasame Lumsa-ed, Pornprom Prommae and Vason Suthaso*

Program in Plant Science, Faculty of Science and Technology,

Suratthani Rajabhat University, Thailand

Abstract

The objectives of this research are to study the result of stingless bee culture within a mangrove
forest, a salt-marsh and a mixed-culture plantation of Surat Thani province and to find out on natural
species diversities of the stingless bee and flower plants within the 3 environments. For the duration of 12
months (February 2015-January 2016) data of the hives’ weight before and after culturing with reweighing
each hives every two weeks during the experiment. The data were then analyzed for monthly change in
hive weight and the difference among the three environments was compared and tested with Duncan
Multiple Range Test. In each environment, a circular area with 200 - 300 meter radius around a stingless
bee nursery house was designated as the study areas in which survey of natural species of stingless bee
and flower plants were surveyed. After culturing period of twelve months, all cultured hives of T.
fascobalteata had their weight gain of 373.33, 343.33 and 235.00 gm for mangrove forest, salt-marsh and
mixed-culture plantation respectively with no statistically significant difference of the hive weight among
the three environments at 0.5 confident level. Four families and six species of the stingless bee were
found which were Genotrigona thoracica, Tetragonilla collina, Tetragonula fascobalteata, Tetragonula
dresheri, T. pegdeni and Tetrigona apicalis .The number of flowering plants found were 31 genus and 50
species in the mangrove forest, 18 genus and 26 species in the salt marsh and 33 genus and 59 species in

the mixed-culture plantation, respectively.

Keywords: Culturing Stingless Bee, Mangrove Forest, Salt-Marsh and Mixed-Culture Plantation

* Corresponding author E-mail: srujitk@gmail.com

a o o a
U7 14 aduil 1 ansrax - Tguiey 2560 ANIINTNBATNITIFU 2

Volume 14 Number 1 JANUARY- JUNE 2017



Uniin

Fulsafuunasdenniufiasedneglususy
Hymenoptera 14 Apidae waz19dgas Meliponinae
Snwarisneannita Bee) fio dnulnafiddangnnii L
flLﬂﬁﬂiuLLG]'fIﬂi’]ll‘ﬁlLL‘ﬁGLLNI%’ﬁJfﬂﬁWELﬁI@{]aQﬁu%’J
unsnszansegluwmdeunuimlaniiuszuna 50 ana
400 wHa (Rasmussen and Cameron, 2010) ﬁ%ﬁgﬁuiu
Uszinalnenu 32 ¥iia namidsianiziidainda
Fedlminy 8 wiaaanansiianyinu 7 wia aaldwy
18 wlin(5ung, 2543; Tuf LazAy, 2547; auiln uag
ayusni, 2553) drunigluseiusenaunigdssae
UNNYT ITTULINAY WaITTAE UL TURS
Hulsmneinaesluinuitdnvandulnsmuny
nsalfvdelnsesdneads Fulsnssasauanfiu
wnasmentsl Wudsmuaniimduemns wasfiuendls
\iead1druusznausieg aeludedadungfinsss
fipwanaanie Ineifivendliandiusieg vosii
Lﬁanmﬂ%’qgﬂﬁ%ﬁéﬁumﬂﬁaumamaﬂmﬁé’nmiwﬁmﬂ
seulalusranevesiiulsaarendldl Sondrunauiiin
3 (Cerumen) Fulssaziiugslsiuimamnniiiold
lun1sasrawazdonuouss Fguuargnianasiediuy
figouesda Aedefiuinas (Pollen pot) war daudl
\Juwadiseu (Brood  cells) iiolsiunangansly
uanmaﬁf’uwﬁfﬁqﬁaginwaiuiwawzgﬂqmma@w

3831 vy (Batumen) Wudrunauvesly enld

waz¥anaindiy fdnwarudendt dguu fedudulsds
$ududoafvensliiings snsldesgnivasuuasineg
wulsifivewnnglusaneuazaisesnuduneningdi
Tufs lesmnihisiulsssgnifulfludeofuihisivi
ndgundeilmhisulsdnduneuveensldl fadu
5ﬂ@m3LQW']%“U?N&’]%%UISW]WUQW
nslduszlegdandulssdnluiuanasegia
wilomils aniln (2557) nanfenuaudAfimvuesiilss
TunswamnasiivugnuasiaUaly 1) Jdusuamwaunas
Usgdrdumiuldlnaainds annsanuaudulssliiag
nounanvasiuwingld 2) dulsiawmeunenliiiou

%

Uil 14 aliuil 1 unAu - quiey 2560

nnuiauayasmeunenlivdinnuuainduasmenud.
Tadalddulseenaunasivlavasviin 3) Wuuuas
nesnasUsyaiuIddnannasiviusiondefiviiiau
sudalunouiedold wu widou 4) fergBuniiiems
unillomanaunaslduuenandudulseiniisad
M3UumeIMTUTEIIN 300 LUATINNTS ﬁwaawnﬁaﬁuﬁ:
(Apis mellifera) LAZAIINTS (Apis cerana) azdulna
Juilawns fufunswSeuiuiidssiulsadoumndn
nidssisanansadamienls Jagtuinisdaaiudes
Fulsadunsduasuluiuiinsinuasiiedalonaly
Fulsimthinauinasivasugia wimaioannsld
ansedilddisulilinafnneniareennatiunandnli
2ty aaduyunisnaaiiduiosdidydniy
inwasnsesaelinunsnsiisngldifiunudnsusives
Hulse Drelianmmndonfiiuuaradsaunasssuvf
finsAnwUszansnmvestulsdlidisnaninasldna
nanevialdu wnddens NiTeu 1glsuseu vse
winsgdtanondndefinanlndidsaiunisldenug
PIHANNET (S5YT8, 2556; Boongrid, 1992) uazilanu
naasunIzvgeRuiiulsiussiafieidodlus
Fee nanuidulsedu Tetragonula fascobalteata,
T. pegdeni, T. laeviceps @3n5adeanIlusssusna
asdudsaziluliluituiiinussiiedieiunandn
nsneasliudiiiosinnisinsnieswesdulsly
UseinelnedinajsagfimsdanaiuliiAntuaniziud
neasity 9nn1sAnviresauin wazeyusnl
(2553) wudilufiuiifidudifediduaunandivgn
fypazvdaliufinsdanisuvunuasunulyd vsuUn
gtay vshadmgluaialaddulsediunaigviin
a1fvaguasveneFilusssunfladuund andeya
FananndunmefiasAnunisiasstlsedhuluitui
U1 LLaxﬁuﬁﬂqﬂﬂ%ﬁuaﬂmﬁamﬂﬁuﬁ'mimwmmu
Twial

)
=1

MISendelunisidoaiulssluiui 3 uie
Iummmaswgsmﬁ Afanmundeusiisiude Uine
o ‘UTW%‘L!’]ﬂ'ﬁ@EJ wasfuiiaunay ssfulsylonily
S09m199 ﬂ’e] lﬂsuauaﬂmaawuiiwmiuwwmmEJ

ba U ﬂ’WWSu’Wﬂi@EJLLau‘W‘NVIﬁ’JU IWLLU’JWNE]‘N??THWNS

AMTANNYAITNILIT 3

Volume 14 Number 1 JANUARY- JUNE 2017



Hulsstu adeaugasssuvdlasdulseiviiinas
inasaenlituazidulmensdaaiilviauluviosiu
fordwaiuiinselilnfandnnisiasugianeifios
fmqusrasinififeadeiiiie 1) Anwmanindssdulss
Tuilufitheneiau dingindesuavarunayludanin
g31995571 2) drvaviiatulsddusssunfuazyiniy
nonuinailassoulsaFeudsedulss luiluiiv 3 us

A5Afiun15IY

v
a o

1. \aestulsswiin  Tetragonula fascobal-
teata Tuituiidn 3 wis Wudlsefiuensslmianaiu
HAllUT InT 1YY wavayNTaIATIN ATUAR LKLY
Aeostulsduituiivnmeiau Yimgihndosuazaiunan
Whay 1 At ¥991ngusuUTEana 300 1Rs 11934
Apsdlsdulsadoundsmasnuunn 2xdx3 wng 9u
219 2 duifulsndouwlalas Sufssdulsnduss
Auwdeuiiudnung 31x29x31 wufums TamaFesuuiu
e 2 Faululsadeurinafuyssanm 40 wuRes S
wisay 50 Sudies Sufindoyalasnistaimdniadeu
Ao ndudss wagseviudoadung 12 oy
(nuA LS 2558- uns1au 2559) Taedstimidnseming
Aean 2 §Unv Aeseideyalasmaieisvesiimin
Yudesiivdsundaduusianiiou uewiUisuiivuanny
LANAITILARENANN1TMARDY (nduiiAsdlute
LU ﬂwwqﬂfmﬁ'aa aqunaw) A7g Duncan  Multiple
Range Test (DMRT) wazdufindoyasnag fil 1) tudin
Usnasiruusiaziou gaunqi Asdudinivsluusiaz
afafifudoyanaenszzinainisides 2) Sufiniaen
ANudnvesatlunsoenuaziinFwastulsdluusiagiu
naenszazaadsdaniutoyaduamiay 2 Yu uas
3) dunadnglusssuniiidnsumusadedilss

2. d1929 NuTwiegulaznaeuTevin
voadulsslusssund wazsinvasiananuiiinlagsey
Tsafoudssiulsuuenauiaiiuszann 200- 300 s
i1 3 wisio UTnaeiey ﬂwwﬁmiaﬂué’wmavﬁ
219 wagluamunaudneiniif Jmingsugisnl
nsraevrinvesdulsinelindeanssainidavens
alagldnguanisduunadnfulssssazauves
Sakagami et al. (1990); Rasmussen and Cameron
(2010); @uiln (2558) wavverdududoinendmansain

Uil 14 aliuil 1 unAu - quiey 2560

HL¥ewey Udeg1afivnen (Herbarium) luifisuiy
mpgsluiifisiueifivarvemduiuiioinemansann
Hievaynsunly

NanN1539e

1. nansiasstulseluiuiiine

1.1 Beetulse T, fuscobalteata Tuituiivnue
iU YngEnges uavaunaniinsinadudeds
gostmiiniuiosiiinutiu vieanadundaziieu
WARIHANTTLUTEUTIBUAIULANAINY DR NGUNI T
naaedlumsed 1 waznsvhdulunmii 1

nnsiasedulse luiluiinianwanden

wANEI Imsﬁmﬁ:mﬁm%'mgmLﬁwﬁuLfJu@uéﬂi”m le
deduuiadioud! 12 wuhfudedidminedeiuty
sialuiuivneiau Yingiindes anuway ey
373.33, 343.33, 235.00 N34 auddudlowFeuiiiey
ANULANAINUI LT auLana1seg1elidud A
adnfiseeu .05 ursEninansiassuieud 2-11
@uray- 5u1AN) Nan1sUTeULBUNUINNAINY
uansnsegsdifoddymisadinnifou Sedianunsineg
il

1) msgnavestulsdlusssund ludeud 2
(furmn) vesnsidsmuIniminYudssludiuned
donfniedeiiuduiios 1.67 ndu seandmingd
Aodlutmeauuarlulmgiingos 36.67, 13500
n%u mudey esandulsaithunideduaunaunie
agmhfududwnuanniiannnandulsdusssufivin
sgnsuvhanenaeaafion danlutmioauuasng
ihnseglinumssnauvesiulsdusssued wddinng
snsuvestulsudssiiunfsfufisudndes
Tuszezusng luiousenidminddluudazuias
dintuunssitidadioud 5 @quiew)

2) Anumanneiafive1msvestulse fuus

Woudl 3 (wwew) Yudsddulsete 3 wisdhiminiade
Lﬁusﬁmﬁa%meﬁwudﬁqLﬁyaﬂuﬂwwqﬁlwm'aauazmu
nauvmtinyuedefintuldfinuuansetuedied
Todndny uiiloissuiisutuieuiunausadeduany
nauflthminSadsuadaiuduinnan 1.67 ndu i

AMTANNYAITNILIT 4

Volume 14 Number 1 JANUARY- JUNE 2017



Ju 213.33 nSusaznuirluioud 11- 12 (Sure
2558- uns1AY 2559) finsidsundaniminfuade
\isFuognasaniEaann 78.33 ndudlu 235.00 n¥u Vil
desnuinalasseulsadeuluaiunauiianuvain
yilavosiugivaon 33 23d 59 vila az1due1nisi
Fulsshnaudnss wiuhganuluthveauil 31 294 50
¥iln Yanguihndosd 18 29 26 la

3) USunatdu iiewdl 6- 11 (nsngaau-
Suau) ﬁslumméiy’uwilﬁauﬂiﬂgmuﬂy’a 3 WaLAY
FENINFOU NINYIAL- A fiUsinaidunaen
\ougendn 100 Hadiuns (UTunasdudaud 90.1

faduastuludainduminunn) nuinfadsedidmin
\Avanadie 3 uwiswiioufussud ngadnieu Tu
$110930120 (aaunay) (1 2) Tusuaddy
w1nni Tugnevians (Wneiau uazdmgiinges)
Wuﬁﬁu?ﬁuaﬂumumauﬁﬁmﬁﬂLaﬁaamaqﬁaaq Faus
LWAaUNINAIAN UTLADUTWINAL (221.67, 120.00,
110.00, 76.67, 83.33, 78.33 ASUANAIAU) wazlu
WWeugavine (unsiau 2559) 1Wuieudilifinunn 5
Fesdihminadaiiatut 3 windlewieuiisunuin
laiflanuusnansiusg1editdedfy

A19197 1 HansilSeuiisuAdevesdmiiniaudesdulse Tetragonula fuscobalteata AMAABUNUNNTUS 2558 —

UNTIAN 2559

il Swinaasvesdadestulsdiuasuly (nd)
Anwn ¥ 2558 2559
AN flﬂ. e, NA. ﬁEJ. nA. an. ne. fA. We. onA. ua.
e 0 36677 91.67° 141677 230" 22833  231.67° 25667 54333  460.0° 4200° 37333
LU
Uwgh 0 1350° 3000°  4150° 420" 35167° 2750°  20667° 2000°  3000° 26667 34333
RFRE
awwEn 0 1670 21333 2500° 283" 22167 1200°  1100° 76677 8333 7833 23500
WEJ']EJWW! * ‘Vill’]EJiN mmﬂmmﬂmﬂa&muu ﬁ ﬁlﬁyj
ns e lifianuuanansedsdiduddny

= = 1781

.
e (N3N S REY

- o= e JIUNAN

600
e \

&

é 400

Bl

=

g 200

I

S /} ~_—--

=

a,S 0 - L T T T T T T T T 1

—
N
W
N
(6,]
o

8 9 10 11 12

aufl (NW.2558- A.25559)

= S 5 o v & o Lo ! 5 g A o ¢
2 1 s vdnvessaaestulssluiug droneiau ‘U"I‘W?L!’]ﬂiﬁ]EJLLa%ﬁ’JUNﬁJJGNLL(ﬂL@E]‘L!f]iJJ’ﬂWUﬁ 2558 -

UNTIAN 2559

1.2 mswalnelusaasstulse
Suagadulsannenludnuindulsearlianu

[

ieSilaesoumeuuuniloulusisssuf uwnved

%

14 adun 1 uns1Ax - Tquieu 2560

cb

nsgeuwruuinailusesdouse i lugnseuvass
wazaaveslindemadiiswiafsndunadionn
wazasdUseneunglusaal

AMTANNYAITNILIT 5

Volume 14 Number 1 JANUARY- JUNE 2017



1) T. fascobalteata Azai 1 waafiooul39
fwuungy (Cluster development) Ingas1a58931n
fufageduinnitverslusuiusumuiiuiedousias
wadisoufiFesitumnazgnideusaeiand (Pillar) 7
afndsunusasneadisouaraaanniuiulanyie
Unnadeuuiuiiulan waddooudiyusaduguls
PUIRANAAINY (1T19xe17) 2 x 4.5-5 Taduns enviu
WwaddsauuangIzdvuialugnituszuiu 2 i
dlosmnidusadeedidrewmguazdulsinuadng
wudlutusnueansiaes T. fascobalteata finsasns
Usgrnssnnnidulsenevduimuiiueadssenud
S dediunasuazdediuini

2) fhefiuinasaindguuguiesiuead
Agau 3Us1amsanaunieAsudsnaniliduriy
AugnNa1e 7-9 Tadwnslrainineaddseu neluussy
nasaenbififaaudunsawiiiu 5 (pH 5) azadns
naunseuunquigadimseuiudufounsinay

M3aLiouNanAndaafiuA9a1NaeLAULIRY

250

3) gretfvinsadreandunadundnad
Snuwazudeinandiefuinas Hefuiisdizuds
niinaunseAoudIananiiduniugudnais 7-9
Naduns Guumwhﬁ’ué’wLﬁumaimﬂumiﬁ;ﬁwmm
aonldiifienarudunsauintu 4 (pH @) Tasazads
Nniunsiiuiungueadfmesu weuudufeunau
yiieifounaudtimaundlaivesvanegniglunmsains
Sadoeiiuenivilutasusn (ewd 1 Suieud 4) luth
Potau Dmgtngos arunay nudeiigdlifinisads
Hafunasuasiefuinneaady Yesas 85, 60, 89
ANy v1edudsafinudaeifvennises e
dntesiilasarnnisadiedelml Fulssnuasisadng
naueadsaseuliiiduauinndeu dufudulssuay
vmihiiuenslfuinninfuinasuaziimunenls
wdsagslsinunisiivemisasnduiiedsu iy
wliandnneluss ndanvanaiiioudl 4 asny
ﬂduﬁuaLﬁuﬁwﬁqLﬁuﬁwuauﬂﬁuLLazazL‘W‘u%m%"aa6‘]
fan el unnauyinlrtulssldanusasanm
Aule

)

200

a

150

A[A[UAT

a

100
50

D]

YSunauislu (

Fll

1 2 3 4 5 6 7 8 9 10 11 12

B gnevinang
B g1nainan

Woudt (hW.2558- un.2559)

AWA 2 USunauninelu 811089209 wagd1knein1if Jiminasnuy)ionll seninafeununIius 2558 — unsiAw 2559

a9an 2 siladulssludmeay UmsuinTesuazaiunay Uinsaulsusaudeetuls

Uy ﬂﬂw?:fﬂ GRIAGH

i dna (genus) ¥ (species) au N30y

1 Genotrigona Genotrigona thoracica (Smith) - - v
2 Tetragonilla Tetragonilla collina (Smith) v v v
3 Tetragonula Tetragonula fascobalteata (Cameron) - v v
4  Tetragonula Tetragonula dresheri (Schwarz) - - v
5  Tetragonula Tetragonula pegdeni (Schwarz) v v v
6 Tetrigona Tetrigona apicalis (Smith) - v v

O |

U 14 adui 1 unsax - Iquigu 2560 MTATNYATNIZITU 6

Volume 14 Number 1 JANUARY- JUNE 2017



1.3 ngfinssueen-inselsedniu
T. fascobalteata 3uaanianyslunaudn
dlefinnudurewasdaus 1,100 dndiaaUszana
6.30-8.00 u. (Buagiuaniweinia) uaziranuann
Frlumsuibufledarnuidurecuas 80 &nd 1aan
Useanas 18.00- 18.30 u. lutufifdunndulssazidngs
wmﬂﬁadauﬁﬂu%mﬂLLaxﬁlsaaﬂmﬂ%'dﬁﬂﬂ%dLﬂaNu
ngannLazGallnuUdNvesasINndT 100 and u
semireudulssdnlng dudhisliesnaindadniiled
AT UEITTS AL 80%
1.4 dngvaadulss
ﬁmgnaimmafwmm (Monomorium spp.) kag
unasiuany (Hermetia illucens L.) woutdnluanala
wazaluihisagluss vilihiauasnasaonliiyaide
desnidordunisifumgliiulasieds dauuaung
(Oecophylla  smaragdina  Fabr.) azsia (Vespid
spp.) ﬂaaﬁﬂé’u%’ukaﬁﬁuagﬁnmwﬁﬁqL?;Jua’mws

' o

dudniduq 1Wu 3930 AR ASAN AU ABEANTU

Fulsenduegusauuing druuniuuuasazlaviu

'
=

YaueAdunaunonlduINNINUSIAUNLNS

2. msanwviadulsslusssuvfnazsiauasivenen
Brnlaeseulsidoudodulse
2.1 MsTIUTILAzATRaeUeriinvasiulsty

5350 Tuiudidnvine 3 wiedandeannldfunis
JuduToinermransaingidorvignudulss a
aqaﬁa Genotrigona, Tetragonilla, Tetragonula Wa¥
Tetricona 37w 6 vilaludulssvuinian 2 sdade
Tetragonula pegdeni, Tetragonula fascobalteata
gilafiflvuianarswu 3 ¥ilafe Tetragonilla collina,
Tetrigona apicalis, Tetragonula dresheri waztdu
%Juiiwmﬂslwqj 1 wlinflo Genotrigona thoracica Tu
AUHAUNUIN 6 29 (15197 2)

2.2 Mmadrsaviafivnon luiuiisoulsadeu
Boetulsane 3 wids vdnvemduduieinetmans
ntmuinsUiliinuivnentuuinalimneiau 31 294
50 viin dulvgiduiugliveau Tudmsiniesny
18 23 26 il dwlugduivununaninldineay uay
Tuguwannu 33 1d 59 viin dwlug Juiinasugia

o o

Uil 14 aliuil 1 unau - Squiey 2560

flwnaniiounnedafinuanduiisiidulsadesdilonia
vivenslyd Aunaseenlsl waziumnuaanliidngs

aAUsIENaN15IY

miLg?N‘ffuIiﬂ Tetragonula fascobalteata
Tuiuinfiauuaneisiu 3 wisdanng 4 Jsenis
vy Ademasevminsudeeiifiutunieanadie
1) Anglusssumd auuni 7. fascobalteata
Dudlseladfiidenads @uin, 2551) usnuindulse
dedluaiunanisdsly 18 Sawnnnirluusnadivne
wuuaztngiingos awndAyAednslusITuYId
n1sfnwinfaiinudng 2 nquie Fulsdlusssuens
ImaLawwzﬁ'j’ulsnﬂwﬁmﬁaagiavkqL'%'a‘u zigiany
%’uiinlﬁmﬁvﬁ'mmgiwﬂ R RRUFGRFPEED LR
Tusssuvnaluaiunaunudulss 6 slindnuiu 41
98l Genotrigona thoracica, Tetragonula dresheri
$1uau 11 $ats 2 wdanvlufuimduin (@uin,
2557) wu:iﬂulﬁaw,wﬂ%’uisaLgmazgﬂqﬂimmalﬂ
wnsliulsadesinenissluuazda Tetragonula

=

dresheri \iugsondefiastulsudnsogsrosnieds
Hreoenluvindslusssuvuiy Selnaderminds
Bosluaunauiounsniiuiuiisadnidos (1.67 nw)
dledsuiflsuruiudsdudimeauidwinieds
WU (36.67 n¥u) wanisdrsialudmeiay
wutulsstnu Tetragonula pegdeni $1uau 3 Sudu
yiaflaiffdedniuddadinmsgnsuvesiulsaiss
Ao T IuINTulsITINEIUaNaY #1990
‘fmﬁﬂ’i”qL?ﬁymiuﬂwwﬁ’mi'%Lﬁw’ﬁummdw (135.00
n$u) iesanlsifnsgnsandulsdlusssunadadu
wiafilififdefnasn
#ngdnnauiduussianiiueuiinluiuems
avaunardlinglufeiulsndsaduanmelinneluss
Andeqaun3svinliiAnnisynidsvestnfeniglus
Tgud wairvu (Monomorium spp.) kazluasiuang
(Hermetia illucens L.) wuasiuangenaaginelaline
Suiloseuiineananlgasranudiluiuemnsnely
SageaNUNIINNLANIBUDNTI NSANYIVBIUNITY
waneviunuLLan 2 siadnrianefetulsatuiy

(8eywd, 2556; auiln, 2557)

AMIFANYATNISIT 7

Volume 14 Number 1 JANUARY- JUNE 2017



2) mmwmﬂﬁuﬁmﬂuaaﬁuﬁ‘ﬁﬁuﬁﬂmmdqmms
LLauL‘UuLmaqmalwaaimasauimsau Lﬂuﬁmamﬂm
ot anidefiilnasenisifiunioanvesimindades
Wosndulsassazanuazeenluueniaiiofiuemis
Adutunasimuaneenliivazenddsidng msides
Fauoud 2 @lunaw) i 3 Kudinsinsisswing
Fosznuinimindeiiatusgiesang Uadedeny
UszmsuilsAennuvarnyiavesiugiivaendiegseu
Tsadoudsilenmadufivemswazunaafvensldves
Fulsados Wesmniulsdidduivomsanaenlilag
Lidonadnvosnanlddufudenniwssdulse
nsAnwiinfivemsvesiidulssssesas Tetragonula
laeviceps e 60 il 31 19A W Duliina Wudn Aals
Winonlsiusysu Sty WiEudu 1501 wazaaiifie
Wuemsvestulsannnii 60 viia Ussanldnalaun
Wiy &l i3y aosnes dule urazne umand Au
fans fwvn wu dudn ldaenldusedu 1wy nuing
wnnidle Undusesu Wedew venaniumuindulse
\Auinasaenlilugguisnnnitgguuidesaindulsad
ANusifesn1sa1senmsiaglaniglusaulunisinaly
wagn15Laseyvedigeu wazinuensldlugaruunnndi
oudadormndndudeddondianesmiedeunanss
Hosuthuy (v, 2549)

3) msiisilunnlussaz uasiinarnenisoeniiu
pimsuazenslduestulssdnunn@ndaiunate g Tu
IﬂﬂLQW’]Z%ﬂLgﬁlﬂmﬁ] sznuifidminanaaiiosn
Tuiuiiilunndulsnssauzauaslidusonluifivomis
wngeldnanssuniglusanasAenisas1veansioau
iiolfindrunulssnnsvusifofuiulsmndaniely
Seferan1somsdusudalesnienesldenmsasas
melugadmuinseuinsaasadosdulsdud 2558
ﬁuﬁmmaaaﬁﬂumn%&Lwil,ﬁauﬁqmsm NumNUIUNANSDS
anutnrauAiFounsngau- Surau dniniunadets
3 fufanawidevsinarduanasimdniadsveds
Aoafiutuiiosandulssuseninianssuldauuni
YenaINTuANTuduiMETnason1se0n9 N Taue s
Fulsauiy msfnmadsinuindulseenanduiled
ATUELTNETEIINe 50-82% witaglaimudulsaog
venfuiloussorniaiinnududuinguinnin 82%
auiln (2557) nuirdulssdusenainieuiniige
dleanmussernafinanududuing 67.5-71.5% 9

Uil 14 aliuil 1 unau - Squiey 2560

9aunNATENING 30-31 BeAngaldyd 31nn13UUAN

q
v

Joyarareananidluneut LLazL%%ﬂumauLs‘jwaa
%’uimammmlulmﬂuﬂ%amﬂwu,m muaaﬂumm
wmammu,a AMLTUELTNS uonainUsuaiey
LavauTuduimseisninanonisideensives
FUlsaaIANUNYDILaiNaRDN1SII188N 599

8) fadpeTiuonundedwlosiuinsadasad
Frgou Lot uiuussnstridulsssusay
melutanniy faudiudnfafuiuiiensieaou
melufanuinhvinafoutouaduwesndueadin
gou dudoud 1- 4 aglimunduemsiadidluudag
wuguemsfignénemnaniudy Ssflifisadniesiile
Wisuffurnevesnguieadsoou aunsyiameiioud
5 wfifhafivomsiintudeny

A3UNan15398

1. miL?:EN‘BJuIN Tetragonula fascobalteata
Tuituitsinaiu 3 ure ImaﬁmﬁwmﬁﬂﬁuLﬁymﬂu@uéﬂ%’m
dlodeddauiafioud 12 nundudedithudneds
dindurtsluiuiithmeay dmginges auwaw e
WinFU 373.33, 343.33, 235.00 n3u auddu e
WisuisuauLanaenuIludiinuuanetse el
Todfoynneadfvisesu .05 WA5ENINeNSLEE IR
Weudl 2- 11 @ureu- Suran) nanisiSeudieu
nwuidianuuanaegdtydfynisadnynsiou

2. wudulsslusssumnseulsedeuasetulss
Tutmeiau ﬂwwﬁms’aa WAZEIUNFNNU 4 dNA 6
wilpfie Genotrigona thoracica, Tetragonilla collina,
Tetragonula pegdeni, T. dresheri, T. fascobalteata
way Tetricona apicalis wazivmenlulgeiauny 31
29 50 afinTngtingoswy 18 2 26 wfia wavaiu
Hauny 33 29 59 wia Awneniieunnuieiloniadu
unasensuazuva s uenslivestulsalusssuminay
Fulsades

AnAnIsNUsENA

YOVBUAMNNINGIE8 TN a9 T L
dnassnuannyuni1sive sa.ns.anin yyiinlaln
Auugihmsdifunuiazyarafifsdesnviiudy
oehagely o Tomadl

AMIFANYATNISIT 8

Volume 14 Number 1 JANUARY- JUNE 2017



L@NE1591999

0 BuLel. 2549. AuaInranevesTiatuls (Apidae : Trigona spp. k8 Hypotrigona spp.) e
woRnssumsiveslinnsssurilulassnmavewigll 72 wsswamnseduneneindl fmin
NQYALYS. MeINUsIMEIMansumUngin a1u3nfgivnel unIne1aenuaseans.

SUNT FAINUIYEYN. 2543, Tneingiazaunainviavestulssluadaniagedml. Inemans
WNUT LNEASANERS (@1913YINNINeN) unInedeidedlv.

'
o [ a

WA Tuutegaasey, Syatiu 9930308, NuanIal Yen1as, 1At Ainsuwn, 11d Seswd wag wasduns
whenatl. 2547, arumvaneiiauaruaterdoresiulsduiufiundnwiugdniindudm fmia
ANY3. NIATIIAERS U InendeuLsens 1(1): 63-74.

audln ygyifin. 2551. mstanssiHsaaiofiudnen musmandamamanees. (laldRRui Menumside

Lasunuaanyunsidandiinnuasenssunsidewiani, UsedrUaudssana 2551

. 2557.N15688RUATTULTY. AT WATINENSETIUAMKA. 452 nid.

_ . 2558 synsadsudulssludseimalng. nJavme : i Inendesiuauns. 135 wi.

auiln ygyiin wazagausnid Autn. 2553, Anweunsuistutulsslunialdvessemelng. M3ansidy
FINALMS 12 (2): 1-24.

Syvd wnanay. 2556, ariassddalse. Useyusnil : U3 vi3Uita n§U daifa. 27 wih.

Boongrid, S. 1992. Biological Studies of Stingless Bees, Trigona laeviceps Smith and Its Role in
Pollination of Durian, Durio zibethinus L. Cultivar Chanee. Ph.D. Dissertation in Entomology,
Kasetsart University.

Rasmussen, C. and Cameron, S. A. 2010. Global stingless bee phylogeny supports Ancient
divergence, vicariance, and long distance dispersal. Biol. J. Linn. Soc. 99: 206-232.

Sakagami, S.F., Ohgushi, R. and Roubix, D.W. 1990. Natural history of social wasps and bee in
equatorial Sumatra. Sapporo : Hokkaido University Press. 274 pp.

U 14 adui 1 unsiau - Tquey 2560 FEINYATNIZITU 9

Volume 14 Number 1 JANUARY- JUNE 2017



UNANUIY

N1SL3YLAULR NANEAN DIAUTENIUNANGN LATANTBAZNULAY
sanisvntlugieiugauanvesinanulies

a a1 o a 2% Y 3
NEYEF UILUBY d1378Y WY wazwanilva IUNSYAT

‘mvivumelulaiininaves auzmaluladnisinyms unanensesIvAuIEISAIN 8. 189 9. uEITAIN 44000
‘arndvunvasmans aazmaluladmsinues winetdesvigumasa o. ee 9. umarsaIy 44000
“mwivnaluladmamsidedn il aasmaluladnisinwns uninerdesespumiaisni o. ies
9. 4§13 44000

UNANED

s & Jao ¢ A = a a a I3 a v o &
NUITLATITIngUsEasd Ao 1) Wafnwinsasyiule Handin uazeddusenauNandnvesdIfiugiuiles
Tuanliivintduwagluanmuniilugisiugguan 2) Weussludnwaenmuudwesiiiuiudiosunsaeiug

ua 3) iomanuduitusvessandnfudnuarnmamuudmosimiugiuiios 1aununnasauuy Split Plot in CRD
$1uam 4 91 Tneruuelst Main-plot e anmnslsiiuni (dvaa) LLazamwﬂﬁmmfﬂuﬁzmﬁuz:mﬂgﬂ uae
Sub-plot #o F1aituidiesuazdnaiugiuisudiou S1ua 25 anewus Inetufinteyanisadyiuladuaiugs
AMILANND SIUIUTIGDND TINULEAR Wazluanay 1amtin 1,000 wia tvdnwde thveinnnewds suidfuiien
Snwarnsihumeddy dnvarlune arwamnsolumsitudandslith wasdrdinsmuuds :nnisnwmudn 41
fudiosaeiugine fgnluannlinathuarluaninamirdisiugguaniinarilinmaaiydivia wandn way
peFUsEnaUNaNAALANATL TdludnumAugs Sutundedens Swiusasdena Suaulwdasesas tndn
1,000 widn nandntwiinude twinsnuis usedelifufer Snuiudlesdiugnluanwliiunfudliue
wAntvEnwAnuniian ldun fuswiani funes wdesygan Sto wazdiine audidy Geiiugiudos
fananilnandnliunnsdluandiniusininenugd 105 uas o 6 luasidraiusiudlesiivgnluaniwaint
Tursuggugnitugdmlinanamimiinudeuniian Wud 41900 wmn wiand uae Sties auddy udnandn
Friusienanlsiunnsrslunniusumnenuzd 105 way na 6 Tiusiudlesionmi-lutasiuggugnlsifa
uansnsiuludnunznismuudsisdnemensihureddy dnwarlune anuaunsalunisiufindddii wassd
nsnuuds eghslsfnmdiugilinandngdluaninuinthdisiugguanas fuiiuiddsinuudsvesnands
(huiinidn) wardvinuudeesthwinsnuidiags

v
(% o

AdfRY : TG N1SIRSIAULe HaKE DIAUTENOUNANER UALINYMENITNULEN

* v ya . .
Qmau‘mmmma: E-mail: sumranp@gmail.com
U0 14 atud 1 unsrau - fquieu 2560 IESNEAIWIEIIM 10

Volume 14 Number 1 JANUARY- JUNE 2017



Growth, yield, yield components and drought tolerant traits to

early season drought conditions of local rice varieties
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Abstract

The objective of this study were to 1) investigate growth, yield and yield components of
indigenous rice accessions under well-watered conditions and early season drought conditions, 2) to
evaluate local rice varieties for early drought tolerance and 3) estimate correlations between grain yield
with traits related to drought tolerance of local rice varieties. A split plot design with completely
randomized arrangement of the treatments with four replications was used. Well-watered treatment and
early season drought treatment were assigned in main plots and 25 accessions of indigenous rice were
arranged in sub plots. Data were recorded for plant height, number of tillers, number of panicles, number
of filled grains, number of un-filled grains, 1,000-grain weight, grain weight, dry straw weight, harvest index,
leaf rolling, leaf senescence, ability to recover after re-watering and drought tolerance index. Indigenous
rice accessions were significantly different for growth, yield, yield components, plant height, number of
tillers, number of panicles, number of grains, 1,000-grain weight, grain weight, dry root weight and harvest
index under well-watered condition and early season drought condition. Wid Nee, Hin Kong, Lueng Boon
Ma, E-Noi and Kaw Dore had the highest grain weight in respective orders under well-watered condition.
These accessions had not different grain yield from KDML 105 and RD6 under well-watered condition,
whereas Kaw Dore, Nang Hok, Wid Nee and E-Noi had the highest grain dry weight in respective orders
under early season drought condition, but they also has no different grain yield than did KDML 105 and RD
6. The indigenous rice accessions were not different for drought resistance under early season drought
condition as indicated by the differences in leaf rolling, leaf senescence, ability to recover after the water
supply and drought tolerance index (DTI) under drought condition. However, the high-yielding rice varieties
under early season drought condition had DTl for grain weight and DTI for root dry weight.

Keywords: Indigenous Rice, Growth, Yield, Yield Components and Traits Related to Drought Tolerance
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e 3.3 5.0 3.5 7.0 35 0.6 0.8 0.9
futneg 3.3 5.0 3.5 7.0 4.0 1.0 1.0 0.8
HLA 3.5 4.8 4.0 6.5 35 0.9 0.9 1.5
URHEN 3.8 5.0 4.0 7.0 4.0 1.0 0.8 1.2
Fuiuduna 3.8 5.0 4.5 7.0 4.0 1.0 0.9 1.2
4108 3.3 5.0 3.5 7.0 35 1.1 0.8 1.1
unug 3.5 5.0 35 7.0 4.5 0.7 0.7 0.8
#uUneg 3.3 4.8 35 6.5 3.5 0.7 0.8 1.3
UNUN 3.0 5.0 2.5 7.0 4.0 1.1 1.0 1.0
noLfY? 3.5 4.8 4.0 6.5 4.5 0.8 0.8 0.9
WRaayaan 4.0 4.8 4.5 6.5 3.5 0.9 0.8 1.3
MoUENS 3.8 5.0 4.0 7.0 3.5 0.8 0.8 0.6
fileamans 4.0 4.5 5.0 6.0 4.5 0.8 0.6 0.8
Y1IAdNULd 105 3.8 5.0 a5 7.0 35 0.9 1.0 1.0
nv 6 3.8 5.0 4.5 6.5 35 0.7 0.8 1.0
Correlation (r)l/ -0.09 0.23* -0.08 0.24* -0.37** 0.37** 0.12 0.26*
F-test ns ns ns ns ns ns ns ns
CV. (%) 18.6 7.01 34.7 10.5 25.6 31.7 26.4 27.0
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Effect of supplementation Thai fairy shrimp (Branchinella thailandensis) on

growth and coloration of gold fish (Carassius auratus)

Chongdee Srinoparatawatana Jamree Krueahong* and Surapee Prachumpon

Faculty of Agricultural Technology and Industrial Technology, Department of Agricultural Technology,
Nakhon Sawan Rajabhat University, Muang district, Nakhon Sawan 60000.

Abstract

The experiment was carried out to determine the effect of Thai fairy shrimp (Branchinella
thailandensis) supplementation on growth and coloration of Gold fish (Carassius auratus). The
experimental design was Completely Randomized Design (CRD). There were 4 treatments with 3
replications each: 1) fed on commercial diet (control; CD), 2) CD and 30% of fresh Thai fairy shrimp (FTF),
3) CD and freeze Thai fairy shrimp (FRTF), 4) CD and fresh Thai fairy shrimp 15% and freeze Thai fairy
shrimp 15% (FFTF). Goldfish were cultured in a fiberglass tank 50 L, 5 fish/ tank, fish were fed 3% BW, The
experiment was carried out for 2 months. The Skin pigmentation of Goldfish was measured by using
chromameter with the system CIE L*a*b* (CIE LAB). The results showed growth of goldfish did not within
all treatments (P>0.05). Gold fish fed on FTF and FFTF shown the highest significant (P<0.05) brightness
(L*) and yellowness (b*), whereas red (a*) no significant difference (P>0.05). The results indicated that
supplementation of FTF and FFTF improved skin color and have not an adverse effect on growth
performance of gold fish.

Keywords: Thai Fairy Shrimp, Gold Fish, Growth and Color
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Table 1 Growth (mean+SD) of gold fish (Carassius auratus) fed difference feed for 2 months; n=3

Feed
Parameter Commercial Y 1/
FRTF FFTF
(Control)
Initial weight (g) 14.50+0.30 14.50+0.30 14.50+0.30 14.50+0.30
Initial length (cm) 13.31+0.65 13.31+0.65 13.31+0.65 13.31+0.65
final weight (g) 23.14+2.42 23.40+0.98 21.07+£1.73 22.81+0.95
final length (cm) 14.90+0.36 14.97+0.46 14.75+0.27 14.79+0.15
ADG (g)/day 0.144+0.040 0.148+0.017 0.110+0.029 0.139+0.016
Growth rate/day (cm) 0.027+0.006 0.028+0.008 0.024+0.004 0.025+0.003
SGR (%/day) 0.773+0.172 0.797+0.067 0.620+0.139 0.753+0.067
Survival rate (%) 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00

YFTF = commercial+30 % of fresh Thai fairy shrimp, FRTF = commercial+30 % freeze Thai fairy shrimp

FFTF = commercial+15% fresh and 15% freeze Thai fairy shrimp

ANULTNEVBIUAINBY ATANEATIS (L) USLIM
Aiwesames Wadsalunan 2 Weu wudiay
AN9NAY 52.72+3.23, 64.62+1.00, 57.90+1.66 Uaz
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Table 2 Skin Color of Gold fish (Carassius auratus) fed difference feed for 2 months (mean+SD); n=6

Colorl/
Feed
Brightness (L¥) Redness (a*) Yellowness (b*)
Commerdial (Control) 52.72+3.23° 25.85+4.60° 36.97+4.12
FTF 64.62+1.00° 25.04+3.03° 43.52+1.95°
FRTF 57.90+1.66 23.57+0.75° 36.64+0.31"
FFTF’ 63.11+2.75° 27.94+4.19° 43.91+4.93°

“Different letters in the same colurnn show significantly different (P<0.05)

“FTF = commercial+30 % of fresh Thai fairy shrimp, FRTF = commercial+30 % freeze Thai fairy shrimp

FFTF = commercial+15% fresh and 15% freeze Thai fairy shrimp
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Evaluation of yield and agronomic traits of sugarcane elite line under rain-fed

conditions in the Northeastern Thailand
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lDe,oortment of Plant Science and Agricultural Resources, Faculty of Agriculture, KhonKaen University,
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40002

Abstract

Currently, there are a few sugarcane cultivars which use in sugarcane production system of

Northeastern Thailand. If a new disease and unpredictable environment occurrences, it may significantly
affect sugarcane productivity. Therefore, it is necessary to provide an elite line that performs appropriate
adaptation to cane production system in Northeastern Thailand. Thus the objective of this experiment was
to evaluation of yield and agronomic traits of sugarcane elite line under rain-fed conditions in
Northeastern Thailand. The experiment was conducted at two locations in Udon Thani and Khon Kaen
province. This investigation was laid out in RCBD with four replications. Seventeen sugarcane lines were
used as treatments, such as KKU99-01, KKU99-02, KKU99-03, KKU99-06, KK06-419, KK06-501, CSBO7-79,
CSB07-219, UT84-12, UT84-13, MPT02-187, MPT02-458, TBy28-1211, Kps01-12 and TBy28-0941, and two
check cultivars as KK3 and K88-92. Yield, sugar yield, yield components (millable cane and cane weight)
and agronomic traits (cane height, stalk diameter, number of internodes and green leave and dry leave
numbers) were collected at 12 months after planting. The sugarcane lines such as Kps01-12 (19.86 t/rai
and 2.49 tCCS./rai) and KKU99-03 (19.18 t/rai and 1.86 tCCS./rai) can be using in this sugarcane production
system which revealing a high yield, and these were no significant difference with checked cultivars.
Moreover, different sugarcane elite lines were appropriate with different soil conditions as soil texture and
fertility. Kps01-12, MPT02-187, KKU99-02 and KKU99-03 were identified that appropriate to low fertility and
sandy soil, and TBy28-0941 was suitable for loamy sand. In addition, the correlations between cane yield
and the surrogate traits such as cane hieght, stalk weight and millable cane were positive significant. So,

these traits are able to contribute to high yield in this sugarcane production system.

Keywords: Cane Yield, Sugar Yield, Millable Cane, Stalk Weight and Stalk Diameter
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A151991 3 wan1susziuduiuaidels Handndes uasNandnUInNa vedey 17  Wug vinsugnnaaeuluy 2
anmuandeu Melaunedeuiiudl 9.1usanies oluuare1n 2.903911 wag »ludlos a.dlee 2. 90UwNY

uanals @/ls)

wananaae (fu/ls)

waNaAu ma (u ITed/ls)

W‘Uﬁ‘ a.ﬂauuﬁu il.q@]iﬁ’lﬁ ﬂ.%uu,riu ‘Q.Qﬂiﬁﬁﬁ ﬁ].’UauLLﬂl‘u Q.Qﬂiﬁ‘ﬁj
TBy28-1211 7,849 d-f 7871  def 1571 f 18.20 def 149 of 195 d-g
TBy28-0941 9,632 a 10,788 a 17.09  bf 2592 a 144  ef 251  abc
Kps01-12 8340 b-e 7,030 fg 1943  ab 2029 cde 233 a 265 a
KK3 8,255 b-e 9371 b 1762 af 2236 abc 197 b 257 ab
MPT02-458 7,647 ef 7,235  efg 1690 cf 1599 f 184  bc 196 dsg
MPT02-187 9,414 ab 6,508 g 1934 abc 1815 def 160 cf 1.65 ¢h
K88-92 9,126 abc 8,879 bc 1959 a 2449 ab 161 of 222 cde
UT84-12 8,585 a-e 7,038 fg 16.68 def  17.68 ef 141 f 156 h
UT84-13 7915 of 9,136 b 1583 ef 21.72  bcd 1.82  bcd 229  bcd
CSBO7-79 8,303 b-e 7,887  def 1583 f 1515 f 098 ¢ 119 i
CSB07-219 6,934 f 7,379  efg 1740  af 1845 cf 168 cde 177 fgh
KK06-419 8957 ad 9,068 bc 1746 af 17.99  def 171 cde 181 fgh
KK06-501 8553 a-e 8,687 bcd 1630 def 1725 ef 162 cf 192 d-h
KKU99-01 8236 b-e 8,644 bcd 1739  af 1868 cf 163 cf 189 e-h
KKU99-02 6,876 f 7,053 fg 1841 ad 2091 b-e 161 f 192 d-h
KKU99-03 9,614 a 8,121 cde 1829 a-e 20.07 ce 1.71 cde 202 def
KKU99-06 7,430 ef 9212 b 16.66 def 2071 b-e 1.55  def 199 dsg

Mean 8,333 8,230 17.41 19.65 1.65 1.99

Fotest . s s x x -t

CV (%) 8.78 7.12 8.20 7.02 9.74 10.93

NEWA ** Ianuuaneed1ailledAtygamneatiain p < 0.01

AaaeiisnesniliounulureduidifeniuliunnssiunaifiUssuiisuaaielng?d DMRT 9 p < 0.05
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A15199 4 HansUTEuMENG ANNEET LazruIeaauYeseey 17 wusluanmAunsie a.luidles ol 4.
Youwny wag luanmiunseuusiu f.vuednes 8. luuagen 2.9a5511

U winanau (hn.)

v — v
A48 (al.) WUNTUAUENANAINY (YY.)

"R 2. U9UKNY 2. A5l 2. U9UKNY 2.905571 9. 99UNY 2.905571
TBy28-1211 2.00 def 231 d-g 21338 f 264.2 d 3.24  bc 294
TBy28-0941 189 f 240 b-g 267.04 a-e 2951 ad 288 ¢ 3.37
Kps01-12 233 bc 289 ab 27263 ad 3080 ad 320 bc 3.16
KK3 214 cf 239  b-g 264.88 b-e 307.7 ad 305 ¢ 3.09
MPTO02-458 221 cde 221 efg 27892 ad 2977 ad 3.13  bc 2.85
MPTO02-187 205 cf 2.79 abc 249.00 de 300.6 ad 3.10 bc 3.28
K88-92 215 cf 276 ad 279.46  abc 313.7 abc 3.10 bc 3.18
uTsa-12 1.95 def 251 a-e 240.63 e 296.6 ad 307 c 3.16
uTs4-13 2.00 def 237 b-g 28725 ab 3388 a 302 c 3.23
CSBO7-79 191 ef 192 ¢ 286.88 ab 2819 d 3.11 bc 297
CSB07-219 251 ab 250 a-e 296.79 a 3282 ab 302 c 3.17
KK06-419 1.95 def 199 fg 268.72 a-e 2914  ad 295 ¢ 2.85
KK06-501 191 ef 199 fg 256.54 cde 299.5 ad 299 ¢ 2.87
KKU99-01 211 of 216 efg 24242 e 270.7 d 343 ab 3.21
KKU99-02 268 a 297 a 252.13 cde 2930 ad 366 a 3.09
KKU99-03 1.93  def 247  af 270.05 a-e 3005 ad 291 ¢ 3.19
KKU99-06 224 bcd 225 d-g 27372 ad 290.7  bcd 320 bc 3.19
Mean 212 2.40 298.56 298.77 3.12 3.11
Fotest . . x * o s
CV (%) 8.66 12.41 8.56 8.66 6.76 8.63

nuewe ¥ danuuandsegliduddgmieatian p < 0.05 uag p < 0.01 Ay

ns LifAnuuanenmieana

Anadefilidnwswilouiuluredulideriuldunnssiunmsaiaussufisuaaaslneis DMRT A p < 0.05

J1uuUdes wudiug TBy28-0941, UT84-
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Tuvauefifiug TBy28-1211, KK3, K88-92, CSBOT-79,
CSB07-219, KK06-419 uag KKU99-02 viFnaaanizlu
wasdl 9. veuuAy wagiiug MPT02-187 qﬂuwaﬁ Q.
an3511 dmdiuluan wuiniug KKU99-01 fiduiu
Tuanga 1 2 uias dausiug TBy28-1211 CSBOT- 79
uaz CSB07-219 Trirgaiamzlunuasil 2. veunny us
Wug Kps01-12 uaz UT84-12 gatanizlunuasil 9.
9n 3511 Twnluunis wudiug TBy28-0941 way
CSBO7-79 TiFngavia 2 utas (n31sdl 5)

devsziiunnuiiafiosnmuesiugdeslag
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annuindeuluniangueanidvanilevessey 17
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A19199 5 Han1sUseinduiuldes Snuluaswazinuiuluwisedivedes 17 wug luan mdunse 2.veusiu wazly
annAunseusIu 2.905571

Tius Murulanenoan Twaluannany Twanluursnonu

., 2.U9UKNY 2.905514 2. U9UKNY 2.905571 2. UUuNY 2.905514
TBy28-1211 2650 a-d 24.63  bc 9.96 ab 542 cf 713 de 938 ¢
TBy28-0941 2738 ad 27.42  abc 7.50 def 579 cde 1721 a 12.88 ab
Kps01-12 2588 d 2646 bc 717 f 6.59 abc 6.96 de 6.29 de
KK3 2696 ad 26.79  bc 8.46 b-f 434 f 500 e 5.08 e
MPT02-458 2583 cd 26.46  bc 9.00 ad 471  ef 1271 ¢ 1113 bc
MPTO02-187 26.46  bcd 27.00 abc 8.79 Db-f 6.04  b-e 7.09 de 875 dd
K88-92 2763 a-d 26.50 bc 8.67 b-f 546 cf 842 d 8.88 «d
uTsa-12 29.21 ab 3042 a 8.83 b-e 717 ab 1196 c 11.58 bc
uTea-13 2442 d 2492  bc 730 ef 438 f 592 de 588 de
CSBO7-79 28.29 abc 2579  bc 9.29 abc 529 cf 15.71 ab 1454 a
CSBO7-219 27.08 a-d 26.46  bc 9.37 ab 4.96 def 13.42  bc 10.00 bc
KKO06-419 2750 a-d 26.04  bc 771 cf 5.13  def 1133 ¢ 9.46 ¢
KK06-501 2694  a-d 27.13  abc 767 cf 592 b-e 1138 ¢ 975 ¢
KKU99-01 26.29  bcd 2513  bc 10.59 a 767 a 6.58 de 8.75 «cd
KKU99-02 26.71  a-d 2433 ¢ 8.96 b-e 6.33  bcd 746 de 10.00 bc
KKU99-03 28.89 abc 2821 ab 8.42 b-f 562 cf 13.83 bc 11.21  bc
KKU99-06 29.718 a 27.33  abc 8.38 b-f 5.04 def 1280 ¢ 11.00 bc
Mean 27 27 9 6 10 10
Ftest * * . . . .
CV (%) 6.81 7.67 10.83 14.48 16.86 18.68

MR *** IAuuansiseg1alledAy8amneadifin p < 0.05 wag p < 0.01 Aua1AY
' a dao ::4 9 v ¢ o ' o aa A = ' a e~ )
Anadeisnusmdeuniluredmiiferiuliwnnssiunainuisuiisuaaislagds DMRT 1 p < 0.05

M19199 6 AranduiusIEnINENYTNaNARLaYIAUTENOUTDINANEN DY 17 UG

Pudwiels  wawdndey  wandeena  dwidngr  enmend  Wukugud wiuddes  dmnuluan

nAANAY
HaNAndoY 0.44%*
NANAATANA 0.21 0.74%*
g 0.48% 0.56%* 0.51%
AU -0.06 0.46** 0.48** 0.50%*
urhugudnansddy 018 0.36** 0.13 0.48** -0.09
F1uuldes 0.08 -0.06 -0.28 -0.11 -0.12 0.04
Fruuluan -0.11 -0.39* -0.49** -0.26 -0.71%* 0.22 0.25
Frunuluwia 0.07 -0.28 -0.53** -0.29 0.01 -0.33 0.40%* 0.09
vneme *** SanuuansnegneifuddyBmneadaf p < 0.05 uag p < 0.01 suad
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Efficiency of Wood Vinegar from Coconut Shell to Anti-fungal
on Para Rubber Sheet

Komsan Namtaku*

Department of Science and Technology, Faculty of Liberal arts and Science, Kalasin University,
Kalasin 46230

Abstract

Contamination of fungus on the para rubber sheet affect to the rubber prices lower. Identification
of the fungus, the anti-fungal activity of wood vinegar and quantitative analysis of the phenolic compound
were used to study of anti-fungal agent in para rubber sheet’s production of the farmers at Ban Phon,
Phon subdistrict, Kham Muang district, Kalasin province. By collecting fungus from para rubber sheet,
cultivation, purification and identification. Wood vinegars from coconut shell was used for analyze of
phenolic compounds and pH values. The wood vinegar from coconut shell in the ratio 1: 100 was used
to get rid the fungus on the para rubber sheet. The results showed that there are two kinds of fungi on
the para rubber sheet; Penicillium sp., a green fungus and Aspergillus sp., a black fungus. The gallic acid
concentration in wood vinegar from coconut shell was 129.72 ppm. Wood vinegar from coconut shell had
effect to a green fungus death average 2.73+0.46 days and a black fungus death average 3.73+0.46 days.

Keywords: Phenolic Compound, Wood Vinegar, Anti-fungal Agent and Para Rubber Sheet
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Soil Preparation and Fertilizer Management on Growth, Yield and Economic

Return of Cassava Variety Kasetsart 50 Production

Benjapon Kunlanit* and Yuttana Muensri

Department of Agricultural Technology, Faculty of Technology, Mahasarakham University,
Kantarawichai District, Maha Sarakham 44150, Thailand

Abstract

The objective of this study was to investigate soil preparation and fertilizer management on
growth and vyield of cassava variety Kasetsart 50. The experimental design was a 2X2 factorial in a
randomized completed block. There were 4 treatments, including 2 types of soil tillage and 2 types of
fertilizer management, and 3 replications namely 1) ridge tillage +chemical fertilizer formula 15-15-15 at
the rate of 50 kg/rai, 2) ridge tillage +chemical fertilizer formula 15-15-15 at the rate of 50 kg/rai and cattle
manure (cow manure) 1,000 kg/rai, 3) non-ridge tillage +chemical fertilizer formula 15-15-15 at the rate of
50 kg/rai, and 4) non-ridge tillage +chemical fertilizer formula 15-15-15 at the rate of 50 kg/rai and cattle
manure 1,000 kg/rai. The study was carried out at the beginning of May 2015 in sandy loam upland soil in
the Sao Lao sub-district, Nong Kung Si district, Kalasin province. The results showed that the growth
components of cassava in all treatments (i.e. plant height, branches/stem, above ground dry weight) were
not significantly different. When considering the yield components, the ridge tillage +chemical fertilizer
formula 15-15-15 at the rate of 50 ke¢/rai and cattle manure 1,000 kg/rai treatment showed a trend in
higher fresh tuber yield (12,098 kg/rai) and economic return over fertilizer cost (22,184 THB/rai) than all
other treatments used in the study.

Keywords: Cattle Manure, Chemical Fertilizer, Cassava Variety Kasetsart 50 and Economic Return
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Fudusenisaduyivlavesiin Hrelmlassadsesiud
Feulnsunduunidu lasAudildsunislddeasn
adanosnduiufivunrandenisiedaivlavesiiy

%

Ui 14 aliuil 1 unAu - quiey 2560

ylrAuszuedldd  ornadewlfazaan daei
aunuliwnidedu Wunisaamsvedrsimaneves
Aulazgiesnumtnauld (e, 2552 uag  2555)
dwduamAdeildfnviAedvinaveanisdanisielu
fudenaa lag ngugIng (2553) wuin Tddeiaiidns
48: 48: 48 nn./ls vea N, P uay K suiulddeyaty
8051 4.8 fiw/l3 Winandnivesiudendsganiild
Joinliiiie1eg19Aea8 48% waziansal uasaAne
(2547) 51891031 Mslddeyaladns 1 du/ls Swfv
udu 500 nn./l3 wazleiaiigns 15-15-15 §m91 50
nn./ls Winandnian (8.8 du./ls) aandidewniians
15-15-15 $a51 50 nn./l3 $amfududusng 500 nn./
15 Tinandnan 6.5 du/ls egralsAniuauided
Retesiumawiouiusmiunmsdansieiniuage
sunidlunisndadudUzndadaitonunn dadu
nsdnuniiadufnwinaresninadsudusiuiunsg
IN15Yeran1ATAULA ARG LagHANBUWILNIG
Wisgnaven sHandud Usndniuginunsanans 50

A5 UN15IY

1. WAUNITNAADY

MIUKNUNITNAADILUY 2x2  factorial  in
randomized complete block design (RCBD) & 4
N55133MARDS 11U 3 81 MenAaBIILAYINY
12 wihevaaes Jadefl 1 Usznausie 1) Joindl ns
50 nn/l3 wag 2) Jealldnsn 50 nn./lsuazdonen (ya
17) 9991 1,000 nn./ls wazdaded 2 Uszneudae
1) NMSM3EUAULUVENTDY WAy 2) N1sinsauAuLuuly
N304 NFSUTININADIIN]

1) snsee+Ueialigns 15-15-15 8051 50 nn./

2) snsea+deiniigns 15-15-15 §ns1 50 nn./
15 uazdemen (yadd) 9051 1,000 nn./ls

3) lensos+Jeiafians 15-15-15 §ms1 50
nn./ls

4) lwensos+Jeiafians 15-15-15 §ms1 50
nn./ls wagdemen §ms1 1,000 nn./ls
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2. JunaunsAnyuaziiudoya
nsfnwllavinnInadeuNaTeINT T TURY
wuvenseswarliensessiudunisdanisdanivasle

q
v

ABNABNITHILAUlALaENANARURIUd U s A IRUS
wnuasamans 50 lnglaugniiudvsnasludisdusiou
woun1Ax w.a. 2558 lufulsfidufusiudunsie
(sandy loam) TunUasveununins Trumsyugises o,
lEnén 0. uesNe 2.0eAUS (16 40'02.97'N; 103 21"
32.60" E) fdunsumsfine deil

1) duifiufegredudisesuanudn 0-30 wal.
neuUgniiudilgnas wuvaauiluuan 91uiu 15 9a
Tneldeaines aueer) Woulnsaudiivesiu laun
autlunsaduaiswasiu dnasuiliiivesdiu
Umnadundetagluiu lulasauioun eavesai
Hudsslond uaslnunadoniiuaniaouls nadsnng
VBN (2549)

2) nslansuazlansiuAunieuususeau
Aulvasiuave wartuulasgnuutenseuarliionies
YUIA 7 754,

3) lddapandnsn 1,000 nn./ls Tuuvamaass
lddoindl+Joaon

4) AntdenvieuiugdudiUsnaanusg
inwasmans 50 fiflauanysal wazdavieutusuuin
15-20 @u.

5) vinmsugnidudizvas lneugnudasas 6
viewiug Jegnviewiugadlulufueudnuszana 10
wa1. Tuuiluas 7 man. (Guveuidasiiuay 0.5 1)
JEUEIENIEU 1 4.

6) \ilosiudrzudseng 1 Woundsgn vl
fudgndauTuunnn Tvihnsida ey wazldle
afadl 1 Ingldtoiniigns 15-15-15 Sms1 25 nn./ld
wazidladfudnusndiongld 3 o lévhnsldtoaded
2 Wngldlaiatigns 15-15-15 8051 25 nn./ls wazqua
mMindiivnasngaugn

7) ileudvgnddld 11 ou Waneifou
WwIEU WA 2559) YIN15InANEEAY wazTuiin
Sruunuy/siu whdnddiumiionu 5 v, ileunm
ﬁmﬁﬂamdauﬁagmﬂaﬁu (Srdunarlu) 9andushng
aoulaudududiUsnasuddineniianundnniiy
azornudadaivinian Sufindruiuin/du uazte
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ANNEIT Uagyinnsduidudsndanunagnaesy
wasay 5-6 Alanfu nsfudlsudnionun 6 Gy
Bramiesidusiutls Tnetlusuduiuuicy 9
lumilesidusulislngliiniotsinsnsdiudonaz
vosudsluisiudusnas

8) MuMHanULNUaInAJY

Haneuuunaaindde (um/ls) = yarves
wanan (Um/l3) - yarle (w/ls)

9) yiinnsguiiufiegreiundaiuifeasiy
dzndafissiuanudn 0-30 vy, Tuusazulamnans
1Msrevandinaaiivesiu tawn anudunsaduy
ARy An1siliivesiu Usunadunieingly
i lulnsiouinanus veanedadiduussTowd uay
Tnuvadeufivandeuls madsnsvesias (2549)

3. MsAATIRidaYANIeEDA

AATIENNIAIAMNLYTUTIU (analysis  of
variance,  ANOVA) 984903a31ANANITANYIA1L
WHLNNSNARBILUY factorial in RCBD $1u1U 3 91 waw
\Wisuifisuaaiesieds Least Significant Difference
(LSD) Wngldlusunsudsagy Statistix 9

Nan15IuLazInTal

1. auduURvesiunaulgniud1Usnasuasusuin
smamsludenan

AuneulgnifudendsdiAinnudunsn-ag
(pH) Wiy 6.00 N3t (electrical conductivity,
EO) wiriu 1.48 dS/m  fiUSuaudunieinglufu
(organic matter, OM) ¥1AU 0.2 n./nn. AUTU
Tulasiauitonun (total N) Tufiuwiriu 0.6 n/nn.
Usuamleanesaiiluusslon] (available P) Tufiu
Wiy 0.01 n/nn. wazdSunalnunadeuiivaniudeu
18 (exchangeable K) Tufuwindu 0.3 n./nn. aunauet
nsUszifiunauiRvesfuveansuiauniinu (2553)
wud AudildAnuiduAuifinugauauysaidiunn
fiandunsaviunans wazsduduiilidy d sy
USunau N, P wag K ﬁwmiuﬂaﬂaﬂwhﬁu 10.9, 18.6
waz 1.0 n./nn. mua1au (Table 1)
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Table 1 Soil properties prior to cassava plantation and nutrient contents in cattle manure

Parameters Values
Soil pH (soil:H,0; 1:2.5) 6.00
Soil electrical conductivity (soil:H,0; 1:2.5) (dS/m) 1.48
Organic matter (g/kg) 0.2
Total nitrogen (N) in soil (g/kg) 0.6
Total nitrogen in cattle manure (g/kg) 10.9
Available phosphorus (P) in soil (g/kg) 0.01
Total P in cattle manure (g/kg) 18.6
Exchangeable potassium (K) in soil (g/kg) 0.3
Total K in cattle manure (g/kg) 1.0

Table 2 Soil properties after harvesting cassava

Treatments pH EC OM Total N Available Exchangeable
(Soil: H,O;  (Soil: H,O;  (g/kg)  (g/kg) P (g/ks) K (g/ke)
1:2.5)  1:2.5) (dS/m)

Ridee tillage +chemical fertilizer 5.38 1.38 1.9 0.7b 0.2 0.2
Ridee tillage +chemical fertilizer and cattle 5.55 1.88 22 1.2a 0.2 0.2
manure

Non-ridge tillage +chemical fertilizer 5.12 1.42 1.9 0.5b 0.2 0.2
Non-ridge tillage +chemical fertilizer and cattle 5.40 1.93 20 0.6b 0.2 0.2
manure

F-test ns ns ns * ns ns
CV (%) 3.95 22.98 1594 1442  17.27 15.06

a, b means within the same columns between treatments with different superscripts were significantly
different (p<0.05, *)
ns; not significantly different (p=0.05)

Table 3 Effects of soil preparation and fertilizer management on cassava height (cm)

Soil preparation Fertilizer management Mean

Chemical fertilizer Chemical fertilizer

+cattle manure

Ridge tillage 2.99 297 2.98
Non-ridge tillage 2.90 2.90 2.90
Mean 2.95 294

F-test

Soil preparation ns
Fertilizer management ns
Soil preparation x Fertilizer management ns
CV (%) 2.26

ns; not significantly different (p>0.05)
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2. guantRvashundaiufesiudzud

AuantRvesRundaiviiafud Uz nds
WU A1 pH, EC, Usunas OM, P iduuselewd uway K
fuaniudsuldluiulunnnssuislifinuunndnedu
Tusaigfivina N vianualufu wut nssuiBendoss
Joiailignsn 50 nn./ls wazdeman §m31 1,000 nn./bs
Tviengaiian A 1.2 n./nn. sesasnde nssuSunsec+
Jowniigns 50 nn./bs (0.7 n/nn.), n3suisluenses+
Jowpdisnsi 50 nn./ls wavdepandnsn 1,000 nn./ls
(0.6 n./nn.) waznssuIsliensos+leiaiidng 50 nn./
lsnuaneu egadtduddgnisaia (p<0.05) (Table 2)
A1 pH  lufundsanddanaslunnnssuisenadu
wszdnistalegiseaddluduiliduianudunse
Wity (pH ana) Lwiﬁm'wasﬂmmﬁlgjﬁmaﬂiwwia
mswsaiulavesity duen EC AliEsuudasiuun
Mnfudeulgnity uazAuitlénisnaassadsdogiu
anugdilaiify @S OM, N wanus way P iy
Uselomifuauludundsgnoradnainnisladeaon
wagwnlusudiuzndsfisrmauiinisdosaans
Uantdey N uay P asgiu (Uywn, 2555) waznsh
nssuTsenses+Jaialidng 50 nn/ls wazdeman dns
1,000 nn./l$ SU5u10s OM uaz N senualufugeiian
orafumsginnisladonenaslulufudunisiia
U3una OM way N aslulufu Jgyun (2552 uag 2555)
Anwdvinavesioduniglunisiluyanimiu wuin
nslilemenfinsetuluszeziaunuilinuninves
Aufninnislédeiniiegnedoiilos uazdoaondsdl
USuau N Aideuinsgedaalifivasoaulaléd ey
AuauTRvesAud duuiinu K Auaniudsuldludu
ndafuiesiudsvdanas enailosansiuduzmd
Huiiwiideinisgeld K Tuiilensadroutlssdanals
Usuna K Tuduanas

3. asAUsEnaUMUNISsYRulnvasiudUzrag
99AUTENBUAIUNITIAT UL AUTR YD 9 Y
d1UgndaUsENauMIY ANEITDIAU TIUIULUUL/AY
thwinandaufiognionu (s1uuarlu) luynnssas
TrAlluanA1siun19ad@ (p=0.05) daunssuisen
sea+Uaiadiiuunliulviniugavesiugandnnnnssuis
dmdunananthminansdusarlu wut nssuislden

O |

Uil 14 adudl 1 unsau - figuiey 2560

soa+luiadifivudldulvagandnnssuislionsess
Jowiluazlunan nssuldunses+dawndl Lasnssuisen
see+aimiluazdenan muaiu (Table 3, 4 wag 5)
msfiesruszneuiunsasaivinvesiudUzndsly
ynnssislaunndnstuiuoraiomnsnemsiilatu
ndeludnaiunisasiaesdusenauvoinanin Lyu
NNTAIA LINNIAUIAUTENDUTBINTATELAULR
youfudUznds Faunns1eannINAaBIYes Mathias
and Kabambe (2015) lovihnsfinwiuieuiisunisld
JoaonuazJuiniidonisiadyivlnuaznaninve iy
d1Urnas wun ﬂuﬁwﬂwé’aﬁidﬂamﬁ N:P,05:K,0:S
§n31 46-41-0-8 nn./ls Tianugaiade (173 wa) veq
fiudrgndannninlddenandnsn 5 duw/ls (167 wu.)
wag 33130l wazAmy (2547) srea1ud mslddeyaln
1 /13 $amAuBudu 500 nn./1s uazleiailgns 15-
15-15 &m51 50 nn./l3 Whinminduanuaslugeduia
31 way 74% \ewFsuiisuiulddoind uaglildie
MUY

4. 99AUsENRUVRIHANANVRIUFUINES
NNNTTUITIATIUIUA/AY WazAIIUY1IN
vsud U naslidunnanaiunisadf (p=0.05) (Table
6 woz 7) ludruvesnandnimiinthan nsedouan
warn159nn1sdediufduiiussiunu (p<0.05) lay
nssuiBensesiniuasoronlinananiiuiinian
gefian (12,098 nn./l3) s8saande nssuiSensos+
Jawndl (10,755 nn./1%) nssudslienses+laiaiivas e
Aan (9,627 nn./1s) waznssudsliunses+eawadl (9,244
nn./1%) sy vaziiefidududslui nswoy
Aunazni1sdnnisleliugduiusiiudu (p<0.05) lng
nssuAsldenses+oinfivazdonanliiUesidududs
degnAn 28.27% Sewmafe nIsuIsliunses+luindl
(25.63%) nssuisenses+deiniiuavdanan (25.40%)
waznssuIsenses+leinll (24.97%) auanu (Table
8 uag 9)
nsfinssuisunsos+oiniuasiononlef
$ruauia/fu dandniaan wazaueniave sy
druzndsgandmnnssu s eraduwsiedrdinisdanis
Jowniismiuonenisdsnaliildnandniigs msrzinte
rontislun1suusdasaiesiurilviusiuge
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Table 4 Effects of soil preparation and fertilizer management on cassava branches (branches/stem)

Soil preparation Fertilizer management Mean

Chemical fertilizer Chemical fertilizer

+cattle manure

Ridge tillage 2.00 2.33 217
Non-ridge tillage 2.33 2.00 2.17
Mean 217 217

F-test

Soil preparation ns
Fertilizer management ns
Soil preparation x Fertilizer management ns
CV (%) 20.35

ns; not significantly different (p=0.05)

Table 5 Effects of soil preparation and fertilizer management on above ground fresh weight yield (kg/rai)/

(kg/stem)
Soil preparation Fertilizer management Mean
Chemical fertilizer Chemical fertilizer +cattle

manure
Ridge tillage 4924/3.1 4782/3.0 4853/3.0
Non-ridge tillage 5236/3.3 4933/3.1 5085/3.2
Mean 5080/3.2 4858/3.0
F-test
Soil preparation ns
Fertilizer management ns
Soil preparation x Fertilizer ns
management
CV (%) 18.23

ns; not significantly different (p=0.05)

Table 6 Effects of soil preparation and fertilizer management on tuber number (tuber/stem)

Soil preparation Fertilizer management Mean

Chemical fertilizer = Chemical fertilizer+ cattle manure

Ridge tillage 10.9 11.0 11.0
Non-ridge tillage 10.8 11.4 11.1
Mean 11.2 10.9

F-test

Soil preparation ns
Fertilizer management ns
Soil preparation x Fertilizer management ns
CV (%) 5.87

ns; not significantly different (p=0.05)
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o1 lniudrvzndaliusednsainnisgaldsig
ownslafty wesiletunendesaaeiinsanudes
N uag P ?jnﬁmLudwﬁLﬂuﬁmmmiﬁﬁmﬁadmﬂu
Usmnanifienisiasaivlauazadianandn (Son,
2555) Gsannndosfunisinuvesiadd uazlveen
(2549) s1891ud Mslddeinilagns16-8-16 nn./ls ves
N-P,05-K,0 aufudanandnsn 500 nn./ls Tinandn
vhanveufuduzvdmiuginunsmans 50 iugnlugn
fuseldavindu 8,764 nn./ls warlidasidududs
WU 28.9% dun1sfinenlulszimeunand Mathias
and Kabambe (2015) lndAnwdnsnavesnisldenen
wazdaiadiionsiasaLaulauasnandnveuiudsvas
WU ﬁuﬁmwﬁaﬁldﬂamﬁ N:P,O5:S 99151 46:41:8
nn./bs Winandnsiaan (4,672 nn./ls) unnitlddenen
9819LAE29RI1 5 uay 10 fu/ls (4,418 uay 4,333 nn./
15 mua1av) waznisAnululszinaludise Ayoola
and Adeniyan (2006) wui1 mslddeiniigns 15-15-
15 §n31 32 an./1s $awdudeyaln 400 nn./ls Tvina
wamtmTnan (4,182 nn./ls) voaudgndaaaniild
Joiailans 15-15-15 8051 64 nn./ls (3,773 nn/ls)

F9150] wazAny (2547) wud1 Mslddedun3ddieysu
lassadnavesauyiluaulyse siuge ssuusIniy
annsoveulviuldiouarlnaturieifiuiuiinenns
vosity dunseingdueriliindafusazdielide
fuadies uardinnuannsalunisguildungs 6-20
whaasimdn uaranansnfiunandavesiudsvds
1 dueg19f wazlunisdnuidfudrdsndatien
Wesidududeglurig 25-28% Fafuriilssnuutl
fudgndwausuls @ereglurg 25-30%) (nsun1s
Anglu NsensIendlvd, 2559)

5. nanauununasinArdelunsuansiuduzvas
nssuitenses+leiniuazJoaanl
Hanauknundinale (22,184 van/ls) gand
nssuiBunses+dewadl (20,398 vn/ls) n3suislien
ses+duniivazdenan (17,626 vn/ls) uaznssuisly
snsed+deindl (17,492 vw/ls) muddu (Table 10)

Table 7 Effects of soil preparation and fertilizer management on tuber length (cm)

Soil preparation Fertilizer management Mean

Chemical fertilizer Chemical fertilizer+ cattle

manure

Ridge tillage 29.91 31.34 30.62
Non-ridge tillage 28.44 29.56 29.00
Mean 29.28 30.45
F-test
Soil preparation ns
Fertilizer management ns
Soil preparation x Fertilizer ns
management
CV (%) 6.98

ns; not significantly different (p=0.05)
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Table 8 Effects of soil preparation and fertilizer management on fresh tuber yield (kg/rai)/ (kg/stem)

Soil preparation

Fertilizer management

Mean

Chemical fertilizer

manure

Chemical fertilizer+ cattle

Ridge tillage
Non-ridge tillage

10,755ab/6.7ab
9,244b/5.8b

12,098a/7.6a
9,627b/6.0b

11,427a/7.1a
9,436b/5.9b

Mean 10,862/6.8

10,000/6.3

F-test

Soil preparation

Fertilizer management
Soil preparation x Fertilizer

management

ns

CV (%)

7.31

a, b means within the same columns between treatments with different superscripts were significantly

different (p<0.05, *)
ns; not significantly different (p=0.05)

Table 9 Effects of soil preparation and fertilizer management on starch percentage (%)

Soil preparation Fertilizer management Mean
Chemical fertilizer Chemical fertilizer+ cattle

manure
Ridge tillage 24.97b 25.49b 26.95a
Non-ridge tillage 25.63b 28.27a 25.81b
Mean 26.83a 25.33b
F-test
Soil preparation *
Fertilizer management *
Soil preparation x Fertilizer *
management
CV (%) 4.11

a, b means within the same columns between treatments with different superscripts were significantly

different (p<0.05, *)
ns; not significantly different (p=0.05)
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Table 10 Economic return over fertilizer cost under cassava production

Treatment Fertilizer value Tuber yield Yield Economic return
(THB/rai) (kg/rai) value over fertilizer

(THB/rai)”  cost (THB/rai)”

Ridge tillage”+chemical fertilizer” 1,112 10,755 21,510 20,398

Ridge tillage " +chemical fertilizer” 2,012 12,098 24,196 22,184

and cattle manure”

Non-ridge tillage +chemical 862 9,244 18,488 17,626

fertilizer”

Non-ridge tillage +chemical 1,762 9,627 19,254 17,492

. 2/ 3/
fertilizer” and cattle manure

“Ridge tillage cost= 250 THB/rai

o o a

“Chemical fertilizer 15-15-15 = 862 THB/50 kg (@11inideiasugianisinums, 2559)

¥Cattle manure = 900 THB/1000 kg (\n¥nsNaLiEN, 2559)

A3UNaN1538

HAINNTIANYY WU NNNTIUIENAaeLlA
aerUsEnaumuNIsasdule (aun adues 91uiu
WYUIADND LLazﬁmﬁﬂamaamuﬁagjmﬁaau) 1ad
uwandafu uillloflansanesduszneudunanin
nssuenses+leiniiuazlomnoniuuiliulvinandni
anvaedudrUesudavindu 12,098 nn./ls wag
HanauwnunainAdemindy 22,184 vn/ls gendd
NI Mnnafnundasiiulddn mawieuiuuuy
gnsosnaznisladeiaiisiuiuenaniiaziduiuimisg
Tunisifinviuusinemislufiu wandnveadiu
druzndwmasnanouunulilusgrsiidmiuinuasns
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NANT1MYMRENUEE 105 IAYINNLNUNITNAADILUY Randomized Complete Block Design §11u 3 N33135¢) a1 3
91 1dun 1) lddeindl (o3 16-16-8 8031 40 /3 uaz 46-0-0 §n1 20 N /L9) (Aauaw), 2) ldlloadl (gns 16-16-
8 8n31 40 nn./l3 uawd6-0-0 ns1 20 nn./l3) + Jeren (yath) yadadnsn 1,000 nn./ls uag 3) lddeinil (gns 16-
16-8 8m51 40 nn./l5 Wazd6-0-0 §asn 20 nn./l3) +leiivan (Weiites) wladldminusns 5 nn./ls Iddiunns
Ugntlusassuidiou nsngieu wa. 2558 lufuuniidufiusiuunsief s.asdei .43 1508180 nanisinu
wud1 n3uIslddeiail (ams 16-16-8 8n31 40 nn./lS wag 46-0-0 dws1 20 An./lY) +Uemen Huwwililvinnugauas
hwiinuisduilegmiiofuvesingainimnnsaniiveaes udnssuisladeiad (@as 16-16-8 §091 40 /s way
46-0-0 8031 20 nn./13) +Uefivan Huwiliulinandnwudadnn (708 nn./l3) uaznaneuunundwine1le (6,060
um/l3) gefign WerSeuiiisuiunssuisaug

Adaey : Joitvan Jonan Joiall 91701900nugd 105 LarNaRDULIUNIUATEENA
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Fertilizer Management on Growth, Yield and Economic Return of Rice cv. Khao
Dawk Mali 105 Production

Benjapon Kunlanit and Wanchalerm Sriboonrote

Department of Agricultural Technology, Faculty of Technology, Mahasarakham University, Kantarawichai
District, Maha Sarakham 44150, Thailand.

Abstract

The objective of this study was to investigate the management of fertilizers on growth and yield
of rice cv. Khao Dawk Mali. The experimental design was a randomized complete block with 3 treatments
and 3 replications, including 1) chemical fertilizer (formulas 16-16-8 and 46-0-0 at the rates of 40 and 20
kg/rai, respectively) (control), 2) chemical fertilizer (formulas 16-16-8 and 46-0-0 at the rates of 40 and 20
kg/rai, respectively) + cattle manure (cow manure) 1,000 kg/rai, and 3) chemical fertilizer (formulas 16-16-8
and 46-0-0 at the rates of 40 and 20 kg/rai, respectively) + green manure (Crotalaria juncea) 5 kg sowed
seed/rai. The study was conducted at the beginning of July 2015 in a sandy loam paddy soil in the
Dongsing sub-district, Janghan district, Roi-Et province. The results showed that the chemical fertilizer
(formulas 16-16-8 and 46-0-0 at the rates of 40 and 20 kg/rai, respectively) +cattle manure yielded higher
plant height and above ground dry weight than the other treatments. However, the chemical fertilizer
(formulas 16-16-8 and 46-0-0 at the rates of 40 and 20 kg/rai, respectively) + green manure treatment
showed a trend in higher rice grain yield (708 kg/rai) and economic return over fertilizer cost (6,060
THB/rai) than the other treatments used in this study.

Keywords: Green manure, Cattle manure, Chemical fertilizer, Rice cv. Khao Dawk Mali 105 and Economic

return

*
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Fvnnenuzd 105 (rmeunsd) 1Wudnai
i3eddldsalunatalan anmsiidudaunings
wazfidnvaziavlamaunitdneiadug nanife
fnduvonnusssumdadislung Janswdnatnnun
penuzd 105 HUuudndn lneaiuisamizdgnle
deslay 1 adt wdadnildnuuzeniFoudeihluus
THanazidvyunaziisavidosesduiidounes
Auslan  Fevilvidnivenusdlnelasuainufisuedis
nharndlusanalanuiiinazidudinitsaganinin
iadu Hufmzdgninfamuaiussnalud 2556
fUszaoe 69.96 a1uls Lanandn 36.84 audu uaz
Tinandniade 436 nn/13 dmsuiuiiugninlunie
nzuoondeunilefiuszuia 42.75 d1uls @Eadu
67% vasiuiivhnisinumsvesniang Tuoanidsaniie
fie 63.85 &11l3) wariiuiidlvg JuRunediinng
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Windy wagludagduanugauauysaivesiuanas
iesannislieiniilusniiigeegsdeidoniel
Ionandanuaudoins dwaliniiuwduazdon
TnmuauiBvnanenmuasfiudeuas asans (2535) 16
A nsuandalild 1,000 nn. ilviauaydey
lulmsiau (nitrogen,N) 20 nn. Weawe3a (phosphorus,
P) 11 nn. uaglwunadeu (potassium, K) 27 An. 970
wnnnsalfenans Fasndudesmuuimislunisidia
wandndlifissweserudesnisvesiuilaniilu
uawsielszna wisufunainueugauauysalves
fuludedudoguatonuam wiuumamadineny
qmuauysaﬁmumuammﬂsuamﬁmw Ao nslddey
dunid wu Juren Jendn waznislanauginiie
nsenaiadluluiu losniedunidmariidieiiia
5190 %15 N, P, S LLazﬁuﬁ&ﬁmq‘[uau (Dahiphale et
al., 2003; Vityakon, 2007; Kunlanit et al., 2014) 210
freg1an1sAnwIn1sdnnsleiaiisiuiuledunsdly
N1SNANTIIUIELETY WazAng (2542) 59897477 N5ld
Jaialigns 16-20-0 dws1 30 nn./ls fufuiidunay
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9031 1 siw/ls Tinandndivennsdwindu 574 nn./ls
Fsgenildleiniians 16-20-0 8ns1 30 nn./ls Falvina
nasiee 491 nn./ls wavluAusiudunsienssding
wazadng (2549) wuin msladewadsiuiudendngnsn
500 nn./ls Tinandnda (546 nn./l3) gandildleiadl
aguded (518 nn/ls) mMsfinwnlufusiululseinedu
Xu et al. (2008) 51897131 Msldde N P uag K 03
12, 3.5 uag 7.5 nn/ls anuadu suiulddeyaans
$n51 2 su/ls Felinandnudndnawindu 1,952 nn./lg
ganildlde N, P uag K dwsn 24, 7 uay 15 nn/ls
pudy Inandndatnasindu 1,872 nn/ls dlu
nsugndnluanmAunsefdaugauauysainlle
nandnTigansoudusnuianugauauysalvesfiugie
n153an13de lnenislanavigdeansiudulddeiadl
hazfuumailaifiussansaw fafu msdnwild
TnguszasdiiioAnvinavosnslidedunidiuiy
Joinildon1siasyiiulnuaskandnvesinnvinenusd
105

A5 UN15IY

1. dauiivinsfnwuazuaunaaes

msﬁﬂmﬁié’ﬁwLﬁumﬁwmaauﬁm'ﬁwama@a
AENTSLAsYLAUlALATNANEATDITIIVINENUEE 105
Tuivuniorudufusiulunse (sandy loam) 7ifl
Armgauanysaiindadufulunguyaiud 40 Tuitui
wlasunveununsng  Uudiu f.easdsd 9.49m5 A
ouidn (16 10'41.38" N; 10335' 27.13'F) luszming
Wou nsngInu-5uimu 2558

1M9UNUNITNAADILUU Randomized
Complete Block Design (RCBD) H41uau 3 Fuaz 3
N33UBNAEY Usznausme

1.1 Jepilans 16-16-8 8n31 40 nn./ls uae
43 46-0-0 8131 20 nn./1s (AUAL)

1.2 Juinilans 16-16-8 w31 40 nn./ls way
403 46-0-0 w31 20 nn/ls +Uumen (yata) Sasn
1,000 nn./ls

1.3 Jeialigns 16-16-8 w31 40 nn./ls uae
an3 46-0-0 8m31 20 nn./ls+efivanudaueiiosild
witsnst 5 nn/ls
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2. Fupoumasfiuey

2.1 n1siiuseg1siudgnuasiingizi
GRIGRELLEED)

dufiuiegehuluiiuiifviinismaaosiisesiu
AUEN 0-15 w9113 15 90 Ineguuuuaduiludan
diethuiieseinuauifdosiuresiuneulgnin
lown anudunsafusnvesiiu anisiluivesiu
Uianadunietngluiu lulasiauimue eanesad
Hulsslond uaslnunadoniiuandsuld nadsnig
Vo3 (2549)

2.2 Msinseuwlasuazlgnin

YMSTULUAIMIAABITLA 2 X 2 AT.AL. $1UIY
9 uUas lnefiszegvinevauiaziianiniy 2 4.
sdrniunnAundliUszana 2-3 fu udwhnsweu
Aulvisiuge wazndsanneieunvasasowds Tunssuds
lddewnii+Uaiios Wilgnuaiiedaeiiudaveiiiosn
wihusns 5 nn./ls (nsuwmundinu, 2558) Wevsiiios
01814 50 Fu (ponMeN) Yinsdunavaslufuiisliiiu
spezian 7 3u foudun iitelvieliiesdesaany dau
nssudsldindi+Joman Tihyatidnsn 1,000 nn./ls i
wislfuwiuiiianihdusaglonauudaiisly 7 fu
deliigesaas anduthdundriivhnismneglifieny
Useanas 30 Tu uvihnstdndmessegrineseninane
20 Y. WAEIEnIMad 20 9u. lnausazuuadlaing
$1uau 100 ne9 az 3 ¢ 1iet1rengld 7-15 Fu
vaandnd lalddenwsngi nsudaaiunisinuas
(2558) wzih Taonslddsavutdldidu 2 adade ads
1 wirugnsdewnligns 16-16-8 §n31 40 nn./lsuazld
Juaded 2 ednitonglduszua 40-45 u ldwinu
{Jugns 46-0-0 $n31 20 nn./l3 waghnstAviAeadng
dlodengliuszann 110 Fu

2.3 nmaiudegsfundafviisauay
TnsevinuaudRveiy

yhmsguiusegafundaiuierindsedu
AMNAN 0-15 9y, luudazuUamaasauniAsivn
AasanRniuadvesdiu liwn anulunsadusises
Au A1 liivesiu Ysuiaduniedngludu
lulasiausionun Weawefaiiduusslowi way
TnunaBouiuaniudeuld anaisnsveiad (2509)
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3. nmsiudeya
inisifivdeyaesdusenauaiunis
winAvlauazrandnvosinleiuifieadnieny 110
Yu ol
3.1 a3AUITENOUMUNTLATELAULA
3.1.1 \fudeyasiuusiudensluiiuil 4
M3.40,
31.2 Arwgevestiluiiud 4 na
3.1.3 nwiinuisvesduilegniefuly
it 4 s,
3.2 DIAUTENBUATUNAKER
3.2.1 dindnveaudarenuniisedy
AT 12-14% Tuftufl 4 a5
3.2.2 ¥mtin 1,000 wila aeshnTsduan
Mnitufinazuas 4 nas
3.2.3 tviinaandnada/ls
3.3 AuIMRARULNUVIEWiInAJY
Haneuuunawina1le (Ln/ls) = yadves
wanan (U m/ls) - yadde (Un/ls)

4. MFAaTIzidayanIeana

deyanansinTvnuaudinuaiivessiu
wdufuientn sadusznaudunisasyivlauay
NANEAT1? UIATIERMIAMNLUTUTIU (analysis of
variance, ANOVA) @MUk UN1ISNAaDY RCBD LAy
Wisuilsuaruuansnsvesaieds Tnaldis Least
Significant  Difference  (LSD) l4lusunsudnsagy
Statistix 9

NaWATITUINANISIE

1. aauURvashunaulgnduazUsuIivessy
amnsluledunsd
Auneudand1nfidianuidunsa-ang (pH)
Wit 5.75 nsiln#n (electrical conductivity, EC)
Winfu 1.48 adLuud/u. YSuiudunieing (organic
matter, OM) luAuwiniu 0.2 n./an. TUsualulasiay
wavua (Total N) Tufuwindu 0.6 n/nn. fU3una
Weaesaiduusslend (available P) lufiuwiiu 2.0
n./nn. wazUiuralnunadouiivaniudswle
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(exchangeable K) Tufuwindu 0.1 n/nn. (Table 1)
munagin1sUszliuauauTRveRuveINTURRNARY
(2553) wud Aunldfnwidufuifiaugauauy ol
= <, @ a av g
fanudunsauiunans waziduRuildip

dmsusiina N, P uay K avssluljefivan
(Uoi#ies) windu 19.0, 17.7 uag 1.2 n./AN. AIUEIAU
warludemanivindu 10.9, 18.6 uag 1.0 n./nn.
AUaRY (Table 1)

Tablel Soil properties prior to rice plantation and nutrient contents in organic fertilizers

Parameters Values
Soil pH (soil:H,0; 1:2.5) 5.75
Soil electrical conductivity (soil:H,0; 1:2.5) (dS/m) 1.48
Organic matter (g/kg) 0.2
Total nitrogen (N) in soil (g/kg) 0.6
Total N in green manure (Crotalaria juncea) (g/kg) 19.0
Total N in cattle manure (¢/kg) 10.9
Available phosphorus (P) in soil (g/kg) 2.0
Available P in green manure (Crotalaria juncea) (g/kg) 17.7
Available P in cattle manure (g/kg) 18.6
Exchangeable potassium (K) in soil (g/kg) 0.1
Exchangeable K in green manure (Crotalaria juncea) (g/kg) 1.2
Exchangeable K in cattle manure (g/kg) 1.0

2. guanTimaaiiveshundaiuiiendn

anudunsn-fusie (pH) vesiundafiuiien
Imlunssudslddanii+Jenansnsn 1,000 nn./ls Tvien
pH Wiy 5.50 Feslrganiinssuisladeiad +ofivan
waadldnitudns 5 an/l3 (5.48) uaznssuisld
Joiadl (5.44) aruddu ag1eldedrAgnisais
(p<0.01) d@nUSuas N samusluiy wuin nssuisld
Jeiaii+oneni N sauun (15 n/nn.) genINTIUTS
lddewndl (1.4 n/nn.) wagnssuidsladewndl+Judivan

(1.3 n./nn.) eg1elitad1AeM1eads (p<0.05)

VoA
EC, Usuna OM, P imnduuselomdluiu waz K 4
waniaeuldluiu wuih nnnssuAslialuunndnaiy
(Table 2) M3inssasladeiad +Tomeniiusanm N gs
ninssudsladendionandunsginisladenenasiy
Tududunsifinuiinu N adlulufiu daunssuisld
Joadl+Jofivanliusina P Mdudssloniludugenia
nssudsldduinii+Jonen waznssuisladuwndl we
nssuAslatenil+ Jefvanliuinn N vianualufusi
fign oradunsrzindnenageld N andefivanluly
U'%mm‘ﬁ'ﬂ'a‘wﬁ'mqﬂ*dLﬁaa%wmnﬁzy@uimé’mﬁﬁu
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waglu dnilugnisadisnandniigs Seaonndosiy
Unyn (2552 wag 2555) $1891u31 mslddemenasivly
Audnsienuduszezatuwilinuainvesiiuind
nsliaiadiognwioiilos uaziomendeiviina N
AoutnsganeiiazdmalvifiviaTayAvlaldduaslvina
WA AN TR AR

3. 99AUIZNIUAIUNITRYHUTNYRIE7
n33uislddeiai+Jemaniiuuilislininugs
vosfu F1uuRurens uaztminuasnananvos
thwinusesditoguiofuganiinssuisladend+
Joiivan waznssudslddoindl unliunnd1mieada
(p>0.05) (Table 3) mMsfinssusladeiail+ofivan
waznssnislalownd +Jomenliiminuasandnvos
ihwiinuisesduiiegmiefugeniinasuisldtend
i1 13.4-19.2% onadunseituleiivanuazdonand
U311a57991m73 N, P wag K Asudnsgs d9s19e s
ma'wﬁﬁmmﬁwﬁigﬁiamiw%iylﬁuimLLaza%’Nwamﬁm
Yo vADAAGDINUNITAN®IVOY Xu et al. (2008)
wudt Mslede N, P uag K 8951 12, 3.5 uag 7.5 nn./
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15 auddu swudulddeyagnsdnsi 2 du/ls Ta
Nawamﬁua&ﬁmﬁ’ﬂLLﬁqmaqéauﬁagL‘wﬁaau (3,419 nn./
19) geandldde N, P uae K 8031 24, 7 waz 15 nn./ls
Iﬁmawﬁmaaﬁmﬁﬂuﬁqdwﬁagmﬁaauwhﬁu 3,346
nn./ls ms@nw Tuuszmadsnawne Fakhrul Islam et
al. (2013) T80 lddeinildns 8:1.2:3.6:1.6:0.16
nn/ls vea N, P, K, S uag Zn anudsu sauiuleya
1Agnsn 1,280 nn. /s Wilsimidnminedng (958 nn/l9)

Table2 Soil chemical properties after harvesting rice

ganilddendionsn 16:2.4:7.2:3.2:0.32 nn./ls vea N,
P, K S way Zn suddu dslsiminminetmingu
920 nn./ls wagluuseinalne Kaewpradit et al.
(2009) wuin 1derndadassnsi 800 an./ls (13 N
Wity 19 nn/ls) WhimdnufemnedndeUdas
n1statgaulavesdne wirdu 736 nn./ls gendnld
ﬂamﬁﬁﬁ N, P,O, way K,0 6n16, 2 wag 2 nn./ls
austu Iimdnahedawiiu 656 nn./ls

Parameters Treatment F-test cv
Chemical Chemical fertilizer =~ Chemical fertilizer (%)
fertilizer +cattle manure +green manure

pH (soil: H,0; 1: 2.5) 5.44b 5.48a ** 0.27

Electrical conductivity 1.32 1.58 ns 9.88

(soil: H,0; 1: 2.5) (dS/m)

Organic matter (g/kg) 0.2 0.2 ns 4.18

Total N in soil (g/kg) 1.4ab 1.3b * 4.08

Available P in soil (g/kg) 17.6 17.4 ns 4.26

Exchangeable K in soil 27.3c 40.0b 49.5a * 5.81

(g/kg)

Means in a same row followed by the different lowercase letters are significantly different by LSD (p<0.05,

p<0.01)
ns; not significantly different (p=0.05)

Table3 Effects of fertilizers on rice growth component

Treatment Plant height Tiller number Above ground Above ground
(cm) (tiller/hill) dry weight (kg/4 m?) dry weight yield (kg/rai)
Chemical fertilizer 116.21 (-) 1.72(-) 688 (-)

Chemical fertilizer +cattle manure 119.90 (3.2%) 10 (25.0%) 2.05(19.2%) 820 (19.2%)
Chemical fertilizer +green manure 118.67 (2.1%) 9 (12.5%) 1.95 (13.4%) 780 (13.4%)
F-test ns ns ns

CV (%) 3.06 21.32 21.32

ns; not significantly different (p=0.05)

4. BIAUTENDUAUHANANYDIU

nssuisldveiad +loronduualiiulviimdn
1,000 wéin gandinssudslddeind+leiivan uag
nssudsladeoinll wailiiunnd1an1eada (p=0.05) dwu
thvinuagnandaiuda wui nssuisladend+odiy
anfunluliiminuasnandnudnganiingsuisla
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Jowail+onen uaznssuislateownd udliuansrema
@i (p=0.05) (Table 4)

nssudslddewnii+lomon wagnssuisld
Joini+efivanlidmdnuasnandaudagand
n3susladenditie 40.0-44.0% eralumszdnlule
fvaauazoneniuiuiisinemns N, P uag K
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GEVREGR ﬁ?fdlf]uﬁ']QmmiﬁﬁﬁﬁgﬁiamiLaﬁz:ylﬁuim
waznananueiy (Unun, 2547) denAasaiunisansd
V84 Xu et al. (2008) wui1 msldde N, P uaz K 8051
12, 3.5 uag 7.5 nn/ls auddu Sawuiulddeyaans
951 2,000 nn./1s Tinandsudndnn (1,952 nn/ls)
geandldde N, P uag K 8951 24, 7 waz 15 nn/ls i
nandnudndmiaiy 1,872 nn./ls wazUssiass was
ANz (2542) 318910731 Mslddelaiigns 16-20-0 899
30 nn./l3 SaAUTELnaUSHT 1 fu/ls Inandnd
veNuzdiniu 574 nn./13 Fageninlddeiatigns 16-
20-0 8051 30 nn./l Felvmandniiios 491 nn./ls uaz
TuRusUUNT Y NI38INT Wagadng (2549) WUl NS
Tadewnidisandulendndnsn 500 nn./ls Tinandnda
(546 nn./13) ganinlddeiniiegaufien (518 nn./ls)
wayMsAnwEvEenAdasiunsAnyIve Kaewpradit
et al. (2009) wu ldwndadassnsn 800 Alanduse
15 @ N 851 19 an/l9) Tinananudadnindu 496

nn./bs gandlgdend N, P,0s wag K0 8191 6, 2 uax
2 nn./13 Tinandnwandwindu 464 nn/ls

5. nanauununawinArelunisuantiivinenued
105

nssuisldduinii+Jonan wagnssuisld
Joiaii+Jefivanlinanauwnunaainardewindy
5,140 waz 6,060 U/l3 MuadU Fanninssuas
Tadewadl (4,080 urn/ls) 819 26.0 uaz 48.0% muaIAy
(Table 5) M3finsnAsladeinil+lonen uaznssuisld
Joiall+ JeNvanlviya v ananin WagHanouwIumag
wnadennninnssuisladend eradunszinlule
nen wazlefivaniuiuiusinermisiidrdgionis
WigAvlalariandnvetnd Jedenalviyanives
HanAngs warlinanouuundsinAogedude

Tabled Effects of fertilizers on rice yield component

Treatment Weight 1000 grains (g) Grain weight (kg/4 m?) Grain yield (kg/rai)

Chemical fertilizer 28.65 (-) 1.23 (-) 492 (-)
31.37 (9.0%) 1.72 (40.0%) 688 (40.0%)
31.12 (8.0%) 1.77(44.0%) 708 (44.0%)

Chemical fertilizer +cattle manure

Chemical fertilizer +green manure

F-test ns ns ns
CV (%) 14.47 23.06 23.06

ns; not significantly different (p=0.05)

Tableb5 Economic return over fertilizer cost under rice cv. Khao Dawk Mali 105 production

Treatment Fertilizer value  Rice grain yield Yield value Economic return over
(THB/rai) (kg/rai) (THB/rai)4/ fertilizer cost(THB/rai)S/
Chemical fertilizer” 840 492 4,920 4,080 (-)
Chemical fertilizer +cattle manurel/' 7 1,740 688 6,380 5,140 (26.0%)
Chemical fertilizer +green manure’”” 1,020 708 7,080 6,060 (48.0%)

“Chemical fertilizer 46-0-0 = 240 THB/20 kg, 16-16-8= 600 THB/40 kg (FInIdeiAsygiansinuyms, 2558)
“Cattle manure= 900 THB/ 1,000 kg (numswaLfies, 2559)

YCrotalaria Jjuncea seed =180 THB/5 kg

“Rice grain yield cv. Khao Dawk Mali price 105 =10,000 THB/1,000 kg (FdnauAsegnanisinens, 2559)

5/Economic return over fertilizer cost excluded labor and other costs
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nssudslddeinii+Jonon warnssuislddeiaiann
msfnwiasdiuldhnsladend+Jeduns (u e
fiwanuazonen) uragdunuimaiifiussansamly
msdamstaitensifiunandndnn uaziiunanouuny
Ioduegrafidmiuinunsns
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Effect of Using Wastewater from Catfish Culture on Growth and Yield of
Brassica chinensis var. chinensis Grown in Hydroponic System with

Non-Circulating Nutrient Solution

Theerarat Chinnasaenl, Naphaporn Wetchakamal, Jakkrit Wannawichitl,

Mevika Antalail, Apichat Aomaodl, Ketsirin Sangmanee2

1Program in Agriculture, Faculty of Agricultural Technology, Rajabhat Maha Sarakham University,
Maha Sarakham, 44000, Thailand
ZDepartment of Agriculture, Faculty of Science and Technology, Phranakorn Rajabhat University, 10220,
Thailand

Abstract

Wastewater from fish culture contains abandon plant nutrients. It might provide sufficient nutrient
for plant growth. Therefore, this research was carried out to study effect of application of chemical
nutrient solution “Chinese vegetables formula” mixing with wastewater from catfish culture in different
proportion on chemical properties of mixed nutrient solutions and growth and yield of Pak Chai (Brassica
chinensis var. chinensis) grown in different nutrient solution under hydroponic systems with non -
circulating nutrient solution at faculty of Agricultural Technology, Rajabhat Maha Sarakham University,
Maha Sarakham province during July to August in 2015. The results showed that pH, Electrical conductivity
(EQ), Total dissolve solid (TDS) and Salinity of chemical nutrient solution “Chinese vegetables formula”
during growth period were in the appropriate ranges for growth of Pak Chai during experiment by which
their value were 5.82-6.44, 3.28-3.61 mS/cm, 2.32-2.76 g¢/L and 1.74-1.93 g/L, respectively. While, the
highest growth was obtained from using mixed nutrient solution of 75% of chemical nutrient solution
“Chinese vegetables formula” and 25% of wastewater from catfish culture (by volume) and from using
chemical nutrient solution “Chinese vegetables formula”, by which both were not significant different
between each other at 28 day after transplanting (DAT). The plant height, plant canopy and leaf number
were 30.34 and 29.77 cm/plant, 29.51 and 28.67 cm/plant, and 9.78 and 8.61 leaf/plant, respectively. In
addition, Pak Chai that grown in chemical nutrient solution “Chinese vegetables formula” was presented
the highest yield when compare with other treatments by with fresh and dry weight of shot and fresh and
dry weight of root of Pak Chai that harvested at 30 DAT was 273.1 and 5.31 ¢/plant and 6.52 and 0.69
g/plant, respectively.

Keywords: Nutrient Solution, Electrical Conductivity, Plant Height, Fresh and Dry Weight of Shoot
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Fig.1 Hydroponic system with non-circulating

nutrient solution used in this experiment
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vaegeUgnilanunamsanumafy 1210 cm uay
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Fig 2. Chemical properties of variant nutrient solutions; pH (A), Electrical conductivity (B), Total dissolved

Solids (C), and Salinity (D) during growing period of B. chinensis var. chinensis in hydroponic system with non-

circulating nutrient solution

%

14 atufl 1 unAx - Squneu 2560

=p.

Y

Volume 14 Number 1 JANUARY- JUNE 2017

MTEITNNYAITNISIT a4

28



Table 1 Effect of variant nutrient solutions on growth of Brassica chinensis var. chinensis at 14 and 28 day

after transplanting (DAT) in hydroponic system with non-circulating nutrient solution

14 DAT 28 DAT
Plant Leaf Plant Leaf
Treatment Plant Plant
. canopy number . canopy number
height (cm) height (cm)
(cm) (leaf/plant) (cm) (leaf/plant)
100% of chemical nutrient solutions 19.00” 21.91° 8.53 29.77° 28.67 8.61"
75% of chemical nutrient solutions and 25% N N N N N
18.80 23.75 9.37 30.34 29.51 9.78
of wastewater from catfish culture
50% of chemical nutrient solutions and 50% N b b b ab
15.70 18.23 8.38 26.35 24.80 8.84
of wastewater from catfish culture
25% of chemical nutrient solutions and 75% b c c c b
13.06 15.09 7.89 21.31 21.11 8.47
of wastewater from catfish culture
100% of wastewater from catfish culture 10.06° 12.10° 5.94 12.14° 1253 5.04°
F-test * * ns * * *
CV. (%) 19.07 17.1 16.71 9.82 6.82 8.93

abcd

ns=not significant

Mean in the same column followed by different letters is significantly different at the 5% level of probability by DMRT.

Table 2 Effect of variant nutrient solutions on fresh weight and dry weight of Brassica chinensis var. chinensis

at 30 day after transplanting (DAT) in hydroponic system with non-circulating nutrient solution

Fresh weight (g/plant) Dry weight (g/plant)
Treatment

Shoot Root Shoot Root
100% of chemical nutrient solutions 273.1° 6.52° 5.31° 0.69"
75% of chemical nutrient solutions and 25% of wastewater from catfish culture 108.7° 4.23° 4.36° 0.52"
509% of chemical nutrient solutions and 50% of wastewater from catfish culture 52.9° 3.91° 3.63 0.44°
25% of chemical nutrient solutions and 75% of wastewater from catfish culture 25.6° 1.81° 1.67° 030"
100% of wastewater from catfish culture 4.1° 0.38° 0.33° 0.07"

F-test * * * *
CV. (%) 16.1 12.91 49.11 53.24

ab,cde

ns=not significant

O |
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Mean in the same column followed by different letters is significantly different at the 5% level of probability by DMRT.
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Study on Jasmine Rice Production Problem for Being Certified with GAP

Standard in Yasothon Province

Jutamat Khumsoonthorn* Peerayot Kaengkun and Kitti Srisaard

Program in Agricultural Technology, Department of Agricultural Technology,Faculty of Technology,
MahaSarakham University, MahaSarakham44150, Thailand.

Abstract

This research aimed to study factors that were barriers to GAP Standard certification for rice
production. The samples were farmers participating in safe Jasmine Rice Production in 2014/2015 Project
of Yasothon province. Multi-stage sampling was conducted and Yamane formula was used for the
calculation of sample size. Samples comprised of 57 farmers that were certified with rice GAP in Pa Tio
district, Yasothon province and 17 farmers that were not certified with rice GAP. Interview schedule was
used for collection of data on the social, economy, knowledge, attitude, and motivation of farmers. The
study was found that most areas used for rice production lowland with sand, sandy loam, and soil with
medium fertile. Rice production was mainly rain fed. Farmers mostly planted Jasmine 105 rice by
transplanting and dry sowing rice seedlings. The reasons why some farmers failed to be certified with rice
production GAP was partly due to failing to improve the soil and using harvesting vehicles to harvest rice,
which would mix with other rice varieties. The GAP certified rice farmers mostly gained knowledge and
understanding on how to get rid of other rice varieties that mixed in the batch, which accounted for
98.24%. While rice farmers who failed to be GAP certified had some knowledge and understanding or
lacked the knowledge on the elimination of other rice varieties that mixed in the batch, which accounted
for 88.24%. There were no more than 2% of farmers that had knowledge and understanding on the
amount of other rice varieties that mixed in the farming plot. While there was small amount of rice
farmers that failed to be GAP certified had such knowledge, which accounted for 2% and most farmers
lacked such knowledge, which accounted for 64.71%. This was similar to harvesting rice before its maturity
(94.12%) and lacking the knowledge on dry rice for trading required 15% humidity, which accounted for
64.71%. Additionally, it was found that most farmers had problems with the price of rice. The fertilizers
and chemical substance were expensive and farmers lacked the capital for the rice production. Some
farmers who failed to be GAP certified expressed attitude that it was difficult to follow the procedures for
the certification of rice.

Keywords: GAP Rice Certification, Problems and Barriers and Safe Jasmine Rice
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anmuandeudedeliiinnisuudoutngdunine
2) fiufiugnieaduiuiilliiingdunsneiagyinlviAn
nsandraniouudeuludnn 3) n1sléfngsunsne
nansnunsnsdendulununaeifidiviun 4) finns
Fanrsauninlunszuiunisuannounisiiviien
5) matAulAgauagnsufoandsnafuieinunst
fifvun 6) n1saude N1sRUTIY Warn1IIIUTI
HARNARINNQUATIAIUA way 7) n1sTufinkasnis
JAuteyanunasifidmun @dniauinde fusi
U1, 2554)

Son¥eelassiifiinamm 2,600,906 13 dmnilue)
Usenoundninuasnsay e mavin fiufivgndn
1w 1,501,405 15 AsvduSesay 58 YOI 91319
Taslamgdnmvennyd Judufiwasugiandnilinuasns
LWW%UQﬂmﬂﬁI?jﬂ Ao ﬁﬁuﬁﬂqﬂ 1,093,981 15 AnduSesas
73 gsiiuiiugnim ddnnununsdaminelassldsuiu
lassnsdaasunisnandunnunsuasndouasla
119551 A9udl 2547 uazdinisnsadusesauds
U29du lé’dua%ﬂﬁl,ﬂwmmﬁwdi ¥UUNITIANIT
AN GAP mwuwmumﬁmmﬂmmwmmmmmu
GAP 412 $1uau 137,937 15 Amfudesay 13 vosiiud
Ugndivionued AinensnsiIusEuunIIsuTeInMnIm
GAP 917 91An5UN15917 3113 17,122 518 Aaludey
8z 92 YBANWATAT ﬁLﬁiJ"]ajszw U 18,649 518) Tu
N3 HUIIUAILTATINITVRIF TN UNBATTINTA
glass nwasnsiisaulassnisursdaulainiunis
$U599 GAP 911 wuin ddgnnlunisaiiuaunane
Uszns dud inumsnsladufoRnutuneuniou o
liasunndumnou invasnsunaanuiamdilaly
NIEUIUNTNANMINTZUULINIFIU GAP 9717 Fafiuifen
nande lipseiutimhenasusendingia laufinng
nduiindeyaluayaduiinused1dinunsns (Wuu
GAP 02) nandnfinuninsnanlddarsiadnndne way
HanAnlinsImuLIRsEINANANYASINTUA 1 TS
Fdufidadovuiuunsgiufivua Wudu Jadu
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Jayivilsilsunisiusesnnsgiu dwalisinidn
and (dtinanunuasiainglass, 2557)

Fofunsdnwiluafeifedfaguisasdiie
Anurtadeiidutiguinazguassadenisiuses
19357 GAP tiielimauisanimanuduaiviunig
nand1aenuzdvasndelilauinsgiunynsng
Fadeyarenananunsntanldduiiugiulunsuiuugs
uilunagmdelausuuziieludnadalinunsnsd
anmnisuandiventsavasnielaunsgiu GAP uas
LN

A5AuN15IY

1. Usgansuaznguiegig

Uszaansianuluadedliun inunsns
Aid1aulasenisirivenusavasadeliliuinsgiu
GAP Unsimizuagn 2557/2558 lagvinnisiIguiiiey
TENINUNATNIANIUNTTUTORNATHIUNSNART)
GAP  uazlnwnsnsilliiunisivses lnsidendnu
inwasnsludinethin dminelass Saduinunsnsd
HIUN135UT8IUIRTTIUAITNEAD1I GAP %NS
\lesnnUsgwnsfiiiuntsiusesiisiuauuinds 120
518 Fwhnsdudtviudiegsyrns  Ingldgnsves
Yamane (1976) Auiumiiag1eUseInsladnuiu
57 918 dununInsiliinunsIUTeRRTEIUMINER
#m GAP Td1uautes Fuewszrmsfiihiulasins
ﬁlajsifmmi%’maﬂﬁgwmsuamﬂé’wmaiu‘ﬁuﬁ%’wi’m
glass lafegeUseynsdnuau 17 578 v1n1959UsW
Yoyalnonisduniwalninieudduuudunival
Uizﬂaumimmﬁ”’qﬂfj:uﬁmumi%’maqmmgmuashj
H1UN155U89R55U GAP JiAsngviAnseuas Jaya
ANNVNNUFIANLATYENY ANTNNTITHEAR AINIAIY
Wl viruad wazusagdla

2. \e3asfiannside

Us¥nounile wuudunivainuulaseasig
(Structured interview) fifmuslaLazA e Uiy
FonFowuingUszasdndouieldisnsdunival
nwRsnIHIetAuATY Inegukuureuuduntealld
AmunUssinnvesaaeuld 2 Uwuu fe WenAnauvse
Aouuwuuda (Closed question) wazAauUsEnniidn
Iama?ﬁriimammmmmﬁmLﬁuLLaﬂﬁ%aadaasmLﬁmﬁﬁa
Uil 14 aliuil 1 unAu - quiey 2560

°

AnuLuUa (Open - ended question) %qgﬂLLuuﬁﬁlz
ruuudumualanansansuAiaullade lauanaag
Anufiunuesedaiiastlumsneu villdmeuiiand
wansneuly SslusuudunwalfesssneusieUsuiuy
demiideufununuaonadosiuTngUszad vhns
NAFRULUUAUNBlAUUSEYINT 71U 30 $18 91N
nensnsTiinlasinsandvenssadasndeliile
19551 GAP vesusasualuaiiuil 0.0 Sm¥n
glass UinzUgn2557/2558 NTUTN5ASI9EOU
LLazﬂﬁ]ﬁm’lﬂ’J’]ﬁJQﬂf;]IEN‘UENL‘ﬁEJM’] @mmwsuauﬁam
ANNMYBIAIALAIALTEIRSY wazAdudladany
Tuusazde ’iwL.wiax%aﬁwmmﬁ?uﬂgﬂé’mwzm%'ﬂa
asafunselyd wazdeenistolauenuz ey
wuudunwalanglinismaaeu Wemauiisans
yeailem (Content  varidity) IRELPRNGHGTERITER
LLUUéTumwaJLLas%’agaimaﬂﬁmmmuL%'aﬁu
(reliability) ﬂuaqm%‘laqﬁauwmmgmﬂswmﬂ'ﬂma
nMsFmiduUszanswean (Co- efficiency alpha
. @) gnsves Crobach (1970) Tnefiduysiidey fe
Srunudevenniedietn Auwlsusiuusazde uaze
Fuuszansuean (@) NTUYBAMUNNIETZAUAINN
g anansouanaded

11171 .9 fun
111171 .8 A

11NN 7 wold
111N .6 AouLane LY
1710191 .5 #i

oA 3o WU .5 Tawnsasula

msmanudesiulpematduUsEansuoan
(Cronbach’s alpha coefficient) fisnsyiuauderiy
yosuuudunwalviniu 0.92 dedeldneglusdudunn
namAe wuudunival fanudndedowazansatily
Anwiungueieg199sal

3. ManususIndeya
Aeunsiiudeyaldvinnisnaaeuuazdunivel
maiusivrdeyalaglduuudunivaluuuseyana
Aidewazfinauliudansifivsiusudeyasenidu 2
50U Ao seuwsnilumaiusiusudeyadeuiunondu
vén iesusmdeyafsafuduysiifnuseisns
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Funwalinemsnsiiegrmiendanaanininluves
ATISEUNYAINT anwniswindivessduasadele
119351U GAP luiwaitudl 0.t1i Sawinelassaniy
fuiunsfivieyaseuiiaes Inemsiaaoumuauysal
vostayamnnuideyadiulaliasuiiuauysalvield
Farauludrnou wiousansiaienarsnanisided
Rerteaiioidunstuduanugniesesteyaildifi
515w Msleneiteyaideyaiisausuldain
NYATNITAIBYNUAREIIY MTITADUAINYNABILAY
ANNaNYIalvesdeyaluluUduNYaluAazYyASEUToY

4. msApTevidaya

WAs1gRteyan udeauLATYEn an1ng
Usgina anmn1sudn Jgynt guasse delausiuy
vimuaR wazwsegdlalagnismeansesas (Percentage)

NaLAZITAINANITIVY

1. Snvmsmeduiugiunedudea

PNNSANY NUTLNEAINSTIETaTaTINTg
wAnt ez AUaen IR lFNATY GAP luiniiud
Joninelass Tiiunissuses dalngdumandgsdiony
1nn31 26 Ul nanadte nemsnsfiniuntsuses
WINIFIUNTHEAT 1IN 57 au dulugiiang
Y319 41-85, 46-50 war wnnd1 50 YTuld Amdu
Souay 3333, 31.57 uay 19.30 MUAFU duiinded
ogdndy 41 T anunmussuudiAnduiosas
78.90 nMsfinwseiulszoufnwiosay 94.70 wazdau
Tvflaifudihyusudosar 73.70 Tuvaurfinuasnsdill
HIUNITSUTOININTFIUNITNEATI GAP 991U 17 518
dndngdumeileng winnd 50 THuly Andudosas
76.475990931 9185¢WI19 46-50 U Seway 17.65 91
5EWIN 41-45 U Sowaz 5.88 anunilan anduies
a¥ 52.90 MsfAnwsziulTzauAn¥Iesay 52.90 way
dulvaflaifudthyumy Joeas 100 (M319 1)

2. anwazniiussne
INNISANIMUINNEATNSTSTATINS

wAndrnenLzaUaenfellinAsg L GAP luiuniiui

Fminelass Auun1ssuses viafudlngidudu

O |

Uil 14 aliuil 1 unAu - quiey 2560

V318 $oway 43.90 sosaw Wudusiudunsieiovaz
29.80 uarfiumierTesas 26.34 ANUEANANYTAIYRY
fu fanugauanysalvesiuliunasfnluiosay
100 wazardeidulunisiuidesay 100 tnunsns
dwlvgiugndniluanmunquanduiesas 75.44 uaz
uneufosay 24.56  luvariinunsnsilaiiunis
FUTBWINIFIUNINERT1I GAP 9119 17 578 wlamu
dulugiuiunsneg Sovay 52.94 sesasn Wudusu
Junsnefesay 41.18 wazhwwniled 588 1A11ugnu
auysalresiuliunas Andudesas 100 uazende
ihelulumsviunfesas 100 Taefnuasnsdanmitud
Tun1sugndnfiduunguuasuineudnduiesas
47.06 uay 52.94 MEIFU (5197 2)

3. 4AMNNSWAR
91NMSANYINUINAATASTHIUNITTUTOS
WINIFIUNINEAT1Y GAP dulngiiinisusudsavngs
fiugediafosay 93 Wustnilide siuginnvnenusa
105 Ugndnuuuiindiesar 94.74 msifuiiemanan
TdauAuiAes wasdnianAviudaiusliviiiudios
dunwnInsiiliniuns3usesasgIunnantig
GAP dilngiluifinsusuugeungiuionay 64.71 Wug
T1ildfe Wuginunnenuzd 105 gnduuudnd
Yovay 58.82 mafiuifsawandnldsaiiuiier waglid
mMafuwdaiugliviniugios (s 3)

4. anuianudnlanszuaunsuandn
91NASANYINUT LNwAINSTHILNITIUTEN
WNTFIUNINEAT1Y GAP drulvgiiiauiainudila
Rerfumsdanisauninlunssuiumssdanounaifu
e Tudeswosmsinnistmtusuuosas 98.24 uas
Foavesnisdanistrafuddulunvaslaiiu 2
Wedldud fovaz 91.25 maiAuiAeuaznsufiangs
nsiuiAganeasnsiianuianudila msiuien
srggndundsbiladnalienaunmisesas 91.23 uay

'
N

Feswenudadinudonuiadniunisdevodoad
anadulaiAy 15% wavdmdunisifusnundedliiiy
14% Soway 89.5 LLaxﬁmmimmﬁ'ﬂﬁ]Lﬁmﬁumwu
Srenasnisiiuinvdden Tudewedisnsaudie
AsusnuLassUTINTUdenfiunzauenadea
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sonunminUAensenay 92.98 druinumsnsdilsiniy
N355UTWINTTIUNTHANT 1Y GAP Hanusaudla
vsdmfeafunsianisganmlunszuiunisudn
Aounsfuiialudesesnsdanmstiugiuiosas
88.24 uaz3osvanisdanisiniusuulunasliiiu
2 Wedidud fovar 91.20 maLAuiAsiuazn1sufUua
n&an1siiuiies inwasnsfinnuanudilaviediy
Aeafunisiiuiienssorndundadiladinuden
AW foar 94.12 waglowoaudnd1adenu
dmsunstenedosinnutulaiiAu 15% uavdmsy
maiusnwdesliiiu 14% Sevas 64.71 uazdinaug
amnuilafefumsruienasmafiuinudndon
TuiFeavesdinisvudie n1siivinuiuazsiusay
F1wWden Mmnzanenvdsasnenuaminuden
Yovay 64.71 (13971 4)

5. Uyinsuandng

dyninisudndiivesnwasnsiidiiay
lAsIn1st1avenuzdvasnieainnisfinwinudn
NATNTTNIUNITTUTOMATTIUNTHARTY GAP dau
Tngy Slymludestlymsadinndi Sevay 78.90
Uamlouwazansiaiisaiwng Sovay 52.60 daudym
sfunsasu Wifidymn¥esar 70.20 inwnsnsiilais
N135UT0INTFIUNNTHENTY GAP daulngyfideymlu
Fostlymsnrdnannd fesay 82.35 Jymiouas
asialsIAune Seear 55.9 wazlymaunisaemu
Yovay 52.94 (13797 5)

6. IAUARUDINBAINT

inunInsiididaulasanisinaveuusd
UaanfaLnunInsiHunIfuTeamInTgIunmandn
GAP 2INN15ANEINUINNEATNTIANUABINITNEATT?
vouuzAlRlAnINNIAIgIU Fo8ay 95 wazdviauafly
nsuandavennsdlulaniuuinsgiuiildeenn Soe
oy 98.20 druinwnInsfiliiiunTIUTeRIRTEINNS
HANT129INN15ANBINUIITAINGDIN1SNERT 1IN
uzdlAlanunnsgIu Sovay 64.71 wazinwnInsil
wruaRlun1snantennzalnlanun1nsgIudn
gagnFesaz 47.06 (5197 6)
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GAP ¥ nnsAnwnudnnensnsaulngerguinni
40 9 $ul saenadosfumsAnuvesnssding (2549)
leAnwitedeiiinarenisseuiuszuuinynsad
wingauvesgUgnduleivninulugnenie Jamia
Foslval wuih dadeiifinadeszuunisdanisnanin
yonuRsATmIzandmududemau ldun eng
vaainunInsfugnduidemanu efiarsundenis
Fanisnisndainuasnsilusiunisfuseslifinng
Ufudsavngsdulaenislddumenuazyuvd
dlowssuiiisufuinwasnsiiiiunisivsesiiiingg
Usuussthssiulaenisladenenuazyuun inuasnsi
Tt GAP ynse Tsautuiieananan Tnesoifiuifen
il mazeinegsidewinisiAuies danu
Fosiaziidiusiugs :1nnnsvufuiniugduuas
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GAP dulngluifinsiiuwdniuglildieslaenunsns
lavhmsdaiusuufouslusuasign shlvlenaiiasd
FugUALLINIg U GAP lamnuald wazaonndas
fumsAnwvesddien (2551) wuin MavFulsadigenu
pgmnganiuiy nafuifAswagnsufoavdinis
Huifer Wumsdansiiezsaeliivdanugauanysal
WaENANGNTIAMAIN

inwnsnsTilaisinu GAP  dalvafiniuiuas
anuilanfissunsdnludesnsidatnivu S1uu
Friugduvulundaslaiiiu 2% nafuidedlusses
nEundadelilidindonaunng wazauiy
Fdendwiunsteredesliiu 15% Fudosin
ftusUn A sEaazanutwin Wudesilddy
fdawalngnsaionslaiiunisfuseduuinggiu GAP
910M157991 5 WU neesnsddeynidiusiaidin
82.35% Yy 51Aduuazanstaisnnung 55.9% uay
Uyymauiiuaamu 52.94% a1uasiu %ﬂﬁiymmmﬁ
agfpsliunisuily Tngniseusulvinnuianudila
Aeafunisuandiamuszuu GAP Tunndu s
FupounsUfoR et wasinasinnsgiusieg ey
daliinymnIng HIuuInsgIu GAP  aansldansiad
o 81 viemuaulvegluvinaiminzan Jadle
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M397 1 uansdnuagiugumsudinuvenuninsiidnsulasinistiventsuasady Tnisiwgdgn
2557/2558

NIUN155UTDY Tairunnssuses
Snunziugumaiuasegiauazday . T
AMUIULNWYAING WRNINTG
n=57 Sovaz N =17 Sovaz

1. LN

218 12 21.05 10 58.82

e 45 78.95 7 41.18
2. 97

¥ 26-30 U 2 3.52 0 0

¥ 31-35 U 3 5.26 0 0

¥ 36-40 U 4 7.02 0 0

¥ 41-45 U 19 33.33 1 5.88

S¥9IN9 46-50 U 18 31.57 3 17.65

11nN31 50 Y 11 19.30 13 76.47
3. @0UNN

Tan 12 21.1 9 52.9

A9 45 78.9 8 47.1
4. S¥AUNSANYI

Taila@ne 3 5.3 8 47.1

Uszaudnw 54 94.7 9 52.9
5. i

TaiBu 42 73.7 17 100

wWu 15 26.3 0 0
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NIUNN55UTD4 Taisinuns3uses
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n=57 Sovaz N= 17 Sovay
1. vinnu
AuTIulunTe 17 29.8 7 41.18
Aumtlen 15 26.34 1 5.88
AuNgY 25 43.9 9 52.94
2. ANUEANANYTAIURIAY
BRGNS 0 0 0 0
B GEOIRANTRIT RN 57 100 17 100
gauaLysali 0 0 0 0
3. undaile
Taloderinlu 0 0 0 0
andfeniely 57 100 17 100
4. gamAuaaTuTeIui
TG 43 75.44 8 47.06
UINOU 14 24.56 9 52.94
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HIUN13TUTDY lairnun1ssuses
dANN1SREAT IMUIUNYAINT FUIUNYAINT
n =57 Souaz N =17 Souaz
1. MsUTuUsaingeau
LifinsUsulgaugeungenu 4 7 11 64.71
finsUsuUaUedngaRu 53 93 0 0
JGUEGED 0 0 6 35.29
Tayun 0 0 0 0
ladenanuazyuun 53 93 0 0
2. Wuginiildugn
YnenNzd 105 55 96.5 17 100
nv 15 2 3.5 0 0
B 0 0 0 0
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dnwnswanda MUWIUNEATNT IUAUNEATNT
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Unein 54 94.74 10 58.82
yrita 0 0 0 0
ERIVTRPTIVE 3 5.26 7 41.18
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Tdnufuifien 52 91.22 0 0
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5. masnudniuglildludsely
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Un1simedgn 2557/2558
lUN135UTRY lainunissuses
Uszihu FUIUNEAINT U
n =57 Sewaz  NWAINT Sowaz
N =17
1. msdamsnaamlunssuaumsndnteuninfuien
- M3AdaTIY
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- FunuiiugUuluwdasldiiu 2 Wesidud
Swamtnla 52 91.23 6 35.29
Swasdnlaunedu 5 8.77 11 64.71
2. mavfiuifauagnsufoaindnisiuien
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Swamtnla 52 91.23 1 5.88
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3 o o
Usziau MUY IUIU
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Cassava Planted Area Classification Using Object Based Image Analysis and

Decision Tree : Case Study of Mahasarakham Province, Thailand

Nutchanat Buasri* Suphan Kanchanasuthum Kaew Naulchawee and Narumon Intarawichein

Faculty of Geoinformatics, Burapha University, Chonburi, 20131, Thailand

Abstract

Classification cassava planted area using LANDSAT 8 from satellite data with technical analysis,
object-oriented and decision tree: case studies Mahasarakham province. The study aims to identify the
cassava planted areas with technical analysis, object-oriented data and decision tree classification.
Researchers have taken techniques used in object-oriented image classification. By dividing the image data
(Segmentation) before distribution to group the data. Another factor in the segmentation data including Scale
parameter Shape parameter and Compactness parameter to image objects corresponding to the object type.
The average value of the object that was used to classify. The results of the research can be segmented
image data 11,800 objects by the classified the vegetation has 8,783 objects or 3,042,100 rais and a series of
plants to identify plant cassava under the classification in groups. Various conditions of each classification.
The end result is a process that in ordered by 4th of classified. Cassava has classify by the object has 2,998
objects or 2,168,112 rais, representing 65 percent amount of area in the province. To check the accuracy of
classification can determine where the field survey of 60 points on the object image classification to
determine that the object image falls on Yucca 48 basis points to 80 percent, which is the result. The
research was necessary on this occasion can be applied in the management of farmland. Managing
agricultural zoning and about the area used for agricultural cultivation. And can predict the amount of
acreage and yield by using technology to help explore. Reduce the cost of space exploration actually. It can
also be integrated on track in terms of providing compensation to farmers or to register more easily with one

another.

Keywords : Object Based Image Analysis, Segmentation, Cassava and LANDSAT 8
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Abstract

The objectives of this research were to study 1) the personal characteristics, economic factors and
social factors of farmers 2) the situation and problems of beef cattle raising by the farmers 3) the needs for
extension in beef cattle raising and 4) a comparison on the needs for extension of beef cattle farmers who
were different in personal characteristics, economic and social factors and beef cattle raising situation. Data
had been collected during December 2015-January 2016 with 202 samples of Beef cattle farmers in
MahaSarakham Province, using an interview schedule. Data analysis was made with program. The statistics
are frequency, percentage, means, maximum, minimum and standard deviation. For comparison, the needs
for extension using the t-test and F-test the confidence level of 93%.

The results of the study revealed that the subjects were male with average age of 54.95 years old
and held certificate of primary education. The famers had rice farming as their main occupation and beef
cattle raising as secondary occupation. Total income of the average household in the year 64,870.30 baht,
cash flow in beef cattle raising each year, the average of 11,024 baht. All proceeds from beef cattle, the
average household 47,656.72 baht. And the labours for beef cattle raising with average of 1.69 persons. The
farmers had experiences in beef cattle raising for an average of 21.2 years. The beef cattle was crossbred of
[Thai native cattle and American Brahman. For of the farmers sold their beef cattle to local a middleman
who bought direct in the village; the popular beef cattle sold were bull.

The farmers’ needs for knowledge about beef cattle were high level such as: 1) how to grow grass
and pasture management, 2) how to protect epidemics in beef cattle, 3) how to preservation a forage crop
and 4) how to buying bull and cow. The farmers’ needs for extension of beef cattle were high level such
as: 1) visit to individual beef cattle farmer, 2) the study tour, 3) the training in beef cattle raising, 4)
knowledge transfer to community leaders, 5) setting a group demonstrative beef cattle raising and 6) giving
guidance documents to beef cattle raising and 7) new channels, radio and television including beef cattle
raising. and The farmers’ needs for support in raising beef cattle were high level such as: 1)service of the
Artificial Insemination (Al), 2) the providing support for breeding service by hand mating method, 3) selling
anthelmintic drug and external parasitic agents, 4) service of the vaccination and the healthy drug, 5) selling
of vitamin and mineral, 6) providing support for cheap grass seed, 7) selling of the bull for the interested

farmer group about breeding improvement and 8) selling of the bell straw and hay during the summer
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Species and Density of Phytoplankton in Area at the Middle Chi River :
A Case Study of Maha Sarakham Province

Yuwadee Insumran* Supattra jeenagkoon Tawin Santrong Somsagan Patsago

Jackaphan Sriwongsa and Arunrat Uthaiku

Faculty of Science and Technology, Rajabhat Maha Sarakham University, Maha Sarakham 44000, Thailand.

Abstract

Species and density of phytoplankton in the Middle Chi River of Maha Sarakham Province were
investigated. The phytoplankton samples were collected at six stations from January 2015 to January
2016, using 20 um mesh size plankton net. A total of 4 divisions including Chlorophyta (13 genera);
Bacillariophyta (12 genera); Cyanophyta (6 genera) and Euglenophyta (5 genera) were found. Chlorophyta
was the highest percentage abundance and specie density. Dominant phytoplankton were Scenedesmus

sp. and Pediastrum sp. Species and density of phytoplankton were the highest found in December.

Keywords: Species, Density, Phytoplankton and The Middle Chi River

* Corresponding author: E-mail: Insumran_y@hotmail.com
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Figure 2 Dominant of genus at the middle Chi river, Maha Sarakham Province
(A) Ulothrix sp.
(D) Scenedesmus sp.

(B) Euglena sp. (Q) Scenedesmus sp.

(E) Pediastrum sp. (F) Pediastrum sp.

(G) Pediastrum sp. (H) Pedliastrum sp. () Pedliastrum sp.
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Table 1 Number of plankton at the middle Chi river, Maha Sarakham Province, Stations S01 - SO03 (-: absent).

Sampling points S01 S02 S03
wn wn (%]
5 8 % 5 2 3 5 8 3
Season g 2 E g 2 'r'_lf ,3[, 2 E
cells/ml % cells/ ml % cells/ ml %
Division Cyanophyta
Lyngbya - - - - - - - - 7 75 15 8.34
Microcystis - - - - - 2 50 1.39 - - - -
Oscillatoria 50 214 12 642 - - - - - - - -
Rhizoclonium 492 - - 11.44 - - - - - - - -
Ulothrix sp. 64 750 63 2040 100 50 a4 5.19 3 10 58 6.10
606 964 75 38.26 100 52 94  6.58 10 85 73 14.44
Division Chlorophyta
Actinastrum - - - - 3 25 20 1.28 - - 1 0.09
Chlorella 112 115 2 5.32 - - - - - - - -
Closterium - 67 11 1.81 4 30 48 2.19 2 - 5 0.60
Eudorina - - - - - 767 29 2129 - - - -
Monoraphidium 1 5 - 0.14 18 8 2 0.76 100 89 8 16.94
Nephrocytium - - - - - - - - - - - -
Nitella - - - - - - - - 8 8 4 1.72
Pandorina - - - - - 372 47 11.21 - - - -
Pedliastrum 32 291 80 936 11 222 16 6.66 24 92 52 14.45
Rhizoclonium - - - - - - - - 32 - 3 3.01
Scenedesmus 67 268 93 9.95 43 304 33 10.17 2 51 15 5.85
Spirogyra - - - - - - - - 7 - 380 33.27
212 746 186 26.58 79 1728 195 5356 175 240 468 7593
Division Euglenophyta
Anisonnema - 132 3.14 - - - - - - - -
Euglena 3 88 2.33 4 94 82 4.82 3 20 9 2.75
Heteronema 20 139 2 3.74 - - - - - - - -
Phacus - - 26 0.61 - 27 12 1.04 - - 4 0.34
23 359 40 9.82 4 121 94 586 3 20 13 3.09
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Table 1 Number of plankton at the middle Chi river, Maha Sarakham Province, Stations S01 - SO3 (-: absent).

Sampling points S01 S02 S03
wn %] (%]
s 2 3 s 2 3 s & %
Season 3 2 o} 3 2 o} 3 2 B
cells/ml % cells/ ml % cells/ ml %
Division Bacillariophyta
Aulacoseira - 455 364 19.04 50 1178 7 33.04 - - - -
Gyrosigma - - - - - - 25 0.67 - - - -
Navicula 9 15 60 1.95 2 - 9 0.29 - - - -
Surirella 5 165 17 4.35 - - - - - 34 37
Synedra - - - - - - - - - 5 28 284
14 635 441 2534 52 1178 41 34.00 14 62 76  6.54
total 855 2704 742 100 235 3079 424 100 202 407 630 100

Table 1 Number of plankton at the middle Chi river, Maha Sarakham Province, Stations S04 - S06 (-: absent).

Sampling points S01 S02 S03
%] %] [%2]
5 8 3 5 8 % 5 2 3
Season 3 2 o} 3 2 o} 3 2 o}
cells/ml % cells/ ml % cells/ ml %

Division Cyanophyta
Nostoc - - - - - - - - 20 25 55 3.36
Oscillatoria 20 2 6 7.62 - - - - - - - -

20 2 6 7.62 - - - - 20 25 55 3.36
Division Chlorophyta
Actinastrum - - - - - - 6 0.58 6 9 2 0.57
Chlorella - - - - - - - - 302 950 13 4252
Closterium - - 14 3.78 - - 10 0.96 7 27 7 1.38
Coelastrum 2 2 4 217 - - - - - - - -
Eudorina - - - - - - 5 0.48 - - - -
Monoraphidium 20 8 3 8.45 237 168 39.50 721 79 3 2698
Nephrocytium - - - - - - - - 1 1 - 0.08
Pandorina - - 45 1235 - - 10 0.96 1 20 16 1.24
Pediastrum 1 - 21 597 6 20 13 374 - 20 14 1.14
Scenedesmus 1 24 27 14.20 - - - - 3 67 20 3.03
Spirogyra - - - - - - - - - - - -

24 34 114 4692 243 188 51 46.22 1041 1173 75 76.94
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Table 1 Number of plankton at the middle Chi river, Maha Sarakham Province, Stations S04 - S06 (-: absent).

Sampling points S01 S02 S03
wn %] wn
s 3 s & % 5 8 3
Season 3 2 B 3 2 B 3 2 o}
cells/ml % cells/ ml % cells/ ml %
Division Euglenophyta
Euglena - - 12 326 - - 27 2.58 - 8 35 1.45
Heteronema - - 3 0.82 - 13 9 2.11 - - - -
Trachelomonas - - - - 22 173 11 19.75 22 33 1 1.88
- - 15 408 22 186 47 2444 22 41 36 3.33
Division Bacillariophyta
Aulacoseira - - 21 5.72 - - 28 2.68 - - 6 0.20
Brachysira. - - - - 6 - 8 1.34 - - - -
Cocconeis - - - - - - - - 135 - 3 4.64
Encyonema - - - - 2 10 12 2.30 - - - -
Gyrosigma. - - 13 3.54 - - - - - - - -
Mayamaea - - - - - - - - 7 - 0.34
Navicula 2 1 15 4.9 17 - 12 278 2 2 10 047
Pinnularia - - - - - - - - 2 188 - 6.39
Pseudonitzschia - - - - - - 17 1.63 - - - -
Surirella - - 34 9.26 - - 23 221 - - 5 0.17
Synedra - - 23 6.26 - - - - - - 15 0.50
2 1 106 29.68 25 10 100 1294 146 193 39 1271
total 59 46 262 100 447 384 212 100 1253 1496 226 100
o Naﬂ’]iﬁﬂﬂ’]ﬁ’]ﬂ‘ﬂ’i&]LL’JG]éjaiJGUB\‘ﬁE’W WU’J”HE’]IP ammiwamﬁﬁ'a
with T vanudsiaumatsauiivunua sduns o

v
o a

oglurriidade 86.99+10.75% lnefianiilil S03

K% '

wytwinveugns druaviiveuss snedies tlu
an1dffiusunaansduniden dauaniddunuing
Usuuansdunidge Aanudunsmdudinads
8.07+1.12  fleUsunmeandiaufiavareluthiods
6.13+1.56 mg/L fAUSinaeendiauiiqaunidfonis
14lun1sdesanedunidarsiferluin3.09:0.92
mg/L YSuawauluiie 0.71+0.17 mg/L Lagoosin

wWoawlnlutiede 0.24+0.10 me/L (Table 2)
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Table 2 Physical-chemical properties of water quality in aquaculture area at the middle Chi river Maha

Sarakham Province

Parameters Stations Surface
water
SO1 S02 S03 S04 S05 S06 standards
(4)
Total 96.61+11.80  96.72+13.05 56.84+9.77 88.91+10.00 91.07+9.36 91.82+10.51 86.99+10.75
Organic
Carbon(%)
pH 7.72+0.98 7.92+1.07 7.97+1.09 8.22+1.13 8.30+1.17 8.28+1.27 8.07+1.12 5-9
DO (mg/L) 4.59+2.27 5.63+1.76 6.20+1.22 6.51+1.28 6.67+1.25 7.18+1.58 6.13+1.56 2
BOD (mg/L) 3.83+1.08 3.69+1.30 2.89+0.57 3.37+0.57 2.52+0.99 2.24+1.01 3.09+0.92 4.0
NH3-N(mg/L) 0.71+0.22 0.72+0.20 0.74+0.17 0.64+0.21 0.54+0.14 0.46+0.10 0.71+0.17 0.5
POL{P(mg/L’) 0.32+0.06 0.24+0.10 0.24+0.12 0.21+0.13 0.20+0.10 0.22+0.10 0.24+0.10

%
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Abstract

The processes for the concentration of fatty acids in the production of polyunsaturated fatty acids
(PUFA) have become very important because of the beneficial properties of these substances to human
health and in functional foods. Optimization of the concentrating conditions of Polyunsaturated fatty acid
(PUFA) extracted from rice bran oil was studied to obtain maximum concentration. The crude rice bran oil
was extracted from the KDML105 rice bran variety, and the extracted oil was used as fresh crude oil. The
PUFA was concentrated by the urea complexation method. A hexagonal rotatable design was applied to
examine the effects of crystallization temperature and urea-to-fatty acid ratio on the total content of PUFA
(Y). We investigated the changes of different crystallization temperatures (-10, 0 and 10°C) and urea-to-fatty
acid ratios (2:1, 3:1 and 4:1, w/w) on the total PUFA content. The second order polynomial regression model
for response was employed to generate the response surfaces. Under the optimum conditions of -7.2°C and
a urea-to-fatty acid ratio of 2.91 (w/w), the total concentration of PUFA could be increased by up to 77.48%

was obtained.

Keywords : Polyunsaturated Fatty Acids, Rice Bran Oil Concentrate and Urea Inclusion

*®
Corresponding author: E-mail: Thammapat.p@gmail.com

%ﬁ 14 QﬁU‘ﬁ 1 ung1Au - ﬁquwu 2560 MIENYAINISIFU 124
Volume 14 Number 1 JANUARY- JUNE 2017




Introduction

Rice is the most important cereal product
in Asia and is the most overwhelming staple food
in most populations of this region (Wadsworth,
1992; Van Hoed et al., 2006). It is grown in more
than 100 countries, and there are around 18,000
varieties that count for about 25% of the world’s
food grain production (Hernandez et al., 2000).
Rice processing or milling produces several
streams of material, including husks, milled rice,
and bran. The bran is the hard outer layer of rice
consisting of aleurone and pericarp. Rice bran, a
by-product of rice milling industry is an indis-
pensable, less expensive abundantly available as
soft and fluffy off-white powdery material, during
the milling period (Satter et al., 2014). The
utilization of commercial rice bran and its
potential food values are recognized, and it has
recently been increased with the development
of highly promising processes and products
(Rosniyana et al., 2007). Recently, the use of rice
bran is gaining importance in many studies due to
the fact that, during the processing of whole rice,
large amounts of the grain’s outer layers are
removed, raising the concentration of nutrients in
the bran and rendering it into an important
source of nutrients for the food industry and
human consumption (Imsanguan et al., 2008;
Lilitchan et al., 2008).

Rice bran is an incredible source of
vitamins, minerals, amino acids, essential fatty
acids, dietary fiber and more than 100 antioxidant
nutrients that helps to fight against disease and
promote to good health (Malekean et al., 2000).
Rice bran products have been widely used in
food, agricultural and cosmetic industries. With
the advent of biomedical research, scientists
have unlocked important pharmacological and

physiological properties within constituents of
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rice bran, supporting a role for these products in
health maintenance and disease prevention
(Jariwalla, 2001). In the earlier times, rice bran
was used as either fertilizer or animal feed. But
these days, it is used for extraction of oil namely
rice bran oil (Hammond, 1994; Van Hoed et al.,
2006). The most successful countries producing
rice bran oil are in India and Thailand (Sharma et
al., 2015).

Rice bran oil is composed of 4% unsa-
ponifiables, 2-4% free fatty acids and 88-89%
neutral lipids. The unsaponifiable fraction is a
complex mixture of naturally occurring anti-
oxidant compounds such as vitamin E and y-
oryzanol. Rice bran oil has several unique
properties that render its suitability for niche
markets like nutraceutical and pharmaceutical
industries. Rice bran oil has been in hish demand
for pharmaceutical and dietetic purposes.
However, rice bran oil is unattractive because it
contains substantial amounts of undesirable
saturated fatty acids (SFA). It has been reported
that  polyunsaturated fatty acids (PUFA)
concentrates devoid of more saturated fatty
acids are preferred to rice bran oil. They, at the
lowest possible amount, supply the daily intake
of total lipid (Haagsma et al, 1982). Therefore,
consumption of appropriate amounts of PUFA
needs to be considered. In production of highly
concentrated PUFA components, separation of
essential fatty acids is difficult. Rice bran oil is a
complex mixture of fatty acids with varying chain
lengths and instauration degrees. Therefore,
commercial production of rice bran oil concen-
trates with high percentages of PUFA is now a
main concern for researchers in this area

The available methods to produce PUFA
concentrate includes supercritical fluid extraction,
urea complexation, molecule distillation, freezing

crystallization, lipase concentration, silver ion
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complexation and high performance liquid
chromatography (Medina et al. 1998; Liu et al.,
2006; Corréa et al., 2008; Chakraborty and Raj,
2009). However, Urea complexation is the most
simple and the most efficient technique for
obtaining PUFA concentration in the form of free
fatty acids. For elimination of fatty acids, urea
complexation is a good established technique
(Homayooni et al., 2014). The main application of
the urea complexation method is the separation
of SFA and mono-unsaturated fatty acids (MUFA)
from PUFA (Medina et al., 1998; Wanasundara
and Shahidi, 1999; Liu et al., 2006).

Urea complexation is favoured because
the complexation depends upon the con-
figuration due to presence of multiple bonds
rather than the physical properties of the
molecules, such as melting point or solubility.
Pure urea crystallizes in a tightly packed tetra-
gonal structure with channels of 5.67 A in dia-
meter. SFA, whose straight chain molecules, form
hexagonal crystal with urea in 8-12 A channel
diameter. However, monoenes are more readily
complexed as compared to dienes, which in turn,
are more readily complexed than trienes. Urea
complexes formation depends on the degree of
unsaturation of the fatty acids (Medina et al,
1998; Wanasundara and Shahidi, 1999; Liu et al.,
2006). However, a literature search revealed no
information on the fatty acid composition of rice
bran oil purified by urea complexation. This
research has contributed to advances in the
implementation of the technological processing
of PUFA concentrate. Urea complexation of rice
bran oil was carried out to concentrate PUFA of
oil. Variables such as crystallization temperature
(X,, °C) and urea-to-fatty acid ratio (X,, w/w) were
studied collectively in order to optimize the
conditions to obtain a maximum concentration of

PUFA. Moreover, this study shows model
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equations that predict the PUFA concentrate of
rice bran oil based on crystallization temperature

and urea-to-fatty acid ratio.

Materials and Methods

1. Materials

Rice bran of Oryza sativa L., cultivar
KDML105 was collected from the Roi-Et
Agricultural and Food Products, Co, Ltd., Roi-Et
Province, Thailand. Prior to conducting the
experiment, rice bran was stored at -20°C. The
extraction, refining (R) and bleaching (B) of the oil
were carried out according to the recommended
procedures for commercial oil (Sunarya et al.,
1996). The rice bran oil was stored under nitrogen
at -25°C in an amber glass container until used.
Fatty acid methyl esters were purchased from
either Fluka (Buchs, Switzerland) or Sigma (St.
Louis, USA). The other solvents and reagents
used in the gas chromatography analysis were
purchased from Merck (Darmstadt, Germany). All
other chemicals used in this study were of

analytical grade.

2. Preparation of free fatty acids from rice
bran oil

The preparation of free fatty acids from
rice bran oil took place according to the
following procedure. Rice bran oil (175 ¢) was
treated with 200 ppm butylated hydroxytoluene
(BHT) before saponification with a mixture of KOH
(40.25 g), distillated water (77 ml) and 95%
aqueous ethanol (462 ml). The saponification was
operated at 62+2°C for 1 h under nitrogen.
Distilled water (350 ml) was added to the soap
and then acidified with 6 N hydrochloric acid to

release the free fatty acids. The mixture was
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transferred to a separating funnel and the
liberated fatty acids were extracted into 350 ml
hexane. The hexane layer was washed with
distilled water and dried over anhydrous sodium
sulphate. Solvent was removed in a rotator
evaporator at 40°C under vacuum to recover free
fatty acids which were then stored under
nitrogen at -25°C in dark amber glass containers

until used in the urea complexation.

3. Preparation of rice bran oil concentrates by
urea complexation

The separation of rice bran oil concen-
trates from the hydrolyzed fatty acid mixture of
parboiled rice bran oil was carried out by urea-
fatty acid adduct formation according to the
following procedure. Free fatty acid (300 ¢) was
mixed with 20% (w/v) urea in 95% aqueous
ethanol and then heated at 60—7OOC, with stirring,
until the whole mixture turned into a clear
homogeneous solution. Two variables we
evaluated were crystallization temperature (X,),
and urea-to-fatty acid ratio (X,). The urea-to-fatty
acid ratio was changed by using different
amounts of urea (2:1, 3:1 and 4:1 w/w). Initially,
the urea-fatty acid adduct was allowed to
crystallize at —1OOC, —SOC, OOC, 5°C and 10°C for 8
hrs. The crystals formed (urea-fatty acid adducts
are also referred to as the urea complexing
fraction) were separated from the liquid (non-
urea complexing fraction) by filtration under
suction using a Buchner funnel lined with a No.1
Whatman filter paper. The filtrate was diluted
with an equal volume of water and acidified to

pH 4-5 with 6 N HCL, an equal volume of hexane
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was subsequently added. The mixture was stirred
thoroughly for 1 h and then transferred to a
separating funnel. The hexane layer, containing
liberated fatty acids, was separated from the
aqueous layer containing urea. The hexane phase
was washed out with distilled water (2x150 ml)
to remove any remaining urea and then dried
over anhydrous sodium sulfate, and the solvent
was removed in a rotator evaporator at 40°C

under vacuum.

4. Gas chromatography (GC) analysis

Free fatty acids were transformed into
the corresponding methyl esters. In detail, 3 ml
of HCl-methanol reagent and 1 ml of toluene
reagent were added to the 100 mg of extracted
lipid samples, and they were then heated at 70°C
for 2 h. Fatty acid methyl esters were extracted
in 2 ml of hexane, and stored at -25°C before
chemical analysis. The fatty acid methyl esters
were analyzed by a Shimadzu (GC-2014) gas
chromatography with a flame ionization detector
(FID). The esters were separated on a 60 m x 0.25
mm i.d. wall-coated open tubular fused silica
capillary column coated with DB-WAX. Column
injector and detector temperatures were 250 and
270°C, respectively. The carrier gas was nitrogen
flowing at 1.27 ml/min. The temperature program
was 150-180°C at 20°C/min, then from 180°C to
220°C at 2.5°C/min, held at 220°C for 3 min, then
from 220°C to 230°C at 10°C/min, held at 230°C
for 3 min and from 230°C to 235°C at 5.OOC/min,
held at 235°C for 10 min (Thammapat et al.,
2010). Individual methyl esters were identified

against the retention time of standard methyl
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esters. Fatty acid composition was calculated by
the following formulae.

Fatty acid composition = area under
each peak/total areas of all fatty acids appearing

in the chromatogram x 100

5. Optimization procedure for production of
PUFA concentration by urea complexation of
rice bran oil

In this study, the hexagonal rotatable
design (Gacula and Singh, 1984) was employed to
study the total content of PUFA (Y variable) by
urea complexation of rice bran oil. The crystalli-
zation temperature (X;) and urea-to-fatty acid
ratio (X,) were independent variables employed
to optimize Y variable. The level of variables for
the development of the model is represented in
Table 1. Triplicate reactions were carried out at
all designed points except at the central point
(0,0) where four replications were performed to
allow the estimation of the ‘pure error’. All
experiments were carried out in a randomized
order to minimize the effect of unexplained
variability in the observed responses due to
extraneous factors. A quadratic polynomial
regression model was assumed for predicting
individual Y variable. The model proposed for

each response of Y is:

Y= Bo+ ZRiX + ZP; X+ TP X X,

In this model, Bo, Bi Bi and Pij were
intercept, linear, quadratic and interaction
regression coefficient terms, respectively, and Xi

and Xj were independent variables. The Design-
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Expert was used to analyze the data of urea
complexation by fitting all the data to suitable
regression models. Response surfaces were
developed using the fitted quadratic polynomial
equations obtained from the response surface
regression (RSREG) analysis by holding the
independent variables with the least effect on
the response at a constant value and by

changing the levels of the other variables.

Results and Discussion

1. Fatty acid composition of rice bran oil

The compositions of fatty acids of rice
bran oil are shown in Table 2 and Figure 1. The
predominant fatty acids of rice bran were MUFA
(59.75%), followed by PUFA (38.35%) and SFA
(1.89%). The stearic acid (C18:0) was the major
SFA, while oleic acid (C18:1) and linoleic acid
(18:2) were the major MUFA and PUFA,
respectively. These results are in agreement with
previous studies on fatty acids of RD-6 rice, a
popular glutinous rice cultivar for consumption in
the North and Northeast of Thailand (Thammapat
et al., 2016). The major contributors to n-3 PUFA
was 18:3 while 18:2 was found to be the major n-
6 PUFA. Similar results were observed in other
rice, such as RD-6 (Thammapat et al, 2015;
Thammapat et al,, 2016), Koshihikari, Kyeema
and Doongara (Zhou et al., 2002).
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Table 1 Variables used for hexagonal rotatable design

Coded- variable levels

Natural-variable levels

Z, Z, X, (Crystallization Temperature, °C) X, (Urea-to-fatty acid ratio, w/w)
1.00 0.00 10.0 3.00
0.50 0.87 5.0 3.87
0.50 -0.87 5.0 2.13
-0.50 0.87 -5.0 3.87
-0.50 -0.87 -5.0 2.13
-1.00 0.00 -10.0 3.00
0.00 0.00 0.0 3.00

Table 2 Fatty acid compositions (% total fatty acids) of rice bran oil

Fatty acids Fatty acid content (%)
C14:0 0.36+0.09
C16:0 0.51+0.11
Cl16:1 n-9 25.21+0.59
C18:0 1.02+0.18
C18:1 n-9 34.54+0.52
C18:2 n-6 35.10+1.67
C18:3n-3 2.07+0.16
C20:3 n-6 0.41+0.13
C20:4 n-6 0.77+0.13

Mean values + standard deviation of determinations for triplicate samples.
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Figure 1 Fatty acid level of total fatty acid of rice

bran oil
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2. Concentration of PUFA of rice bran oil
Experimental values obtained for res-
ponses: The total content of PUFA of rice bran
oil for ten design points are given in Table 3.
The maximum increase of PUFA content was
73.56% in the non-urea complexed fraction,
which was obtained at crystallization tempera-
ture of -5°C and urea-to-fatty acid ratio of 3.87.
Fractionation results showed a total reduction in
SFA and MUFA. The highest reduction was
observed at the -5°C. Complete removal of SFA
and MUFA by urea complexation may be impos-

sible since some of the SFA and MUFA do not
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complex with urea during crystallization
(Homayooni et al., 2014).

The urea-to-fatty acid ratio and
crystallization temperature  were the most
influential variables affecting the degree of PUFA
concentration. Generally, enrichment of PUFA in
concentrate and liquid recovery yield varied
inversely with the decreasing crystallization
temperature as well as with the increasing urea-
to-fatty acid ratio (Liu et al, 2006). At low
temperatures, fatty acids had a greater tendency
to form urea compounds than at high
temperatures, and the urea-to-fatty acid ratio
could be used to segregate or isolate the fatty
acids by their degree of unsaturation. Hasnisa
and Jumat (2014) have reported similar results
for the urea complexation experiment
conducted on soybean oil. Crystallization of
fatty acids in the presence of urea occurs at
lower temperatures depending on the degree of
the unsaturated fatty acids. The complexation
limit depends on the urea-to fatty acid ratio and
crystallization temperature. It can be concluded
that lower crystallization temperature derived
low percentage of PUFA. This is related to the
crystallization of fatty acids at a suitable
temperature depending on the required degree
of complex concentration.

In our present study, it was observed
that the urea-to fatty acid ratio and
crystallization temperature, both of which are
strongly related, are the most influential
variables  affecting the degree of PUFA
concentration. The variation in PUFA content

with the urea-to-fatty acid ratio is different when
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the crystallization temperature is low, then

when it is high (Medina et al., 1998).

3. Analysis of model

Optimization of processing conditions,
such as urea-to-fatty acid ratio (X;) and
crystallization  (X,), to maximize the PUFA
content in rice bran oil by urea complexation
was determined. The multiple regression co-
efficients obtained by employing a least square
technique to predict a quadratic polynomial
model for the PUFA content (Y) is summarized
in Table 4. Multiple regression equations were
generated relating the response variable to
coded levels of the independent variables.
Multiple regression coefficients were determined
to predict quadratic polynomial models for
PUFA content of rice bran oil. Analysis of
variance (ANOVA) showed that the selected
quadratic models adequately represented the
data obtained for PUFA content. Examination of
these coefficients with the t-test, for the PUFA
content, indicated that linear and quadratic term
of urea-to-fatty acid and crystallization tem-
perature were highly significant (P<0.01),
whereas the interaction term of quadratic term
of urea-to-fatty acid and crystallization tem-
perature was also significant (P<0.05). These
results suggested that the linear and quadratic
terms of urea-to-fatty acid and crystallization
temperature may be the primarily determining
factors for PUFA content. The coefficients of
independent variables deter-mined for the
quadratic polynomial models (Table 4) for the

PUFA content (Y) of rice bran oil is given below:

MIFANNYAITNISITU 130

Volume 14 Number 1 JANUARY- JUNE 2017



Y =56.06 —10.25Z of-fit (P>0.05). The adjusted correlation co-
efficient for the determination (Rz) of the PUFA

content was 0.96.
These results show that the models

predicted for Y were adequate as indicated by

error analysis that showed non-significant lack-

Table 3 Hexagonal rotatable design arrangement and response for PUFA of rice bran oil

Variable levels Response (Y)

X, (Crystallization Temperature, °0) X, (Urea-to-fatty acid ratio, w/w) PUFA (%)
10.0 3.00 52.14+0.35
5.0 3.87 60.71+0.18
5.0 2.13 59.94+0.12
-5.0 3.87 73.56+0.42
-5.0 2.13 68.35+0.15
-10.0 3.00 72.25+0.30
0.0 3.00 56.80+0.09
0.0 3.00 56.32+0.46
0.0 3.00 55.75+0.24
0.0 3.00 55.35+0.40

Table 4 Regression coefficients of predicted quadratic polynomial model for response variable

Coefficients (B)

Variables

Y (%)
Intercept 56.06
Linear
Z -10.25**
Z, 1.73**
Quadratic
Zi 6.14**
Zy 10.73**
Interaction
Zi, -2.56*
R 0.99
Y: the PUFA content
**P < 0.01 highly significant, and *P < 0.05 significant
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4. Optimization of process conditions to
maximize content of the PUFA of rice bran
oil

Two variables were given the fitted
model were we chose it as the axis for the
response surface plots. The linear, quadratic and
interaction terms in second order polynomial
were used to generate a three-dimensional
response surface graph. The response surface for
the PUFA content is given in Figure 2. The
results of canonical response surfaces were
given in Table 5. The stationary points for the
PUFA content of rice bran oil by urea
complexation predicted a maximum increase of
78.90% at the urea-to-fatty acid ratio of 2.91 and
crystallization temperature of -7.2°C. The result
of the three-dimensional response surface
indicated that the PUFA content would be
increased with low temperature and high urea-
to-fatty acid ratio.

Previous studies have reported different
variable processing conditions for producing
cereal oil concentrates. For example, Hasnisa
and Jumat (2014) have reported that the
content of PUFA was highest at the crystalli-
zation temperature of 4°C, urea-to-fatty acid
ratio of 3 and crystallization time of 24 h. Our
study used a lower crystallization temperature
than those used in these studies, because of the
higher long chain MUFA content in rice bran oil.
It would be difficult to remove those fatty acids
from the mixture as they were included in the
urea crystals (Medina et al., 1998). Accordingly,
the specific crystallization temperature of any

individual cereal oil should be determined. The
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crystallization temperature also dependents on
the degree of concentration desired (Shahidi and

Wanasundara, 1998).
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Figure 2 Response surface for the effect of
crystallization temperature and urea-to-fatty
acid ratio on the content of PUFA of rice bran oil

concentrates.

The adequacy of the models predicted
was examined by performing independent
experiments at the optimal conditions for
increased PUFA content by urea complexation
conditions. Verification results revealed that the
predicted values from this model was
reasonably close to the observed one (Table 5),
indicating that the model is suitable for the
prediction of the study response. Our developed
process has added nutritional value to rice bran

oil with respect to bioactive substance.

Conclusion

The processing parameters were found
to be: a crytallization temperature of -7.2°C and

urea-to-fatty acid ratio of 291. We selected
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Table 5 Predicted and observed values for response variable in urea complexation experiment of rice

bran oil

Critical values of independent

) variables Stationary Predicted Observed
Response variable - . a
Crystallization Urea-to-fatty point value (%) value (%)
temperature ('C)  acid ratio (w/w)
Total PUFA content )
-7.20 291 Maximum 78.90 77.48+1.14
(%)
*Mean values + standard deviation of determinations for triplicate samples
h iti [ hi he high
these conditions in order to achieve the highest Acknowledgements
levels of the PUFA content of rice bran oil.

Under these conditions, the PUFA content could
be increased up to 77.48%. The urea complex-
ation process at low temperature and high urea-
to-fatty acid ratio was demonstrated to be a
feasible method for the increase of PUFA
content in rice bran oil concentrates. Our finding
suggests that urea complexation could be
considered as a very effective method for
concentrating PUFA from rice bran oil leading to
a potential use for the application in the food

and pharmaceutical industries.
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