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Effects of Girdling, Foliar Fertilizer and Gibberellin Biosynthesis Inhibitors on
Changes of Plant Hormones Relating to Flowering of Lychee cv. Hong Huay on

Highland
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Abstract: The study aims to compare the effect of two gibberellin biosynthesis inhibitors; paclobutrazol and
mepiguat chloride on flowering of lychee plants grown on highland (1200 masl) in Chiang Mai province and to
analyze the hormonal changes during flower bud development. The experiment was conducted during March to
July 2013 with completely randomized design (CRD) consisting of 5 treatments and 5 replications, whereas 1
tree per replication was used. The treatments in this study were 1) control (no treatment), 2) girdling plus foliar
fertilizer (0-52-34) at 1% and ethephon at 400 mg/l; 3) girdling plus foliar fertilizer (0-52-34) with ethephon, and
paclobutrazol at 3000 mg/l, 4) girdling plus foliar fertilizer (0-52-34) with ethephon, and mepiquat chloride at
2500 mg/l, 5) girdling plus foliar fertilizer (0-52-34) with a combination of ethephon, paclobutrazol, and mepiquat
chloride. The result showed that treatment 5 (the combination of girdling plus foliar fertilizer (0-52-34), ethephon,
paclobutrazol, and mepiquat chloride) gave the highest percentage of flowering even under warm temperature
of July. The treatment could inhibit flushing, decrease auxin accumulation, but promote biosynthesis and

transportation of cytokinins (iP/iPA and Z/Zr) in leaves and apical buds, which consequently induce flowering.

Keywords: Lychee, flower induction, ELISA, auxin, cytokinins
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" Days after girdling
Figure 1.

Development of apical buds and young shoots of lychee as affected by girdling plus foliar

fertilizer and paclobutrazol and/or mepiquat chloride

¥ v
o a o

W ummumnLfaalﬁ’l,ul,l,rii@zﬁwﬂqnﬂnﬁuﬁ?tﬁ
unnFiueea il AT eans Lasliatuaunan
L’ﬂ?ﬂlﬂ 391.22-526.91 aan
‘Lumummﬂmmwmﬂw@mn (mmwl 1)
W3 N393RT 5 (GHF+E+P+M) flulesFustanent
mnwmwﬂum@nmumﬂmm 49019 81.81 Lﬂfamum
snndNsainaANLEN TS AL AR A aginad]
Hed1Anuneatia eeelsfinumnnasudslawinues
dananliunnmafy Tnadainunitaeds 11.83-
16.15 [IURINAT UAZENIIRRAE 21.69-25.28 LIURINAS

171

3. HANSETNUURIRISHULINITHENALLUALSARY
aanisidasunlasmanigimatasmnaan

WAaRAITINATRINIFNATANIABNNT
HlasulaId NI UENINIEA N ATBIANLDATBIALA
AABATELZNAMANT 91 SUNAIAINITATE FILAA

- 4 « d amd
uRBeumaulunIng 2 azwiulianluanieings a o 1
d9liaanaanazrlinunisainsqantiaannen (foral
primordia) L5t254m1414 (axillary bud) aBATELZIIAN
91 Ju IneBnuillaiiaainae9nasuasn 1zl
o =l ' 1
anwazlunan wazdasnawmun llulusen
Twauezinganaa9IA BaLA I UNIINITN 2-5 |



MSANTINERT 34(2): 167 - 178 (2561)

Wawnnsnuansseenly lnaBuaiqeiniienn  daaudaauludun 35 uavndui aniuasimun
pan lwiui 21 naspduie uasEudiuqanudaneen  etsseliesaudutenenluiui 91 ndiaduna

Table 1. Effect of girdling plus foliar fertilizer and paclobutrazol and mepiquat chloride on flowering
behavior and quality of flower panicles of lychee

Days to Flower

Flowering Panicle types (%) Flower size (cm)
Treatment flowering number

(Days) (%) per panicle Full flower  Leafy flower Width Length
Control No flowering oc' 0b 0d 0d 0b 0b
G+F+E 9N 21.33b 523.11 a 25.83 bc 7417 ab 14.56 a 21.84 a
G+F+E+P 84 30.00 b 391.22 a 36.54 b 63.35b 11.83a 21.69a
G+F+E+M 84 76.66 a 526.91 a 17.50 ¢ 82.49 a 1459 a 24.27 a
G+F+E+P+M 84 80.00 a 448.31 a 81.81a 27.27 ¢ 16.15a 25.28 a
Significant - * * * * * *

'Means with the same letter within column are not significantly different at P<0.05 by LSD test

o 21 35 49 77 91
(19/04/2013)  (10/05/2013)  (24/05/2013) (7/06/2013)  (5/07/2013)  (19/07/2013)

m | %

Treatment

1) Control

2) G+F+E

3) G+F+E+P

4) G+F+E+M

5) G+F+E+P+M

" Days after girdling
Figure 2. Change of buds development as affected by girdling plus foliar fertilizer and paclobutrazol
and/or mepiquat chloride (ab = axillary bud, am = apical meristem, fb = inflorescence bud,
yl = young leaf)
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Figure 3. 1AA concentration in leaves (a) and apical buds (b) as affected by girdling plus foliar fertilizer

and paclobutrazol and/or mepiquat chloride
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Figure 4. Changes of iP/iPA (a-b) and Z/Zr (c-d) concentration in leaves and apical buds as affected by

girdling plus foliar fertilizer and paclobutrazol and/or mepiquat chloride
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Figure 5. Changes of auxin (a) and cytokinin (iP/iPA; b and Z/Zr; c) in leaf (L) and apical bud (AB) of

flushing treatment (control) and flowering treatment as affected by girdling plus foliar fertilizer

and paclobutrazol and mepiquat chloride ( G+F+E+P+M)

175



AN5ATINHAS 34(2): 167 - 178 (2561)

Charoenkit et al. (2015) INA1191 IAA azBu&aAzF

o e . .
Nuseunandeeanldadimeen ludiuaasuanszny
aa K 1 dl % a
199n331A s AN Aan ALl asaesluulainlatiu
wudn TunssuAsacunn Auauaduasziuazavanla
Inlativluluuazmaaniioanin vivlugy iPiPA uay
U Zzr waglsiumnsineiuludui 0 lumnenduiuly
N99MATNDANABN FAILFLNE 21 TUNRIATU (ANHIARANN
59) ldaudadui 3549 (m1uandulnisuay
al' a a v a 2 o
wlasudud@eadin wazin1swanmndneanuauunn)
| PO a o | LA
Wi Anaivatiuaeslalanlaiiuia 2 giletnssaiiias
TnaduunltinAeudinedniaudngy iPiPA aziiinawly
Turnnnanlupieen e lENIARRINNINFYWA
Ui 21 naIRduns daugll Z/zr aziiiadiangn uavaz
WNNnARneaaNInnIn iU Tneanizagnegialudumn
49 Anunisaueeanngen i idunnenzauses
LAY TIRDAARBINUILINUYDY Potchanasin et al,
(2009) uag Srmgarm et al. (2009) ‘Vl'W‘LIfm m?L‘WN“}Ju
484 Z/ZR mqvmuﬂmuﬂ?mmmm iP/iPA ‘V]’&“’ZQ@J@F;I
Wi waziraeuigmnaentuyiaamsiiie
Lﬂaﬂugﬂmﬂ iPiPA T dlu Zizr Tner iPiPA azgn

lalasladLizinnd isoprenoid side chain #aeitawlasd
cytochrome P450 monoxygenase wazieulmiainil

¥aan1s NADPH 11 co-factor AnsianTaifiaduaes
1Bunnu Z7R ilanssanuazluanafaannnislalng-
adlalnlpiuiiquiuasTuanaaulug conjugated
form (inactive cytokinin) 13 a¢lug1 active cytokinin
fainazilannuduiusednlndd asianszuaunnanig
fudumsnlasulasmeenliimun i iflumnaenls
3. wwamamsiinllddsslaadlunmsdaadiunns
aanmanasAuANufay warlinatinay 1
Tunsdlresaualunimaness Huanali
Lﬁuﬁmmmﬁmmmﬁmﬁ'u@?umm@ﬂmfanﬁ'ﬂimu
Fadn G Usznaudag nsadiRe saufumumsludne
1e1 0-52-34 Poudindiu 1 wleFius nanieiinew 400
Taanfusiadans wilaadanalaa 3,000 Haaniuse
an3 waziwAnenaanlssd 2,500 HaAniusAeaARs 7
AINAT R muiumiﬁuf\ﬂma\m‘%mLﬁuimmw‘ﬁ'ﬂu

176

dadrnlfimeeni szazinanlunsing ey
wiausan1saannan tnanilaadaniloa uaziuia
semaaelss THaReN1ANNIIRAATLTALILIBIARLT
mm@Lﬂumisﬁmmum"[ﬂm‘luﬂ?mmﬂﬂﬂsau (1AR)
ARAY mmmmmm SnaRananThie I I ATLALA
‘wuﬁfauj Kt ustlunsdi faenisin |14 suliing
1mau m@uﬂiumumvmmwma‘mqmmmmmm
1 2 g I AugnansnreldinaTiatiulunis
ﬁuvﬂmummﬂmmffuﬁ'q 1 NANLULHANITATY
g antsufunii A pudiniufivanzanaes
wfivlau nlaatianslas uaziufinrenaaslss
shazuanseidllussunineinausavaiin

GE)

nNNsldansaugInNIduAII s A LILaLITAR Y
Bun wlpadomaloa waziateneaalss deuali
o = A yaa & \ A Vv
fuatRsenmen msaluluauReunIng AN Wikes
T sauriunisadune uazdanunigludoni]e 0-52-34
naNAUeAneu InenssuasAINa14 NN TZARNT
nasen N ann1daAmsinazazanaandi Tuuone
dasdadinnisasuazavanlainlaiiugil iP/iPA
wazgl Z7zr Muuasinneeniiugelu auaiunm

= v o a

wasusmaesananlullaiaduqaniinainanuay
Wannhliudenenfiauysoild

nafAnssNlsznA

mu%“ﬂ?ﬁf-ﬁummﬁumwmwﬁwmquﬁ
AT UAAR AT E TN N ERT dnsinwawn
TufnAneuasAsaf1u@nanmansuaznalulag
ANINAMLNITNNIINIFYANANHINIENINANHITNNS
(AG-BIO/PERDO-CHE)

LANAITDNNDY

aseyeyn Teyry1ufio uaz AgEd WINGIN. 2553, HAT8Y
anspauANNIsEstyiAL T Tsianisaan



na2eIN15AdUNe famdy wazansdudanisdauasiziauiuasadusanis

waznuulasaeilauRanduiusiunmsaanaanuadfuaNUgEea It LUNUTIg

ABNUBNGA WATADININTBIENNUFANE
1i18ie. 219891 ER s 26(RTUR AS): 117-
125.

annsol Bunans anstind 1R sTUES uay Uszind
Yoy, 2560. nar0uLAT eAuARANS
indole-3-acetic acid (IAA) AianI1FLATTYLFLITA
LL@:‘LE‘mmmﬁ;mmmmw?ﬂ%”m. PREGRE
WNEET 33(3): 333-344.

ST 38U UAT ATEL WINTUN. 2559. HATEBIN
Tradannlzasenassyiivlameicluges
NAL, MsENIINEAS 32(3); 321-329.

WA \3tyna uas Anen asands. 2554, HATBINIATY
fa Iululnunadesneama uaziefineuss
mi@@ﬂm@mmﬂqqmmﬁyuéﬁuﬁ:mmﬂuu
g, asanainems 27(1): 19-25.

3eyeyansnd Alsaniana. 2552. nsuaninlulaauea
weuAvesesuTienulslladieldlunns
amadndiaaulsluledlunalnedtiaulnd
avraNy luTeFiuw. e inuganeAans
NVNTTUR, unanended@eslnd, @l
79 uihn.

NEAN9I WA U WIuNa Anen AsNAS uas
AU UINIUN. 2557, LATBILNAAIENAND
las paeiimanmanlsd waznnlaadons
TrasienseennenTeszaineiLftinen i
194, 29IRINHAT 30(3): 271-279.

a39iel STy WA L3EURA UaY ANEN &IINAS. 2555,
NAUBINNTATUA S uazn1awuilenaglugion
Wiulnuwnadauleamnuaziaiivausanis
a@nm@ﬂmfaq%{u%‘ﬁuﬁmmm WATHUG
ANINTTA. MFATNEFT 28(2): 145-153.

Charoenkit, N., D. Naphrom, P. Sruamsiri, K.
Sringarm and S. Fukuda. 2015. Modeling
the  relationship  between hormone

dynamics and off-season flowering of litchi

by using random forests. Agriculture and

Agricultural Science Procedia 5: 9-16.

Chen, P-A, S-F. Roan, C-L Lee and I-Z Chen. 2016.
Temperature model of litchi flowering - from
induction to anthesis. Scientia Horticulturae
205: 106-111.

Ding, F., S. Zhang, H. Chen, Z. Su, R. Zhang, Q. Xiao
and H. Li. 2015. Promoter difference of
LcFT1 is a leading cause of natural variation
of flowering timing in different litchi cultivars
(Litchi chinensis Sonn.). Plant Science 241:
128-137.

Johansen, D. A. 1940. Plant Microtechnique. McGraw-
Hill Book Co. Inc., New York. 523 p.

Kang, J., Y. Lee, H. Sakakibara and E. Martinoia.
2017. Opinion cytokinin transporters: go
and stop in signaling. Trends in Plant
Science 22(6): 455-461.

Moreira, R.D., D.R. Fernandes, M. do C.M. da Cruz,
J.E. Lima and AF. de Oliveira. 2016. Water
restriction, girdling and paclobutrazol on
flowering and production of olive cultivars.
Scientia Horticulturae 200: 197-204.

Potchanasin, P., K. Sringarm, P. Sruamsiri and K.F.
Bangerth. 2009. Floral induction (Fl) in
longan (Dimocarpus longan Lour.) tress:
Part I. Low temperature and potassium
chlorate effects on FlI and hormonal
changes exerted in terminal buds and sub-
apical tissue. Scientia Horticulturae 122:
288-294.

Rademacher, W. 2000. Growth retardants: effects of
gibberellin biosynthesis and other metabolic
pathways. Annual Review of Plant
Physiology and Plant Molecular Biology 51:
501-531.

Sringarm, K. 2008. Participation of correlative
hormonal signals in the floral induction of
longan (Dimocarpus longan Lour.) trees

induced by the application of potassium



AN5ATINHAS 34(2): 167 - 178 (2561)

chlorate. Ph.D. Thesis,
Hohemheim, Stuttgart. 110 p.

University.  of

Sringarm, K., P. Potchanasin, P. Sruamsiri and K.F.

Bangerth. 2009. Floral induction (FI) in
longan (Dimocarpus longan Lour.) tress -
the possible participation of endogenous
hormones Il. Low temperature and
potassium chlorate effects on hormone
concentrations in and their export out of

leaves. Scientia Horticulturae 122: 295-300.

Zhang, S., D. Zhang, S. Fan, L. Du, Y. Shen, L. Xing,

Y. Li, . Ma and M. Han. 2016. Effect of
GA, and its inhibitor

paclobutrazol on floral

exogenous
formation,
endogenous hormones, and flowering-
associated genes in ‘Fuji apple (Malus
domestica Borkh.). Plant Physiology and
Biochemistry 107: 178-186.

178



nmsaadantslguuaiiFaniul jinssaidasme

TsAfuuAnegluazaNany

Selection of Rhizobacteria Against of Gummy Stem Blight Pathogen of Melon
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Abstract: Selection of rhizobacteria from soil cultivated with melon crops from Pa Sang district, Lamphun
province and Mae Hia Agricultural Research, Demonstrative and Training Center, Faculty of Agriculture, Chiang
Mai University for controlling Didymella bryoniae causal agent of melon gummy stem blight disease was
conducted. Total of 149 rhizobacteria isolates were obtained and used for evaluation of antagonistic activity
against D. bryoniae by dual culture method. Nine isolates of rhizobacteria showed the growth inhibition of
D. bryoniae. Among them, isolate S93 and S138 showed the highest antagonistic activity to inhibit mycelial growth
with 81.20 and 82.40%, respectively. Moreover, cell-free culture filtrated of isolates S93 caused malformation
and swelling germtube of fungal pathogen and isolate S138 could delay fungal spore germination. Two
antagonistic rhizobacteria were identified based on morphological characteristic and 16S rDNA gene. The result
showed that isolate S93 was gram positive bacterium with rod shape cell and the 16S rDNA sequence of S93
showed 99% homology with Bacillus subtilis. Meanwhile, isolate S138 was gram negative bacterium with rod

shape cell and its partial sequence was 99% homology with Enterobacter asburiae.

Keywords: Gummy stem blight, melon, Didymella bryoniae, antagonistic bacteria, biological control
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PDA w281 7 Tu ‘ﬁlﬂqmuqﬁ 28 B9ANIATEd 1N
\a12A8 cork borer WA 0.5 LIUALNAT LLﬁqﬁw%”uiu
Adden (culture disc) AINANT HAINLILANUDIVNET
1Evn19Tnide wuaT Besensn Bamuuunis
nAReaRs LA InenaliiineanideuuaTiBesann
4 ufims ubordysfigounnf 28 asenieaFua
Wulaan 7-8 31 219URUNNINARBILLL completely
randomized design (CRD) AnsnAaeianin 5 41
S YTV Y CRPITIRNY P PRIT N E TR e
mmfuﬁﬁmﬁﬁmmm’é@ﬂmm@ﬂ”ufamm?tymm
L%” 2 ( percent inhibition of radial growth; PIRG)
WEHLAEUA LY AAILAN AINEATNITAIUIDILD
Skidmore and Dickinson (1976) f’ﬁ"\‘lmwﬁ 1
42 msvaRauiadudulszAnaninaas
\HauuafiBesausn
Y@ auuaTiBeseumniins@nanimann
ﬁzﬁqmlum@ffmff@ﬁyﬂmmmm‘lﬁa‘mmﬁﬁma‘wm@uﬁﬂ
A5 Tnannsinng L@mmmmr-mLa‘mﬂmﬁmﬂumm 1,
2.3,4,5,6 UAT 7 54 LLAWNT NA antianaiie
mmwﬂmmmumsm@@w 4.1 ugarinlelind
foumnH 28 asaniades iuwaan 7-8 U aauEwNg
NARDILLL CRD 4114914 5 LmeS“mmm?fymmﬁ»@
31 Tnadaaaueiafailaeadule aansfutinun
ﬁmqmm’éﬂmmmﬂfmffm{amm‘%ﬂﬂmFﬂy@muﬁ‘%

Dual culture plate

PIRG = R, -R,x 100

R, = Radial mycelia growth of fungus on the control plate R

1

R, = Radial mycelia growth of fungus towards the antagonistic bacteria

Figure 1.

Dual culture method illustrating measurement of radial growth of fungal mycelia
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Ana9in9diu wazlsviiuilsr@nsninnisdusiaues
g o o o Ao v P
Fasnawinlin ansasaznisdudanAwanl Taeld
NI U89 Kumar et al. (2007) #9% >90 % A @
dse@nsninlunisdy ﬂzm;qmﬂ, 76-90% A2
dsz@ninanlunisdudage, 61-75% A o
sr@nsnnlunisdusdeliunany waz <60% Aa N
tsz@Ananinluniseaueamn

L b 2D 22D

5. nManagauilszansmMwaasdauwuaiizasay
snlumsgugainmssanailairaadasisimveisa

o & aa PP a a

WTe LuANTesausn ARUszAnsninunn
nanlunistiudymesnanvinlin iaesluamnsian
PSB (potato sucrose broth; potato 200 N34, sucrose
20 N§4, distilled water 1 an9) wdatinldeindaersea
LweiN@17 (shaker) NA2ING2 150 sAUABUNA (rpm)

Wuan 7 SuanifuiinIneafa e N nIamas

LL‘]_Iﬂ‘V]LiEI (membrane filter) UM 0.22 HARLNAT LAQ
viiinsaq (culture filtrated) A58 lumaen 118 1.5
Aaaang Bumns 100 uiasans sindlefuaauasses
383 D, bryoniae (3L AUNUTULUDABINA) AL
S. cucurbitacearum (sxaizRunuguuLlaian Aawe) 7
AN g 10° adesreladans wuadldluvaen
Parnms 100 ilnsams dangnauantinndusinde
Fuadh) e SN Audaeriasiatngns 5 uF Ll
fgnumpRdiesunu 10 Wil udaidauuani el
13u1m9 30 lulRsams 1ﬂmammuu§u§u WA (water
agar. agar 17 N3, distiled water 1 ams) Rwieadly
slide culture 11N TN ARB IR IUNA 441 10157
quvgivies unan 15 4alue udaiuadedieen
nals compound microscope Wraufiay ﬁ/‘i_l"q 9]
AYLAN N1N13iuaLeiaen 100 aledsie 1 i Tne
atlosaen manede atasfisen germ tube InafiAany
gnaminduAnniteaesades (Lucas et al., 1975)
A uenafluesSuinnasugspanmsan
va9a1la
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6. N1TAAINLUNTU A (identification) U LT B
wUANESALTIN
6.1
STLERT
o d’l a a dl a a
UdeuuANFasausINNdszAnsninuan
Ngalunistiudaumiasame lsAImIIRda AN Y

mmﬂqaauﬁ'ﬂﬁmzwﬁaﬁmg'\uﬁwm

quﬁ”mﬁmﬁmmlﬁymﬁu Thginun@eaLsamng NA
U7 grungAtieailungn 24-48 dalius dainm uas
Tufinginednws uazdaes colony ANy uat
M3IadeU A28 3% potassium hydroxide test (KOH)
mmﬁmm Suslow et al. (1982) ) ieilunismagey
unsulaadiy mﬂuumﬁm?mmmumﬂmammm
LWNTH (gram’s stain) ANNATUR Nga et al. (2010) L‘W@
VAFALUNTH UAZAANHTUZILINTDITRAULAT e
6.2 N1TAAIUUNTUATALDIAIANHAUZNIG
ﬁ’uqnﬁu (genetic material)
Faduunatiareaideuuaiizaseusning
AN HUENINN UGN TN TnensaaaauaiAy
faralalnsiinng 165 rDNA Saawnaila polymerase
chain reaction (PCR) & 9 primer 27F (5'
AGAGTTTGATCMTGGCTCAG 3') b a ¢ 1492R (5'
TACGGYTACCTTGTTACGACTT 3') N19911 PCR Intl
S dumou #adl initial denaturation 95 89ANLTAIT 8 4
WAL 2 N7 i 1wan 35 sau Ine denaturation 95
29ANTATEE WKW 1 U9 annealing 55 a9ANTaTE e
U 1 U7 extension 72 A9ANTATEEA WAL 1 UNT
uae final extension 72 a9ANEATEA U 10 WIT 147
PCR products ﬁi%mﬁﬂﬁu’?‘qﬁrﬁm multiscreen
filter plate (Millipore Corp., Bedford, MA, USA) & 7
aramnatsuiandlelng lnatnlddimmediuaiag
LA dﬁ‘ 2 9 ABI Prism 3730XL DNA analyzer (Applied
Biosystems, Foster City, CA) ANt FUR S e
Rl uwSeufeufogiudeyaiidsoeulily
GenBank @1n The National Center for Biotechnology
Information (NCBI) (Pane and Zaccardelli, 2015) L‘Wlfﬂ
FansnunnTiavead auLeiiesiell
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1. MR UASNISUNTRSIENNALDIITARY
wanegsluaranaay
q1nN1981998 1sAR AN A TaiNud
Ugninaauainiuinilgniis 2 unas Taganissiuuen
aneluaaas waaundnsanuluulaslgn doulungy
ATWUBHALTAFU (N9 24) Auluaeamany
(N 2B) wazannsnlu (nwd 2C) wnandlulspas
A o = s & | \ o
Hanwauziludmn a0 uddglaeliuiuen uay
LTI IUNAATWLAARANTIUIALAN NTZANEBLINLNA
mqu,mmwmLﬁumqgm"mﬁqﬁmu"mmum@ﬁfm
(MWl 2D)
flansagauunatd s duiiiuln
nalf stereo microscope LOTIGENFRN perithecia a
o o < K v o A o
A1 NUBILAL ostiole MHTALAL (AVNWA 3A) ANHUY
alefraamasanvglsadansanialiindas
Compound mlcrosoope W ascospores ﬂﬂnﬁﬂiunq
AFandn ascus (mwm 3B) Tmﬂmﬂmu f 2 10 YAl
flaunn 3-4 x 7-15 TulAsiuns (AwA 3C) aminun
Py Py Ny = = o
ALNUUENYNT PDA WU el Eula @u1aenmnined
. o 4 o . . &
A1 (NN 4D) TIANH U LAINA1IN TN LT BT

D. bryoniae An1991897ulm e Newark et al. (2014)
war@nsnsauen iviaune 4 latman Ae lalban 11-14

2. NMsNAdauANNEINITalunsrinlinalea
mﬂa&yﬂmmmq‘lﬁsﬂﬁuumnmﬂmmmma@u
nagauANaINiTnlunliinalsa
d’l dl $% 99; 1 dy v
wTasNuentine 4 laToan wudnsignigadiae
nsviuateiurauastLusiundmaauengsziiu
10 4 awnsonin Wisiundwaewialanléinnlaloan
wasanigniaauna 193 wuqaauEnMaey
T (n1nd 4B-E) anniiuludui 3 naanisdgniae
an13qnatnazidanuiduduima wis aualug)
A1 TUBNUAA@IN9TET LATAINITNAINAINNEI
a o 9 d' Q!I v d” K2 Y @
1FIMAEHY (NN 4G-J) e lBunuaudiundniag
- v 1w 4 .
Wansutisusaas daullanfaumeuiugaasunw
Vv % o a a a 1
Fundwaeudsaadudidandnd walidnuennisaes
3@ (NN 4A, F) lHau A unuansa1n1saaalsann
peaadaunie’lfl stereo microscope W1 perithecia
209UT0TINI Y ATLTI A ST UR T UIUNN T
AnarAanandusnE L1891 aIN D. bryoniae
FAINN998NUADY Newark ef al. (2014)

Figure 2. Symptoms of gummy stem blight caused by Didymella bryoniae on melon, lesion on stem (A),

lesion on petiole (B) lesion on leaf (C) and gummy ooze on stem (D)

Figure 3.

Morphologlcal characteristic of Didymella bryoniae causal agent of gummy stem blight disease

on melon in growing area at Chiang Mai province, perithecium (A), ascus (B), ascospores (C)

and colony of Didymella bryoniae on PDA for 6 days (D)
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1 day after inoculation

Figure 4.

The pathogenicity test of fungal pathogen by spore suspension at concentration of 10° spores/m,

control (A, F), isolate 11 (B, G), isolate 12 (C, H), isolate 13 (D, 1) and isolate 14 (E, J)

3. MSUANUUATILEESALSINUDILNADY
ANNNNTUENLLAT FEALTINAAEATIRBAN
A1T0LANEAY UUBAVNILA LT NA 610190 LEN
wupTEe T aine 1wy 149 lalmian Taauanann
Auaasuilaslgninaenlu Aruatituizeu a1ne
Unns dandnanu 16 141 laloan Ae lelaian S1-
S141 uazanAudIqe a1sauasinouINNITNEAT
W AISINHATANERT NuNInenfe @Iy
Fadndelvd 18 8 laloan Ae lelnan S142 - S149

4. MIAARBNULATIIFESALNTRUNARU UG
fusadamaiunlsasuuanendluaraausayly
walfjiiang
41 mavagaulssAnanmmeaadawunaiie
sausInfuenls
A aunaiiBesanunaan 149 lalmian
N’]‘V]ﬂ’&‘m_lﬂ’)”m@WN’]?QIHETUJQW]?L@?KUWTNL%”@i’] D.
bryoniae 15 lsAfuuANe9 AT INABUAILT
dual culture TA8NNI9TBULIAT BEsALNNLALITE
anmawienTi nudn fideuuafiBeseunduan 9
leTian Aenansadudinmssyasedemanin tnl
Tmﬁ”@m@:n%ﬁmﬁmﬁ‘lumq 14.8-40 (mmﬁ?‘i 1)
18un laTaian 93,138, 94, 119, 89, 121, 103, 122
uaz 30 Tnaffsesnznisdugayiniy 40.0, 33.6, 20.0,
19.6,18.8,16.0, 15.2, 14.8 UaT 14.8 ATNATAL WFAN
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140 laTan linunstudadenanvalseld anus
nmeageuiulidisenazaaansdudedeanvgls
dapadlsz@vaninen (<60%) aelnelsfimuilaeeu
ndefiinnidefing g neunsfinlzavite
ﬁ@uﬂ’ﬁ‘ﬂ@lﬂlﬁy@@’]m{?ﬂi‘ﬂ waznwuIH1sz@nsnnnig
PauANISAlAR 11 Zhang and Xue (2010) NAgELINNG
W unnafl3e B. subtiis SB24 7 LaNL1AINIINT
fawmdes WuntsAauRwid e Scierotinia sclerotium
amnlansadiutingesdanies ian1magaLNLY
nmindeuuafiie SBA2 wuasuuEuRTdunan 24
g ﬁ@umiﬂqmﬁy@mmaiim HuseAnnanlunig
ounnlanlEAfign Wudsafumeumsinmlog
Filippi et al. (2011) i liuanideuunii3asausnaes
Fiudinng LW@mmmmumimumu‘iﬁ‘miﬂmmmqw
\A mmmﬁjmw Magnaporthe oryzae TAIWLIAN 119910
Auknnide Rhizo55 nauwdluinan 15 4u uazide
Rhizo-46 11981 2 41 ﬁ@umiﬂqmﬁyﬂmmaim
ansnanniafialeawlilingsenas 90.7 uay 95.03
FINATAL AMNINERUNIANHIAING1Y RUAAULIAR
lumstindeuusii3asensnfindfisenaznis
dudanniigalusesdnduunlinageniedudy
Usz@ngnmanase lneuBuuiflauszazinainisia
FedfTnFllmnsidmuensteunaidesvng
TAsmpaeL uiaAsInLlszAranin
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Table 1. The efficacy of 9 antagonistic rhizobacteria isolates against Didymella bryoniae by dual culture

method

Isolates PIRG’ (%)
93 40.0"
138 33.6°
94 20.0°
119 19.6°
89 18.8°
121 16.0°
103 15.2°
122 14.8°
30 14.8°

Control 0.0°

CV (%) 21.42

' Means within a column followed by the same letter are not significantly different at P=0.05

? PIRG = Percent inhibition of radial growth

42 nsnefautNatuauwlsransninaag
IEaLUANLEE5aLSIN
o d’l a a o
YNTAUNUAT F8199131N9113U 2 lalaian
16un lataan S93 way $138 NHLlsz@nENMHINTgA
Tunmstiugad@aanve lsanmaaauilsc@nsniman
o ¥ aa P
A AneiRT dual culture TaeNNsNzLAeLTa la taian
S93 waY S138 UUa111? NA W unan 1,2, 3,4,5,6
uaz 7 54 udnasimeasanivin saNmage wuda
lalaian S138 N3ataznissudannndnlalaan S93
tnelalaian $138 Ansdudannigaluiun 6
gnsnsnsTusslFasas 87.20 (MW 5) wavtlss@vianw
azanadluduin 7 lnaanuisadudal@banay 82.40
Twanuenlalaian S93 N3asazn1rsius AN LT wazd
o o a P Py aal
nsfudaNINg e eIy Lmumrﬂmimﬂumm 7
54 Imﬁmﬂmvmmmmummmu 81.20 ([ﬂ'ﬁ"]\ﬁn 2)
datlsafiulsrAnanwnn s esuuai Bav 2
laTman ‘Lummummmm lareaid a3 wuda
loTaian S93 waz $138 Hisx@nsnnnisdudagy
GBasay 75-90) HBWILIALTAULEIMNT PDA i1
&N 6 FU NAUNIINZIRENITaTAME 19A ANNANIS
NAABIATIT BN RauR U U Iegade 4.1
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feazifiudnde uund Lwﬂ{]ﬂﬂwm 2 lalaiand
ﬂiwmwﬁnwwiuﬂwmummimmmfaqLmﬂm Faawn
TRl RN T UM Tz AN TN LA LLa NS
Anedeiindu nalnnsdudalneqduidufilng
fiedaanvnlsaiaiiuatauuy Wy nsa%eang
Ufaaue usiu lidnsdnenisdownanlunissng
ansLfauzLuawnsaede nanguaduiaeifimg
ki Hammami et al. (2009) lHAnENI9a3yLaZNNT
@37198131U7 %91z bacteriocin 8@ B. subtils strain
148 7% Aoy AN @@ Agrobacterium spp. 11 n13A
1wl (crown gal) TuNguanettia Taawuginisuas
an7 bacteriocin fannigaiieidesluammaves Lura
bertani (LB) ‘ﬁﬂmunﬁ 30 eaAnadea Wuszeznan
494U U @ nNAann u Georgakopoulos et al. 2002 18
mmerﬂ Pseudomonas mmmummummam
Pythium ultimum @115 1AL ABAUTBIWAINI TNAL
URTER (sugar beet) §284% dual culture TaenAe
@8 Pseudomonas uuannaudeaiiasing 7 Wuan 2
TU WAy 4 Ju neun1mAdeuiy L%”’ﬂ?’]@’]m{iﬂiﬂ
WAy
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Control

Figure 5. The efficacy of isolate S93 and S138 for growth inhibition of Didymella bryoniae on PDA; 6

days of incubation period of rhizobacteria on PDA before placing the fungal pathogen

Table 2. The efficacy of the most effective rhizobacteria 2 isolates on growth inhibition of Didymella bryoniae

Isolates of PIRG®
rhizobacteria 1 day1 2 days 3 days 4 days 5 days 6 days 7 days
Control 0.00% 0.00° 0.00° 0.00° 2.40° 0.00° 0.00°
S93 58.40" 56.40" 60.80" 66.00" 55.20° 78.40° 81.20°
S138 60.40° 64.00° 68.80° 75.20° 70.40° 87.20° 82.40°
CV (%) 7.66 5.15 7.61 10.6 9.55 2.09 10.73

" Incubation period of antagonistic bacteria on PDA before placing the fungal pathogen

# Means within a column followed by the same letter are not significantly different at =0.05

° PIRG = Percent inhibition of radial growth

5. managaulszAansmwraaiauuaiiGesay
snlumssudimssanataraadamaunglsa
N1INARRULANT09T 1EaNNNN9IAELT @
wuAaseusnleloian S93 uaz S138 NnadeL
tsrAnEnmnisdudaniseenaesseiresidas
mmmiaﬁﬁ”\i 2 9%8l vm?ﬁuﬁuﬁr ensatiunissen
wasgLlef 15 m‘lﬁmummwum wmﬂmmmmuu
Masanaedatleside D. bryoniae Lmvmﬂmmmm@
s luscarnisduiuguuuldendawne 3931
S. cucurbitacearum WinriL3agaz 100 Iummﬁmﬂ@ﬂu
mmmmﬂ@%ﬂmm 593 WAz $138 Hnnenvede
31k 2 sveizwindBesas 100 i Wilddrinees
AFanlelnian 93 uaz $138 laianunsaduganis
senuesgtleia 2 szadld aehalefinaiiionmagey
gUsvaesaied wudadaauialng lemageuriuiy
nsaaedleloian 93 alesueeidesiinasean
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Sefnemuzaes germ tube figulinadining taaiinng
UINNRITRIEU germ tube %awﬂé’ﬁumﬂ@%ﬁz\i 2
3281 (N 6B, E) lmnueitinnsesaslelnian S138
Al an1seenvesatesandas wa ldnumaanu
ﬂmﬂﬂﬁm@mﬂfﬁﬁﬁyﬂmﬁi‘i 2 9e81y (mw%?i 6C, F) il
WauiugaAILAN wuddemiinissaning (PN
6A, D) feunamsAnEnsinnsasilgannnis
Laymaﬁuvﬁ‘ﬁﬂﬁﬂﬂﬁ s mARBLINNTIENTeALeside
@ mn lsauazliinanimagauaenAfediuNans
I8197UT] 1y Phuakjaiphaeo et al. (2016) 11310
N20491NN19LA 81T 8 Streptomyces sp. CEN26 114
AIMTLAD International Streptomyces Project-z (ISP-
2) naaaUAan1anaasdlasia e Alemaria
brassicicola @16 1A lUqALR9ALTN wudntinnges
vhignanandudsnsentesalesliuasinaLeside
9 UseRALNG 1 HANITLANNEITRY germ tube
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A A o cY dy .
yiraRemnsnieentedgleiinas wanannii Liet al.
2015) 1A 9189 1uean1314181NT0990 94T 2
B. megaterium strain L2 181119 nutrient broth (NB)
TnenuqNtINTessananail nani liddasueamas
A. alternata JpanuRaUnfuazdusaniseantesatas
TAduiu annuanimaaaaiuldlfdiarsdndny
uwatninasamanamn lsadansiagluaims
WMAN DU NINIRNEN AR LUAT TERBNUAY
o a a a s :: di, %
flansiiiszAvanmlunisdudaiaanive lsals

6. nMespsunglavandawuafiGesausn
6.1 N19ATINFBUANHULNWAUFIUINE
\ieadu
mmm@mummﬁmqwmL‘ummummm@
wuafFasausntaloan 93 uay S138 fsil taladl
ge9lalaian S93 Uue1n1T NA AN AATN (cream)

a3 (opaque) HaauuEn (undulate) 151914l
w1 (iregular) ﬁmafﬂﬂﬁmﬁyumnﬁqm’hmmi
L@ﬂuﬂf;l (raised) Lo m‘wu’mu (rugose) (ﬂ'lwﬁl 7A)
leviumagenunsudiediugan 3% KOH wudn il
fnwnnfluanawilieoiafuvicadneide uaneinfu
LUAT BEUNINLN ANt ugunaanATaas
NN9ElaNUNTNNLGN LIaaRAANuansI T uwNINLAN
Hgtraduunia (rod) (w7 7B) uazdaulelian
5138 aziilalatidannenmans Tldauaa (ranslucent)
2UFEHU (entire) 3U519naN (circular) HnMsensalAs

YuaINRINE181113 (convex) wazHantinzeu
(smooth) (m‘wﬁl 7C) et measeuunadesdu
§i98l 3% KOH 1y Aaneasduanamiaafiniy
vinatneide uandTli AT Beun AL aanthninan
fanunsunudn wasnaduasuansdnduunsuay &
susaluuviaan 7 (MWl 7D)

Figure 6. The efficacy of isolates S93 and S138 to inhibit spore germination of Didymella bryoniae and

Stagonosporopsis cucurbitacearum on WA, 15 hours after incubation, control (A, D), isolate

S93 (B, E) and isolate S138 (C, F)

Figure 7. Morphological characteristics of rhizobacteria isolate S93 and S138; colony of isolate S93 on

NA for 7 days (A), gram positive of isolate S93 (B), colony of isolate S138 on NA for 3 days

(C) and gram negative of isolate S138 (D)
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6.2 N19ARIUUNTUALALDIALAN BTN
'ﬁuqm‘ﬁ‘u (genetic material)
N17MTRdaLA B KereaLuAR e lalnan
S93 uay $138 TuuFtand 16S rDNA gene W31
laloian S93 {13120 16S rDNA gene 111A 707 bp
wazlalaian S138 aunn 1,506 bp L atina" Ay
ThealelnslEnu Renfaunnaumilon (sequence
alignment) lug1udieyares NCBI Aaeldsunsa
BLAST wudnanauiianalelnduealeltian S93 J
AUt ua1suTand e InAL3a0u 165 DNA
gene mﬂdL%”@ Bacillus subtilis strain BAB-2742 .o B.
subtilis strain YS15 Ingfl Aanuimilaufuda 99% 34
ANHANTIREATITIR AN AR AAR ST LT ENNLTD
Ahmed Idris et al. (2007) ‘171|W‘]_|fi 1 L%D'ﬂ B. cereus, B.
B.
Stearothermophilus ‘Vl UYNANNAULITLIO rhlzosphere

subtilis, B. C/'rcu/ans B. licheniformis & & ¥
%qumwmmm@mmimm‘llimwmm‘wanmnm@
91 Fusarium oxysporum i uﬂﬂ@’mu Yu et al. (2011)
mmmmmj@ B. subtilis LLF;IﬂVLﬁ]@’\ﬂﬁ]u‘]_I?LQm
rh|zosphere ﬂﬂﬂmuW?ﬂiﬂﬁ@WNW?ﬂ@ﬂﬂ%‘Lﬂ ﬁIﬁ‘ﬂL‘MH’J
fRmNEE F. oxysporum MR iuAeni

VL@IGﬁL’N‘Vl S138 34 AITHNLUN @uﬂuzﬁﬁﬁu
TardlelnALi31ns 165 DNA gene 184 & Enterobacter
asburiae strain ATCC 35953 L @
bacterium clone $42_071 Tnanudnasudapalaing

o
o

uncultured

faoumilaufuis 99% F9annuansisuaiai s
AINTNAGIEARIA LTI BT D Jetiyanon and
Plianbangchang (2013) ﬁLLﬁﬂL%y‘ﬂ E. asburiae ANAU
131980 rhizosphere 289ENNIANBNAINTN TR UIsA
e x‘ﬁl REERE L%yﬂ Pectobacterium catovorum
subsp. catovorum 1§ agnslsfinuil nanisaaanyan
30 £ asburiae Lﬂumm&ﬁiﬁﬂimiumumj (Zhu
et al., 2017) %qﬁﬂﬁﬁmimﬂ@mﬁm@u (community-
acquired pneumonia) N1 m [ Lﬁj AUB Luﬂ Wil e (soft
tissue infections) N1 'a“r:*l 2 L‘]J AURIUIALNA (wound
infection) memmmmﬂ@u 7 (I\/Iardaneh and Soltan-
Dallal, 2014) FafuAsPIvAnIAEeNnatina ol Tmian

189

$138 1M lUN1INAABINTAAITNN1IATIAAD L
AnuaNTIE lwnnenielanlunysel

a7

ﬂ’m‘LLEIﬂL‘ﬁ’rJ rhizobacteria a1NAUIAL 19N
seafunanuiilaiiflulsn LW@ifnwmm@unﬂaLﬂuLsnﬂ
me‘mLiﬁﬂgﬂnﬂumiﬁummmiry"n@\immwmma
1aslsafiuuanaeinazeanaaulutiasljicnag
AANIUENET LLUAT BasaUsn ATlsAvEA AN
fign 2 lalnian fe loltian S93 uax 5138 wazann
nsanuunaiialagandaansufianaleinduesidnm
16S rDNA gene wuinlalaian S93 Hansudapalang
4941731904 16S DNA gene il awufuide B. subtilis
strain BAB-2742 L @ ¢ B. subtilis strain YS15 LL A &
”Lfa‘l}m,@w $138 z‘iﬁﬁuﬁqmﬁ‘l@%ﬁ‘nmu‘?mqm 16S rDNA
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Selection of Rhizobacteria to Control Bacterial Fruit Blotch of Melon
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Abstract: Selection of antagonistic bacteria from melon rhizosphere for controlling Acidovorax citrulli causing
bacterial fruit blotch disease of melon was carried out. Total of 149 rhizobacteria isolates were isolated by soil
dilution plate method, 141 isolates from Ban Ruean subdistrict, Pa Sang district, Lamphun province and 8
isolates from Mae Hia Agricultural Research, Demonstrative and Training Center, Faculty of Agriculture, Chiang
Mai University. Paper disc diffusion method was used to evaluate the antagonistic activity of isolated
rhizobacteria against A. citrulli. Four isolates of rhizobacteria demonstrated an inhibitory activity including
isolates S93, S97, S125 and S126 with inhibition zone of 1.44, 1.36, 1.74 and 0.86 cm, respectively. The results
of screening test for controlling bacterial fruit blotch disease in greenhouse exhibited that isolates S125 and S93
could inhibit disease development with 70.00% and 63.33%, respectively. Identification of both effective
antagonistic rhizobacteria, isolates S125 and S93, was conducted based on morphological characteristic and
16S rDNA sequencing. The result showed that partial gene sequencing of isolate S125 was 100% homology

with Pseudomonas monteilii and isolate S93 was 99% homology with Bacillus subtilis.

Keywords: Bacterial fruit blotch, rhizobacteria, Acidovorax citrulli, Bacillus subtilis, Pseudomonas monteilii
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unAnga: medadenlslouueiidafindanauRnnsennntesaey Weld lumseauaumssiyzesde
wLIATiBe Acidovorax citrull anwnlsANARiNTesaeY anansauendeliaan 149 letnan KaeE soil dilution
plate G4 141 lalgian usnarnudasinemanslusuadinuieu sanatgns Fandnanu uaz 8 lalaan a1n
AuIAY aBauavnausHNIsNERsuITin: AnzinEmIAans inangnaedeslud nnsdn@anlslauuaise
UfjtTn¥AaeiA3 paper disc diffusion wudn & 4 lalsian ﬁmmsmﬂ”mﬁaL%”@mmsﬂmiﬁ 1un lalhan $93, S97,
5125 uaz 5126 TnediRnndudaminiu 1.4, 1.36, 1.74 uaz 0.86 lwuRwns muansy e lslouaiide
UfTnuf flszans i figelusesdnfuusnlnaaeunisaunalsnlulsedaunaaen wodn lalsian s125
anansndudamnAalsnlisesas 70,00 uazlalaian S93 anansndudeniaielsal¥tenas 63.33 iedmsuun
stsuunfidufinivis 2 lelsian lasendednunismednigiineiiediu uemdinesiasuianalelng
131anuilns 165 DNA wud lelmian $125 fpaumileuiudeunniide Pseudomonas monteili fv5asaz 100
uas Telmian S93 flpmumilewtudawuniide Bacilus subtils fsasaz 99

AdAny: lsananduuanime lslauuaiiEe Acidovorax citrulli Bacillus subtilis Pseudomonas monteilii
AN atin9lafinu Schaad et al. (2008) AANNIANE VBT

Tnd Aalasunnl4Ta Acidovorax citrulli W1H NN
WaBU (melon) Miaunane aeluagd AINN13ANE1UDY O'Brien and Martin (1999) W11

Cucurbitaceae HuN a7 o Tuasdumaiduinaaiy 'mmmmmﬂumii”mMfawﬁmmmwLiﬂ A. citrulli
umanan uasli uazuzsz Wufu Souindeluioy  Asduesinemadaluensiu deswindeuuaiide
= a v a & 2 ' 1 o 3 o sy o ¥
vaduening waeuastylia luaniwemiaseuniis  atunsadraneadiulldansatugls nldinng
o o a 1% =
uazuasunnan daqiiuinalgnmasulunginia - Asugunisszinaseslsadlulilfonn lulsswalned
pasilszmalng Inadianisudnudaiuiivents  nmeneunulsananiluneszdueani@enmitenns

#9990 WATYNIINAMNALBINANARA (BATIH WAL Maludandm AT TAN 508180 LATIDULAL
qanad, 2558) winstlgninasutlszautioymizasnig (Pinyapong, 1994)

srunnveslspdAtyvanalsndinrinans i laanawin lsTauunii e (mizobacteria) Aangamaside
(bacterial fruit blotch) 71 LA A 41N Feuuad e meﬁG?ﬂﬁmﬁmg'u?ﬁmmﬁm@mmﬁm (rhizosphere)
Acidovorax avenae subsp. citrulli Immﬁyﬂmmmﬁ A (Kloepper et al., 1991) a1 nTingNNI0d AT uNg
TAuwWAaWUg1# (Frankle et al., 1993) NsAnm mfa \BaiLlnresite uazasnInRILANMsSIIBeTE
Lmﬁ‘ﬂLfrimLflummmm‘ﬂmmmwmwmmLLm Bu mm&;‘lﬁmﬁlﬁﬂﬁ Aaaudamsuniald Taanns
luil A.A. 1969 el Crall and Schenck usilaignunsn  uasduvitedsneansilfious nquaeslslouwuadFoid
syrilnresdeunaiaaamniald fean Schaad ot Usrlminaite s Bacilus sp. kaz Pseudomonas sp.
al. (1978) AnmndnmnirennisreslsaifnLuEun SN W ufu (Vessey, 2003) N13AN®13Ne Atinael4
uael wazmewinilanmauianideuund Be 'ﬂauwdﬂfﬂf]ﬂﬂﬁuﬁﬂ'm@uL%”‘ﬂ@’nﬂﬁ‘ﬂi‘ﬂ 11 B3N
Pseudomonas pseudoalcaligenes subsp. citrulli Tu LaZLUTR19904 (2560) 1%ﬁ’]LL’ﬂﬂﬁIuﬁﬂ%Vﬁ7{LLﬂﬂ@’m

WAaFaN Willems et al. (1992) THAAa1wuN e AULBLIE LN T D INAT, Wwinyuinany ol
wuaf Baannnlsaanndednliidu Acdovorax  iiiulsrsndudadewuniiGe Ralstonia solanacearum
avenae subsp. citrull L‘f‘immn%wmqﬁuqmwﬁ a1 Lﬂlﬁﬂi‘m‘ﬁlﬁﬁ Fentesusi@oma wanannd N9aw
T T A lay.C T CHTe AR Geluana Acidovorax nazdems (2555) E\HuonAtul@aeuln i nuanly
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A1nanlaNIAILANLETAIN Pestalotiopsis sp. LAY
Lasiodiplodiia sp. &g lsanatinanaan e i Tu
nsannsldansiadl tanisaouaNlsAiT uLazive
pxtaeniasaislng soutaBawanden nnsld
a = v P
qauizdlunisAtuANTea unun1sldansil aady
= A o o Ao AR Ao -

madaniiiaula AniddeiaRdnglseadine
o A a a ' a a dl ¥

AnaanqauvisdlungulslauuanFeoialilunng
POUANTBLLIANZE A, citrull #1116 9AKALIIDINADY

o aa
Alnsaluazdsnns

1. N1981994 LAUAIEIN NNTATIAUATNNTUEN
\dasuvalsanain

11 nsdrsaauazinuaiadndsa

d199alsanainlunlasdgninaaunas
upuengUaaeneRInsluAuatinuEen anerlnang
AIUTAAINU BATANLANNAY BUNDNNNAY T9UTA
T i Lﬁuﬁfmﬂ'wmLmraw,m:l,mum@ﬂﬁme
’ﬂ’m’]i‘Lﬂ’]Lﬂuﬂﬂﬁi%{’muﬂmﬁﬂ uazihamin ey
fumnaligddennznenvitedsn ARaTuBLLLes
wiasnmasuuazLAumgl

12 mepsranidauuniiGaanunlsa
NALUITDINADU

nsAsIIN G auLAT SuawelAnaiies
wanuuazuALAIgL Aasnisldmmnaaa Aac detection
kit Acidovorax avenae subsp. citrulli 85U lsANALN
Tuigaadumg (U3 nsa BumesuduLLA 4T,

D

Uszmalng) dlawasnuamasuisauanangla
LaneNNNTIn 5 N3y UalutTines 2-3 HaAans A
falafgnmnd 2528 saATaidua unan 2 und
uanungauladuuunanaslundy test kit snme
0.15 fiadans 74 151szanns 5 107 wdarasnumg vn
P ALDLRYA test line (T) W@ control line (C) N84
Winalunanuansdn f3e A cirul inAauouaT
control line Wgaginane? vunedelfinaduauuans

a1 laiRd@e A. citrull
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1.3 Msuan@auuAiiiFesiun lsANALN
o a A = -ﬂl
UNaAaeNHANAUNTALALANG L NMTIA
‘W‘LIL%@ A. citrulli a9nN19RTI98 28 Aac detection kit
(@@ 1.2) N1A19FEENAZaNA FRLBRNTaaASN
el lulansTmeslsweanagessesay 70 Wl
= 'y o 4, & vy
azidsauazuanuInNAulen@e Aelilszann 1-2
= 3 v o 1 d‘” dl 1 d’l % 1
w1 antiuldvasaneime (loop) NHTaudIgNAdll
suspension AINA7 LAY streak AYLLBNITAAKLA
§1a1n4g e 7 modified Tween medium (peptone 5.0
niu, CaCl, 0.25 N3, agar 15 mu methyl violet B
AN stock 1% 1.0 TaAART HEIRNTEN I auda Fx
Tween 80 10.0 NaA A AT WAz amoxicillin trihydrate
500 Aa@an3u) (Popovic and Ivanovic, 2015) AN
o dﬂl ala 1 Dd‘ = a
UmeuuAN BennLn g 25-28 aeALTaLTes
o Y o A PR aa \
dunan 2 Ju udadniaanialatiinaaniiglsanan
(round) AU gﬂiﬂi (oval) A (grayish) H1 streak w1
a a al :/l -ﬂl U E./dg’ a Aar v =K o d”
ansiamNanaT e i lAiTe1qns wiaasige
Aa  a Sane A A o &
WuANBeEAVEN 1S Nimsaietududiwme A.
citrulli 9% Aac detection kit Ia 81T LU AT 38
a1 1aladl azanaluimas 0.5 Taaang waf
neafat19a9lunay kit test Hanield 5 U9 N
QIUUNH 25-28 BeANTATIA URIAIEUNG
95970 Lo lIaNIaTe SNHIANAUWIN AD

TRANT AVAUTNADI LAZANN AB T2 VRINA
O o o o
1AUNA A Taunasiiufaedalsn wLazaNAun 5

Aa ansulun1suani@e 1w MRFP2 Tasidl M Aa wen
d!/

FIANIRNNNALNADU

L Do

RF A9 NaWA P A1 81104 11119
o o o o & % o o o
aninau ey 2 Aa WeuenAdus1Aun 2

2. msvnmﬂaumwmm'a‘n"lumstﬁ alsn
(pathogenicity test) AR L°II AUUANLFERN LMmTiﬂNaLuﬁ

YA auuad NFaannlsanatun RN
1TunulneNNg streak A9LUANMNT NA (nutrient agar;
peptone 5.0 N34, beef extract 3 N4, agar 15 N3y,
distiled water 1 Ans) Lin479 g il 25-28 apin
adea unan 2 $u annvhsinunsies bacterial
suspension Inennsgnlalaiizesdeunniideisiy
vuiantiewng il gadlutninesiahinnguieain
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AerFunms 20 Haaans A lUSarnsg anau
LA9TIANE19AR 660 unTuimma (0.D. = 0.1) Hael
spectrophotometer geldpnudindiuremadvinty
10° InlafiaRadaams (cfu/ml) w&2a9%N bacterial
suspension gnid easuniundnisae Afleng 754
faeaaniswunialy (foliar spraying) Tuilsunmns 5
BRI RGN mm‘fuﬂquﬁqmqummﬁﬂLm:ﬁuiﬁ
meliannisaiteufignunfl 28-30 svrngaidaa
mfmmummﬂm:ﬁuﬁﬂmwﬁqmﬂmiﬂqﬂL%y@vmf?u
Tnautsszaumugunsstedlsneanid 5 s2Au Au
FamenisAuatnan Wang et al. (2009) ﬁaﬁy

0 = Tluuansernis

1 = mmmi@mmmmmmmnuu‘lmmm uay
dlaidanaanzuieuluse wheasng
pn@eneuuly Andlufenas 1-15
mmmmmmmmmmhmuﬂuL@m Az
dlaidanaannzuieulusie wheasng

AnN@evnaunly AnduEesay 16-50
Tiaevieluatenig Wieai1enany
Revneuuluandifesas 51-80
AANNPneTesRaviady Wiaa1aAanL
@evneuulusesay >80

3. n1suanlslauuANFeaINAULSIUSALSIN
INRDU
d!/ al a a a
WENLTBLUAN FERTNABLTIUTAUIN

(sTauupiipe) fiunseundansniesiuniussanysnl

Tidulsn TnafiuAuainudaslgniuasulusiua
finuieu annatlig1e Saudnaiyu uazAudidy
ABAUAYENaLTNNITINEATLALHAEY HU1INEaY
Fudlusl Savdndecdual dhAunuenidesands
IADANNENTAEANE AU (soil dilution plate method) Tnel
Fapusaetneaz 10 nFu laasluaangiany (flask
shaped) ﬁuai@gﬁﬂﬂﬁuﬂhﬁy@l,lﬁa 1311ms 90 Haaams
e idinfuudaficliinnazney AAAITUIIUABE A
el micropipette U351 1 Radans ldasluvaen
nResRRTNAUsNde1 AT 9 NaAART e lians
wrousetAudinAuLdaiReassalluuumu Wians
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LLaet AL ATy 107, 10° uay 10° 1Bunas
0.1 Hadans WusniFesaeia spread plate U181113
NA ﬁﬁiﬂﬂuiﬁﬁ@mmﬁ 25-28 a9ATATed Uszann
2354 Lmﬂ”l.ﬂmmmLiwmmmumuumummmi
Tmﬂmm streak AILUANT NA BnAfaiauenide
‘LIﬁ‘Zi‘Vlﬁ wazLA LU stock culture (muummmm
{aTnunATimeni S uavANEAEIR AT LA A AL
SLumame%yfﬂ) el lunamaaassell

4. n1sAmdanlslauunfi Gadjdnslu
nasljimnig

ﬁ’mLﬁfaﬂiﬁmmmﬁGﬂﬂﬁﬂﬂiﬁ?ﬁﬁﬂiﬁmﬁmw
Iuﬂ'lif;l‘]_l?_lxmﬂimiﬂ_lﬂl’a\iLﬁy’aLLUﬂV]LiEIZQ’]IMmI‘Eﬂ finens
paper disc diffusion Tng L‘W uisutue L°iJ auuAf m;l
a1n 19m Uue1119 NA waztuidlunan 2 54 7
U 25-28 aeAIAITHA At TAE
wruaee IR AMNdNdY 10° cfu/ml udaRavealtas
HUIUAREANLUAIUNT King's B (KB; proteose peptone
20 n¥u, KHPO, 1.5 n¥u, agar 15 n¥w, glycerol 10
ml, MgSO, 1.5 N4, distilled water 1 am3) U3N1M3
0.2 fiadans dasuli1u (cotion bud) inaeliisin
Autinenuns doulstouuafiBesaandfin By
81119 NA tailunan 194 'ﬁlqmmﬁ 25-28 B4AN
wadea Lafun AT Tas waauane 1N A
dindumindy 10° cfu/ml mmfu@mmﬁl,lmummm
IslauuanBeBunns 20 1WIAsART eAaaLL paper
disc (ﬁﬂmﬂ’wﬁmﬂlﬁ”@l,l,ﬁq) PUAEUNIUALETNAN
0.6 RaAinAs HvlidnagudinnstingutaneaLuay
'BWM’W?La”ENL%”ﬂﬁLﬂal‘EIL%”‘ﬂLL‘LIﬂﬁG“El’mmmiﬁ‘ﬂvﬁ u&aa9
uu”lnwammm 25-28' aaAmaida Wunan 2 3491
MINARBIINAA 5 91 MIIEELIANLELNTD1LNNT
ﬂumm@mmmim Tp8eIn137] mumm”lm (clear zone)
Vise13Lanueusha (inhibition zone) 71AATL ANKAENS
fifAuLasanann Drew et al. (1972)
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o

5. nsnadaulsz@nsninaaslslduuniil
Ufiinslulseizau
51 mswFandauuaiiGesuualsn
wazlslauwumii Fedlilne
dlslruueiGeUfdndaddssansan
294 TUABIANALILIN (mﬁm‘ﬁ' 1 WA 2) Tunseiugianng

el

a a dy a a 1
Wy uinreme AN Faanun lsana iy
el iAn1g (anuanimaaeyluie 4) N neasy
dsz@vannlunisaruaulsananiuufiundmaey
Tnedav@anuaizuatvelsauaslslowuai vy
UFTNF LUeIe NA UENINNETUNITAR LIUADE
WildAanudindu 10° waz 10" cfu/ml AITNAIAY AN
aal = v
smaesanluie 4

52 nsnadaulssAngninnisasuAn
T9ANALEN LRAUNALNAUIUTTIEAUNARRY
WsunANaeTUgaann (Alpha) 81g 7
nlgnludanilgniinues u1lilunimaasy
Usg@nsnmnisaauanisavedlslauuaiizadjiine
(% aa ' [ a aa Y
AoeRaniswunely InelEiBunmns 5 Dafanssasil
sznaufiag 6 N93NAT Aal
ada \ aa a e a
nesuded 1 WulslouuefiFed]indaian
1 1iu18 2 41 uloRswume LA Bea1vnlan
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Figure 1.

Symptoms of bacterial fruit blotch on melon and cantaloupe under field condition, various blotch

lesions on melon fruits (A-C) and on cantaloupe fruit (D)
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Figure 3. Pathogenicity test of Acidovorax citrulli 4 isolates on melon seedlings. Symptom on leaves 8

days after inoculation
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Table 1. In vitro antagonistic activity of four rhizobacteria against Acidovorax citrulli

Rhizobacteria isolates Inhibition zone (cm)
S93 1.44""
s97 1.36°
S125 1.74°
S126 0.86°
Control 0.00°
CV (%) 14.46

' Means within a column followed by the same letter are not significantly different at P=0.05

Figure 5. Effect of 2 antagonistic rhizobacteria to control Acidovorax citrulli on melon seedling by foliar spray
method. T1: spray with isolate S93 for two days then followed by A. citrulli (A), T2: spray with
isolate S125 for two days then followed by A. citrulli (B), T3: spray with A. citrulli (C), T4: spray with
isolate S93 (D), T5: spray with isolate S125 (E) and T6: spray with distiled water (F) under
greenhouse at 28-30 °C, 8 days after A. citrulli inoculation

Table 2. Efficacy of 2 antagonistic rhizobacteria to control Acidovorax citrulli under greenhouse condition

Treatments Disease incidence Disease severity Control efficacy
(%) (%) (%)
T1: spray isolate S93 two days before 100.00™ 36.66"° 63.33°
A. citrulli inoculation
T2: spray isolate $125 two days before 86.67" 30.00° 70.00°
A. citrulli inoculation
T3: spray with A. citrulli only 100.00° 100.00° 0.00°
T4: spray with isolate S93 only 0.00° 0.00° -
T5: spray with isolate $125 only 0.00° 0.00° -
T6: spray with distilled water (control) 0.00° 0.00° -
CV (%) 30.07 36.92 32.63

' Means within a column followed by the same letter are not significantly different at P=0.05
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A Puesime

Figure 6.

? 3 h -~

Morphological characteristics of 2 rhizobacteria. Colony of isolate S125 on NA at 5 days (A),

gram negative of isolate S125 (B), colony of isolate S93 on NA at 5 days (C) and gram

positive of isolate S93 (D)
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Increasing Exibitor Potential Against Pink Cassava Mealybug Using Crude Extract
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Abstract: Chitinase and protease produced from two effective entomopathogenic fungi (Aspergillus flavus
isolate L21A and Beauveria bassiana isolate LARTC2, respectively), exhibited potential properties against pink
cassava mealybug (Phenacoccus manihoti). In this study, B. bassiana isolate LARTC2 was selected to test the
virulence of the entomopathogenic fungus supplemented with crude enzyme chitinase and crude protease
against 3 instar nymph of pink cassava mealybug in the laboratory. Virulence was evaluated by percent
mortality and median lethal time (LT5O). The highest effective treatment was found from the condition by using
crude enzyme of both chitinase and protease with spores of B. bassiana isolate LARTC2 for a 1 x 10" spores/ml.
The percent mortality at day 3 and LT,, were 65.56 + 4.55% and 2.52 days, respectively. The physical
evaluation of dead pink cassava mealybug exposed with spores of B. bassiana isolate LARTC2 supplemented
with crude chitinase and crude protease at day 3 showed the deterioration of insect and mycelium of fungus
covering on the insect. The increasing mycelium with white spores of B. bassiana isolate LARTC2 on dead pink
cassava mealybug was observed when this insect was incubated at 30 ‘Cfor3 days. These results showed the
potential of chitinase and protease in increasing the virulence of entomopathogenic fungi against pink cassava

mealybug.

Keywords: Pink cassava mealybug, entomopathogenic fungi, chitinase, protease, Beauveria bassiana
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unAnga: nsAnmandnsseulnllafiuauas isfeafinanans it dnanwlunisinanamaaud i
&nends@auy (pink cassava mealybug 138 Phenacoccus manihoti) Aewntind wudniewlslleAiuaiiuanann
Aspergillus flavus laltian L21A uaz 1sf WARHARANN Beauveria bassiana lelman LARTC2 fnanimeinli1%
Tunsianemdeutaludsasdean daeulnWeseiaiiduladeddnlunmiaamaoungelos]
azdinglaenanardidnsreanasuleluduneuusn mni‘fmwzlﬂ?m‘lmﬂ‘ﬁmmmmsl,uﬁqLLmq Wuamnsuag
Fnanendeulvluiign msinmeasailBnaaenihasarauenlnllafmauasllsfieainananameses i
Wsaufuansuamuaesadeio B. bassiana leltian LARTC2 fiannadiadiv 1 x 10" adeSsiefiadns ieviiumna
g‘uLLiﬂuﬂ’]iVIﬂ’]@’]ﬂﬁfJ'ﬂ'@uﬁ/ﬂﬁ 3 %\1Lwﬁymlﬂqﬂuzﬁwﬂwﬁﬁmw TuszAviieaiRnns nanimasesnudinigld
gnrazansenlodlafuauazilshied fuiuansueiuaesalesmlnlefidusinimig (percent mortality) T 3
Wi 65.56 + 4.55% wazdlen LT,, wihiu 2.52 §u SalefdiusinemeiitAngeandnmstiennzansazanaienle
iibeansugauaesaLleffissetnaiien annisdananinddsuulasdneaeninian nuwna sl
ANzuASATNY UATNNIATY VD31 B. bassiana lalilan LARTC2 uasniswusoaansazanaieulsdlafiuauay
TsiieasnaruamuanusesaLefriduean 3 fu wudumasgninans wasiddlasunaqueamaeuts nevds
annmsthundautllii 3 5u iguaugd 30 esrnades nuddulesmmnuiiuuarayesresndenunmeg
'a'aﬂmLL@:ﬂﬂmquﬁqmﬁqénﬁmqLwﬁymufh mgﬂiﬁdnmmxmﬂt@ﬂmﬁlﬂﬁLummx‘ﬁﬂiﬁLfamﬁfmtﬁumm@mmmm
rlumadininansmaguwl g sd

AdAty: wasulaiudlendsdeny snelsaluuias lafius Wskies Beauveria bassiana

AN NN9TELNA (FINIITOL UAL LIEYAAT, 2559) upneals

anansnaansszLel desmnmstdamaguleiu

dudnlndadluigiinnegBlidemelng dnlzvdedgamiduinlienn desannmugdaes
WUAAL 4 7090901a1NE19W9T Bee wazdinn de  inAsutlAnay Unaguiien Tlsiu lafu il uaz
mmmzﬁ‘wu@ﬁﬂﬁﬁ@'ﬂi”mﬁmnﬂd’] uiludn  ladu sinlfennsenisinans ey
umsiail ﬁ%‘uumm@mmumﬂmmmumﬂ WA a?fnJ:w‘fﬁmmﬂmﬁﬂﬂ%mimmumiﬂmﬁmm:
2553 B9 2557 111 azwuRuAlun1 TN gnuay Anan Lwiﬁzymmﬂmﬂ%mmﬂﬁwmfﬁ HaLde
Panmwanani laoiedefindu Andibenas 34 wnans naliaduridindauasduinma@envils
uaz 84 pudndy lansfinandnsieliloneds  Adeuianld mesedwiduaasiadiadniam
Mudubesay 4.4 (@011UR1UNT, 2558) UNATIZH TUN1IN1A18 49 NIAEBNITUNAS ﬁ“mgﬁmﬁ' Gips!
amumim"l,ul,wimﬂ%wuﬁrym?{Lﬁmﬁyﬂumiﬂqn wWavune wazdaandesedld snnalealuuuag
fudnlzvds Aamsszunemeananulaludzvad  (entomopathogenic fung) uqauvadngai suns
muvg‘ﬁ'ﬁgmm wazsaiiesouslaned we. 2551 uar  imuie et idausas Lﬁmmmﬂuﬂzﬁuﬁ@:ﬁ
vild wrl. 2552 wazaeneiuiiesnemedaauialaq i Arnadnnzanzasiuseadlnaase anansniding
%qri@‘l,ﬁlﬁmm’mLﬁwmmqmegﬁﬂuvlnmmm $9N8 2N A IR B NN QN TMNRTTNA 167
Wyuﬁﬂzgﬂﬁuzﬁmwﬁq il w2550 fimoinssiy unas wazazdyneluiaunas inanaiile deuas

a

P o = o A o & A , o § v A o o o
J;].Nﬁq@mﬁ\LW@@?’]\‘]LLUU@W@@\?@H@’]ﬂH PNBNIUIENLN TUURMN “vl ‘VI’]SL‘MLLN@\‘IMW?J (NWeEm, 2535) ﬂ’ﬁ’ﬂq‘]_lull

aa o , g o = e a a aAe A A &
NUAIMULAEIFADNITIELUIAUDIUD LW@ﬂLLﬂ\?Nu ﬂr]ﬁ‘ﬁﬂ'iﬁmLﬂuiﬁﬂmm@m@’]ﬂ’ﬂ@um?ﬂ L1 LUANLIE EIAB)

Anlevds@onnielflunsipdulauazdnnietesin savian Tasenwiznguasaeulnifawnndenlafiv
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2 o o & s o o o o
ﬂ‘l‘é‘LWNFlﬂEI.ﬂ’lWﬂ"l‘iEIUENLWﬂEILLﬂQNuN’]ﬂ%“@Qﬂ‘HNW“

pasansananenulafiuauazlisiiaasinnui@asn Beauveria bassiana

Tusfi wazlasdully iedenToafunauguusslunis
fi@l:m‘mmfiauﬁﬂ’ﬁ@‘lmlmmmLﬁ@qmm@u%ﬁ
AT T NN st eeTas N A unaer auTiazld
m?@f]mﬂuﬁmumwdl'@ﬂ'lm?mlﬁu‘lﬁm (St. Leger et
al, 1986a, b) Ha1eunsAns el A lag
AnlsaluunanLdninsuaneuladfidenanuean
AR (extracellular enzyme Vl,m un laRua Tshiea
uaclaula Wel¥ desniadunanaesuiag il
mmmmlﬂmm&luﬂu‘lmLmuwumuqun’mslmmmlm
(Isaka et al., 2005; Firouzbakht et al., 2015) £ < ffu
nalnitfasglumsdinvinansusasesmasiiaiinng
Funszieulmdlefuauastsfieaiennans il
fdaneufisnazdinlilf arsemnsluiaunas Feann
nsvLunsTia i naun s AseiRaunAnlunns
W ansazaneienlmdlefiuauazlsR sl ndnans
Aspergillus flavus la lgLan L21A LA Y Beauveria
bassiana lalm1an LARTC2 # Tabsri et al. (2016) 14
AnmanantRudanuddAnaninainisoiinn 14
squfuanTuaIuaendlass B. bassiana lalaian
LARTC2 Tun1smaaeuilssANBnniasaanuguigg e
@m:ﬂ:mﬂumiﬁ’lmaLwﬁyﬂLlﬂqﬂuﬁ’lﬂzuﬁqamum

o aa
adnsaluaglasns

S lunudses

sillsrAvEn LN sinanemasTa
AnlendsBannanuan 1 arevug 1Aun B. bassiana
lalaian LARTC2 1A5unainaymsziann ua. as.
WA fassidlen anTuAdaLanaUsNnsINEAS
a9 nanedumatulag s ananadiuun Wl
nsuanddes uaziewlnillshies daus A. flavus
Tolnian L21A idauenldanninaautlatudntlengs
(730, 2556) sunlEnamew ol laR g

2. n1smsaNdIsualIuaaadilasuassi B
bassiana laladian LARTC2

Lﬁyﬂ\‘liﬂu’mmi potato dextrose agar (PDA)
figniuni 30 asrnmaiaa Wunan 15 §u siteaun

a
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nyuaza’Nalef aniusrauansuuaeadilad
98431 Inemralasuea B. bassiana e lmian LARTC?
v oy ulz dy o o vl
Aranaulannide warlfuauiualesdnaau
dindiugading 8.15 x 10" aeirielianans

3. mawsanssazansauladlafiuaualisiias

wiranarsazaraeulallaf iuauazllsh
WARINATURY Tabsri et al. (2016) Tnafsnaasidan
Fail tihansurnuaesstlads A, flavus lelmian L21A
WA B. bassiana taldian LARTC2 thnaqluannis
L% @ 9 Sabouraud's dextrose yeast extract (SDY)
Bunns 25 Dadans WidaoudinduEufudaiv
1x10° alafrelanans lnudilasaes A. flavus lala
an L21A W lunnsu@smaulndlafua douadefaas
B. bassiana talaian LARTC2 1 lunsuamiaulmd
Tafiea Unfignuundl 30 esAmaiFeas el 150
rpm fluiaan 48 Falug aniudnelugidenees A,
flavus laldian L21A wianemnsasluaiunsivan
basal salt broth 200 ad AR A& 2% (wh) colloidal
chitin el naneulndlaf wa doulud
WAENT84 B, bassiana laldian LARTC2 wHananng
fneimsluamsvan basal salt broth 200 fiadams 713
1% (wiv) skim milk powder Weawmiaain1iuan
wvlaTisiea arnsurinluiven@ 200 rom goungd
30 asrnTAEe e 16 wae 12 54 pudns 1
wAsaueniendauladaflusnsazaneienlmd (crude
enzyme) i ianssutewlaslaf g 3.52 Uml was
vllmTlsRieg 187,35 Umi ¥ A huiuneusield

4. marsanwaulaiudleuas@nun
dﬁl o o o a Y o

wanwTaTudndendsd@ann 1HFuaanu
ayaszianguRde g lirauwiu anniuddanels
WATATNAWNUNAI9Y NTNATINITNEAT NTZNT
NHATLATAUNID] A9 nrauLiy Ineddunaunis
dﬁl dy o o o al YN Y o = o
weamaulaiudnznds@aunliladamaatu Tny
AI % o o o v A v v
Buannslgnsiududnilenasliitiens 2 neuw w14
wWindegsldmasuwTadudnUsnaidsunaauusansiu
d1deudvfiuay 209 399 daanlimanuilasiy
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AndgndsBannasy i ulnuusiududnenas
sveizin 14 D9 16 Ju Feae it 3 el lunnsdin
Tudumausiald (Fnsnn, 2556)

5. nagaulszansnnwaasansazanaauladla
Auud Tusilas uazdaladsn B. bassiana laldian
LARTC2 Tunnsvinaneiwagutleiudsuaed
TUW

ANNARBITINANLAE 99 FN3nn (2556)
nssmutlaadndies Tneminlusfud il endefidnaa
mmmﬁqmﬁmLﬂu%ymaﬂammmLz’i?w:i’]u@uﬂ’ﬂmq
5.0 LIUF AT WIN199AUBE T e Wl n
0.7% (wiv) "luﬂmmwmmmﬂimﬂuumuimlumu
anudsadeused 3 reanasulaiudlondad
B9y ALilusudNLenas A9uau 30 Fasie 1 Naes 11
ANINAREY 3 1168NTTNAD ANTATENANTAZAN

wulnlafiug Wshea wazailasuass B. bassiana
lalgian LARTC2 Auan3 e 1 Tnelingssdaiavain 8
99899 #ail T1 control (0.1% (vAv) tween 80) T2
(crude chitinase) T3 (crude protease) T4 (crude
chitinase + crude protease) T5 (418591 B. bassiana
laloian LARTC2) T6 (a1lad31 B. bassiana lalaian
LARTC2 + crude chitinase) T7 (48591 B. bassiana
laldian LARTC2 + crude protease) kae T8 (a1la59n
B. bassiana VL'a TsLa9n LARTC2 + crude chitinase +
aal Al Al s = Y v
crude protease) Taangsulandatadsd A udingu
anding 1x10” aledsialadans aniuwuansazaie
o LA Y  a aa ' aa o
Fnatinansizenls 1 Naaang 109uAaznsInia tne 1
Woanlstuleaauinquan 5 Fadans Ascaznig
#3819 NNABINANERN 30 LIUALNAT LALNABIT
' 1 Aoy o ~ ay
nunaslunsanideasnfaiuunasiguugivies
wasanTumsatla AT A A ATy

Table 1. Composition of crude chitinase, crude protease and spores Beauveria bassiana isolate LARTC2

of treatment T1 to T8

Spore Tween 80 0.1M Crude enzyme®
suspension (10% (VAV)) phosphate
Treatments . 5 Protease  Chitinase
(8.15x 10 () buffer pH 6.0 W W
spores/ml) (ul)’ (ul) " "
1(0.1% (v/v) Tween 80) - 10 990 - -
T2 (crude chitinase) - 10 590 400 -
3 (crude protease) - 10 590 - 400
T4 (crude chitinase + crude
- 10 190 400 400
protease)
T5 (spores of B. bassiana isolate
122 10 868 - -
LARTC2)
T6 (spores of B. bassiana isolate
122 10 468 400 -
LARTC2 + crude chitinase)
T7 (spores of B. bassiana isolate
122 10 468 - 400
LARTC2 + crude protease)
T8 (spores of B. bassiana isolate
LARTC2 + crude protease + 122 10 68 400 400

crude chitinase)

' Final concentration is 1 x 1O7spores/ml in 1 ml of each treatment

? Final concentration is 0.1 %(v/v) Tween 80 in 1 ml of each treatment

® Activities of chitinase and protease are 3.52 U/ml and 187.35 U/ml, respectively



nsivuAnawmstugawawlaiudleuas@aan

paagrsananenvlafusuazlisfagsoniudas Beauveria bassiana

ARaudeannwlunan 1,2, 3, 4, 5 waz 7 51 Ine
& v o v o o
usnas iU lenas@aunnangludii 3 eanun

v iansagaun1sdinvinanaaesansazaneiaulosd

lasia TWshiea uazailadsn B. bassiana leTian
LARTC2 Inelinriudamasudaiudlsndadasm
pEaneasULNIzAEnsesiued 1 luauuiataeaiie
urugudngne 5.5 uiwng Winaudulneld
ewinquindullaende Unfigniugdl 30 asdn
wadea unan 3 54 dunauaziuindnwmznig
pereamatuludlsudcdauy wazdnenizes
AsryUnAguiamaEuT ANy Whsudeunanis
yAaeTuNIINAE T1 thdeyafilfumefiduinig
A"el (percent mortality) LAZALATIZRUNTEEIZIIA b
N lina gl eTudndzudedauynne 50
wafidusl (median lethal time: LT,,) F283% probit
analysis (Finney, 1971) Asrfuanuid ey 95%
(P<0.05) Tne/ld Tulsunsndndagy StatPlus

o AuaWaLWTATNTIsNE X 100

n3ANel (%) AMUUNR WA F6

100.0 -

Percent mortality (%)

6. MsIATINTaYA

nsnaaeulutiesd)iAn1sn9ununis
naaeILuugNanysnl (completely randomized
design, CRD) w/3e/u# auAaaalngda Duncan's
multiple range test (DMRT) fisrfuAauIE 03Ty 95%
(P<0.05) Tneil4 Tulsunsudni3agy) IBM SPSS Statistics
17.0

NANISANBLAZAIANTO

1. NANNSNAHAUAINNAINITOURIS B. bassiana
laldian LARTC2 saunud1sasatasaulds
TaRuanas Tusaaalunisininanaiwaawils
dudlzuasdauylussaunainns
NANTINAGDUATWUIUARLEUBSUR9IT B.
bassiana Talmian LARTC2 $auiuansazaneiawslmsd
ladwauaz Tsiealunisdinniatgfeeuiay 3
d’j o o o a a o
paanatuTsiudlsuds@auy wraumaudy
N7INITNAANUA I 0.1% (V) Tween 80 (T1) vl 1
181 7 Ju A9anlunINg 1 wud19nnasuas |
cw o Py < oy
wafidusinssnaveanasilgeaiumuszazioannld

Time (Day)
7 T3,——T4,8TS§,
Figure 1. Percent mortality of 3 instar nymph of pink cassava mealybug after exposed with treatment T1 to
T8 for 7 days: T1 = 0.1% (v/v) tween 80, T2 = crude chitinase, T3 = crude protease, T4 = crude
chitinase + crude protease, T5 =

—--T1, T2

spores of B. bassiana, T6 =

T6,-+-T7,-& -T$

spores of B. bassiana + crude

chitinase, T7 = spores of B. bassiana + crude protease and T8 = spores of B. bassiana + crude

chitinase + crude protease
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TUnMIMARAL WANIIAR AT AN TUIIUARsaas B
bassiana laltian LARTC2 Msauiuansazane
wuladladwa wazmsaldshes (T6, 77, T8) A
GIZEY L‘%f;‘l,umimm@mdm@ﬁu 7 TneglFainmanu

Furandunsnlugag 1-4 44 WeRansuefidus

memeresnasulaludlzvdadausy Tefud 3
HFIMIRANY HAN1INAREILART LN 2 Wi
wesduinemenesnaauandautleliudsudd
TNYUVRINTINIT T2-T8 B¢ L1t a9 21.11 £ 1047 -
65.56 + 4.55% aflilefifudniemnagandnaania
T1 atediadnfoynieadnif P<0.05 mumimﬁ'l%
nnzatsazaneiaula (12-14) Fulefidudinisnie
findn nauiiansuanuassailess B. bassiana ol
1N LARTC2 @ﬂ'q\iﬁﬁmﬁﬁﬁmmmaﬁﬁ P<0.05 1didn
lunguiiflarsuaausesaefsn (15-78) lainy
wesfusnsmeiiuansinset i Aoy
P<0.05 ustatinelafiaunasnda T8 fiflansuaauans
a1laf91 B. bassiana lald1an LARTC2 sauiu
ansazaneieulmlieaasia (laRduazlisiies) &
mwmma‘ﬂumiﬁqmﬂLwayml,ﬂqﬂua?ﬁﬂwﬁﬁmm
Kqefign Tnadwefifumniemaimiaiy 6556 +
4.55% wazannnismnsvezaan lumsininaeurs
Nudntlevdadauneng 50 wadiius (LT,) Asuanslu
19999 2 W9 NANT8IANTUIINAL LAY BTN

B. bassiana lal11a% LARTC2 fiszduaanuidiniiv
15107 gtlodreiadans i ldsauiuansazansieulo
nfiuauazlisfiea (18) HAn LT, Hosfige windu
2.52 U MNWEIF]QWNQ"WL‘V\@yﬂlLLﬂj\ia‘ﬂNWﬂﬂﬁ’]@’miﬁﬁ‘Q
‘wfam enm@mm@mnmﬂmmummmwmmmmm
mﬂimmmmvmﬂLfauimumqgquﬂq’]muLLimmm
31 B. bassiana lalman LARTC2 ‘lumimmmwm
uwilsdudndendsdauny NANIMAReTAeAAEITL
$18147%284 Ortiz et al. (2010) MR uNANNE NN LTI
Banalilsiuiidanziann B. bassiana iassly
AN 9sneTfin L luntsinanevueud denula i
(Galleria mellonelia) wudnilefiusnnsmnafiifiaa
fuiusiuBunadlsiuisnanld uazainsee
984 Pelizza et al. (2012) IHANE1ANNENAUE Iz
snalsatuianssuresenlodlafiua Tnenaaaus
nalsm 59 laldian wudn B. bassiana o tdian
LPSC1067 annnsnnanienlallafiualiigegn uazd
ANENLN I IUNN N AN E AN UAWE ST a5 IE U N
Angl 97.7% wazl¥svaivinanlunnadinvinanednum
3.19 U WATAINTNEIIUIRY Zhang et al. (2011) L&
AALA@N3N B bassianaa1n@adilaenuwda
Dendroctonus valens Ranunsanameulolilsfieg
v 12 lalmian uazwiudn B. bassiana leltian
Bb1801 @nsnuamianlmllilsiealiguuaraisnsm

Table 2. Percent mortality of 3 instar nymph of pink cassava mealybug at day 3 after exposed with T1

to T8' and LT, of 1x10’ spores/ml of B. bassiana

Treatments

LTy, (day)
(95% fiducial limits)

Percent mortality (%) + SD

1(0.1% Tween 80)
2 (crude chitinase)

3 (crude protease)

(
(
(
4 (crude chitinase + crude protease)
5 (spores of B. bassiana)

6 (spores of B. bassiana + crude chitinase)
7 (spores of B. bassiana + crude protease)
T8 (spores of B. bassiana + crude chitinase +

crude protease)

1.11+1.72° -
2111 +1047° 6.54 (6.12-6.96)
2222 +6.89° 6.17 (5.43-6.91)
25.56 + 6.89° 5.61(4.82-6.40)
4222 + 4 55° 4.46 (4.05-4.87)
54.44 +9.58% 3.18 (2.66-3.70)
53.33 + 0.00% 3.13 (3.02-3.24)
65.56 + 4.55° 2.52 (2.40-2.64)

' Different superscripts within the same column indicate significant differences (P<0.05)
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9943931 B. bassiana lal1ian LARTC2 umagiuils
Tudndendedaun dedlluudunan 35u 7
GrUNH 30 BIAIAITEATBINITNAT T1, T4, T5 uaz
T8 (AN377 3) agdlfdmasnisanniu 3 4u n9suds T5

Table 3. Physical and morphological changes of 3 instar nymph of pink cassava mealybug after 3 days
exposed to treatment T1, T4, T5 and T8 and the growth of B. bassiana isolate LARTC2 after

incubated at 30 °C for 3 days

Treatments

3 days after exposure

After 3 days of incubation

T1(0.1% Tween 80) B ) e e

T4 (crude chitinase +

crude protease)’

T5 (spores of B.

. 2
bassiana)

T8 (spores of B. bassiana
+ crude chitinase + crude

protease

' Activities of chitinase and protease are 1.40 U (400 pl) and 74.94 U (400 pl), respectively.

: Spore concentration is 1><107spores/ml
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Tetragonula laeviceps Species Complex

Effects of Hive Patterns on Storage Pot Arrangement of Stingless Bees,

Tetragonula laeviceps Species Complex
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Abstract: Stingless bees, Tetragonula laeviceps species complex, are beneficial to agriculture and ecosystem.
They are efficient pollinator of many flowers and produce honey with nutritional value and good price. However,
the harvest of stingless bee honey is difficult because it is arranged in overlapping to brood colonies in the
standard wooden hive. Thus, the objective of this study is to investigate the effects of different hive patterns on
stingless bee storage pots arrangement. The study was composed of 3 parts. First, four wooden stingless bee
hive patterns 1) Standard wooden hive (SH) 2) Standard size with cross shaped wood hive (SCH) 3) Standard
size with parallel shaped wood hive (SPH) and 4) Long wood hive (LH) were used to evaluate the arrangement
pattern. The result showed that the hive pattern 2, 3 and 4 honey pots were arranged separated to brood
colonies. Second, Five wooden stingless bee hive patterns were used in this study including 1) Standard
wooden hive (SH), 2) Standard crossed and netted wooden hive (SCNH), 3) Longer wooden hive connected
with double layer small wooden hive (LCDH), 4) Three partitions in longer wooden hive connected with double
layer small wooden hive (TLCDH), and 5) Double layer wooden hive (DH). The brood colonies and storage pots
of stingless bee were equally divided and put in each hive as initial colony. Observations on development of the
colony structure were recorded every week by weighing and every month by photographing. The result showed
that brood colonies and storage pots in four patterns of hive (SH, LCDH, TLCDH and DH) were overlapping
arrangement whereas those in SCNH was clearly separated. The brood chambers were found on net and
storage pots located under the net. This pattern of hive showed the highest final weight of stingless bee cells at
1.13 kg while those of SH, LCDH, TLCDH and DH were 0.66, 0.66, 0.69 and 0.20 kg, respectively. Third, the
study on the suitable size of SCNH revealed that the size of 21x30x20 cm was the most appropriate hive due to

the weight of stingless bee cells was maximum when compared to the other sizes.

Keywords: Wood hive patterns, nest construction behavior, Tetragonula laeviceps
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Hive patterns of stingless bees wooden hives
Standard wooden hive
Standard size with cross shaped wood hive

Standard size with parallel shaped wood hive

ledl s £ [~3 :/I ‘ﬂl 1

N99MReN 4 Felfilsvneuidnaesiy @ense
Ausaldidsznausnanutiailusndes 9 lddsznay
gnantaluaNNTes danmaiunaadliidnaastuns
WIS YUIAAINNYNIVAIUF AT AIU TN 13
WURLNES NNNa1anzg IIMIaNtesanu s neiy

% d‘ v a v o o
15 waldilmnaRudin-aanuestulsinaninisiany
1T anuFeldisie 3409 [Three partitions in longer
wooden hive connected with double layer small
wooden hive (TLCDH)] ("Mw# 2D)
ndd‘ o £ [~ ://

nessdan 5 FlUsenauianassdu 1angg
\TaND a1 [Double layer wooden hive (DH)]. (1w
2F)

22 mswensetulss

NNNsuendetulsadumeaiunImaaad 1
Weanatarnuinuasssatinsailasdilnviay 1 A5

& P o o = =

WWnan 6 1hau nFausaiunnawnisdasunlas
gasadmlsznaunialuianauas 1 A5 49nm 1fuin
nanTTl AUl a9199n193 A TENaAEN AR I
meluFedulssaniausiaznssund uaaINEugAng
naanatuIninaealnsaaiianisluFadulsan
wasunlasluBauieuaeasaesinuiningds
LSD (Least Significance Difference)



uarasgiluunssldlsznaudanisdnneiigaimsaastuls

Tetragonula laeviceps Species Complex

\\r\\'» :
-

Figure 2. Hive patterns of stingless bees wooden hives
A:

B
C:
D

Standard wooden hive (Control)
: Standard crossed and netted wooden hive
Longer wooden hive connected with double layer small wooden hive

: Three partitions in longer wooden hive connected with double

layer small wooden hive
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Double layer wooden hive
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Figure 3. Arrangement of brood chamber of stingless bees, Tetragonula laeviceps species complex,

inside various wood hive types

A: Standard wooden hive

. Standard size with cross shaped wood hive

B
C: Standard size with parallel shaped wood hive
D

: Long wood hive

brood chamber

storage pots chamber
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Figure 4. Changes of stingless bee nest weight inside various wood hive types
1: Standard wooden hive
2: Standard size with cross shaped wood hive
3: Standard size with parallel shaped wood hive
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Figure 5. Arrangement of brood chamber of stingless bees, Tetragonula laeviceps species complex,

inside various wood hive types

A: Standard wooden hive (control)

Standard crossed and netted wooden hive

Longer wooden hive connected with double layer small wooden hive

Three partitions in longer wooden hive connected with double layer small wooden hive

moow

Double layer wooden hive
brood chamber ~ /\ storage pots chamber
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Figure 6. Result of SCNH (brood chamber of the stingless bee separated from storage pot)
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Table 1. The average weight change of stingless bee in each type of hive

Treatments Average weight (kg)
SH 0.6625b
SCNH 1.1250a
LCDH 0.6550b
TLCCH 0.6925b
DH 0.1950c
' Means within the column followed by the same letters are not significantly different according to LSD test (P<0.05)
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Figure 7. Weight change of stingless bee in each type of hive
1: Standard wooden hive (control)

2: Standard crossed and netted wooden hive
3: Longer wooden hive connected with double layer small wooden hive
Three partitions in longer wooden hive connected with double layer small wooden hive

5: Double layer wooden hive
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Figure 8. Weight change of stingless bee in each sizes of hive
1. Standard crossed and netted wooden hive 21x30x20 cm (control)
2: Standard crossed and netted wooden hive 21x30x25 cm

3: Standard crossed and netted wooden hive 21x30x30 cm
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Table 2. The average weight change of stingless bee in each sizes of hive

Treatments Average weight (kg)
SCNH 21x30x20 cm 1.2000a
SCNH 21x30x25 cm 0.7300ab
SCNH 21x30x30 cm 0.5425b

' Means within the column followed by the same letters are not significantly different according to LSD test (P<0.05)
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Abstract: The objective of this research was to study on the efficacy of 5 carriers: soil organic matter, sand, white
clay filler, Lop Buri kaolin, and Lampang kaolin to preserve Metarhizium anisopliae MRT-PCH 048 for controlling
brown planthopper, Nilaparvata lugens (Stal). The total of 10 ml of M. anisopliae MRT-PCH 048 conidia
suspension at the concentration of 10° conidia/ml was mixed with 300 grams of each carrier and stored at 25°C
for 6 months. The completely randomized design with 3 replications was applied. Viability of M. anisopliae MRT-
PCH 048 preserved in each carrier was determined in each month and the efficacy of those to control brown
planthopper was evaluated after 6 months of preservation. The result found that soil organic matter and sand
were the best high efficacy carriers to preserve M. anisopliae MRT-PCH 048 for 6 months. However, the high
mortality of brown planthopper (98-100%) in 5 days after contacting to M. anisopliae MRT-PCH 048 preserved in

all carriers with median lethal time (LT50) at 2.03-2.57 days was found.

Keywords: Metarhizium anisopliae, carriers, soil organic matter, sand, white clay filler, kaolin
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Figure 1. The amount of recovered Metarhizium anisopliac MRT-PCH 048 conidia

carriers during 1-6 months
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Table 1. The amount of Metarhizium anisopliae MRT-PCH 048 colonies in 5 carriers recovered in rice

media after 6 months of preservation

Carriers

Recovered conidia/ml

Soil organic matter
Sand

White clay

Lop Buri kaolin

Lampang kaolin

8.8x10%a
4.2x10%
1.7x10%
1.5x10°b
1.9x10°b

Means within column followed by the same letter are not significantly different (P<0.05)

Table 2. Percentage of mortality and median lethal time (LT,,) of Nilaparvata lugens after contacting to

Metarhizium anisopliae MRT-PCH 048 preserved for 6 months

Carriers % Mortality +SE (at 5 day)1 LT.,+SE (day)2
Soil organic matter 98.0 +0.82° 2.35+0.04
Sand 100.0 + 0.00° 2.03 +£0.06
White clay 100.0 + 0.00° 2.13+0.06
Lop Buri kaolin 100.0 + 0.00° 2.21+0.06
Lampang kaolin 98.7+0.27° 2.57+0.07
Commercial M. anisopliae 93.3+0.30" 3.00£0.13

Means within column followed by the same letter are not significantly different (P<0.05)

k Motality at day 5

M. anisopliae were applied of concentration of 1x1 0° conidia/ml

231



ANTANTINEAT 34(2): 227 - 234 (2561)

wudnAuduizedmn N UscAnsamlunisiiuinem
494 A M. anisopliae a1 190U Fusalidaiy
3 S
mmwmm@mmmﬂmLu@umqwﬂuw WMNNZANUAY
Bukhari et al. (2011) finugn naeddugnsnaia
AR dlenaniuFemaanunsansanei 16
mum?wﬂuﬂqumum’mm‘lﬂummmﬂmLm@m
M. anisopliae MRT-PCH 048 8 ALABNES AUINIANLT
uazAu198109 TR usanasuazfusans 1
nauAuRasflznauaeusLAals doufuanaia
sznaumieusinlalusiuasiasannnaada Tannesiv
auAuunaIuIu WA WA AN uaTWia
& o Aaa Py va o
anansaiuinEnANREI nreede 146 ﬂimfamu
miwﬂun@uummmuumﬂu wetting agent 1ile sl
ﬂ‘LIszW]L‘W"lo,"]JE’]‘F;IL%@WﬂlﬁLﬂ@@’m’]mﬂ?w@ﬁﬂﬁnimm
(All, 2014) uazdidnluiewdt 6 wulalafides@esly
JTAUAININ wenALTuNguITaNH ANUELIINN
anunsnaenivNauanliad9enEaludinanegn
ANNENIN T luNNIIe A ALNsEIAA RN A ALANFNS
v ﬂ” P dl o 1 $%
ann13 1@ e Metarhizium Na1uune i wn194n
aeldd 1Aty eann adwlsfiau @esdaaiiy
Fnunluanswnatindilszansnmlunisasinans
Py o o= o an | aa
waenselnndunmalia luseaud uanmnanieania
nan1Inaaes lupTslidunsasesa@any
mslfansmatingine - iweliuini@es M. anisopliae
Tnefansunszazanlunisiuin e @ s uay
anwiaadanlunsiiuneAdidwnoe souiu
ANNAZAIN TUNNIAAVN LAZIIAN TBIANTIN LLULA LA
o A A c o g Py
a9 Wadaaiuine e itanuazaanlunig
W seldluewnem

G

sl lemdanimes ludaqiudon 1l
sluuuiamesn ailufiasendamatianiegatang
Tumanslunsifudelasiasdalue sy e
a o dal o o ' d’l v
naRvinmadmiuseneluianmziass i

P ' o - Ao o oA o &

wnieanesang sy lend uazndnAtyAedialmanm
anTAINNT0 AR NN T ARATLsLANT AW A WL

232

AslfnnaAnenLlszd@naninaasansn 5 1iia An A
BUVTYIRN N9Y AUADNEY AUTNIAWLT UAZALLIN
il lumariusnnlaliFeead e @eniy el
@as e M. anisopliae MRT-PCH 048 Aansidiniiu
10° A1101 10 HARART HANAUAIIN 500 NTN 1AL
snnilgnunndl 25 asrniraidea usseziogn 6 e
wudnanswmneiadisrdndnwlumaniusneide
3 lR Tneanzetnai AuBwiedag uaznae
LL@“’ﬂxﬁﬂﬁ‘“’aV}%ﬂ’lwsluﬂ’]i‘muﬂNLwayﬂﬂ?”Tﬂﬁa‘ﬁ/’]mﬂ
1mmmiﬂﬂ@“ 98-100 neilu 5 Sumdeduriaie il
wdensylandrinmane 50% (LT,) meluszazingn
2.03-2.57 14

neAngsNUsznIA

19UUAN AUTIdAIuANARgialng
FAWFETUATR (29.) NPUHERDUAE HINAINLNAE
wiaag lfanuaanialnanl uazanuilunig
Finamidei]

LANAITANDY

A58 AUNFINUas Anedam 9908990 UAT 9144 T9au
29, 2520, n3dnsaalsnidesire N e
@Tﬂ@ﬁﬂ’]qmﬁmﬁLﬂuﬁmgéﬁﬁtqumwgﬁ@.
AMZINEAT NU1INYNAUINHATAVERT,
NFINHY,

WIA f1199UNT UAY aUTA TUNATe99A. 2551,
ﬂszam‘ﬁmwmaﬂuammL%qu Metarhizium
anisopliae Tu wu a 93 una'ldl (Diptera:
Tephritidae). 3194193 NU1ANAATIN 69
39(3): 21-25.

WU QUAA 3973 NAFTIU 1a0 LgnunlaRug uay
A warilsnidsg. 2559. UsrAnsninaes
ansTasu@esindaunadlunisnana
Saasladnunuang luuddeadiuuinuigs
Ypavand T ealus . a17419n9 M7 32(2):
171-180.



szAnBniwasniueaialun1siiuSnwaEas) Metarhizium anisopliae

MRT-PCH 048 ifiapaunaiwaanszlandiina

waswie Ufziyas a9 Uziuas uae nus damn
2z, 2542, daz@vsnmaesdesuniia
lunspauaumatnsylaadtinnauannae
andud
Wnylan, Renglan.

Agns naaiau lan ysosnntawiug

a0, udananinanveg Audiaadng

o o a

AnIele deaian
way &3cyn AnNTe. 2557, Use@nsninaas
{831 Nomuraea uwa'e Metarhizium 4119
Tsaunad TunnsmauAmmLaUNIEinIaInan
AN, 2N38N9NERAT 30(1): 11-19.

ATl @eaze1m NunsoL dnsmg ARNN Wndmse
Fuannd Toaniaw was ansal tunasdn,
2548 N9 N BN 837 Metarhizium
anisopliae wazn19tin i1 AvuANuLeUA99
NUIAYIIARIZANAUBBE Dorysthenes
buqueti Guerin (Coleoptera: Cerambycidae)
Tugnnwls. wiln 1-13. Tw: sreenunnstsega
311n191d9eanT 2548, gudidaaaun
AmgNaloe TRUVBEUAITR, ngamms.

35ml @agrann Aunssas auund aqnsal tu
ne9A U3aun yruiiew uay aanndaeld
MaNTLR. 2551, N 3113 897 Metarhizium
anisopliae (Metchnikoff) Sorokin Lﬁ‘ﬂmurﬁlu
PUBUAIINUIALIIAIZANAUB DY
Dorysthenes buqueti (Guerin) ( Coleoptera:
Cerambycidae). ¥31 1. 1u: squUnNAnt 8
HaUAdE Netszguaninisszant 2551,
AuqALANARg Nt AT WY TU TR .
NIALNN.

ANUR ga1AN N9 TRANTAY UAT IREN995UT UL
WTIvYY 1571143, 2541, NTATLANUNAS
#4lneI@031979 Beauveria bassiana uaviae
s e19 Metarhizium anisopliae. NN 198-
209. T: $18UNNSFUNUINNATINNS B89
Msmdnuasiyiiiesunn afd 9.
NINTTINTNEAT, NFANN.

dnaflnd NBuAn 9% ang uaz qaada dadla
ATm. 2549 N2ANEAANINA (carriers) 7

233

wunzanlunisldsauduudde. 4119034y
WA UIN17R1FNANNTE NINATINITINERAT,
NN,

QUMM 1143z, 2536, NIUAANIATANINIE 29
Trichoderma harzianum TagingsLauN1IVaN
mm?mmﬁﬂmumimuquL%ym’]mma
13ANIN9TAT. IneAnufIngndans
NVNU AR, NV TNE1RELNEHATAVARNT,
NN,

819811 quﬁﬂﬁ A wertlszidiy lan yoounwnila
WUE waz 3973 NAATIL. 2558. N19AALAEN
L%yfai’] Metarhizium anisopliae (Metschnikoff)
Sorokin 18l A nlunisAaLALING Y
nselaadtinmaluundng, a1sansinmms
31(3): 291-299.

Ali, M.LE. 2014. Investigation of entomopathogenic
fungi (Beauveria bassiana and Metarhizium
anisopliae) ~ for control of Bactrocera

dorsalis (Hendel) (Diptera: Tephritidae), and

Ph.D.

Dissertation. Indian Agricultural Research

development  of  formulation.
Institute, New Delhi.

Bridge, P.D., C. Prior, J. Sagbohan, C.J. Lomer, M.
Carey and A. Buddie. 1997. Molecular
characterization of isolates of Metarhizium
from locusts and grasshoppers. Biodiversity
and Conservation 6(2): 177-1809.

Bukhari, T., W. Takken and C.J.M. Koenraadt. 2011.
Development of Metarhizium anisopliae and
Beauveria bassiana formulations for control
of malaria mosquito larvae. Parasites &
Vectors 4: 23, doi: 10.1186/1756-3305-4-23.

Daoust, R.A., M.G. Ward and D.W. Roberts. 1983.
Effect of formulation on the viability of
Metarhizium anisopliae conidia. Journal of
Invertebrate Pathology 41(2): 151-160.

Inglis, P.W., B.P. Magalhaes and M.C. Valadares-

1999. in

Inglis. Genetic  variability



ANTANTINEAT 34(2): 227 - 234 (2561)

Metarhizium  flavoviride  revealed by
telomeric fingerprinting. FEMS Microbiology
Letters 179(1): 49-52.

Iskandarov, U.S., A.G. Guzalova and K.D. Davranov.

2006. Effects of nutrient medium
composition and temperature on the
germination  of conidia and the

entomopathogenic activity of the fungi

Beauveria  bassiana and Metarhizium

anisopliae.  Applieid Biochemistry and
Microbiology 42(1): 72-76.

Jackson, M.A., C.A. Dunlap and S.T. Jaronski. 2010.
Ecological considerations in producing and
formulating fungal entomopathogens for
use in insect biocontrol. BioControl 55(1):
129-145.

Kershaw, M.J., E.R. Moorhouse, R. Bateman, S.E.
Reynolds and A.K. Charnley.1999. The role
of destruxins in the pathogenicity of

Metarhizium anisopliae for three species of

insect. Journal of Invertebrate Pathology
74(3): 213-223.

Milner, R.J., J.A. Staples and G.G. Lutton. 1998. The
selection of an isolate of the hyphomycete
fungus, Metarhizium anisopliae, for control
of termites in Australia. Biological Control
11: 240-247.

Onofre, S.B., C.M. Miniuk, N.M. De Barros and J.L.
Azevedo. 2001. Growth and sporulation of
Metarhizium flavoviride var. flavoviride on
culture media and lighting regimes. Scientia
Agricola 58(3): 613-616.

Pham, T.T., T.B. Nguyen, T. Dong and T.T. Tran.
1994. Effect of Beauveria bassiana Vuill.
and Metarhizium  anisopliae Sorok. on
brown planthopper Nilaparvata lugens

(Stal) in Vietnam. International Rice Research

Newsletter 19(3): 29.

Post, W.M. and L.K. Mann. 1990. Changes in soil
organic carbon and nitrogen as a result of
cultivation. pp. 401-406. In: A. F. Bowman
(ed.). Soils and the Greenhouse Effect. John
Wiley & Sons, New York.

Santa, H.S.D., O.R.D. Santa, D. Brand, L.P. de Souza

2005.

Spore production of Beauveria bassiana

Vandenberghe and C. R. Soccol.

from agro-industrial residues.  Brazilian

Archives of Biology and Technology 48: 51-

60.

Shi, W.B. and M.G. Feng. 2004. Lethal effect of
Beauveria bassiana, Metarhizium
anisopliae, and Paecilomyces

fumosoroseus on the eggs of Tetranychus
cinnabarinus (Acari: Tetranychidae) with a
description of a mite egg bioassay system.
Biological Control 30: 165-173.

Y. and H.K. Kaya. 1993. Insect Pathology.
Academic Press, New York.

M. 1976. The
Transactions of the British Mycological
Society 66(3): 407-411.

Ying, S.H. and M.G. Feng. 2006. Medium components
the

thermotolerance of aerial conidia of fungal

Tanada,

Tulloch, genus  Metarhizium.

and culture  conditions  affect
biocontrol agent Beauveria bassiana. Letters
in Applied Microbiology 43(3): 331-335.

G. 1993.

fungus Metarhizium anisopliae and

Zimmermann, The entomopathogenic

its
potential Pest

as a biological agent.

Management Science 37(4): 375-379.

234



NAURITEULULIAIAINGTHAD ﬂ’)’]&lﬂﬂ']ﬂﬂﬂ']iﬂl’ﬂ\‘lLLN@QLL@%LLN\‘]S;INGLUU’]%’]'J

Effect of Ecological Engineering System on Diversity

of Insects and Spiders in Rice Paddy Field

asau Wnah' Fsmw weslsziass” e usmwnliznug® daw Autana’®
WAL AT dsNIElnAR’®
Wongduan Fakkam', Weerathep Pongprasert'”, Sawai Buranapanichpan?,

Pabhop Sinchayakul® and Wichai Sorapongpisal’®

ARTTNENANARSTNIAT ATUANIATANARS MENENNTEIINTIRUAZ RIS BY A TINENatsAaT 9.1089 9./sa4lan 65000
1Depar1mem‘ of Agricultural Science, Faculty of Agriculture, Natural Resources and Environment, Naresuan University,
Phitsanulok 65000, Thailand
“madmiigineuasz ey Anssinsnsmans aidnenaedeslud e e 2.3l 50200
ZDepan‘ment of Entomology and Plant Pathology, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand
"MABTTIZANEN ALUKINIEAT NUNINENAENNBAIAIANT INEUTATIUINUAL 8.7 UNILAY 2.UATLTN 73140
3Depar1mem‘ of Entomology, Faculty of Agriculture, Kasetsart University, Kamphaeng Saen Campus,

Kamphaeng Saen, Nakhon Pathom 73140, Thailand

*Corresponding author: Email: weerathepp@nu.ac.th

(Received: 31 October 2017; Accepted: 15 December 2017)

Abstract: The objective of this research was to study on the effect of ecological engineering in rice paddy field
on diversity of insects and spiders compared to non-managed rice paddy field. The bund of RD61 rice paddy
field at 2 rai was adjusted to be wider up to 1 meters and Crotalaria juncea was planted on. Insects and spiders
were determined every week from seedling stage (14 days old) to harvesting stage using net sweeping method.
All insects and spiders were identified, Shannon-Wiener's diversity and distribution indices were analyzed. The
relationship between number species and number of insects and spiders with abiotic factors: temperature,
relative humid and rainfall and biotic factors: natural enemies were determined. The result found that the
management of rice paddy field based on ecological engineering by planting C. juncea on the bund of rice
paddy field affected on the ratio of species numbers and the amounts of insects and spiders, generated higher
diversity that supported the more complexity, balance and stability of insect and spider activities in the rice
paddy field ecosystem and finally, reduced the species and amount of rice insect pests in the managed rice
paddy field.

Keywords: Biodiversity, insect and spider, rice paddy field, ecological engineering system

235
Copyright @ Journal of Agriculture, Faculty of Agriculture, Chiang Mai University. All rights reserved.



AN5ATINBAT 34(2): 235 - 243 (2561)

unAngda: nnlscasAaaniddtae e nmnaTesszLLTnARAns L dareravananees
unaguazuRsyiTrL AU aeunng ’Luﬁyuﬁ'@”Wfffmum@fmﬁmﬂﬁﬂmiﬂ§uﬂ§dﬁuumﬂmuﬁmﬁuﬁ
na61 a2l Winknetwidu 1 wes uwazigniamesuuAiuningsey gudimadaasiclay ﬁfuwi*”ﬁmmq 1434
NN ) 7 Suauiaszey FLRen Suunailegecua uaz L AnmzdiaTaTa nuaETia uazn1IMIzANEIYes
Shannon W|enerwmmmuﬁﬂumwmmmmmmmmm WNAIANFEITUTR WNIY N LL@.»@LL 7 3w lufa
ANANTUE TN MIUTBIUN AUAT LLmumwmuﬂ@wmmmmw AR AaUnnN YO Y A I RUPRR
Bannuindu uaziladansdanm fe AMUINTTRALBIARFIIINTIR NANTIANHINLGT NFTANTTEULTA
AmanssnuundnnfaenisgniemesingseuAuninasedndiu1e T IAUAL A TWIULHAILATUNIHNT TG 19 7
avfuayunsEs eI nuanEan iR edu sz TnAuacn wandunalnfidanasienanssusing I
vpauNauazwnn T g deunnniu Sauaunauazaiannniu uazildiuanduusiiauaziiun
we9uNasAnginalé

ANRIATY: ANNVAMNUANEINNSTANI UNALAZIINHH 1¥1E19 szunfineddanss
AN AoanismaunNunasAng N luTaqiTuiugl

PR o
LﬂmmwgqLuumimwmﬂmmm NN9NEATLARA
¥ o I~ dld o o a a 6 dl o d” :/J
‘lI’]Q"QmLﬂ%W‘H’ﬂ’W‘VI’]iV}NﬂQ’WN'&’]ﬂELIN’WﬂIu A7 LasinEATauriTd NdaRuuaziiuseuLNINIL 19

\@iTe (Peng and Hardy, 2001) N133511ATBILLAS Tdauasnsdumnisnmeaaunuiifianalaeaiel
Amglinaaiiaping fdndryAemaanszlandinmna sUuuusing o du n1sldEas et (Wndn wazauy,
wAganSuAde wasnszlaanaeg ‘wu@u‘wﬂumq 2559; 819811 WATADE, 2558) N9l asariaaniva
mwmmmwwmmmmmffl,uwuwm dl i (Tous@, 2559; 4NN warAnLy, 2560) N9 1T
GIGEY I (Savary et al., 2012) LL@vWHWﬂ’]ﬁ‘ﬁ‘wU’]ﬂﬂQ aFuanlneanlas (WaWail uazAniz, 2560) LAz
funliirenafiaduashosiaiies “]uﬂ\‘i?vﬁ‘]_l‘ﬂi‘ﬁi_l’]@ nsAnsngAnssnunsUfiRuarnseeniues
mmﬂivmmwumuﬂwmmqmmLﬂuwuwmwum NHAINT (AT WAZAMY, 2557; WINANL wazAIY,
Ugtns (neudasBunsingms, 2555) sTULNIRWN 2560, WA WATq3Te, 2559; N7, 2559) e
’Luﬁ@qﬁm{qLﬁummamﬁ@m@ﬁﬁ ﬂ@uﬂluﬁyuﬁmmm AMUUALUIM I NI UET LA NAT NI
unsiaiilesnaanmail Hdnannszezniamnzilgn nsudafiannisldannedaounuunasdngiis
AAEARAN ATUANIWRLTVINZANAEN NS TZLNR idudinaanudaenitussiulinsiudaaken Tne
1e9AngiT N ARgNTaunsnazanuaznialiiianig MaANT9IzLLTATLNEN1 (ecological manipulation)
sl (Funun LazAny, 2554) fnmslansmouan  v3e H1ATA9NITN (ecological engineering) (Gurr,
AngRaTRAsiIg mﬂmmm nanszvusiedng  2009) Lﬂuuuﬂuuuqmmmmi@mmmmwwmmu
8371115 (Heong, 2009) ﬁn\mwmﬂmﬁﬁmmm wazdponsudulU 1A lunstinanldUFussuunisgn
fransuanainuuasdngdnnfitentaszunaudods I feaaniessnevesdngiinglk Tnevinniaiuds
dunarnWunasiidudmgradhifiauddynanady Manlinddusazlgniilisen sylwsmannuans

unasAmgdinandAnyaunn i venantimetienlifly afliasnAuu Weaiisa NuaInaiina e i
TulnsauluBuugeiassnasgiulaoedniy Aeduluszuuundig Agdsnaiaannsnnegndng

naudlunisnszfunisssunnaesunasdngdinoaiin  sesnanA diunguilasnlfdreiiesainiuumas
5119 <] 141 (Lu and Heong, 2009) Pmnuiiluenyig wazidunuauinuesludagaani

236



NALB9TZULULIAIAINTTHADAINUAINUANLUDS LLN@QLL@SLLNQHNGLNNW‘%’TJ

fannavireaninuandenluwndaldmunzanls
(Begum et al,, 2004; Ostman, 2004) % 119 & & 3
Adda A < P A~
SITNTNANTIANE1IUIUTU NTAUNUE Al
132@ANBNNHNTU (Jenvis et al, 2004; Lu et al.,, 2014;
Rivero and Casas, 1999) dnaativayuliinnaln
nispauANN e lfiANNANAaTRIsIINTNR TAENIT
AILIANAINANT UL T UsEAUAMNTUFauTeInaln
nsauANlALsIINTIAN AN N AANAATBITZ UL
HAluuniing (Hoeng and Sogawa, 1994) Lagnis
qaanmasanataiauunnsnsuilandnAyunnlunng
BUFNHAREITNTINR AULAYUNIAIINIIN LATNNT
PRBE URIAMIEITHTF ANINATS (Van Driesche and
Bellows, 1996)
& T R
uananiaunsnldsaniudznisan o nld
MNendaaiianssinuua 1w WugHiuniu nswanssy
A aa % a
uaznisAauAxNlneTa9s Wudu waviluiuaniadn
Andtynatnnen i lunnstiznnsdnnisdngie (Landis
et al., 2000) luwwiAan lfsunseansuiiluagnann
agglaimunsAneAse ludneusaeessuuiing
Franasulunndnafidalinisdneuavdeyaluseiu
& Ao e
Wunestiaauin
aglEnnsAneuareIniIseAn1TIsLLTnA
wlasunfioanislgnilamessauulasuisanny
UAMNUANENNTININIBIUNAIARIE 1Az ARg
ad P o Ay A o pry
srsutnATw Raumauiuulad ldinnsdnnis e
Wunwanelunns s lanidmiunisimednnig
unadmgin lunaatsenusialiluawiee

L4 ada
adnsaluaglaans

AluN13AnE lwanuatseniusamdn
UATAITIA FTenLlamaaes 2ua 2 15 2 utlas Tne
Fmssun R RS 1 wes 281N
utas Ugndinaiug nae1 (mﬂqlﬁuﬁmzﬁgu Tugauiie
96 1 wazgau1ll 87) Tulaedsniaudnu dmen 20
Alansusiels v 2 wlaa g

wlaed 1 wlasunszuunaAsanssy
(ecological engineering system: EE) 1gn tlaiiiag

237

391 7 A deflawnandag 1 wes Wwdadeiies
0.5 flanu ﬁmﬂﬁii”ﬂmzﬁummqq 5 L UFLNAT
Susifnnieny 7 Su aufierraznesinomdn 141 3
pef 1 wdsuduiing 30 Su 1Hilegms 16-20-0
e 25 Alaniusiels ASa 2 udeuinuding 45 5u 1
{leigms 46-0-0 6731 10 Alaniusials uazAted 3 szez
a319rageu 14ilagns 46-0-0 6man 10 Alaniusials
yuanstamnAaes §A 250 Taaananin 70 ams e

o A dl ¥ = o ! s ] A o o
ANITNTLNDANINDE] 7 Fuus ladfinns g sialnnan

v
o

Bl
AT

LAY

wlaedt 2 wilaeilaidnnsdmnas (control:
CON) 1iianuAum Hauaning 1 wes Litlgnivals
dnnslininldilawileuudadd 1 wuansianinaed
§h31 250 fiaAARsin 70 Ams ieAuTRTednd
a1g) 7 Ju s Tl dnnsliansiadinidbunas (Auwisn
eEaLFew)

4NA1799 1UUTHALATLBNIILNAY uaY
WY A8 AR TRUATNUUIAUNLENHN WUINULLNAY
15 Tau 2 wwasia 1 wlas (wilasaz 30 lau 1 lauAe
Tavliuaznay) NndUAF ANt 2 wlasuazi o
ﬁuuwmLL'}J@ﬁmmﬁwuﬁmﬂﬁ”\il,uﬂ'%’m'mq 1434
AL audeszesfuiien

AUUNTHATDILNAILAZATIAULANUIULDY
uadlufiesl§imng Tnevhusasilfanuanidundgs
4 g Tun uwnaadmgding unasAngossuTng wueys
LL@?.:LLNCZN%H“] AN B1AL (order) 29A (family) Lag
UM (species) ANLUINIINITANUUNTRIETT LLas
VAT TUTI 8 (2554), ﬁqu'§ (2553), TUNUT LAZATUY
(2550, 2553, 2554) , Asahina (1993) , Hutacharem
et al. (2007) ez Shepard et al. (1995) m‘]_lmllgﬁmﬂ@
Tuinuadiassiiieya uFauisudndauaesaiuam
THALALLENN0L UNAIARFENT UNAIARNIBITNTR Lk
LAZLN AR 7 ARIzRAIAT A NAINUAIEN IS
Fan W (Shannon-Wiener index of diversity, H) LazAn
AETiN1TNITA8Ia (Shannon-Wiener index of species
evenness, EH) (Kreb, 1972; Wilson, 2000)

AATITRAMNANAUS (correlation analysis,
R) 7519199 110 U1 HALAT TN DI UNAIAR TN



ANTANTINEAT 34(2): 235 - 243 (2561)

fadunvdoninAeauauaiiauari3uiudng
s9su A waraduNIanIEnIN Ao UFunasinelu
HIUUNH UAZANINTU ANIdauLa

NANI5¢El

WE e udREIU299UITUAUNAIARSEN?
UNAIANZETINTR LA LAZUNASEY ]
19819 RaLNasAqeadelan Tuudasun
31Tl A3 AANsTH (EE) wilaaund i dnnsdanas
(CON) LanndAURILLaeHATAINTIN (EEF) WL
dndauresauautinvecinasdngdnaluudas EE
LAz CON Anflibanas 17 uaz 22 (NNA 1) LA
AngassNanm (NEs) Antlulesas 50 uay 51
AINATAL ey NAATUTeEAT 5 uaY 4 ANAIAL
Lmeﬁluj Anluanay 28 wax 23 MNATAL 41T
UFIUAUEN WU ALUadulay EEF wudndau

(EE)

Other
insects
23%

Insect
Pests
17%

Other
insects
28%

Spiders
4% ;
Insect
Natural
enemies
50%

ANUIUTLALDIUNAIARIBITNTNRNINTGAADTBEIAL
41 unasnglinounnu uazunasiu 4 Andlubesay
20, 6 LA 33 ATNAAL (mwﬁ' 1) At BN ouuna
gn99asneaielay nudpdouFununasdAngdingly
wad EE wazudas CON Andubasay 59 uaz 42
AINAIIL UNAIARIasINTIAAMITUSReIAY 13 LAY 16
AINAAL wielNAATUBeEAT 10 UAT 9 ATNATAL
uuasin 7 Anilufesas 18 uag 33 mNAIAL duFL
Lhanifuun EEF wo dndauliunniumasa | 11N
1’71'@@ Anugesas 73 MuALLNAIARIENG uNasARg
837NTR WazUNIyN Anidufesay 10,8 uaz 9
ANANAL (mw%?i 2)

ANMNUAINUANELTIAYNTHIBIY
AINNANNNANE LTI YN TNITIUNLGN

ﬁﬁuquﬁuﬁummmeLL@:LLumuﬁwﬂuLLﬂMLWiax

Usziny EE uaz CON Hin < iu Aag udae 19-20

(CON) (EEF)

Insect

__ Pests Other
22% insects
33%

Insect
Natural
enemies
41%

Insecl
Naturi
enemi
51%

Figure 1. Percentage of species numbers of insect and spider found in ecological engineer field (EE),

control field (CON) and bund of ecological engineer field (EEF) by sweeping method
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Table 1. Shannon-Wiener's biodiversity and evenness indices of rice insect pests, insect natural

enemies, spider and other insects in ecological engineer field (EE), control field (CON) and

bund of ecological engineer field (EEF) by sweeping method

Paddy Insect natural

. Rice insect pests . Spiders Other insects Total
field type enemies

H EH H EH H EH H EH H EH

EE 1.04 0.33 2.96 0.70 0.98 0.50 222 0.61 261 053
CON 1.11 0.33 2.31 0.53 0.95 0.59 0.77 0.23 242 049
EEF 1.53 0.53 2.99 0.83 0.77 0.48 1.53 0.46 245 055
Remarks: H = Shannon-Wiener's index

EH = Shannon-Wiener's evenness index
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Abstract: Chemical fertilizers are among key production factors in modern day agricultural practice.
Inappropriate use of such fertilizers in the long run negatively impacts the environment. The purposes of this
cross-sectional descriptive study were to explore growers’ fertilizer use patterns and their knowledge pertaining
chemical fertilizers. The study was conducted in September 2016 in Ban Pho Prasat, Bo Thong subdistrict,
Bang Rakam district, Phitsanulok province. Data were collected by means of structured face-to-face interviews
on all consented farmers whose agriculture was the main or additional occupation. Five trained village health
volunteers conducted the interview sessions. Seventy-four farmers from 74 households agreed to participate in
this study. All of them reported using chemical fertilizers, and had been using the agents for long time. Farmers
appeared to share the same fertilizer use pattern, mainly because they learned from their neighbors.
Governmental agencies or academicians were rarely mentioned as their source of information. Factors relating
to their decision to use chemical fertilizers were: product attributes such as ease of application; evidence
attributes such as prior positive experience; cost attributes such as price of the fertilizers; and channel of
distribution attributes such as availability of the product. Information and promotional activities were found to
moderately, or less likely to, affect farmers’ decision. Overall, farmers exhibited moderate knowledge pertaining
to chemical fertilizers. Their knowledge on appropriate amount of fertilizers, however, was low. In addition, the
vast majority of growers had never tried any other means of plant growth promoting product than chemical
fertilizers. The findings warranted urgent measures from responsible authorities to increase farmers’ knowledge
and improve their chemical fertilizer use behavior.
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Table 1. Knowledge pertaining to chemical fertilizers

Number of
) respondents
Question .
with correct

answer (%)

Type of chemical fertilizers (Total 5 points; average 4.2 + 0.9; range 2-5)

1.Growers should select particular fertilizer formula according to type of soils. True or 69 (93.2)
false?
2.The main three numbers shown in fertilizer formula mean nitrogen, phosphorus and 56 (75.7)

potassium, respectively. True or false?
3.Growers may obtain information about soil constituents by sending soil samples to 69 (93.2)

governmental laboratories for soil analysis. True or false?

4.For rice crops, we should use only 60-0-0 formula. True or false? 65 (87.8)
5.For fruit crops, we should use only 15-15-15 or 16-16-16 formula. True or false? 54 (73.0)
Appropriate amount of chemical fertilizers (Total 4 points; mean 2.2 + 0.6; range 0-4)

1.Plants can assimilate all fertilizer when applied to soil. True or false? 12 (16.2)
2.Growers should always follow company instructions when using chemical fertilizers. 65 (87.8)

True or false?

3.Too much fertilizer application will not harm plants. The only disadvantage would 17 (23.0)
be a waste of money. True or false?

4. Applying fertilizer sporadically in appropriate amount is better than using large 66 (89.2)

amount once. True or false?

Timing of fertilizer application (Total 3 points; mean 1.9 + 0.8; range 0-2)

1. Fertilizer with high nitrogen formula should be used during flowering and fruit 35 (47.3)
settling or near the time of harvesting. True or false?

2.Plants need fertilizer the most during seed germination. True or false? 40 (54.0)

3.Rice needs fertilizer the most during panicle initiation and development. True or 68 (91.9)
false?

Fertilizer application site (Total 2 points; mean 0.9 + 0.4; range 0-2)

1.Fertilizer application by means of sowing, sprinkling in rows, or embedding around 72 (97.3)
plant base depends on types of plants. True or false?

2.Any application method (sowing, embedding, etc.) makes no difference in terms of 9(12.2)

plant assimilation and plant growth. True or false?
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Table 2. Sources of chemical fertilizer information

Source of information

Time mentioned (%)*

Neighbors 59 (50.0)
Radio, television, newspaper 22 (18.6)
Chemical fertilizer sales representatives 18 (15.2)
Governmental agencies and state enterprises 11 (9.3)
Community leaders 8 (6.8)
Note: * Multiple responses
Table 3. Factors relating to decision to use chemical fertilizer
Number (%)
Factor
High Moderate Low No relation
Product
Convenience of storage 62 (83.8) 12 (16.2) 0 (0) (0)
Convenience of use 60 (81.0) 13 (17.6) 1(1.4) 0 (0)
Appropriate package size 50 (67.6) 18 (24.3) 4 (5.4) 2(2.7)
Information and promotional activities
Suggestions from community leaders (8.1) 42 (56.7) 23 (31.1) 3 (4.0)
Information from agricultural extension (6.7) 33 (44.6) 33 (44.6)
officers/academicians
Mass media advertisement such as radio, 20 (27.0) 31(41.9) 22(29.7) 1(1.4)
television, newspaper, etc.
Promotional activities from fertilizer companies such 1(1.4) 3 (4.0) 19 (25.0) 51 (69.0)
as complimentary vacation, prize drawing, etc.
Cost
Safety to the growers 57 (77.0) 17 (23.0) 0 (0) 0 (
Price of fertilizer 50 (67.6) 20 (27.0) 2(2.7) 2(2.7)
Possibility of using credit 48 (64.9) 19 (25.7)
Distribution Channel
Availability of product 59 (79.7) 11 (14.9) 3(4.0) 1(1.4)
Evidence
Previous positive experience on product efficacy 57 (77.0) 17 (23.0 0 (0) 0 (0)
Indirect experience from neighbors/suggestions by 57 (77.0) 14 (18 2(2.7) 1(1.4)
neighbors
Credibility of fertilizer brand/company 47 (63.5) 24 (32.4) 2(2.7) 1(1.4)
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Abstract: In order to achieve efficiency and effectiveness in agricultural extension activities, farmers have to be
classified into groups in order to have similarity of their resources and characteristics. This study had as its
objective to classify farmers into groups, according to important factors relating to physical, biological, social
and economic conditions. Before classifying farmer’s groups by means of cluster analysis, related variables are
first grouped into fewer sets of variables using factor analysis. The samples are farmers in the rice-based
farming systems in Kamphaeng Phet province. The results showed that 10 components ( groups) could be
created from 49 initial variables. The most influential set of variables is that of farm income. Six farmer clusters
could be identified from those with very high land and other assets to those with very low land and other assets.
The results of this study can be used to identify farming households that need assistance and cases of farm
households with good performance within a cluster can be used as models for other farm households to

improve their production and income potential.

Keywords: Factor analysis, cluster analysis, rice-based farming system
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M lnemsnslldaeniumalulag wazealiannngm (correlations) Lﬁ@@mﬁﬁmumLmzdwmmﬁmmﬁu
dqewaalinensnsiuainaatneInanliniu (Hair et al., 2010) fiagin (2551) @g1lan Hlunsawsent
wvung u@nmn‘f':mi'%ﬁLLunﬂzimmmwmnﬂnJ wmﬂﬁqLLﬂ@Lmﬂﬁwﬁuﬁﬂmmgﬂ PERLDUATAIEY
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Faud sl Ao u A g Tusited Annasan fugean
sanfilu asdlsznauimaniu dousio LLﬂ‘iﬂQ/‘ll'ﬂgllﬂumx
avAsznauil ansaniuties visalilAnuduiug
fulae Fatnsauild factor analysis 1WNNUARE 11U
Kline and Wichelns (1996) 1§ imatian1sitasnei
avAtsznay lunislssiiunisiuiaesgnaulunig
@ﬁﬂﬁﬁ”uﬁﬁﬁmimwm IneApmsiasAlsenanaes
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Onyx and Bullen (2000) 16 1&sauls 36 foutlsasnu
nedean AnmeiasAdsznauaassauisll 8
B9AFENALAINTUTUTBIDDALATLALY 5 U R
saNd s dausINTastNTUY 99ANS waznsiiansla
Fannsiinsziesdisyney daeliidnlananumune
wazadAlsznauuassauls Winters et al. (2002) 14
mAlANMAMziasAlsznay lun1sanasAlsznay
vaamaulah Lﬁm%mﬁunumm"mmmeummim:
(social and public capital) 229A 52 Feauruunlu
Wnain wudn n19RuwunnINERu (assets) lungu
AN I3un NANUBININLINIFITHTNG (natural: land)
ANUNIEATN (physical: livestock, equipment) fnu
NYweT1A (human: education, gender, labour, labour
experience and ethnicity) A1UNITE8Y (credit) WAL
mnq'mammuﬁl Winunageand (migration: US and
Mexico migration networks) %‘\'iﬁ HaNTTNUAaNITH
daudanresniaGanlunismiifianssusing o uaz
NAAOLUNUANNNSATLAANTINTY 7 HAYBINIT
Ainziasfsznauinlilinguaesiau s
ANAIAtyAeelfvesaFaBeusuunlumingin
waNaNiL luTed Ansoms and McKay (2010) 'I#
Annslinszuaunisiesefi@eaiunmlunisanuun
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Cluster analysis Wumatan 1 lun1sauun
nguaevlszains ANANwusmlauiuag lungy
WeniuEendn cluster lnan1siasainannsauds 7
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and Sarstedt, 2011) aninail (2553) na1291 cluster
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azfinsag lunguuilaneanguinen n13Aseings
aunsngae iR muaultunedinlapandudeues
FinvesuAazyAnaLarAiITeuLaTaIN190 i
ATUBEZTEININIIAIUNITDNULLIBINAE NS L 1
Babu et al. (2014) 1515 lun19919ununsufiToyun
AYNENNAY Zorom et al. (2013) M 1n1597190e 1
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# 4/ Petrovici and Gorton (2005) TEnn1sdsziiiu

ArNENNAuTasAFIFaululsnie AnsuLanguaes
o A = I a 'S s

pFaaunAnslagld nsinsziesdlszney uay

NIFULNNGNFE cluster analysis HALBINTTIATITI

asfUlsznauldngusauds 3 nguidndryAensuidu
TUUN NINTAUNINI1T[Y waz N9 a1 lun199in
NANITUFA 7 HATBINNTIATIZHRIALITNBL LRGN
uls shangnissuunnguinemens 16 4 nguaiaiveu
2 neuATIdeuAE N EET ENnAULATRARE TS
N13ANTTAR (subsistence production) Lmzmmqmi
Unagmnising - lunstleymmanneinau Tuusazngu
dlaeiantiviie Nie et al. (2010) Wmefiarasnednngs
cluster analysis 1uﬂ'1’iﬁﬂ‘l:r’mmuxm’mﬁumﬁﬁu
ansveatlsznaau Viddda 11 i anansasauun
nauATIEeuld 5 NgN MNAIALTBIAINEINAL NS
'%'1LLuﬂn@iu‘TIﬁﬂiﬁwanuﬁqﬁmmmmm@memmsn
AIVANNANT USRI S6IN ] fineliAnn
gnauiag luilsemalng dinauadfuvienif
(2547) AnwniladeiiiuansenuenIueNaLLes
pFaunens 3N suLianimeudungusig
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unasmelFdaulunjrespFaEean d01unwnnImie
dszinmaedianssuludasegiauarardniundan
Tawiveaniduy 9 gy uaznunm A INAN UG YRS
fffqLL‘]JiLﬁ@ﬁmimﬂum@ﬁ’mumﬁTfaLLﬂiﬁéwﬁaﬁLﬂu
TUUIANMNEINAUIBIUARZNGN NUAUATETT e
(2559) ﬁnmmﬁmmjum&ﬁm edudBuInEA
Auyirdlusanimidealva #2eR3 cluster analysis 1N
TinsudesrAlresnumNIzaN 10yt nunems
Buwizd aneuddedngsiu azmiuldidn nsdauunng
1entTadtl way nquassnemInsilsslimingnannly
madluqaFufuremismesilymuazanvnigaay
faiu lunnsneased Wunisaniiuniagama
pFadeunEAns UL STt s ngn
dnaflunan Tne Admglseasd ie Hean1esuun
n@immﬂm”ﬂﬁ'ﬁ HAGBAFIEAUTINHATNIANN
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dnfleaAdsznaudaneslating (exploratory factor
analysis) ATIRABUAINNMNIZANTBIATNIFAAE
Kaiser-Meyer-Olkin (KMO) Las 35nadas1e Barlett
%354 neaddsznaunan (principal component
analysis: PCA) 1aain19 M nanAu NN U 139141
1 o dl v v & o 1%
seudnadaudan i ulieyaesdAdsznaunansauls
ABNNTELAN T AU (linear combination) UB9FRLL9
4 . . Y 4 4
Nesuranisduudsrasdeyalininigada
pafdsrnaunanazeasuianisiunlsldtiasag
panaAuuaznesfdsznau i duiusiu ianns
ugnsaudsliiudniae nasuyunuesAlsznay
(factor rotation) Tae 13T N1auy ULAULLILYNRIN
(orthogonal rotation) UL varimax WNDAARIUIUGD
dld n’l o 1% 1 [ % v A v
pdsnivnmintasaunuunsazass liwaetias
Ngn NansunasdlsenauniAnlainy (eigenvalue)
11NN91 1 anduAARensaul NminesdUssnay
(loading) +7 % 0.40 A1l (Hair et al., 2010) vil u
avAsznaundnAty dausaulsnTunwdniiaandn
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0.40 TisinufAiansaun dnansAzieesilsznay
L . 4 . da
wiazfnullulsaanasnnundeesAlszneuniAans
danmaadnulnedsIere9adAlsznay aNnN1KazLin
a9fUsznaund Aty danndanguaesnioFeu
N AINIlAaaT cluster analysis N13aanguine
weneu i e lunguineaiuiianuadionaeiu
N1nA ] n (minimize intra-cluster distances) & %
weng N iuAaznguil Ao nuAnAeiuNINgn
(maximize inter-cluster distances) Laﬂﬂ?}%mimuﬂ@;u
LU LU between-group linkage 3Ms ez W N9A 28 AN
squared Euclidean distance ludunauueanisldas
hierarchical clustering WaNaNTu1e1uaUn 'Q N
wunvan warlda3 Euclidean distance Tudumenaes
a cY U %
N13ILATITHTAYANYHAIY K-means (Kaufman and

Rousseeuw, 2005)
NANTITANHLAZIANTDL

FANNIA AR NS AT AR NN TE]
ﬁ%mqum%S@u‘ﬁ'ﬁma‘ﬂ@uﬂ%mmﬂndﬁﬂmz 60 184
SR RN HATNIVINAA uazeg luniioml
Lmﬁmﬁ'ﬁmmmmmurﬁi@ﬂwﬂqﬂ%wﬁﬂummiﬁﬂu
waztalsen1u LA 81NeNTIUNTZANE BUNBATU
nerile wazenelnsnu ARAenA TN RIS
AU 822 AFaireu Uszneudauafizen lusne
WINUNTLFANY AU 348 AFIFEU B1LNeANNNTZTe
202 AFaizeu Lazane N 272 AFaEeu ariasa
uilafae factor analysis ATIRAALAIMNLINNICANUAN
N199LATIZIRALY KMO (Kaiser-Meyer-Olkin measure
of sampling adequacy) Winu 0.798 LdmeiiaAa
mmvmmawau@wwmiumimmmmvumm
WAHA factor analysis 18 lusedum wazannnis
nAAaL Bartlett's test of sphericity WL41 fauLl3sing )
Hauduwusiued 9l dadnAty (chi-square =
11438.177, df = 378, P-value < 0.05) LAMY31 matrix
avduiufaadsioutlssing o Hpeuduiuiiu daonw
WHNZaNAMIUNNTIAIZiRsALsznaL
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ANULILERLIANY 49 Fauls 1S awsaulsh
TunanesAdsznauld 28 Aaulls Usenaufae fauds
NNAIUNILNIN A1 8 GTQLL‘}J? 1Fun adivin
ﬂ’]i‘m‘lﬂm‘ (agricultural area) Lu@‘m@mm (holding
area) Lu@wﬂ@ﬂmm (paddy area) Lu@‘w ¥ (rentin
area) LLVI@\m’] LW ANITLNEH T (water for agriculture)
meij’m@ﬂﬁxmu (irrigation for agricutture) AN IN&
VB9 (distance from market) 778/ L& (drought) A1
Fonaw 11 fqauds 16 wa ﬂmm‘llmﬁmm{rﬁ' 1 (1%
disease damage) ﬂmu%mmﬂm‘wmmm 1 (1% insect
damage) ﬂm PWILNAIA rﬂ‘i‘w i ﬂN‘V] 2 (2™insect
damage) ey 31N 1A NVII 1 (1% weed damage)
ﬂmmfhﬁm%ﬁ 2 (2™ weed damage) tlnyuuy (rat
damage) ﬂtymumlmﬁl‘ (golden apple snail damage)
HanARing (yield of rice) 197 LiTuivg (rice seed)
UL ANT (number of plant species) 47114314
2a91ARHT (number of animal species)

Aasegnia 2 daudls 1w seldiainnis
1lgn#1a (income from rice) e lE T Araann S
(total income) AUAIAN 4 Fiautls THLA ATUIUaNNTN
lupfaBau (number of members in household)
Srunugnninlunfadeui Febangfituynieddu
(number of member learning from local knowledge
source) A s EnlupiaBaufiinisinengand
seAuNsUNANEN (number of member having
secondary school education) 761 NNFANE /94
ge9aN1TnluAFIGaY (maximum education of
members) Az A1uN19RW 2 Faudls 1Hun nsfii
(loans) LAEN1TR AN (savings) WIN1RTULUN
asAtsnaLmessauLlTRg]

SvanasenieunEmIMIniszuLNIgN
Frudunanlussundantunanas arwwnld 10
aadtlszne REnuN30eB LN ANULTIsuIINTeq
saulslElsvanny Sesns 68 (AN319R 1)

ANANT9T 2 Nl azasAsznen i
wlsRfAnsinuiniade (factor loading) s 0.414-
0.930 uasiiiafiansanesautls wid Aufidenses
flussdilszneausanaesasdsznand 1 uaz 10
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Table 1. Variance explained by 10 factors extracted in the final solution

Component Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
Total  %ofVariance Cumulative %  Total % of Variance Cumulative %  Total % of Variance Cumulative %
1 5.914 21.122 21122 5.914 21122 21122 5.228 18.671 18.671
2 2.851 10.183 31.304 2.851 10.183 31.304 2.483 8.867 27.538
3 1.885 6.731 38.035 1.885 6.731 38.035 2.085 7.446 34.984
4 1.482 5.293 43.328 1.482 5.293 43.328 1.551 5.538 40.522
5 1.334 4.764 48.092 1.334 4.764 48.092 1.483 5.296 45.818
6 1.212 4.329 52.422 1.212 4.329 52.422 1.359 4.855 50.673
7 1.165 4.161 56.582 1.165 4.161 56.582 1.254 4.478 55.151
8 1.091 3.895 60.478 1.091 3.895 60.478 1.219 4.352 59.503
9 1.069 3.817 64.295 1.069 3.817 64.295 1.215 4.341 63.844
10 1.012 3.613 67.908 1.012 3.613 67.908 1.138 4.064 67.908

Extraction Method: Principal Component Analysis
ﬂmuﬁmﬂm%ﬂﬁ 1iduesAdsznausonaa
asiilaznavd 2 uaz 8 naffuiduassilsznaudan
10909A15znaLT 6 LAz 9 dsannsarAsals Fae
A3 varimax orthogonal rotation Wudn lungusn wtls?i
1 LL@m@umLLﬂm 2 ummmwuﬁﬂummmmﬂ@u
mwﬂmuj uasiidnuusesiautlsnnnndn ey
'ﬂ\‘iu’]ﬂfﬂﬁ\lﬂwwuﬁ"ﬂﬂ\imqLLﬂ‘J‘NﬂMﬁ’ﬂﬂQN"ﬂ’Nﬂ’Q@E
pANdnEmuzradn1afang a1y uazi sy
ANTNATATY (rank) ATN A0 eigenvalue WAL
percent of variance (mm\‘i‘ﬁl 3)

ANA9R 2 WA 3 WUF BeAtszneud 1
Fel¥aatadn “Huinonses (Holding area)” {fautls

o

AAtyanuaL 7 fia Dantvdnaaudsluesdlsznay

Do

9211919 0.686-0.930 HA1AN w9 UTRIF LT
(eigenvalues) WAL 5.23 AN5a8aA0IA2NN
wi 91991 (percent of variance) My 18.67 111
a9AUIENALNAINITDBE LN AN TuaaaTTade
153asay 18.67 WawFaumeusiuAia N wlslsu
& di v o d’ld o o
1e4R9AUENELRU | UAY 29ALlszneUliANNEATY
. . . d o avd
Wuduwau 1 agmsznaud 2 Mtetiadn “Isanazuuad
(pest and disease)” a8uneANLUsUTUESREAE
8.87 Usznaumae 5 faulstias asflsznaumn 3 Wde
o971 “n1efl Ty mvyuazuas a3 (Incidence of
rodent/Golden apple snail infestation)” a81181AH

wilstlauldsenas 7.45 asfilsznayd 4 1¥aedadn
“NITANY wlunineann 'j‘ﬁ”’] (investment in water
resources)” 85 U8 A NLUsUTIWTE SR Ay 5.54
asfsznaud 5 W ededn “A9183 (knowledge)”
aLnsAnuutstsulEesay 530 aafisznaui 6
¥ aeadn “stlunuwnfu (farming enterprises)”
aLnsAutssulEsesay 4.86 aafisznaui 7
%3 081091 “NIRINIALLOIE N AR UET 0 (self-
reliance in rice seed)” aaUN8ANNLLTUMUlFEREAY
447 asfilaznaud 8 Wdedadn “nazuda (drought
incidence)” a3 una AN LlsUsiulisesay 4.35
asflsynaud 9 1datiadn “aunnrasniaBeuuas
NNSANEA (Household size and education)” 8511
AuulstlsanlE%enas 4.34 uay asdilszneud 10
3 asiadn “Huf i (Rented in area)” 88LN8IAYN
wilsUsqulésenay 4.06 (ma’m‘ﬁ' 1-3) N33R
sflaznaLil aunsnanduuFauLsann 49 fauls
wiae 10 ngusiauls il acnudnalunisiaszit
sial] uazanALdFay iiasann1Esnuiendaulsidl
A ndNRLsIuliud lunquipeaii

A nitu Hn198 HaT04N T3 IAT S
mﬁﬂazn@ummﬁqLLﬂiﬁﬁﬂﬁfyzjm:mumﬁwLLun
AS23RUNEATNIALE cluster analysis AMNATN7UD4

Kaufman and Rousseeuw (2005)
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Table 2. Factor loading from rotated component matrix and communality of positives effects variables

Positive effects variables

Factors

Holding area

Pest and disease

Incidence of
rodent/Golden

Investment in
water resources
Knowledge
Farming
enterprises
Self-reliance in rice
seed
Drought incidence
Household size
and education
Rented in area

1. Total income from planting

N

. Income from rice

w

. Total income

4. Yield of rice

5. Paddy area

6. Agricultural area

7. Holding area

8. 1™ insect damage

9. 1* disease damage

10. 2"insect damage

11. 1 weed damage

12. 2™weed damage

13. Golden apple snail
damage

14. Rat damage

15. Distance from home to
market

16. Water for agriculture

17. Irrigation for agriculture

18. Saving

19. Number of members
learning from learning
center in village.

20. Number of member
having secondary school
education

21. Number of plant species

22. Number of animal species

23. Rice seed

24. Drought

25. Number of members in
household

26. Maximum education of
members

27. Loans

28. Rentin land

0.93
0.918
0.905
0.885
0.789
0.757
0.686

0.754
0.723
0.642
0.599
0.523

0.824

0.821
-0.595

-0.428

0.417

0.752
0.655
-0.452
0.792

0.706

0.641
0.535
0.844
-0.851
0.796

0.514

0.414 0.463

0.824

Extraction Method: Principal Component Analysis and Rotation Method: Varimax with Kaiser Normalization (12 iterations)
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Table 3. Value of Eigenvalues and Percent of variance

Rank Factor variable groups Eigenvalues Percent of variance
1 Holding area 5.230 18.670
2 Pest and disease 2.480 8.870
3 Incidence of rodent/Golden apple snail infestation 2.090 7.450
4 Investment in water resources 1.550 5.540
5 Knowledge 1.480 5.300
6 Farming enterprises 1.360 4.860
7 Self - reliance in rice seed 1.254 4.478
8 Drought incidence 1.219 4.352
9 Household size and education 1.215 4.341
10 Rented-in area 1.138 4.064

HAYBINITIATITINITLLNNGNAY cluster
analysis Auunngainumnseaniiu 6 ngu fauans
Tupn197 4 AaAnesusiaz ﬂ@NM')LLﬂiWLﬂuW}
standardized Z scores (Z scores 0 ﬂ’]l,'amlm’mu 0
mLﬁmmummgmwhﬁu 1) ‘lw,wimﬂzjw,ﬂwmﬂﬁﬁ
uainliiilu 6 nqulnedd cluster analysis WuU3NANLRA
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AININGNNEAININ 2 uaz MAINQUINEAINGT 1 UaL 2
ummawmﬂaumuﬂimq °'| ganda ﬂ@umwmm‘w
3,4 uaz 5 {ludunin ngud 1 ﬂmm 2uay ﬂmm 6
LﬂuﬂqwmqmmmLL‘}JMWMQJWMWL@@M@W@
49n31 ARARNNA aniuiEesaesiladady

aad £ oy P A i N
89INTRRY ) TNANHeENINANRRETRTIINA (HAY

4 . o e
duuan) a0uen ngun 3 uazngui 5 ungundngy
wavsautlsdaulnniAfiesndiAadaiauun (JA0

B e
Huaw) Twanueiinguin 4 HAeasveanguoulsly
seaulndimeaiuAat e nngy lunisuiiangy
1BUNHAINIFNGNTDITAdENGNIBIAML TN
Amszilunisdnanguiinlingui 1 uazngui 5 1fin
ANLANENAUNINTAA TutuziRenii A1 average
mean 189A1 Standardized Z-value 19INGNT 1 g3
! oA A Lo > =

nanguit 2 Nevaewin deazlilunisuBauiiay
anwnszaeangusall N9 ULNNgNTIBUNEAINT 119
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Table 4. Average Z values of main components
Main component Cluster
1 2 3 4 5 6
Holding area 1.15 0.64 -0.17 0.04 -0.40 0.30
Pest and diseases (Less) 1.23 0.69 -0.18 0.04 -0.43 0.32
Incidence of rat/Golden apple snail infestation 1.06 0.59 -0.16 0.04 -0.37 0.28
Investment in water resources 1.10 0.61 -0.16 0.04 -0.38 0.28
Knowledge 1.02 0.57 -0.15 0.03 -0.36 0.27
Farming enterprises 2.33 1.31 -0.35 0.08 -0.82 0.61
Self-reliance in rice seed 1.05 0.59 -0.16 0.04 -0.37 0.27
Drought incidence -0.41 -0.23 0.06 -0.01 0.14 -0.11
Household size and education 1.66 0.93 -0.25 0.06 -0.58 0.43
Rented in area 0.63 0.35 -0.09 0.02 -0.22 0.16

Table 5. Farming household membership in each cluster and each district

Land and Other  Cluster Total households % households in
Assets N % Lan Krabue  Phran Kratai Sai Ngam

Very high 1 11 1.34 1.5 9 1.8
High 2 48 5.84 6.4 2.3 9.9
Moderate 1 6 138 16.79 15.8 11.5 24.3
Moderate 2 4 256 31.14 252 33 33.1
Low 3 233 28.35 32.7 33 19.1
Very low 5 136 16.55 18.3 19.3 11.8
Total 822 100 100 100 100
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Table 6. Means (maximum and minimum) of different land area in each cluster (unit: rai)

Potential Agricultural  Rice cultivation Holding area Rented in Field crop

land area area area

Very high Mean 77.73 76.82 65.18 93.18 0.91
Maximum 105.00 105.00 101.00 700.00 10.00

Minimum 10.00 10.00 10.00 0.00 0.00

High Mean 66.59 62.13 57.26 23.91 6.19
Maximum 158.00 143.00 143.00 95.00 70.00

Minimum 26.25 19.00 0.00 0.00 0.00

Moderate 1 Mean 44.04 38.03 33.74 17.68 5.64
Maximum 140.00 105.00 140.00 130.00 110.00

Minimum 0.00 0.00 0.00 0.00 0.00

Moderate 2 Mean 30.79 28.06 23.49 9.60 2.50
Maximum 77.00 77.00 75.00 55.00 36.00

Minimum 0.00 0.00 0.00 0.00 0.00

Low Mean 22.62 19.51 18.48 6.39 2.24
Maximum 67.00 67.00 80.00 54.00 50.00

Minimum 0.00 0.00 0.00 0.00 0.00

Very low Mean 14.51 13.92 11.35 4.05 0.60
Maximum 49.00 40.00 32.00 50.00 28.00

Minimum 0.00 0.00 0.00 0.00 0.00

Total Mean 30.72 27.61 24.31 11.08 2.83
Maximum 158.00 143.00 143.00 700.00 110.00

Minimum 0.00 0.00 0.00 0.00 0.00

Table 7. Average paddy output and output utilization of farming households in each cluster (unit: tons
per household)

] Paddy output
Potential Cluster
Mean Maximum Minimum

Very high 1 187.64 272 90.00
High 2 110.38 224 6.70
Moderate 1 6 53.17 166 0.86
Moderate 2 4 29.86 102 1.00
Low 3 17.77 90 0.50
Very low 5 11.88 76.5 0.70
Total 34.18 272 0.5

P e A LA v o ea = | i oda o em oA o & o A
umsiepiaFeusdel Weutuninddueds 3589  wudnlunguildunaznindauduangail afairau
&unm melfiefnsn 374,000-2,501,000 U waz  Insesnanas e ligegaannviniu fiv 462,600 Lmsia

selflednaniiia 341,239-2,459,193 uwlungud  afaeusall wanslimiugn §aondulillfilunag
HnAuuaznIndauauunansuazge agnglsfiny W ANENNNNINARIATIITAUNANT (119197 8)
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Table 8. Average of Total asset, Income, expenditure, Loaning and saving of household in each cluster

Land Non-
Total Average
and Mean/Max Total Farm Hired farm farm Household
other Loaning Saving education
other /Min income income labor employ expenditure
assets (years)
asset ment
- Mean 8,894,000 2,501,011 2,459,193 36,364 - 85,154 163,730 47,018 2.18
g Maximum 56,200,000 4,366,500 4,306,500 400,000 - 151,000 340,000 200,000  Primary vocational
= Minimum 1,180,000 968,000 968,000 - - 41,000 15,000 - Prathom
Mean 4,498,900 1,314,577 1,244,771 48,708 4,875 103,031 196,710 38,627 2.58
% Maximum 21,400,000 5,175,000 5,175,000 2,000,000 100,000 715,000 850,000 500,000 master
Minimum 180,640 133,400 133,400 - - - - - no education
- Mean 5,020,900 699,203 642,653 29,965 11,734 88,475 166,510 64,630 2.41
[0
g Maximum 166,000,000 3,991,500 1,898,000 3,650,000 192,000 483,000 1,030,000 1,500,000 8
= Minimum 255,000 35,800 10,000 - - - - - Prathom
N Mean 3,526,200 374,689 341,239 2,721 10,370 62,790 128,800 44,666 2.34
[0
g Maximum 30,100,000 1,322,400 1,322,400 91,250 348,000 732,000 740,000 1,000,000 master
§ Minimum 42,822 10,000 10,000 - - - - - no education
Mean 3,157,800 228,261 187,704 2,178 115,920 28,415 2.2
§ Maximum 29,100,000 816,000 666,000 60,000 720,000 265,500 550,000 401,000 master
Minimum 30,000 6,400 - - - - - - no education
s Mean 2,192,800 155,440 121,944 2,854 8,849 39,227 79,673 15,935 2.24
_; Maximum 16,700,000 505,600 462,600 120,000 168,000 275,400 600,000 200,000 graduate
()
~ Minimum 54,048 - - - - - - - no education
Total Mean 3,580,700 434,727 393,142 10,298 11,850 62,670 127,780 38,336 2.31
Maximum 166,000,000 5,175,000 5,175,000 3,650,000 720,000 732,000 1,030,000 1,500,000 8
Minimum 30,000 - - - - - - - no education
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Optimum Protein and Metabolizable Energy Levels in Royal Project

Black-bone Chicken Diets During 11-16 Weeks of Age
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Abstract: A total of 336 heads 10 weeks old Royal Project Black-bone (RPBB) chicken were randomly allotted
into 4 groups of 3 replicates each (12 male and 16 female/rep.) according to a 2x2 factorial arrangement in
CRD. They were fed with diet containing 2 CP levels, i.e. 17% vs. 15% and 2 ME levels (3.2 vs. 2.9 kcal/g) for 6
weeks. The results showed no significant interaction between CP and ME levels (P>0.05). When each factor was
taken into consideration, it was found that different CP level had no significant effects (P>0.05) on body weight
gain, ADG, feed intake, FCR and mortality rate. Chickens fed low ME level (2.9 kcal/g) consumed significantly
more feed (P<0.01; 2.72 vs. 2.60 kg) thus gave significantly (P<0.05) higher body weight gain (0.61 vs. 0.58 kg)
and ADG (14.58 vs. 13.56 g) than the high ME level (3.2 kcal/g). However no significant effect (P>0.05) was
found on FCR and mortality rate. When each treatment was taken into consideration, it revealed that chicken
consumed diet 2 (17% CP, 2.9 kcal ME/g) had significantly better performances than diets 1, 3 and 4 (P<0.05),
i.e. higher body weight (0.64 vs. 0.57, 0.56 and 0.59 kg); ADG 15.15 vs. 13.68, 13.44 and 14.00 g) and lower
FCR (4.34 vs. 4.51, 4.65and 4.57) as well as lower feed cost per gain (50.74 vs. 58.41, 56.84 and 50.91 Baht/kg
BW gain, respectively). It might be due to the higher feed intake (65.63 vs. 61.58, 62.30 and 63.97 g/d; P<0.05),
thus caused higher nutrient intake, i.e. CP (11.17 vs. 10.47, 9.36 and 9.59 g/d; P<0.05). Therefore, it can be
concluded that the optimum diet for 11-16 weeks old RPBB chicken should contain 17% CP, 2.9 kcal ME/g.

Keywords: Royal Project Black-bone chicken, protein, metabolizable energy, production performance
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unanga: flinszgnataeiuglasenisacseny 10 4Ua1vi A1uau 336 #ia guudadu 4 ngu ) az 3 91 G
28 10 (me 12 WAZINALENE 16 A7) MMIUHUNNTNAABILLIL 2x2 factorial arrangement in CRD i & ¥uanung
NAAAINE CP 2 s2Au An 17 ey 15% uwAazszal CP { ME 2 331 A 3.2 Wiauriy 2.9 keallg Aeaduan 6
&Uaif uatlsngdn Ananduiugsendna CP uaz ME ldliedAtynneatiel Asiansaunusaziiads wudn nsli
@I T SEAY CP sinariu Tl da i ADG 1531aue wnsiis FOR WS MINNImLANANIT1
(P>0.05) WANNT L ME sxuAA AR Le M TN T Y (2.72 vs. 2.60N1N.; P<0.01) fanaliinmindaia (0.61
vs. 0.58N1N.) uaz ADG (14.58 vs. 13.56 1) ﬁﬂd’m@iuﬁiﬁﬁ*ﬂ ME sealigeatinadiiadnAny (P<0.05) #91 FCR uaz
ansn1eane Minaldsnaiu (P>0. 05) mema‘m’w’mmu W9 1nn@uw 2 m"lmummswu 17% CP, 2.9 keal
ME/g mmmmwmm@mmmm@m 1,3 uaz 4 agiidadAty (P<0.05) Aa fimiindfia 064 vs. 057,0.56
Wae 0.59 Nn.; ADG 15.15 vs. 13.68, 13.44 az 14.00 N. way FCR 4.34 vs. 4.51, 4.65 Was 4.57 SQN‘VNN muﬂqu
mmma‘m’@fmﬁmﬁm 1nn. (FCG) AN (50.74 vs. 58.41, 56.84 LAz 50.91 Lw/NN. ﬁ”ﬂuﬁmﬁ'u ANNANAL)
qu?:@waLﬁmmfafmiﬁﬂ@iuﬁqndmﬁummimﬂﬂdw (65.63 vs. 61.58, 62.30 wa 63.97 N./TU ATNAIAL; P<0.05)
il Fuansams i Tsfiuuannan (11.17 vs. 10.47, 9.36 uaz 9.59 N/ muasL; P<0.05) agilléidn gms
ansd wirnzandiLlinszgnanlaseanisuansdaseny 11-16 4lawi A2l 17% CP, 2.9 keal ME/g

AdAty: Tinszgnananeiuglasanimmans Tssiu wasnulddszlond anssanimnisn@n
AN 47U uazAnuz (2559) Wiaeslinszananans

WuglasanisuasauuulaeaiululsGewddasiae
faqiiulinsznnan (Black-bone chicken) 819NN CP 2 3561 (21 vs. 19%, 19 vs. 17% waz 17

Wundanduninau lnseniznguaunldlaguain s, 15% luga9eg 1-5,6-10 uaz 11-13 dUna i
Wasannisiadiuenang dmue waziie ndTushugs ANHNATAY) IneAazIEAUaed CP H ME 2 3361 (3.2

witlaTuAndwite il (A3anmnd, 2530) Theil vs. 2.9 keallg) naanszazn1snaaed 13 §dn1if
g lEnsuiiisfiusenas 8535 suziiilelianad  naagullisn daslieny 1-5 dani pasliiemnsiia
Tshusenas 63.18 (ty#in uazAy, 2528) yalis  21% CP, 2.9 kcal ME/g d9ut9981¢] 6-10 waT 11-13
lnsenravaasliimunlinszgnandlifinng  duand masldi 19% cp, 29 keal ME/g waz 17% CP,

WiAUTRA LT HAN I ATAINALS Ae HAAN 9 3.2 keal ME/g ANNANAL WAIHEIAINNNIANE 10941
Wk A Tumtin A vweeu 1§ when Aol nIzan LAZAUE (2559) mﬁamu Lﬂumﬂummiwu CP uaz
Laziile (471 WATANLE, 2557) #9ANUANTIA AN ME ?”ﬁU@\‘lﬂUﬁ‘wﬂUﬁﬁLLUUIﬂ'ﬂLu@QIFNLLl?lLL?ﬂLﬂﬁ@uﬂ\ﬂ
NTTUIUNNTES1IAR AT (melanin) AflBuno 21¢] 13 Ua it Fapnansenusananmaansluszes
WnndnG Suiilessnannnisuanseanaesii Fibro siann U9R wazanz (2560) adldAnwingliianmns
melanosis (Fm) @l uE uf nazfuli ANNTLR Y ﬁmmumﬂwﬁqqiﬁ@w 1-5 dUm19f Aa 21% CP, 2.9
smnutadifadmazanluilode NITANUATHIUNLT kcal ME/g mum’mmuifﬁmmu WAZADLY (2559)
(Bateson and Punnett, 1911) wananni iy Fm €9 Ay U Bunaadsadannsliienynafia CP uay ME
N1UgNAUEY Id (the sex-linked inhibitor of dermal B9 W (19vs. 17% CP ua e 32 vs. 2.9 kcal/g
melanin) TN 32U2UN1T hyper pigmentation § 2 mxanAy) ludaslieny 6-10 a1l wateangan
(Dorshorst et al., 2010) Qmmuwﬁl WN1ZEN A8 19% CP, 2.9 keal ME/g
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nonesuanslilumanmed 3 Usngdnliwuited sy
PA4AN interaction sz etla’aan (CP way ME) 7
STAUANNTY A9 A TR aTade wudn sEAU CP
TR MR LANANSTW (17 vs. 15%) T Tl nand 193
Had1ATY (P>0.05) ARANIINNINNTHAR (iinga
il ADG 1B310u8 s AAL FCR UAZERsNsAe)
douiTagef a1t wudn ngu 650 ME szudn
(2.9 keal/g) ﬁmmimmwmmamﬁnrjm@juﬁi@ﬁu ME
F2AUEY (3.2 keal/g) atieilfednAyd nannie &
viuingfia 0.61 vs. 058 nn. (P<0.01), ADG 14.58
vs. 13.56 1. (P<0.05) LAZAUBIUNTNINNGN 2.72Vs.
2.60 NN. (P<0.01) AT §Ruantinmin (FCR) WAy
#m31n19m7e I uANFEeAY (P>0.05)

@ﬁmm?{iﬁﬂ@'umﬁummi ME i”ﬁur;if]
(2.9 kcal/g) ﬂua’mwmﬂmﬁLL@”N‘LAWWMLWNM
m"maw"l.m fu ME muu mmummmnvl,ﬂn@uu
IaFunaeauluetnisli i aane R9fieaiueuns
e s LaAIEeINT denAdeaiy



AN9ANTINEAT 34(2): 269 - 275 (2561)

Table 1. Feed formulation and chemical composition of experimental diets during 11-16 weeks of age

CP levels in diet (%) 17 15

ME levels in diet (kcal/g) 3.2 2.9 3.2 2.9
Ingredients:

Corn 62.96 62.91 69.10 65.95
Fine rice bran 10.00 10.00 10.00 10.00
Rough rice bran - 4.06 - 5.83
SBM (44% CP) 16.92 16.49 12.07 12.03
FM (59.5% CP) 4.50 4.50 4.00 4.00
Rice bran oil 3.59 - 2.64 -
Dicalcium-PO, 0.56 0.56 0.69 0.69
Oyster Shell 0.97 0.98 1.00 1.00
Salt 0.25 0.25 0.25 0.25
Premix ' 0.25 0.25 0.25 0.25
Total 100.00 100.00 100.00 100.00
Calculated chemical composition (% air dry basis)

CP 17.00 17.00 15.00 15.00
ME (kcal/g) 3.20 2.90 3.20 2.90
CF 3.71 5.25 3.61 5.78
EE 8.13 4.59 7.22 4.56
Ca 0.80 0.80 0.80 0.80
P available 0.35 0.35 0.35 0.35
Lys 0.88 0.88 0.74 0.74
Met 0.32 0.32 0.29 0.29
Thr 0.63 0.63 0.55 0.55
Trp 0.20 0.20 0.17 017
Feed price (Baht/kg)2 12.95 11.70 12.22 11.15

mg/kg feed unless otherwise noted : Vitamins; A 10,000 IU, D, 2,500 IU, E 10, K, 1, B, 0.81, B, 3.6, B; 0.82, B,, 0.005, Nicotinic
acid 15, Pantothenic acid 9, Folic acid 0.4, Biotin 0.0125, Choline chloride 65.25: Minerals; Fe 40, Cu 7, Mn 70, Zn 60, Co 0.2, | 1,
Se 0.1; Antioxidant 0.675 and preservative 25

: Ingredient price (Baht/kg): Corn: 9.00, Fine rice bran: 11.00, Rough rice bran: 3.00, SBM (44% CP): 15.30, FM (59.5% CP): 42.00,
Rice bran ail: 36.20, Dicalcium-PO,: 10.50, Oyster shell: 2.00, Salt: 5.00, Premix: 125.00
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Table 2. Chemical composition of Royal Project Black-bone chicken diets’

Chemical composition (%) DM CP EE CF
Diet 17% CP 3.2 kcal ME/g 90.20 17.76 8.85 3.88
Diet 17% CP 2.9 kcal ME/g 89.70 17.73 5.40 4.67
Diet 15% CP 3.2 kcal ME/g 90.70 15.26 7.80 3.51
Diet 15% CP 2.9 kcal ME/g 90.40 15.89 5.33 5.92

! Analyzed at Feed Lab., Dept. of Animal and Aquatic Sciences, Fac. of Agriculture, Chiang Mai University

Table 3. Production performance of Royal Project Black-bone chicken fed diets containing varying levels

of CP and ME during 11-16 weeks of age

Main factor CP (%): A ME (kcal/g): B Probability SEM
CP levels in diet (%) 17 15 3.2 2.9 A B AxB
Initial BW (kg) 0.84 0.82 0.83 0.84 ns ns ns 0.01
Final BW (kg) 1.44 1.41 1.41 1.45 ns ns ns 0.01
BW gain (kg) 0.60 0.59 0.58° 0.61° ns * ns 0.01
ADG (g) 14.41 13.72 13.56°  14.58 ns * ns 0.16
Fl (kg) 2.67 2.65 2.60° 2.72° ns * ns 0.01
ADFI (g) 63.61 63.14 61.94°  64.80° ns > ns 0.26
FCR 4.42 4.61 4.58 4.45 ns ns ns 0.05
Mortality (%) 0.00 1.19 1.19 0.00 ns ns ns 0.60
*® Values within row with no common superscripts are significantly different, * (P<0.05), ** (P<0.01)

FMENNLA8Y Scott (1984) Ainan29 Infuawnsiiali
TEndsanunufisneniefioants Welsundanu
WA LA I AT anvadasenadaaiy AT UAY
ALY (2543) wwmﬂﬂ@ﬂmmuwummm\mw 1-13
il WRuevnafisaununnsanszsu ME luanvng
mqm@‘mumunmLwmg\mcnn@qulmummiwmmu
6N u@ﬂmrﬁ:ﬂﬁﬁ LATATUY (2560) ﬁiﬁiﬁmz@ﬂﬁw
21¢) 6-10 A9t WiFue s Rilngeeu 2.9 vs, 3.2
keallg AR lunnuasRza
dlafarsnnuanangy ffieyalunead 4
WU VLﬁﬁ”Lﬁﬁ*ummm;mﬁ 2 (17% CP, 2.9 kcal
ME/g) HANIINNNNNIUARANIINGN 1, 3 UAT 4 BEW
AdadnAyneadin A Tiwinsauia 064 vs. 057,
0.56 ay 0.59 nn.; ADG 15.15 vs. 13.68, 13.44 LAy
14.00 n. Ay FCR 4.34 vs. 4.51, 4.65 WAy 4.57 ﬁ"JN‘l;IE;Q
A FCG ﬁﬂﬂdﬂ[’sﬁ’m (50.74 vs. 58.41, 56.84 Laz 50.91

unAiuinedia 1 nn.) Vlgq?:mm,ﬁmmmniﬁmiu
AINANNNUAUWIININNGN (65.63 vs. 61.58, 62.30 LA
63.97 n./31) M AFUa17891 T 1 TsRunnnndn
(11.17 vs. 10.47, 9.36 LAz 9.59 N./AU ANNAIAL) LA
IFunanesduiandugandinguau aeslsfaald
s mngasi 2 axdAndunulunsdfiasiin
(FCG) Aad Lfimmﬂﬁunuﬁmwmar}iaﬁwmiﬁLLﬂi
Hunseiuliunanisivennseesiinaiane Ina
dsz@nsninnislfenmisgeasinliisiuyuaianmng
anasrulUAqe (it wazany, 2560) aeiudn
mmmmmmmmwmmmmu”l,ﬂmmﬂmmﬂwuﬁ
TAaNI9a Fa9e7e) 11-16 Alan
mmgﬂzgmmmiﬁ' wsnzand i undai] sing
AMNTILINUTBIGTU WATATUE (2559) A%19dn 1A
nszanalAsINIINaNTaeane 11-13 dilanuk paslsu
a1M3RE 17% CP, 3.2 keal ME/g TuanRnaann
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Table 4. Production performance and nutrient intake of Royal Project Black-bone chicken fed diets

containing varying levels of CP and ME during 11-16 weeks of age (showing by treatment)

CP levels in diet (%) 17 15 SEM
ME levels in diet (kcal/g) 3.2 2.9 3.2 2.9

Production performance:

Initial BW (kg) 0.85 0.84 0.83 0.83 0.01
Final BW (kg) 1.42° 1.48° 1.39° 1.42° 0.01
BW gain (kg) 0.57° 0.64° 0.56" 0.59" 0.01
ADG (g) 13.68° 15.15° 13.44° 14.00° 0.16
FI (kg) 2.59° 2.76 2.62" 2.69% 0.01
ADFI (g) 61.58° 65.63 62.30" 63.97" 0.26
FCR 451° 4.34° 4.65° 4.57° 0.05
FCG (Baht/ kg BW gain) 58.41° 50.74° 56.84° 50.91° 0.57
Mortality (%) 0.00 0.00 2.38 0.00 0.60
Nutrient intake (g/day):

CP 10.47° 11.17° 9.36° 9.59° 0.04
ME (kcal/d) 197.08"  190.48" 199.64° 185.43" 0.78
Met 0.20° 0.21° 0.18° 0.19° 0.01
Lys 0.54° 0.58° 0.46° 0.47° 0.01
' Values within row with no common superscripts are significantly different (P<0.05)

nsfnenlunsailazydn pasliarunsfia op szdy a9

By Ae 17% CP sl ME lusydusnndn Ae 2.9
kcal ME/g Waianaifhumas s Ansnnuduan 3
dlaniiidlu 6 dilanit mm%qmmﬁmmﬂiﬁﬂi:@ﬂﬁﬁ
Trssnavansmneiuiideaidludsznmlifudiedia
MaLsyAuingn Ameuauedsioa sl ME syay
falEAndn ME sziuge danalumianedl 3 uaz
ADAARBINLIHITUIDILY YR WATATUY (2544) 7
Anenlulignuaaiiuiiesauaneiden daantsli
@v"97iE CP uay ME sefusnaiu (15vs. 13 vs. 11%
CP LAy 3.2 vs. 2.9 vs. 2.6 kcal ME/g) Iuﬁiqﬂﬁmq
11-13 §An3T WLn 3260 CP waz ME Rimsnzanaes
Irviasaamanaslisn 15% CP, 2.6 keal ME/g Bl
ME i:ﬁwﬁ'mm
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Carcass Quality, Chemical Composition, and Oxidative Stability of Meat of
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Abstract: It was investigated whether crossbreeding of Thai native chickens with a layer chicken type improves
carcass and meat quality in comparison to the respective purebred types and a commercial broiler type. Two-
hundred 1-day old birds, 50 each of Pradu Hang Dam (Thai indigenous; PA), Rhode Island Red (RR), crossbred
(CB = PAXRR), and broiler (Ross; BR) were kept in 20 pens per ten chickens. Birds were slaughtered either
after 120 days (PA, CB and RR) or 45 days (BR). Body and carcass weight and breast proportion were highest
for BR and lowest for PA and RR (P<0.05), and intermediate with CB. The PA, CB and RR chickens had a higher
leg proportion than BR (P< 0.05). The RR had most abdominal fat (P< 0.05). The breast meat of PA and CB
chickens were highest in a* value when compare with RR and BR chickens, but lower L* and b* value (P<0.05).
The breast meat of BR had the highest (P< 0.05) intramuscular fat content, whereas the protein content of PA,
CB and RR was higher than in BR (P< 0.05). The breast meat of BR had the highest (P< 0.05) drip loss
percentage, while the lower shear force when compare with PA, CB and RR chickens (P<0.05).The content of
malondialdehyde was higher (P<0.05) in breast meat of BR when compared with RR, CB and PA from day 3 of
storage onwards. In conclusion, crossbreeding was beneficial with respect to carcass traits, even though the
advantage over the pure lines was small compared with the difference to the commercial broilers. In the meat
quality traits, inclusive of chemical, meat color, and oxidative stability, crossbreds did not differ from the pure
lines, but all extensive types were superior to broilers in this trait.

Keywords: Meat quality, malondialdehyde, Pradu Hang Dam, Rhode Island Red
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ﬁm@ﬁi@@mmmﬁy@ﬁmﬁlu 7 NAULAZIATNA
iqmﬁquﬁwmﬂqTﬂmuWHW? AYNWANF9TBINUS
viwinudingn sfiaresnduiile wazewnsiisnasae
nnsgzanlusiaesdnd Bunnvesluiulinasanisiiu
paiferiduedfulunmmesnsaliui sl
e (Sims and Fioriti, 1991) &T@‘L’fué”mﬂi"mﬁmm
ﬂ’]iﬂﬂ'ﬂ’]m‘ﬂuﬁ\l'}ﬁ]ﬂﬂﬁ‘y@\?ﬂLW’aL‘]ﬁﬂULWﬂU@ﬂHmv
410 mmmwm@ LATAN oxidation 1841ilava A
Qﬂmuwyumﬂwmvlmnﬂﬂim wWieumauiy 1n
fuflosading 1ild uaglinsena WielfiluleslomT
TunstFurlpeiugsialil

L4 as
AUnTUAzIENNS

UHUNTNARDY

MamaaesilFlnAam ALY 200 F7 Gt
wsnifia uilveanilu 4 nqu Aa Tndseguiean(Pa) Tn
anuan (sendliszgunenn uazlnlsnlauaudion;
cB) lnlsnlauaudisn (RR) uazlinssmasneiugsaad
308 (BR) Tnalilivugay 50 Aalaeuwiailu s & | Az
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10 /2 BedlinaaesfivfunAd T dnaransuas
At AN ERIANART L AnenAe el Ae
Wuszazioan 120 Ju dwulnszguienn Tngnuas
watlAlsnlauaudion wig viulinssnadsady
sxeiziaan 45 Su e liviemn lEcminaans (market
size) dagtinmin 1.50-2.00 Alanda A& 5utinuas
AN ANLERINN (ad libitum) Tlsunaunng
Tiamnsdmiulniugilszguiean Ingnuas uazln
T3nlanaudisn wiiveandly 3 szasAe srazusniin
424 0-3 Ao nnsTifi T sAy 20 wlefidun
wasauldiiesndn 3,000 kealkg svasdi 2 1949 3-10
flanalfienwnsfifitisiiu 18 wlesifus nasanla
$im8in91 3,000 keallkg 328127 3 499 10-16 dilanst 1%
anusfifi Tt s 16 wesidud naasu litieandn
2,800 kcalkkg #1viduansuedinnsenaniugsaad 308
wtiveanidu 3 sy Aeszazusniiagae 0-18 SulH
anvnsRiiTisiu 23 uWlesidud nasawlidiesndn
3,180 kealkg 528127
TdsAu 20 wlefidusd navanu ldsieandn 3,180
keallkg 3282499 30-45 AAn1A ffenunsfid siiu 18
wefifiusl waseu lfieandn 3,200 kealkg Tninaaas

2 499 19-30 TulHia 11199 o

nnaalffueinisdraguniuaiunuztinzes NRC
(1994)

msﬁnmﬂmanwmwmmmvﬂmmwma
vilinaaeans dnginierd nuaiase
Fayafuanwzan navianisanesneusintlu
14 6 40Tue Fatinmiind3an MY fq (slaughter
weight) ﬂ@umﬁmemmumwnWﬂmmu 4 89A"
A Wiusvezingn 24 9alua mnuummmwumu
110 Tngiazdainming udauanlgud nduiiienan
azinn LL@Jwanmmm mm@mmimmmmmm
wesifufuesuiazdugdoudatinmingnifu K
nannissinlnans dyde (2550) Farfatu0aile
(pH) & el pH-meter (Model 191, Knick, D-Berlin,
Germany) Tneld pH electrode wnadn i lwideen
(Pectoralis major) ANUTHIU 0.5 LIUF LNATWATN
Masnandnuiilaandaeiasas Minolta Chroma Meter
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(Model CR - 300, Minolta Camera Co., Ltd., Osaka,
Japan) 1un A1manuadng (lightness: L*) Anaanaidi
AN (redness: a*) WAZA AR (yellowness: b*)‘17‘1| 24
o lus mmfué’mﬁhmmmmaﬂum?éjuﬁwm
n&uiiaen (water holding capacity) Usznaufag
thawing loss, cooking loss LLa e drip loss AINATNNST
AR ’&Vﬂal el (2553), Ao et al. (2011) wa e Liu et al.
(2012) Wil R A usaF AU § i aanEas
Lﬂdil‘@d texture analyser (Model TAXT2, Stable Micro
Systems., Ltd., London, England) @ 1 n SEIRE R
nénaileanunaziduaudiiqmuundl 20 e
aades et R essvesdlsznenmaniluile
UszneudnelesiFudannadu Wsiu wazladuny
5999 AOAC (1995) LAZALAINLIUIAINFDBNTLATY
WIRAININL (thiobarbituric acid reactive substances,
TBARS) 175984 Rossell (1994)

NFIATIERTAYAN AT

oy dy - .

undayan linnBaumauauuansing
szndnvAnanvediiusasiugargninundiagsd
AN L9591 (ANOVA) m183gae4 Steel and Torrie
(1980) T FauieuA@ALA2835 Duncan’s new
multiple range test A 281 TU 51N 30 SAS 6.12 (SAS,
1997) Mnuuarntiad Ay f lunnmmagaui P<0.05

Namswmmuaﬁmszﬁ

ANBULTEIN

(%
o

fufreslifinasetwinddin dvinan
LazesALlsLnaLTN (AN3197 1) dvinTEAn i
snuazlefidufrendnaiieantedli BR B
figoatrefiludfymeada mukaeld CB uazilen
ﬁﬂ@;ﬂiﬂﬁ PA 1Az RR Tunenssrindnidedigusan
20411 PA, CB uaz RR gandnln BR atialiadnAny
(P<0.001) Wafiiuslusiutdasvieseddn RR HAngegn
aenelidadnAty (P<0.001) gl PA uazli CB 7
mﬁ‘i'wﬁ'zgm danARas Tang et al. (2009) euinlnd
AnnaaanyAulngn (slow-growing type) Hilafifus
ﬁmqaﬂdﬂﬁﬁﬁmm?rylﬁuim 159 (fast-growing type)
Buraliuteiesreddd RR M uunTudy
Lﬁ'mmmn%w%wmmﬁuﬁ nsdfusaiy
annnuanden uaznsssnAaientsndls Svdues
Wuﬁﬁmwifamm’éwLmzmm?tyLﬁuimmmﬂ?@imlﬁ@
m@qzﬁ"ﬁlfj’ﬁl,l,mnﬁmﬁ”u (Cunningham and Acker, 2001)

AmmwLile

ANBUENIUNIWLAZATUNIN LT
ﬂz’imLﬁy@ﬂn”lﬁLm'@xﬁuﬁ:ﬁmmLLMﬂﬁmﬁu (F347 2)
i1 pH 71 24 FaTas adlriviug PA, CB uaz RR fip6n
ninlAwag BR atwilttddnydmeaia (P<0.001)
diulEdn TR eslneddn pH Tunduilaanuas
azInn Andnlinaena (Wattanachant ef al, 2004)

Table 1. Body weight, carcass weight and carcass composition of chicken different

Genotype
Criteria P-value
PA CB RR BR
Body weight (g) 1,827 + 39° 1,894 + 36° 1,825 + 33° 2,136 + 25° 0.001
Carcass weight (9) 1,268 + 30° 1,376 + 31° 1,254 + 23° 1,567 +21° 0.001
Breast yield (%) 15.1+0.0° 16.2+0.1° 15.0 + 0.1° 27.1+0.8° 0.001
Leg yield (%) 29.7 +0.2° 30.3+0.1° 30.4+0.2° 27.1+04° 0.001
Abdominal fat (%) 176 £ 0.2° 264 +0.1° 3.25+0.1° 257 +0.1° 0.001

PA, Pradu Hang Dam; CB, crossbreds; RR, Rhode Island Red; BR, broilers
““Means + SD within a row with no common superscript differ significantly (P<0.05)
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Table 2. Ultimate pH, meat color, chemical composition, water holding capacity, and malondialdehyde

(MDA) content of breast muscle from chicken different

Genotype
Criteria P-value
PA CB RR BR
Ultimate pH 6.63+0.05° 659+003° 654+004°  6.79+0.06" 0.006
Meat color
L*(lightness) 54.09+0.86° 54.54+048° 59.37+049" 6055+054"  0.001
a*(redness) 189+0.01° 165+001° 084+009°  095+001° 0.001

b*(yellowness) 1485+026° 1478+025° 16.79+0.38° 16.95+020°  0.001
Chemical composition %

Moisture 7474+003 7484+003 7489+005 7485+002  0.760

Protein 2377+0.13° 2375+0.09° 2356+0.13" 23.05+0.17°  0.001

Fat 147+017°  139+0.11° 153+0.15°  2.09+0.15° 0.001
Water holding capacity, %

Thawing loss 21.07+0.19° 20.18+0.26° 15.82+049° 16.02+0.76°  0.001

Cooking loss 19.10+025  1895+0.34  18.71+028  18.66+0.51 0.773

Drip loss 24 h 926+041°  966+0.80°  10.11+0.85° 1254+064"  0.003
Shear force (N) 259+0.14°  213+0.11°  205+0.12° 1.96+0.12° 0.008
TBARS, pg of malondialdehyde/kg meat

Day 0 25+0 29+2 54 +17 63+ 17 0.113

Day 3 155 +0° 183+12° 181 + 13° 298 + 10° 0.001

Day 6 247 +20° 262+31° 262 +1° 448 + 30° 0.025

Day 9 403 +21° 427+15° 475+ 15° 644 + 0° 0.001

PA, Pradu Hang Dam; CB, crossbreds; RR, Rhode Island Red; BR, broilers

“’Means + SD within a row with no common superscript differ significantly (P<0.05)

fereerudnndruilearmnualdiwilesnua
(Wangchoo) Hf1 pH ﬁ@mmlﬁ@iﬁﬁmqlﬁﬁ”u (Sung
et al., 2000) NIAARIUBIAT pH Tunuiiiean a1a
WNANNANAIATEATAUNNTENT AN T1E Tnalalaw
Tunfnuilarnliifannsarant09nsnua ARnaay
mm&mﬁqﬁﬁﬂﬁm pH anag (Berri et al., 2007) ANA
m@\mz’imLﬁyﬂ@ﬂﬂummimm ANAI (lightness:
L) ANl uA kA (redness: a*) hAaZA LA D
(vellowness: b*) lniwsazWugin1suanseanaasangd
afumnsinet Id RR uay BRI1AN L* wazAn b+ 1
AnguanuA AN a* gt diufulivug PA uaz
CBat el Tad 1Ay n19ad @ (P<0.001) a1NHA
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=2 v @ ' PP a a U
msAnEudna Il nndnsesoiuinga (slow-
) L = P Y aaa
growing type) azlA1auiludiasunnnaninifinig
w3tyAuTRIGE (fast-growing type) nsnzdnlnensin

N a a a o P \ |
sy ulnfiazdenguinndnlifndnng
13nyiAUTAI3 (Gordon and Charles, 2002)
A1ANITAN® N Jaturasitha et al. (2008)
1 ldil A a g al v 1
e inuilesned Arponudluduaedingsus
arfpianungdreaien il emeuiulinseng
(Chaosap and Tuntivisoottikul, 2006) @ ¢ REEN RPN
AINNNTANEIUDY (Wattanachant et al., 2004) §18N1U
dandnutieanaeslifiuiesilian L* uaz A1 b* gangn
Innsene TerladanilanNaasanisuandeanaedAna
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wpaifesnann pH reendniiefianas (Dadgar et 4.
2011) u@ﬂmn‘f:ﬂm"mmﬁuﬁ: BIUIT UATIATAY LU
Winlaen (heme) fuasedreaile (Fletcher, 1999)
asun1eiugnesuanali Lﬂummﬁmﬁﬂﬁz@wmﬁi@
seitluelnadinly nénwiie (Berri et al., 2001)

asfilszneumaeiizesndnuiiioenaesiius
aviufiANUANFNuatNllA AN Nadia Tne
Bannnrsiduresndnsnifeeniudasiuglinans
wanAnefunnasda Inednflunduileanasd
U3nniA T e 76% (Shaarani et al., 2006)
nénaiileantn BR oS i uletug iiqausil
Surnllsfuiisfgaifladouiuliaeiugau
(P<0.001) danAXaeTUNT9A N TinudrlARTinng
Lfﬁ‘tyLﬁuTm%ﬂ%ﬁLﬁmm‘Eﬂiﬁuﬁqq (Fanatico et al.,
2007) wenanfiannisdnenlulifuieanina
wudrd1Bunadlasiuiningnlinszng (Young and
Choi, 2003) aanASaeTuNNIAnHITd18RINdau
aiuTiguazdanalidedi B nidlsiufinaedli
UanszanadenBeuidiensulingzms (Nowsad et al,
2000)

mwmmmiumi%uﬁyﬂ (water holding
capacity) 111 thawmg cooking LA drip losses Lay
AnussFArTRaiile (shear force) TBandnuiile lius
ATWUTHANULANG U AN thawing loss B9 lNALE
PA uaz CB #A149n41 TiWug RR uaz BR at19il
UeidAtynwadia (P<0.001) uazlnivig PA uaz CB &
FussRARUTRSIHRgaTigR (P<0.001) Waiflauiuld
Wug RR uaz BRA0AAADITL Guan et al. (2013)'1'7{
me9uin Iinseneazdlen drip loss gendnlifiudies
vevan Fadulifiimasoivlng Sednudesunis
$78191U994 Tang et al. (2009) 9181973 T 7T g
EELITGIGICS @:ﬁﬁi’wmsqm@mfwﬁ;ﬁ uazazdl
AngegaluliAuidesresdudaduiuiidngs
Wiy 1AL In%A wenanil Jaturasitha et af. (2008)
PIENUINANHUANFNTBIN UG VLQJN@ﬁi@ﬁ’]@ﬂJLaElﬁyﬁ
AN thawing WA cooking loss m@ﬂﬂ@’mm'ﬂ@ﬂ atigls
nmmmmmmmamlummmuwmLu@um@rﬂ@
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mmﬁju%wmLf'jmm:mﬁmgmmuiﬂ (Wang et al.,
2009)

Areentiaduraailelnansnsaanntiunm
294 molondialdehyde (MDA) w31l ug BR &
1Fu10ur89A7 MDA @;qﬁqmﬂwﬁﬂmﬁwﬁmmmaﬁ
(P<0.001) iilaufauiflenrulniug RR, CB uaz PA
A0AARDITUNIIAN 1989 Pikul and Kummerow
(1990) mmmdﬂrimzmLﬂuiﬁﬁﬁﬂﬁiw?ag@u‘imﬁq
Addimsazanladisnnidusalfladidundwidegn
aanFindulFunidui ety aeandasiunisdine
124 Castelini et al. (2006) 31897113111 Ross §
wesduslasiulundnilaanganinln Kabir dauali
i Ross {11 MDA geninli Kabir agihefiiludnim g
fugRnanenisazasladlundailalaeli Kabir
{ulAfiding fsdnpiugiuaziiiansmnaaninaias
inliiinsazanlasiution

a5

Q

mﬁmuﬂmmmmmﬂ 120 F1 AN LARS 1
Lﬁudﬂﬂqﬂm@uwummmnwmzmﬂLmzqmmwLﬁfa
= 1 o o & Y 1 d” aa 1 1 na/l
WeuwinAuRuguins HA N wHeand linseneis
MFEIUNENINEYE & AMNNSEEIART ANNNTEANT
YBIUD UATANAN 111 9ALsTNaULAR ANNNFILARY

dﬁl
LA
nafAnssNlsznA

ARTERAETRLAMAETRAtUA N IR LT RS
L‘Tjﬂﬂuﬂﬁmﬁumwuﬁmfwmm LATIDIDU AT
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wazd19a1usuasIlanUanme (Oreochromis niloticus x O. mossambicus)

Effects of Fish Silage on Growth Performance, Feed and Nutrient Utilization of

Red Tilapia (Oreochromis niloticus x O. mossambicus)
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Abstract: Fish silage (FS) is fish processing waste that contains a high amount of nutritional values. The
remaining nutrients are important for growth development in the aquatic animals. This study was undertaken to
investigate the suitability of using fish silage. A dried powder FS was used to prepare 5 experimental diets with
different levels of FS inclusion (0, 25, 50, 75, and 100 percent of protein). All experimental diets were isonitrogenous
and isolipidic diets. After 8 weeks of the feeding trial, the fish fed FS25 and FS50 exhibited high weight gain,
average dairy growth, specific growth rate, feed conversion ratio, digestibility of dry matter and protein, protein
efficiency ratio, phosphorus retention, and nitrogen and phosphorus loading, but not significantly differed from
the fish fed control diet (P>0.05). FS substitution of up to 75 percent (FS75 and 100) of the fish meal protein in
control diet was negatively depressed growth performance. In addition, low protein digestibility leads to reduce
growth performance, nutrients utilization resulting high nitrogen and phosphorus loaded. The feeding cost of fish
fed FS25 and FS50 had the lowest value than the control diet. The results of the present study suggest that 50
percent of fish silage can potentially substitute protein in the fish meal without depressing growth performance

and reduce nutrient loading into the water body.

Keywords: Fish silage, fish meal, protein replacement, red tilapia, nitrogen, phosphorus
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2]
a

unAnga: lAela1min (fish silage, FS) mﬂﬂixmuﬂfml,ﬂ?gﬂzﬁvm'ﬁﬁLﬂumﬁmﬁ@mﬁéﬁmm‘?mmiﬁﬁ’]Lﬁum’ﬂ
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Table 1. Composition of experimental diets formulated to provide approximately 30% crude protein and

7% crude lipid and chemical composition of experimental diets (on dry matter basis)

Varying levels of fish silage in experimental diet (%)

FSO FS25 FS50 FS75 FS100
Ingredients (%)
Fish meal 16 13 9 4 0
Fish silage 0 3 14 19
Soybean meal 34 34 34 34 34
Corn meal 19 19 19 19 19
Rice bran 24.5 24.5 22.5 22.5 215
Fish oil 2 2 2 2 2
Chromic oxide 0.5 0.5 0.5 0.5 0.5
Vitamin mixture' 1 1 1 1 1
Mineral mixture” 3 3 3 3 3
Chemical composition (%)
Crude protein 30.66+0.69 30.40+0.44 30.32+0.04 30.78+0.69 30.35+0.09
Crude fat 7.55 +0.50 745+089 767+034 7.32+098 7.89+0.27
Ash 8.12 £ 0.05 8.99+0.12 9.08+0.21 1044+0.52 11.92+0.27
Crude fiber 2.89+0.32 2.89+0.75 2.86 £ 0.08 2.71+£0.05 2.57+0.23
Moisture 2.60 £ 0.32 240+0.34 230+068 260+098 2.70+0.99
Phosphorus content (%)
Total P 1.19+£0.08 1.22 +0.06 1.49+0.04 1.58 +0.08 1.73 +£0.09
Estimated available P° 0.79 0.76 0.51 0.37 0.29

' Vitamin mixture (mg or IU/kg diet): A, 5,000 IU; D3, 1,000 IU; E, 5,000 mg; K, 2,000; B1, 2,500 mg; B2, 1,000 mg; B6, 1,000 mg; B12,

10 mg; inositol, 1000 mg; pantothenic acid, 3,000 mg; niacin acid, 3,000 mg; C, 10,000 mg; folic acid, 300 mg; biotin, 10 mg

2

Mineral mixture (g/kg feed); calcium phosphate, 80; calcium lactate, 100; ferrous sulphate, 1.24; potassium chloride, 0.23; potassium

iodine, 0.23; copper sulphate, 1.2; manganese oxide, 1.2; cobalt carbonate, 0.2; zinc oxide, 1.6; Magnesium chloride, 2.16; sodium

selenite, 0.10

° Estimated available phosphorus = total phosphorus x ADC phosphorus

nsAnnasAlsznaumaaiivastndaiasa
uaziszansnwnsldldsau
guianaunimaaed (initial fish) AU 15
A3 LATUAINIINARBIAUIU 2 AARBFEMILARIIET
adftlszneLmiaiAll MUABANI99 AOAC (1990) il
Auondlsz@nsnnnisldlushutlscneusongns
FrunnudeliAe UsrAnsnmns il siiy (protein
efficiency ratio) nagtssuiiinl ¥ s lamd (protein
productive value)T,mﬁQmaﬁmamoﬁ“\wi@iﬂi
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NANISANHILAEIANTOL

Uaflaunaii I Fanmnmaunueslatvsin
flazsusing 7 uszazionn 8 dllanvinudaniliy
81117 FS25 1Ay 50 ﬁmm‘%mﬁuimﬁﬁ (A3 2)
wa I A AN AN AT UN19aD A (P>O 05) ﬂmm
PILIAN LA SunBieaiusiweindifisaw dwmin
ReT NI usAaTY BAINITATYAUINANUNNE LA
snmnaasuenmaduiie (mm‘ﬁ' 2) Fagenndas
funs@nenluLlanfianes (Oreochromis mossambicus
x O, niloticus x O. aureus) ‘nu’]mﬂmﬁyfa (fingerling)
LLﬂxﬂ@ﬂﬁlﬂLLfaVﬁﬂﬁ (Clarias gariepinus) 7<8< juvenile
nudangannse lAwdavsinnawnuanduld 50
wefidudaeldsAuludantuw (Fagbenro and
Jauncey, 1995; Madage et al., 2015) Tuﬂmx‘ﬁmﬂ%
wirdanvainTudauenuaumnuaanaunudnlifinalu
maausanisiasny A ule (Heras et al., 1994; Parrish
et al., 1991) WA sEA LA g Nz aud sy
Uauganeana 25 wasidus (Hardy et al., 1984)
atiralsfimnunisdnsnlulanfiaszes juvenile 7ina
faaiAelarndniannsia (Chitala omata) firinu
N9LAUNNSENT 100 99ALTAT A W11 30 WTLAY
ueintinsuaanannimlamen wudatanfiagnunse

W Awlanvsinnaunuldsinaindattuldifunnie
75 183G U (Abarra et al., 2017) dautlanfiannh
lAfueuisnnaesqgns FS75 uaz 100 A9
Lfﬁ‘mﬁuimﬁq (P<0.05) FatiiasssuraaAslanmin
WNnnNgn 50 Wlesifudadnadanisfiueiuns
Smsnalasanvnaflusinming nisldes e
annlishiu (PER) uazn1sliTisAugns (net protein
utilization value) NANAARS (Hardy et al., 1984)

MIAAPMLIRNAMNINTUINITBITIN LA
8 FuarmsnauAnd AN sL AU s 1 WL
AN e mMdanImaaes (M3197 3) WA
WANASAREDA (P>0.05) Tlshuluanndaiuaanns
npsesnLA s FureAE AT Rl nain
iasdlsrnauvadllsiulumnlaisianas Tne
Uailifuaslugrenaunuiitilsfiugefiqaustlsl
WANFNALU FS25 (P>0.05) ‘Lumm”ﬁmﬁﬂivnfamm
m’]LL@”W@@W@?@I%MQU@WL‘WEJ?N“]J‘LL (mm\‘m 3) e
i”mummmwﬂmuumwmu Al-Abri et al. (2014)
wudnAsla N uimaaeslilsfuiinaanasa
waad e lulFuinge i liinadanistiousang
sranann 1 tss Temliiansazanlusnane Awinli
funnudnludaviadafiaiy (Toppe ef al, 2006;
Vielma and Lall, 1998)

Table 2. Growth parameters of red tilapia fed diets containing different levels of fish silage

Growth performance of red tilapia fed diets containing various levels of fish silage'

Diets Initial Final Weight ADG® SGR* Feed intake® FCR® Survival
weight weight gain® Rate’

FSO 349+0.04 928+098° 26597+1969" 010+0.02" 1.83+020" 0.15+0.18" 161+037° 90.00+5.00

FS25  348+0.01 859+048° 246.83+13.85 009+0.01" 1.61+0.12" 0.13+£0.03° 162+035° 90.00+8.66

FS50 350+0.03 861055 246.02+14.24° 0.09+0.01° 1.61+0.10° 014+0.01° 1.8020.06° 91.67 +2.89

FS75 351+0.03 7.00+027° 19943+7.31° 006+000° 123+0.07° 012+0.01° 1.88+021° 93.33+7.64

FS100 3.51+0.03 6.88+045 196.01+13.76° 0.06+0.01° 1.20£0.12° 014+0.01° 226+020° 88.33+10.33

N

Weight gain = (Final weight-Initial weight)/Initial weightx100

w

ADG, Average daily gain = Final weight — Initial weight/days

=

o

®

FCR, Feed conversion ratio = Feed intake / Weight gain

~

Survival rate = Number of final fish / Number of initial fish x 100

Values are means + S.D. of three replicates and values within the same column with different letters are significant difference (P<0.05, n=3)

SGR, Specific growth rate = (INW,-InW,/T,-T,)x100, W, = Initial weight, W, = Final weight, T,-T, = Cultured period

Feed intake = (feed consumed x 100) / [(Initial weight + Final weight)/2] x [(Number of initial fish + Number of final fish)] x Cultured period
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Table 3. The whole-body composition of red tilapia fed the experimental diets for 8 weeks (dry-weight basis)

Proximate analysis (%)’

Moisture Crude protein Crude fat Ash Phosphorus
Initial fish ~ 76.98 + 0.23 50.14 + 0.46 23.43 +0.24 13.19 + 0.49 2.16 + 0.01
FSO 73.09 + 0.34 64.26 + 0.98 23.48 +0.63° 13.20 + 0.44° 2.12+0.11°
FS25 73.87 + 0.54 62.80 + 1.19 23.04 + 0.43° 14.43 + 0.35° 2.18 +0.03°
FS50 73.67 +0.78 53.31 + 0.18" 24.72 +0.57° 14.56 + 0.34° 2.45 +0.10°
FS75 73.60 + 0.87 50.39 + 1.53" 24.93 +0.03" 15.18 + 0.03" 2.55+0.12%
FS100 73.83+0.18 49.68 +3.17° 24.86 + 0.34 16.78 + 0.48° 2.69 +0.02°

' Values are means + S.D. of three replicates and values within the same column with different letters are significant difference (P<0.05, n=3)

Table 4. Feed utilization efficiency of red tilapia fed diets containing different levels of fish silage for 8 weeks

1

Diets PER? PPV’ ADC dry matter’  ADC protein’ ADC P°
FSO 2.03+0.12° 42.75 £ 1.74° 73.01 +2.14° 81.19 + 4.88° 66.75 + 2.18°
FS25 2.02 +0.30° 40.19 + 7.21° 71.69 +2.50° 76.60 + 3.56° 62.70 + 0.07°
FS50 1.83 +0.07% 28.97 +0.89" 72.21+0.91° 74.25 +0.10° 34.26 +5.93°
FS75 1.75+0.19%° 26.26 + 2.83" 66.00 + 1.27° 65.35 + 4.04° 23.40 +2.72°
FS100 1.47 +0.13° 21.26 +1.71° 65.37 + 1.82° 63.41 + 1.53° 16.87 + 6.67°

' Values are means * S.D. of three replicates and values within the same column with different letters are significant difference
(P<0.05, n=3)

: PER, Protein efficiency ratio = Weight gain /Protein intake

¢ PPV, Productive protein value = (Protein gain /Protein intake x 100)

“ ADC dry matter, Apparent digestibility coefficient of dry matter = 100-100 x (%Cr,O, in diet/%Cr,0, in feces)

** ADC nutrient, Apparent digestibility coefficient of nutrient = 100-100x((%Cr,O, in diet/%Cr,0, in feces) x (%nutrient in feces/

Y%nutrient in diet))
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Table 5. Nitrogen and phosphorus utilization of red tilapia fed different levels of fish silage for 8 weeks'

Treatments Retention (%)2 Loading (g/kg diet)3
Nitrogen Phosphorus Nitrogen Phosphorus
FSO 4273+1.72° 32.82+1.71° 18.55 + 2.01° 0.83 +0.09°
FS25 40.21 £7.19° 32.31 +6.03% 20.98 + 7.53° 0.92 +0.30°
FS50 28.98 + 0.87° 28.00 + 0.80% 26.15 +1.77% 1.22 +0.09
FS75 26.05 + 2.69 28.88 +3.01° 29.74 + 4.67% 1.47 +0.24°
FS100 2126+ 1.71° 23.87 +1.68" 37.31 +4.33° 2.06 +0.24

' Values are means = S.D. of three replicates and values within the same column with different letters are significant difference (P<0.05, n=3).

2 Retention (%) = 100x (Final nutrient content in carcass - Initial nutrient content in carcass)/Nutrient intake

® Loading = Total nutrient intake — Nutrient in carcass /Weight gain

Table 6. Economic analysis of red tilapia diets containing different levels of fish silages

Diets Feeding cost (Baht/kg diet) Feeding cost (Baht/kg fish gain)?
FSO 27.05 44.85
FS25 25.64 40.72
FS50 23.64 41.56
FS75 21.29 42.12
FS100 19.35 43.37

' Cost of feed ingredients (Bath/kg): fish meal 38; soybean meal 24.5; broken rice 15.5; rice bran 9

% Feeding cost (Baht/kg gain) = (feeding cost/kg x total eaten feed)/weight gain
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Optimal Condition for Glutinous Brown Rice ‘RD6’ Germination and Application in

Puffed Rice Snack Products
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Abstract: This research studied the optimal conditions for glutinous brown rice germination (RD6 cultivar) in
order to develop healthy puffed rice snack. Brown rice was soaked in solution with different pH values i.e. pH 4,
5,6 and 7 for 6 hours. The results showed that brown rice soaked in solution with pH 6 had the highest content
of gamma aminobutyric acid (GABA). The optimal soaking and incubation time were then studied. The 3x2
factorial in CRD was employed with 3 levels of soaking time i.e. 3, 6 and 9 hours and 2 levels of incubation times
i.e. 12 and 24 hours. The optimal condition for soaking and incubation rice was 9 and 24 hours, respectively
which provided the highest content of reducing sugar and GABA. For puffed rice snack production, the
germinated glutinous brown rice was ground before gelatinization under steam. The gelatinized rice was then
made as a flat sheet before chilling at 5 ‘C.The chilling time was studied by varying between 36 - 72 hours. The
results showed that expansion ratio and degree determined by volume ratio were decreased when the chilling
time increased (P<0.05). However, the sensory scores (9-point hedonic scale) for appearance, hardness,
crispness and overall liking were not significantly different (P>0.05). Thus, the chilling time for 36 hours was
selected as it provided the shortest processing time. The developed puffed rice was tested for the consumer
acceptance (n=60) using 9-point hedonic scale. The results showed that the liking scores for all attributes were
in the range of 6.4 - 7.4 with 322.05 mg of GABA content /kg sample.

Keywords: Germinated glutinous brown rice, GABA, puffed rice
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IR A eIanas e luszidnannaudinaluin
aziialniseuaaide (mailard reaction) Faifluy
ﬂﬁﬁ?mmﬂﬁmﬁﬁymmmﬂ Readiesiuieulsd
sxmdnansnesdi Ui A AT AT (reducing sugar)
Huljisensieiiesauliansdinaaiidandn wan
UBEAU (melanoidins) Imﬂﬂﬁﬁ?ml,mm%mmmm
ﬂumvl,mu@@mm pH $Anag 1w Tidn pH Wiy 3
uﬂmmvm mmmn‘wmmlmﬂ pyranose hemiacetal
ring WAy il pH mmu vimaag Lﬂ@ﬂwﬂmﬂ reactive
acyclic aldehyde m%‘wﬂ‘w b mﬂ{]ﬂimmumﬂu
sedninmauaze vl esnenEe (15, 2558)
Favfis nnafien pH Tugnsazansidugiinnanas azin
Widnsnafaljisenwaaniadnes avudisaesd
wanaluuandnfiasiAana
f1amilenndessanrasarntnunsnauieil
Ll“immcﬁm’m%”u@fgiwdw’éam: 9.02-10.32 uaziAn
a, B¢ 7¥1919 0.407-0.466 uanaIni nasugdinalu
AN702aeMmil AN AT TA-ANUANAN ST danalH
Bnainanasaaflusinangacsanil Anuansneii
aeeldadAtyneana (P<0.05) ANFNINA 1 WL

Table 1. Physical and chemical properties' of germinated brown rice at different pH values

pH Colour value Moisture content ~ Water activity Reducing GABA content
level . X . (% on wet basis) (a,) sugar content (mg/kg)
: : ° (mg/kg)
pH4 7554+087° 212+028° 14.19+0.21° 9.02+0.95° 0.407 +0.000" 164.22 +7.80° 23.25+0.36°
pH5 7586+0.18 216+0.01 14.43+0.1 1% 9.38+0.48° 0.415+0.030 94.74+0.77° 1921+ 0.67°
pH6 75.06+0.48 218+012 14.75+0.03° 9.43+0.99° 0.419 + 0.000 85.57 +6.38° 28.70+0.05°
pH7 7572+0.07 235+0.13 14.80+0.19° 10.32 £ 0.28° 0.466 + 0.030 73.10£9.33° 21.33 $3.05°

1 . .
Two replications

Mean values + SD followed by different letters in each column were significantly different (P<0.05)
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Wum@ﬂ‘mwumnmmlmmu WanNIN19ILAER
1Buuanssanaaludnandasiazdnandasan wuen
feruloylsucrose WA sinapoylsucrose JBuuanaq
szunufesny 70 nasanntrfinanfeeldnu
nsvUUNNean wiBuA ferulic acid 31AMANTY
windu 0.48 AadnFu/uleding 100 nFu WFaufiay
Fufinan&essssuania Awiniy 0.32 Haaniu/ule
$19 100 N 2einalsfnn wudn Bunauansssnen
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iFunanINILIgean

lelEAn pH AimsnvaNdmutinoua aa
#nnsAneszazinanlunisugirauazindinng
WHNZEN A1NN13NNLNNINARBSLLL 3x2 Factorial



anziimanzandmiunseanaasinauiieawug nue
LL a s o v
wazn1sUszgnalflundniuninraunes

17 amsn 6 RINARE AN19T 2 UAAIBNENATDS
Tfadeuan (main effect) A9 sveziaan lunsuTd1960
AMUNINATUFNN ] 229919N 889980 AINAIPWNLIN
lesendinluansazaneilan pH Winriu 6 Lwnan 3
6 uaz 9 dalus lidanarednd L a* uax b* :9ud
BuNANNTY ANnaIRe S LeARARIAZ RUNAENINN
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AAARBINLNNUAS YUY Charoenthaikij et al. (2009)
TasiaunszUIUNNgean mﬁmﬁtyﬁmﬁﬁﬁmmﬁﬂm@
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2EUINNNNEN mm%mm:n@uﬁmmﬁﬁﬂu (ned
wsppnlad) axgneies i Tianadinas Senszuauns
w Luﬁm%mlmfﬁ%m:r}ﬁuiﬁ wulainieu tne
ulmindniidndny Ao wulmluearn-uefiva 7
Mlfiseniulanazeuinsainisiiszueany
1.4 Inala@Anuuuguainniely Ingludosusnves
nszuaunseen wulndudniiviuiinilalaslata
Tuananesannioae wulmiufi-uediag feaztlt

RIIAIWALIRUszwaan 1,4 InalpdRnannmAiumus
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non-reducing end inxniay 2 Tuiana Mliflduma
waalng doueulaiiaani-uwai iwaarni1enulutgag
fAEI189NILUNLN398N (Cho and Lim, 2016)

R399 3 LaAENINATeITadEuan AD

dl v ] v 1 v b %
srazina i lunistndnosenuninaasiiianies
49N ANAIFNNUIN T2ULIAINITUNT1INAIAN LT
Sy A oA & Aa o
TN ldNNaReATRA LY, a%, b* warFuIuunnasn o
azellad1Ayneana (P>0.05) uwatladudnqly

d” 1 v d” 1

FLALIATIUIBTRE IR T BN AINTULAZAN
BLADSUDARI AUBIT1INE BNBNUNAIN TN AR N
e ladATYNealA (P<0.05) Tnatiunninandiu
HAnagsrndnddanay 8.69 D 12.08 aann&eIi
NMIFIURUANNERTININAREN (N, 4003-2555)
P muaenumullifuesas 14 (@ninenunInggIu
AUANHATULAZAIUITUUITNF, 2555) AINKHANIT
NAABNTINLIN NN AT LA WA LA A LT
PanuNIUNgeluet Nl A ATYN9aTA (P<0.05)
ADARRRITLNNUIS IR Komatsuzaki et al. (2007) I
NN13ua 91981898 Ug Haiminori Ngaunni 35 a6
waldad 1unan 24 49Tue wdqunldunlunass
wangAniunan 21 49lia wuan Bununsangmida

Table 2. Physical and chemical properties' of germinated brown rice at different soaking time

Soaking Colour value Moisture content  Water activity Reducing GABA content
time i X X (% on wet basis) (a,) sugar content (mg/kg)
v ) ) ° (mgikg)
3 7388+077° 228+038" 1599 +0.27" 10.91+293" 0565+0.040" 9191+11.11° 196.36+ 13.28"
6 72.89+0.58 2.39+044 16.02+0.30 10.27 £2.16 0.553+0.020 128.29 +46.07" 220.14 + 130.78
9 73.16 £ 0.00 233+0.12 16.58+0.33 10.16 £ 1.83 0.561+0.020 178.11+46.56° 274.46+126.13

1 . .
Two replications

Mean values + SD followed by different letters in each column were significantly different (P<0.05)

Table 3. Physical and chemical properties’ of germinated brown rice at different incubation time

Incubation Colour value Moisture Water Reducing
GABA content
time content (% activity sugar content
L* a* b* (mg/kg)
(h) on wet basis) (a,) (mg/kg)
12 7335+ 098" 238+035° 16.14+058" 869+0.18° 0.540+0.010° 107.11£37.22" 140.72 + 42,67
24 7327 +0.08" 2.29+023" 16.26+0.08° 12.08+0.80° 0.589+0.010° 158.44 +51.75" 320.41+83.97°

1 . .
Two replications

Mean values + SD followed by different letters in each column were significantly different (P<0.05)
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Tinazanii wazdalsne9uI 413N U N TTN
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annziieandiautios (Roberts ef al, 1984) A9z
fiuan Lmﬂumwm (Servaites et al., 1979)

NI 4 memmmmwmqn@mq@ﬂm 6
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sreizinan lunsutuasdndng Inawudn faatnediin
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feaifluszazioan 12 $alug azilAnAuadng (L*) g9
Luﬂ'f«wﬁmm'mﬂuaumﬁﬁﬁm (@) LL@“’ﬂ"]m’lﬁJLﬂu
mmmmmmmuu (0*) mnfmmmmmau " (P<0.05)
vl enaitiesunanniBunninaasanddafluanssa
mumﬁuﬂgnimmammuu@ﬂﬂdwmwmm@u l
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e R 6 Amean wud faeging
$nan&eseenienunisutinduing 9 falud uka
vl ltuseiflusyazioan 24 4ol funasinna
?ﬁqsﬁu@zmimmqq‘ﬁ'qm (P<0.05) Fau Aaden
AnNazAINaAMELINNzsand 1 mtlenwug na6 uas
W umsiannsaLAendell

N3TLUIUNTUART19NedUTENa LAY T UARL

° o

PdnAty WBun 1) nn9aand ludirtuaesania 2) ng

<

¥

AR TEUAIAY 3) N1INTWIAS WA 4) N3N 13
waa Inelunszuauniaaand lufiofudunsyuaunng
Tianseuunatsazareaniia il naniiores 7
qm‘ium:wmﬁq@@ﬂ (swell) waziluai lagdoui
azaneldlutinugaeenun fnlfldansazanaiidl
anstuzdu (paste) fannludunaunsinliifusaag
Az lfinanszuaunN R Inansindi (retrogradation)
MdafaL'ﬁmmim%fauﬁﬂﬁummuﬁqﬁummiuLmqmm
ueilaauazuailanAmny LLZ\]&‘ﬂ/U‘lfﬂ@‘ﬂﬂ@’mTNL@Q@
silusiuutlaianeniuaauis neggL amiaain
nsaalunaAdueELiing Taavnusuiine
Wt Bunaumnad Ll manvauayaanasadnmos
vasuAnTuaTgadine 1y iy fenwuzuds linsey
Faviu A B anaAnT UL ANNeIReS L ARARTEY
u,mwn']faLmqmﬂuﬂ@wmﬂmwmmmmmmw
HARATNINesluNNIAReE ndsanTiiansazans
viuTsgaelavinaulEiaautaud asimeedliidindy
Hunan 2 unit e liiAalassasaiil dn el
TnssenmA AR T amiudaina s
2 1aawWng AaLiuudy (2x2 Lﬁﬁuﬁmm) uia1inld
Wil (ﬂmmu 5 mmmmam) Faasyn R ansmus
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Table 4. Physical and chemical properties' of germinated brown rice at different interaction effect of

soaking time and incubation time

Soaking Incubati Colour value Moisture Water Reducing GABA content
time on time content activity (a,) sugar content (mg/kg)
(h) (h) L* a* b* (% on wet (mg/kg)
basis)
3 12 7443+0.12°  2.01£0.19° 1580+ 0.14° 8.49+0.70° 0.53 +0.02° 86.77 + 11.19°  143.78 + 1.91b°
3 24 72.48 +0.00°  2.71 +0.00° 15.81+0.24° 12.99+0.18° 0.59 + 0.03% 97.06 + 11.79%  209.48 + 4.00°
6 12 7316 +0.01° 242 +026%  16.82+0.14° 8.74+0.01° 0.54 +0.00™ 88.84 + 4.94° 89.96 + 5.48°
6 24 73.33+0.01° 255+0.07" 16.19+0.28"  11.80+0.20° 057 +0.02°°  167.74 + 10.80°° 351.46 + 6.80°
9 12 73.31+£0.06° 208014  16.24 +0.77% 8.86+0.31° 0.55+0.01°° 14571 +47.99° 148.41+5.91™
9 24 7317 £0.45° 225+0.08 16.35+0.04® 1146+ 1.43%° 058+0.01" 21051 +1.76"  400.27 + 16.10°

1 . .
Two replications

Mean values + SD followed by different letters in each column were significantly different (P<0.05)
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sewenanaule danalfiinnisrenefiaestes
an1A warlaseaineiinasaenafadu mintFunns
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, Ao | e o o
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aAaY (Lim and Han, 2016)

AnMTAI s e AN Tt A0
texture analyzer ANUANNLTDY (hardness) WAaTAIH
n98L (crispness) WL 328218 N1Tug LA LT
ﬂ@u@uiummmmmmmemmmnmﬁn
(P>0.05) TaA1ANLT 1097 4 Ranmans HAn
WAy 18.16 D 22.90 Aasu agnelsAnin AN
N7UR9NARAUTTA N LT UNN U R
2EIIA6N 7] HAUANG9TueE el g1 Anynie
A0 (P<0.05) IIANANNNIALBINARA U AT R AN
Wnduiiiesvazioanlunisud i uusiuuteunud
(ﬂ?émmmw%”w,wiuuﬂqﬁﬂ) ﬁqﬁ”@mﬁnﬁmzﬁm
ANNTaLLarA Nl ua N uenislszan
Au ﬁmﬁéﬁﬁmmaqmamﬁm%mumuLﬁbﬂf; Tag
Namﬁmsﬁ‘ﬁ'ﬁrﬁhm’mLL%qﬁﬂLmzﬁﬁmwmmmgq%
Lﬂuﬁmu%ummﬁu?‘iﬂ A (Kayacier and Singh,
2003) WiuAEALNNEIAIBIWTS uazgnl (2560)
3189797 ATLUNAINTaUF UL e du AT
ANINANAUT AU A AN U TATUAIIN LT 1T
NARA LT InenAR AT AN AN LT eAnaL TE 3
AYLUUAINTALNINNA d1nFUauAsed (ile
NANTUNALLUUAIINTAUN9L T2 A NEN TR AR
9-point hedonic scale WU AZUUUAINNTAL AU
anmaurdsng ﬂmmm ANNTEL UATAIINTEL
1R8I TRIHARA I 4 RaNAAD mq”l,ml,mnmw
fuadeldad1Anyn1eadd (P>0.05) fraviu A
Aenldsvazinannisudifiu winfy 36 4alu
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Table 5. Physical' and sensory” properties of puffed rice snacks at different chilling time

Chill Moisture Moisture Expansion Volume Hardness Crispness Sensory score
time content content degree expansion (N) (kg.sec)
before after .
(h ] ) ratio Overall
puffing puffing Appearance Hardness Crispness
(% on wet (% on wet liking
basis) basis)
36 1726 +1.52° 576+1.30" 1.59+0.17"° 247 +0.13° 18.16+4.21" 3857+ 11.27° 6.5+1.10" 6.9+1.02" 6.8+0.86" 6.8+0.96™
48  17.06 +1.52° 514+0.95 1.52 +0.17 216+ 0.20" 22.90 + 8.29 72.87 +12.02° 6.6 +1.21 6.9+1.08 7.0+0.94 6.8 +£0.99
60 16.91+0.41° 5.00+0.72 1.51+0.18 2.02+0.46° 21.02+10.92 79.52+8.70° 6.1+1.26 6.5+ 1.04 6.6+ 1.03 6.4 +0.93
72 11.84+1.02° 477+0.12 1.46 £ 0.38 1.98+0.34° 19.73+3.94 109.52 +13.72° 6.6 + 1.06 6.9+0.84 6.9+0.73 6.6 + 0.84

" Mean + standard deviation based on two replications; 2

Mean + standard deviation based on 30 panels and on a 9-point hedonic scale

Means within each column followed by a different letter are significantly different (P<0.05)
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Abstract: The effects of microalgae strains, culture media and interaction of microalgae strain and culture media
were investigated on their specific growth rate, biomass yield, biomass productivity, lipid content and lipid
productivity. Three strains of microalgae named 6-4, 208 and 209 were enriched in three different growth media
(TAP, BG11 and N8 medium). The result showed that microalgae strain had statistically significant effect on lipid
content and productivity. Microalgae strain 6-4 showed the highest lipid content 8.33% and lipid productivity
1.39 g/L/d. Culture media had significant effect on all parameter (specific growth rate, biomass, biomass
productivity, lipid content and lipid productivity). TAP culture medium showed the highest specific growth rate,
biomass yield and biomass productivity at 0.17 /d, 1.11 g/L and 0.12 g/L/d, respectively. However, the lipid
content and lipid productivity from microalgae culturing by TAP and BG11 were not statistically significant
difference. The interaction of microalgae strain and culture media were statistically significant effect on specific
growth rate, lipid content and lipid productivity. Microalgae strain 6-4 culturing in TAP media showed the highest
lipid content 10.55% and lipid productivity 1.76 g/L/d. Due to the fact that lipid productivity is a key factor for

biofuel production therefore microalgae strain 6-4 culturing in TAP medium should be considered.

Keywords: Culture media, microalgae, lipid productivity

311
Copyright @ Journal of Agriculture, Faculty of Agriculture, Chiang Mai University. All rights reserved.



AN5ATNHAT 34(2): 311 - 318 (2561)

UNARER: NINARELENENATBIANERUTAUFE qmmf]mﬂwq:@yﬂq uaztdnriufresaneiuganieuazgns
'ﬂ’]M’ﬁ?LW’W?&La’JﬂQﬁi'ﬂ@vﬁlﬁ‘ﬂﬂ’]?m‘%ﬂg@uimfi’quz HANARTINAN UseANBNIWN1INaATaNa FUNUATRA LAy
Usz@vammnisanana Tnamnsidearinaauneidn 3 ANeug Ae aneilg 6-4, 208 uaz 209 Twanms 3 4ms
5ur TAP, BG11uaz N8 nannsnaaasuansliiiiudiaaiugaviainasiaiunnbaig uazdss@vsninnisuan
afaetNliRgATYN9ana Tnaauinaauwig 6-4 mamaﬁmiﬁqqqmﬁ 8.33 lafiius uariilsyAnsninnng
HARANA 1.39 NTNAaARTFAad qm@fmqamz@”ﬂqﬁm@ﬁi@nﬂﬁquﬂa‘ (BRINESYEL IR N HALARTINIG
Usz@AnBnMNseaRTaNna UTuNUaRe uazlss@nininniananaiia) adaliad Ay neana Tneanusgms
TAP inlfanusnelensnaasyiiulsn nanasdonag Lmzﬂizamﬁmwmmﬁm%qmmg\i‘ﬁ'zmwiﬁrTu 0.17 siadu
111 nfuredRT waz 0.12 NFNFABARNIFABSY (ANNATAL) BeinalsAAIN RUILANA WaTLILANENTNNILARANA
?I’ﬂﬂzi’m'j"’]ﬂ‘ﬁlLayﬂ\iﬁ')ﬂ@’]ﬂﬁ‘i@]ﬁli TAP uaz BG11 liunnsineiunieada Ujdniudaesasiugavinauazgns
mmquzﬁ”mﬁm@ﬁi@ﬁm’]mm’%ﬁyLﬁu‘imﬁwmw: BN0UANS Laztlaz@nsninniananannateliadAnymng
a0 aninaaneiug 64 Maasluemnges TAP fhlunniaRngengawintu 105 wefudusl uaziisz@vanm
nsuaRaRin 1.76 ninsednssiedy iewnsdninmnisnananaduladandnlunisudndemasdanin

o

AariuarIeaneilg 6-4 NaeNluamnIgas TAP Aasldfunisiiansan

AFNATY: GATNINNZIAEN AWMIBAEN UszRVENIWNINANANS

ATUN dniiugaanansngaduinsaniuaulaeenlas i lunis
a a =2 1 L4 val %

winyiAnlnReilunistasanannglansaulfandae
aquiulfinisindseuanveadannli ANMINIUI AN D DT WU AN AT LNAN

° =2 A o M a = Ao PR g a a =
Wudnuuunnasinsaanisaiinlusentiuvazia  Fanmdidnaninlunsunui@emwasanndingde
INYANNAUNAINUIU AN NAIUEN N1 18 Feusnseiui gt uatingy iWesainaving
NAUNY ITUWANIULAIATIAET WANIUAN NANIULN sadndunayLAL iR lfet1emaiEe amine
nasunNFeuliian uasnasuand@amas  unaneiugasnsniiadaealiite 2 wih neluoa
Fann mmmwmmm@ﬂuum@ Tnanduunas 24 dalug amdrsazaninduls 20-50% ae9mawin
mmwmmmw“luﬂ A 3 ammnwmmmwlﬁz wil4 wits Tuegiuanesiug (Chisti, 2007) aMmdnaidateng
fihmna LL'ZQ“’“LHQJ‘L&I‘L&E ATV uazUMANIRn AR NN naasAulaNdu uinaanandn lfnaanialumils
anlurtaglag u MEU’]LL@“TN‘EML@Q LL@”LﬂH’J@@Lﬂ@@ RRN Lﬁmaﬁ'ﬁﬂuLﬁﬂuﬂ?mmﬁﬂﬁuméﬁmnﬁm

I‘DVIWQﬂW?LﬂHM?GLu?;I ﬂ‘V]’&@\‘l iR N@ﬁ@ﬂ‘l’]@’?ﬁ?’mﬂﬂ W@\‘]\‘i’]‘uﬂu"] AUAUTETUIALEN WLIN muuw"l,mm
WWH’]lﬂNWLLWHW L‘H@LW@QT’JJ’]’]WIHE!PW] Tuae 2 uu ‘W‘T]‘W@\‘1\'1’11&1414@“’11ﬁﬂﬁmmuﬂﬂﬂﬁﬁuﬁﬂu%iﬁ"Wﬂ

dosmnutisaminefidan iduiagivluneds ewieauwndn andaetady Uhdsninadliiie
wasunaunildlsisemnsresysdisans 1K 5950 Anssieianang lusaziaminamnaiinli
WAy ieemsRgay wasnsaueauRT  1naTugeile 58,700-136,900 ARsAaLEN AN (Chist
a3l uazdesa s sy ALI gl 2007) Tadevandmsunisnaaluledmauenwmile
1i7m i tinges viteudinszislutin@ed e nnangiugamieuda UssBvsnmnisndaaie

anifoyoyanisunvueisiunngananysoiuaztnlunts Wudndudnsme faAmyetiei (Griffths and
nan ldvizendnln FIAUTUNIINARTAY ALAININ Harrison, 2009) sﬁ\‘iﬂﬁ‘v@%ﬁﬂﬂ/‘lﬂ’ﬁmﬂﬁ]@‘W@'%“llu'ﬂ?;I
anluanglagluged 2 15 wenwileanfawsemng  AULENNUEAR piaminsanansnazan 1y uaznanan

312



HATRIANENUf LAz gRTEINSAaLlsEANBMWMSHARAR
lususrafiderrunadnana Chiorella

Funa Sannailmeiiadestiaziuulsanu B
mﬁlmmﬂmmmqzﬁi%’l,ummm:Lﬁbﬂqmmﬁﬂ’ﬁw
(Mata et al., 2010; Pittman et al., 2011) Tneivliluga
a3l Chlorella sp. ¥nazlienisgmns BG11 Tuns
IR (Leu and Lin, 2013) aginalafimnnu Sharma
et al., (2016) Laymmm"m Chlorella vulgaris, Chlorella
minutissima, Chlorella pyrenoidosa, Chlorella sp. 1
wag Chlorella sp. 2 m’m@’]mm e BG11, BBM, Fog
uaT MAN WUIN8IM179MT BG11 umﬂummmmaw
ﬂi:uﬂmLL@:uﬂammﬁmqummmum Chlorella sp.
Hamedi et al. (2012) $18911I181UN9g AT NS v
Wiams1e Chiorella vulgaris W@ AvneL 3 L BN
6N uanuzil Miazek et al. (2014) $1e:91191 Chlorella
sorokiniana 713 8191481113 TAP Sl §m31nns
indulnuas WinanAsiaanatige
ﬂ”Lﬁueriﬁd’fLsJﬁammmﬂmﬁémwwmvm
numumﬂmﬂwuﬂmmwuﬁum Favi mmu‘fluw
qvmmﬂﬂm@m@ﬁmiwmmvaunumm’mnfaumv
m”LﬂmqumLW']:L@mmmm‘Lum sarfulunnsase
piaAiTnnUszaARazAneBrEnaTesan g
a1y gnaednns wasdjduusresanawug
mwi’mLmzzgmmmiﬁﬁmaﬁiﬂﬁmwmm?n;Lﬁu‘llm
AUNY HARARTINAA UTLANBAINNNTNARTINAA
Buuane uazdsr@nsnmnIsanana luamine

:

UNALAN Chiorella sp.

Day o 1

N8

BG11

TAP

Figure 1.

6 of culturing

L4 a
AUnsaluaziang

MENUS FATENVNT UAENSINIEIABIRMSE
RENENVTUNALEN Chiorella sp. 479U 3
aawug Ao aneiug 64 faieniFainsnamn
Wi AIndAIELT AneWug 208 uaz 209 MHFuAanu
BULATITUAN AUEINYIANERT NNIINER Y
NEATANRRT slumdi'mﬂﬁnmi%mw (bioreactor)
215 700 NAAAAT H2891119 3 AT AD BIUNIEAT
Tris Acetate Phosphate; TAP (Harris, 1989) a1%1 19
A4n7 BG11 (blue-green medium) (Stanier et al., 1971)
way a1119g /7 N8 (Mandalam and Palsson, 1998) Tu
annazlfinas 16 9oTug uaziln 8 dalug GIIVEE
tezanns 25 avAnmalted danisiasyiAuingas
ANV EE QNI AN W (mW‘T/]‘ 1) Nty
AU 7 51 Aruansiaunudie uazdmsanas
mmmuimmmvmaumi 1 uay 2
umummq (glL)= umunmvmﬂﬂmmm”mm (9)
- wminnszanEnse (@)
----- AN 1
ANBRTINRTYALTRANWIE = (INX2 - InXT) / t
----- Zﬁuﬂ’]i‘ﬁl 2
e X1 uaz X2 Ae thwinuiidlusuusnuas iy
qmﬁwmmmimwuﬁ”ﬂq
ANNANAL

(2

t AD AU UIRINNTINNZLAEN
3 4 5 6

Growth of microalgae strain 6-4 when grown in N8, BG11 and TAP media from day 0 to day

313



AN9A19NHAT 34(2): 311 - 318 (2561)

MaALTEN e LazAN AN
AURaa1nnedaeietesTumd aed
A9NLEY 6,500 3AL/UNT WU 5 W1 E19iaet19
gmIaFaaiang 3 5oy udarin Tl uiiedae
e84 freeze dryer afPaRARNLARRTEsulag unn
WA WAZADLY (2560) TaeinfagiNaguiaina 1
uitaAnel freeze dryer U3nnns 20 Hadaniu laluvaan
NAABIUUTIA 15HAAAMT LANANT folch solvent
(ﬂ@ﬂ‘llﬁ/\lmu Wnues; 2:1) dsums 3 m@@m 11l
ECETLEIGECY vortex Mmmamu mnuumm
\aaasansnTaila fiA0AE 20 kHz SxAUNGsa1UR 40
967 322198 10 U S119LMARAAE 4 To1 AN
Wu 0.9% lnnanaaelsdiBuimns 1.2 Radans nan
N shnLAsas vortex i T A s anannznesu
aanannduiila finanuiEa 5000 sev Wuman 5 und

ANHURINIIRATRmATuANgANetinl A ATET

1FUDANA

NNSILATIZRANA
e

AreABuIUaAN RN ENIaeulng
Tanadul et al. (2014) Imﬁmm@mmwmﬂmmmi
arpaRnEaeATessans lalialiunas 30 lalasans
NARILY PCR plate FI88 NMATANNNQN UATEA
lipid standards ANENTW 2 RaARNTNANAAART
13u1ms 0, 2.5, 5, 10, 20, 40, 60 az 80 lulasams
AINRIAL AN NuAT 3 vguidui anniurams
9218IANT folch solvent 8aNaNFAaEiNIA28 heating
block 71 90 84ANTAIT 8d AUNINFI9E 19T
antfuRunIatanBnddwEunas 100 lulasans
A28l multiple pipette HaN@N5 AN RANUIU 10 A%
ansfusin 114 lu heating block 7 90 aerLTAE eid
wWinan 20 Wi ﬁﬁgxﬂﬁwqi?’iiﬁﬁuﬁ@mmﬁﬁm TAAN
n1ee mﬂ@ul,l,mmil \Ag i‘ﬂ\‘i spectrophotometer-plate
reader fiANKENaAAY 540 unTulums vA MR
nranfiadu-aalwsn Uinnmns 50 lulasans nanld
dinfudnuau 5 A%e wharemeliflingn 10 undi ud
fi“mmmi@mnauumﬁmmmfmﬁlu 540 W lAsaN
WikaA3a FnnsR B ATATaE N snAL

314

2BIAINIAANAULAINBUANTLAINNIAANRULAIUAT
naantadu-NaalnazlfiduAnisganauuagns
UnUAIAS IANNT1E WA lipid standard

NSIATIENTAYAN AT
NN AABI UL AN ALY 7] SR
NAARILUU LN ANDLT A (factorial in CRD)
sznaudiog 2 Tade ﬁ@fﬁ“ﬂﬁuﬁqﬁ@mﬂﬁuﬁmuém
U 3 NG LL@:ﬁ@@“ﬂﬁmmﬁ@qmmﬁmﬁmu
3 gmn9 Aasziaannulslsunieaiflae 1435
analysis of variance (ANOVA) 1dTeu i g umana
uAnAnereeAads luusaznssuAs fae Duncan's
multiple range test (DMRT) Tm a1 14 Tt/ sunsu R
(package agricolae) ANWANIINAABIANUIL 3 i

Nﬂﬂﬁiﬂﬂﬂ’ﬂ\‘luﬂxﬁﬂ’liiﬁ

HATBIRIEN UG AN UASFATAINITARD A
N5y A uTAS NI NANRATINIA LAY
UszRNEMWNTURATININ

QNSRBI IUNALEN Chiorella
sp. 3 AW UG A anaWug 64,208 uaz 209 1u
87113 3 4617 AB 81U194R9 TAP, BG11 WATEIMI9
4m3 N8 (i 1) wasiieuifeunasdyiuingas
SEvihminuttesanmd 2 WuINERsINIsaT oA e
AW HANRATINIALAZLSZRVBNNNTHARTINIE
18981318 Chiorella sp. 14 3 aneuglaidAas
wANFNaAY %qﬁﬁhfmgiwdw 0.09-0.12 fiadu 0.56-
0.69 NFuFABAMT LAY 0.05-0.06 NFNFADAMNIFHDIU
(ANATAL) (miwq‘ﬁ 1)

aeinglafima Wud’]zgmmmiﬁqmm;mﬁ WA
ARORINNITAIY AU IS HARARTINIALAE
Usz@n3nIMN1NARTINIATRIA U 20 198
UedATYyeata Tneawizenmegns TAP Huavinli
'é”mmmﬁ‘m?mLﬁu‘iméﬁmz@,qﬁqmﬁ 0.17 fladu &
m@mﬁm%m@LLmﬂizaw%mwmimﬁm%mmﬁﬁiqmﬁ
1.11 NFUADIY ka2 0.12 NFNFABANTARIU (ANNAAL)
819gm3 BG11 Huainlidmsnisasdninanmng



o 1 a a aa
Namaamﬂwuquazgmmmsmaﬂizawﬁmwmsnamawm

TusuieRidzraunianana Chiorella

Day 0 1 2 3 4 5 6

N8

BG11

TAP

Figure 2. Biomass determination of microalgae strain 6-4 when grown in N8, BG11 and TAP media

from day 0 to day 6 of culturing

Table 1. Effect of algal strains, media and interaction of algal strains and media on specific growth rate,

biomass yield, biomass productivity, lipid content and lipid productivity

Specific growth rate  Biomass yield Biomass productivity  Lipid content  Lipid productivity

Treatment
(/d) (g/L) (g/L/d) (%) (g/L/d)
St.
6-4 0.12 £ 0.08 0.69 £ 0.50 0.06 £ 0.01 8.33+2.11° 139035 °
208 0.10 £ 0.08 0.56 + 0.36 0.05 + 0.01 6.95 + 2.07° 1.15+034°
209 0.09 £ 0.04 0.59 + 0.36 0.05 £ 0.01 3.16+£0.78° 0.52+0.13°
F test NS NS NS
Med.
TAP 0.17+0.04 ° 1.11+0.27° 0.12+0.04 ° 6.09 + 3.43%° 1.01+£0.57%
N8 0.04+0.02° 0.38 £ 0.04° 0.01+0.00°" 5.70 + 2.86° 0.95+0.47°
BG11 0.10£0.07° 0.36 + 0.09° 0.03+0.01° 6.66 + 2.23° 1.10 £ 0.37°
F test *kk *kk *kk * *
St.*Med.
6-4*TAP 0.15+0.04°° 1.28 + 0.47 0.13+0.07 10.55 + 1.23° 1.76 + 0.20°
6-4*N8 0.03 +0.01° 0.40 + 0.03 0.01 +0.00 6.02 +0.40° 1.00 + 0.06°
6-4*BG11 0.18 £ 0.08° 039 £ 0.06 0.04 £ 0.01 8.41+0.91° 1.40 £0.15°
208*TAP 0.20 + 0.06° 1.04 +0.08 0.12 £ 0.03 4.31+0.29° 0.72 £ 0.04°
208*N8 0.05+0.03° 0.37 £ 0.06 0.02+0.01 8.78+0.64° 1.46 £0.10°
208*BG11 0.04 £ 0.01° 0.27 £ 0.05 0.01 £ 0.00 7.77+057° 1.29 + 0.09°
209*TAP 0.15+ 0.00° 1.01 + 0.09 0.10+0.00 3.41+0.39" 0.56 + 0.06™
209*N8 0.04 +0.01° 0.36 + 0.02 0.01 +0.00 2.29+0.63° 0.38+0.10°
209*BG11 0.09 + 0.00™ 0.40 £ 0.09 0.03 £ .000 3.79 £ 0.20° 0.63 +0.03°
F test * NS NS

Data in the column followed by different letter are significantly different based on Duncan’s multiple range test
*Significant difference at (P< 0.05); **Significant difference at (P< 0.01); ***Significant difference at (P< 0.001)
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Utilization of Hairy Basil Seed Mucilage as Fat Replacer in

Salad Dressing for Health
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Abstract: The research aims of this study are (i) extract and study to physicochemical properties of mucilage
powder form hairy basil seed; (i) to study the physicochemical properties of salad dressing cream basic
formula and; (iii) to study the optimum of salad dressing cream basic formula with mucilage powder form hairy
basil seed and (iv) to study shelf life of final product. The isolation of the mucilage powder yielded 20.98% w/w
color values (L*, a* and b*) were 63.97, 3.33, and 13.66 respectively. The water holding capacity, viscosity and
water activity (a,) were 238.22 g/g dried mucilage powder, 0.48 and 288.46 cP. pH value was 7.52. The
optimum replacement of the mucilage powder was 0.5% to the weight of soy bean oil in salad dressing cream.
The ingredient of the formula consisted of egg, salt, sugar, vinegar, soy bean oil and mucilage powder were
16.91, 1.31, 21.31, 1049, 49.74 and 0.24%, respectively. The chemical compositions including moisture,
protein, fat, ash, fiber, carbohydrate and calories were 19.17, 1.24, 21.51, 2.22, 7.69, 47.90% and 389.11 Kcal.
Total calories were reduced comparable to the control was 49.63%. The 9-point hedonic scale of the consumer
overall liking were moderately like (7.36 scores). The product can be stored at room temperature (28-33 °C) for

4 weeks.

Keywords: Mucilage of hairy basil seed, fat replacer, salad dressing
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Table 1. The yield and physical properties of mucilage powder from hairy basil seed
Properties Analysis of mucilage powder

Yield (%) 20.98 £ 0.88
water activity (a,) 0.48 +0.02
water holding capacity (WHC) (g /g dried mucilage powder) 23822 £0.70
Viscosity (cP) 288.46 +1.15
Colors

L 63.97 + 0.56

a 3.33+0.05

b 13.66 + 0.28

Mean + standard deviation (SD)

Table 2. The pH and chemical properties and chemical composition of mucilage powder from hairy basil seed

Properties Analysis of hairy basil mucilage powder
pH 7.52+0.21
Moisture (%) 12.83+£0.17
Protein (%) 1.87 +0.06
Fat (%) 0.66 £ 0.29
Ash (%) 4.86+0.03
Crude fiber (%) 34.00 £ 0.29
Carbohydrate (%) 46.68 + 1.40
Energy (kg calorie /100 g) 200.16 £ 1.10

Mean + standard deviation (SD)
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/1NN Lmﬂ”ﬁﬁmmwﬁmﬁmﬁ?mm
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HARATT g ATl AN AL AT T ATan A
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Table 3. Physical properties of salad cream with different levels of mucilage powder of hairy basil seed

Colors Consistency Cohesiveness
Formula N " N
L a b g/sec (9)
1(control)  82.62°+013  4.11°+0.04 2225°+0.16 887.09° + 9.96 18.58° £ 0.85
2 80.87° + 0.11 433" +0.04 2419° + 0.04 2063.30" + 8.54 94.80° + 0.42
3 78.71°+0.12 4447+ 0.02 23.62° +0.03 4217.10°+ 10.53 178.90°+ 1.93
4 7748 +0.04 3.45°+0.02 21.70°+ 0.06 4527.57° + 15.61 193.52° +0.33
5 7560°+0.02  3.86°+0.03 19.99°+ 0.05 5014.29" + 16.79 217.10° + 3.94

Values with different letters in superscript in columns are significantly different (P<0.05); Mean + standard deviation (SD)
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aialannduniiagae lunnstianng inlilasedsnedl
ANAIAD (Teyad, 2550)
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fnaaaulinzuunasnteuudneuzlong Aud
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Fum1it Tne A UARENNIAFINAALA UNINNIY
ANEAN (AN37197) 5) BIHANINARDINLIN 1ile
srEIANITLE NN Y deraliiAnmsEdng
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FuFnen il nAnd uaiiAinana @3, 2559)
Tuwanizszaznanlunnnufnenlidanaliidaanu
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Table 4. Means hedonic scale of sensory evaluation of salad cream with different levels of mucilage powder

from hairy basil seed

Means hedonic scale of sensory evaluation (scores)

Formula Appearance Color Odor™ Taste Viscosity Overall
acceptability
1 (control) 7.20°+0.72 7.15° + 0.60 6.28 +1.34 7.66°+0.76 7.36°+0.74 7.63°+0.85
2 745" £0.98 7.61°+0.58 6.51+1.33 720" +1.24 6.86"+1.18 7.53°+0.99
3 6.58"+0.99 6.71°+097 615 £1.20 6.60"+ 1.29 6.20"+ 1.12 6.80"+0.97
4 6.33" +0.86 6.68™ + 1.04 6.15+0.94 6.13°+£1.05 575" +0.91 6.41% +0.90
5 6.00° + 1.06 6.46° + 1.04 6.03 +0.88 6.10° + 1.06 531°+1.26 6.01°£1.01

Values with different letters in superscript in columns are significantly different (P<0.05); Mean + standard deviation (SD)
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Table 5. Physical properties of salad cream with mucilage powder of hairy basil seed

Color Consistency™ Cohesiveness™
Week ; - .
L a b g/sec g
0 81.88°+0.32 3.51+0.04 32.15°+0.12 2165.32 £ 6.32 -108.12+ 3.15
1 80.17°+0.21 3.33+0.04 34.29°+0.11 2125.02 £ 5.51 -99.90 £ 3.52
2 80.71°+0.22 3.83+0.02 33.42°+0.22 2105.32 £ 9.21 -98.40 + 2.53
3 78.56° + 0.06 3.45+0.02 21.50°+ 0.06 217536 £ 7.1 -93.18 £ 0.33
4 75.30° +0.24 3.86+0.03 20.43°+0.05 2111.31£4.13 -97.10+£0.94

Values with different letters in superscript in columns are significantly different (P<0.05); ns = not significantly different (P>0.05)

Mean + standard deviation (SD)
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Table 6. Chemical and microbial properties of salad cream with mucilage powder of hairy basil seed during

storage
Chemical properties Microbial properties
Week pH Peroxide value (PV) Total plate count Yeast and mold
(mEag/kg) (cfu/g) (cfu/g)
0 3.75+0.37° 3.05+0.11° <1x 10" <10
1 3.76 £ 0.47° 6.97 + 0.23° <1x10* <10
2 3.85+0.36° 9.42+0.22° <1x 10" <10
3 3.88+0.75° 13.54 +0.32° <1x 10" <10
4 3.98+0.12° 16.33 £ 0.52° <1x 10 <10

Values with different letters in superscript in columns are significantly different (P<0.05); Mean + standard deviation (SD)

Table 7. Means hedonic scale of sensory evaluation of salad cream with mucilage powder of hairy basil seed

during storage

Means hedonic scale of sensory evaluation (scores)

Week  Appearance™ Color™ Odor™ Taste™ Viscosity Overall
acceptability
0 6.98 £ 0.33 717 £042 7.08 £0.37 7.36+0.16 7.21°+045 7.19°+0.21
1 7.10+0.11 7.05+0.65 7.28 +0.21 7.31+046 7.19°+0.10 713+ 0.1
2 715+0.22 7.31+£0.58 7.21+£0.33 720+0.24 7.16°+0.18 7.13°+£0.79
3 7.08 +0.31 7.11+0.97 7.17+0.20 7.30+0.29 7.10°+£0.12 6.90° + 0.47
4 7.03+0.32 7.15+0.65 7.20+£0.31 7.31+£0.66 7.09°+0.72 6.91°+0.16

Values with different letters in superscript in columns are significantly different (P<0.05); ns = not significantly different (P>0.05)

Mean + standard deviation (SD)
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