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Approaches to Cassava Production of Cassava after the Harvest of Rice

Taweesab Chaiyarak” and Phirayot Khaengkhan

Department of Agricultural Technology, Faculty of Technology,
Maha Sarakham university, Kantarawichai District,
Maha Sarakham Province, 44150, Thailand

Abstract

Prang cassava; cassava is grown in paddy fields after the harvest of rice, usually starts from late October
to November (late rainy season), harvested from May to June and has a duration of approximately 5 - 6
months after planting. The cassavas cultivated are Rayong 7, Rayong 72 and Kasetsart 50. Preparation of planting
materials is to soak the cassava stakes with chemicals; thiamethoxam (25% WG) or dinotefuran (10% WG)) to
prevent pinkish mealy bug (Phenacoccus manihoti), or soaked with organic substances before planting, such as
pig manure extract, vermicompost tea, nutrient solution and polysaccharide produced from microorganisms to
accelerate root formation and lateral cassava bud emergence during 7-21 days after planting, resulting in clean
and pest free seedlings. Vertical planting method produces better root yield than horizontal planting. Soil
preparation is done ray plowing the field once using a tractor equipped with 3 or 7 disks and fallowed by making
ridges (0.25-0.30 m high), so that the soil become loosened and suitable for cassava planning. Cassava is planted
immediately on the ridges while the soil moisture content is suitable with the spacing of 0.8 x 0.8 or 0.8 x 1.0
m and cassava yield of 3-4 tons/rai has been reported. The application of inorganic fertilizer having N : P,Os :
K:Oratesof 2:1:2o0r2:1:3o0r3: 1: 2. This short duration cassava has similar number of storage roots and
starch content to the normal harvest one (12 months). The contents of cyanide in leaf and root of this cassava
was found to decrease after 5-6 months after planting. Plant growth regulator such as paclobutrazol (PBZ) has
been reported to increase the quality of the starch. Decides, growing cassava after rice harvest can reduce the

incidence of root host nematodes, Meloidogyne incognita.

Keywords: Off-season cassava, Harvesting time and Yield
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dmsuiuginunsmans 50 Ugnléis 2 qg udn
Ugnuaneggeluagldnananiing1 esaniuguesiy
dsvdanaiiiiovungnluundnadlinanded
wazflszoynanlunisfuiedulszan 6-8 oy
ity wiiesidudutivlutudsndssdosndgiu
dendsignluannlivinly Ssdndluafiiudiznds
Avgnluundnezdelssauiudududiulng
denndasiuaues Boonseng et al. (1998) fild@nen
lafosnnvesiugiiud1zndafiugniatogeiuy
U 5 @giugAe Inwasans 50 seeed 90 Svus
60 53889 1 WagAss197 1 wudn Sudrendamniug
Ivinanangaamileldtoans 15-15-15 §n31 625 nn./
wwnend wiiugszees 90 WuwuEAlinonAnRAaY
fiafivsnmgs egrslsfnunisfnunionuin Wus
inwnseans 50 Gandliinandngsaniuanniandendi
TinandndmIousudaldftuies Lazsisauves
Panyangnoi et al. (2013) lavinmsvageuszuulgnite
wuusruin- g endduiiuiinuasnadumsugn
fudendmaan lngUgniuginunsenans 50 waz
nadeuiinmadenliinunsnslneugnitugszens 72
Tushmdafuigrdnmuin nsaAsmamasouldtug
204 72 Uasugnunsmans 50 IgnanAnaaY 2,204
waz 2,178 nn/ls suddiu Swesdusuilaniedovas
21.0 wag 205 mud iy Feilusinaundseglugaed
Ind1A8ai U899 Polthanee et al. (2014) 1/11@
Animsugnifudiugndssou 5 iusluiuiiu e
Anwnsasaiuln nandnwasUSinauts Wiuiend
97 6 Weundagn wudndiudendawniugidnuan
vresuuazefidududeiliunndstumsadiaislo
Iasullegns 15-15-15 8091 156 nn.Asnens Wugszees
7 fnandntminangeaawinfuiiugsvees 72 A
Namamﬂf’mﬁ’ﬂLLﬁdLLazﬁhﬁﬁuﬁmsLﬁmﬁ&nmnﬁqm
(Table 1)
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Table 1 Tuber roots number, yield, starch content and harvest index (HI) of cassava following rice as

affected by cultivars at harvest

Cassava Tuber roots Fresh root yield Dry root yield starch content HI
cultivars number (t ha) (kg ha™) (%)
Rayong 7 7.0 28.2° 723.8%° 19.6 0.43°
Rayong 11 6.3 21.3%® 720.6°° 237 0.38°
Rayong 72 5.3 27.8° 955.1° 19.1 0.50°
Kasetsart 50 4.8 23.2" 642.9% 259 0.38°
Huaybong 80 6.8 19.2° 613.4° 25.7 0.40
F-test ns * * ns **
CV (%) 26.4 17.1 17.2 16.9 13.70
Remarks: ns, *, ** = Not significant, significantly different at p < 0.05, 0.01, respectively. Means in the same column with different

letters are significantly different at p < 0.05 and p < 0.01 by LSD
Source: Polthanee et al. (2014)

nAdeszmdls@nunmsUgniudzvdaile Udoh (2017) e nwmanamfudzvdaiivgnludugs
uiReongdu fanumes Chipeta et al. (2016) @intw Tudsemeludise wuan sWug TMS 01/1412 vinande
warARsudUzvds deiuieniiony 6, 9 uag 12 Fiou gsaanszezmaAuie lnsiamnzegsdemsiiuien
ndsUgn 1iloannisii plsaunadaduinavesiiy fleny 4 uaz 6 Woundagn uandlsiiituintudends
d1Ugnda (cassava brown streak disease: CBSD) Tu Guimsaiuaslyinandnldiongiufen 4 Weu i
a51503FNATI WU TS Phoso WlaiiuiReaiiens 6 MR UlAUBINaNANAIENDE 19535 YIliNaNER
way 9 weunaelgn Winandniiangeande 9.5 uag vhangaeieny 8 ieundsan uasinandninannsdi
17.8 f11/48NA15 AMUFIAY LALIIUVBY Akpan and 9ng 10-12 woumaalan (Table 2)

Table 2 Weight of tuber yield (t/ha) of cassava genotypes in cross river basin flood plain, Itu Project, Akwa State

Cassava genotypes Months after planting (MAP)
4 6 8 10 12

2013 2014 2013 2014 2013 2014 2013 2014 2013 2014
NR8082 6.94 710 2160 2380 39.70 40.10 4140 4180 4475 44.60
TMS 01/1168 7.78 7.61 2730 2690 4040 3990 4510 4418 46.70 45.20
TMS 01/1412 8.32 8.00 28.66 2794 4260 4630 4630 4640 48.10 48.30
TME 419 6.15 6.00 2132 21.00 36.10 4200 42,00 40.80 4580 45.00
Local (check) 4.00 4.20 1830 17.65 2460 2410 26,60 2690 28.01 28.40
LSD (P<0.05) 4.20 2.24 ns ns 1.24 2.56 2.02 1.86 ns ns

Remarks: ns = Not significantly different, Means in the same column with different letters are significantly different at p < 0.05 by LSD
Source: Akpan and Udoh (2017)
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fnsuanlugeutaziin 919 3-4 dUa9 s1neloy
(fibrous roots) JufiuUiinaenndu uasunsraeasty
AuanUszanal 50 o, taglurag 6-8 dUai azwusin
WA (adventurous roots) Useanad 3-14 510 WAL
wazinvegngiitevimvfiazauutls (storage roots)
Lﬁamqﬂizmm 6-12 dUA9A (Teerawanichpan et al.,
2008) U%mz:umaQwanmm%uauﬁizﬁummﬁﬂwﬁﬁm
Ausings maensevlagniiudUsndwidaunddng
manTsRUlslusEBYRRILINTSVBITINAINA T (Fig. 1
way Fig. 2)
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Month F— Dec.——+— Jan. —+— Feb.

Ma——Apc
Fig. 1 Soil moisture content (%) at depth during

the growing period
Source: Polthanee et al. (2014)
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21n91U84 Polthanee et al. (2014) l@@nwn
AL UR UM N TisEduAIE Ny 0-15, 15-30 way
3045 . AR (Fie. 1) SuitnUsunaniwiulud) e
2013/2014 luiluiiuminey Soriavouury wuin Al
Auesas 8-10 ynsedumNANaINEALINANT
imﬁ’umwm;mm%umﬂaum (field capacity) i
autuusTuTtanamnszeziesmnldiun
Tudoununususfidsdartuavauiissiu 3045
. AR faduszesiisndudUzndausinszas
a3lu luvauefiauves Polthanee and Wongpichet
(2017) Mo Anwrlufiuddnluldaund i usunasdy
wansnsul R Ui AT uRLAnae U uARE
wuinAundfianudulussiusuduilndide sty
fMdlipefnuneuty Wuiihdannindeuiiuiay
(a oundsugn) Bufiusinasudnas arduly
Audaiintu (Fig. 2) dotudusnaslésuinasiing
sygpiaumssuiieaislulunsfunasasnis
Fuasizvnenas ilillonsinisasyivlauegly
warAIRUaEAmY wazllinuduTusdIUINiUNIS
avautmdnuiveslunazddu (Boonseng et al.,
1998) ﬁﬂﬁﬁwﬁmﬁaﬁa%’mmuLﬁamﬁmtﬂngﬂ
wdsuineufuazauidutudUsnds

.
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£
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.z
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g
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Soil moisture (% by weight)
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Fig. 2 Soil moisture content (%) at soil depth
0-15 cm @), 15-30 cm ), 30-45 c © @)

and 45-60 cm @-#) entire growing periods
Source: Polthanee and Wongpichet (2017)
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nsaseiazae s deasiinadenisasinlussey
sold pgalsfif nMaiftuseAvSnmnsdutivesiiu
thavdsalinuiimiutunsegnzaunaonszezm
n1sUgniiud1endmdsunld dearuves Intanon
(2006) aldinaundu geuznin lonavasasnou
Ugnily 2 feu efiaszAvsnmnisdiniivesiiu
i silRudanuasnsolunsguiifisdud 13
Wi AUt unnSesay 44.6 10U 52.1 videns
T#anusuugmsmeonmuesiuiielifuillasaion
Fauslenueninsalunsginiuasanememaldd

mMawRouAuddimudiduedsdionandnues
udgndmdan TasvhlumawIeuAudmiuns
UgnifudsndsazUsznaudenislo 2 vie 3 ads Ao
mslondsil 1 vieeni “lany” mslondsdt 2 Gonin
“Uomsan” vide “lowts” uawnmsloadsdt 3 Bunsloen
f09 Tusfuiivgnuuuliensesfiazdinislofies 2 ads
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Table 3 Effect of planting methods on number of storage root per plant, weight of storage root per plant,

fresh storage root yield, harvest index and starch content of five cassava cultivars at harvest

Cassava Number of Weight of fresh storage starch Harvest
cultivars storage root per storage root per root yield content index
plant plant (kg) (tha™ (%)
Planting methods (M)
Vertical 10.7° 6.1 60.6° 28.1 0.74
Horizontal 8.9° 53 54.3 27.8 0.77
Cultivars (C)
Rayong 7 10.3° 6.7° 67.4° 28.5% 0.78%
Rayong 11 10.8° 5.4 54.6% 28.9° 0.76™
Rayong 72 7.7° 5.3% 49.7° 26.4° 0.81°
Huaybong 80 10.1%° 4.8° 55.0°° 29.4° 0.70°
E-dum 10.2° 6.1 60.4°" 26.6" 0.72°
F-test
M * ns * ns ns
C * * x * xx
M x C ns ns ns * ns

Remarks: *, ** and ns = significantly at 0.05, 01 and not significant, respectively. Means in the same column with different letters are
significantly different at p < 0.05 and p < 0.01 by LSD

Source: Polthanee and Wongpichet (2017)

N1IARATNEN

1. mslddeuaznsusuusshiv
Tnevhlusudendaugnlalufiunnvin ud
youRus U EmEIsauaz Uiy
dznduasadulalaluanmaudldiiviuds §
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s1qUoiia 3 viia Tiun lulnsiau veaveda wax
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yasfiuLaznainszsinu vinvesdeiaiiiuuzi
Usgnausie Jugas 15-7-18 n38 16-8-16 (ratio
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dugndadalinnuduiusiuisnisugn laeisnis
Ugniudugndauuuuadsiinadenisgaldsn
lulnsiau weavesa uaglnuna@euluusiansin
ogslifddymsaindadidnunnnitiBnisugnuuy
wweu Hiinisugniudusndsastinuuadaty
dusvdauuansliogldAuussanas 1/3 vosmiousiug
Taglimitegiafumstiolvidudendaonogig

oy 4-5 mAuly dmsuiudiudvsvdaiinadonts

galdsglulnsiauiisinedrsiifoddny Tnosiy
dgndniugszens 7 dnsgaldsimlulasiaudisin
wniign msgaldlulpsauluddiuuaslulaiunneis
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(Table 4)

Table 4 Effect of planting methods on nitrogen, phosphorus and potassium uptake by storage root, stem and

leaf of five cassava cultivars at harvest

Cassava cultivars

Nitrogen (kg ha™)

Phosphorus (kg ha™)

Potassium (kg ha™)

Root Stem Leaf Root Stem Leaf Root Stem Leaf

Planting methods (M)

Vertical 60.1° 470 888  253° 283 79 2738 738 30.1

Horizontal 503° 389 802 226° 242 71 2496° 736 28.2
Cultivars (C)

Rayong 7 747° 453 855 279 358" 69 3160 547° 357

Rayong 11 59.9®° 388 959 254  37.1°  92° 2838 111.1° 339%

Rayong 72 459° 388 741 207  19.0° 65° 2234 588"  24.3°

Huaybong 80 55.6° 485 721 221 21.0°  56° 2270 962" 253

E-dum 499° 411 948 234  184°  9.0° 2581 482" 262
F-test

M * ns ns ** ns ns * ns ns

C * ns ns ns ** * ns ** *

M x C ns * * ns * * * ns **

Remarks: ¥, ** and ns = significantly at 0.05, 0.01 and not significant, respectively. Means in the same column with different letters are

significantly different at p < 0.05 and p < 0.01 by LSD

Source : Polthanee and Wongpichet (2017)

911 Table 4 uansliiiuindfudzvdsdinisgn
ls1memandnuasiisinermsiivluazanunay
druvesiivUSunafivandieiu Tnenuindiusuna
Tnunadenazaufiudinasnaoudsndsinase
asrundanazauninkanin LLagLﬁaWﬁmmmﬁ
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I ' a v o A
#@n1ANulunIn-A19989a Y (pH) 1Mag1uimw
WNzanaen1sias i ulnuesiud Usnds feszau
pH MLunzauLyiniu 6.5 (Anikwe et al., 2016)
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n333358u9 (Table 5) flasanmsusulgeduvinle
PufiaugauanysaiuazsuegeBeiu venmiean
nsladeniifieifiusinemslufuas fanuiuuss
Auwdd Jedunsdndadiunumlunisuiuanindu
(Ayoola and Makinde, 2007) wnin1suaniiv
sowdostuluiiuii lnsiamzegnsdenisugniielu
fufidunseusriudenlnsufifiougauauysaii
nslddedunigvsedeiniiiietagnaineda1arinli
Ienandnsiolsin senadesinslisiuasuiulse
ﬂwqqﬁuﬁuﬁmé"uﬁw (Chaiyarak et al., 2013)

2. MITANSLIAUBUNAS
nsugniiudrgndslareggnuiniinisszuin
Yo4lsAuNad (Fig. 3) NM133nnislsauuasdngiiy vinld
Feismstastutausinszuiumassuviowiugreu
Ugn Mvioustusiigumulsausas Snvianisudvieu
wusSwilsilsveuiusiiazenn Unannlsauuas uaz
feeanansodestulsauazisasiionaislusiudevds
1adnA1e $951891Uv84 Panyangnoi et al. (2013)
Anwinsugniiudvsvaslussuundainu wisuvieu
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Wuglnedsuwyiouiugalemeansiaillnesiilnugy
(25%WG) 8051 4 n./1 20 Aasudelalufinusy
(109%WG) 8951 40 /11 20 Ansrioulgnifietoartu
{]EyMWLWgEJLLﬂﬁSUN‘IQ WU @nnsasEeuteTinnm
furteuiusuassstastumadivhansveunaouts
vasUgnlasnusennas 1 e visonsudsiudusnas
Favarsneduranilsiiindnainiteoufjind
Pseudomonas fluorescens @a@3ulidiugUznaseu
fudegnds 91g 1 1Aeu AANEIRY AINYITIN
WardWILTINGIAA 5.83 Y4l 13.9 94, Uay 49.53 51N
WAy 28.3 9y, 15.27 3. kay 52.52 570 Tudnmisau
Ugnilamaaasuazanmls muadu Ssanansansedu
TofiudnUsndsazaugaslauuie indole-3-acetic acid
(1A8) 981959015 0181u 4 Fu ndavivluilesiy
dUenaeeny 2 uay 3 1hou Aud1dy danalvidiu
dusndsinunulsnsnuasiaiilad (Chaisue et
al,, 2016) wenanil ndsugnasndudrsautasey
wnemndamunsszuinvesdngiivluiuduzvndsms
nousuidulsalusnisenulamieudesunudou
vidaunasinadnlaiefdaunasdngiivlaedisly
wlas neumsindulaldasiaiidauuasdseradima
nsgnuanAslufugnialugadalula

Table 5 Effect of lime and gypsum on fresh tuber
yield (mg ha™) of cassava at 180 day after
planting (DAP)

Treatments 180 DAP
2013 2014
No amendments 6.0 6.2
Lime 5,000 kg ha™ 67 70
Gypsum 2,500 kg ha' 7.4 7.1

Lime 5,000 kg ha™ + Gypsum 9.3 9.7
2,500 kg ha'*

F-LSD (p=0.05) 06 05

Source: Anikwe et al. (2016)
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Fig. 3 Calendar of pest epidemics in cassava (late rainy season)
Source: Maneechot et al. (2016)
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AemanandsnUgnifudizvds vidlsivasnantunis
Ugnaudafuieaudsvdaliongdu ies 56 Hou
iislitiuggmaugndnlaly
Hadeiviliinuasnsdadulafuiomands
fufivaneilefe Wy saatudiuevds gruzmg
\Asughe ggma warussny Biufeinunsnsion
T¥Remaiuifeafeussnuay aeandesiudnvus
nsUgnuuuinasaifudusvdeaineildiniins
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ssfudnevdaiugitauniiufidenisvedsany

Uil 16 atuil 1 unsieu - Hquieu 2562

fude (Panyangnou et al, 2013) HaNAAUDINU
mﬂwaw”l,ml:wa’me‘Luﬂ15LLUﬁgﬂTuQma’mmimﬂq
wazMIKAneIdn Usinaansloeiludieglusiy
dugndsdadudsiiasdrdaie iesnnmisazay
Usunalwenludiinuduiusdvusuianisld
lulasiauuazdsnasionisgeldlulasiouiily wandls
Wi ansdeavesly (Leaf greenness) #ldannen
SPAD fauduitusfuutualeeiludiiazasluly
(LHC = Leaf hydrogen cyanide content) hagU3uia
Twelusfiazaudisnn (RHC = Root hydrogen cyanide
content) waganuduiusinaniuuiliuanaie
\uifeileny 6 iweundaugn (Table 6) Anudusiug

gnivengiudriendsiunaninuasnisazauuds
Wudeiasdrdsfaduiu esaniilougniiu
dgndsdugou (Foungunies) Fansazauuds
Tufvemniugasifinfuuduioud 6 waznis
avauutaazAeuinnsiiludiaiioungainieusuis
iWoununiusidutisnguds wiidefudeusiuney
Sufiduanagvilinnsazauudsduiiuanas was
nduniudnadiluiounquanau nisazauudsly
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Fauduzndasifintuniuegauis 6 ifeunds
Ugn uindsaniunistuasesnisazauuiliuoy
fugeiutAe (Kittipadakul et al. 2013) ugisfu
duzrasmdnnlinananiies 3-4 ¢du/ls (Panyangnoi
et al. 2013; Polthanee et al. 2014; Akpan and Udoh,
2017) wigainsazauwleegseninedesay 19.6-25.9
d0nAaBATUTIB9UY Olasanmi et al. (2017) Ailg
Anwinislinandnvossiudrzndafiongiiuifen
el w1 nmsAnwENTnsaiesniszer 2
iWeundalgn ilnandniiszoziiuife 7 uay 12
WoundiUgnianuuaneaiu wansliiiudinii
duzndsdinisgeldsnemsuasazanndadunm 5
waz 10 WouMEU UarTI8uYeY Panyapruek et
al. (2016) lpAnwmarasenIAILANNISIAT AUV
Nysian1sasgyulnuaznananvosiud1Uzmas Ing
vpaodldans paclobutrazol (PBZ) iesfudwendseny
90 Jumaugn a3 PBZ annsndudsaugaveiy
dendmnynogegnildud1AyneEia wasfnw
Aunmudsnnnsifufoiudwevdsiionguansis
i wud1 aunmudsvesud Wendsiilisudvinaan
mslaensmuAunsRsyiule PBZ villviAnnsazany
voaulla (solubility) gean wazasalviAgamgiTivils
waSumesivdeiFulammievesutingn luszey
nssdUlaiusnsnaiy wananiinsth PRZ W4
fusfudendsiieny 210 Sundagn vidlsifudwends
Tinananrisiudendanazaunmudeiiniinslid
syazaUgn 90 uaw 150 Jundsugn egulshd nsld
13 PBZ FaLduansauqunisaigiAvlalungy
Triazole agiinavilinsiaseivlndrumiiofuvesiiy
anae IAgRIENINAUATINEINEIRY AINE1IVBITD
Suanlunarituily (Gomathinayagam et al., 2007;
Asami et al., 2000) wanAnvesiwTivtudeldsy
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Triazole o191 f unau191n Triazole finalunisifia
USinas cytokinin luity Seiinavinlhifodansaiing
wingadifiuniniu lnsamautinisdudenis
WwSydulmasiliSmnanhmaniemsiedoudeuds
mgﬁ'ﬁuﬁw’ﬁu #0AAABIAUIIUVDY Quing-Song and
Xiao-Hui (2011) Ald@nwmsliians CPPU (NH2-chloro-
A-pyridyD-N’-urea Wa g @135 paclobutrazol (PP333)
WUl Snadonisiiinuiinauds Saduusadu
nsfnwdeluinaulalumsin ez 1l#lumsugn
ﬁuﬁ’lﬂmﬁﬁﬂﬂ%’ﬂﬂﬁﬂuﬂﬁﬁmqLﬁULﬁEJ’Jﬁ;uLLaSLﬁaLﬁN
AN TAHANGR

Gl
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\WaugaANiengARInieu (Uaneggr) ﬁuﬁ:ﬁﬁauﬂqﬂ
Ieun sze 7 58809 72 uazinuasmMans 50 Jady
WS ensdaety MwSeudulagladienu 3 vie
MU 7 biles 1ﬂ%u’QLLawﬂ'§'aqgn 25-30 @3l Ugnily
dgndemuiiug Isver 0.8 x 0.8 39 0.8x 1.0 4.
Fehudsnsdianuiunaundoogussanaiesay 810
mMawleueuiugmsuteuusieulgnifle il
ANsansasgAulawazUAAnlsALaslaRnn
nslaildfans nsUgnuuuuuans nslddegns 15-7-18
W30 16-8-16 (ratio 2:1:2 30 2:1:3 %30 3:1:2) lay
aunsafiufnliuszinafounguaneuiafiguiou
SwsTERATUTZANA 5-6 oy ranAnadeUszin
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woudiesdusutsegseminedosay 19.6-25.9
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Table 6 Effect of cassava age, variety and soil moisture on cassava agronomic traits

Parameter SPAD PH RW SW HI SM LwC RHC LHC

(Unit) (cm) (gplant’) (g plant™) (%) (%) (mg kg™
Age (F1)

4 MAP 41.3* 127 389" 581 036> 9.7° 93”127 501

5 MAP 38.1° 148 683" 743 044 200°  97° 113 507

6 MAP 37.3° 147 960° 800 046> 145°  93° 104 491
F-test ** ns ** ns * ** ** ns ns
Variety (F2)

HNT 34.9° 145 478° 731 034" 132 94 46" 315°

KU 50 42.9° 137 877° 685 0.51° 16.2 95 184° 685°
F-test ** ns ** ns ** ns ns ** **
Water (F3)

0 mm 412 121° 204° 344° 0.36° 87°  92° 142° 509

5 mm 36.6°  161° 1150° 1072° 0.49°  20.8° 97° 87" 491
F_test xx - xx - xx xx xx *x ns
F-test
Replication ns ns ns ns ns ns ns * ns
FI1xF2 ns ns ns ns ns ns ns ns ns
F1xF3 ns ns ** ns ns ** * ns ns
F2 x F3 ns ns * ns ns ns ns * ns
F1 x F2 X ns ns ns ns ns ns ns ns ns
F3

Remarks: SPAD = Leaf greenness; PH = Plant height; RW = Root weight; SW = Stem and leaf weight; HI = Harvest index; SM = Soil moisture;
LWC = Relative water content; RHC = Root hydrogen cyanide content; LHC = Leaf hydrogen cyanide content; MAP = Months after planting.
* = Significantly different at 95% confident level.*™ = Significantly different at 99% confident level. ns = Not significantly different

a, b = mean values with a lower case superscript letter are significantly different at 95% confident level.

Source: Srihawong et al. (2015)
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Abstract

Plant Growth Promoting Rhizobacteria (PGPR) or biofertilizer is used for promoting the plant
growth. PGPR has several characteristics; namely to create the plant nutrients, adding certain plant foods,
supporting plant hormones creation, and to create pest control substances. From above PGPR’s abilities,
there are recently number of studies, researches and development to apply on increasing efficiency for
economic crops such as corn, rice, sugar cane and cassava. Most of the studies found that the use of PGPR
on above mentioned 4 economic crops resulted in increasing productivity by 9.8-40% instead of reducing
chemical fertilizers use by 25-50% referred to the suggestion of the Department of Agriculture. According
to the study results, PGPR is useful technologies that can help farmers increase their productivity. However,
it is necessary to continually study for the use of PGPR for different crops in different areas and

environments.

Keywords: Biofertilizer, PGPR, Cost Reduction, Increasing Efficiency and Economic Crops
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Fafinansznuselaseadravesiu vinliAudeu
aaun1n aun3dfiiduuszlevilufuaniesas
Mndgmininan FemastianudAgiunsdnnis
Aunazle lnensldlawuunaunaiuseninadeind
JeduvEd uazdoTanm dadunummslunisian
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\Husnmaluladniafiuenainazdreifiunananiiy
eiognefliusz@nsnmuds faaunsadivanuaniiy
anmnudelysvesAuviimsmzUgnaeLile sy
wuszazianenuiy wasidunsandununisudn
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Faflaunergudner 39y uarimudedininid
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=] 4

WANDS (Plant Growth Promoting Rhizobacteria)
JuwvaiiBeifiandilunisdaasunisadydvla
vosity fvanavansaneiuginulaun Pseudomonas
Variovorax, Klebsiella, Burkholderia, Azospirillum,
Serratia waw Azotobacter \Jugiu TnevialuRi3Rens
arursanvseantdu 2 Uszian Ae extracellular
PGPR (ePGPR) finuudniallsloadies uaglslounau
way intracellular PGPR (iPGPR) wulutgaasiniie
d28lun1siindu (Gray and Smith, 2005)
NITUIUNIINTLAUNISYAULAT IR UNI DS
tu amnsaintuld 2 wuu fe (1) msdaadunis
Wwigivlnvesiivlasnse taun n1smsslulasiau
(nitrogen fixation) n1sazatvNoanesd
(phosphorus solubilization) n15a3193naslsnes
(siderophore production) N15a5198835luuNY LYy
pandu lolalalu Julusisadu warn15aAAINY
Wuduvesefauluiis (2) nalnlagseu loun n1g
wAnansUTiue (antibiotic) Mdmuaulsaiis an
Usinaessigmanuinasniifuusslevidelsa
fie n1sadrsEnsAefuTes (antifungal) N1sWAR
wulvdviatenasadveudesilsaiiy n1suds
AsaUAsETenelsAfiTUsINsIN warmswiloni
A5E519AUAIENIY (Ahemad and Khan, 2011)

o a

UNUMVBININDSTUTZTUUNISHARNY

1. 10udedanaw (Biofertilizer) laun ngu

o a aa N &
wupfisendiauaiutsatvdesuniglulasiau
Tuvssermaundululasiauldduiiale gu
wuadliseludda Bejerinckia waglaganluluaiiise
ana Nostoc wuaisefiuneanesanionguy

Aa A v . P o < a
wuRiiiseNasne siderophore iieafinsswinlufiu
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AUy (Teaumroong et al, 2005) #18819U1
UnuIMYea PGPR AlgaantmduleTanim 1y
WUATIL3Y Paenibacillus polymyxa ANUEI1N158
Tunismsslulasiauls wavdsarunsodaasunis
wWighulsluiivngudmlnalaeened (Von der Weid
et al,, 2000) 3eM1sINeTuNUTUlETIwAUYe
witn Tnensldide Azotobacter sp., Bejjerinckia
sp. wag Azospirillum sp. ludendnninnzneu
Tssnuihmanausudoslusnsdn 2:1 azaedi
Vsinadlulasiaunazwoane faiiiuusslowilude
wiin $euag 6-16 uay 20-30 MUY uaziethie
winflddouuaiiiForna 3 viin sugnusidomedly
NIZONNABDINUIN UzBotnalnIsasgiulauazil
nsazaululasiau weaWesa Inuvadun uaz
waaldeu tiudundtnishildaiewuniise
(Meunchang, 2004) Failaguiinistiiuuailie
Gluconacetobacter diazotrophicus Wwae Azospirillum
wwaundudedinan PGPR WWandigdlunia
ineasnssu lenuitelsddey 1wy des 41813 laedl
swmu'hmﬂﬁﬂa%amwﬁ%ﬁmﬂuﬁuﬁ 600,000
wnan$ Tutsnadndln faudt 1999 waviiandu
1.5 &g 1wl 2000 v lduandavesiimiiudu
wasforar 26 (Mellado, 2002)

2. afeasnsggunaatyulaviesesluuiy
1A Auxin Gibberellin waz Cytokinin #38819a0a
vesuuafienduil Ao Azospirillum waw Azotobacter
F9E19UITBVRY Bottini et al. (1989) wuin nsly
Azospirillum spp. iauﬁumaﬂqﬂmﬁwamﬁmﬁ'u
HANAMUOINEY ILNITIENITNANTD T LUUN Y
JuvasaduINuUATIGY waznslauuadiisy Badllus
licheniformis fun1sUgnaunan Alder (Alnus
glutinosa) @3NIAAILEIUNITLATQYVOIAU Alder 161
stedlenBeuiiouiuitlilaldade Tnanmedlszuy
snftauysal fufifveduiutuegnefideddy 39
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{Ananansuszneungu Auxin uag Gibberellin idn
nuuafiBenduil (Ramos et al,2002)

3. AIUANARIHY (Biopesticide) NATo13598
Jaafuiivnndunneiiinanlsafitlaenalnnsde
W M3aseansuTaue @ntibiotic) a1s wunvalad
Fuder nsusadufulsafin uasniisatiaaiy
Frumuluily nmsa¥riarsufBugidunalnid
Uszavsaimuingalunisdudslsadia (Dilantha
Fernando et al,, 2006) fagufinuly Pseudomonas
fi§uAs19% hydrogen cyanide (HCN) 1ugudasadi
AoliiAnlsaduld wWu 51 Thielaviopsis basicola
avgueslsasinuinlue1gu (Voisad et al, 1989)
n30n15tTUUANLSY P. fluorescens AUU13 Rye
(Secale cereale) wuiannsadudaden Fusarium
culmorom TvhlsAslsauitenldAs sy drfinsusy
anmwesmulsitiuTinaoynafumienanniu (Kurek
and Jaraszuk-Sciscl, 2003) uay Han et al. (2005) 1@
AununuaiiBengulmifiauandiduidfonsly
ana Delfartsuruhatensis HRA finenldainusiiail
Ugndnmameunievesiudauuailioaoiusi
aansadudsmadvhaneveaunidelsaluduim
lawn Xanthomonas oryzae, Rhizoctonia solani
wag Pyricularia oryzae \Juiu

JaganwinInes

Je@in1niidfiens visdedinainuuailse

3

d9@3un15LaSatiulnve

]

a

¥ Ao Jedinini

UsenousmsuuafisenidinienAeegluiuuiiim

=

38USINNY (rhizosphere) Fyg1u150d9La3y
msasyiivinvesiield TnswuaiiFengui
fiauanusalunisadslulasiou wuanudu
Useleviuedsinemisiy aieansdinelsves
(siderophores) GU";aLﬁmﬂis%w%mwTumiﬁwm@
waniddiwadiiy laenisugafusimminuiiim
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sousnity vl s lsafivlianunsoisiamdn
TWIH1E venaniddaaruisaadiesesluudy
(phytohormones) 1y gasluungueandu (auxins)
Fanszdunsadivedivad nsuUwad uazn1g
wWasuanmvouwad airaeuledllafiua (chitinase)
wazanfiundiua (laminarinase) gosiduloiiosilsn
fiy adsansUfTueiifiognisudenauglsndialé
(Glick et al., 1999)
1. mswan{efinmiidiediiteldlunisuan

e e?ia{]a]ﬁ;ﬂ’uﬁﬂWiﬁmuﬁﬁunﬂmﬂﬂmwmmﬁmﬁa
i lldlimunsauiuszuunsuaniiy endiogis
wanAnsiledanmiidfionsinsudvnisinnsle
Wunduielflunssdefinasugia T

1.1 JeBanmfidfions-Tu (PGPR-1) 14
dmsutnalng 912919 Usenaumiegdunid 3 vila
laun Azospirillum brasilense (TS13) Azotobacter
sp. (125) way Bejjerinckia sp. (TB5-26) 1iude
FanmiusznoumsuuaiBenguifedfunioni
nquiy dadunguuosuuaiiiFenainvarsvianie
vainuatgaewus wuafidenguiiaiunsanss
lulnsiau Hreazarevleainn wansesluu duaiuns
\iguivlavesiivuazamnsansalulmsiauniingud
Wuuszlewivessineinisiiguiseiinludy
(Department of Agriculture, 2012)

1.2 Je¥nmiidfiens-y (PGPR-2) 1ddwsu
417 Usenaudieqdund 2 vlia laun Burkholderia
vietnamiensisc W @& ¥ Azospirillum brasilense
flanunsassslulpsiauarangsinervsiinsseglufiu
uazasNEINTEAUM SRSYWUlnvesivAa e anTY
(1A8) TnsuuadiFomdrdausanidlulasiou uas
Winguiudselovivessinemsfivunsviinlufu
ALERNNITIATEYVRITINT T Seenunsatefiuitudiin
snvhliRunsgatuassgemsldunnning
(Jacoud, 1999)

1.3 JeTinmfidfions-n3 (PGPR-3) 14
dmsudasuasdiud1Usndausenouniuqdunse 2
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win leun Azospirillum brasilense DASFO4008 Wag
Gluconacetobacter diazotrophicus BR11281 i
annsarsslulasion azanesigemsiieseglufu
wazai1aansnseRuNsasuiulnaggoandu (AA)
TsuuafiFoimanianmsasialulpsaudnguiiu
Usglouvessinormsiivunssialufy daadunis
Wiaivlnvessndosuariud s ndedaedia
fuirnsnilifumsgmiuasis (Department of
Agriculture, 2016)

2. imsgruvesiafinmitiniensadesszyie

a N 6w

ananeivedans uarlivsunnqdunidsusessiu

v
= 3

srovmadustliidosnit 10° 1aladl vioiwadseiniin
Jedinn 1 nsu lngBasadnaeivsunauuailse
Tudledrnmidnens Wunstudiuiugdunidis
FAndsannsarinduiuuasisdgiuladugllalad
W3 Tl (agar media) lnauufgudn wwad
viluwadvienguuesiwadiogindy Auaziiudiuiy
winuaufudunialalad fregran1stuuay
ArnUsinakuaiiisensalulasiaungy aerobic
PIEIBNIT viable plate count 1 5EAUAINTDANG
yoadedildiniy 10 S1umilaladiituléainaiy
wngidiena 3 99U Ae 35 40 uay 45 AUAIFY Wi
s nuieiiduld Wity 35+40+45 = 120 Talail
wiAnedsdnnulaladisuiudie 3 wihiu 120/3
=40 nduguAadeiléfedunduresssiumiu
139919 waz 10 Wiy 40x10%10 = 40x10° laladl
Usustavlsiegarilndides = 40x10°= 4.0x10°

1%

Teladl enunaiiewldduinudeiiddindonsu
Jodrnn a1ndregafiuTuiugdunidniidia
Uszanas 4.0x10° vise 4,000,000 lalatinaniuvesde
1w (Department of Agriculture, 2008)

3. FnslilleTanmitaiens dnaneTBaueg v
wiaity leun nsrgniuiwdn mswauiudendn n1s
naufudewndl Msdanuuuviouiug wasnsudvieu

g s
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4. nafusnudeinmiidfions asiiuinw
fgaumgiininda 25°C laililaunaruiou uasunn
asafidudy ety Wolaldudasiuldlivun
dufufigaungll 10°C anansaiiulél 3 Feu

5. dodinveslsdanmitifiens Tuegiudat
A199 liun anauazaieiuguuaiise vlinvesdiv
aulifvesiu Ussvinsqduvidfeangvsuazdouly
nsanmwIndon wazlaeilundsmslddedinim
Uimauuaidszanasegeninigs idosain
auulsUTwesan wadeuiliannsnauaule
Fsdtnwudinanismaaesluanindasaideduly
535UYIATAINULANAI9A UL (Bashan and
Levanony, 1990; Meunchang and Panichsakpatana,
2008; Meunchang et al, 2006a; Meunchang et al,
2006b) uenniisfimesunansifeiinuty nsld
wuafiBeduaiunisiesyiulavesaeiugidaden
Tuviesiu flvinandnfninaeiudinnsgiu (Murty
and Ladha, 1998; Fulchieri and Frioni, 1994)

UNUINVBININBIS TUSTUUNSHANTNY

1. 417lna

Thurmanuset al. (2016) ladnwinavele
Fanmiiaiions 1 Puduleniinenandaubanug
vaatalwadamiedding wudn mslddeisuusii
\NEASATIINZEY (good agricultural practice; GAP)
il lnadrimiadindnandnudaiuguind
gauslinneiunslgdanuu PGPR1+75%GAP Lana
Tiduinsianlusuuuuiduguuuuiifidneamly
mslinandnudaiug wasdaunsaldiduuuimis
\evrwanUuunislideiniilunisndnudniug
d1alwadrnniloadiasacls Prongunteak et al.
(2014a) lafnwmansldndniens 1 den1sandunu
nsudatnalnannulaglddnalnamnuiuglausndg
3 lud 2556 wuinrluwUaanaaes mawanyd 7

a

7

24 AMTAINNYAITNISITU

dnwaziulufusiudumisy 91alwanauli
nandndeligenin wammaeslufusiudunse 9
AIN.UATAITIA WA lUTAINUANAII UNI AR
(Table 1) waziilowiuiiaseinaveanisldde
FanwiidfionluuirudunseifdunisTaguay
Woavla3asih wui1 annsnanmslideiaiilulngiau
wazvloaneda lauszana 50% vesdnsiuuginmy
ANILATIENAUYD S Department of Agriculture
(2005) drwludusrumierfiiiveariedags aisa
annslddelulasiau uwaglnunadeoulivssuin
25% ¥098M3LUzUIAIUAITLATIZNAUY D
Department of Agriculture (2005) wandliiiuintey
FrnmdafiosmevausdluAuiifianugauauysaii
Andlufuiifimnugauaysaige

Prongjunteak et al. (2014b) la@Anwna
vostlefanmitifens 1 lumswdndnlnadesdng
wud nsliledinmiiiiensiiesedaudedluuuag
Ugninilwaiesdoiiusuasanssd 3 Addnvasdu
Ausulunsy inanauunumMaATesiveEdan uag
ansaannisiddeiailulasiau Wearesa uas
Tnunaidien 16 50% vednsuuziinuAingz
Auvesnsuivinisinuns druluulamaassiiuiiy
wilenduwilifuaiuisaannislddelulasiau uag
Inuwnadoulaussana 25% 38R LuInIuan
AATAAUTBINTUIVINTINEAT TeaBnAdDIfY
31897U884 (Prongjunteak et al,, 2016) fiwuan e
finmsladeniifesziugemuAiugdinuainge
fu Vnailulnsiounazsineimsdus snusmene
ANUABINTISTRIT WAL N15laleTanInidiens
dlsimevaussisniseivlulasiau uazmsgaldsin
959U uilesinsannisldteiatias 25 uaz
50% fnavinlvinandn wazesdusenounandnlaill
AsuAnsatunean Slidud Yot widfiens
aunsnfinUsansannslddeiaiuaziini gl
lulpsiuusdniudnlnaanmnislulasiauiuy
Sase MadaanfiunisgasineImsuagni s
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USU51NINNINERDBNTU (IAA) YBI9aUNTY R
bilaifanuunnssfunsadftunslddendisng,
WuztMUATIAT BRI EIRE1REY

2. 41

Meunchang et al. (2004) lduanide
Azospirillum sp. 31 WgNHUTANTTUYT 50 Uay
4111 wazladnisihunimundundadaueidednin
f3fensdmsudnlaelFlusunuuitenanszuing
Azospirillum brasilense TS29 Wwag Burkholderia
vietnamensis 565 9ntuldinluldluudamaaeg
YBINTUIVINTNATUALUUAIVDUNBATNT WU
nslddedinimiidnenssiududenidn Juiad
lulpsiau 1.5 Alansusiels uashiuneamnluann
Audne Auniler sunenad Fandauasaissd v
Tinandnmdatnufisdu 9.8% aunsnandununis
Tiesnimslideiaiinumuuziinislideind
auAAzauld 40% viliinwnsnsinelfida
astuninsldoniuduugiinsldioedaiue
A5z 33.7% Jeaenadesiunanisidones
Department of Agriculture (2016) #i¥1n15MAa8 4
nslddaiaiiniuiudedinniidnens 2 luulasun
nwnInsdaningivs il U 2553-2555 wui1 n1sld
JoFr0mii3Ifes 2 awnsavaoifiunandn 40
Wosidus uazannislddeindl 35.8 1Wosidud
(Meunchang et al., 2007) (Table 2)

3. 908

Meunchang et al. (1998) lavinn1sAne
n1swnsnsganeveswuaiiieludesanaiugingly
U 2538 waz Dobereiner U138 lHuauLTe
Gluconacetobacter diazotrophicus BR11281 \ie
MAnw3deludesareiiuging foun Meunchang
et al. (2005) lduenide Azospirillum Awenldan
59n988 @renuglinefieds phylogenetic analysis
wu lelgtan TS8 fdanuadeadsiu Azospirillum
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brasilense 98% FelfuuuaisuanafanenanIun
Waundudedinmiidfiensdnivdosuay du
dUendalugunuu multi straining inoculums wag
Aou1 Meunchang (2007a) laiinluneaeslunias
NAaeIvesAudITe Aelunsuivnsinuns uas
wlaununsng wuinislddedanniiinens 3 du
doudigannisidleinilunisugndesle 25
Wodidus Jsaenndosiu Meunchang et al. (2015)
linnaeddleFinniiifiens 3 Saudulaniisns
#eq fuludesuan deune 1 uazdesne 2 fiugnlu
Ausruneiigudiseuazimuinisinunsiesidn
wu31 nsladedinmidnelsarunsaannislade
lulnsiaula 50% vseanlewndl NPK 1a 25% voq
899 UuztMUATIATIZIRY YBINTUININTINYAT
IAEHATIATIENTNTINARNDULNUIINNTTAIMNU WUT
nsldeTanmiiifiens 3 Snanouunudiniuain
mslddeniliieagnaifietagredna (Table 3) uag
dedamumanslivselonilunduinunsnaidmane
AT mdifiens 3 lumsugndes wud1 msld
JeFainniianensanunsaannslaleld 33-43%

4. fudzvas

Meunchang (2007b) lasinnisanunisaaiden
aneffugiifersifidneainlunisdaaiunis
Wingiulnvewiud1Usvds wud1 msUgndudends
ftusszees 9 lunsenemaneshunmeiildidenauves
wuaiSasta 3 vlinsaudu Ldud Azospirillum
brasilense  Burkholderia vientnamiensis & a ¢
Gluconacetobacter diazotrophicus 3z %119 n15
WigpAulauasiauinisvesiud s ndsiian uas
glovuuaiiFedananandndulefinmitifies 3
dwfuifuduznds Geseun Meunchang (2014) 1¢f
Anwinislidetanmitifions 3 ileifiuaunmuas
nardnsudUzvduamaaesiunsefiguiideii
l35g0e U 2555/2556 wui1 msladedinmiidniens
3 yilvinanAnvisuaniiauuane1aiuns s slild
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{pogafiteddymeadn Inenandarhifuaniuty
16.2% drumsladeinisnsiaiuilinaniniaiu
anflanuuansnafuegalteddybmieadniuish
lale UfAseduiudszning 2 Jade livivlvinandes
Wiluaniianuuansaiuneeds dansladewnn
Tinandautsfianuuansnsiued 19ildudAgeans
frunssuislald wasufisenduiusseving 2 Jade lu
inlvinandnuwlavesiuduendunnd1aiunisais
(Table 4) Lilp1ANILATILNARBULNUNILATHFAD
nud nsaslddedinmitdfionsiinanauunuun
fign msgidunuaiiedinmiissegiufen 40
uw/ls (Table 5) d@ulumdasiusiudunsie wuinms

PRUAUDIUAIHANG NI RY InTERuliANnuALY ol
a9 faifu mslddedanin A3fens 3 vioteweilaivi
Trnssyiulpuasnanandudena dinulaneng
fuynaadiAfunsnisilildle Jeaenndesiunosu
984 Meunchang et al. (2012) wag Amawan (2012) i
insAnwinislddedanniidnenssiudunisly
Jondilulnsiaudnsaneg lunsugndudivends
TuAunsie 189w nssisvaaesiilédedanin
#3fiens 3 anwnsnaanslddelulasiauld 50% ves
FRTIUULUINIUAIILATIZRAUTDS Department of
Agriculture (2005) uazdslinanauunuiigefian fe
9,096 v/ls

Table 1Weight of yield per Rai of hybrid 3 maize after application of PGPR 1 bio-fertilizer together with

chemical fertilizer at different ratio in 2013 at Lopburi and Nakhon Sawan Agriculture Research

and Development Center

Plot 1 Lopburi ARaDC

Plot 2 Nakorn Sawan ARaDC

Method (Clay loam) (Sandy loam)
Yield (kg rai™) Yield (kg rai™)
No fertilizer 3,787 516 b
13-0-0 Fertilizer kg/Rai 4,462 1,920 a
PGPR bio-fertilizer 3,533 759 b
PGPR bio-fertilizer+0-10-0 fertilizer kg/Rai 4,253 842 b
PGPR bio-fertilizer+13-10-0 fertilizer kg/Rai 4,302 1,600 a
PGPR bio-fertilizer+9.75-7.5-0 fertilizer kg/Rai 3,973 1,879 a
PGPR bio-fertilizer+6.5-5-0 fertilizer kg/Rai 3,858 1,659 a
F-test ns *
CV (%) 12.51 17.66

The same characters are not statistically different at 95% confidence level using DMRT.

Source: Department of Agriculture (2012)
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Table 2 Effect of chemical fertilizer together with PGPR 2 bio-fertilizer (rice) application in farmer’s field in
Uthai Thani Province 2010-2012

Application Fertilizer Pre-test Fertilizer Applied Fertilizer Ratio When Mixing Seed with
Formula Ratio Application Rice PGPR Bio-Fertilizer (kg rai™)
(kg rai”) 2010 2011 2012
First 46-0-0 27.0 19.0 19.0 19.0
Second 16-20-0 15.0 15.0 15.0 15.0
46-0-0 12.0 7.7 7.7 77
Third 15-15-15 15.0 77 7.7 7.7
0-0-60 4.0 4.0 4.0 4.0
Paddy yield (kg/Rai) 750 900 1,000 1,050
Fertilizer cost (baht/Rai) 1,135 730 730 730
Net income (baht/Rai) 11,250 13,500 15,000 15,750
Value/cost-ratio of fertilizer
application (VCR) o1 18 20 216
Percentage of reduced fertilizer 0 35.8 35.8 35.8
Percentage of increased yield 0 20 33.3 a0

PGPR 2 bio-fertilizer applied in the experiment composed of Azospirillium sp. T529, Curtobacterium sp. J10 and

Burkholderia sp. S45 microorganisms with not less than 1.0 x 10° cells per gram according to Fertilizer Act.

Source: Department of Agriculture (2016)

Table 3 Economic return of Khon Kaen 3 a cultivar sugar cane when applying PGPR bio-fertilizer together with

chemical fertilizer at different ratio in sandy soil at Roi Et Agriculture Research and Development Center

Chemical Fertilizer PGPR Bio-  Sugar Increased  Increased  Fertilizer Value/cost-ratio (VCR)?
N-P,Os-K,O kg /Rai  Fertilizer ~ Cane Yield Yield Income! Cost?
(kg rai™) (kg rai™) (kg rai™) (baht rai') (baht rai’) Total VCR  PGPR-VCR
Not Apply 12,665 0 0 0 0 0
0 Apply 13,097 432 499 40 12.48 12.48
12-6-12 Not Apply 17,166 4,501 5,194 1,095 a.74 0
6-6-12 Apply 18,608 5,943 6,858 900 7.62 2.88
9.5-4.5-9.5 Apply 17,069 4,404 5,082 825 6.16 1.42

!Sugar cane price is 1,154 baht/ton (Sold price farmers had in Roi Et province area in December 2011).

2Chemical fertilizer price of 15-15-15 formula is 18 baht a kg., 46-0-0 formula is 16 baht a kg., 0-0-60 formula is 20 baht a
kg. and PGPR bio-fertilizer is 20 baht a bag (Fertilizing ratio is 2 bag/Rai).
3Ratio of incomes from increased yield by fertilizing (Value to Cost Ratio, VCR).

VCR = (Increased income by fertilizing/Cost by fertilizing). For farmers with limited budget, critical level is 2.0.

Source: Department of Agriculture (2016)
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Table 4 Effect of PGPR 3 bio-fertilizer together with chemical fertilizer application at different ratio on

growth and yield of Rayong 9 a cultivar cassava in sandy soil at Rayong Field Crops Research Center

2012/2013
Root Yield Starch Yield
Fertilizer Application
(kg rai™) (kg rai™)
A. PGPR bio-fertilizer (1 kg/Rai)
Bo= Not apply 5,851 b 1,695
B;= Dip cutting before growing 6,796 a 1,915
B. Chemical fertilizer ratio (N-P20s-K>0O kg/Rai)
Fo= 0-0-0 5,343 b 1,541 b
Fi= 16-4-16 1,222 a 1,737 ab
F,= 8-4-8 6,667 ab 1,953 ab
Fs= 4-4-4 6,053 ab 1,989 a
C. B x F interaction
BOFO 4,558 1,321
BOF1 6,545 1,703
BOF2 6,479 1,949
BOF3 5,822 1,805
B1FO 6,127 1,760
B1F1 7,898 1,770
B1F2 6,875 1,957
B1F3 6,285 2,173
CV (a) % 4.18 7.49
CV (b) % 10.6 12.2

Note: Average bio-fertilizer or chemical fertilizer application at different ratio with the same character are not statistically
different at 95% confidence level using LSD. Average bio-fertilizer and chemical fertilizer application at different ratio
(C) with the same character are not statistically different at 95% confidence level using DMRT.

Source: Department of Agriculture (2012)
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Table 5 Economic return of Rayong 9 a cultivar cassava when applying PGPR 3 bio-fertilizer together with

chemical fertilizer at different ratio in sandy soil at Rayong Field Crops Research Center 2012/2013

Method Yield Increased Fertilizer Cost’ Return of Fertilizer Cost (VCR)?

N-P,05-K,0 kg/Rai (kg rai) Yield (baht rai?) . N

B VCR VCR with PGPR
(kg rai™)

No fertilizer 4,558 0 0 0.00 0.00

No fertilizer + 6,127 1,569 40 39.2 39.2

PGPR bio-fertilizer

16-4-16 6,545 1,987 1,282 1.55 0.00

16-4-16 + PGPR 7,898 3,340 1,322 2.53 0.97

bio-fertilizer

8-4-8 6,479 1,921 739 2.60 0.00

8-4-8 + PGPR bio- 6,875 2,317 779 2.97 0.37

fertilizer

4-4-4 5,822 1,264 468 2.70 0.00

4-4-4 + PGPR bio- 6,285 1,727 508 3.40 0.70

fertilizer

'Chemical Fertilizer prices of 15-15-15 formula is 18 baht a kg., 46-0-0 formula is 16 baht a kg., 0-0-60 formula is 20 baht a
kg. and PGPR bio-fertilizer is 20 baht a bag (Fertilizing ratio is 2 bag/Rai).

2Average cassava price is 1,900 baht/ton.

®Ratio of incomes from increased yield by fertilizing (Value to Cost Ratio, VCR).

VCR = (Increased income by fertilizing/Cost by fertilizing). For farmers with limited budget, critical level is 2.0.

Source: Department of Agriculture (2012)
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Mechanism of Insecticide Resistance to Insect

Siripuk Suraporn”

Department of Biology, Faculty of Science, Mahasarakham University, Kantarawichai,
Mahasarakham 44150, Thailand

Abstract

Insecticide resistance is a major problem in pest control. Upon exposer to insecticides, most of
insects die but some of them are still alive, reproduce and create more resistance insects with increasing
in every generation. The major classes of insecticide include organophosphate, pyrethroid, neonicotinoid,
and carbamate have been used for insect control. The mechanisms of resistance can be started before
insecticide entering to inside the body of insect; behavioral resistance (avoidance) and reduce
penetration. After ingestion, resistance mechanisms are involved in excretion or sequestration,
detoxification, gene or target site mutation, and cross resistance. These mechanisms increase potential of
their resistance to insecticides. The effects of insects that are resistant to insecticides include increasing
the amount of insecticides use, residues of toxic substances in ecosystem, and harmful to consumers.
Therefore, the guidelines of prevention can be consulted an advisor and local expert for insecticide
resistance management; provide information and training to farmers, watch the insect pest population,
development of application program on portable device for insecticides in the fieldwork. These

resistance management guidelines can help to reduce insecticides resistance.

Keywords: Insecticides, Insecticieds resistance, Metabolic resistance and Target site mutation
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Fig.1 Structure of the major classes of insecticides, Organophospahe, Pyrethroid, Neonicotinoid, and

Carbamate, which are represented by profenofos, deltamethrin, imidacloprid, and carbaryl,

respectively. (Suraporn, 2008)
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Fig. 2 Cumulative increase in the number of species resistant to insecticides, number of insecticides has

1940
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shown resistance, and number of insecticides traits (GMOs) has been reported (Spark and Nauen,

2014; Nauen, 2006)
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Fig. 3 Main steps of insecticide-insect interaction; insecticides contact with insects, penetration,

insecticide transported to target site of its insecticide causing death of insect (Després et al., 2007)
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wad dnalnnistuansiunseanmnuluiuuedans
suuaslaognsls & Després, et al., (2007) londeu
wandlaozunsy (Fig. 4)
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Fig. 4 Resistance mechanisms (solid color), avoidance, excretion, sequestered, metabolized, target site

mutation (Després et al., 2007)
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Fig. 5 Insecticide - insect interaction and mechanism of insecticide resistance in insect (Pittendrigh et al.,
2014)
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The Effects of Chemical Composition of Rice Flour on Physico-Chemical and
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Abstract

Rice flour is an extremely versatile material, which is made from grinding rice grain. It is utilized
for producing both food and non-food products. The qualities of rice flour including physicochemical and
functional properties are important keys for controlling and predicting the products qualities, particularly
in foodstuffs. Different properties of rice flour are contributed to the various quality attributes in the final
products, which effecting to consumer buying decision. Thus, a reasonable understanding of rice flour
properties is necessary for manufacturing or fabricating novel rice-based products. Rice flour properties
mainly depend on the chemical composition, influencing from rice varieties, growing conditions, as well
as rice flour processing. There have been several pronouncements described the relation between rice
flour composition and its properties, however some disagreements, ambiguities, and conflicts in the
formation have been seen. Therefore, this work aimed to provide more current information of the effects
of chemical composition on rice flour properties, focusing on relationship between chemical composition
and its properties.

Keywords: Rice flour, Chemical composition, Pasting, Thermal and functional properties
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Introduction

One of the most substantial cereals in the
world is Oryza sativa, universally known as rice.
The cereal is a member of the tribe Oryzeae
(Poaceae), belonging to the grass family.
According to USDA (2017), rice has been
produced about 487,125 thousand metric tons
throughout the g¢lobe in 2016-2017, nearby
19,200 thousand metric tons of that has been
manufactured from Thailand. At the same period,
its consumption has also been raised up from
Thailand, nearby 480,959 thousand metric tons
(USDA, 2017). As a result, rice is considered as one
agricultural product that running the world
economy. Rice utilization, it is comprehensively
consumed in a grain form. Nonetheless, the
powder form (rice flour) is extensively conveyed
to food product manufacturing by reason of
convenience of using.

Rice flour is a versatile matter that is widely
used as raw material and also an ingredient in
numerous products such as salad dressing, baby
foods, bakery, pasta, noodles, gluten-free
products, as well as snacks (Hui, 2006). Regularly,
it is prepared from milling rice grain (Setyawati et
al, 2016). The differences of rice varieties,
growing conditions of rice grain, and also rice flour
processing have an effect on the rice flour
chemical composition including carbohydrate,
protein, and others (Falade and Christopher,
2015). The various chemical compositions
contribute to the different properties of rice flour
such as pasting, thermal, retrogradation, and

functional properties, in which these properties
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affect the quality attributes of the final products
(Putseys et al,, 2010). In consequence, a good
understanding of the relation between the
compositions and properties of rice flour is
necessary for fabricating or developing the novel
products, since it can predict or control the
qualities of the final products (Mir and Bosco,
2014).

Many studies focused only on correlation
between carbohydrate content (specifically
amylose and amylopectin) and rice flour
properties (Varavinit et al,, 2003; Wang et al,
2015). Nonetheless, the properties could be also
ruled by other components (e.g. lipid, protein)
that are contained in the flour (Putseys et al,
2010; Parada and Santos, 2016). These lead
several scientists trying to find out about the
relationship between the chemical compositions
and rice flour properties, however some
disagreements, inconsistences, confusions, and
also arguments in the information still have been
found. An ambiguous perception of rice flour
characteristics could lead to inferior quality
control in starchy food production.

Hence, this work aims to deliver a better
understanding of the effects of chemical
composition on rice flour properties. Hopefully,
this review will be useful for choosing an
appropriate rice flour to manufacture food
products and ruling the qualities of foodstuffs or

any other that related to rice-based products.
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Rice flour processing

Rice flour is manufactured by means of
grinding/milling the whole or broken rice grains.
Largely, the milling methods are categorized into
3 approaches including dry, semi-dry, and wet
millings. These three milling techniques are
broadly used to prepare rice flour in both
industry and household.

The first milling process is dry grinding, the
broken and whole rice grains are ground by the
hammer mill or pin mill without adding any water
(Asmeda and Noorlaila, 2015). This process is
somewhat convenient for conducting. However,
the dry grinding method caused some damages
to starch granules because of heat generating
during processing. This phenomenon is cause of
exposing hydrogen groups, in which the groups
will be able to interact with water molecules
while the flour being used or applied in the food
processing with adding of water
(Leewatchararongjaroen and Anuntagool, 2016).

In the meantime, the other two grinding
methods that are semi-dry and wet milling
processes require water during conducting. In the
case of semi-dry milling, rice kernels are soaked
with water. Then, these are drained and dried
before grinding (Arendt and Zannini, 2013). The
last method for preparing rice flour is wet
grinding. In general, rice grains are soaked with
water. After that, they are ground with excess
water (Tong et al, 2015a). Rice flour that is
obtained after grinding method undergoes to
drying process (40-60°C) to decrease its moisture

content (<15%), subsequently rice flour from
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semi-dry and wet milling methods is reground
(Hui, 2006).

Conditions of the milling processes such as
time and ratios of rice: water for soaking (semi-
dry and wet grinding processes), along with
temperature and time for decreasing moisture in
all grinding techniques could be different in each
manufacturing, depending on the facility,
practicability, and convenience. The differences
in the conditions of rice flour processing are
presented in Table 1.

Different grinding techniques and conditions
provide the variation in rice flour chemical
composition (Table 1). Rice flour prepared by
means of semi-dry and wet grinding contains less
soluble components such as soluble protein,
sugars, and non-starch that bind with lipids, since
those components are dissolved during the
soaking process (Kale et al, 2015). Chiang and
Yeh (2002) also confirmed that wet grinding offers
the lower lipid and protein contents to the rice
flour. However, rice flour that is prepared by the
wet and semi-dry milling processes has finer
particle size as compared to dry milling, giving
smoothness and consistency to final products
textures. In terms of functional properties, the
values of water absorption index, flour swelling
volume and solubility in rice flour made from dry
grinding are higher than that of rice flour prepared
from the other two methods, fitting with products
that require high specific volume (Asmeda and
Noorlaila, 2015).
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Rice chemical composition

The most enormous content that s
universally found in rice is carbohydrate (over
70%) and the second one is protein (usually
found as 7-9%) (Thirumdas et al, 2016). In
addition, the small amounts (<5%) of lipid, ash,
as well as fiber are also observed (Table 2). Rice
flour presents different chemical compositions
because of the differences in varieties, growing
conditions (e.g., soil and weather), and also rice
flour processing (Serna-Saldivar, 2010).

Carbohydrate is consisted of starch,
cellulose, hemicellulose, as well as sugar
(sucrose) (Mir et al., 2014). According to Oko and
Ugwu (2011), starch is the biggest part in rice
carbohydrate (generally above 70%).
Nonetheless, some rice varieties including Jamila
(49.2%), Jeep (47.6%), and Kwandala (46.5%)
(Table 2) have the less number of starch content
than 70% due to containing higher in other
contents. The main components that are found
in starch are amylose (AM) and amylopectin (AP).
Regarding the difference of AM content, rice flour
is divided into 2 types, non-waxy (#2-37%) and
waxy rice flours (=1-2%). This content s
presented in a single-helix form due to hydrogen
bonding among glucose molecules (Fig. 1 [g]).
However, it is also consisted of light branches,
supporting from 0Ol-(1, 6) glycosidic link-ages
(Tikapunya et al., 2017). AM has an average
molecular weight of 2.5x105 (Hamaker, 2007). It
can associate with free fatty acids, fatty acid
components of glycerides, some alcohols, and

iodine, because of its hydrophilic groups (Putseys
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et al., 2010). Besides, the formation between AM
and iodine can turn amylose color to blue (Fig. 1
[f]), using as AM determination. On the other
hand, AP is known as the highly branched
polymers, consisting of 5-6% Ol(1, 6)-glycosidic
link-ages (Fig. 1 [b]). Nevertheless, its primary
structure is still made of Q-(1, 4)-glycosidic bonds
(Zhu, 2015). AP is composed of approximately
600,000 ¢lucose molecules, which has a
molecular weight of 10° (Seager and Slabaugh,
2011).

It is generally represented in a double-helix
form, in which the integration of that form is
contributed to double-helix cluster, as shown in
Fig. 1 [d], located in the crystalline areas. In
contrast, the branch points of AP are commonly
situated in amorphous regions (BeMiller and
Whistler, 2009). According to Hamaker (2007), the
branched chains of AP are categorized into A, B,
as well as C chains (Fig. 1 [e]). A chain is
considered as no further branching point,
whereas B chain contains one or more branching
points. A chain that was possessed reducing end
is known as a C chain (Hii et al,, 2012).

Protein in rice has been found around 5-12%
(Table 2). According to Juliano (1993), the rice
varieties that contain protein content higher than
10% have been considered as a high protein rice,
such as K/A92VMO0611 (12.63%) and Beihan
(11.94%) (Table 2). Whereas, the varieties that
contain protein content around 7% or lower have
been considered as a low protein rice, including
TK8 (6.4%), Jamila (7.7%), MR 219 (7.7%) (Table
2). Rice protein is consisted of glutelins (80%),
globulins (10%), albumins (5%), and prolamins

MIFANNYAITNISITU 53

Volume 16 Number 1 January — June 2019



Prawarun Agr. J. Volume 16(1) 2019, Pages 49 - 70

(5%), considering as the hypoallergenic and highly
digestible proteins (Amagliani et al.,, 2017).

The amount of protein content in rice flour
mostly depends on nitrogen fertilization and
water availability during rice grain growth (Serna-
Saldivar, 2010). According to Hui (2006) and
Parada and Santos (2016), protein contains both
hydrophobic and hydrophilic groups, and also its
side chains can associate with AM, known as AM-
protein complex. For that reason, protein is one
component that plays an important role in rice
flour properties. Sun et al. (2008) studied the
effects of protein on rice flour rheology. They
found that protein increased heat-resistant
capacity and kept hardness and stickiness of rice
flour gel when the temperature is changed,
whereas it decreased pasting temperature.
Pracham and Thaiudom (2016) also studied the
effects of Jasmine rice flour protein on the
textural and rheological properties of pudding
made from that flour. They reported that protein
increased  adhesiveness,  springiness,  and
cohesiveness of the product.

Lipid is not plentifully presented in rice flour
(0.3-3.9%) (Table 2). Rice lipid is composed of
several fatty acids such as oleic, linolenic, as well
as palmiotic acids (approximately 75-95% of total
fatty acids) (Tester et al, 2004). According to
Hamaker (2007), the main lipids in rice flour are
triglyceride, along with the small amount of
phospholipids, slycolipids, as well as waxes.
Some lipids in rice flour can interact with AM and
also the branches of AP under a high temperature
condition, specifically polar lipids such as
monosglycerides, lysophospholipids, and fatty
acids (BeMiller and Whistler, 2009). The
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relationships between rice flour properties and
lipid have been reported. Tharise et al. (2014)
described that having higher lipophilic parts in
rice flour tended to increase the value of oil
absorption index, improving mouth feel. Tong et
al. (2015b) studied effects of lysophospholipids
on rice flour properties. The authors found that
the lipids had an effect on rice flour pasting
properties including trough and breakdown
viscosities due to restricting water absorption and
swelling  of starch  granules.  Moreover,
gelatinization of rice flour is also influenced by
AM-lipid complex (Bhandari et al, 2013).
Consequently, rice flour lipid is one component
that has an impact on the final product quality
attributes.

The crude fiber is the indigestible
carbohydrate parts that could not be digested by
dilute acid and alkali, such as cellulose,
hemicelluloses, pentosans, and lignin (Kaur et al.,
2015). Values of crude fiber in rice flour have
been found in the range of 0.1-1.5% (Table 2).
Dietary fiber or total dietary fiber in rice flour
consists of non-starch polysaccharides, inulin,
resistant starch, and fructo-oligosaccharides, in
which the non-starch polysaccharides could be
categorized to soluble (non-cellulose) and
insoluble dietary fibers (cellulose and non-
cellulose) (Murray, 1997). These carbohydrates
could not be digested in human small intestine
because they are able to resist digestion by
human alimentary enzymes, although the
carbohydrates are partially fermented in the large
intestine by microbiota (Chawla and Patil, 2010).

The values of soluble, insoluble and total dietary
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fibers in rice flour have been found as 1.1-1.3%,
1.1-1.4%, and 3.2-9.8%, respectively (Table 2).

The fiber contents can help to prevent
constipation and increase mucin secretion for
lubrication, resulting in a lower incidence of
colon and rectum cancers (Strugala et al., 2003).
Therefore, the fiber contents are considered as a
health benefit provider.

A little amount of ash has been observed in
rice flour, in range of 0.3-1.8% (Table 2). Higher
value of ash content contributes to higher levels
of mineral elements in rice flour (Arendt and
Zannini, 2013). According to Kale et al. (2015) and
Reddy et al. (2017), minerals that are usually
found in rice (Chak-hao Amubi, Chak-hao
Angangba, and PB1121) are potassium (449.2-
2,048.4 mg/kg), magnesium (56.8-568.5 mg/kg),
phosphorous (456.7-2,248.1 mg/kg), calcium
(16.3-136.2 mg/kg), manganese (1.3-377.2 mg/kg),
and also zinc (20.2-431.8 mg/kg) (Table 2). There
is no reports on the relation between ash
content and rice flour properties such as pasting,
thermal, and functional properties. However, too
high ash content might affect rice flour color,
especially decreasing the lightness (Verma and
Srivastav, 2017).

Pasting properties

Pasting properties of rice flour are generally
determined with a rapid visco analyzer (RVA), in
which the machine provides RVA profile (Fig. 2
[a]) and pasting parameters. Values of rice flour
pasting properties including peak, trough,

breakdown, final, as well as setback viscosities
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have been found as 427-7,771 cP, 391-4,104 cP, -
4 cP to 4,974 cP, 974-7,581 cP, 203-3,980 cP,
respectively (Table 3). Pasting properties of rice
flour are measured under excess water with
heating. Firstly, rice starch granules absorb water
and swell (Tester et al., 2004). Then, the overlaps
of swollen starch molecules lead to the increase
of viscosity.

Next, the over absorptions of energy and
water result in breaking down of starch
molecules and solid components leaching out,
decreasing viscosity. During cooling process, the
re-arrangement of starch molecules is occurred
by hydrogen bonding among starch molecules,
increasing viscosity again (Kaur et al,, 2015).

Carbohydrate (particularly starch) is the
main content that has a great influence on rice
flour pasting properties (Falade and Christopher,
2015). Nevertheless, the two components in
starch, namely AM and AP have different effects
on these properties. Gani et al. (2017) found that
higher values of peak (4,420 cP), trough (2,342
cP), and breakdown viscosities (2,883 cP) (Table
3) in rice flour are encouraged by a higher
amount of AP. Serna-Saldivar (2010) also
reported that high values of those pasting
properties could be caused by high number of
AP, thanks to the good abilities to attach and
hold water molecules by its highly branched
chains. These support to more swollen starch
granule, increasing viscosity, providing smooth
texture to products, indicating low heat, and
shear tolerances (Varavinit et al., 2003).

In the meantime, another content in rice
starch (AM) brings about to high values of final

and setback viscosities in rice flour by reason of
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a good re-association of starch molecules,
encouraging from its linear structure (Seager and
Slabaugh, 2011). On the other hand, this
structure contributes to a less occupied volume
of starch granule hydration, that its cause of
dropping values of peak, trough, and breakdown
viscosities (Hamaker, 2007). According to Lin et
al. (2011) and Tikapunya et al. (2017), AM tends
to decrease peak (610-924 cP), trough (=400 cP),
as well as breakdown viscosities (159-527 cP) in
rice, while which contributes to the high value of
setback (2,256-3,766 cP) (Table 3). These
contribute to the high stability or consistency of
rice flour gel, providing hardness and integrity to
food product textures (Lin et al, 2011).
Nevertheless, high numbers of short chain
lengths of AP (degree of polymerization [DP] <13)
also result in high values of final and setback
viscosities because of a fast re-association of its
molecules during cooling (BeMiller and Whistler,
2009).

Both declining and increasing values of
pasting properties could be caused by rice
protein. The reduction of peak, trough, and
breakdown viscosities could be due to a
formation of AM-protein complex during food
processing, disrupting water holding capacity of
starch molecules (Mir and Bosco, 2014). Besides,
dropping setback viscosity also could be from
interrupting starch molecule re-arrangement
during cooling (Lin et al, 2011; Falade and
Christopher, 2015). Oppositely, the increases of
peak, breakdown, as well as final viscosities
could be strengthened by protein, thanks to
improving the ability to trap water molecules by

means of its hydrophilic groups and stability to
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rice flour gel by protein network (Lin et al,, 2010;
Arendt and Zannini, 2013). Higher contents of
lipid and fiber in rice tend to drop all values of
pasting properties. According to Sigh (2010), the
interactions between lipid and linear structure of
AM and short branched chains of AP resulted in
the reduction of all values of rice flour pasting
properties. Moreover, lipophilic parts in lipid also
decline water binding ability of rice flour,
shrinking  the viscosities, improving shear
resistance (Parada and Santos, 2016). In the case
of fiber, the content has higher ability to absorb
water molecules. Thus, it interferes starch
granule hydration, reducing values of all pasting
properties (Parra et al.,, 2015; Wang et al., 2015;
Siriamornpun et al, 2016). The low values of
pasting properties in rice flour indicate poor final
product qualities such as lacks of flexibility,
consistency, and integrity in product structures
(Borad et al.,, 2017).

Thermal properties

Thermal properties are usually referred to
as rice flour gelatinization temperature. That
could be detected by using a differential
scanning calorimetry (DSC). The machine delivers
an endothermic thermogram (Fig. 2 [b]) that
demonstrates the gelatinization temperatures
including onset (To); an initial temperature of
gelatinization (°C), peak (Tp); the gelatinization
temperature (°C), conclusion temperatures (To);
the temperature when starch granules are

completely gelatinized (°C), and enthalpy of
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gelatinization (AHy); the energy required for the
gelatinization (J/9).

Mostly, the beginning of rice flour
gelatinization or T, is commonly observed
around 60°C and the end of that (T¢) is usually
detected beyond 80°C (Table 4). The values of
gelatinization enthalpy have been found in range
of 0.11-29.6 J/¢ (Table 4). According to Asmeda
et al. (2016), a low value of T, (59.42-74.32°C)
brings about to the low values of T, (59.86-
75.31°C), Tc (60.32-76.84°C), and AH, (0.11-3.55
J/g) (Table 4). On the other hand, a higher T,
(72.50-75.82C°) contributes to higher T, (76.52-
79.75°C), Tc (82.92-87.81°C), and AH, (7.45-7.90
J/9) (Table 4). Furthermore, Gani et al. (2017) also
reported that higher values of AH, (14.3-29.6 J/g)
could be caused by higher values of Tc in rice
flour (97.3-107.6°C) (Table 4).

The lower energy needed and shorter time
for gelatinization or lower in gelatinization
temperatures could be consequents by a lower
number of lipid, protein, and fiber contents in
rice flour, because they interrupt water
absorption of starch granules (Varavinit et al,
2003; Chinma et al,, 2015). Whereas, a higher
amount of carbohydrate content, especially AP
contributes to a faster gelatinization because it
rapidly absorbs water, generating quicker water
penetration into crystalline areas, dropping
energy required of gelatinization (Ilowefah et al,,
2015; Chen et al,, 2017).

Oppositely, more energy required and
longer time for rice flour gelatinization could be
strengthened by larger crystalline regions in

starch granules, contributing from long chain
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lengths of AP (DP>13) (Ye et al., 2016; Gani et al,,
2017). Furthermore, retardation of water entering
into crystalline areas via higher fiber content and
more formations of starch with protein/ lipid also
tends to increase values of thermal properties,
namely To, Tp, Tc, and AHg(Seager and Slabaugh,
2011; Xu et al.,, 2017).

The high content of AM also retards starch
granule hydration and swelling, thus it
contributes to high values of thermal properties
(Varavinit et al., 2003; Chinma et al., 2015). These
could be caused of higher temperature required
and longer processing time for starchy product
manufacturing (Borad et al., 2017).

Retrogradation

Retrogradation refers to the re-association or
aggregation of granule remnants upon cooling
after gelatinization (BeMiller and Whistler, 2009),
forming the ordered structure or re-crystallization
(Fig. 2 [c]). The phenomenon has an effect on the
sensory and storage qualities of the numerous
starchy foods, since which increases the firmness
or rigidity of product textures during storage
(Wang et al., 2015). Starch retrogradation is often
characterized by DSC via investigating the change
of gelatinization enthalpy after storage at 4°C.

The percentage of retrogradation (R%) is
estimated by using an equation (Xiao and Zhong,
2017):
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AH
Retrograda tion (%) = x100
AH

Where AH, is enthalpy of flour after storage at
4°C and AH is enthalpy of flour before storage.

In general, an occurrence of retrogradation
results in the staling of the starch-rich products
particularly in bread, reducing shelf-life and
consumer acceptance. Conversely, it is desirable
for some products such as breakfast cereals, rice
vermicelli, and parboiled rice, because of forming
product structures (Wu et al., 2010).

Values of R% in rice flour have been found
in range from 1.7% to 100% (Table 5). A rapid
initial rate of starch retrogradation or high in R%
are positively related to number of carbohydrate
content, specifically AM as well as short chains of
AP because of a quick re-crystallization (Zhang et
al., 2014; Hsu et al,, 2015; Xiao and Zhong, 2017),
~85-100% (Table 5). Thus, rice flour with high AM
content is suitable for making food products with
rigid texture.

In  contrast, the restriction of the
phenomenon is contributed by longer chain
lengths of AP, due to slowing down the
retrogradation rate (Eliasson, 2004). Hence, a
higher in AP content contributes to lower value
of R% in rice flour (Varavinit et al., 2003; Lee et
al, 2015), 1.7-18.2% (Table 5). Additionally, the
retardation of starch retrogradation is also
contributed from the higher ontents of protein,
lipid, as well as fiber because these components
disturb starch molecules re-arrangement (Bao
and Jin, 2007). Wu et al. (2010) reported that the
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staling or retrogradation of bread could be
prevented by the interactions between the
swollen starch granules and protein network,
destroying hydrogen bond which is disrupting the
binding of starch granule remnants. Siriamornpun
et al. (2016) also confirmed that re-crystallization
of starch granules by hydrogen bonding could be
retarded by  AM-protein/lipid

formation, delaying the occurrence of

complexe

retrogradation. Moreover, increasing the fiber
content in rice flour resulted in the reduction of
R%. Philpot et al. (2006) informed the remove of
lipid from rice flour could increase the

retrogradation rate.

Functional properties

Determinations of water absorption, water
holding, or hydration capacities of flour are
regularly measured in terms of water absorption
index (WAI) as well as swelling power (SP)
(Sharma et al., 2002). The various values of WAI
and SP in rice flour are found around 1-14 g¢/¢
(Table 5). Undoubtable, the properties are
positively related to hydrophilic groups in the
starch molecules (Tong et al, 2015a), in which
that groups are largely contained in carbohydrate
(especially AP), fiber, and protein contents (Tester
et al,, 2004). Thus, the higher numbers in those
contents have the tends to increase values of
WAI (10.1-14.8 g/g) and SP (8.6-12.2 g/g) (Table 5)
in rice flour due to the higher ability to interact
with water molecules (Thirumdas et al,, 2016).
Higher in WAI and SP also have an impact on

other properties, decreasing thermal properties,
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as well as increasing viscosity of rice flour
(Sarangapani et al., 2016). These could shrinkage
temperatures and processing times of starch-
based product producing (Sigh, 2010). In contrast,
higher contents of AM and lipid could be caused
of lower in WAI (1.1 ¢/¢) and SP (2.2-4.6 ¢/g) (Table
5) due to interrupting water absorption by linear
structures and lipophilic parts, respectively
(Chinma et al., 2015; Ali et al,, 2016). Moreover,
WAI and SP values could be also dropped by AM-
lipid/protein complexes since the occurrence of
the complexes reduce hydrophilic parts in rice
flour, increasing temperatures and processing
times of starchy product making (BeMiller and
Whistler, 2009).

Amounts of solid that leach out from starch
molecules during heating are indicated by water
solubility index (WSI). The values of this property
were found in range of 1.8-15.7% (Table 5). The
low value of WSI (1.8-3.2%) (Table 5) indicates
the stronger bonding among starch molecules,
representing high temperatures and shear
resistance during food processing (Arendt et al.,
2013; Ocloo et al, 2017). These could be
maintained by higher content of AM, protein, and
lipid in rice flour (Tong et al,, 2015a). The linear
structure of AM and AM-protein/lipid complexes
retards water absorption of starch granules,
whereas they maintain the integrity of the
granules, owing to having athletic interaction
amongst starch molecules (Putseys et al., 2010;
Parada and Santos, 2016). Conversely, the higher
of this property (7.3-15.7%) (Table 5) could be
contributed from higher content of AP. According
to Parra et al. (2015), the highly branched chains

of AP contribute to an appropriate capacity of
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flour hydration, in which a capacity stimulates
more soluble components leaching out from
starch granules, booting up WSI value. These
indicate low temperatures and shear resistances
during food productions (Hamaker, 2007).

QOil absorption index (OAI) of rice flour refers
to the ability to maintain oil in its structures,
which has been found as 0.8-2.4% (Table 5). The
higher numbers of lipophilic parts in rice flour
contribute to the higher value of OAl because the
parts are able to interact with oil molecules
(Chinma et al., 2015; Sarangapani et al., 2016).
Thus, lipid is considered as a foremost part that
plays an important role in this property thanks to
holding a high number of lipophilic groups.
Thirumdas et al. (2017) also reported that a
greater number of lipid content leads to a higher
value of OAI (2.4%) (Table 5). Besides, having both
hydrophilic and hydrophobic groups of protein
molecules also raise the values of OAl up,
improving mouth feel and flavor retention in food
products (llowefah et al, 2015). In contrast, a
higher content of carbohydrate in rice flour
always drops OAl value (=1 g/g) (Table 5) due to
higher in hydrophilic parts, as well as low ability
to interact with oil (BeMiller and Whistler, 2009;
Chinama et al., 2015; Ali et al., 2016).
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Fig. 1  Schematic representations of starch granule, AM, and AP structures; [a] Q-1, 4-D glycosidic
linkages in AM molecules; [b] Ol-1, 6-D glycosidic bonds in branched chains of AP; [c] Semi-
crystalline and amorphous regions in starch granule; [d] Cluster of double-helix amylopectin;
[e] Side-branching chains of amylopectin molecule; [f] AM-iodine complex; [g] Single amylose
helix.

Source: [a & b] Thomas and Atwell (1999); [c & d] Zhu (2015); [e] Hii et al. (2012); [f] Seager and Slabaugh
(2011); [g] Putseys et al. (2010)

Fig. 2 Schematic representations of RVA profile, endothermic thermogram, and the retrogradation
mechanism of rice flour; [a] RVA viscograms of five wild rice samples (TA M15, TB M14, TB
M15,TB J14, O.A.), Oryza sativa L cv. Nipponbare (O.S. 5) and two unpolished commercial rice
samples (LG, MG); [b] DSC thermograms of high-amylose rice flour gel: a = rice flour (control);
b = sucrose; ¢ = sorbitol; d = glycerol; e = citric acid; and f = acetic acid; [c] the re-association
of amylose and amylopectin molecules during cooling (retrogradation) of the starch paste.
Source: [a] Tikapunya et al. (2017); [b] Ploypetchara et al. (2015); [c] Wang et al. (2015)
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Table 1 Milling conditions and chemical composition of rice flour from different milling methods

Milling Milling condition References
method Temperature Drying
Ratio of rice Soaking time X Drying times
of soaking temperature
and water (h) (h)
water (°C) (°C)
Asmeda and Noorlaila (2015)
Semi-dry 1:1;1:2;2:1 0.3-16 30 40-60 12 Joy and Ledogo (2016)
Prasad et al. (2012)
Joy and Ledogo (2016)
Leewatchararongjaroen and
Wet 1:1;1:2 4---24 25-30 40 12 Anuntagool (2016)
Prasad et al. (2012)
Tong et al. (2015b)
Milling Rice flour chemical properties
References
method Rice variety Protein (%) Ash (%) Lipid (%) Carbohydrate (%) Fiber (%)
MR211; MR220; Asmeda and Noorlaila
Suwon No.542; (2015)
Dry 7.96-12.89 0.08-0.82 0.26-1.49 79.49-89.69 0.42-0.53 .
Suwon No.541; Choi et al. (2015)
Unbong No.30 Rosniyana et al. (2016)
MR211; Nigerian Asmeda and Noorlaila
Semi-dry and non-Nigerian 7.35-11.15 0.03-1.14 0.13 77.68 0.64 (2015)
rice Joy and Ledogo (2016)
MR211; MR220;
Asmeda and Noorlaila
Suwon No.542;
(2015)
Suwon No.541;
Wet 7.20-11.22 0.01-1.05 0.18-0.99 74.23-91.68 0.38-1.37  Choi et al. (2015)

Unbong; Nigerian
and non-Nigerian

rice

Joy and Ledogo (2016)
Rosniyana et al. (2016)
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Table 2 Rice flour/starch chemical composition

Chemical composition

Waxy rice

Non-waxy rice

Low amylose

Medium amylose

Rice variety

High amylose

K/A92VM0611, Chak-hao
Angangba, TCW70, TKW1,

Beihan1, Xing2, Kwandala,
At 405, Chak-hao Amubi,
SKAU-338,SKAU-406,

TCS10, TK8, TS2, TNG67,
TK16, Jamila, Jeep, &

TCN1, TCN17,
Yuxiangyouzhan, CH-
1039, CIC, PB1121, & MR

TKWS5, & TSW2 ) Zhongguangxiang
Jhelum, & Hualiangyou 219
Amylose (%) ND-2.6 6.1-16.7 19.9-20.6 26.9-30.4
Crude ash (%) 0.9 0.3-1.8 1.1 0.8-1.4
Crude lipid (%) 1.4-3.2 0.3-3.9 1-2.8 1.3-2.7
Crude protein (%) 7.4-12.6 5.3-11.9 6.4-10.3 7.8-10.7
Carbohydrate (%) 73.1 74.4-85.6 - 74.5-77.5
Crude fiber (%) - 0.1-0.3 - 0.1-1.5
Total dietary fiber (%) 3.2-9.8 - - -
Soluble fiber (%) - 1.3 1.1 1.1-1.2
Insoluble fiber (%) - 1.3 1.3 1.1-1.4
Total starch (%) 82.8-94.1 46.5-94.1 47.6-90.7 49.0-87.8
Mineral
Potassium (mg/kg) 449.2-1,546.8 566.1-1, 606.6 - 1,303.5-2,048.4
Magnesium ( mg/kg) 56.8-379.1 106.6-377.2 - 509.3-568.5
Phosphorus ( mg/kg) 456.7-2,248.1 718.5-2,062.1 - 917.4-1,729.0
Calcium (mg/kg) 42.5-77.6 53.6-136.2 - 16.3-32.6
Zinc (mg/kg) 20.2-34.9 24.6-53.9 - 386.4 -431.8
Manganese (mg/kg) 56.8-379.1 106.6-377.2 - 1.3-5.5

References

Giuberti et al. (2017)
Lin et al. (2011)
Morales-Martinez et al.
(2014)

Kale et al. (2015)

Ali et al. (2016)
Chinma et al. (2015)
Gani et al. (2017)
Reddy et al. (2017)
Somaratne et al. (2017)
Ye et al. (2016)

Lin et al. (2011)
Chinma et al. (2015)
Wang et al. (2017)

Gani et al. (2017)

Kale et al. (2015)

Lin et al. (2011)
Somaratne et al. (2017)
Ye et al. (2016)
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Table 3 Rice flour/starch pasting properties

Pasting properties

Peak viscosity Trough viscosity Breakdown viscosity Final viscosity Setback viscosity
(cP) (cP) (cP) (cP) (cP) References
924-7,771 434-4,104 527-4,974 637-7,626 203-3,766 Lin et al. (2011)
1,632-3,354 1,475-2,683 143-742 3,236-6,631 1,604-3,267 Mir and Bosco (2014)
2,376-6,080 1,992-4,036 636-3,155 4,086-7,581 2,279-3,980 Falade and Christopher (2015)
1,359-1,637 - - 2,899-3,381 1,311-1,605 Kaur et al. (2015)
526-1,302 - -14 to -4 1,505-3,995 979-2,693 Kale et al. (2015)
315 263 53 - 413 Luo et al. (2017)
610-1,791 451-1,276 159-515 1,100-3,464 648-2,256 Tikapunya et al. (2017)
427 391 36 974 583 Xu et al. (2017)
1,153-1,377 840-1,251 127-313 1,883-2,141 890-1,043 Borad et al. (2017)
2,466-4,420 1,188 -2,342 798-2,883 2,330-4,146 1,068-3,332 Gani et al. (2017)
998 833 165 1,630 798 Perez-Quirce et al. (2017)
4,542 1,360 1,753 4,610 - Thirumdas et al. (2017)
1,679-2,103 942-1,488 615-738 2,623-3,296 944-1,194 Ding et al. (2018)
1,010-3,818 684-2,892 325-1,539 1,650-4,960 836-2,389 Leewatchararongjaroen and
Anuntagool (2016)
“Tjﬁ 16 Qﬁ’Uﬁ 1 un9snd - ﬁqmﬂu 2562 'J']iﬁ']iLﬂEﬁiWiS’JEN 63

Volume 16 Number 1 January — June 2019



Prawarun Agr. J. Volume 16(1) 2019, Pages 49 - 70

Table 4 Rice flour/starch thermal properties

Thermal properties

T, (°O) T, (°O) T (°0) AH, U/g) References
69.20-82.90 74.80-89.80 83.50-98.10 2.70-13.90 Chen et al. (2017)
61.10-62.04 69.04-70.53 75.33-77.27 8.01-8.67 Setyawati et al. (2016)

76.10 79.30 83.30 - Jongsutjarittam et al. (2014)
59.42-74.32 59.86-75.31 60.32-76.84 0.11-3.55 Asmeda et al. (2016)

74.77 77.99 81.70 4.56 llowefah et al. (2015)
63.10-66.25 66.10-68.97 71.60-72.80 5.29-6.82 Chinma et al. (2015)
60.20-68.60 67.72-74.57 73.90-79.80 6.14-6.71 Ye et al. (2016)
66.40-71.10 64.3-72.8 76.00-85.90 6.50-12.20 Lin et al. (2011)

71.50 75.80 80.90 12.40 Xu et al. (2017)

74.50 81.40 - 5.40 Sansano et al. (2018)
58.30-72.50 82.70-93.30 97.30-107.60 14.30-29.60 Gani et al. (2017)

63.10 73.50 79.60 14.90 Thirumdas et al. (2017)

63.20 66.20 71.30 7.37 Kumar et al. (2017)
72.50-75.82 76.52-79.75 82.92-87.81 7.45-7.90 Sarangapani et al. (2016)

Note: Onset temperature (To); peak temperature (T,); conclude gelatinization temperature (To); enthalpy (AH,)

Table 5 Rice flour/starch retrogradation and functional properties

Functional properties R% References
WAI SP WSI OAl References
(g/9) (g/9) (%) (g/9)
2.2-14.8 2.2-3.0 3.2-13.1 _ Tong et al. (2015b)
18.2-69.4 Varavinit et al. (2003)
10.1 10.8 5.3 1.8 Thirumdas et al. (2016)
2.0 5.8 2.7 0.8 llowefah et al. (2015)
1.10-23 41538 _ 10-1.9 Chinma et al. (2015) L7652 Leeetal (2015
1.1-1.1 9.3 2.0-4.0 1.1 Ali et al. (2016)
2.9-85.6 Hsu et al. (2015)
1.1-1.6 6.6-8.6 5.4-7.3 1.1-1.4 Ocloo et al. (2017)
2.4 9.6 5.1 2.4 Thirumdas et al. (2017) 10.4-100 Zhang et al. (2014)
_ 12.2 15.7 _ Kumar et al. (2017) ~10-85 Xiao and Zhong (2017)
4.2-4.7 4.6 1.8-2.0 0.9-1.4 Sarangapani et al. (2016) 54.1 Bao and Jin (2007)

Note: Water absorption index (WAI); swelling power (SP); water solubility index (WSI); oil absorption index
(OA); percentage of retrogradation (R%).
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Conclusion

Chemical compositions of rice flour
including carbohydrate, protein, lipid, and fiber
have an effect on its properties, nonetheless
those contents show that they have different
impacts on the flour characteristic properties.
Higher values in pasting properties including peak,
trough, breakdown, final and setback viscosities
of rice flour are caused by higher in carbohydrate
content (AM and AP). On the other hand, lipid
and fiber tend to decrease all values of the
properties because of reducing water binding
capacity and starch molecules re-arrangement.

Carbohydrate, namely AP is considered as a
main content that tends to provide lower values
of thermal properties including To, Tp, Tc and AH,
to rice flour. In contrast, higsher in other
components of rice four usually contribute to
higher values of those properties due to
increasing energy required for cooking process by

declining water absorption capacity.

Regularly, AM boosts up the value of R%
owing to a good ability to re-arrange starch
molecules by hydrogen bonding, while the rest
of the other contents in rice flour usually
demonstrate to drop the value of R%.

In case of functional properties, the
increases of WAI, SP, and WSI values could be
reinforced by carbohydrate content (AP), because
of increasing starch rehydration capacity and also
increasing number of solid leaching out from
starch molecules. In the meantime, lipid and
protein could increase value of OAl due to their

lipophilic components.
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Fruit Quality and It’s Tolerance Papaya Ring Spot Virus of Papaya

cv. Sri Rajabhat in 4 Provinces, Thailand

Rapatsa Janthasri”

Faculty of Agricultural Technology, Rajabhat Maha Sarakham University, Maha Sarakham 44000, Thailand

Abstract

Fruit quality and it’s tolerance papaya ring spot virus of papaya cv. Sri Rajabhat in 4 provinces
(Maha Sarakham, Roi-Et, Kalasin, Yasothon) Thailand. Comparison of fruit quality, yield and disease resistant
to ring spot virus. Randomized Completely Block Design (RCBD) 200 plants/area to the volume of output
quality, productivity and disease susceptibility of the ring material. The experiment in the 4 area of Maha
Sarakham, Roi-Et, Kalasin, Yasothon from June 2016 to June 2017. The results showed that the number of
days to first harvest, Number of fruit per plant, Flesh thickness , percentage of leaf spot and level of ring
spot of virus the disease were difference statistically significant. The fruit weight, fruit Length, fruit width
of fruits per plant did not differ statistically. Maha Sarakham province were high quality of fruit and
tolerance to papaya ring spot virus disease, followed by Yasothon, Kalasin and Roi-Et province. The quality
of fruit is depends on genetics but environmental effects may be indirect such as size, weight and yields.

It depends on the management of papaya.

Keywords: quality of yield, tolerance disease, papaya ring spot virus, papaya and percentage of disease
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WNENIAIY F09830 Ao Jrindesidn nwauS way
glass nuddu (Table 3) donndoaiunuideves
Janthasri and Arimatsu (2010) naaesUgniuzazng
10 aneug luilufidawinguasivsnd wuin nnane
Wugliszauvasnsiialsnlisalugaunuuaneaiu
ymeadfogildedndnds urasnouduundeiasiny
wunwia wazlindes dszdvvedniainlsalifa
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Table 1 Number of days to first harvest, number of fruit per plant and fruit weight of papaya age 6 month

in 4 area
Area Number of days to Number of fruit per Fruit weight per fruit
first harvest (day) plant (fruit) (kg)
Maha Sarakham 110.50ab" 321.19a 2.08
Kalasin 152.10a 294.51b 1.94
Roi-Et 151.31a 290.70b 1.82
Yasothon 129.30b 308.54a 1.91
F-test * * ns
CV. (%) 5.10 3.80 4.23

* = statistically significant difference at 95% confidence level

ns = non significant difference

1 Mean values followed by different superscripts in the same column signify a statistically significant different at 95%
confidence level using Duncan’s Multiple Range Test (DMRT)

Table 2 Flesh thickness, fruit width and fruit length of papaya age 6 month in 4 area

Area Flesh thickness (cm.) Fruit width (cm.) Fruit length (cm.)
Maha Sarakham 2.30ab* 15.34 52.16
Kalasin 1.82b 16.32 52.28
Roi-Et 1.89b 16.34 51.99
Yasothon 2.34a 15.30 51.20
F-test ** ns ns
CV. (%) 10.14 7.50 5.20

** = statistically significant difference at 99% confidence level

ns = non significant difference

1 Mean values followed by different superscripts in the same column signify a statistically significant different at 95%
confidence level using Duncan’s Multiple Range Test (DMRT)

78 2MIESINYATNIZITAL U 16 aduil 1 unsau - Squieu 2562

Volume 16 Number 1 January — June 2019



Prawarun Agr. J. Volume 16(1) 2019, Pages 71 - 80

Table 3 Prevalence and level of PRSV of papaya age 6 month in 4 area

Area Prevalence of PRSVY (%) Level of PRSVZ
Maha Sarakham 60.00c 2.05b
Kalasin 61.24bc 2.14a
Roi-Et 61.13b 2.10ab
Yasothon 61.45a 2.17a
F-test *% *%
C.V. (%) 5.26 3.49

** = statistically significant difference at 99% confidence level

o5 disease prevalence = Number of infected plants x 100

Number of plants planted

| evels of PRSV in papaya
Level 0 = No symptoms of PRSV

Level 1 = Very mild mottling at only 1-25% of the leaf area. Symptoms of PRSV unclear

Level 2 = Mild or moderate mottling of 26-50% of the leaf area. Small symptoms of PRSV, smooth skin

Level 3 = Mottling of 51-75% of leaf area. Clear symptoms of PRSV

Level 3 = Mottling of 51-75 % of clear symptoms of PRSV

Level 4 = Severe mottling of 75-100% of leaf area. Clear and thorough symptoms of PRSV, Blisters scabbed over,

distorted shape of fruit
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Efficiency of Vermicompost on Growth and Yield of Water Morning Glory

(lpomoea aquatica Forsk. Var. reptan)

Vanida Chaichana’

Department of Crop Production and Technology, Faculty of Science and Technology,
Nakhon Pathom Rajabhat University, Nakhon Pathom 73000, Thailand

Abstract

The objective of this study aimed to investigate the effect of vermicompost on water morning
glory production. The experiment was conducted at Huaymonthong subdistrict, Kamphaengsaen district in
Nakhon pathom province. The experimental design was Randomized Complete Block Design (RCBD) with
3 replications. The experiment consisted of 3 treatment as followed: 1) broiler manure 1 kg/m’
2) vermicompost 1 kg/m? and 3) broiler manure and vermicompost 1 kg/m’. The results showed that there
were no significant difference (P> 0.05) in plant height, leaf length, leaf width, fresh weight, dry weight and
yield weight among treatment. However, chemical composition analysis indicated that broiler manure and
vermicompost 1 kg/m2 gave highest chlorophyll a, chlorophyll b and carotenoids (P < 0.05), whereas,

vermicompost 1 kg/m” gave the highest B-carotene (P < 0.05).

Keywords: Earthworm, Vermicompost and Water morning glory
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Ausau Auameuarsduiusiumisaunseuts
N1358U181R 119UKUN1TNAABILUY RCBD
(Randomized Complete Block Design) 31u7u 3
fr¥unsmaans Mfuag 3 91 1dud 1) lddeya
lrdlesne 1 nn./a? 2) lddendnyaldifeudu sas
1 nn./a? 3) Tadeyaliidosiutunislddeninga
Tdouiudns 1 nn./u? aidendnyaldifeuduld
nnshdiaumeyalauy 100%

2. GiunasnemnsludeduniduazTudu

Mnmsiiuieesleduniduagiuililunig
nAaed (duiiuinlas) uniesizviniaad Laun
Ysualulnsiau Weanesa uar Inunaidoy lng
mhenTeiideauiviar Taninuns auguioRnig
WeuaziTouugnianeass INNINeIREINYATAIENS
Ingnwaiuneay Jinuasugy lanads Table 1
e 2

Table 1 Chemical composition analysis in organic

fertilizer
Type of organic Total Total Total
fertilizer N (%) P>,Os (%) K20 (%)
broiler manure 1.23 3.49 0.27
vermicompost 1.17 0.74 0.26

Table 2Chemical composition analysis in soil

Type of soil Total Total Total
N (%) P,0s5 (%) K20 (%)
Pre-test 0.15 0.09 0.92
Post —test T1 0.15 0.10 0.80
Post —test T2 0.15 0.15 0.85
Post —test T3 0.15 0.17 0.56
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3% Duncan’s multiple range test (DMRT) fiswiupay
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NaN153e

1. A MNaLATIvaIRnYsdY

dlerndfadull eng 30 Yu thluliasgiaanm
mandl wudite 3 f3unisneaes dlusiu el
wazlimdud lauana19iuni19ad@ (P> 0.05) Lo
f#r3ud 2 lddentnyaldifioufiudns 1 nn/u’ &
U3na hanfudganindifudude 1.86 me/100 ml
ludruvessununaslsiladie Aaslsiladd uazuals
fussdnudt si3uit 3 ladeyaliesuduievsin
yaldifioudu 1 nn./a’ fvSinugsiigade TUuna
Aaolsiadie 1M1 65.25 ug/g FW. Aaelsiladd
WINAU 20.36 ug/e FW. wazilualsiuneaininu
16.02 ug/g FW. auddu iileviinsiiasizsing
Usinauudn-ualsiiu wudnii 3 fsunsvaaesd
USualuan-ialsiusanasiusg19iidodAynig
adid (P < 0.05) Aosi3udl 2 lalentnyaldideudiu
§m31 1 nn./a? fiuTanudualsiiugeiian wirfu
74.13 ug/e F.W. Sosasunfiosui 11?1'1‘.48;361%15@
§n51 1 nn/a Wiy 62.75 ug/e FW. wagssud 3
Tateyaliidoufulevingaldfoutusnm 1 nn/
u? fiU3una winwalsfiudngn witfu 52.32 ug/e
F.W. Asuanslu Table 3
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Table 3 Chemical composition analysis on water morning glory in 30 day

Treatment
Chemical composition T1 T2 T3 F-test CV (%)
Protein (mg/F.W.) 0.22 0.33 0.33 ns 28.89
Fiber (%) 0.75 0.85 0.79 ns 9.06
Vitamin C (mg /100 ml.) 1.76 1.86 1.76 ns 27.79
Chlorophyll A (ug /g F.W.) 47.06" 41.09° 65.25° * 10.11
Chlorophyll B (ug /g F.W.) 13.39° 12.41° 20.36° * 9.38
Carotenoid (ug /g F.W.) 11.40° 10.42° 16.02° x 8.09
R - carotene (ug /g FW.) 62.75% 74.13° 52.32° * 14.09

Note: broiler manure 1 kg/m? (T1), vermicompost 1 kg/m? (T2), broiler manure and vermicompost 1 kg/m? (T3)

* Means in each row followed by different letters are significantly different at P < 0.05
ns = not significant

2. nasiAuln wazUSunamananvasintedui 2.20 g, pwdIiu Anmeluiade iy 13.08,
218 30 U 13.94 uaz 14.59 oy mudiy dwinandedunde

Fuieadintsdu udsduganisvaaosd 30 Tu Wty 1033, 11.67 waw 9.83 . Auddu thuiln
(Fig.1) Tasn1sneududintaiutas d1ethlazonn wisstasiu 11U 0.67, 1.00 wag 0.80 . AIUAGY
il wiinansausin wui NNAIFUNITNAARE wazthuiinaarAn Wiy 5.90, 5.4 uaz 5.00 NN/’
hwiinuandn liuaneneiunaadd (P= 0.05) Tned MNa1AU Aaanslu Table 4

ANUEIRULRAEWNAY 31.85, 33.12 UaY 35.63 .
ANa1PUANUNINStULRABINAY 2.04, 2.04 WAy
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Table 4 Growth characteristics of water morning glory in 30 day

Characteristics of yield

Treatment plant height leaf width leaf length fresh weight  dry weight  Yield weight
(cm) (cm) (cm) /plant (g) /plant (g) (kg/m?)

T1 31.85 2.04 13.08 10.33 0.67 5.90

T2 33.12 2.04 13.94 11.67 1.00 5.40

T3 35.63 2.20 14.59 9.83 0.80 5.00

F-test ns ns ns ns ns ns

CV (%) 6.51 7.59 4.86 13.41 37.04 36.96

Note: broiler manure 1 kg/m? (T1), vermicompost 1 kg/m? (T2), broiler manure and vermicompost 1 kg/m? (T3)

ns= not significant

Fig.1 water morning glory at 30 day without broiler manure 1 kg/m” (T1), vermicompost 1 ke/m” (T2)

and broiler manure and vermicompost 1 kg/m? (T3)
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A Quality of Local Rice Seed Varieties in Maha Sarakham Province and

Neighboring Provinces at Different Storability

Theerarat Chinnasaen'” Sumran Pimrach?, Naphaporn Wetchakama?,

Ketjit Kamkula? and Somchai Chakatrakarn?

'Khon Kaen Field Crops Research Center, Muang, Khon Kaen 40000, Thailand
“Faculty of Agricultural Technology, Rajabhat Maha Sarakham University, Maha
Sarakham 44000, Thailand
*Faculty of Science and Technology, Thammasat University Rangsit Campus, Klong Luang,
Pathumthani 12121, Thailand

Abstract
Maha Sarakham Province and neighboring Provinces are the famous jasmine rice or KDML 105
production area. In addition, not only the farmers have been cultivated economics rice seed varieties but
also local rice seed varieties are still importance for farmer or some community. However, at this time the
studies of seed quality of local rice seed varieties were limited, thus this study was collected the local
rice seed varieties to evaluate the seed quality at 2, 4, 6, 8, 10 or 12 months after harvested under
controlled condition (4 - 7°C) and ambient condition or room temperature (25 - 35°C), Ten varieties of

local rice seed were Ku Muang Luang, Kore Deaw, Som Ma Lee, Kaw Dore, Chao Deang, Leaung Kum Mad,
Sum Pun Deang, Hom Nang Nuan, Kum Dum Tia, and Pha Deang involving comparative varieties; RD 6 and
KDML 105 those used in this study. The results showed that the germination percentage of local rice seed
varieties were similar to comparative varieties except for Ku Muang Luang and Kum Dum Tia which
germination percentage tend to increase when storage period was extensive, as 2 months after harvested,
the germination percentage was 71.00 - 72.50% and 61.50 - 62.50%, respectively and presented as
96.50 - 97.50% and 95.00 - 97.50%, respectively at 12 months after harvested. While mean germination
time (MGT) and germination index (Gl) were provided good aspect when storage time was extensive also,
especially storability for 10 or 12 months those released the after - ripening of rice seed. Furthermore,
storability under open condition or ambient condition was not affected on the quality of local rice seed varieties
and RD 6 or KDML 105 seed.

Keywords: Germination, Mean germination time, Germination index and Open condition
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Fedu afiniFaiiinguszasdiiiofnniaing
PusTTHTI ARz AN WL ERTUST RS RuTTeg
vsiuginuluaiuifmiasmansmuuasfamin
Indfealnaiusnungldaninnisaivaueumg
wagfiguugiivies (@anmila) fiengnisifiuinu
wansnafuiet luldusslevilunsmsugnuie
ilemsusuUssiugreluluauen

A5Aliun159e

1. NFTIVTIULAZMINAANEANUST
susmdetuiituiiudesanuaineg
Tuaiuiidaninumansaiy niwdus vouudy
Youidn uardminlndiAsduy Inowdaiuginaiug
fluflosfisrvrauladdiman 10 g Téun fuilos
YA NaLAe lauud 41900 1IuAe iFeeiuun
utusuns veuuaua e waguas a1ndy
sffiumsugniiiugiudiosts 10 Wug dsaus
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Ieagiuginitenmzugnludandsd oun oy 6
wag ¥1menugd 105 luAusiudunsiy (sandy
loam) (Table 1) fussaluvdondiuudvuinidusiiu
Audnane 80 wul. lneldszeran 20 x 20 gy, Ugn
wauay 3-5 lwan wasaind1iseneiy 7 Ju vinis
nouliinde 1 diu/mau Wodudniengld 15 Junds
son Tdteiailgns 16-16-8 051 30 nn./l3 uaziile
113018l 60 Fundsen (feut1ieenaen) Tdduans
46-0-0 8051 10 nn./ls Adadtviivlngldloneauatig
athiaue wazdanisnisliiudazuvasdesasng
asuanefeduiu WedhiFuumnnesnwiseduih
Tigauseanns 10-15 o, qufleszaziidnanuiudiia
ansliin (Duangkumjan et al., 2013) ALuN1T
AulReadnfugangg auergnisieafiunnsdiaiy
anmutusdaiuidnfensiunalaenss (sun
drying) nseatailannuiulndidesiuUssana 9 - 10%
(IRRI, 2013) udrilunaaeuganMiongnisiiy
Swiuannaiiu

Table 1 Properties of sandy loam

Property Analytical

value

Physical property

Sand,% 65.85
Silt,% 32.02
Clay,% 2.13
Textural class Sandy loam
Chemical property

pH 6.42
Electrical conductivity EQdS/am 0.056
Cation exchange capadity (CEC)c mol/kg 25.61
Organic matter (OM),% 1.20
Total N,% 0.048
Available P,mg/kg 13.25
Exchangeable K,;mg/kg 49.37
Exchangeable Ca,mg/kg 130.52
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]
o =

2. nsnagauAuAINAaRUgd1aTargn1sIAY
SnuIANFASAY

Wivnenadaiugdiaiuganee (Fig. 1) Tu
ganananindienidunieldaninnisaiunuaumal
(4 - 7 papwaidea) warnnelianinaumaiivies (25
- 35 pemLwaLdea) Tlengmaiiuinuiuy 2, 4, 6, 8,
10 wag 12 Wioundini1siiuiien 1AUAMAINYDY
wafuginfidudunsdne léun

2.1 A314498n (Standard germination)

NAADUAINIBNLABLNZINAALUU between paper
$1uau 4 91 918z 50 WaA (Mudesiirvessiuiy
wdawug) figamnd 25 esmwaidua Usziduay
senASausn (first count) 5 Yundamizwdn uazads
gavine (final count) 14 Tundamiziudn (Haudas
970 ISTA, 2009) 1tiud Ui udAsen
Asgns (1)

ANLEN (%) = (Frurudundun@fiaan) x 100 ... (1)

FuNEAAIY

22 11a1adslun1s9en (Mean germination
. o a < 1 a v ada
time; MGT) atdun1stagiwigludngulis i uis
NAFDUAIIUIBNNINTIU ATIFTUAUNAIUNFTIIEN
Tuwsiariu Wuan 14 Yu (Fawdasann ISTA, 2009)
idayaunAnamaiadglunisien anans (2)
(EUlis and Roberts, 1980)
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MGT (F1) = (G;.x D1 + Gy X Dy + oot Gy x D) ... (2)
FIIUAUNAUNANIUA

dlo G1,2, ., nAe SnudunanAniveniud 1,
2,...,n(n=14)

D1,2,..,n#e $wwiudi 1,2, .., n(n = 14)
NH N TUNZLUER

2.3 fyfiA1nu9en (Germination index; Gl)
FfiunIstaEIaa A EIRUIS A sAdaUAINY
WBNUINIFIU wAIzATIINUTIILAUNEUNAINenTY

| [y o <@ I [ [
WAAZIUNANNWIZLHER LUJULIAT 14 YU (Aandadsann
ISTA, 2009) k&1nu1A1wIUMIA1Slun1599n
1NgA3 (3) (AOSA, 2002)

gytlanusen (G) = naswwes | Sruaudunaundnisenluusasiu 3)
Frunutuiidunarunisenluudaziu

3. MApTeidayan1eadn

TUHUNIVARRLUUENaNYTal (CRD) laet
Si’fa;&aﬁlﬁuﬁmiwﬁmmmesmmqaﬁaiwdw
srazIaniusnvkazsEnIsan I siunwd
wanaeiun18 USRI uAI8A1519 ANOVA
Wisuifisuaadslagdd Duncan’s new multiple
range test (DMRT) fiszdiupuidiosiu 95%
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(D)

——— I —
-

1l

()

A)
‘ "'
hr ,“
‘J |> - J)

Fig. 1Rice Seed with Hull and without Hull (dehulled) of Ku Muang Luang (A), Kore Deaw (B), Som Ma Lee
(O), Kaw Dore (D), Chao Deang (E), Leaung Kum Mad (F), Sum Pun Deang (G), Hom Nang Nuan (H),
Kum Dum Tia (1), Pha Deang (J), RD 6 (K), and KDML 105 (L)

cam

® w

aw U aa |l o) Ud
R 3ﬂm1uanjwympQuqqummm 71.00% wazdl

v a = a S o 3 a
wwdlduiuduiieny 6 LAoUNaINIsIAULAYY
(91.50%) uaziA11u90ngeani 97.50% o18ns

1. Au9aN
npdeuAIENERTUST U e uay
Wuflaswia (Rugiu3ouiiou) fengmaifuinm 2,
4,6,8 10 kar 12 Lieundenisifiuiies 910
ns@nwmudn e1gnsiivinuiiuandnafuiingly
ANNtenTetudaugi iU e swawuaz ey
waafiiuinwluanimenuauguvniuazanin
gumgiivisdAunnssiuegiifudiArydamnsedi

o sy A ]

Tnganusenveuudaiiuginmiuddidomasiiiv

Audnwiuny 12 Weundsmsifiuiie wudeady
AnssenveLAaiuginiugiidomansiiuinw
Tuanmeamniivies iegnisifiuinu 2 1ieunds
naviuifendien 72.50% uaziuwilduifistuiiony 4
WWeundaniaiiuiien (94.50%) aufiseny 12 \ieu
n&ansiiuAen (96.50%) Wulderiumdniuging
fiugneanaiiivineuiy 2 Weundinisifiy
Ao finnuseniiies 62.50% wag 61.50% Lloifiv
Fnurluanmatuaugungiiuazaningumngivie
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puEU uasfiongnaiiuinuds 4 ieundenis
Wueaduiuly asseniaigeduuslsiunndraty
Meadid lnedA13ening 80.50 - 84.50% Uag 80.00
- 83.50% WalAvnwiluaninarunuaumgiuay
dnnaungivies auay wenNd Wi Msiiu
Snwnudaiugluanimgaumgiiviesiinaliaiiucen
vossdniugdiuslaunduazidifiiinusen
wansnsfuegeitddnBamnadfuazuansniy
9adif Auaiu Tngn1siAusneung 2 iieumnas
maifiutien wiafugdnndiaanuaen 90.00% wag
91.50% auddy 9ntu flengnisifuinuiuiu 4
Woutuly avsenduultudfisduusliunnsaty
eadd Tnedriuglanunadinniugensening 96.00
- 98.50% wazdnaugiidnfedinnnusenszning
94.00 - 97.50% vnzimnusenvesiuiialvg
fuwlhnfugadudosngniafuinwenumniy s
dwiuifusiiunnduiidiandas Tasfiony 12
WWeundsmaifiuifen fianmsenivindu 92.00% Jal
Atfesfanuazunninatueg iidud Agybannsada
flue1gNIAUSNYISENING 2 - 10 WHoundaniaiiv
e Aifianusenszning 97.00 - 98.50%
ogalsfinu wud ergnisiuinuiiunneis
fullnaliarusonvesudaiuginiiuginine
FURUSWAS HWA9 bag N 6 TATlaunnd13iunIg
Ghl ﬁy’amiﬁﬁﬂwﬂuamwmqummﬁuasamw
unniivia uanINd nui1 forgnisifiuinw
Weatuusanmnisiiunwssdudinalieaiusen

[ v ¢

vaaudnnugidulngialdunnsraiuniwada
Lo sugiillesnas 41ine wdesiuun duius
WAL NBUUIIUIA NIANLAY HILAY WA N 6

(Table 2)

el

2. anaagluniseen
naneaslunssentandliiiunaninslunis
san TngnnnataasluniseeniiA1teukandinudn
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stustuannsnsonlfifuasdauudousegs Fea1n
nsUszdiunandusmenudaiusiniusiudos
waziuginUTeuiiey wuln engmisiiusnending
Tidmaiugiivinuluanwauaugumginas
anmgunniviesiinaedslunissonuandisiy
agaivedfyBansadd Inenanadslunissend
wunluanasvidonanife 1nannsasenléisaBetu
dawtusnwenuntu vl Wugddulvgananse
senldifwdedinanadelunisseniiosdigaiiongns
Aunwiunu 10 Weundanaifuien wu g
newfigafinanadslunisseniiongnisiiuine 2
WoundsmsiAufeUszanm 8 - 9 Yu wiflengnis
Husnwiseaing 10 - 12 Weundsmsiiuifes wui
nanadslunisseniidanasaeian seming 6 - 7
fu winiu vieannansenldiSWutsvan 1 -3 Yu
deFeuiisuiufiongnsifiuinuum 2 iieunds
mafiuien Wwdeatuintusididedinaiade
lunssondseuas 8- 9 Ju ﬁaﬂqmuﬁu%’ﬂm 2
Wouvdanmaiiuien wariongnisfiusnw 10 feu
w&amsiiuien paedglumssendassaa 6 -
7 Ju videwdaiusdnanunsnsenidiitulsranm 1
- 3 %u yufananadslunissenveaudaiuging

(Y4

Wugnwasfia1ussana 9 Tu fiengnisiiusne 2

9
I [ <

Woundinafiuifer wazanuisasenldisiiian (6 -
7 $u) o1y 10 Weundsnisifiuifen

uanndstugiiuiiosanunsnsenlfiiaiu
mevdaimaifuieatszana 10 Wou ud winwus
$129tus N 6 waramaenuzd 105 feiinaedsly
nssenludnumziierfufoiuiu Tasfaeaius
annsnenldiiatussano 2 fu

vz flongnisiivinuisinfuudgungd
serdamsfuinueneiu wui nauedslunisen
vosudaiuitdulngdaldunnasiuniada
warlunsdlfinaadslunissonunndnsiuedied]
Todddazunnsnsfuegeifeddyniadn
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wuin lngdndngudnsfvinuiudaiuginig
gaungiviesyilidauisasentdiianiinisiv
Snwnluanmanuaugamnd 1wy Ffusneies 7
91gNSNUTIBINIY 2, 8 Uag 12 Weundanisiiu
\Agn (Table 3)

3. filadugan
arilaanusennianinuidluniseenuanis
msnduswonudafiannsasenldidazasiae
lneardaiinnuseniidrguiladouuansliiiui
wiausiuiianuuausgs Insainnisusedy
Anuudsussesdaiuiniusiudeuasiug
PIUTeuLigy (Y 6 wag Y1IAoNUEE 105) WUl
Adiiaanusenaenndesiunanadslunissen lng
AanuganveItnugiALAng19iue g9l
foddmsadfdlongnisiuinusieiu (uyn
anmnsiiudnu) il ARYTIAILIDNYRITIIYN
ftusiiuuldugatudionngnisfiuinws iy
wazilrgeanlengnminiuinw 10 Wouvdansiu
R Tuynanmmsiiusnundaiugdndsnan leun
lauund (6.60 - 6.77) 413908 (6.96 - 7.08) LA 1UAY
(6.84 - 7.65) wdioanuun (6.76 - 7.19) duiusuns
(6.85 - 7.56) 10UUIIUIA (6.17 - 6.30) AR
(7.40 - 7.75) wlkas (6.88 - 7.77) N 6 (6.52 - 6.94)
Laru1InenuEd 105 (6.89 - 7.06) vauz#l N5ty
Snwrdegumgiifiunnanafuudiiongnisivin
weniuiinalirdsiinanusenvesudaiusgingiu
Tngyfianlaiunndnsfunisads waglunsdifidnded
Anusendauandafuegiefiteddydmiaia
‘vﬁal,w]ﬂﬁmﬁuaﬂwaﬁﬁaﬁﬂﬁﬁgmqaﬁﬁﬁmqmiLﬁU
Snwinfuusigamgifldseninansifusnwsnadiu
wuin mastfvinuigamgiiviesimdviinucengs
nnsfiushwiluanmasuaugamgll W d1aiug
Aty oy 8 Weundsniaiiuife fullnmaen
fiAn 6.90 uay 6.25 MUy uazieny 12 Hounds
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N5 AULAYY ANRYTIALIeNTlAN 7.33 way 6.37
puasy 1usu (Table 4)

39150iNaN15798

fugdnidsusiaunmussdnfuguaneng
fu 199910 HaY09N1TAIVANEN YT UTING
(phenotype) 1agAMATNNIIRUTNTTU (genetic
quality) (Siri, 2015) w3eenaierfesiutladunielu
wiausiufaz Sumdausivedaidertunsdsng
tug wieugvandugendidnumemanisnmuaz
psAUsznaUMAATvosuAaiudiuandaiuisdena
Tnadniugasnanndauninuand1aiy (Benech-
Arnold and Sanchez, 2004) @paAdananun1sANYI
2849 Veasey et al. (2004) ildnagouninusentes
WaANUSE13 (Oryza sativa) Hufinrendenisiiy
WA Tagwudn 1991us “Maravitha” fa21asen
66% UuziTug “Rio Verde” fimnusensnunnmuio
fianuseniesndi 10%

iail \losanndnunasiugenauansnising
ANFITNTIR viFemsnEamdsnsiuiien (after -
ripening) naAe Lwanwusaziianusendmiolsl
annsasenldlutisszeznalanamianiondans
Aulien imsizenafianngaindnuugnianienin
YosdiueRuanvsedIuoudugoutareng
Wiheenvesfingesniausyninan1sienveuudniug
ag3lsfinu msindazanasileszezinalunns
Fufnvifutuvdenieudsnaifuierludisaa
wil (Benech-Arnold and Sanchez, 2004) 4 ﬁ?u
naiusnvisdatusinienunmauumsinueded
Fwhlidaiug JilemaiuasneuuIIuIaAa1en1s
findflonguszann 4 1ieundsnsiiuiies n3e
nanfe P1iugniilomaluaseNusIainsin
favdsmsiiuiien (Table 2) sisil Prasertsak (2008)
1i51891097 InMsfnwseezn1sHNdI eIt INug
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$U509 91u7U 52 9ug wudn Twsiasiuiisses
panenITRFTiTIzIrasHe s du 1y
NY 6 W 5 dUast v1Inenued 105 U 8 dUanu
wae dutmed 1 uiu 8 dUav 1 Budu veusdl Veasey
et al. (2004) 5189131 G1Ivug “Maravilha” uaz
Wug “Rio Verde” ﬂmsjmiWﬂmwmq 2 \flou %38
60 Yundsmafiuden Tnevaositugiamseninnni
90%

oegdlsfiniu wud1 aunsafusnuitugdn

¥

Wugiudasnaziugivsouisvluaninta (ld
Aruauguniivazauuduiivg) Iilasdema
nsznusonunmLdaiudiisadniosenaionnain
41 (0. sativa) \Jufiwfianunsafiusnelad (good
storage) neldaninuandeuialy Wwdieatudn
@18 (wheat) nSod17u11a8 (barley) (Hill, 1999)
safetusinithundnwedsiiaiugiudouay
fugSeudleumadudn (O. sativa) lunguduiin
(indica) islAufdnluundouriegnitmuniugiiie
Igdmsunisinzdgnluunsou (Chongkid, 2014)
Jorevilinsivsnuluanimda (fgumnives)
lddawansenusenmnmvenudaiuginimiesin
Frgliiuddnuisiusiinuamaniinisiiusnuly
anmenuANguunReuReatu il Siri (2015)
snui wisfiiuduezimadussdusznouun
Wy 419 9191w wazd1aing Wudu awnsaiiv
SnwldanuuninadaditesdusynevdiuTugidu
ity 1wy Susdes thaas uasvueTu sy
yauzifieatu ey 12 iwoundenisifviien
waiugindnlvgdaunmiesniiudaiusing
fongiiudnwiuiu 10 Woundsnsiiuiies (uyn
anmnisiudne) lnednvazdinaineraduna
duidesannnisideunmninveamdnasiug (Seed
deterioration) fli3uAunendsssbzuAnIsaTIng
(Physiological Maturity; PM) & WABguUAULIINTE
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senianaifvinviilesenisinzugnluggdely
(Jyoti and Malik, 2013) iy nwnInsaulng s
Joufiunvimdaiuginiielfinnggnluggsioly
shensiiuifeadnluiisdaneideunaiay - Uae
WWeusuanay (Wandnenustuging ileldimizugn
ludiudaunguaiau - dgurguvesgaugnasly
(dmsunisimeUgndniund)

d5Unan15I9e

v sy A

whnwuddniugidemairtuasenunauia
LARSE AU NSRS snSL UL s aLazAaTEN 1IN
Fuflofusnviunudssana 4 Weundsnisiiuiien
Fatfy Lﬁaiﬁmiwavﬂaﬂﬂﬁnﬁuﬁ‘ﬁmﬁnﬂiwau
mmmm mwmﬂﬁmawwavﬂaﬂﬂﬁtaaﬂ‘uwuﬁ
‘unwﬂmami‘wnmummmwmamimusﬂmw
AN I9F Y ez AMAMNVDLUAATUTT 1
fugiuiowuaziufiiouiiiouiiengmaiving
Asfudiesidudmnuenindifesiunasnaienis
Lﬂ‘U'iﬂ‘l?}’] dmsuanedslunisienuas mﬁuumm
aaﬂmuwmmmLLmLLiwmmamwuamnmnwmv
el ImsLawuamwwmqmimmﬂmmu 10 %@
12 Woundinsiufien Ssoradunasinnisrane
nsinEmdInsI Ui il Seenunsaiusne
waniuginyniusldluanmda (feumgiives)
Inglildsmansznurenmnmussuaniug

AnAnssuUsEnA

YBUVBUANUNINGIREIIVAUMIATANUN A
nsatduayusulssanadmiunmsaniunsidely

[
v

AU
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Table 2 Germination percentage of rice seed varieties under controlled condition and ambient condition at 2, 4, 6, 8, 10, and 12 months after harvest

Variety Storage Condition Storage Period (months after harvest) F-test CV.
2 4 6 8 10 12 (%)
Ku Muang Controlled condition 71.00c* 90.00b 91.50ab 94.50ab 90.50b 97.50a o 4.61
Luang Ambient condition 72.50b 94.50a 95.00a 95.00a 97.50a 96.50a ** 3.94
F-test ns ns ns ns ns ns
C.V. (%) 6.61 3.83 4.44 3.20 4.88 2.65
Kore Deaw Controlled condition 90.50bc 87.00c 90.00bc 97.00aA 94.50ab 89.50bc * 4.32
Ambient condition 91.50 86.50 90.50 90.50B 91.50 92.50 ns 4.31
F-test ns ns ns o ns ns
C.V. (%) 3.53 5.63 4.68 2.42 3.23 5.64
Som Ma Lee Controlled condition 93.00 91.00B 98.00 95.50 96.50 94.00 ns 3.84
Ambient condition 90.00b 98.50aA 96.00a 98.00a 98.50a 97.00a x> 242
F-test ns * ns ns ns ns
C.V. (%) 4.28 3.63 2.67 1.84 3.08 3.31
Kaw Dore Controlled condition 95.00 96.50 97.00 95.50 97.50 98.50 ns 2.53
Ambient condition 94.50 94.00 98.50 97.00 96.00 98.50 ns 3.76
F-test ns ns ns ns ns ns
C.V. (%) 3.20 5.86 2.00 2.65 2.19 1.55
Chao Deang Controlled condition 93.50 94.50 93.50 93.00 96.50 97.50 ns 3.75
Ambient condition 98.50a 97.50a 97.50a 97.50a 97.00a 92.00b > 2.18
F-test ns ns * * ns **
C.V. (%) 3.35 4.46 2.01 2.06 3.56 1.88
Leaung Kum Controlled condition 93.00c 91.50c 91.50c 97.50ab 98.00a 95.00abc * 3.17
Mad Ambient condition 93.00 95.50 92.00 97.50 94.50 94.00 ns 3.05
F-test ns ns ns ns ns ns
C.V. (%) 215 5.49 2.31 1.96 2.78 2.59
Sum Pun Controlled condition 93.00 93.50 95.00 96.50 98.00 96.00 ns 3.03
Deang Ambient condition 93.00 93.00 96.00 96.50 97.50 97.50 ns 3.21
F-test ns ns ns ns ns ns
C.V. (%) 3.51 4.78 2.84 1.58 2.98 2.19
Hom Nang Controlled condition 62.50b 83.00a 80.50a 83.50a 84.50a 83.50a ** 6.29
Nuan Ambient condition 61.50b 80.00a 80.00a 82.50a 83.50a 83.50a ** 4.20
F-test ns ns ns ns ns ns
C.V. (%) 10.16 6.87 2.64 3.61 4.91 3.01
Kum  Dum Controlled condition 93.50 96.50 95.00 95.00 94.00 95.00 ns 3.53
Tia Ambient condition 91.50b 96.50a 94.00ab 97.00a 97.00a 97.50a * 2.80
F-test ns ns ns ns ns ns
C.V. (%) 3.48 3.33 2.87 2.41 3.08 3,77
Pha Deang Controlled condition 92.50 95.50 97.00 94.50 97.50 96.50 ns 2.55
Ambient condition 93.00 95.50 97.50 96.50 96.00 96.00 ns 2.47
F-test ns ns ns ns ns ns
C.V. (%) 2.75 3.58 2.01 2.01 277 1.41
RD 6 Controlled condition 93.50 94.00 91.00 95.50 96.00 95.50 ns 321
Ambient condition 93.00 94.50 90.50 94.00 96.50 93.50 ns 4.33
F-test ns ns ns ns ns ns
C.V. (%) 2.73 3.75 3.34 2.24 3.47 6.08
KDML 105 Controlled condition 98.00 98.00 97.00A 99.00 98.00 99.00 ns 1.59
Ambient condition 98.50ab 96.50b 91.50cB 100.00a 98.50ab 98.00ab > 1.61
F-test ns ns *x ns ns ns
CV. (%) 1.81 2.48 1.68 0.82 0.72 1.44

“Mean in the same column followed by different capital letters and mean in the same row followed by different lower case were significantly different at the 5%
level of probability by DMRT. *=Significant at p < 0.05, **=Significant at p < 0.01 ns=not significant
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Table 3 Mean germination time (day) of rice seed varieties under controlled condition and ambient condition at 2, 4, 6, 8, 10, and 12

months after harvest

Variety Storage Condition Storage Period (months after harvest) F-test CV.
2 4 6 8 10 12 (%)
Ku Muang Controlled condition 8.83aY 8.44bA 7.95¢ 797c 7.46d 7.46d o 2.20
Luang Ambient condition 8.78a 8.38bB 8.20b 7.78¢c 7.51c 7.48¢c ** 247
F-test ns * ns ns ns ns
C.V. (%) 1.58 2.03 3.32 1.59 3.10 1.41
Kore Deaw Controlled condition 9.00a 8.98aA 7.58b 7.68b 6.01cB 7.57TbA ** 2.89
Ambient condition 8.97a 8.32bB 7.63c 7.59c 7.03dA 6.82dB o 3.01
F-test ns *x ns ns ** **
C.V. (%) 2.38 2.66 2.50 3.73 3.83 2.67
Som Ma Lee Controlled condition 9.27a 9.67a 8.19b 7.79bc 7.48¢ 7.94bcB x> 3.99
Ambient condition 9.44a 9.62a 7.85¢c 7.77c 7.74c 8.69bA o 3.79
F-test ns ns ns ns ns **
C.V. (%) 5.47 3.94 3.55 1.67 4.32 2.32
Kaw Dore Controlled condition 9.70aA 9.50a 8.24c 8.5TbcA 7.15d 8.92bA ** 291
Ambient condition 8.88aB 9.13a 8.09b 7.40cdB 6.95d 7.57cB > 4.05
F-test * ns ns ** ns **
C.V. (%) 4.08 4.28 2.06 2.48 1.79 4.21
Chao Deang Controlled condition 8.12b 8.69a 7.64b 7.66bA 6.59dB 7.15¢ x> 4.05
Ambient condition 8.00b 8.87a 7.48¢ 7.19cB 7.34cA 7.10c > 3.43
F-test ns ns ns * ** ns
C.V. (%) 5.16 3.82 3.57 3.23 3.49 1.97
Leaung Kum Controlled condition 8.81a 7.85bB 797b 8.00bA 7.01c 7.69b ** 4.80
Mad Ambient condition 8.68a 8.58abA 7.96¢ 7.06dB 7.23d 8.09bc x> 4.68
F-test ns *x ns ** ns ns
C.V. (%) 8.29 2.68 4.22 2.47 3.57 3.07
Sum Pun Controlled condition 8.95a 8.66a 7.78b T.77bA 6.72dB 7.31c > 3.35
Deang Ambient condition 8.90a 8.29b 7.47c 7.15dB 7.30cdA 7.29cd ** 2.57
F-test ns ns ns ** * ns
C.V. (%) 3.05 3.04 2.84 2.56 4.09 1.99
Hom Nang Controlled condition 9.56a 8.97b 8.69bc 8.38c 7.17d 7.28d ** 3.68
Nuan Ambient condition 9.58a 9.12b 8.75bc 8.44c 7.57d 7.53d ** 3.11
F-test ns ns ns ns ns ns
C.V. (%) 2.36 3.06 2.98 2.04 4.16 5.61
Kum  Dum Controlled condition 9.15a 7.72cB 8.42bA 7.83cA 6.35d 7.68cA ** 3.08
Tia Ambient condition 8.88a 8.37bA 7.92cB 7.14dB 6.73d 6.96dB > 3.54
F-test ns *x* * ** ns **
C.V. (%) 4.11 3.10 2.60 3.20 3.55 277
Pha Deang Controlled condition 9.06a 8.38b 8.42bA 7.43c 6.48dB 7.21c ** 2.58
Ambient condition 9.09a 8.23b 7.90cB 7.70c 7.20dA 7.24d > 2.72
F-test ns ns * ns ** ns
C.V. (%) 2.73 2.61 3.06 2.15 2.62 2.45
RD 6 Controlled condition 9.83a 8.46bcB 8.82b 8.12cA 7.13dB 8.0dc ** 4.03
Ambient condition 9.95a 9.14bA 8.84b 7.76dB 7.57dA 8.22¢c ** 2.88
F-test ns ** ns ** * ns
C.V. (%) 4.54 2.37 3.52 1.12 2.68 4.57
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Table 3 Continue

Variety Storage Condition Storage Period (months after harvest) F-test CV.
2 4 6 8 10 12 (%)
KDML 105 Controlled condition 9.69a 10.03aA 7.95bB 7.81bB 7.15¢c 797b o 3.14
Ambient condition 9.53a 9.40aB 8.63bA 8.03cA 7.26d 7.97c o 3.55
F-test ns * * * ns ns
C.V. (%) 4.14 3.16 4.07 1.56 2.55 3.22

“Mean in the same column followed by different capital letters and mean in the same row followed by different lower case were significantly different at the 5%
level of probability by DMRT.
*=Significant at p < 0.05, **=Significant at p < 0.01

ns=not significant

Table 4 Germination index of rice seed varieties under controlled condition and ambient condition at 2, 4, 6, 8, 10, and 12 months
after harvest

Variety Storage Condition Storage Period (months after harvest) F-test CV.
2 4 6 8 10 12 (%)
Ku Muang Controlled condition 3.980Y 5.45¢B 5.85bc 6.05b 6.26ab 6.60a ** 5.01
Luang Ambient condition 4.23d 5.80cA 5.97c 6.18bc 6.61a 6.56ab ** 4.63
F-test ns * ns ns ns ns
CV. (%) 9.41 3.00 4.89 2.45 5.28 3,99
Kore Deaw Controlled condition 5.23c 5.02c 6.15b 6.52b 8.25aA 6.19bB ** 4.91
Ambient condition 5.33d 5.42d 6.07c 6.36bc 6.56abB 7.02aA ** 5.04
F-test ns ns ns ns ** **
CV. (%) 4.11 5.63 4.23 5.54 5.26 4.35
Som Ma Lee Controlled condition 4.86c 4.87cB 6.15b 6.23b 6.77a 6.10bA ** 6.08
Ambient condition 5.03¢c 5.44bA 6.26a 6.40a 6.60a 5.77bB ** 4.56
F-test ns * ns ns ns *
CV. (%) 9.07 5.09 4.97 2.55 6.15 3.16
Kaw Dore Controlled condition 5.12d 5.27d 6.16b 5.83cB 6.96a 5.88cB ** 3.20
Ambient condition 5.59¢ 5.45¢c 6.25b 6.73abA 7.08a 6.69abA ** 5.23
F-test ns ns ns ** ns **
C.V. (%) 5.35 9.52 2.67 0.89 1.68 3.37
Chao Deang Controlled condition 5.99cd 5.71d 6.40c 6.28cB 7.65aA 6.95b ** 5.48
Ambient condition 6.32b 5.71c 6.66ab 6.87aA 6.84aB 6.73a ** 3.68
F-test ns ns ns * * ns
C.V. (%) 4.44 6.22 3.86 3.87 6.15 2.35
Leaung Kum Controlled condition 5.41d 5.95¢ 5.98c 6.23bcB 7.19a 6.38bA ** 3.94
Mad Ambient condition 5.58b 5.76b 5.91b 7.02aA 6.76a 5.99bB ** 4.96
F-test ns ns ns ** ns *
CV. (%) 6.13 6.42 3.56 2.36 4.34 3.41
Sum Pun Controlled condition 5.51d 5.65d 6.41bc 6.32cB 7.56aA 6.78b ** 4.18
Deang Ambient condition 5.54b 5.78b 6.52a 6.85aA 6.85aB 6.84a ** 3.39
F-test ns ns ns ** * ns
CV. (%) 5.06 4.54 4.19 2.74 4.05 1.95
Hom  Nang Controlled condition 3.25¢ 4.86b 4.98b 5.23b 6.30a 5.94a ** 5.60
Nuan Ambient condition 3.38c 4.87b 4.91b 5.17b 6.17a 5.75a ** 5.63
F-test ns ns ns ns ns ns
CV. (%) 7.95 9.19 5.56 4.76 3.43 3.14
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Table 4 Continue

Variety Storage Condition Storage Period (months after harvest) F-test CV.
2 4 6 8 10 12 (%)
Kum  Dum Controlled condition 5.02d 6.34b 5.83c 6.25bcB 7.75a 6.37bB ** 4.56
Tia Ambient condition 5.40d 5.97c 6.05¢c 6.90bA 7.40a 7.33aA ** 3.28
F-test ns ns ns * ns o
CV. (%) 5.01 4.11 3.97 4.46 3.08 3.35
Pha Deang Controlled condition 5.20d 594c 591cB 6.45b 7.77TaA 6.76b xx 3.89
Ambient condition 5.36d 5.97c 6.33bA 6.41b 6.88aB 6.79a ** 3.22
F-test ns ns * ns ** ns
CV. (%) 4.63 5.00 3.34 2.54 3.09 2.86
RD 6 Controlled condition 4.96c 5.71bA 5.33c 5.97b 6.94a 6.08b ** 4.29
Ambient condition 4.90c 5.35cB 5.31c 6.17ab 6.52a 5.90b ** 6.15
F-test ns * ns ns ns ns
C.V. (%) 4.35 3.58 4.29 2.71 5.01 8.80
KDML 105 Controlled condition 5.36¢ 5.03d 6.21bA 6.43b 7.06a 6.38b ** 3.18
Ambient condition 5.45cd 5.27d 5.52cB 6.35b 6.8%9a 6.26b ** 2.34
F-test ns ns *x® ns ns ns
C.V. (%) 2.94 4.51 3.65 1.64 2.03 1.87

“Mean in the same column followed by different capital letters and mean in the same row followed by different lower case were significantly different at the 5%
level of probability by DMRT.
*=Significant at p < 0.05, **=Significant at p < 0.01

ns=not significant
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Abstract

Climate change has a direct impact on agriculture. The objectives of this study are: 1) to investigate
farmers' perception to climate change; 2) to explore and identify farmers' adaptation options to climate
change; and 3) to clarify the factor influencing farmers’ decision to adapt to climate change in each region.
Purposive sampling and questionnaire survey by using both closed and open-ended approaches were
employed in four provinces of four regions (Phitsanulok, Lop Buri, Maha Sarakham and Nakhon Si
Thammarat Provinces). Binary logistic regression was used to clarify the factor influencing farmers’ decision
to adapt to climate change. The results show that the farmers in Lop Buri and Maha Sarakham Provinces
perceived the changing of temperature, which was in line with meteorological data. Regarding farmers’
perception on precipitation changes, only the farmers in Phitsanulok Province perceived the changing of
precipitation, which is consistent with meteorological data. Using crop varieties that are resistant to
drought, seeking for non-farm jobs, increasing of surface pond or artesian well, improving in irrigation
efficiency, participating in crop insurance programs, and cultivating variety of crop (mixed cropping system)
are the favored options for farmers’ adaption to cope with climate change. The results also reveal that
water reserves, amount of debt, non-farm income, planted area, and number of household member are

the important factors influencing farmers’ decision to adapt to climate change.

Keywords: Climate Change, Farmers, Perception and Adaptation
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Fig. 1 Study areas
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6) ‘ﬁ'a;{gaaquﬁmmmiuaﬁm&gnLwi A.f.
1987 - 2016 AuUsteyaanineinieluedn Ao
gumniiade aamglivngn guvaiigean wavUiuna
hrluads nnTNgAlening) iedinsgiisziiu
Auguussazuudlfunsdsuudasvesdade
msshugdenmelusinuagiieviuniuisuiiivuiu
ns¥usveanuasnsluusaziiud

3.2 Yaulnseleuidsade Usenausie 2 dwu

o

A8

Dnrsfnuvndenmuain o Tdns
Fun1wallF9dn N1sFUAALUUTEIUTIN LaznIT
Funawuuldddiusiu

2) Ms@nwudiUIua laglduuugouniu
9nsfu 14lUsuAsa SPSS Version 21 1iiefuaa
ALady (Mean) n1sildsunlasvesdadonisdiu
Qﬁmmﬁ 14 Binary logistic regression Tunas
ns1zniladefidinanenisusudizesnunsns
(Table 1) waglylusunsu Microsoft Office Excel
Version 2010 Litadinsnziuuiliunisivasuudas
veastafenisiuaningieonnia uazdnauslu
sUkuUNT LY

Table 1 Definition of variables in the farmer adaptation model

Variables

Description

Planted area (X1)

Gender (X2)

Agriculture experience (Xs)

Schooling (Xa) (year)

Household size (Xs) (person)
Farm size (X) (rai)

Farm income (X7)

Non-farm income (Xs)
Water reserves (Xo)

Debt (X10)

Farmers’ perception on climate change (Xi1)

Dummy, 1 = irrigated area, 0 = rainfed area
Dummy, 1 = male, 0 = female

Continuous, number of years farmer has worked
related to agriculture
Continuous, number of years in school completed by

farmer

Continuous, number of household members
Continuous, total farm area planted in rai

Continuous, net income from farming in Baht per month

Continuous, total income from other sources in Baht per

month

Dummy, 1 =yes, 0 = no
Continuous, total amount of debt in Baht

Dummy, 1 =yes, 0 = no
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@1N13 Binary logistic regression
Y:ﬁo+ ,B]X1 + BzX2+B3X3 + ... +B11X11

Fawlsanu (v) fie USusifieannansznuainnis
Wasuwasannadennie (1 = U5ui 0 = laifinns
Usus)

Fuusdasy () nefmuali B, fe duuszdns
YasiUsdase (Table 1)

Tuns¥anansznuvesnsiasunlasuesa
wUsdaszurassindnansenuienisiUasuulacues
FauUsnanilsiu wuusiaes logit 9:14 Marginal
effect unuen Coefficient Lilosarnuuusiaes logit

Lildegluguidunss

A1 Marginal effect U9uuUUTI@94 logit An
dp
— =p(P)(1—-P
5y = BP)1~P)

dle x; wWasuwladly 1 wihe aeiinansznulvieny
unazfudsuuuasly B (1-P) Tnsauinves
Marginal effect aguUsiunua Bx;; P Ao lond
fnwnsnsazinisusuda: 1P ae len1ad
1R INIaz ldUSUsi

NALALIITUNANITIVY

a
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winluuvesguniiiadensud A.m 1987-2016
(30 V) vesdaminanyTuazunmiansarudunuiliy
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ity Sedainmmansauduultufistuinnian
Windy 0.0027 °C/d Tuseu 3 naasse luvaed
Janinfivalanwazuasassssusivivuilduas
sungiiadsanas Fedminfivalananasnniian
Tfufe 0.0059 °C/T Tusou 3 nenssy (Fig. 2)

2. mawAsuutasuasUBuaisy
wultfuesUSananisudaug a.a 1987-2016
(30 ¥) vosdaminfivalanuasunsAIsssusIvl
wualtndintu Fedminuasadsssuseduulidy
diuBuanniian Wity 14.328 fedluns/d luseu 3
nenssy luvnedl TaminanyTuazumansaiud
wualtiuanas Gedaninanydiiunlduanasnniige
Wiy 38.108 Hadwmns/d Tuseu 3 nensse (Fig. 3)

3. nsfurenisiasuulasanmgiionne
NWANTANYY WU INwRINTTarindivadlan
Lﬂwiﬂﬁuiﬁamﬂﬁm%u%w%mmﬁmuuaz
gunil fouar 82.0 uar 96.0 mud1du Jandn
anyd SudfsnafisduresUiinuhiusargangd
Fogar 73.3 way 98.3 MUH1GU TN TAUMIAITAL
Fustsnmafisduvesufinuiusazeamgd Sovay
92.3 ua¥ 98.1 MUAWU Uag JMIAUATATSTINIIY
fudtsnsanasveauiinaidulagnisfiutures
gaunil Sewar 67.9 uag 94.6 AuawU (Table 2)
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Phitsanulok Province

Lopburi Province
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Fig. 2 Trend of average temperature over the past 30 years
Table 2 Percentage of farmers’ perception on climate change
Farmers’ perception (%)
Phitsanulok Lopburi Maha Sarakham Nakhon Si Thammarat
Province Province Province Province
Precipitation
Increased 82.0 73.3 92.3 32.1
Decreased 18.0 26.7 1.7 67.9
Temperature
Increased 96.0 98.3 98.1 94.6
Decreased 4.0 1.7 1.9 5.4
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Phitsanulok Province
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Fig. 3 Trend of average precipitation over the past 30 years
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v v

vesUSinaniuidy Sevay 92.3 Fdlildenadoeiu
Wnanhruiiudeundasly

FIUATIULAY TINTAUATAISTINGIY LABATNT
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nsgndeaineluiseswegangl duUFinasy
inensnsaIulng %’Ufﬁaﬂﬂiamaamaaﬂ%mmfmu
Youaz 679 delildenndesduusunaundui
Wasuuladly Wiy

5. msUFudvasneasnsdantsUAsuLasEnw
nllane

fuaneing Smiafivalan inwmansdeniioy
Usuides gavetifiuiu msldiusfeidanny
Frumudeauuiaude uazviendndud
uenwileanMainuns 1nilgn Aud iy waziuy
faUseansainveanisusuiinieds n1susedu
KaKANINFSTINIR Yavetfisfn nsldiug
FydAfiauduniudenuuiends uiniiga
MUawU (Table 3)

fuaingds damiaany3 inwnsnaideniias
U¥uiadae38 yadodnfiuiy wierdndui
uonmiloanniainens waznsldiusiaiidain
FumusionuLTILds 1nflan awddy uaziud
fauszansainvesnisuudidieds tiuszuy
yaUsznuiiussdnsam msusziunandnainds
CERERHRET mﬂaﬁuﬁmﬁu LAz Indud
usnmileansinums 11nflan mudiu (Table 3)

FUALIINILTS FIMTAUNIAITANY LNBATNS
\donflazUiudifieds nsdszfunandnainde
595UA WiNTEUUYAUsTYUTTUSE VB wagn
o1wduiiuenmilonnnisinuas snflganud iy
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AIUAUIULAG M TAUATAIEITUIY LNWATAT
\denflazUsusanieds merdndufiuenmiloain
n13inwAs Andunismigdgnivdaiunainvang
wazinizlgnitafifseuninfuifendu (Rveigdu)
mmﬁ"qm MUY WazTuinalseansainueans
USUMAIE7D N15UTEAUNANENIINABEITULIR N
913nduiivenniloainnisinuns wazn1suseiu
NANARINFB5IUIRA 11nTign Muadu (Table 3)
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Ruan wavdrsliinensnsauisadedadenisnan
Wy Yo wandusiuulgeiudiy uaziadesile
gaUsznu NM3ITeRertunseensunaluladns
AsinRsUaTITiauduiuEneUInsEwInesEey
158U ULAEAINNNTOUYRUATAR (Yirga, 2007;
Pattanayak et al., 2003) §1ulundausarialy
LneRsNSLaenfiarnsUSuRLRNLINTY Wy n1s
USuiitenuuimafiunananliunniy dudu
swlddunenmionnnsviiun Usuenieminusad
YOUNUAINT T9019dHaREN NS UImMAluTadN
AsinEns eswnilanmegemienstufiiieme
(Knowler and Bradshaw, 2007)

Janinanys wudl Auilnizugn wazumraad
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=

Fauanlidiuin WﬂﬂLﬂHmiﬂiﬁﬁuﬁﬂ’liwaﬂQﬂEJE;J:
venuasalszniu azdanaliinunsnsideniioz
USustilaussimnansenuiiensasiineinnis
LU?{sJuLLiJanaquﬁmﬂm ag19lsAnTy wan
nensnsiiunasindises svdwmalfinunsnsls
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Table 3 Percentage of farmers who adopted the main adaptation strategies

Farmers’ decision to implement adaptation strategies (%)

Adaptation strategies Phitsanulok Lopburi Maha Nakhon Si
Province Province Sarakham Thammarat
Province Province
Increasing of surface pond or artesian well 10.0 32.0 67.3 22.1
Implementing crop diversity 26.7 40.0 28.8 54.5
Integrated farming 10.0 14.0 135 16.9
Using drought-resistant crops and varieties 58.3 54.0 46.2 32.5
Practicing crop rotation 16.7 22.4 17.3 32.5
Planting short-lived crops 317 34.0 36.5 35.1
Cultivating variety of crop (mixed cropping system) 26.7 44.0 30.8 28.6
Seeking for non-farm jobs 54.2 58.0 55.8 61.0
Changing to non-agricultural jobs 5.1 12.0 7.7 15.4
Agroforestry (3 Forests, 4 Benefits) 13.3 6.0 9.6 10.3
Implementing soil conservation 20.0 46.0 17.3 24.4
No-tillage 13.6 10.0 11.5 9.1
Crop insurance 42.4 30.0 75.0 333
Changing to livestock 11.7 16.0 19.2 26.9
Buying the water for using in farm 8.3 2.0 7.7 2.6
Changing water management techniques 1.7 10.0 9.6 7.7
Improving in irrigation efficiency 65.0 60.0 30.8 23.1
Farming calendar adjustment 46.7 22.0 17.3 26.0
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Wosadeiien inuindwmanenisusuiadauan 4
seuTleddyneadia 0.01 (Table 4) Fauanslidiu
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9199z1AnanNsiAsuLYasan g fionnia 1wy
Lﬂwmmmmiaﬂ%’uLﬂﬁauﬁanﬂﬂiwasUQﬂ NIERE:
mmaaﬁﬁﬂi’ﬂﬁmaamL’Jmsuaﬁa*um‘uwwﬂqﬂ 8n
winstlunaatindises Saluunasdmndusini wie
Auinih szasnisvhveni ludimiiviaudae
(Arunrat et al., 2017; Aiamchom et al., 2017)

FIMTAUATAIEIINIIY WU e Tnly
asudou Wudladeidsmanensusuiudeay Aisssu
Hod1dyn19add 0.01 (Table 4) Fauansliidfiuia
winneasnsisuuaundnluafSoufindy o
denaliinwasnsideonfiozlduiudisenis
LU?SMLUMM']W@@MM wail 91auiiesann
asudouiiiisuanndnlupdaideunnn fdnenwly
msUsznevenTmaSuogrsduldunn wu Sude wie
THussulufonssuuennimnunsee dadunis
as19sgldiioussmanunasugiunisuslaaves
ASL50U (Yirga, 2007)

Table 4 Estimated marginal effects of farmers’ decision to adapt to climate change

Marginal Effect

Variables Phitsanulok Lopburi Maha Nakhon Si
Province Province Sarak.ham Thamrnarat
Province Province
Planted area -0.0456 -0.1004* 0.0711 -0.0948
Household size 0.0673 0.0376 0.0136 -0.0357**
Gender 0.0218 0.0083 -0.0095 -0.0098
Schooling 0.02183 0.044 0.0808 0.0653
Agriculture experience 0.0232 -0.049 0.0512 0.0234
Farm size -0.0222 -0.0453 -0.0683 -0.0102
Water reserves 0.0324%* -0.0120** 0.0311** 0.0032
Farm income 0.0004 0.0002 0.0002 0.0006
Non-farm income 0.0012* 0.00007 0.0021 0.00007
Debt 0.00006** 0.00002 0.000008 0.000006
Farmers’ perception on climate change -0.0442 -0.0642 -0.0631 0.0332

*=p <005 *=p<001
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Research on the Improvement and the Development of Agricultural
Products in the Communities for Food Safety System under
ASEAN Economic Community (AEC)

Tasanee Aromkliang”

Curriculum and Instruction, Faculty of Education, Chiangmai Rajabhat University,
Chiangmai 50300, Thailand

Abstract

The objective were to study and to increase the potential of agricultural communities in Chiang Mai and
develop the agricultural products in the communities for the Food Safety System under ASEAN Economic
Community (AEC), based upon the Sustainable Economy Philosophy. This qualitative research was supported by
the quantitative analysis and Chosen as a sample group by purposive sampling from 5 groups of volunteering
farmers from 5 Thumbols. PAR, was implemented along with the SWOT analysis to interpret the potential of the
communities using statistical data in terms of averages from descriptive statistics. In addition, 6-dimenion analysis
was also conducted to measure the achievement of the project development and to demonstrate the potential
of the farmers in order to offer suggestions for the improvement and the development of the agricultural products
in the Chiang Mai communities for the Food Safety System under ASEAN Economic Community.

[t was found from the research that the strengths of all 5 groups of farmers in Chiang Mai was their
expertise in production, marketing, soil quality, product processing, promotion, group accounting management and
knowledge transfer. On the other hand, their weakness was the lack of knowledge regarding gsood and effective
farming. Their most important possible opportunity was the support of governmental agencies in farming and
knowledge sharing; while their threat was that the needs for their agricultural products were limited to regular
customers in their own communities. From the mentioned potential of farmers in Chiang Mai, 7 guidelines to
improve and develop the agricultural products in the communities for the Food Safety System under ASEAN
Economic Community based upon the Sustainable Economy Philosophy are as follows: 1) Planning, 2) Safe
Production and Standards; 3) Business Negotiations; 4) Knowledge Acquisition; 5) Cooperation and Integration with
Other Related Parties; 6) Farmer’s Prototype Creation and 7) Safe Farming Based on Sustainable Economy.

Keywords: Agricultural Products, Food Safety System, ASEAN Economic Community (AEC) and Sustainable Economy
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Behavior and Factors Influencing Consumers on Hydroponic Vegetable

Consumption in Mueang District, Udon Thani Province

Sirirat Sansaeng’, Kittisak Rossoda, Kanyarat Kotchomphu and Atthasat Wiseansat

Program in Agribusiness, Faculty of Technology, Udon Thani Rajabhat University, Udon Thani 41000

Abstract

This research was conducted to investigate behavior and factors influencing consumers on
hydroponic vegetable consumption in Mueang District of Udon Thani Province. Four hundred consumers
were selected as samples of this study. Data collection was done from September to October 2017
towards questionnaires. To analyze the data, descriptive statistics like frequency, percentage, mean, and
standard deviation were used. Results revealed that most of the samples responding to the questionnaires
were 20 — 30 years old females who were single undergraduate students having income less than 5,000
baht per month. Results of hydroponic vegetable consumption stated that the samples had known
hydroponic vegetables from television the most. The highest frequency of consuming hydroponic
vegetables was once a month. Besides, the samples preferred to buy hydroponic vegetables from a
shopping mall, and Red Oak was the most popular vegetable for their consumption. The highest quantity
of their buying was less than half a kilo, and they averagely spent 30 — 50 baht to buy hydroponic
vegetables per time. The most important factors influencing consumers’ behavior on hydroponic vegetable

consumption were health, prices, cleanness, and safety guarantee.

Keywords: Consumption behavior and Hydroponic vegetables
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Table 1 Buyers’ General Information in Muang Udon Thani District

Information Number of Sample Percentage
1. Gender
- Male 138 34.50
- Female 262 65.50
Total 400 100
2. Age
- 10 - 20 years old 89 22.25
- 21 - 30 years old 140 35.00
- 31 - 40 years old 73 18.25
- 41 - 50 years old a4 11.00
-51 - 60 years old a2 10.50
- More than 60 years old 12 3.00
Total 400 100
3. Level of Education
- Elementary school or lower 11 2.75
- Junior high school 20 5.00
- Senior high school/vocational certificate 94 23.50
- Diploma/ high vocational certificate a6 11.50
- Bachelor degree 202 50.50
- Master degree 20 5.00
- Philosophy of Doctoral degree 7 1.75
Total 400 100
4. Status
- Single 250 62.50
- Married 141 35.25
- Divorced 8 2.00
- Widowed 1 0.25
Total 400 100
5. Occupation
- Students 145 36.25
- Government officers 59 14.75
- Private employees 78 19.50
- Businesses owners 72 18.00
- Maids 13 3.25
- Farmers 6 1.50
- Labor 27 6.75
Total 400 100
6. Income/month
- Less than 5,000 baht 116 29.00
- 5,001-10,000- baht 63 15.75
- 10,001-15,000 bah 59 14.75
- 15,001-20,000baht a5 11.25
- 20,001-30,000 baht 50 12.50
- More than 30,000 baht 67 16.75
Total 400 100
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Indluusazads 91-110 U (Table 2)
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Table 2 Consumers’ Behavior in Hydroponics Vegetable Consumption in Muang Udon Thani District

Consumers’ Behavior Number of Sample percentage

1. Channels for receiving hydroponics vegetable information

- Television 154 38.50
- Magazine 26 6.50
- Newspapers 9 2.25
- Friends/relatives 39 9.75
- Facebook 111 27.75
- Shopping malls 21 5.25
- Fresh markets 3 0.75
- Training 37 9.25
Total 400 100
2. Frequency of consuming hydroponics vegetables
- Every day 40 10.00
- 2-3days atime 81 20.25
- Once a week 62 15.50
- 2 weeks a time 51 12.75
- Once a month 122 30.50
- Rarely 44 11.00
Total 400 100
3. Places popular for buying hydroponics vegetables
- Fresh markets 65 16.25
- Shopping malls 288 72.00
- Health food stores 28 7.00
- Farms 19 4.75
Total 400 100
4. Frequency of buying hydroponics vegetables
- Every day 37 9.25
- 2-3days atime 75 18.75
- Once a week 101 25.25
- 2 weeks a time 40 10.00
- Once a month 115 28.75
- Rarely 32 8.00
Total 400 100
5. Quantity of buying hydroponics vegetables per time
- Less than half a kilogram 162 40.50
-0.50 - 1 kg 126 31.50
-1.1-15kg 55 13.75
-1.6-2kg 14 3.50
- More than 2.1 kg 43 10.75
Total 400 100
6. Amount of money paid for buying hydroponics vegetables per time
- 30 - 50 baht 103 25.75
- 51 - 70 baht 80 20.00
- 71 -90 baht 43 10.75
- 91 - 110 baht 42 10.50
- 111 - 130 baht 45 11.25
- More than 131 baht 87 21.75
Total 400 100
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(Table 3)
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Table 3Factors influencing consumers’ behavior on purchasing hydroponic vegetables in Mueang district

of Udon Thani province

Factors X S.D. Level
1. Products
1.1 Consuming the products is good for health. 4.31 0.72 High
1.2 The products are clean. 4.29 0.68 High
1.3 The products are always fresh. 4.18 0.68 High
1.4 The products are without pesticide. 4.14 0.76 High
1.5 The products are firm and beautiful. 4.13 0.71 High
1.6 The products’ packaging is standard. 4.11 0.70 High
1.7 There is a variety of products. 3.92 0.77 High
1.8 The products’ taste effects the consuming. 3.90 0.76 High
Total 4.12 0.72 High
2. Prices 3.61 0.76 High
Total 3.61 0.76 High
3. Places
3.1 The shops are clean. 3.96 0.75 High
3.2 The shops include a car park to serve the 3.60 0.85 High
customers.
3.3 The shops are close to the consumers’ home or 3.54 0.91 High
office.
Total 3.70 0.84 High
4. Promotion
4.1 Ensuring the products through safety guarantee 4.08 0.66 High
4.2 Giving service about the products from the sellers 3.57 0.96 High
4.3 Making trend to consume the products 3.42 1.01 Medium
Total 3.69 0.87 High
S A seyl¥in dawlngduslanmuinands a1gszning

26-35 U syaunsAnuuTeygns Useneuendnlu
nInuUSEMenYY J51e1leu1nndn 20,000 U/
Wou wazaenndadfu Jeensomn (2011) fifinwn
Hadeiildlunisinduladednlasnalsivaos
Auslaaluwnngamnamiuas seyliin dulvgilu
WAEYS 91858719 25-34 U szRunisAnuuIaan

duslaadnlalasluiind dauluaidumandgs
91958134 21-30 U antunnlan seaunsAne
USuey1n3 @onnaednu Kongban (2011) N1dn®A
a = Y a Y <
ngAnssun1sustaadnlalasivindludamingiin 7
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Factors Affecting Raw Milk Production Cost of Farmers in Sakon Nakhon Province

Phornphat Chaisombut” and Narawut Rapankum

Agribusiness Program, Faculty of Agricultural Technology, Sakon Nakhon Rajabhat University,
Sakon Nakhon 47000, Thailand

Abstract

The purposes of this research were to study general information of dairy farmers, dairy farming
conditions, cost and returns of milk production, and the factors affecting the cost of milk production in
Sakon Nakhon Province. The data of 110 households was collected in 2016. Descriptive statistics was used
to analyze the data, and binary logistic regression was used to determine the factors affecting raw milk
production cost. The results showed that most of the farmers were male at the age of 49 years old on
average and received primary education. The farmers had 16-year experience in dairy farming. The study
also indicated that the famers had the average area of 5.01 rai for dairy farming per household with the
labor force of 2 persons. Thai Friesian breeders were popular among the farmers. The calculated main
cost of dairy farming was the feed at 48.46% of the total cost. The average economic cost of raw milk was
20.28 baht per kilogram. The average accounting cost was 12.56 baht per kilogram. The raw milk price was
17.92 baht per kilogram. Therefore, the economic profit and accounting profit were -2.95 and 5.36 baht
per kilogram respectively. The analysis revealed the factors affecting raw milk production cost of the
farmers in Sakon Nakhon Province including: 1) Farm size (P<0.01) - the medium-size farms had more
chance to have lower cost than average the group 26.74 times when compared to the small-size farms;
2) education (P<0.05) - the famers which higher education than primary level had more chance to have
lower cost than average the group 2.87 times compared the others; and 3) Labor (P<0.01)- with an addition

of one worker chance to have lower cost than average the group decrease 0.43 times

Keywords: Dairy cow, Raw milk, Production cost and Factors affecting milk production cost
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Table 1 Comparison of accounting costs and economic costs according to farm size

Farm size

Accounting costs (Baht / kg)

economics costs (Baht / kg)

1-10 milking cows (n = 39)
11-20 milking cows (n = 44)

21 or more milking cows (n = 27)

14.74
11.71
10.78

27.73
18.38
15.02

2. Jadelinadaiuun1sHanIUN YN BATNS
muUsBasens 8 Yade dseazidenns Table 2

Table 2 Socio-economic conditions and production conditions of dairy farms in Sakon Nakhon province

Cost lower than average

Cost higher than or equal

Variables Variable value of the group average of the group Total
frequency  percentage frequency percentage frequency percentage
1. SEX male 49 44.55 28 25.45 7 70.00
female 22 20.00 11 10.00 33 30.00
2. AGE higher than average 34 30.91 16 14.54 50 45.45
(average lower than or equal 37 33.64 23 20.91 60 54.55
49 years) average
3. EDUC higher than primary 18 16.36 31 28.18 49 44.54
education
primary education or 15 13.64 46 41.82 61 55.46
lower
4. EXPER higher than average 32 29.09 19 17.27 51 46.36
(average lower than or equal 39 35.46 20 18.18 59 53.64
16 years) average
5. F SIZE medium farm 29 26.36 2 1.82 31 28.18
small farm 42 38.18 37 33.64 79 71.82
6. Type CON concentrated feed and 16 14.55 6 5.45 22 20.00
Mixed feed
concentrated feed 55 50.00 33 30.00 88 80.00
7. LABOR higher than average 2 1.82 11 10.00 13 11.82
(average 2 lower than or equal 31 28.18 66 60.00 97 88.18
people) average
8. CAPIT private funds 27 24.55 28 25.45 55 50.00
private funds and loans 44 40.00 11 10.00 55 50.00
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Table 3 Logit model analysis results of factors affecting milk production cost

95% C.|.for EXP(B)

Variables B S.E. Wald df Sig. Exp(B)
Lower Upper
SEX 0.694 0.549 1.596 1 0.206 2.002 0.682 5.875
AGE 0.018 0.029 .383 1 0.536 1.018 0.962 1.077
EDUC* 1.054 0.500 4447 1 0.035 2.870 1.077 7.647
EXPER -0.008 0.030 0.073 1 0.787 0.992 0.936 1.052
F SIZE** 3.283 0.872 14.189 1 0.000 26.749 4.838 147.899
Type_CON 0.236 0.627 0.141 1 0.707 1.266 0.371 4.322
LABOR** -0.843 0.296 8.094 1 0.004 0.431 0.241 0.769
CAPIT 0.301 0.533 0.319 1 0.572 1.352 0.475 3.844
Constant 0.501 1.491 0.113 1 0.737 1.650

**Significant difference 0.01, *Significant difference 0.05
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UNANED

n9ideiTfngUsrasdiftefnuiiladeiifinadenisuilnanansusiulssuidolagulnuesiludom i
anauns nguedlfanmstdenduuuuianziatzas (Purposive Sampling) A udiiusTnanansinusidelnyu
Tnugredluwndminanauas msdnaldnngaslinsvmnadiogisdsinald 385 19 Humunuteya
Tnglduuudunivel Jinsizndeyalagldnisiinsieionnesladasia (Logistic Regression Analysis) WUy Binary
Logistic wan53duagulédn fuusifdedfgnisadatsedu 0.01 Tdun e (SEX) yarafiduadenisdndula
u3lan (IPC) wazsefuazuuuaufianelaiddededdrunaunisnarndudomislunisindiving (Ps) fian
Significant iU 0.000 0.001 wag 0.000 Fatfesnin 0.01 wansdUsianaduadefifinadenisuilan fe
Sguslnaumaneilomaiiazuslnandnsusiussuidelagulnuensdianas 0.382 wih Wlasuisuiume
ndjs rfusloadugiadulatondnfasiussidelagulnuesdiosdlontafiosuilaandnsasiuussidelayu
Tnugneddiutu 2,576 wh werdfuslnalissduanufimelafifiietafodulsyaumsnainduromdlunisdn
Swnhendiadu 1 5wy SlenafiasuslnandesusiuUssuidelayulnusnsdnfintu 2,114 wh
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Factors Affecting the Consumption of Processed Pon Yang Kham Beef

Products in Sakon Nakhon Province

Narawut Rapankum ~ and Phornphat Chaisombut

Agribusiness Program, Faculty of Agricultural Technology, Sakon Nakhon Rajabhat University,
Sakon Nakhon 47000, Thailand

Abstract

This research aimed to investigate the factors affecting the consumption of processed Pon Yang
Kham beef products in Sakon Nakhon Province. 385 samples were selected by purposive sampling method.
The data was collected by using interviews and analyzed by binary logistic regression. The results of the
study were statistically significant at 0.01 in the areas of sex (SEX), influential persons on consumption
decision (IPC), and satisfaction level on marketing mix factors of the distribution channel (Ps). The significant
level of these variables was 0.000, 0.001 and 0.000, respectively showing that such variables affected the
consumption decisions. The results showed that: 1) male consumers were likely to buy processed Pon
Yang Kham beef products 0.382 times less than female consumers; 2) direct consumer were 2.576 times
more likely to consumption processed Pon Yang Kham beef products; and 3) the consumers with the
satisfaction on the increased distribution at the level of 1 had 2.114 times more potential to consume

processed Pon Yang Kham beef products.

Keywords: An analysis, Factors affecting the consumption and Processed Pon Yang Kham beef products

%
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19U N9ENNTALT FIADUTINAIUILAZINTLAU
nandaisluduSinuuesannm iieliaenados
AUuAI1UN15983mAa1n (Pon Yang Kham
Cooperative, 2517) Lﬁaiﬂﬁquiwua’mﬁ%ﬂuwﬁmﬁwﬁ
Fudnensiadeselauariododidudmia
anauasunlagmaen Luiidenluussanguiuilae
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Qe

LlaN1E191899 (Purposive Sampling) Ao LABIINTS
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AuAAILAABUSaYas 5 (Kanchanakifsakul, 2012)
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n =

2

de
dlon = vuamegn
7 = sriunnudesiuiinazideimunl i
Wiy 1.96 fiszduanuidesiuiesas 95 (sudu
0.05)
e = AAnuRANAIAgIEATIARTLIITY 0.05
WAzl

2
n= 1%~ 38410~ 385 58

4(0.05)

2. \n3esileildlunside

poudl 1 1unuudunivalifedfudeyaily
YouEUsLaA

poufl 2 Wuwuuduawalifeafunginssuves
fuslaedelagulnugnsduasndnfasiuusguidiols
YUINUEIA

3. MFATidayauazUIzIIaNA

Tunsfnuiluadsinnediteldnmainagims
annouladafia (Logistic Regression Analysis) LUy
Binary Logistic nséifidfuusdaszannnit 1 1 lag
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v ldnsen mh wiuy viondnsasiudsgudy 9 7
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1. n1snagaudauUsivuizauvasdaudsly
RNTERELE
AUNRFIY

Ho n15uilnandn fusiuussidelagu
Tnugneelsidusgfuiuyslunuudiaes

Hy: 3vslaanAnSusiudsgtiidelayulnuens
Fuegfusudsosnation 1 fuus

971 Table 1 A1 Model Chi-Square fiAvinfiy
66.261 911NN 18.31 (XP o510y AT AN
Significant 11U 0.000 Woeni1 0.01 Feaguladn
Ufasauufigiundn uazseniuauuRgiuses dufe
fifudsegetios 1 duuslusuudassiidamasie
nsuslnanansasiuussuidelayulnueiedi

Table 10Omnibus  test of model

coefficients

Chi-square df Sig
Step 66.261%% 10 0.000
Block 66.261%% 10 0.000
Model 66.261%% 10 0.000

** Significant difference 0.01

NANTSILATIZI WUI LUUINaD9EAT -2Log
likelihood ®a¥ Pseudo R* (Cox & Snell R’
Nagelkerke R%) @1u15aaduiglaindinysdasslu
ammimmma%maiaﬂﬂaﬁﬁuﬁmwﬁm%uh
u3lnandnfusiuussuidelayulnuensdnldfesas
22.20 (Table 2)

Table 2 Model Summary

-2 Log Cox & Snell Nagelkerke R
likelihood R Square Square
413.054 0.158 0.222
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2. NSNATOUAULNUNICAUVDILUUDNADIAIY
Hosmer - Lemeshow Test

Huadaildlunisnsradouninumuisees
lunalagazuus Case oanidu 10 ngu nquagii 9
fu n1suUaRarsananaIUszuIveloniad
mansaloziindeadalaaunis Tnafivunadaese
FnsvedeUReunnnefiazyilieuIL Case fing
1Hu1nnin 5 wazlifingulafifian g doundn 1
(Vanichbuncha, 2011)
Tnefauufgrumsnaaoudsil

Ho: WUUnaasdlmuiung s

Hi: wuudnasslddanuimnyay

AMSNAABUAINULNUITANYDIAUNITLAY
Hosmer and Lermeshow i@y 2.138 datios
141 15.507 wazA1 Sienificant L¥1fU 0.976 34
1nNnd1 0.05 Feagulaneeusuauuigiunan fe

aun1siANUNNTEL (Table 3)
10 (Oi _ Ei)z

2
Z - _—
i=1 Ei

Table 3 Hosmer and Lemeshow test

Step Chi-square df Sig
1 2.138 8 0.976
* Significant difference 0.05

3. NSNAFBUANLIUGIVBIHUNTT
nanagouanuUnTefield annsnasUld Ae
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wAnSusiudsguidelagulnuersdviifuiosay
40.50 na1ifedayadsefuilanlineuilan
wanfausiuUssUidelagulnuenad S 121 919
uidleldauniswennsaiazanansaneinsalinguslan
flinsuilnandnfariussuidelagulnueisd
$1uau 49 518 Tufe nensalgnées Fevas 40,50
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Yovavvesnsiunegnlunsdlfuilaaiiag
u3lnandnsasrinussiilelagulnuenadt iy
$ovar 87.90 namnAedeyasiewesuilnafiaeuilaa
wAnSusUsguilelagulnuetedt $1um 264 519
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weu3lnananfasiuussuidelagulnuensd 1
232 510 tiufle nennsalgnéios Sevar 87.90

fedufesazvoansvuegnlassandiansdl i
wevilnauazliinsuilnandnsuriussuidlolagu
Tnugnsdn niefesazvesnisneinsalgniosiads
wihituSesag 73.00 (Table 4)

Table 4 Classification Table

Observed Predicted Percentag
Never Ever e Correct
Never 49 72 40.50
Ever 32 232 87.90
Overall Percentage 73.00

910 Table 5 HAN1TIATIEY WU AU

'
v o W aaa

HedAynsadniszau 0.01 louA 1w (SEX) yana
fifinasionsindulauslne (PC) wazseiuasLuY
aufianelaiifdetadodiuysraunisnaindu
Poanslun1singuiig (Ps) d@n Significant 1Ay
0.000 0.001 WAz 0.000 Feiounin 0.01 Ufias
ausRg VAN Ho a1 seduAaNTesiu 99% wanein
FauUsdananndsninasenisdndula earunse
Feuaumsvesnsnensallasedl
Y =-1.235 - 0.961SEX** - 0.066EDU + 0.074INC +
0.315MAR + 0.946IPC** - 0.1500C - 0.298P; +
0.082P; + 0.749P3** + 0.085P4
naunsledannteduaunsallanalaingd
fuslnadumaneilonmanazuslnandnfnsiusgy
ilelanulnuenad anas 0.382 i ilewuisuiiiey
Auiwameds sguslaadadulauslaadienuedd &
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Tonnalunisuslnpunniy 2.576 wir Welfieudu
qﬂﬂa'ﬁlu 9 W AsouAs Wiow ewdu Wusu uay
tiuslanfisziuasuuummiselofifdetadvdiu
Uszaunsnanadnutosmslunsdasmineiiiniy 1
seify fonafiazuslnandndasiulssuidelagulny
19 fiLTY 2.114 Wi (Table 5)

dsduaziansalnanisivy
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U Ao

mMAdunsstilingussacd WeAnwitladufisiug
son1suslnandnfasiussuidelagulnugnsdilu
Jinanauas nan1sideasuldin anmialuves
Auslan dauanndunends Andusesaz 52.73
p1gLadniify 4601 U seduni1sAnsdindd
auUseyey/taa. Anlusesaz 48.31 913nsuing
vilU Aalufesay 33.25

d1TunanIsIAIIENaI8LUUINa8INIg
anaealadafia vlinsiui Juslaadumeyed
Tenafazruilnandnsasuussuidolaguanas
0.382 windlewisuiuguslaaiiduwemndgs o1y
msziunamdlnsionggidaseuasudiazliy
weuvangliguanisdvingldassnielutuuasd
ANAZLBEANINNIINATY adenndediy wuafAn
WOANTIUNITALATUGUAIMYDA Serirat (2007) 71
Na1191 gnaenugvredainuan anulley uay
Hrundfiuana1afu anugniadsaunas Tamusssu
HusimuaunumiagAanssuresnaiuang sty
Tnefimandesdunumlunisldielusududuasy
U3N1581ANILNAYI8 Nanthasin (2015) 1a
vn1sdnwy nuin uilaaffimaunnsiisdud
wgAnssumsuilanosifiequnmussiuslnaly
mngamuAs fuyadilumsuilan (in/ed)
wanfusgnsdidedfymnsadnn 0.01 Tneinendad
yaalun1suslaa (urn/ads) wanndunawng
Anuchan et al. (2016) wu31 inafiauduRusiy
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wgAnssun1sBelulivesiusina esaingmdind
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£

AnudunituwiBouninndnfny s
umaidinlaseulmygnaslaldieg uazuanside
FanudnnemdedingAnssunisdeldliunninne
18 walddanadesdu Srivaranan (2013) 1A
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Fuslamdumanefivudliufiasidaladouialy
swiunnnindesar 50 Letaldoansduniduinniy
wevlegSesay 18 nueANI Mnn1sIving
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Walaflrieiuiudiotoideansdunidludadu
Sovaziiganinnands
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WANFNAU miﬁqﬂﬂafﬁfaamiﬁim?ﬁ q nila Fos
Busunanauesniouyaradu 9 e denndesty
Siri-urnpai (2012) wuin thrteadieaiilugedudlu
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Inbumroong (2010) wu31 uilapdusndndula
Foduddeauies Anidudouny 57.50 s0sa fio
yaAaluAsauAsy Hongma (2012) wWuin uﬂﬂaﬁ'
dawaronginssunisfnduidentodudueatdoly
AAIATIANTENTIATITUAVTINIAUUNYS AD AULDY
Anufosay 59.00 dausAfeiliaenndowuaza
Usngityanadu o 017ty aseuata Lilew Lileu
Uy 1 Judu Inasenisuilanuinndtenadumsie
uywdnnauiiufesdiauisdemieduiusiuaui
agsoudadananinnimueaduddndulauilan
el Sanwar et al. (2014) wudn ngudeda 1wy Ay
Tuaseuaia 1oy tioutu fauduiusiy
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Table 5 Results of the logistics regression analysis model

95% C.l.for EXP(B)

Variable B S.E. Wald df Sig. Exp(B) Lower Upper
SEX -0.961 0.258 13.872 1 0.000%** 0.382 0.231 0.634
EDU -0.066 0.295 0.050 1 0.823 0.936 0.525 1.670
INC 0.074 0.294 0.063 1 0.803 1.076 0.604 1.917
MAR 0.315 0.259 1.480 1 0.224 1.371 0.825 2.278
DEC 0.946 0.279 11.469 1 0.001** 2.576 1.490 4.455
oC -0.150 0.339 0.197 1 0.657 0.860 0.443 1.672
P1 -0.298 0.176 2.876 1 0.090 0.742 0.526 1.048
P, 0.082 0.170 0.232 1 0.630 1.085 0.778 1.515
Ps3 0.749 0.168 19.855 1 0.000%** 2.114 1.521 2.938
P4 0.085 0.135 0.398 1 0.528 1.089 0.836 1.419
Constant  -1.235 0.751 2.708 1 0.100 0.291

** Significant difference 0.01
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Product Development of Pork Snack Microwave

Sananthorn Pichai”

Faculty of Agricultural Technology, Rajabhat Maha Sarakham University,
Maha Sarakham 44000, Thailand

Abstract

The purpose of this research is to study the development of microwave pork crackling production
by reducing the amount of fat in the products and make the products be more safety and healthy to
consumers. The research is found a method, which was to bring skin pork to boil until it was rot - baked
at 90°C -lasted for 3 hours and after that, puffed it with microwave. After puffing it with microwave, we
found the pork crackling were inflated well at 800 Watt took for 2 minutes and the microwave pork
crackling had amount of fat about 6+0.70% and that is a lower amount of fat than the normal pork
crackling in the general market (33.24%-45.66%). From making a comparison between the pork crackling
by microwave and normal pork crackling in the general market with costumers, it showed the fact that,
the preference score for flavor and texture of microwave pork cracking are not significantly different
statistical (p>0.05) and the score of overall appearance for microwave pork crackling was at the satisfied
level.

Keywords: pork snack, microwave oven and low fat
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Table 1Moisture and water activity (aw) values of

pork snack microwave products

Period Moisture content Water activity
(hrs) (%) aw
0 43.30+3.13° 0.99+0.00°
1 20.14+0.99 0.87+0.00°
2 15.52+1.05¢ 0.75+0.02¢
3 13.36+0.38¢ 0.62+0.03¢

Note: Mean with different letters in the same column are
statistical different (p < 0.05) according to Duncan’s

Multiple Range test.
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Table 2Expansion of pork snack microwave at

800 W
Microwave minute Puffing of pork snack
power microwave (%)
before after
expansion expansion
1 1.51+1.02°  2.41+0.38°
800 W 2 3.26+2.11%°  4.94+158%
3 3.65+2.11° 5.38+1.46°

Note: Mean with different letters in the same column are
statistical different (p < 0.05) according to Duncan’s Multiple
Range test.
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1 minute

2 minutes

3 minutes

Fig. 1A microwave oven with 800 watts of

power for 1, 2 and 3 minutes
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Table 3 Sensory score of pork snack microwave

Sensory score of Pork snack

Pork

Overall
snack Appearance Flavor

Crispiness Taste
liking

5.85+1.26” 5.52+1.47™ 5.28+1.51™ 6.52+1.42%° 5.49+1.38%
6.03+1.15% 5.46+1.34™ 5.72+1.29™ 6.26:1.39° 6.60+1.39*
6.01+1.31° 5.65+1.21™ 5.49+1.62"™ 7.06+1.58° 4.90+1.47°¢
4.54+1.29° 5.72+1.45™ 5.46+1.33"™ 5.26+1.41° 6.16+1.56 "

AW N e

Note: Values in a column for each sample with different
superscripts are significantly different (p<0.05) and ns are not

significantly different (p>0.05).
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Lanna, Lampang. (in Thai)
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Rice Flour Cookie Fortified with Colorant from Ivy Gourd Fruit

Sunan Butsat’, Kanittha Panithsiri, Wannapa Rotsettha and Narinthorn Sansuk

Program in Food Technology, Faculty of Agricultural Technology, Rajabhat Maha Sarakham University,
Maha Sarakham 44000, Thailand

Abstract

The objective of this research was to investigate the effects of wheat flour substituted with rice
flour at 50%, 70%, 80% and 100% by weight for producing cookies. Then the cookies were evaluated
sensory test using 40 consumers to select the optimal formula for product development that fortified with
colorant from Ivy Gourd fruit replacing of liquid component (milk) at four levels (25%, 50%, 75% and 100%
by volume). The result found that the substitution level of 70% rice flour in cookie corresponding with
the highest preference of consumers test. Finally, the product development of cookies was fortified with
four different levels of colorant from Ivy Gourd fruit found that the more value of redness (a*), yellowness
(b*) and lycopene content it appeared, the more amount of vy Gourd fruit juice it is added. The 40
consumers had higher preferred with taste and overall acceptability of cookie with 50% of vy gourd fruit
juice than others. The chemical analysis of this cookie showed the content of moisture, lipid, protein, fiber,
ash and carbohydrate were 7.36, 25.79, 1.67, 0.28, 1.38 and 66.46% respectively.

Keywords: Cookies, Rice flour, Colorant, Ivy Gourd fruit and Lycopene
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Table 1 Ingredients of cookies replacing of wheat flour with rice flour

Ingredients Formula 1 Formula 2 Formula 3 Formula 4

wheat flour (g) 175 105 70 -

rice flour (g) 175 245 280 350
butter (g) 225 225 225 225
table sugar (g) 87.5 87.5 87.5 87.5
icing sugar (g) 100 100 100 100
milk (g) 60 60 60 60

baking soda (g) 4.5 4.5 4.5 4.5
salt (g) 1.5 1.5 1.5 1.5
egg (9) 50 50 50 50
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Table 2 Sensory evaluation of cookies

(4

Ansiann

dlothuniieiesruszneumanil wuin S5
ANUTU 7.36 % by 25.79% LUsAU 1.67% Ldaley
0.2% 101 1.38% way Astulawnsn 66.46% (Table 6)

Formula Rice flour Color™ Flavor™ Texture Taste™ Overall™
(%)

1 50 5.45 +1.63 6.03 + 1.48 6.18 + 1.41%° 6.45 + 1.55 6.60 + 1.46

2 70 6.18 = 1.65 6.08 = 1.87 6.58 + 1.47° 6.70 + 1.70 6.95 + 1.36

3 80 6.25 + 1.43 550 +1.61 6.28 + 1.43% 6.35 + 1.64 6.45 + 1.48

q 100 580 + 1.88 593 + 1.80 5.58 + 1.88" 6.18 + 1.99 6.23 + 1.69

Different alphabet (a-b) in the same column has significantly different at p < 0.05

ns = not significant (p>0.05)

Table 3 Color value and compression force of 70% rice flour cookies fortified with vy gourd juice

Formula  Ivy gourd juice L*"® b*"® Compression
(%) force (N)

1 25 47.79 + 1.45 579 + 0.26° 19.79 + 1.28 15.47 + 2.96"

2 50 48.57 + 2.29 6.93 + 0.55° 20.22 + 1.14 24.82 + 3.27°

3 75 48.22 + 0.16 8.06 + 0.25° 20.16 + 0.42 1591 + 1.67°

4 100 50.34 + 0.84 8.68 + 0.26° 21.62 +0.71 17.21 + 2.75°

Different alphabet (a-c) in the same column has significantly different at p < 0.05

ns = not significant (p>0.05)
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Table 4 Score value of acceptability consumers on characteristics of Ivy gourd cookies

Formula Ivy gourd juice Color Flavor™ Texture™ Taste™ Overall™
(%)

1 25 6.81 + 1.23 6.89 +1.37 6.60 = 1.21 6.96 + 1.40 711 +1.27

2 50 7.09 + 0.93 6.77 £1.22 6.74 + 1.05 7.11 +1.09 7.21 £ 091

3 75 7.28 £ 1.17° 6.55 +1.41 6.89 + 1.43 6.72 + 1.36 7.09 + 1.38

4 100 6.66 + 1.34° 6.32 + 1.52 6.45+ 136 6.72 + 1.30 6.66 + 1.37

Different alphabet (a-c) in the same column has significantly different at p < 0.05

ns = not significant (p>0.05)

Table 5Total phenolic, total carotenoids, lycopene contents and % inhibition of DPPH in Ivy gourd

cookies
Formula Ivy gourd juice  Total phenolic™  Total carotenoids™ Lycopene % Inhibition
(%) (mg GAE/g) (mg/g) (mg /kg) of DPPH
1 25 0.35 + 0.06 0.12 £ 0.02 2.40 + 0.16° 66.73 + 0.56°
2 50 0.34 + 0.03 0.14 + 0.01 5.97 + 0.69° 67.92 + 1.06°
3 75 0.31 +0.03 0.13 £ 0.01 6.42 + 0.89° 69.41 + 1.23°
4 100 0.31 + 0.07 0.16 = 0.02 7.46 + 1.00° 64.95 + 0.76°

Different alphabet (a-c) in the same column has significantly different at p < 0.05

ns = not significant (p>0.05)

Table 6 Proximate analysis of 50% Ivy Gourd in rice flour cookies

Components Quantity (%)
Moisture 7.36 + 4.90
Fat content 2579 £ 0.71
Protein 1.67 £ 0.96
Fiber 0.28 + 0.15
Ash 1.38 + 0.06
carbohydrate 66.46 + 0.45
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Ultrasonic-assisted extraction of phenolic compounds from Paederia pilifera

Hook. f. leaves and its antioxidant activity
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'King Mongkut’s University of Technology Thonburi (Ratchaburi Campus), Ratchaburi 70150, Thailand
“Institute for Scientific and Technological Research and Services, King Mongkut’s University of Technology
Thonburi, Bangkok 10140, Thailand

Abstract

Effect of ultrasonic-assisted extraction of phenolic compounds from Paederia pilifera Hook. f. leaves
was investigated. In the extraction process, 3 main parameters: ethanol concentration, extraction
temperature and extraction time were used to determine the optimal extraction condition of phenolic
compounds from the sample. It was found that the extraction of sample with 70% (v/v) ethanol at 50 °C
for 60 minutes gave the highest total phenolic content (129.89 ug GAE/g). The antioxidant activities of
crude extract from the optimal extraction condition was further investigated by 2 radical scavenging assays
namely, the 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic
acid) (ABTS). The results revealed that the crude extract exhibited relatively high antioxidant activities with
ICs0 values of 2.16 mg/ml by DPPH, and 2.14 mg/ml by ABTS methods, respectively.

Keywords: Free radical scavenging activity, Paederia pilifera Hook. f., Total phenolic content and

Ultrasonic extraction
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Table 1 Extraction yield and total phenolic
contents of P. pilifera leaves from

different solvent concentration

Ethanol Total phenolic
concentration % Yield ”~  contents
(ug GAE /g) ™

50% (v/v) 21.10£0.13"  26.99+0.75"
70% (v/v) 20.69+0.11°  29.66+0.41°
95% (v/v) 12.24+0.06°  15.57+1.13°

" Data were based on dry weight basis.

“Value are mean +SD (n=3). Different superscripts
in the same column indicate the significant
differences (p<0.05).

2. qungl wazszezarduuizaulunisada
d15UsznauiuaanaIniiegng

msﬁﬂwmﬁamqmmﬁ warsTazIaTiNaY
lunisanadiegnslaeldmiiiazateieniuea
AduduSosas 70 lngusuins @ivinazane
fimnzay) wuinnsafadetnafiguyndl 50 aaem
walded szezian 60wl Wuannznisatailiad
Unailuedingsiign winfu 129.89 lulasn3uauya
YeansaunaaNAonSuve s mtinFIeg s uaylien
NanAmansatindeay 19.87 vasmiin dauanwaly
Table 2
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Table 2 Extraction yield and total phenolic

contents of P. pilifera leaves from each

extraction condition

Temp. Time

* wx

Total phenolic

©0) (min) Yield (%)" contents* .
(ug GAE/g) »
30 30 21.39+0.36° 120.59+1.18¢
60 20.99+0.40°° 124.17+1.50
120 20.44+0.31 122.02+1.02¢¢
50 30 19.09+0.41¢ 125.36+1.13°
60 19.87+0.36° 129.89+1.422
120 20.03+0.35° 121.31+1.47¢

"Data were based on dry weight basis.

“Value are mean +SD (n=3). Different superscripts
in the same column indicate the significant
differences (p<0.05).

3. qisduayyadasvasinetsEsai ANy

mewamswmaaqu%‘éfma%a@mwaq
Fretsansataneuiildanansivansan Tng3a
DPPH wag ABTS Tu Table 3

Table 3 Antioxidant activity (ICso, mg/ml) by DPPH
and ABTS assays of crude sample from

optimal extraction condition

ICs0 ICs0

Sample . *

by DPPH by ABTS
Crude P. pilifera \eaves 2.16 2.14
BHT 0.18 0.22

‘Data were based on crude sample weight.
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Growth Performance and Methane Production of Thai Native Beef Cattle
under Grazing and Cut-Carry Ruzi Grass with or

without Concentrate Supplementation
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Abstract

Despite of concentrate supplements in ruminant diets have been recognized as an influence enteric
methane abasement strategy, very few studies have investigated the effects of concentrate supplementation
on enteric methane emission under grazing conditions of Thailand. This study aimed to measure growth
performance and methane emission from Thai native beef cattle raising under grazing or cut and carry
forage with or without concentrate supplementation. Thirty Thai native beef cattle heifers and steers were
allocated to a randomized complete block design with six replications. Treatment is feeding systems were
continuous grazing in natural pasture: control (T1), rotational grazing in Ruzi grass pasture (T2), cut and
carry of Ruzi grass (T3), rotational grazing in Ruzi grass pasture + concentrate (1% of BW) (T4) and cut and
carry of Ruzi grass + concentrate (1% of BW) (T5), respectively. Body weight was negative in continuous
grazing natural grassland (T1), rotational grazing (T2) and cut-carry Ruzi grass without concentrate
supplementation (T3). Continuous grazing natural grassland without concentrate (T1) gave 7.46 %Ym and
was within a range of 6.5+1.0 %Y (IPCC, 2006). Thai native beef cattle assigned to confinement systems
with cut and carry of Ruzi grass plus 1% body weight concentrate supplementation (T5) released methane
of 3.05 %Ym. Our results suggest that to improve the growth performance and mitigate methane emission
of Thai native beef cattle, cut and carry of Ruzi grass with 1% body weight concentrate supplementation
should be used.

Keywords: feeding systems, grazing, cut and carry, methane and Thai native beef cattle

* a Ya 1
WeulvRnge: E-mail: surpho@kku.ac.th

eXe

190 TEITNYATNIZITY Ui 16 avun 1 uns1Au - dquiey 2562

Volume 16 Number 1 January - June 2019



Prawarun Agr. J. Volume 16(1) 2019, Pages 190 - 203

dussauznsiseyiulanaznisndanuialimuvsslalionulisdneivdesunziauuay
nsfans13glulvRunrensamunIsET LA iET I STy

gand ingmu’, gswaw watau’, ngawa aunngd’, $159nA wauage?, Yinmin Cai®
wag D.E.B Higgs’

L 0IMIMIEN IS AN YNSAIENT UNIINEIEYOULNY SNUNDITDS TINTAVOUKNY 40002
“andminnneInsdnd nsudgand nyummwumiues 10400
3Japan International Research Center for Agricultural Sciences (JIRCAS), Ohwashi, Tsukuba, lbaraki 305-8686, Japan
“Department of Biological and Environmental Sciences, University of Hertfordshire, Hatfield, Hertfordshire, UK. AL10 9AB

UNAnga

faudinsasuematuluemsdniiiendemauiindudnnagniiiannsatisannsnanuiaiinuan
nszuaumsninlunszmnzgundld uinsideifeafunavesnisaiuomstudensnanuiasinuainnszuiums
wifnlunszmnegvesdnifendoanslian mudosunsidlurmgvesssmalvedsiition fadumsfinuni
Failinguszasdifiovssfiuanssousmasiyivlauagmtantdesufaiimuaniadefudedng neldszuu
nsUdesunzdiluulasivonmsdniuasssuunsinlulfiufironsufumaiasuueyliesuemsdu 14l
fudledlneasauiidunairounasinadivogwazauinm dulildsussuunaisedineiufe T1 = Udesuns
dulusdamegsssumfnuusaiies, T2 = Ua'aaLmzLﬁaﬂ,uLLUﬁWﬁQ”]g%LLUWﬂguL’iw, T3 = éf@mﬁwﬁlﬂiﬁﬁuﬁ
pon, T4 = 1Ja'asJmeLﬁﬂ,ﬂ,uLLUawﬁjwﬁi'mﬁ’umiLa'%mmmi%uiﬁﬁwﬁaLU@%L%uﬁﬂJamfmﬁﬂéfwiai’u wag T5 =
ﬁwzﬁwﬁiﬂiﬁﬁuﬁﬂaﬂi";:uﬁ’umna%mmmﬁuiﬁﬁwﬁqLU@%L%uﬁﬁumﬁmﬁﬂﬁWiafu AWAIRU TULHUNITVIABDS
wuuduasysaimeluudenllanndroszuuniadies wuihatnivedelussuumadssuuuUdesunziduluss
vhsssumAegwiaiiles (T1) Talussuunmsudesungiduuuumsudou (T2) LLazIﬂiuizwma&fmmﬁwg%lﬂiﬁﬁu
finonlsiaiuomsdu (13) ildladldmidndinau nsvseslafiudednediungiduuvudeidedlurmd
sysumlnglaiiaduemnstu (T1) WednsnisuanUdesufaiimuanndenusiuiiuldiomn 7.46 %Y, o
T3 6.541.0 %Y, MutelausvesnuznIsuNsTEMIssgUIaIvhensdsuudasanmgfiennia (IPCC, 2006)
vagilafudiodneiliszuumaisauudandrsdluliiuiinonsaufuninaiuoimsdu (T5) Tidisasinag
UanUgesufatimuanndsusninuldimue 3.05 %Y, mnnsdnuilaueuuginindedaluszuunmsen
vegaluliAufinensiufumsiaiueimstu 1 Wesiusvosiming anusaany3unainislanUdesuiaing
wazlaussausmsiasadviaveslafindo
Fdndy: szuunslions unedu daluliiu Sy ues Taudeuidoslne

*
Corresponding author: E-mail: surpho@kku.ac.th

U7 16 altiuil 1 unsAu - figuisy 2562 Volume 16 N 21FETNYATNIEITU 191

Volume 16 Number 1 January — June 2019




Prawarun Agr. J. Volume 16(1) 2019, Pages 190 - 203

Introduction

The livestock sector contributes up to 18%
of global greenhouse gas emissions and the
highest contributors are Asian countries (O’ Mara,
2011; Steinfeld et al., 2006). Chaokaur (2011)
estimated that Thailand released up to 484
billion liters of enteric CHs from beef and dairy
cattle annually. CHq4 production not only impacts
on the environment but it can also reduce both
energetic and feed efficiency in cattle (Johnson
et al, 1994). Many methods of dietary
manipulation including forage quality and feed
supplementations  to  mitigate  methane
production have been reported (Eckard et al.,
2010; Grainger and Beauchemin, 2011; Hristov et
al.,, 2013). In Thailand chamber calorimeter
studies have explored enteric CHs production
from confined Thai native cattle on forage based
diets (Chaokaur et al., 2015; Chuntrakort et al.,
2014; Phromloungsri et al., 2012). In Thailand
99.94 % of farmers raise their Thai native beef
cattle by grazing (Thip-uten, 2019) and/or in
confinement or feedlot but there are no
recorded methane emission data from grazing
cattle to provide a country database. This study
aimed to assess growth performance and
methane emission from Thai native beef cattle
fed by grazing or cut-carry forage with or without

concentrate supplementation.
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Materials and Methods

This experiment was conducted at Udon
Thani Animal Nutrition Development Station,
Northeast Thailand from June to October 2014.
Average minimum and maximum temperatures
ranged from 28 to 37 °C, respectively. The mean
rainfall accumulation (January to December
2014) was 1,421.2 mm and minimum and
maximum amounts of rainfall were 25.1 and
4256  mm, respectively (Udon  Thani
Meteorological Station (UTMS, 2015).

1. Experimental design, feeding management
and ingredient composition of concentrate
feed

Thirty Thai native beef cattle (Bos indicus),
15 of heifers and 15 of steers, with body weights
(BW) of 117+ 6 kg, and age of 18.5+6 months
were allocated in a randomized complete block
design with six head (replications) per feeding
systems (treatment). The feeding systems were
continuous grazing in natural pasture: control
(T1), rotational grazing in Ruzi grass pasture (T2),
cut and carry of Ruzi grass (T3), rotational grazing
in Ruzi grass pasture + concentrate (1% of BW)
(T4) and cut and carry of Ruzi grass + concentrate
(1% of BW) (T5).

Each treatment had a pasture area of 0.48
ha. Dry cattle manure was applied once at a rate
of 12.5 t/ha after cutting height adjustment in
May 2014. No cattle manure was applied to T1.
The treatment plots had been previously used
for organic Ruzi seed production for 8 years (from
2006 to 2014). T1 was in a natural pasture in the
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same area of the experimental area of the
station. The rotational grazing treatment had 6
subplots, 0.08 ha each and 5 consecutive-day
grazing. Prior to the trial, all cattle had an
adaptation period of 15 days. 1% BW of cut and
carry fresh Ruzi and native grasses was fed in the
morning and 0.5 kg/head/d of concentrate
supplement with rice straw ad (ibitum in the
afternoon  with free access clean water.
Thereafter, the feeding trial was continued for
120 days.

The composition of the concentrate
supplement (kg, DM-basis) was as follows:
Cassava chip (400), Rice bran (200), Coconut meal
(50), Palm kernel cake (50), Kapok seed, (270),
Urea (10), Premixed: (Guaranteed analysis:
4,000,0001U/kg Vitamin A, 400,0001U/kg Vitamin
D3, 4,000IU/kg Vitamin E, 0.002 ¢ Vitamin B12,
1.00¢/kg anti-rancidity, 0.20 g/kg Co, 2.00 g/kg Cu,
0.5 ¢/keg |, 24.00 g¢/kg Fe, 16.00 g/kg Mn, 0.05 g/kg
Se and 10.00 g¢/kg Zn; VM-MIX, DVM Intertrade
Co. Ltd., Pathumthani, Thailand) (10) and Mineral
(10).

2. Animal performance investigations

Each cattle live weight change was
monitored monthly using a digital balance.
Average daily gain (ADG) of each cattle was
calculated by linear regression analysis. Dry
matter intake (DMI) (all treatments) and faecal
excretion were estimated using a chromium
sesquioxide (Cr20s) external marker technique
(Coleman, 2005). Dry matter digestibility (DMD)
was determined using equations from Schneider
and Flatt (1975) and Coleman (2005) with the use

of acid insoluble ash (AIA) internal markers with
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a rectal grab sampling for 5 days consecutively.
Concentrate and herbage intake of confinement
cattle were obtained from daily records of feed
offer and ort. Degradation of organic matter (OM),
crude protein (CP), neutral detergent fiber (NDF)
and acid detergent fiber (ADF) were calculated
according to Schneider and Flatt (1975).

3. Methane emission measurement

Methane (CHs) gas production was
investigated by the Sulfur hexafluoride (SF¢)
tracer gas technique (Johnson et al., 1994). The
SFs equipment set consisted of PVC canister,
halter, permeation tube and gas chromatography
(GO) analyzers. Thirty permeation tubes were
charged with SFs gas, 0.755 + 0.067 (mean + SD)
g per tube at -196 ©°C (liquid nitrogen
temperature), weighed and kept at 39 °C. They
were weighed daily until steady loss rate was
0.589 mg/day. Thereafter, a permeation tube was
placed into the rumen by oral administration and
left for 2 weeks before gas measurement.
Animals were trained to SFs equipment during
the equilibration period for one week. Daily
eructed CHs gas was collected over 5
consecutive days randomly within blocks. For
breath and ambient gas samples collection,
canisters were prepared by vacuumed status (-95
to -98 kPa) before sampling. PVC canisters with
capillary and Teflon tubes were placed to a fitted
halter. Gas was collected for a continuous 24 h
period with canister change at the same time for
the subsequent day. After gas sampling, a
successful inner pressure of canister should be -
60 kPa. Gas from the canister was transferred to

a gas bag using nitrogen gas at 25 kPa. The gas
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bag samples were analyzed using a GC analyzer.
SFs gas concentration was analyzed by GC-2014,
Shimadzu, Kyoto, Japan with electron capture
detector (ECD), 100 m of column, 0.25 mm of
inner diameter, 0.2 HUm dF; temperature of
column oven was 60 ©°C, carrier gas with
99.9999% of N flow rate at 30 mL/min. Standard
gas was 0.1 and 0.5 ppb of SFs with N, balance.
CHs concentration was analyzed by GC-8APF,
Shimadzu, Kyoto, Japan with a flame ionization
detector (FID), packed column with 2.5 m length
and inner diameter of 2.6 mm. Temperature of
column oven was 170 °C. Carrier gas was
99.9999% of N,. Standard gas was 200 ppm of
CHq with N, balance (Suzuki, 2015).

4. Gross energy and chemical composition of
experimental dietary

Forages and concentrate were sampled
monthly, oven dried at 60 °C for 72 h and ground
throush a 1 mm sieve. The samples were
analyzed for gross energy (GE) using IKA-Bomb
calorimeter adiabatic (Germany). Ash, ether
extract (EE) and CP analyses according to AOAC
(1990). NDF and ADF chemical solution were
prepared with the method of Van Soest et al.
(1991) using the applied filter of ANKOM®® Fiber
analyzer Technology, acid detergent lignin (ADL)
according to Van Soest et al. (1991), AIA using the
method of Van Keulen and Young (1977).

5. Calculation and statistical analysis
ADG was calculated wusing the linear
regression equation: y = a + b(x), where: y =

represented weights, x = number of days of
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experiment, b = ADG for 120-days period and a =
intercept of y axis (SAS, 1996).

Feed intake (kg/d) of grazing cattle obtained
from feces voided (kg DM/d) + (1-% digestibility
of the diet consumed) (Coleman, 2005). Value of
feces voided (kg DM/d) was from 100 x kg of
external indicator (Cr,03) fed + percentage of
external indicator in feces.

Nutrient intake (OM, CP, NDF and ADF) was
calculated with the use of DMI (kg) multiply by a
component of each nutrient (kg). DMD coefficient
was calculated by 100 — [100 x (marker in diet +
marker in feces)] according to Schneider and Flatt
(1975) and Coleman (2005).

Digestion coefficient of a nutrient (OM, CP,
NDF and ADF) was calculated by using formula:
100 - (100 x % AIA in feed x % nutrient in feces)
+ (% AIA in feces x % nutrient in feed) (Schneider
and Flatt, 1975).

GE intake (GEI, MJ/d), digestible energy (DE)
intake (DEI, MJ/d) and metabolizable energy (ME)
intake (MEI, MJ/d) were determined according to
ARC (1980) and McDonal et al. (2002) as the
following formulae: GEI calculated by GE content
of feed (MJ) x DMI (kg/d), DEI obtained from GEI
- energy in feces (MJ) x feces excretion (kg DM/d)
and MEI obtained from ME content (MJ) of diet
multiply by DMI (ke/d).

DE content (kJ/kg DM) of diet was calculated
following ARC (1980): DE = [energy intake (kJ) -
energy in feces (kJ)] + DMI (kg). ME content (MJ/kg
DM) of feed was calculated according to WTSR
(2010) equation as ME = (DE x 0.9613) — 1.2276.

Daily enteric CHq emission from each animal
was calculated according to Johnson et al.

(1994), using the known permeation rate of SFs
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and the concentrations of SFs background and
CHq in the breath samples using formula: CHq
(g/d) = SFs permeation rate (g/d) x (CHq + SFe).
CHa conversion energy and mass values using
formula: 39.54 kJ/l and 0.716 ¢/|, respectively
according to Kurihara et al. (1999).

Data were subjected to covariance
(ANCOVA) analysis using the initial weight of each
animal (SAS, 1996) and treatment means were
compared by Duncan’s new multiple range test
(Steels and Torrie, 1980) at probability of 0.05.

Results

1. Chemical composition and energy content
of concentrate and forage

Chemical composition of concentrate feed
are shown in Table 1. OM, CP, EE, NDF, ADF, and
ADL values obtained from laboratory analyses
were 89.23, 17.76, 10.06, 24.11, 13.57 and 2.24 %
of DM, respectively. GE and ME contents were
17.21 and 14.70 MJ/kg DM, respectively.

Forage DM, OM, CP, NDF, ADF, ADL, and AIA
were significantly different (P<0.01) among
treatments. DM, NDF, ADF, ADL and AlA in T1
were significantly higher than other treatments
(T2-T5) (Table 1).

2. Live weight change, nutrient intake, and
digestibility

When Thai native steers and heifers were
raised with different feeding systems for 120-days
period, body weight gain changed significantly
(P<0.01) among treatments. Negative live body
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weight was found in T1 (-8.16 kg), T2 (-1.50 kg)
and T3 (-0.34 kg). This led to significantly lower
ADG for T1 (-0.054 kg/d), T2 (0.004 ke/d) and T3
(0.057 kg/d) (Table 2).

Nutrient intake (total DMI, OMI, CPI, NDFI,
and ADFI) (Table 2) showed significant differences
among treatments (P<0.01). OMI, CPI, NDFI and
ADFIl in non-concentrate supplementation (T1, T2
and T3) were significantly lower (P<0.01) than in
supplemented treatments (T4 and T5). However,
OMI, NDFI and ADFI in T4 did not show significant
difference cf. T3.

Appearance nutrient digestibility (DM, OM,
CP, NDF, and ADF) also showed significant
differences  among  treatments  (P<0.01).
Appearance nutrient digestibility in T5 was
significantly lower than the rest except CP and
NDF digestibility where T3 was not significantly
different from T5.

3. Energy intake and enteric methane
emission

Energy intake (GEI, DEI and MEI) was
significantly different among treatments (P<0.01).
The concentrate supplemented treatments (T4
and T5) had significantly more energy intake
(P<0.01) than non-supplemented treatments (T1,
T2, and T3) except GEl, DEI, and MEl in T3 was
not significantly different from T4 (Table 2).

The results of enteric CHq emissions based
on units of: liter per kilogram of nutrient (DM, OM,
NDF) intake, gram per day, mega joule per day,
and methane emission rate (%Ym) or percentage
of enteric CHq per GE intake were not significantly

different (P>0.05) among treatments.
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Our results showed that Thai native beef CHq production in relation to nutrient intake
cattle released CH4 ranging from 57.30 to 96.50 ranged from 13.31 to 31.13, 14.57 to 35.26 and
L/d, 41.03 to 69.09 ¢/day, 2.26 to 3.81 MJ/d, and 20.78 to 43.94 L/kg for DMI, OMI, and NDFI,
3.05 to 7.46 %Ynm. respectively.

Table 1 Chemical composition and energy content of concentrate and forage

Forage
Item Con. SEM P-value
T1 T2 T3 T4 T5
Chemical composition, %
DM 90.43 41.97° 30.80° 29.09¢ 30.20° 29.04¢ 0.19 o
OM 89.23 88.29¢ 89.39¢ 91.56° 89.85¢ 91.34° 0.21 *x
cp 17.76 6.71° 8.98° 7.11° 9.01° 7.02° 0.12 %
EE 10.06 1.31¢ 1.59° 1.22¢ 1.68° 1.29¢ 0.11 *x
NDF 24.11 70.84° 56.51¢ 64.35° 57.544 64.06° 0.24 o
ADF 13.57 46.18° 32.65¢ 40.60° 33.30¢ 40.35° 0.23 *x
ADL 2.24 3.99° 2.44° 1.68¢ 2.05¢ 1.694 0.12 **
AIA 3.55 6.95° 4.05° 2.84¢ 3.40° 2.66° 0.32 *x
Energy content, MJ/kg DM
GE 17.21 16.75 17.05 17.25 17.15 17.25 0.12 ns
DE - 9.29¢ 11.06 12.41° 14.49° 14.38° 0.28 **
ME Y14.70 770 %9 40 210.70° 12.70° ¥12.60° 0.27 **

Con. = concentrate. Different superscripts within rows indicate significant differences at P < 0.05 of T1 to T5.

ns = non significance, ** P < 0.01. SEM = Standard error of mean. T1 (control) = continuous grazing in natural pasture (forage
species are Eragrostis diplachnoides (Steud.) Stapf. 70%, Imperata cylindrica 5%, Brachiaria Ruziziensis 5%, Cynodon
plectostachyus 5%, Panicum maximum cv. TD58+Panicum maximum cv. Common 5%, Stylonsanthes hamata 2%, forbs,
shrubs and weeds 8% of area). T2 = rotational grazing in Ruzi grass pasture (98%) with 2% of Stylonsanthes hamata.

T3 = cut and carry of Ruzi grass (98%) with 2% of weeds. T4 = rotational grazing in Ruzi grass pasture + concentrate.

T5 = cut and carry of Ruzi grass (98%) with 2% of weeds + concentrate.”Obtained from in vitro gas production method,
calculated from ME (MJ/kg) = 3.5917 + 0.09821%IVOMDzan + 0.1715%EE (Thiputen and Sommart, 2012).Calculated from
ME (MJ/kg) = (DE x 0.9613) — 1.2276 (WTSR, 2010)
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Table 2 Feeding systems vs. live weight, average daily gain, total dry matter intake, nutrient intake, appearance

nutrient digestibility, energy intake, and methane emission of Thai native beef cattle

Feeding systems

SEM P-value
T1 T4 T5
Initial live weight, kg 118.83 119.83 106.67 122.50 122.00 8.77 ns
Final live weight, kg 110.67° 118.33° 106.33 147.67° 154.33° 4.39 >
Body weight gain (120 days), kg -8.16° -1.50° -0.34° 25.16° 32.33° 4.42 o
Average daily gain, kg/day -0.054° 0.004° 0.057° 0.239° 0.304° 0.01 *x
Feed intake
Concentrate intake, kg/day - - - 1.01 1.24 - -
Forage intake, kg/day 227° 287" 3.43% 4.16™ 4.70° 0.61 *
Total Dry matter feed intake
ke/day 2.21° 2.87° 3.43 5.17% 5.94° 0.64 *x
% of body weight 243 3.09 3.51 3.91 3.93 0.54 ns
o/kgBW*" 74.83° 93.81%° 108.63%° 131.74° 135.90° 17.02 *
Nutrient intake, kg/day
OM intake 2.01° 2.57° 3.14" 4.65% 5.42° 0.57 i
CP intake 0.15° 0.25" 0.24° 0.55° 0.49° 0.06 i
NDF intake 1.60° 1.62° 2.21% 2,97 3.80° 0.38 i
ADF intake 1.05" 0.93° 1.39% 1.72% 2.39° 0.23 i
Appearance nutrient digestibility, %
DM digestibility 76.48" 85.13° 73.06° 80.38°° 67.56 1.62 i
OM digestibility 79.65™ 88.39° 75.31° 83.39" 70.43¢ 1.64 i
CP digestibility 72.22% 85.21° 63.93 79.60°° 59.07 333 i
NDF digestibility 78.62" 83.75° 74.71 80.02% 70.88° 1.61 **
ADF digestibility 74.17%° 76.93° 70.31° 71.86°° 63.18° 1.89 o
Energy intake, MJ/day
GEl 37.51° 49.15° 59.13% 88.75% 102.46° 11.01 i
DEI 30.29° 43.56° 54.46° 78.12% 89.08" 8.92 i
MEI 20.23° 30.86° 37.63 65.23% 76.35° 9.88 i
Methane emission
L/day 62.82 57.30 73.51 96.50 67.80 10.70 ns
L/kg DMI 31.13 20.54 19.76 22.23 13.31 5.50 ns
L/kg OMI 35.26 2297 21.58 24.72 1457 6.21 ns
L/kg NDFI 43.94 36.33 30.73 38.66 20.78 8.24 ns
g/day 44.98 41.03 52.63 69.09 48.54 7.66 ns
MJ/day 2.48 2.26 2.90 3.81 2.68 0.42 ns
%Y 7.46 3.37 4.54 5.12 3.05 1.26 ns
Fecal excretion
kg of DM/day 0.52 0.41 0.30 0.73 0.87 0.19 ns
kg of Nitrogen/day 0.078° 0.091%° 0.093% 0.11° 0.10° 0.006 *

Different superscripts within rows indicate significant differences at P < 0.05. ns = non significance, * P < 0.05, ** P < 0.01. Standard error
of mean (SEM). T1 (control) = continuous grazing in natural pasture (forage species are Eragrostis diplachnoides (Steud.) Stapf. 70%,
Imperata cylindrica 5%, Brachiaria Ruziziensis 5%, Cynodon plectostachyus 5%, Panicum maximum cv. TD58+Panicum maximum cv.
Common 5%, Stylonsanthes hamata 2%, forbs, shrubs and weeds 8% of area). T2 = rotational grazing in Ruzi grass pasture (98%) with
2% of Stylonsanthes hamata. T3 = cut and carry of Ruzi grass (98%) with 2% of weeds. T4 = rotational grazing in Ruzi grass pasture +
concentrate. T5 = cut and carry of Ruzi grass (98%) with 2% of weeds + concentrate. Y, = methane emission rate (enteric methane

energy per gross energy intake, %).
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Discussion

1. Animal performance, nutrient intake and
digestibility

Ruzi grass (Brachiaria ruziziensis) and
concentrate chemical composition (particularly
CP and ME) for feed formulation aimed for a rate
of 0.5 kg ADG for 200 kg live weight of Thai native
beef cattle by the recommendation of WTSR
(2010). However, ADG did not reach an expected
value. This could be because dry matter yields
of forage grasses decreased in September and
October 2014 in the late rainy season when
amounts of rainfall were 184.6 and 45.1 mm,
respectively (UTMS, 2015; Thip-uten, 2019).
Forage dry matter yields depend on both rainfall
and soil moisture content (Whiteman, 1980).

In addition, it could be attributed to the
different herbage composition in  natural
grassland (T1): 70% Eragrostis diplachnoides
(Steud.) Stapf, 5% Imperata cylindrica, 5%
Brachiaria Ruziziensis, 5% Cynodon
plectostachyus, 5% Panicum maximum cv. TD58
+ Panicum maximum cv. Common, 2%
Stylonsanthes hamata, 8% forbs, shrubs, and
weeds. Chemical composition in T1 showed
significantly higher NDF, ADF and ADL contents
than other treatments. This led to low DM, CP
and ME intake. Therefore, ADG of T1 was negative
(-0.054 kg/d). High lignin content in feed acts as a
“protector” to microbe digestion in the rumen.
The higher the lignin content the lower the
digestibility (Van Soest, 1994; McDonald et al.,
2002).

198 FEINYAINISIFU

Our findings agree with DeRamus et al.
(2003) who found a negative live weight change
in grazing beef cattle. Grazing with high level of
concentrate supplementation can increase live
weight in dairy cattle (Munoz et al, 2015).
However, different levels of concentrate fed to
grazing dairy cattle did not alleviate negative live
weight (Jiao et al, 2014). This could be
attributable to the energy used in the activity of
grazing (@rskov and Ryle, 1998). Chaokaur et al.
(2015) also found that the higher the ME content
the higher the ADG in Brahman beef cattle.

Nutrient intake (OMI, CPI NDFI and ADFI) and
energy intake (GEl, DEI, and MEI) in T1, T2, and T3
were significantly lower (P<0.01) than in
supplemented treatments although OMI, NDFI
and ADFl in T4 did not show significant difference
cf. T3. This could be due to T4 and T5 were
received concentrate supplementation where
higher CPl and energy intake. On the other hand,
the lower nutrient digestibility in T5 than T4, T3,
T2, and T1 could be because the high rate of
passage of diet in T5 through rumen made a
decrease in time of fermentation where the
highest fecal excretion was found in T5.
Moreover, the higher nitrogen excretion in T4 and
T5 can explain the excess of nitrogen in
concentrate for animal growth while CP in non-
supplemented treatments does not meet the
need of the requirement. The lowest of
appearance nutrient digestibility in T5 could be
possible that the higher intake of concentrate in
T5 (1.24 kg DM/day) than T4 (1.01 kg DM/day)
where the high total DMI and crude fat (EE) in T5
was higher than T4. This led to the slow
digestibility of fibrolytic bacteria to fat coated
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feed particles (McDonald et al., 2002; Hristov et
al., 2013).

2. Methane emission

Although, statistical analysis showed non
significant  difference  among treatments of
methane emission values. When considered
numeric term of methane productions, T5
produced lower than the other feeding systems
although L/day, g¢/day, and MJ/day presented
higher than T2 and T1. This indicated that high
DMI and energy intake in an appropriate feeding
system were important factors to mitigate
methane emission from animals as reported by
many workers (Johnson and Johnson, 1995;
DeRamus et al., 2003; Knapp et al., 2014; Jiao et
al., 2014; Chaokaur et al., 2015). These results
could be explained that total methane
production (L, ¢ or MJ/day) increases with an
increase in DMI because there is more feed to be
fermented, whereas methane output is a
proportion of CHa/DMI (L/kg DMI) or CH4/GEl
(MJ/100MJ GEI or %Yr,) and increase of DMI or GEI
leads to a decrease of methane as reported by
Knapp et al. (2014).

Thus, the energy lost in enteric rumen
fermented via eructation of methane was
expressed as a percentage of GEl or %Yy, value.
The group of Thai native beef cattle assigned to
confinement systems with cut and carry of Ruzi
grass (79%) plus concentrate supplementation
(21%) (T5) released methane of 3.05 %Ym. With
the concentrate supplementation of 90% plus
10% by-product of low quality crop residues
gave 3.0£1.0 %Ym (IPCC, 2006). Cut and carry

system (T3) of the present work released

Uil 16 adull 1 unvAu - Aquieu 2562

methane of 4.54 %Y, whereas 9.9 %Ym in the
high quality sward fed to Charolais cross heifers
was reported by Hart et al. (2009). Continuous
grazing in natural pasture (T1) of the present work
released methane of 7.46 %Y, and was lower
than McCaughey et al. (1999) and Hart et al.
(2009). This could be lower DMI of Thai native
beef cattle of the present work cf. the higher DMI
of Charolais cross and Hereford-Simmental
heifers. T2 in rotational grazing in Ruzi grass with
no concentrate supplementation of the present
work gave 3.37 %Y, and was lower than 6.38
%Ym as reported by van Wyngaard et al. (2018)
in Jersey cows. T4 in rotational grazing with
concentrate supplementation (20%) of the
present work gave 5.12 %Y, and was lower than
6.12 %Y, in forage to concentrate ratio of 76:24
fed to Jersey cows as reported by van Wyngaard
et al. (2018). Munoz et al. (2015) reported that
6.4 %Y in forage to concentrate ratio of 95:5 fed
to Holstein Friesian dairy cows.

These results can explain with the complex
pattern of interactions of level of methane
emissions with the influence of energy intake,
animal and diet factors viz. quantity and quality
of feed, animal body weight, age, and amount of
exercise. Therefore, assessment methane
emission from enteric fermentation in any
particular county requires a detail description of
species, age, and productivity categories of
livestock combines with information of the daily
feed intake and the feed’s methane conversion
rate (Steinfeld and Wassenaar, 2007). This
indicates that the low methane emission of the

Thai native beef cattle species can reduce
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methane production with appropriate feeding

system.

Conclusion

To mitigate methane emission in Thai native
beef cattle, the feeding system to receive a good
performance should be cut and carry with 1%

body weight of concentrate supplementation.
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Preliminary Investigation of Trichoderma asperellum’s Culture and Extracts
Against Black Rot of Orchid
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Abstract

The effect of Trichoderma asperellum against black rot pathogen of orchid caused by
Phytophthora palmivora (Butl.) Butl. was investigated. Eleven isolates of P. palmivora were isolated form
leaves by tissue transplanting technique and were proved for their pathogenicity by detached leaves
technique. The results showed that isolate V04 gave the highest virulence for disease incidence.
T. asperellum was tested against mycelial growth of P. palmivora V04 by bi-culture test and crude extract
methods. Bi-culture test showed that T. asperellum could inhibit mycelial growth at 71.67%. Crude
extracts were extracted from T. asperellum with hexane, ethyl acetate and methanol. Crude extract which
was extracted with methanol gave the best mycelial growth inhibition at the concentration of 1,000 pug/ml
(p < 0.05) and the effective dose (EDso) was 1,591.61 pg/ml.

Keywords: Black rot, Phytophthora palmivora, Trichoderma asperellum and Orchid
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Introduction

Phytophthora spp. were reported as
pathogenic fungi causing black rot disease of
orchid including P. cactorum and P. palmivora
which reported to cause black rot disease in
many country (Cating et al., 2010; Khairum et al,
2016). Black rot disease can reduce both quality
and quantity of orchid. An initial symptom of the
disease may include small black lesions on the
roots or basal portion of the pseudobulbs and then
enlarge and may engulf the entire pseudobulb and
leaf. Ultimately, plant may die (Cating et al., 2010).
This disease can be controlled by using chemical
fungicides, which is the effective method to control
black rot disease. However, the chemical fungicides
have resulted in the residual toxic to the
environment as well as induction of chemical
resistant pathogen. These concerns have led to the
desire to investigate other control methods,
including biological control, an attendant decrease
in the use of chemical fungicides. Currently, the
researchers have been considerable efforts to find
biological control agents for controlling plant
diseases, including non-pathogenic microorganisms.
These microorganisms can inhibit the growth of
pathogen and reduce the disease incidences.
Antagonistic fungi such as Chaetomium spp.,
Gliocladium sp., Emericella spp. and Trichoderma
spp. are reported as effective bio-agent, espedcially
Trichoderma spp. Trichoderma spp. are reported
that can inhibit growth of many plant pathogens
such as Pythium myriotylum causing cocoyam
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root rot, Fusarium oxysporum f. sp. lycopersici
causing tomato Fusarium wilt, Sclerotinia
sclerotiorum causing carnation stem rot, P. capsici
in tomato and C. gloeosporioides in chilli (Mbarga
et al, 2012; Komy et al., 2015; Vinodkumar et al.,
2017; Cruz-Quiroz et al., 2018). This information
would valuable to further study on biological
control using antagonistic fungi. The objective of
this study was to test antagonistic fungus,
T. asperellum to inhibit growth of P. palmivora
causing black rot disease of orchid.

Materials and Methods

1. Collection and isolation

Isolation of P. palmivora were obtained
from infected leaves of orchid which were found
in Maha Sarakham province. Isolation of causing
agent was done by using tissue transplanting
technique into pure cultures (Khairum et al,
2016).

2. Pathogenicity test

The black rot pathogen was isolated from
infected leaves. Pure cultures were multiplied on
PDA for inoculation. All isolates were tested for
pathogenicity test on leaves of orchid followed
Koch’s postulate. Inoculated leaves were kept in
moist chamber at room temperature (28-32°C) in
the dark. Data were collected as lesion diameter
(cm.) on leaves, and analyses of variance using
completely randomized design (CRD) with four
replications.
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3. Bi-culture antagonistic test

In this experiment, bi-culture antagonistic
tests were proceeded to evaluate the antagonistic
fungus, T. asperellum (TRICO), which provided by
Agro-biomate Co., Ltd., against P. palmivora.
Pathogen isolates used in bi-culture antagonistic
test were obtained from pathogenicity test which
was the most aggressive isolate. Hyphal plugs of
P. palmivora and T. asperellum (TRICO) were
placed to the middle of a half of petri dishes (9
cm  diameter) and incubated at room
temperature. Data were collected measuring
colony diameter for 7 days of P. palmivora and
computed as percent growth inhibition.
Percentage of growth inhibition (PGI) of pathogen
was evaluated in the formula (cc-cd)/cc x 100; cc
= colony diameter of plant pathogenic fungus in
control petri dish and cd = colony diameter of
plant pathogenic fungus in bi-culture petri dish
(Ratanacherdchai et al, 2010). Data were
computed analyses of variance using completely
randomized design (CRD) with four replications.

4. Test for antifungal metabolites

The microbial antagonist, T. asperellum
(TRICO) were cultured in Potato dextrose broth
(PDB) for 30 days, then filtered and dried
mycelium mats were collected for extraction
method using rotary vacuum evaporator. The
crude extracts were tested in petri dishes (5 cm
diameter) which mixed to PDA at concentrations
0, 100, 250, 500 and 1,000 pg/ml. Cultures of
plant pathogenic fungus, P. palmivora was grown
for 7 days on PDA. Each pathogen was separately

Uil 16 atiuil 1 unseu - fguieu 2562

transferred the agar plug (0.3 cm diameter) to the
center of petri dish containing crude extracts of
microbial antagonist and incubated at room
temperature. After 5 days of incubation, colony
diameter was recorded and computed growth
inhibition (Gl), Effective dose (EDso) and analyses
of variance using completely randomized design
(CRD) with four replications.

Results and Discussion

1. Collection and isolation

Eleven isolates of the black rot pathogen of
orchid were isolated and identified as P. palmivora.
With this, Cating et al. (2010) and Khairum et al.
(2016) also reported that this pathogen causing
black rot of orchid genera and it is the most
common species affecting commercial orchid
production.

2. Pathogenicity test

All isolates of P. palmivora were proved to
be pathogenicity to the host species. The
inoculated leaves showed the black rot
symptoms within 5 days after inoculation.
Symptoms were found as small black lesions on
the basal portion of the pseudobulbs. As the
lesions age, they enlarge and may engulf the
entire pseudobulb and leaf (Cating et al., 2010).
The result showed that isolate of P. palmivora V04
and V02 gave the most aggressive causing black

rot symptom (Table 1 and Fig. 1).
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Table 1Pathogenicity test of Phytophthora
palmivora isolates on orchid leaves
using plug inoculation method for 5 days

Isolate Lesion diameter (cm)

Control 0.00°
Vo1 1.20%
V02 2.98°
V03 0.93¢
Vo4 3.19°
V05 1.36
V06 1.54"
Vo7 1.43"
V08 1.81°
V09 1.85°
V10 1.73°
Vi1 1.71°

C.V. (%) 18.48

*€ Average of four replications. Means followed
by the same letter in a column were not
significantly different by DMRT at P=0.05.

3. Bi-culture antagonistic test

Bi-culture showed that T. asperellum (TRICO)
could inhibit mycelial srowth of P. palmivora V04
(71.67%) (Fig. 2). There are several reports on the
potential use of Trichoderma spp. as microbial
antagonist for biological control of plant diseases
such as cocoyam root rot caused by P.
myriotylum, tomato Fusarium wilt caused by F.
oxysporum f. sp. lycopersici, stem rot in carnation
caused by S. sclerotiorum, as same as P. capsici in
tomato and Colletotrichum gloeosporioides in

208 TEITLNWATNISITU

chilli (Mbarga et al, 2012; Komy et al., 2015,
Vinodkumar et al., 2017; Cruz-Quiroz et al., 2018).
But this result was also expressed the potential of
T. asperellum to control black rot disease of
orchid caused by P. palmivora.

Control V01 V02

Vo6 Vo7

Fig. 1 Pathogenicity test of Phytophthora
palmivora isolates on orchid leaves
using plug inoculation method for 5
days

Bi-culture Vo4

T. asperellum

Fig. 2 Bi-culture antagonistic test between
Trichoderma asperellum (TRICO) and
Phytophthora palmivora V04
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4. Test for antifungal metabolites

The inhibitory effect of antifungal
metabolites from T. asperellum (TRICO) on
mycelial growth of P. palmivora V04 in the
medium amended with methanol crude extract
showed that the concentration of 1,000 ug/ml
strongly inhibited the mycelial growth as 31.50%.
The EDsyp value was 1,591.61 pg/ml. the
antifungal metabolite extracted from ethyl
acetate and hexane could inhibit the mycelial
growth of 25 and 24%, respectively (Table 2 and
Fig. 3). Similar results reported by Talubnak and
Soytong (2010) that the methanol crude extract
from Emericella nidulans strongly inhibited the
mycelial growth of C  gloeosporioides VP8
causing vanilla anthracnose disease at the
concentration of 1,000 pg/ml with 22.25%.
Moreover, the methanol crude extract from
Gliocladium sp. was reported that could inhibit
the sporulation of C. acutatum JO6 causing chilli
anthracnose at the concentration of 500 pg/ml
with 93.69%. (Ratanacherdchai et al., 2017).

Solvent

Hexane

Ethyl acetate

b 4
Methanol Q . . .
A
. b . -
0 100 2 500

Concentration {(pg/ml}

Fig. 3 Testing for antifungal metabolites from
Trichoderma asperellum (TRICO) to
inhibit Phytophthora palmivora V04
causing black rot of orchid
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Table 2 Effect of antifungal metabolites form
Trichoderma asperellum (TRICO) for
inhibition  of mycelial growth of
Phytophthora palmivora V04

Treatment Colony Mycelial
diameter growth
(cm) inhibition (%)

Solvent (A)
Hexane (A1) 4.27° 14.70°
Ethyl acetate (A2) 4.23° 15.40°
Methanol (A3) 4.09° 18.25°
F-test (A) ** *x
Concentration (B)
0 pg/ml (B1) 5.00° 0.00°
100 pg/ml (B2) 4.35° 12.92¢
250 pg/ml (B3) 4.08° 18.50°
500 pg/ml (B4) 3.88¢ 22.33°
1000 pg/ml (B5) 3.66° 26.83
(A) x (B)
A1B1 5.00% 0.00
A1B2 4.45° 11.00'
A1B3 4.159 17.00%
AlB4 3.93° 21.50%
A1B5 3.801 24.00°
A2B1 5.00° 0.00/
A2B2 4.33¢ 13.50"
A2B3 4.10¢ 18.00°f
A2B4 3.98° 20.50%
A2B5 3,75 25.00°
A3B1 5.00° 0.00
A3B2 4.29° 14.25%"
A3B3 3.98° 20.50%
A3B4 3.75F 25.00°
A3B5 3.43¢ 31.50°
C.V. (%) 1.57 9.42

¥ Average of four replications. Means followed by the
same letter in a column were not significantly different
by DMRT at P=0.05.
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Conclusion

T. asperellum showed the potential for
against P. palmivora causing black rot disease of
orchid. It proved that T. asperellum become the
promising antagonistic fungus as a biological agent
against plant pathogenic fungi.
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