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HAUBINMTWINUAITEUINLgNFAaaIAlssnaL It lunanssineLay
ANBAUAYNADATLUDIRIIAE
Effects of Net Shading During Cultivation on Chemical Compositions in the Essential Oil and

Antioxidant Activities of Artemisia lactiflora

AMA aFATEN" WEUNS Maunuduns’ uaznauain a1sAsEN’
Pawinee Areesrisom'’, Narin Toakaenchan' and Koblap Areesrisom'

UNAnta

muﬁﬁmﬁﬁfmqﬂizmﬁﬂﬁlaﬁwmiﬁnmmmmmiwmmm (ldwanauaa, 50, 60 way 70%) m'@qm%rrﬁm
auyagaszuaresAlsznaumaaiiluagdty  Ineoeuaunmasesuuuguanysnl (CRD) dszneudey 3 i
mﬂm@miwmmwudfmwmwLLmﬁr;mm’@qw'ﬁrﬁﬁuwg@%mz@ﬂ'wﬁﬁﬂﬁwﬁmmmﬁﬁtﬁammuﬁqﬁ% DPPH uaz
ABTS IngAsqanafitlgnnisldniansauas 60 uaz 70% ﬁqwﬁﬁmwmﬂa%m: DPPH :1nndnasaneiitlgnluanin
Tinanguas Tnaden IC,, winil 39.24+3.32 uaz 38.52+0.30 HAANF/AAARNT AMHAIAL dquﬁqadﬁﬂﬁﬂqﬂhamw
WINULAY 70% ﬁqw'ﬁrﬁmw;ﬂ@?ﬂmz ABTS mﬂﬂfiﬁq@fiiw?;ﬂ@‘ﬂiumﬂ‘wvl,u'wamLLm Tnafen IC,, winiu 30.07+1.68
Jadnsdiadans Mnnsamzieedilizneunandseniiuvenssmveadas GC-MS wuindesdilsznaundn léun
o-farnesene, caryophyllene, a-humulene, germacrene D, santolina triene, B—ocimene LAy B—sesquiphellandrene
Tnanistlgnuunladnwsauaswudnians caryophyllene uay a-humulene NMswsauasiaeay 50 Hans o-farmnesene,
B-sesquiphellandrene WA germacrene D LATANTNINNLASTREAY 60 HANT santolina triene WAL B—ocimene
uesrtsznauman ’lumu:‘ﬁ'Lﬁ'@ﬂ@uﬂmﬂlﬁmiwmqLL@Q%’@H@: 70 nudnflesdlszneumandluinfuvenssnees
awﬁﬁiwﬁ@ﬂﬁqm

ANRNATY: A99ANY NININUAN NNBANLEULNABATE aaALlsznaunigAl

Abstract

The objective of this study was to explore the effect of shading nets (no shading, 50, 60 and 70%) on the
antioxidant activities and chemical composition of Artemisia lactiflora. The experiment was carried out using
a Completely Randomized Design (CRD) with three replications. The results showed that shading nets had
a significant effect on antioxidant activities when tested according to the DPPH and ABTS assay methods. Shading
nets at 60 and 70% gave DPPH radical scavenging activities for which the IC_, were 39.24+3.32 and 38.52+0.30
mg/ml respectively, which were higher than the result for no shading nets. Shading nets at 70% produced ABTS
radical scavenging activities for which the IC_, was 30.07+1.68 mg/ml, which was higher than the result for
no shading nets. Based on the analysis of essential oils by GC-MS, the main components present were O.-farnesene,
caryophyllene, a-humulene, germacrene D, santolina triene, B-ocimene and B-sesquiphellandrene. Caryophyllene
and ol-humulene were found in plants that had not been shaded; d-farnesene, B-sesquiphellandrene and
germacrene D were found in plants that were in the 50% level of shade group, while santolina triene and B—ocimene
were found in the 60% level group. Moreover, plants with shading nets at the 70% level had the lowest levels of

essential oils.

Keywords: Artemisia lactiflora, shading net, antioxidant activities, chemical compositions

'g11ATANEINIaNulng ANTNAANIINNITINEAT iNANENauNTS . dunse a. Feaslud 50290
' Medicinal Plant Science Program, Faculty of Agricultural Production, Maejo University, San Sai, Chiang Mai 50290
*Corresponding author, Email: areesrisom30@gmail.com
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AN

Aeqdnt HdeneinenAnansin Artemisia lactifiora Teansoyite White Mugwort dmeeflundl Asteraceae
fv«mfmLﬂuwmmmu"lwwmmLﬂuwuﬂum aflufifesnsresmaaiduethoann  aulnefauiinalaeiunldly
AR ANY asanndaedunduaalda  Srasadnden aunInaReRLgaaeRn9tng) ey ulalaalLg
wasuAndnaniale gaumnieugu AraAuLUNaN Ausauuazsznet 8 srduTudune anansnifiuifaananan
mmmﬂ"[mummﬂﬂ@ﬂ 2540 Fu uazmdtantutenlviazisinunnieniaiufienssie 7l (Lin et al., 2009)
LLmvwmummmmmmmmmummummﬂnmm@w 60 91 LummﬂLﬂumqwmm\mmﬂmnwmvmﬂu HGlRG!
mafedduindaussauysal wanzurinistiunlpeems (13 aiiAian uazAny, 2560)

mauwngusAuzyiAeailusduisenendesuazduiinld  wenaniifisenuinasdaions s
DUYABATY meﬁqm‘%(‘lumsﬁmmmmﬁqmmmm’mﬁq (nANg 2135N8NAWNA UazgIIT aadadania, 2555) neans
ﬁm@umﬁmﬁuwmwﬁﬂﬁm’l,ummmmwLﬁﬂ\‘mﬂmmﬁmimﬁm 7 vy TeAnzide uazlsaviala (Chew et al., 2008)
f««nﬂmmnmqmﬁmu@uu@amw‘lum@mﬂwmmma kaempferol Ludaulsznaunan eml,ﬂumimuqmﬁﬁmﬂu
NINALIAANTIFN (Chao et al., 2014) ma‘ﬂﬂ‘mmﬂﬂim@umqLmulummuw@mvmmmwmﬂmmmm GC-Ms
wuandauasulay lulsenausmeaansdAynateailn 1w (E)-13-farmesene, nerolidol, spathulenol, caryophyllene
oxide Wag zingiberene Imwumﬂuﬂaju terpenoid mnﬁqm Toun (-)-lavandulol kaz germacrene D (Jing et al., 2011)
uazaNnNTANE InenTsAAsZisae HPLC W‘l_l’]"]a\‘i‘jﬁi’mﬁ@\‘iﬂﬂﬂ‘tﬂﬂu%’]uﬂﬁﬁﬁ’]ﬁﬂg IfuA 7-hydroxycoumarin,
7-methoxycoumarin, balanophonin, aurantiamide, aurantiamide acetate, isovitexin, kaempferol—S—O—B—D—rutinoside,
rutin, caffeic acid ethyl ester, quercetin, methyl 3, 5-di-O-caffeoyl quinate waz methyl 3, 4-di-O- oaffeoyl quinate
(Linetal., 2014) Tmﬁﬂmwmmmmummmmﬂivﬂﬂumqmu memmumm?mu@uu@ﬂmﬂummiﬂmﬂmmu
sanelade i uaq ANNTY 899R1UNT STEZAIMATLAL wavanewus sy

uas luladudrdnyiigaasauiiclunispaununisasyiiulauaznszuaunisaenslui ditelds
uasniidedenfupnudeanisazdaaliialiniydiuln  uasmnnldfuuasnnifugedufuas  aravililuite
ndinsasuazanals (anyny wasioaidmel, 2548) fouuadaiugeidulumssdyFulnuasnsimun st
Hesndanaieadeddnensiunsdaunmsiias. 6i5nen nssuaummmedaund wazAugIINeI1eNT (Paez
et al., 2000) u@ﬂmﬂﬁLLmﬂ“\iLﬂuﬂ@@”ﬂﬁmuQuma‘zﬁ“\iLﬂm:ﬁﬁﬂﬁwma‘:mﬂuﬁwmmﬁm Wiy Salvia officinalis
ﬁﬂgﬂmﬂiﬁmqwﬂ’mm 45% WudﬁmmmzﬁLﬂmVM’LL@”@”zﬁuﬁﬁﬂumm”mﬂﬁmnﬁamﬁ'@Lﬁﬂuﬁum?ﬂmmﬂlﬁ
mm@’mmqavﬁuﬁlu uazdl (+ )thUJanone BN UAN camphor 1Buntay GLu"ﬂmMVl Thymus vulgaris
wﬂmmm‘lmmwmmmq 100% T WuInd thymol LLag myrcene Mﬂ?mmmm (Lietal., 1996)

mafmmwmLﬂummﬂmuuiwwuﬂmmmmu%”lw,l,\‘m@\mﬁiLﬂuwmwMﬂ@ummLmzuﬂiximﬁﬁi@mmw 1laqiiu
ﬁqiﬂﬁmmmmaﬁﬂmL‘ﬁ'mﬁ”mqumiﬂqn‘l,uﬁ’humiwamLLm?{ﬁm@ﬁifaqwéﬁﬁuﬂ%@%mz wazasALlsznaunIeA
‘luﬁ’]ﬁwﬂmxmmmamm c-ﬁ”q&uﬂﬂiﬁﬁﬂﬁ%qmu%ﬁﬂmmiﬂqnﬁq@udwmﬂﬁﬁmﬁ@uﬁﬂqué’fmmﬁhﬂwmLLm
Asnfisziuunnsineiu A lainanaugs, 50, 60 uaz 70% m'faqwénwﬁmwsqﬁa%mumzmﬁrﬂizﬂ@um\ummufﬂﬁu—
NANILINEVBIAIqENE feazilulsslenlieinddy NHATNINAR UATELFINABLNNAN iesannanunsntinan1sise
lsetenfunsisauazniaiannudniusildiinanm  naenauaireanufiulaliundusing maiailunisaing
ArsAuazyafnliiLRae uazenauuanislunsimuazduaiunisnanasqdne lvidunsirssgiase

8n1sAnE

N9INUHUNTNARBILUGNAIIRNE

ANLNUNIINAABNLLL  Completely Randomized Design (CRD) Tma‘ﬁﬁﬂ’]?ﬂQﬂa\ﬁ@'ﬂﬁﬂslu%ﬁd’mLafau
nuug B weu 2561 IWlATuLAwsIIIR wasnaeuasdamineds ulsedeuitennediemls nagey
MINTINLAT 4 7560 P Talwenauas, 50, 60 uaz 70% denelulsaFeudlaananduuas 110,000, 31,125, 28,708 uaz
12,561 and mna1ay Inedgnasqanasyauay 3 1 16z 50 Fu winAulgnlaeld5agUgniifldaunauaag
A o unay - yadn udnadon 2 1 1 0 1 wanlidady wdadnadlunszanananainau aduinugueEnan 8 i
mﬂ&uﬁ’]ﬁuﬁuﬁaﬁﬁiwmnquﬂ?ﬁ’ﬁmwmmwﬁﬂﬂm 21g 1 heu Ugnasldlunszans 1ﬁ1§ﬂLL@:fn\Tﬂﬂﬁiﬁmgﬁm
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]
a

60 u annnazuaunsilgn uifeaduisanaenzdfudaumilanu LﬁﬂﬁﬂﬂﬁLm"]m’qméﬁmmgmmz WAz
mﬁ’ﬂi:ﬂ@umqLﬂmuﬁﬁﬁumm:mmm%m@im&i@iﬂ
nwmmauqméﬁwags&a%ms

wiauansarnaens taehiuasaneldeuudiiignugll 45 esnadus Wune 48 9l anmiu
UaFatneTiaLuaudadaeAseTy (HR2115, Philips, Indonesia) annsnagn9asqans ineAnulasaINeudsees
329904 WA wazAni (2555) nedesratnedeqaneimin 3.0 nfu dnamueanadudi 99.9% sunms 50
fadans Uuseteliluennuaugmafii 40 esrngaidea Wuaan 3 4ol anfuhansazaneidunsedon
nazanensasiled 1 (Whatman, China) uaziirlszmelsuiednnndasszmegayainie (R-3, Buchi, Switzerland)
udanzanaansatavenuillddanmmuaaniududu 99.9% Piunns 5 fadans Lﬁ'faﬁﬂﬂwmm@qu%rr?’fm@%@%mz
#e/A% DPPH radical scavenging assay (DPPH) wag 7% ABTS radical scavenging assay (ABTS)

mi‘wmmqu‘ﬁfﬁﬁu@%@%mzﬁfm‘i‘% DPPH Anuilada1nazaes Singh et al. (2002) tnadnA1gANALUAY
fipnaenapau 515 unlumns mumi‘wmm@quéﬁﬁu@%@%mzﬁqﬁ% ABTS #Anuilasunandsaes Thaipong et al.
(2006) TnerSarnnsgANAULASTIANENIAAL 734 unTumns TaguBn1eiueYyyaRaszAaEAs DPPH uaz ABTS
azwansAnilu IC, Ao mmLﬁuimmm@ﬁmmmﬁuﬁz\m%@%mﬂﬁ 50%
miﬁnmmﬁﬂsznﬂumqLﬂmuﬁﬁﬁ’uuausxmwm%quw

mﬁmﬁwﬁummwmmmawdmrﬁ’ff;ﬂﬁ%maﬂﬁuﬁqaﬁq (water  distillation) Tmm%@ﬁuﬁmdmﬁﬁum vden
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o

fiauANTasiu 95% (P<0.05) siveTtlsunsudniFag SPSS 1afdu 17.0
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= o a g 1 % 1 -ﬂgj I~ 1 o a o v v a =
avanatfadendanasionisainangnilluie Wy was N@danslalemn ANUTAY i ANLATEA
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PI=)

anadenalifuanansat luaninzasen %ﬂﬂ’miﬁ@ﬂmmﬂ?ﬂﬁ@’]ﬂLLmﬁ@lﬁLﬁmﬂ“J’mM@Nﬂ@T&WﬁNﬂ’WﬁJLL%NLL’Z\I?.:
nsldilsrlemiannuas (Huner et al., 1998) ﬁm'ffmm”wmiwsg@%mzﬁﬁ@mmuﬂﬁLﬂuﬁq@@ﬂﬁimﬁumﬁﬁmumn
flanunenyhaneansialanasing o gy Mdwe sy letueed neesaudeduasalmanas fannsilua
vasasdiininslaseenanisad Weasdesiinalnnisdiusiieananu@amneseagadiilent luanzesuauds
‘Emﬁmm%\‘ima‘“ﬁ'mmmﬁﬁm@%@%mﬂuwmaﬁlﬁ v wulninganlslaueseandiaa (glutathione peroxidase)
AERAZIAG (catalase) Wavilasaanding (peroxidase) lusu (fysunieyaid WuwAs waziaen nedldu, 2557)
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Lﬁ'@ﬁ’]ﬁuﬁa@@iwﬁ'ﬂ@nmﬂ’Lﬁmmwmmi’NLLMLLmnﬁiNﬁumnfoﬁﬁwﬁw wuin B fimenszmefinduld
f««mnmu@wmﬂuﬂ?mmiuLuﬂﬂmmummnm ARNANWINAL 0.27% (Vi) WAz iflerinlUAssvinsrlsznauniaiad
Feies GC-MS wussdtlsyneumaaiiianan 11 aia faudadly Table 2 uazldlasunnunsussusndly Figure 1
AINNANNTIATIZWAT Rl iU Kovats retention index (K1) Nﬂ%N@@ﬂﬂ@@dﬂUﬂ’]W'ﬂHM@d National Institute of
Standards and Technology (NIST) faneilneldnediiadont Inserlsenouvdnlundunenssmee
m@mm lAun o-famesene, caryophyllene, o-humulene, germacrene D, santolina triene, Bommene LAY
B -sesquiphellandrene LN@WM?ELLWWM@N@LL@"’mﬂmWTmmeLm?mﬂm‘wmﬁ al-farnesene, B sesquiphellandrene
Wae germacrene D uLLm‘Euuwumﬂmaﬂ@nm%mmﬂmmmmq 50% mu oaryophyllene Wae o-humulene
Fuualdunuunnluaninlinsaugs dau santolina triene WAz Bommene vy wusanElensnauas 60% luanisi
NNINTNUAS 70% FINA TR aNT 09 ﬂﬁixn@wmumummzmw@ﬂmm Tneesdilsznauymaaiiluindumenszme
Fwusavua 11 mﬁmﬁﬁmﬂ‘luﬂdu terpenes uiilaidungs monoterpenes finudnfinnsafrannlugninneaus
50 UAY 60% WATNAN sesquiterpene wmﬂ'lmwmwﬂ@ﬂLLUUVLNW@NLLm Inan13891AT1Y monoterpenes mmm
lduaaflusionsyss 49U sesquiterpene uumm”lmmlmmwmmmLL@””L:NNLLm (Glezes et al., 2006) uanANi
H9reudnlugninnsauasivaiinnuesnazasaa1sngs monoterpenes Fuan snusfignnlainsaugefisazaing
@1INQN sesquiterpene Fumnann (Faiola et al., 2018) %@ﬁﬁfﬁﬁm’mﬁmrmmmiumaw?mﬁuimLm:ma‘ﬁqmmm‘
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Sl FadnnafnemudnanuduLastinase Funnsinmenssme uarasflstnaLmnaeiues Mentha arvensis L.
Tmn’n@ﬂ@n’lu@m%mmﬁuLLmﬁ"ﬁ (25%) WU3NH neomenthol, menthol WAL menthyl acetate wWuesAlsznauman
TutfFunniga ’Lumm”wmiﬂ@ﬂ‘imﬂiuwmqLm\iwmmﬂ?uwmmuw‘ﬂm”mmmnmm wit® menthol luesrlsznautias
uazead pulegone ETN Lﬂuwwmfamémﬂuﬂéiu’]mw@jmw (Souza et al., 2016) sl,mlm:'w Ocimum basilicum azRUTuu
u,mmﬂ‘ﬂa‘:ﬂ@uLﬂﬁmmﬁﬁﬁumm:mmmmLﬁ@ﬂ@ﬂmﬂﬁ’f@mqumqﬁm (Chang et al., 2008)

Table 1 Antioxidation activities of Artemisia lactiflora growing under various shading nets.

IC,, DPPH IC,, ABTS
Shading net (%)
(mg/ml) (mg/ml)
No shading 45.45+1.88° 38.00+2.60°
50 40.18+2.71% 34.69+1.21%°
60 39.24+3.32° 34.54+2.43%
70 38.52+0.30° 30.07+1.68°
F-test 0.05 * *

Values are means of three replications + standard error.
* Indicate significant different at P<0.05. Values in the same column with the different letters are significantly different at P<0.05.
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Table 2 Chemical components of essential oil of Artemisia lactiflora growing under various shading nets.
Peak area x 10°
No. Compounds Kl RI Shading net (%)
No shading 50 60 70
1 Santolina triene 908 910 18.45+2.04  22.14+0.34 40.94+£1.35 13.1940.73
2 B—Myroene 981 993 3.38+0.47 3.58+0.32 5.79+0.27 2.07£0.10
3 B—Ocimene 1050 1054 15.61+1.72 13.49+0.52 17.99+0.76 8.36+0.45
4 Caryophyllene 1417 1416 44.97+3.60 30.42+0.45 29.03+£1.20 13.83+£0.36
5 o-Humulene 1452 1451 27.78+3.54 18.20+0.37 18.58+1.00 8.19+0.17
6 B—Farnesene 1458 1460 7.53+1.17 7.02+0.11 7.71+£0.61 3.46%0.05
7 Germacrene-D 1487 1479  19.88+2.72  20.26+0.49 14.45+£0.74 7.40+0.15
8 o-Farnesene 1507 1498  87.27+3.11 94.59+1.58 87.11+2.26 38.85+1.17
9 B—Sesquiphellandrene 1525 1525  15.06+2.08 19.64+0.22 18.52+0.85 10.17+0.29
10 Nerolidol 1565.6 1569  18.06+0.81 17.62+0.22 17.71£0.18 6.20+0.06
11 Caryophyllene oxide 1583 1581 19.37+1.06 10.53+0.36 25.68+0.68 7.36+0.18
Values are means of three replications + standard error.
* RI (retention index) calculated from standard alkanes.
** K| (Kovat retention index) from NIST.
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Figure 1 GC-MS chromatogram of essential oil of Artemisia lactiflora growing under various shading nets.
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Figure 1 (continued).
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A Comparison Study of Pesticide Residues in Vegetables from Conventional and Organic

Cultivation in Muang Nakhon Pathom District
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Abstract

In this research, the different amounts and types of pesticide residues in vegetables under conventional
and organic cultivation in Muang Nakhon Pathom district were compared. Four groups of pesticide compounds,
namely organophosphates, carbamates, pyrethroids and organochlorines were investigated. Eight vegetables,
namely water convolvulus, angled gourd, celery, coriander, yard long bean, lettuce, culantro, and Chinese
cabbage, were sampled from 2 organic gardens and 5 conventional gardens that used pesticides. Both types of
gardens featured small plots that had been cultivated by crop rotation. From the analysis, it was found that only
2 vegetables, celery and culantro from the organic gardens, had pesticide residue contamination (chlorpyrifos).
As for the conventional gardens, 4 vegetables, including yard long bean, coriander, celery, and cilantro, were found
to contain the pesticide residues chlorpyrifos, diazinon, carbofuran-30OH, carbofuran, carbosulfan, methomyl and
bifenthrin. This clearly indicates that the produce from the organic garden system contained less pesticide residues
than did produce from the conventional garden system. However, it was observed that the organic garden system
produce still had some pesticide residues even though no pesticides had been applied, and perhaps contrary to
expectation, some samples of vegetable produce from the conventional garden systems did not contain any

pesticide residues.

Keywords: pesticide, pesticide residues, organic cultivation vegetable, conventional cultivation vegetable
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Table 1 Type of pesticide residues analyzed in this experiment.

Group of pesticides Type of pesticide
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trans-mevinphos

Carbamate aldicarb, bendiocarb, carbofuran-3-hydroxy, carbaryl, carbofuran, carbosulfan,
(group 2) fenobucarb, isoprocarb, methiocarb, methomyl, metolcarb, oxamyl, promecarb
Pyrethroid lambda-cyhalothrin, permethrin, cyfluthrin, cypermethrin, fenvalerate, deltamethrin,
(group 3) bifenthrin

HCB, alpha-BHC, lindane (gamma-BHC), heptachlor, aldrin, delta-BHC, dicofol,

Organochlorine , ,
heptachlor-epoxide, alpha-endosulfan, trans-chlordane, cis-chlordane, p,p’-DDE,

(group 4) _— .
dieldrin, endrin, o,p’-DDT, p,p’-DDD, beta-endosulfan, p,p’-DDT, endosulfan-sulfate
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Table 2 Pesticide residues found in organic cultivation vegetables (OCV) and conventional cultivation vegetables

(CCV).
Source Kind of vegetable "Detected pesticides Thailand-MRLs EU-MRLs  Japan-MRLs
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
Organic cultivation vegetables (OCV)
OCV 1 Water convolvulus Nd - - -
Angled gourd Nd - - -
Celery Chlorpyrifos' (0.008) Non specified <0.05 <0.05
Coriander Nd - -
Yard long bean Nd - - -
OCV 2 Lettuce Nd - - -
Culantro Chlorpyrifos' (0.007) Non specified <0.05 <0.05
Chinese cabbage Nd - - -
Conventional cultivation vegetables (CCV)
CCV 1 Water convolvulus Nd - - -
CCV 2 Angled gourd Nd - - -
Yard long bean Carbofuran-30H? (0.088) <0.1 Prohibited <0.3
Carbofuran® (0.156) <0.1 Prohibited <0.3
Carbosulfan® (0.039) <0.1 Prohibited <0.05
Methomyl® (0.012) <1 <0.1 <5
CCV 3 Celery Chlorpyrifos' (0.055) Non specified <0.05 <0.05
Diazinon' (0.011) Non specified Prohibited <0.1
Coriander Chlorpyrifos' (0.021) Non specified <0.05 <0.05
CCV 4 Culantro Bifenthrin® (0.910) Non specified <0.02 <0.05
Chlorpyrifos' (0.010) Non specified <0.05 <0.05
CCV5 Lettuce Nd - - -
Chinese cabbage Nd - - -

Nd = non-detected.
YFrom the column of detected pesticides: the power numbers mean group of detected pesticide, and number in bracket means
the amount of detected pesticide in unit of mg of detected pesticide/kg of vegetable.
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The Occurrence of Sousa chinensis, as an Indicator of Fishing Yield at Donsak Multipurpose Pier,

Donsak District, Surat Thani Province

TN wanasin' A3ns dsshing’ uazginnd amwgna”
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Tnenfuiindayanisnuiulann nievintszasdainszuan Anmziauuansaszwinaiwinyannszuen (Alangi/
dala) Tugnainaniduarlaiflann Tneldadin chi-square uaziinmzinnudiiusszwinesuaulann (5) setiwin
danszuen (flanin) Inensdinziinisannes (regression analysis) m@mmﬂmwum shwinvesUlannazueniiqule
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Abstract

Donsak Estuary is an area of economic and social significance in Donsak district, Surat Thani province.
The estuary has a large public and private ferry transportation pier. Furthermore, the estuary is rich in natural marine
and coastal resources and has therefore become the center of a busy artisanal fishery. Incredibly, the estuary is
also one habitat of the Indo-Pacific humpback dolphin (Sousa chinensis, which is spotted from time to time by local
fishermen). This research was conducted along the Donsak multipurpose jetty (Laem Thoud Pier). The objective of
this research was to study the relationship between dolphin numbers and net fishery yields in and around the estuary
over the period November 2016 - October 2017. Of particular interest was a comparison of fishery yields in
the presence and absence of dolphins. Data on dolphin numbers and mullet catch (kg/hr) was collected and
analyzed with Chi-square and regression analysis. The results indicated the weight of the mullet caught relative to
the presence of the dolphins and also the relationship between the number of dolphins and the yields of mullet.
In more detail, the major finding was that was no significant cause and effect relationship between dolphin numbers
and mullet yield. However, the fishermen tended to catch more fish when dolphins were present, suggesting that
the presence and numbers of the dolphins were an indicator of the resource abundance and hence fish numbers
of the area. Furthermore, the size of the dolphin populations provides important information that can be used to

support and manage marine resources conservation in the future.

Keywords: Indo-Pacific humpback dolphin, mullets, fishing, Donsak Estuary
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Figure 1 The study area: O the multipurpose port of Donsak, Donsak district, Surat Thani province.
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Figure 2 The percentage of catch-fish around multipurpose port of Donsak area.
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Figure 3 The number of fishermen (+S.D.) around multipurpose port of Donsak area.
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Figure 4 The percentage of dolphin number around multipurpose port of Donsak area.
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Figure 5 The average of dolphin number (+S.D.) each month around multipurpose port of Donsak area (P<0.05).
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Figure 6 The average of dolphin number (+S.D.) around multipurpose port of Donsak area (P<0.05) during 6.00-18.00.
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Figure 7 The average of fisher number (£S.D.) each month around multipurpose port of Donsak area.
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Figure 8 The average of total Mugilidae (+S.D.) yields each month around multipurpose port of Donsak area (P<0.05).
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Figure 9 The average of total Mugilidae (+S.D.) yields around multipurpose port of Donsak area (P<0.05).
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Figure 10 The relationship between the number of dolphins per number of fishermen (people/hours).
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Figure 11 The relationship between the Mugilidae yields (kg) per number of fishermen (people/hours).

Table 1 Mullet yields (kg) in cast net fisheries with and without the involvement of dolphins.

The average of total Mugilidae yields (kg)

Month P-value
With Without
November 2016 7.53+6.46 5.13+2.82 0.208
December 2016 2.41+2.89 1.756+£2.72 0.467
January 2017 1.30+0.86 0.89+0.74 0.480
February 2017 3.84+3.20 1.73+1.42 0.050*
March 2017 3.95+1.64 1.65+1.18 0.061
April 2017 0.67+0.15 0.06+0.27 0.317
May 2017 2.92+2.07 0.60+0.48 0.013*
June 2017 2.04+1.09 0.94+0.62 0.248
July 2017 1.41+0.69 0.44+0.15 0.157
August 2017 0.54+0.62 0.57+0.90 1.000
September 2017 1.00+0.54 0.31+0.21 0.180
October 2017 0.24+0.76 0.24+0.19 1.000
*P<0.05.
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Assessing the Trophic Level of Fishes from an Andaman Coastal Fishery, Thailand,

Using the Ecopath Model for Proper Fisheries Management

AMNUA AINDY’ LATaunN LA3UNTUNNE"
Nichakan Srithong' and Ananya Jarernpornnipat’
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Abstract

The high levels of abundance and diversity of aquatic resources in various Andaman Sea ecosystems have
led to overfishing and overexploitation, which has often taken place with little or no awareness of, and regard for,
the damage to ecosystem food web. The aim of this study was to simulate the food web structure and investigate
the ecotrophic efficiency (EE) of the trophic levels (TL) of an Andaman Sea coastal fishery using the Ecopath model.
The sample collection took place in Krabi, Phang-nga and Phuket provinces in both artisanal and commercial
fisheries, over the period of October 2017 to November 2018. A total of 43 aquatic species were studied. This model
analysis showed that the mean trophic level of fishery yield was 2.532 and the average values of Ecotrophic
Efficiency (EE) were high (0.702-0.990), except for detritus, producers, and immature organisms in groups of
species such as Rhinobatos schlegelii and Chiloscyllium griseum. These results indicated that the fish resources of
the Andaman Sea ecosystem had been excessively utilized. However, the fishery is still impressive in many ways,
and this can be seen from the spread of trophic levels that ranged from 1-3.827. The top predator was /stiophorus
platypterus. The second trophic level played an important role in energy transfer between producers and high-level
consumers. There was a high fishery yield in the area. Furthermore, the model can be used to evaluate the state of
the ecosystem structure in order to support fishery decision making policy and proper fishery management in the

Andaman Sea ecosystem.

Keywords: food web, mass balance model, coastal fishery, Andaman Sea
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(Froese and Pauly, 2018) WAZMIIAD Fishes of Andaman Sea : west coast of southern Thailand (Kimura et al., 2009)
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Figure 1 Study sites in the Andaman Sea fishing pier southwestern part of Thailand.

Legend: A1 - “Bangpat” artisanal pier in Phang Nga province (8°21'38N, 98°34'24E);

A2 - “Patong” artisanal pier in Phuket province (7°53'9N, 98°17'14E);

A3 - “Ko Sire” artisanal pier in Phuket province (7°53'8N, 98°25'52E);

A4 - “Ko Klang” artisanal pier in Krabi province (8°2'49N, 98°54'7E);

A5 - “Sang Kha Ou” artisanal pier in Krabi province (7°28'38N, 99°4'10E);

C1 - “P. Pichai” commercial pier in Phuket province (7°53'20N, 98°23'47E);

C2 - “Fish marketing organization” commercial pier in Phuket province (7°52'35N, 98°25'36E);

C3 - “Klong Jilad” commercial pier in Krabi province (8°2'44N, 98°56'21E);

C4 - “421 Bo Muang” commercial pier in Krabi province (7°40'57N, 99°11'56E).
Source: Google Earth Maps (2019).
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Figure 2 Trophic relationships of functional groups in coastal fisheries area of Andaman Sea.
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Table 1 Basic parameters for the biological groups in the Ecopath model of Andaman Sea ecosystem.

Group name TL Biomass (t/km?) P/B (/year)  Q/B (/year) EE GE
Istiophorus platypterus 3.827 0.00446 3.138 10.9 0.757 0.188
Scomberomorus commerson 3.816 0.0226 3.494 12.7 0.810 0.275
Thunnus tonggol 3.713 0.0328 5.06 19.2 0.987 0.264
Sphyraena quenie 3.662 0.028 3.87 14.4 0.908 0.269
Xiphias gladius 3.647 0.0165 3.654 13.4 0.815 0.273
Sphyraena flavicauda 3.638 0.0349 3.8 14.22 0.995 0.267
Scomberomorus guttatus 3.600 0.01508 3.75 14.1 0.893 0.266
Caranx sexfasciatus 3.565 0.0153 4.5 15.7 0.942 0.287
Chiloscyllium griseum (juvenile) 3.525 0.00146 5.65 21.2 0.333 0.167
Trichiurus lepturus 3.485 0.0182 4.77 18.84 0.986 0.253
Epinephelus malabaricus 3.454 0.0062 3.95 16.8 0.819 0.235
Euthynnus affinis 3.426 0.0147 4,985 18.72 0.952 0.266
Lutjanus johnii 3.416 0.0006 2.12 11.21 0.952 0.289
Lutianus russellii 3.413 0.00696 4.81 16.4 0.762 0.293
Rhinobatos schlegelii (juvenile) 3.372 0.0071 6.76 15.7 0.450 0.131
Lethrinus microdon 3.355 0.0754 4.391 17.9 0.940 0.245
Lethrinus lentjan 3.148 0.000591 2.025 8.47 0.843 0.239
Caranx ignobilis 3.143 0.0678 4.67 18.508 0.906 0.252
Plotosus canius 3.113 0.0298 4.98 19.6 0.977 0.254
Psettodes belcheri 3.109 0.0976 7.79 29.3 0.900 0.266
Epinephelus areolatus 3.102 0.00142 2.85 11.8 0.892 0.242
Arius arius 3.092 0.00365 3.9 14.8 0.900 0.264
Otolithes ruber 3.079 0.00404 5.27 16.5 0.751 0.219
Megalaspis cordyla 3.076 0.082 4.67 18.98 0.702 0.246
Himantura walga 2.863 0.0518 11.09 39.97 0.903 0.277
Selar crumenophtalmus 2.857 0.049 3.89 15.6 0.965 0.249
Selaroides sp. 2.793 0.194 9.68 30.98 0.968 0.283
Pampus argenteus 2.782 0.0087 4.55 18.8 0.879 0.242
Rastrelliger kanagurta 2.775 0.0823 8.71 29.5 0.961 0.295
Cephalopods 2.775 0.498 9.5 17.2 0.685 0.252
Leiognathus equulus 2.756 0.134 15.24 48.85 0.958 0.292
Upeneus vittatus 2.714 0.0347 4.78 16.54 0.763 0.289
Sardinella sp. 2.666 0.661 10.91 36.45 0.990 0.299
Stolephorus sp 2.630 0.188 12.28 41.2 0.906 0.298
Crustacean 2.450 1.78 5.36 18 0.921 0.298
Sillago argentifasciata 2.446 0.113 11.08 32.03 0.860 0.246
Liza sp. 2.400 0.082 6.1 21.39 0.930 0.285
Rastrelliger brachysoma 2.400 0.0395 8.113 2712 0.849  0.299
Pterocaesio chrysozona 2.250 0.13 8.51 29.4 0.899 0.289
Siganus javus 2.180 0.0202 7.09 25.3 0.850 0.280
Zooplankton 2.000 15.5 72.5 152.7 0.428 0.175
Phytoplankton 1.000 30 120 0 0.666

Detritus 1.000 10 0.059
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Table 2 Statistics of Andaman Sea ecosystem estimated by Ecopath model.

Parameter Value Units
Sum of all consumption 6473.927 t/km?/year
Sum of all exports 4030.758 t’km?/year
Sum of all respiratory flows 4140.063 t/km?/year
Sum of all flows into detritus 4630.537 tkm?/year
Total system throughput 19275.29 tkm?/year
Sum of all production 9441.506 t/km?/year
Mean trophic level of the catch 2.532413

Gross efficiency (catch/net p.p.) 0.00247717

Calculated total net primary production 8436.502 t’/km?/year
Total primary production/total respiration 2.037771

Net system production 4296.438 t’km?/year
Total primary production/total biomass 38.3411

Total biomass/total throughput 0.01141555 /year
Total biomass (excluding detritus) 220.0381 t/km?
Total catch 14.597 t/km?/year

Shannon diversity index 1.206
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Participatory Knowledge Transfer with Lessons:

Enhancing Economic Security for Fishing Households in Phatthalung Province
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Abstract

The aims of this research were to study the information and knowledge needs of fishing households,
to provide training workshops for the fishermen, and to evaluate the outcomes of the training workshops for the
fishermen. The study area was in Chaiklong village, Phanangtung sub-district, Khuan Kanun district, Phatthalung
province. The sample fishermen were selected using purposive selection. Primary data were collected using
unstructured interviews, natural conversations, field notes, tape recordings, structured questionnaires, and
non-participant observation. The data were analyzed using descriptive statistics and manifest content analyses.
The results showed the fishermen needed knowledge concerned with making chicken balls and Pandanus pudding
in coconut cream. The workshop featured demonstration and explanation given by the trainers and practical
application of the new knowledge and skills by the fishermen. The fishermen were most satisfied with the overall
training workshop (X = 4.48+0.45). A breakdown of satisfaction of various aspects of the workshops revealed that
benefits from the project received the highest average rating (X = 4.60+0.54), and it was followed by satisfaction
with period of time, place and facility (X = 4.52+0.49), and satisfaction with the trainers (X = 4.40+0.44). The issues
of the appropriateness of the period of time of the training workshop and the practical application of knowledge for
part-time self-employment received the highest average rating (X = 4.67+0.49). After 6 months, the project was

evaluated. It was found that some fishermen had applied the workshop experience to cooking in their households,
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and they had transferred the knowledge and experience to the others. However, some of the fishermen had not
been able to apply the workshop content to part-time self-employment due to time constraints. Finally, it was found
that related government agencies can benefit from the application of these research findings. The findings can

enable them to better design and implement occupational development for fishing households.

Keywords: knowledge transfer, training, participation, fisherman, income
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Figure 2 The training workshop for the fishermen in the study area.
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Table 1 Fishermen’ satisfaction on the training workshop.
(n=15)

Aspect Most High Moderate Less Least x S.D.

1. Trainers 440 0.44
(Most)

1.1 Ability to answer questions 8 7 0 0 0 453 0.52
(53.33%) (46.67%) (0.00%) (0.00%) (0.00%) (Most)

1.2 Content knowledge 7 8 0 0 0 447 052
(46.67%) (53.33%) (0.00%) (0.00%) (0.00%) (Most)

1.3 Ability to explain 7 8 0 0 0 447 052
(46.67%) (53.33%) (0.00%) (0.00%) (0.00%) (Most)

1.4 Content completeness 4 11 0 0 0 427 0.46
(26.67%) (73.33%) (0.00%) (0.00%) (0.00%) (Most)

1.5 Spending time on the schedule 4 11 0 0 0 427 046
(26.67%) (73.33%) (0.00%) (0.00%) (0.00%) (Most)

2. Period of time, place, and facility 452 049
(Most)
2.1 Appropriateness of the period 10 5 0 0 0 467 0.49
of time of the training (66.67%) (33.33%) (0.00%) (0.00%) (0.00%) (Most)
workshop
2.2 Equipment availability 8 7 0 0 0 453 0.52
(563.33%) (46.67%) (0.00%) (0.00%) (0.00%) (Most)

2.3 Suitability of the place 8 6 1 0 0 447 0.64
(63.33%) (40.00%) (6.67%) (0.00%) (0.00%) (Most)

2.4 Suitability of light meal 6 9 0 0 0 440 0.51
(40.00%) (60.00%) (0.00%) (0.00%) (0.00%) (Most)

3. Gaining benefits from the project 460 0.54
(Most)

3.1 Applying knowledge for 10 5 0 0 0 467 049
part-time self-employment (66.67%) (33.33%) (0.00%) (0.00%) (0.00%) (Most)

3.2 Gaining knowledge after 9 5 1 0 0 453 0.64
the training workshop (60.00%) (33.33%) (6.67%) (0.00%) (0.00%) (Most)

Overall 4.48 (Most) 0.45
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Abstract

Aspergillus niger is the cause of black mold disease, which leads to yield loss in oyster mushroom
(Pleurotus pulmonarius) production and produces an aflatoxin carcinogen. This study aimed to investigate
the efficiency of essential oils in controlling black mold disease in grey oyster mushrooms. The results revealed that
kitchen mint, cloves, cinnamon, and lemon essential oils at 5.0% concentration had a high efficacy to inhibit
the mycelial growth of A. niger by 89.18, 87.12, 85.64 and 82.52%, when compared to controls. Testing of the effects
of the essential oils on the growth of grey oyster mushrooms themselves indicated that kitchen mint and cinnamon
essential oils at 5.0% concentration and carbendazim fungicide (50% WP) at 0.1% concentration (2.0 g/l of label-
recommended rate) had high inhibitory effects on the growth of grey oyster mushrooms (32.14%, 29.51% and
27.78% respectively). However, the cloves, lemon and garlic essential oils showed lower tendencies to inhibit
mushroom growth (17.56%, 14.30% and 11.14% respectively). Experiments done at the spawning and cropping
stages of grey oyster mushroom growth found that kitchen mint, cloves, cinnamon and lemon essential oils at 5.0%
concentration provided efficacies to control the black mold disease of A. niger that were higher than those found
for 0.1% carbendazim. Mushroom yield for the 30-day period was determined and a key result was that cloves and
lemon essential oils provided the yields of 155.11 and 150.96 g per bag, which were significantly higher than
the yield recorded for carbendazim treatment, which was 140.25 g per bag.

Keywords: oyster mushroom, essential oil, black mold disease, direct spray, mushroom yield
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Table 1 Effects of essential oils to inhibit mycelial growth of Aspergillus niger black mold and Pleurotus pulmonarius

mushroom.
Growth inhibition of Growth inhibition of
Essential oils Concentration (%) . Y ) W
A. niger (%) P. pulmonarius (%)"
Kitchen mint (Mentha cordifolia) 5.00 89.18a 32.14a
2.50 57.75f 15.97f
Clove (Syzygium aromaticum) 5.00 87.12ab 17.56e
2.50 48.59g 8.66ij
Cinnamon (Cinnamomum bejolghota) 5.00 85.64b 29.51b
2.50 45.33h 13.90g
Lemon glass (Cymbopogon citratus) 5.00 78.66d 19.07d
2.50 38.89 9.54i
Lemon (Citrus aurantifolia) 5.00 82.52¢c 14.30fg
2.50 41.20i 7.14;
Garlic (Allium sativum) 5.00 62.25e 11.14h
2.50 30.96k 5.28k
Carbendazim 50% WP (2.0 g/l) 0.10 80.30cd 27.78¢c
Control (Tween-20) 1.00 0.00l 0.00!

“Mean values within the same columns followed by the same letter are not significantly different according to the Duncan’s New Multiple
Range Test (P<0.01).

Figure 1 Efficacy of essential oils at 5.0% concentration to inhibit mycelial growth of Aspergillus niger, (A) kitchen

mint, (B) clove, (C) lemon and (D) control.
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Figure 2 Effects of essential oils at 5% concentration to inhibit mycelial growth of Pleurotus pulmonarius mushroom,

(A) kitchen mint, (B) cinnamon, (C) lemon glass, (D) lemon, (E) garlic and (F) control.

ﬂimwﬁmwmmmuuu@mvmﬂumimuﬂu‘iiﬂmmuun@ut%mmmaﬂmmu“luiwﬂvuun@uL%’a
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mumu‘immmimmﬁnu 85.91, 82.56 uax 80.30 Lasidus muaisau (Table 2 uay Figure 3) mmnmnw‘hmam@m
mmﬁmﬂuumﬁﬁu (50% WP) mauLdudu 0.1 Lﬂmmum (2.0 NSN/AAT ANALUZUILILAATN) wmmsﬂ,m 78.12
e daufimonududu 2.5 wefidus wud dhiumenssmeayssum nung auwe wzun arled uaznsziien
ansnAruAnlsasa ANy 48.25, 43.42, 37.45, 39.33, 36.85 uay 28.50 wlafidus muansu (Table 2)
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‘Lumamu@uimuﬁqmaﬁmﬁ?@mmma‘tm dry bubble 1a4tiaLmNTnyaq

Table 2 Efficacy of essential oils to control black mold disease of grey oyster mushroom in spawning stage.

Essential oils Concentration (%) Black mold control (%)
Kitchen mint (Mentha cordifolia) 5.00 87.04a
2.50 48.25f
Clove (Syzygium aromaticum) 5.00 85.91ab
2.50 43.429
Cinnamon (Cinnamomum bejolghota) 5.00 82.56b
2.50 37.45i
Lemon glass (Cymbopogon citratus) 5.00 73.12d
2.50 36.85i
Lemon (Citrus aurantifolia) 5.00 80.30bc
2.50 39.33h
Garlic (Allium sativum) 5.00 57.48e
2.50 28.50j
Carbendazim 50% WP (2.0 g/l) 0.10 78.12¢c
Control (Tween-20) 1.00 0.00k

“Mean values within the same columns followed by the same letter are not significantly different according to the Duncan’s New Multiple
Range Test (P<0.05).
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Figure 3 Effect of essential oils at 5.0% concentration on controlling black mold disease in cropping stage,

(A) kitchen mint, (B) clove, (C) garlic, (D) lemon and (E) control.

dszAninmnranhiunanssimasanisauanlsasslulsaudauniziin
Wdunenssmeazszuvd AoNdndy 5.0 wWefidusl Ausedninmlunisrauauisasamiitinain A. niger
4947 82.51 wlefidus sevasunAe nisldunsiuneNssmenIuNg aue uarNzwg AUANIIALAT 80.74, 78.95
uwaz 80.88 wafidus mua1AL (Table 3) B9gandnnisldarsiaiipfiuunn@n (50% WP) A xudindu 0.1 iwadifus
(2 n§/Ans ANAuUztinuuaan) dusunisinanandinueinluges 30 du wudr naslduindiunenssmeNzung
¥ a < [ o 'Y o w dl ' ¥ = & a
waznung inanaAWiawinAL 15511 war 150.96 nfusiedaud MINAAL  T94andnngidansialAffiuuan Ty
v cw gy a4 o 1w ~ aalal = Y a1 e
ANIdNTY 0.1 wWedidusd Nlvinandnwiniy 140.25 nfuseiew TuaneinesudanAuaN (nau-20) WikanaRwiniy
104.00 N3uFBAEU LLmnsmﬁufaﬂwﬁﬁm@qﬁmmmﬁﬁ (Table 3) ﬁaﬁﬂmmnﬁ’]ﬂuu@m”mmuvmqLmvmuwa
mJivmwﬁmw‘lumiﬂummﬂmmLmuimmmm A. niger g4 mezdw@mvmumm@mmLmuimmmﬂmmmw’hnmu
pandmintuvensaveazszum aue Arlad wazansindadamandiuuands de Regnier and Combrinck (2010)
L9 muumm:mwuﬂimmﬁmwlummummammmsﬁmmmmngﬁ wazilnansznusedadiam  Huuali
Winananingendinisrauanisalaaldansnidnies

Table 3 Effect of essential oils at 5.0% concentration on controlling black mold disease and the yield of grey oyster

mushroom during 30 days in cropping stage.

Essential oils Black mold control (%)" Yields (g per bag)"
Kitchen mint (Mentha cordifolia) 82.51a 137.78d
Clove (Syzygium aromaticum) 80.74ab 150.96b
Cinnamon (Cinnamomum bejolghota) 78.95b 138.89d
Lemon glass (Cymbopogon citratus) 75.56¢ 120.67¢e
Lemon (Citrus aurantifolia) 77.88b 155.11a
Garlic (Allium sativum) 59.55d 116.22f
Carbendazim 50% WP (2.0 g/l with 0.1% c.) 74.48c 140.25¢
Control (Tween-20 at 1.0% c.) 0.00e 104.00g

”Mean values within the same columns followed by the same letter are not significantly different according to the Duncan’s New Multiple
Range Test (P<0.05).
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MSWRIUNAENISATAALTA Zucchini Yellow Mosaic Virus (ZYMV)
ARELNALA Reverse Transcription-Loop Mediated Isothermal Amplification (RT-LAMP)
Development of Reverse Transcription-Loop Mediated Isothermal Amplification (RT-LAMP)

Technique for the Detection of Zucchini Yellow Mosaic Virus (ZYMV)

STUQINT LHAIAIAN9T " gAY 5508950 T8 TaRRSAu">® uasqaus Anspana'>
Tanyaporn Lhaokongthawon'?, Supat Attathom®, Wichai Kositratana"*® and Sujin Patarapuwadol'**

UNAREa

Zucchini ye//ow mosaic virus (ZYMV) Lﬂum@mmmmimwmﬂmmmwmnFﬂmq mquummmﬂimm
LW@Wmeﬁm?mme‘nﬂ ZYMV aoelmATiA reverse transcr|pt|on loop mediated isothermal amplification (RT-LAMP)
il lunnsnsaatasalsalasaniing IneldlnsmeMoAnusInzianzassa coat protein (CP) gene 184 ZYMV
wudEsnsamaEeldnely 1 dalue Tnadaunnuaainges cp gene Ain Bunalddaanlalaansifinans
SYBR Green | uazasalinuilusaesnedifly Papaya ringspot virus (PRSV) wazluinnasins ainnismsaaaad
CP gene A BN A ReAs agarose gel electrophoresis WULOUAL ST AT dnEurAd et AL
leRinmeianduianalelng fudindudduiionalelnes CP gene 10438 ZYMV Usz@nBnnaainismsiaite
ZYMV faeimeila RT-LAMP iiaifleufumaila reverse transcription-polymerase chain reaction (RT-PCR) Wu4N
WAl RT-LAMP Hise@nBningendn haamanude zvMv IdluBuniidesndimaiia RT-PCR @1 10 i
s wafla RT-LAMP Aadlunafiafiansnsavinan dlunsnsaitase de zymy daznanmnida WAZQNADY

o o

ﬂﬁﬂﬂﬁmu: WALiA reverse transcription-loop mediated isothermal amplification (RT-LAMP) T Zucchini yellow
mosaic virus (ZYMV) N9 AR

Abstract

Zucchini yellow mosaic virus (ZYMV) is one of the major viruses that cause disease in cucurbits.
The objective of this study was to develop a reverse transcription-loop mediated isothermal amplification (RT-LAMP)
technique for the detection of ZYMV in infected cucurbits that uses primers that are specific to the nucleotide
sequences of the ZYMV coat protein gene (CP) gene. The RT-LAMP assay took only an hour to detect ZYMV.
The RT-LAMP product of the tested samples was able to be visualized by staining directly in the tube with SYBR
Green |, and no reaction was detected from the tissues of healthy plants and the tissues of the plants that were
infected with Papaya ringspot virus (PRSV). The RT-LAMP products were analyzed by agarose gel electrophoresis,
and ladder-like DNA fragments were observed in various sizes. The specificity of the RT-LAMP assay was assessed
by sequencing of the RT-LAMP products. The result showed that the nucleotide sequences of the RT-LAMP
products were those of the CP gene of ZYMV. The sensitivity of the RT-LAMP assay was higher than that of the
reverse transcription-polymerase chain reaction technique (RT-PCR) by 10 fold serial dilution. The results showed

that the RT-LAMP technique is a simple and accurate diagnostic method for the detection of ZYMV in cucurbits.

Keywords: reverse transcription-loop mediated isothermal amplification (RT-LAMP), Zucchini yellow mosaic virus
(ZYMV), cucurbits
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A1

ﬂi”L%ﬂimﬂLﬂuﬁmamLuﬁmﬁuﬁrﬁ‘m\iﬁLLMQﬁT%%QU?Iﬂﬂﬂ’]ﬂluﬂi“’mﬂLL@“"&N'ﬂfﬂﬂ AN AUIRTIN AL ANNT
WAZdAAINHAT NINATININHAT UATANIANNITANNAATUS e wunsdsaaninaaiugigoedunalutl w.a. 2550 D
T w.A. 2559 a9 6,913.50 Fu ﬂmﬂummmummu 8,0671.64 A1ULN ‘llmyVlﬂ’]?uﬁL‘IﬁL%JCZ\]ﬂWMﬁW‘H’J\‘iﬁLLM\‘i Tud
W.A. 2550 D91l W.A. 2559 Ha1ual 598.50 i ﬂmﬂmqﬂ@mmmmu 920.93 RULM (AN1ANNIIANNAATUT N2,
2559) mma‘imﬁmﬁﬁqﬁmmqLm‘imﬁwfaqﬁmqqﬁl,t,mﬁ@ TanlasafiAnannida Zucchini yellow mosaic virus (ZYMV)
Taneuny ZYMV Wiaaedumansiauaniiamal a.a. 1973 (Lisa et al, 1981) wazwuniadnyinansfiaediung
Tuanuanelszmaialan (Richard et al., 1993) duivlutlszwmalng neznsanemsuazannsallslsznialy Zymv
fudedaiu LﬂmmﬂLﬂum”mgﬁmﬁnﬁumum:iwﬁmﬂjﬁﬁﬂﬁm W.A. 2507 (QLTUT 7) W.A. 2550 (#inacuANATuAs
TAANTNERAT, 2550)

e ZYMV Anotfluana Potyvirus HanwaziduriausnaAnawnm 750 wnlwwms awwnsatiananisalalnedana
WA me'afau (Lisa and Lecoq, 1984) kay ZYMV f9ANNNTDANENAARIUNUNEA LS (Coutts, 2006) SChrunwerkers
et al. (1991) mq@wum@ ZYMV luuan (Cucurbita pepo cv. Black Beauty) 0.3% LL@vWUWU?LQMLﬂ@@ﬂMNLN@mL‘Vl’mu
Yenanis Davis and Mizuki (1986) uaz Tobias et al. (2008) famsanuide ZYMV ARRlFUWEAT 18.9% uay 1.4%
PR 138 ZYMV '1/1mmmawwﬁﬂmqm‘mmuunmeqmmwmmm@r:mm sandeegnNIafiuinanas inli
NaNARLAYNE  70-95% (Coutts, 2006) ﬁﬁlﬂu‘ﬁuﬁ'LWW:U@Jﬂmmmwmmﬂmﬁ WﬂmWTLLmq%an%@”Lf;a*mﬁﬁﬁﬁﬁms
11NN 1 78m Fnllignansauenidelasaannannsfinuuluield

waliaThinan 1 lun1snsaaeide ZYMY fnanamaiia iy WAAFN W fAN N2 mMATA enzyme-linked
immunosorbent assay (ELISA) Tmgl Noda et al. (1993) waz Plapung and Sm|tamana (2014) "memmﬂ ELISA
unHlunnsnsaaide zyMy lutlssndlng usimatia mﬂmqmmmmm@ﬂ 1 HdumenuTidLdan elaen warldinaiuu
Tun1smsaaey (Almasi and Dehabadi, 2013) u@ﬂmnumumﬁuﬂmu‘lﬁm@ﬂ@@mqmme reverse transcription
polymerase chain reaction (RT PCR) mmwhmvmmmm%m Sﬁ\‘m‘ﬂ\imq@zﬁ@mm‘lumaﬂgumma‘u,m
4 pdasdlolennzineTfin gy eEes thermocycler meﬂummmﬁmmummuﬂi “AnEnmlunNsnmadeLielaia
asldminnstmaiia loop mediated isothermal amplification (LAMP) m‘l,m Tmﬂ‘ww}ﬂuﬂ LAMP mﬂuﬁ‘ianuﬂ?uWMHu
Tneldlnses 2 ¢ eenuunldismnzdefuunets 6 fumib faflausinzgs nadapmsiiBueend
vaulasl Bst DNA polymerase mmﬁﬂﬁlﬁﬂqmmﬁmﬁﬂixmm 60-65°C lunsifintBanniAdue wenaniideansnsg
pmadeUAEwendLAnilg lusunewAtn Tmamséﬁ’unmmmnmn@uﬁLﬁm%uuﬁqémgmmiﬁwﬂﬁﬁ?ﬁmiéfﬁqamLﬂ@"}
M lFldadudesldinaiia electrophoresis Tunnsmsaagas (Mori et al., 2001) waNANTNATA LAMP £a811190
Wanniensaenfiduelsaldse Kuan et al. (2014) 1dwmilA reverse transcription-loop mediated isothermal
amphﬁcatlon (RT- LAMP) mmqmmm@ ZYMV Tu squash (Cucurbita pepo L.) uaziNaau (Cucumis melo L.)
Fnululssmaldvdy Feudn wallaianunsonseaauie ZYMY ldetnesnumng mymmvmﬂ@mmmwmmﬂ
wallA RT-PCR nsnaaadiasldinmafia RT-LAMP snaunuastlinl#lunnsnseitiadeida zyMy fidnsinane
Fernedunsiinylutlszmelne

A8NANEN

WWATANIRd T S AuA NS LAS NIRRT TSI G D Zucchini yellow mosaic virus

0 2YMV lelsian Cut6 (GenBank accession MF124605) Auen@eldanndetneunsdufitannislusne o
snavies Wulnwldeud luangy SLuﬁmﬁmﬁmgﬂi'N dulula aanissn@daaduizuouduly anumaailgn
ludmiareuuniufinsaaeslafadaumaiia ELISA thlluandersqnidaeis single lesion isolation Aati s fEanmy
Faluinmas wazpIadazaAuiiaaale induestiuieineynialeda ZYMyV mudEnsaes Tobias et al. (2008)
antislusaeenailinanan dan 1t lunsiaumatianinaaade ZYMV fasmaiia RT- LAMP Iagninanarin
anfiaue laald RAeasy Plant Mini Kit (QIAGEN) Fannududuansenfifueliiadaaaaed Nanodrop 2000™
spectrophotometer (Thermo Fisher Scientific Inc., Waltham, MA, USA) LL@:LﬁUﬁf‘VﬂHWﬁQEuMqﬁ -20°C



King Mongkut's Agr. J. 2020 : 38 (2) : 193 - 199 195

MSWRUINIASIAFALLTE ZYMV AaginaATia RT-LAMP

ynnseenuuLnsimediftel#lunnsnmaite ZYMy ananduianalelnsaes CP gene 19938 ZYMV lalmian
Taiwan wmmmumﬂuﬁmmm NCBI (NC003224.1 waz AF127929.2) daflulalnanfeasuil Kuan et al. (2014)
aenuulndines Wensadaamaiia RT-LAMP uasinduiianalelnsaeade zyMv lelian Cule1 (MF124605)
pneilisungu Primer Explorer V3 (http://primerexplorer.jp-/elamp3.0.0/index.html) Tmﬂ"l,wmmwa@ﬂLLuuvLma‘imu 49qm
Aarsuiiamdlalnsss Table 1

Table 1 RT-LAMP primer sets designed for the detection of ZYMV.

Target GenBank
Set Primer name Sequence (5'-3") .
gene accession
1 ZYMV-FIP-Taiwan ~ CGCGGGCTCTTTCAGGAGTTGAGTTTGGCTCGATACGCT cp NC003224.1
ZYMV-BIP-Taiwan ~ GTTGCGCAGATGAAAGCAGCATAGTGGTGGCAACATTTCCA
ZYMV-F3-Taiwan ~ ACATGCCGAGGTATGGTTTG
ZYMV-B3-Taiwan ~ GTGTGCCGTTCAGTGTCTT
2 ZYMVFIP-Tawan  CGCGGGCTCTTTCAGGAGTTGAGTTTGGCTCGATACGCT cP NC003224.1
ZYMV-BIP-Taiwan  GCTGTTGCGCAGATGAAAGCAAGTGGTGGCAACATTTCCA
ZYMV-F3-Taiwan  ACATGCCGAGGTATGGTTTG
ZYMV-B3-Taiwan  GTGTGCCGTTCAGTGTCTT
3 ZYMV-FIP-Taiwan ~ CCAGCAAATGATCGATATCGAGTATAAGATCACAAAGAAGATGT — CP AF127929.2
CACT
ZYMV-BIP-Taiwan ~ ATAAGCCGGATCAAATTGAGTTGTGTTCTAACTTGATTAAACCA
GGA
ZYMV-F3-Taiwan ~ AAAATTGTGCCGCGTCTT
ZYMV-B3-Taiwan ~ CCCATCTGTTGCTCATTCA
4 ZYMV-FIP-Thailand CTGTGATACTCGATGTTGATCATCTCTCTTGTGTTATACAATTCG — CP MF124605

ZYMV-BIP-Thailand

ZYMV-F3-Thailand
ZYMV-B3-Thailand

ATCT

TGC CTC TGA CTC TAG GTA ACG ACC GTA AAT GCT GGT TCT
CATG

AAG CAA ATT GCT GGT GAG

ACC AGC TAA GAA AGA CAA AGA

AaaeLEelsa ZYMV poenAlia RT- LAMP uqz Visual LAMP ANAAaNTAAALLAIRNN Kuan et al. (2014)
1AeUn cDNA mﬂqﬁﬂwmmm@ ZYMV finnesiiside Papaya ringspot virus (PRSV) LLmV‘\Tﬂwmﬂﬂ@mimm‘Lﬂu
NNIAdaL ‘Emﬂumﬂ@mﬂumamamummu ummﬂivﬂ@umiﬂ%‘Lumiwqﬂgmm et 6.4 UM Primer FIP-ZYMV,
6.4 UM Primer BIP-ZYMV, 0.4 UM Primer F3-ZYMV, 0.4 UM Primer B3-ZYMV, 1x Thermopol Reaction Buffer
(4.5 mM MgSO,, 20 mM Tris-HCI pH 8.8, 10 mM KCI, 10 mM (NH,),SO,, 0.1% Tritron X-100), 4 mM MgSO,,
14 mM dNTPs, waz Bst DNA polymerase (8 unlt/ul) mnuummmm@mﬁﬂuﬂu heating box Wﬂmwﬂum\‘i 7
lovun 7 weamnu 55°C, 60°C waz 65°C iluiaan 60 w1 LL@"MEI@‘]J{]H‘;TEI’W] 80°C 1fl11981 10 17 annTumsIa ALY
1.5% agarose gel electrophoresis Mmumiﬂﬁwmmmqmnﬂ 100 Taasl W 40 W uazdunanasaamilan
TaeiLAnans SYBR® Green | (Invitrogen, USA) (1:10) 1 Funaniailasudaesans SYBR Green | andduiiludizen
Fesuadldlunaeniiio e

Fadaninawesiarguingifvanzan

UNIRIIRAeUANNANNIZEeaLAse RT-LAMP Taenin cDNA
aainnesniime ZYMV Wnnesidi@a PRSV wavinnesiasalsaunldlunimegey Insivinnauilesindetadn
FhatpauANauN IR g 65°C lwnan 60 w7l wazngaUfsangmni 80°C 1luaan 10 W



196 AN BATNIZABHNNAT 2563 : 38 (2) : 193 - 199

paragaLNadan 1.5% agarose gel electrophoresis fufupaugniestesansiugnasuiidann RT-LAMP Tnsids
Anmzfaauilonaleng (First Base Laboratories Sdn. Bhd., Selangor, Malaysia)

miwmmumw% (sensitivity) ﬂumﬂgﬂam LAMP Lﬂ?‘ﬂumﬂmuma‘mwm@mmmﬂum RT-PCR Ingiin
cDNA Tesiinnasiidiide ZYMV Arnansdaduidue3usu 1,065 ng/u mmﬂm\uﬂu 10 Wi pousl 107 auia 107
el iuRSuasuuunlunievig ise RT-LAMP uag RT-PCR TnenmsAsaidedan RT-PCR Asaanistes Tobias
et al. (2008) mﬂ&uammzﬁﬁmﬁfm 1.5% agarose gel electrophoresis

NANNFANBILAZAANTOL

WWAIRNNTaE RIS LA SRS ENFIREN NI RLEE Zucchini yellow mosaic virus

AafLmetns Rt Aunaiugasannisraslzaandandateuuiy woluunelufinansannis (Figure 1A)
slavinnnansaidelasadiamaiia indirect ELISA Taglduauftafnisunizsiaia ZYMV S99y 30 fatns wulde
zyMV luuseluanuau 2 siaeting mmmwwlmamniﬂLLﬂnLﬂm%ia“Lumzwﬁmfm% single lesion isolation
LUNTINAREL Chenopoo’ium amaranticolor mwﬁqLﬁfaﬁ'ummmmwmmuﬂ%ﬁ 3 mﬂ@mﬁuﬂ?mmﬁ@ ZYMV
Tuinnas ummiﬂ@mfmﬂivmm 1 ddeod wuﬁﬂwmmemmimwmm?ﬂ@ﬂlfﬁ@ slensaseuidelisadiemaiia
indirect ELISA Wi 2 Faesingliuaian (Figure 1B) et cDNA Tlassldansetnsluinnesiulsnuay
W Funoude 2yMyv 13 2 lalman A Cu161 wae Cu162 wifiunsunas OP gene AEMATA RT-PCR WLLALALE MG
aumLlszannd 871 bp FageanndeeiUIeNNLIeY Tobias et al. (2008) i cp gene FfuBudld wndnm
AudLUSIa A FUTRATa A Wudn vielelnian Cul61 way Cul62 RAmumileuiuaesanduidonalalnd 99%
wasiilou Beufauiuide zymy ﬁﬁmmm‘mﬁm%w NCBI W91 CP gene 1iaawis 2 lalmiam Sanaimilen CP gene
89 ZYMV Ailineauannilszina@ (AY074808.1) annign A 94% arnviulddsdeyamiuiianalalndesdurariy
wmmw%@ zymV lalaian Cu161 ivlugiudasa GenBank (http:/www.ncbi.nim.nih.gov/Genbank/index.html)
1451 accession number An MF124605 4o utnuazasaagayidluaiaitnan 4 lunnsAnssimunmaiia RT-LAMP

Figure1 Leaf symptoms of ZYMV. A) Symptoms of ZYMV on watermelon leave collected from field in Khon Kaen

province. B) Symptoms of ZYMV after inoculation in pumpkin.

NEWAIUNNNSATIARALLE ZYMV Aaeinafia RT-LAMP

lunanmageuida ZYMV TaaniseanuuyInsiefduan 4 1n anafutiapalalnsues CP gene 18370
zyMmV lalian Taiwan (NC003224.1 uay AF127929.2) a1uau 3 4a (Table 1, set 1-3) uazansuiianalelns CP gene
gade ZYMV lalgian Cu161 (MF124605) a1 1146 (Table 1, set 4) Dawignidnuasuilanalalng CP gene 199
e ZYMV 4 2 lalmian @”ﬁdﬁﬁuﬁf;ﬂﬁi@”lwm’ﬁma”wmﬁqﬁu uilnswefieanuuuananfuianalelnsaes CP gene
90438 ZYMV lalmian Taiwan 1 3 1 VLummmmm%@‘um zYMV lalman Cu161 uaz Cu162 1 ( (Figure 2 A-C)
fiedlns e Feanuunanndduiiaaalelns CP gene 18aida ZYMV lalmian Cul61 AgunsanmmaaeLme ZYMV
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Tolaian Cu161 uaz Cu162 18 (Figure 2D) aniuvinnisasaagauime ZYMV tngldlnsimasman 4 Ngnmniisneiu Ae

55°C, 60°C waz 65°C unan 1 90lue iledugalisanwud igumni 65°C iugnumgiinivanzanlunisniaasy
‘T ZYMV (Figure 3)

Figure 2 Validation of primer sets for RT-LAMP assay of ZYMV. Gel electrophoresis of RT-LAMP products. A)-C)
Using 1%, 2" and 3" primer set (derived from CP gene Taiwan isolates), respectively. D) 4" Primer set
(derived from CP gene ZYMV-Cu161 Thailand isolate). Lane 1: 100 bp DNA ladder (Fermentas, Ontario,
Canada), lane 2: positive control (ZYMV), lane 3: ZYMV-Cu161, lane 4: ZYMV-Cu162 and lane 5-7: healthy
plant, PRSV and water, respectively.

Figure 3 Optimization of RT-LAMP reaction conditions for the detection of ZYMV using CP gene-ZYMV-Cu161
primers. A) The RT-LAMP at 55°C. B) The RT-LAMP at 60°C. C) The RT-LAMP at 65°C. Lane 1: 100 bp
DNA ladder (Fermentas, Ontario, Canada), lane 2: dH,0O, lane 3: ZYMV-Cu161, lane 4: ZYMV-Cu162 and
lane 5: positive control (ZYMV).

¥namageuAnEsnzaeamnaia RT-LAMP Ine 14 nswe s nzsa CP gene I941T0 ZYMV 1isn9a
CDNA annfanteiinnesiifiade ZYMv finveitide PRSV invesdannlsauasinndi anndanimegesmin
fqm”Lwa‘Lmﬁ'@ﬂﬂLmummmmq@L%ﬂ ZYMV "Loﬁ‘luﬂﬂwmﬁtﬂuﬁqmmmu@umﬂ LL@ﬂﬁJLﬁﬂﬂﬁﬁ?‘ﬂﬁuﬁﬂwmﬁ
Fnita PRSV Wﬂmmﬂ@@mimLmzﬁmﬁ’uﬁLﬂuﬁq@mmu@mumnmmﬁLﬂmw’ RT-LAMP product AaeinAtia
gel electrophoresis woRSuedn ezt T laluieg sTinuEe ZYMViasinnesiiTide ZYMy (Figure 4A) uay
ilaiAnans SYBR Green | luviannfisl LAMP product AvnUNN I euaediTenfianansodanmldgaaniian (Figure 4B)
Tmﬁm?mm@mum%\i 2 33 NaTidenAdastl annisinsisnsuTanalelng Lﬁ@ﬁuﬁummmﬁﬂwm RT-LAMP
product y99i38 ZYMV ”Laimam Cu161 Wudn Adweildannnaiia RT-LAMP fiannuadandsessiduiinnaleins
N 91% uaz 90% m_um@ ZYMV mmwuﬁmwﬂuﬂ?”mmu (AY074808.1 uaz AF513552.1) anaisu Leaeluny
AuwiautuiuEde  PRSV mmamm’miuﬁmmmgm NCBI muﬂwaﬁmmﬁ;mummmmmmﬁ:ﬁm’%@ ZYMV
fignsnnanmagey Tasanunsansaaeulsaiiinannide ZYMy finuludssmalngldosnausuenuas s dnanm
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Figure 4 Specificity of RT-LAMP for ZYMV detection based on amplification of CP gene. A) RT-LAMP product
analysis, using 1.5% agarose gel electrophoresis. B) Visual inspection by SYBR Green I. Lane 1: 100 bp
DNA ladder (Fermentas, Ontario, Canada), lane 2: positive control (ZYMV), lane 3: ZYMV-12 Cu161,
lane 4: ZYMV-Cu162, lane 5: water, lane 6: healthy plants and lane 7: PRSV.

nsmsaaauANloredlfisen LAMP lunnsmsaatde zyMy Tnel4FEuessduRizinnudud 1,065 ng/Wl
udrthundeanadu 10 wih nmasesastiinudnmeide RT-LAVP mmmLﬁmﬂﬁﬁ?ﬂﬂﬁﬁmmﬂﬁmw 10* sited
A duTesA B uetsznn 0106 ng/wl Twnan 1 dale uardamnsIATIARBLEAARLINATA agarose gel
electrophoresis (Figure 5A) wavmagaulasnenilal wasannifingnsisesuds SYBR Green | (Figure 5B)
ThtnanmadeLnmia 2 33 Winafidenadesiu 49 RT-PCR aunsnifalfienldterinindeasesd dued 10°
u?‘@ﬁmmlfimi’uﬁmm 106 ng/ul fan 2 alua (Figure 5C) @8AAARNALINNTINENNUIRY Kuan et al. (2014)
Fe9meedmaiia RT-LAMP fronlalunsfinUfisensnnndnmaiia RT-PCR 9 10 win

Figure 5 Sensitivity comparison of RT-LAMP and RT-PCR for the detection of ZYMV. A) RT-LAMP assay result by
agarose gel electrophoresis. B) Visual inspection by SYBR Green |. C). RT-PCR assay result. Lane 1: 100 bp
DNA ladder, lane 2: positive control (ZYMV), lane 3-8: 1.0, 10™", 107, 10°, 10 and 10° pg, respectively
and lane 9-11: negative control (healthy plant, PRSV and water, respectively).
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WNAaUad KNO, las GA, AANITVNIANENITANNFAAUBILNAANTSTU (Xanthium strumarium L.)

Effects of KNO, and GA, on Breaking Dormancy of Cocklebur (Xanthium strumarium L.) Seeds

nMuARNT 8571905 RansT uidau’” wazvidlug a1giRuNLE’
Kantima Teerangkul', Pichittra Kaewsorn" and Tassanai Jaruwattanaphan'

v

UNARED

fi“mqﬂixmﬂ’mmmuﬁﬁﬂﬂﬁ@ﬁﬂﬂﬁ%ﬁmwmiﬁ’ﬂrﬁTfmmLuﬁmﬁuﬁnizﬁuﬁaﬂmmmw KNO, uaz GA,
ﬁm’mlﬂ’fmi’urfm ’l e Wiamilanusangsiu TnemeageupanasenlwipnljiRnsdaeismesmnzmanssing
mmqmuwmm@mqmvmmummq I Lﬂmzﬁmﬂmfmmu duiean 21 44 9euRunIImaaesluLgNany sl
71 5 V3R S119U 4 51 918 25 WEa 18U 11 reverse osmosis (RO) (AYLIAN) A3azans KNO, mmmmu 0.2
wWadidus uar 0.5 wafidusd uazansarane GA, anudndu 0.02 wWedidus uaz 0.05 wlafidus uuwﬂmagam 21 U
NAINAGAL "Lc-fﬁm' ilefifuiAnaeen SuTNAATIINen Lez1nA1eALlUN19EN HANNINARBINLITNLAATIHNL
seminansTAEEUdIEAN AT Ae) KNO, Adsdiad 0.2 uar 0.5 wefidus wavatsazany GA, aAvudndu 0.02
uaz 0.05 iwlafidust 34mnmanmmmmuimmnmqmm (86.00-96.00 wasidus) aauniamwng meuumvmmju
mmm RO (1AAYLIAN) umwm@ﬂm‘wm (74.00 Wlofifus) wanannil NMamnzLARTT NN ITANEILAtENTazANe
‘wmmmmumq I 1uummmmmuwmeumm@ﬂLL@WLf;mLﬂ@ﬂumm@mumﬁaumﬂunumuwwwmmuu
N9ANEILARELN RO (7APILAN) et ansazane KNO, Ao sidudu 0.2 uay 0.5 wedifusd uavaisazany GA,
AN Y 0.02 WAz 0.05 Wefidus aunsanianenswnszeanannseduls

AdA: Anasan Auialunseen Auwiunudadsinan waedaluniseen

Abstract

The objective of this research was to break the dormancy of cocklebur (Xanthium strumarium L.) seeds
using KNO, and GA, at different concentrations. Germination was tested in the laboratory using the between paper
method (BP), reverse osmosis (RO) water and various chemical solutions as the moistening agents over a period of
21 days. The experiment featured a Completely Randomized Design (CRD) that was composed of 5 treatments with
4 replications, and each replication included 25 seeds: RO water (control), 0.2% and 0.5% KNO, solution and 0.02%
and 0.05% GA, solution. Germination percentage, days to emergence (DTE) and mean germination time (MGT)
were recorded at 21 days after testing commenced. The results showed that seeds germinated by the BP method
with 0.2% and 0.5% KNO, solution and with 0.02% and 0.05% GA, solution gave the highest percentages of
germination and were not significantly different (86.00-96.00%), while seeds germinated by the BP method with RO
water (control) gave the lowest percentage of germination (74.00%). Moreover, the germination test using the BP
method with different concentrations of the test solutions had no effect on DTE and MGT when compared with results
seen when RO water (control) was used. Thus, the solutions of 0.2% and 0.5% KNO, solution, and 0.02% and 0.05%

GA, solution were well able to break the dormancy of cocklebur seeds.

Keywords: germination, speed of germination, days to emergence, mean germination time
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(mummmmamﬂ.u 2561) mm@mmvmuma xanthostrumarin glycoside mﬂuwwmm mam m@mumivﬂm
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(oxalic acid) AnTuE (fas TwguAuRdmwN, 2547; Chopra et al., 1956) L3%u (resin) azinsfudalsznandae
oleic acid wa¥ linoleic acid (?]qm ”qummuad“mm, 2547; Perry and Metzger, 1980) Aiuaail (sprout) NIzdua N0
Sutlsemulataatgeign Ssagnsiveu nsau fnauvengeu I Aaduitanluninizlng sedlaniiag 120-150 L
(WaTag, 2561) Usznauanuslanaiaaiis Wi g1 wnadu e sutlssynuduinaneiaafeaiuinmnin lunnsuan
Fugaunszduinldiiies 2 dewselvindu fe e euiuieungenian AvnWinummnsdesiannianislgn
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fugeunsraufitlusiainduduiitenednanniithunziades  suneunas  Sandmszees %Imaiumwmﬂﬂé’ﬁﬂm
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an9avae GA, Anududy 0.02 war 0.05 wedidus WAUANFNN9ABRRLIMEAT N zAET RO (TAAILIAN)
ﬁm’mq@ﬂﬁ’rﬁqm fa 74.00252 wlefidus edhlafimn mawzwaszuinenszaedudanansazany KNO,
waz GA, NnANHIud ﬁmﬁﬂﬁmﬁmﬁm’mmﬂmnd’wmﬁm*ﬁmeé’m‘fﬁ RO (1ARALAN) Wszasazane KNO,
ANNTOVINRNENITANFTDAUNER 16T mf«zLummnmmﬁ“uuwﬁmfmm@ﬂi znauawan s lulnssd uaziwiiau ug
Lﬂumwmmww‘lq wuLLng sise tricarboxylic acid (TCA) cycle fariu AwinlfeanGiaumaeiieanalunisduinaey
ﬂ?:UQuﬂ’]?VI’NL@ﬂﬂﬂu il smmﬂ‘u@muuwjmmxmum?LW‘L&TMW@@w\Im (pentose phosphate pathway, PPP)
LﬂunizmumimaLﬁ@nﬁzﬁ”]ﬁmﬁmmiﬁmwmiﬁﬂﬁwmLuz‘ﬁm‘ﬂmﬂmﬂ%@@ﬂ%mu”l,um@@@ﬂ%im’ NADPH 1ananni
anstlsznauswanunsn lulnss uaziufiadu ug ansnsavihunueendiauluniseanlad NADPH Idiguieniu
Aviansiiliinfngeineeniiauuazgaduinlén iesannmdadeiniseendianlunsnelalussuinanszuauns
IRNUBNAR (FUTE Funsilsziaag, 2553; Hilton and Thomas, 1986) UANANHANTAZANS KNO, ansnsnunnsiaifiu K
waz NO, Tl NO, lussudianmseulunszuaunisualaludtmulnanaan (pentose phosphate pathway) 13
Aonnaidenzesinalalada (glycolysis) avmifiunueandiauluniseandlad NADPH (nicotinamide adenosine
dinucleotide phosphate) lunszuaunismela (respiration) Aasnnsavinanenisinsaresnan bf (Jude Sunsilsziaiy,
2553) %mmmﬁmﬁ”m WARTY UiNdeu WATAMME (2556) FIENTIUNIIVNNANENITNNFALRUNAARUTNLANA (Dillenia
indica L.) mummmmswnmmqmmwmmmme viaeflansdudannssennielumdauieasumdansydy wudn
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NFUTNAANEAIA WA TAZAY KNO, ARaLdNdu 0.2 wafidus uiu 12 Falus uLLmiuwﬂmmmummmnmmm
An 93.00 Wefidus ﬁmmmmmmm”l,u”l,mm”mummmﬂ (frAYLAN) HAH9aN 86.00 Lilasidus waNANT g3 GA,
Hualunianszsuagen tng GA, Foeifinfanssuaesiavlaaing 7 Vi o uaz B-amylase egaaulelfiae iy
¥hma eldlunszusunsunueddy vaaewloy protease Taaslaalilsfuliidunsaasiiu el lunszuounis
wityAnImveaduidle (Tude Sundilsviasy, 2553) vt GA, flhtqansyiunisiasayiAtinteamas Lazilanusesy
PG HE RSN R ATt I CRAAE TN PRV (o o (A99UNT AWM, 2529) ABAARBNTL F1INA Useyunes
LAZADLY (2561) mmmmiﬂizﬁumwmﬂmmLuﬁmﬁuﬁ’@u@?ﬁtﬁ'ﬂu (Pinus thunbergii Parl.) %x‘iﬁﬂ%ﬁﬁlﬂ’]ﬁ‘ﬁﬂﬁ'}
mnmiﬂummiq@ﬂmﬂmmﬂmummﬂmmmmvmu Tnaldvinananisinsasaedsnisudiwdnluansazans  GA,
finududu 500 Taansusieans mmmm 20 e TAEeA Wunan 48 dalug 34LLmT,uwﬂ‘wmeumqmaﬂmmm
A1 88.00 e fidus LN@LLI?‘EUmﬁm‘umew”lmmmumwmn 1AN399N 85.00 Llafifus [iuReniy 81361 9Aguns
(2559) $1ENTUNNINITZAUANINBNTBUNAANLTONWRUTNIMEN e NTuTiNGn Tuansazate KNO, Aaudndi 0.1,
0.3 uar 0.5 wWlafidius uazansazae GA, ANdNdu 0.01, 0.03 uaz 0.05 wafidus a1 5 dalus e
fannaengaiigauarbivansamneadnide Seuiiuufuwdad linszfunanusen

Table 1 Effect of KNO, and GA, at different concentrations on germination, days to emergence and mean

germination time.

Germination Days to emergence Mean germination time
Treatment
(%) (days) (days)
RO water (control) 74.00+2.52 b 4.19+0.42 6.89+0.52 ab
0.2% KNO, 96.00+£1.62 a 4.01£0.62 6.38+0.49 b
0.5% KNQO, 89.00+£1.87 a 4.76+0.47 7.4840.30 a
0.02% GA, 92.00£1.53 a 4.31+0.61 6.68+0.85 ab
0.05% GA, 86.00£1.33 a 4.71£0.56 6.88+0.45 ab
F-test * ns *
C.V. (%) 8.90 12.36 8.05

ns and * = not significantly different and significantly different at P<0.05.
Means+S.D. within the column followed by the same alphabet are not significantly different by DMRT.

nMamsmdanszduszwienszeEudatiy RO wazansazanafipaadudusing 7 HAnavinisugen
AndnAuansnsednaiiledndymeatn (Figure 1) Tnewdsafinzssuinanszaedugantn RO wudugewfiaung
mrﬁﬁ'zgm Aa 12.00 lofidusf %'qimmnﬁiﬂqmmnmnummwLwn:i:mwm:mmumamm:ma KNO, Avuidudu
0.5 wWafidus ansarana GA, AnudNdu 0.02 uaz 0.05 asfidud wusudeuiining Aa 8.00, 5.00 uaz 7.00 wWafidust
ANANAL FugauiaUnfRnatsanee laun Tlsnuda sanne snuen wazluiae e uaziiunndn dasdn

MzszndnenIzaEIuAaeansazate KNO, Annudndu 0.2 wefidus wusudeudnlnfivesiign Aa 1.00 afius
=< av g a a dl I o @ ' d’l’ ¥ H c @ & :// d’/
FeiiFudeuiintnAsnauienFaudauiumaaminizssndanssawauseedn RO dessnns 11 wladidusd visll

v
=®

\Haeanans KNO, fimnnaidiudi 0.2 weafidus iuannsdudunmunzanim iwdawmunidususauanysnfinau
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Figure 1 Abnormal seedling of cocklebur seed affected by KNO, and GA, solution at different concentrations.

nMawnzidanszduszwinanszaiudaei RO LL@v@’]?@y@’]EI‘VIﬂ'JWNL"HN?J‘LL[ﬂ’N 7 Anavinliimanan ldsen
wansiNetdidAtynI9aTA (Figure 2) TnamdaimnzszwinenszaeTudamii RO uaz ansazan GA, AHNTw
0.05 wesidus wuiwdaanlusanunniige #a 6.00 iwesifus winu uansingrsazans GA, aaidudu 0.05 e sifus
Lifuari Wndeasiidelenanaviedindainmanas aradummzaududuassaisazats GA, finawuididy
0.05 wefiius quinlldshifinanszdunsentesimdnnydy Tnawdnanlusendusaniigaid g wsdiuune
TnefAwdntien wilifinsenaenda dausdsiinzssuinnszaeiudiaaisazans KNO, mansidnds 0.2 uay
0.5 wledfidus uazansarae GA, Amdndy 0.02 wladfidusl Wumﬁmmiﬂmﬂﬁ@ﬁ‘ﬁ'@m Aa 1.00 wWafidus Wi
uwamdndnalunsantBunnuniananldsanas ananaasii Hayati et al. (2005) $189UNTNINANNIRNAIVBUNRANUE
uzdenaiianmganasdudenissennielundn SediaiusenGuduiies 40 weddus uazilwnanlusangs
60 L‘]J@i’ﬁum"imama‘LW’]WLmﬁmuum‘”mm%uﬁﬁmmvmﬂ KNO, A sudind 0.1 wlefidus v liwaniavnsangans
100 wedidus Fannninawnzmdauunszasuiisiansazans KNO, Ao aidadis 0.2, 0.3 waz 0.4 wlafifus
PINAWIL UAneiNans KNO, mmum"tmmnumewm@wqwmmmmum SRR TRER T R IETLVRE
vunszaLTilansazany GA, Ay 0.01 wefidus FldaAniianasengeds 100 wWefidus ennndn
MawnzwEALLNTEAE LA Az AN GA, AN 0.02, 0.03 waz 0.04 wadius ANA1AL INs1zaTaTane
KNO, uay GA, Hanudndumnzaslunisiatanisinsovesnsn Tnaaisazate KNO, daensziulinaniinis
@,m%m@n%mmmz@m%mﬁﬂﬁﬁﬁu fuduiladddnylunszuaunssentesndn iesannudasesniseandiaulunis
1R lunsTUaNNITNBNIRUNAR (Hilton and Thomas, 1986) u@nmﬂﬁmmzmﬂ KNO, AugnuanAY K- uaz
NO, Tt NO, Tlsimppinlulddne ldiiansdaiaseililsiufia (asdns Jalmenw, 2518) Sk NO, dailuginfy
Sidnmreulunszusunianglalidtinulnareanln  viedtnadensedinalalada  azitudhiunuesndiaulunig
aandlad NADPH lunszusumsmnglataanunsarinananisindaaesimdald uananians GA, fednsifiaianasuae
ulaaling 79U o- usy Bamylase ietanuilslilasuming Seldlunszuaumauunuedty vseieulsl
protease %m’qﬂﬂ'@fﬂﬂiﬁuiﬁ’Lﬂuﬂim@xﬁ‘lﬁutﬁ@iﬂumgmumﬂﬁmLEUTWH@@LENU?T,@ (Tudy qundilsviasy, 2553)
A GA, futqadugTunisenteudn Inensyiunisasiuinveanag LL@zLﬂ?a'ﬁm:ﬁumwmu@mmaﬂﬁuu
Melndn A asaen]d sty (A9TUNT ARRI, 2529)
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Figure 2 The fresh ungerminated seed of cocklebur seed affected by KNO, and GA, solution at different

concentrations.

nasmnzAANsEdUsTHdNansEAIuAaetn RO wazatsazaneiaududusing o Tilinavinliudnmnie

'
-

upnsinsae gAY 1eatia (Figure 3) Inafindametiaadniaalszann 1.00-8.00 wWeafifus Tamdaniadnig
yinaneestdes Tnefldule@anamsyuuiareman Tnemdsfinnzszminanszansiudaein RO wuwdEnne
mnﬁl@m Aa 8.00 wesidus deliuansameadnnumdaiinzazminanszasiudanaisazan KNO, manaidudu
0.2 uar 0.5 wWefidud uaransazaty GA, AvudNdl 0.02 uaz 0.05 wWaedidus TnemAnmaiies 1.00-2.00
wladidust
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Figure 3 Dead seed of cocklebur seed affected by KNO, and GA, solution at different concentrations.

F1UINTUNLNAANFINIAN (days to emergence, DTE)
AU UNHAARINIDNTUAMLEAIANIETAIUNNTBNTIBNNER  WNWAAR AN UILSWARIINIBN R
WAAIINNARN AT LI LATANNNTa9ensSe  (Dhillon, 1995) ATNNA1ENIRNFRIBdNAANTETUIABNZINAS
, Y ¥ - a v ¥ V= o 0y « o o oo , A
FEUINNTEAHIUAEUY RO WinaNsazaaiAmidNdusing o lifinamiudadiarwiuiuiisnsenuansieasnai
Wed1Atyneada (Table 1) Tnaudnlanuaudunfisneentszan 4.01£0.62 09 4.76+0.47 41 WAANIINITINNIZLNAR
1 d’l U dl U £ 1 el o £% [~ F 2N~ é’ ‘ﬁl = o [~
seudnansEAEIuREa1saratenAmdndusing o ldinainndaunssnlfsanilienFauineuiunisniziman
FTUINNILANHTUALEILN RO WANEAR N3NNI uAuaaulnAlaumnsaie Tnadnaneasluniseenuansnaii
NNEDF (Table 1) d@aAAREINL NIQYAW 49aR (2559) mmmmim:ﬁumm@mmLué‘mw?ﬂ%uuﬁuﬁ’mmﬁ@u
ARENTUTNAR lUANTAzAE KNO, manaidndy 3 wlefidus uazatsazany GA, manuidudu 0.02 wedfidus iuaan
8 dalug VLuumm‘lmmmummmuwLmqmmmnmqmmmmLufam.l"‘mumaunumemm‘l,umlm mewvl,umvmu
AHNAN Lmea‘Lmmewmﬂm@ummymm KNO, Ao udndu 5 wladfidust fuavn adaiinaads lunnsen
Fandnisutindnluaisazans KNO, Avadndu 3 wlefidust wasiualun RO uazmanii linsziuacueen suansy
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uanannil  av3m NRQUNT  (2559)  TIENIUNNINITHUAINMNANTBUNAANLTONWAUGHAMLN AN TUTINAR W
a138zane KNO, A3idndi 0.1, 0.3 uaz 0.5 tladidus uazansazane GA, Aaidadis 0.01, 0.03 uax 0.05 wlefidus
funen 5 dalus Wiy ladadsususuiiunemnuansnameadndlenBaifeusumsudsgalud RO usins
whAnNzToN uAIaTas KNO, Audxdy 0.3 uaz 0.5 wesidus Auainlindedinaedslunisendandd
nsugmdaluih RO
L'J@'lt'ﬂalﬂlaluﬂ”l’a\i'aﬂ (mean germination time, MGT)

nanedslunssenduduanspauisalunnensenada  wnwdadldnanadelunsendesuansd
wiefundouss senléisa Lmvwmumﬂumu@@uﬂﬂmimm (Ellis and Roberts, 1980) ANAENIRNABINAANT L
Tnenzsnszinanszasiudamin RO siteansazanafipadudusing Il Suavinliudninanadeluniseen
uansatheiiladdnneain (Table 1) Tnewsafinnzssuinanszaududanansazane KNO, i 0.2
\wefidusl ﬁL']@ﬂL’ﬂgﬂIuﬂﬂN’ﬂﬂﬁTﬁﬂﬂ 72 6.38:0.49 §u uazliuansineaadAfuyinmusBu q endusdafinng
szwinenIzAE TN sazaANe KNO, panaiudiaidu 0.5 wedidfiusd mmm@m’lumwaﬂmmm PR 7.48+0.30 T4 uay
TiumnsinenaifLyniuusay l ?;IﬂL’JuLN@?W]LW"l"’i“”WJW\iﬂﬁ‘”ﬂ’]ﬂ%l&ﬂ%ﬂﬂ’]i@v@’m KNO, Avuidudu 0.2 wwlafifus
WARNIINITINTE Lm@mmqwmmqmumammuma KNO, monududu 0.2 waedfifius vinldwdnsanlsmfond
nMasRERTIIeNIzAE Az KNO, Avudadu 0.5 wedidusl dezanas 1 aradumaznisld
ansazane KNO, Aoradad 0.2 wefidus Wuprudaduflvanzauninanadudu 0.5 wedidus wanannil
ansazanel KNO, mnududu 0.2 ulasifusl darmadng (water potential) gandnansazans KNO, aaududu 0.5
wWefidus TuavinWindagainldiday avhhmeluadafiemesenszuaumsentdide wdnanansnenuas
waniudugeuinflmiandinisldaisazane KNO, avududy 0.5 wledidus atnalsfinu ynvisaumusladiug
yilidacentdisatu denBeuieuiunamzmdasuinanszansdugani RO uansiransazatasananaliiug
‘lumiﬂi:ﬁ:uslﬁ’mﬁm'aﬂiﬁﬁﬁu FAUANFNANNNANE e YA ddad (2559) ﬁiwmumim:ﬁumm\‘i@ﬂmm
Luﬁmw??ﬂ%wﬁwmmﬁLmﬁmiummzmﬁ KNO, aonidindy 5 wafidus unan 8 dalue vnlddninanieds
lunsseniiandniudafiutluasazans KNO, anuidndu 3 wefidus Sandaninilegnnezdudanasazats KNO,
‘ﬁlmmLﬁuiuqqﬁﬂﬁmﬁﬁmamsﬁﬂ[;Tfnmmﬁm uenanni AR quuin  (2559) TIENIUNNTUTINARNEAZNS
WUGHRALAUA LUANTAZAE KNO, AMdndw 0.5 1wafidus lunan 24 dalng i ifdndinaedslunisseniandn
nsuT uansazate KNO, Aasidudi 0.2 wedidus usinisudindnluansazany GA, Asidudi 0.02 uaz 0.06
wefidus fluainlinaiedelunssenuananeiunieadn  seiinmsmeuaustsesiiagnnaiiuazannaduduaes
mmzmﬂ“ﬁ'mmmﬂuﬂWiﬁﬁmﬂmiﬁnﬁwmLuﬁmﬁﬁmmmﬁnmﬁiﬂ”m&dnﬁi\i@nﬂﬁﬁlul,uﬁmﬁu@ﬂﬁmﬁmmm@“mﬁuﬁ
Fatleerlsznaunnaaiiuandnaiu Lmziﬁmmmmmsﬁu&qmmaﬂmﬂumﬁmLmesmrTu (Copeland and McDonald,
1995)

dgUnan1sAnNE

WAANINNZIENI NIz HIURNEaNTazaNe KNO, Axdnd 0.2 uar 0.5 wefidus uazansazans GA,

AMHLINDL 0.02 waz 0. 05 Lﬂfaie“ﬁum“ﬁﬂmm'aﬂm%mLL@JL;JLLMﬂﬁmmmﬁﬁ (86.00-96.00 Lﬂfa‘ﬂ%um’) WAILLBINGINNATN
ma‘LW%Lmmuum‘vmmumfmm RO (gnA7LIA) umﬁmmmmm (74.00 Lﬂ@ﬂeﬁum) HANANNTNLAN NN
LMY HE LA AN TATANET AL s N Lifnadesuniuiudntsneenuaznaieaslunissen
denRsuieusumdsfingszudnanszasiugagnin RO (TAALIAN)

L a
LAaNAITa9aN
o a v v a =3 a d’l o & =~ a =
NMEYawn adan. 2559. HATBINIINIZAUAMNIBNAILANTIANARAMAINIBUNAANTN TN UTaNReW. ToyvniAmToyaynms.
NANGRIMEANAATINGAT ADILINEAT NNNANERELNHATANERT.
ANAUNS PRI, 2529, ATulagAAYLg. ngamwe: N1A3TNT 1IN ALIZINEAT NWAnENdBINERANARS.
LANA AONNN. 2555, ATA: N9 NUNUNITNARBILAZNTATITBYA I udaeduATsag “R”. ngamne: dsinfin
NUINERLUNHATAART.
watd. 2561, AauazWmWn n3dgansedu. hitps:/www.dailynews.co.th/agriculture/643928 (16 W EAIAN 2562).
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NUNINENFUNHATANART, NTINN,

Fudty Sundilsziasy. 2563. aTsamenwdnniig. ngamner: Taeiiidindasduuaziineusy, sninenduinemseand.
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Assessment of Surface Runoff and Soil Loss During Highland Rice Growing

in Mae Fah Luang District, Chiang Rai, Using the Water Erosion Prediction Project Model
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Abstract

The objective of this research was to study surface runoff and soil loss as predicted by the Water Erosion
Prediction Project Model (WEPP) and compare with results for surface runoff and soil loss based on actual measured
data for different soils and with consideration of water conservation measures. The field research was conducted
on terraced rice fields in the Mae Fah Luang district of Chiang Rai. The experiment used Randomized Complete
Block Design (RCBD) with 7 treatments and 3 replications, which were: 1) highland rice planted no soil and water
conservation measures (WOSC), 2) highland rice planted with ditches with a vertical interval of 4 meters between
ditches (WH4M), 3) highland rice planted with ditches with a vertical interval of 8 meters between ditches (WH8M),
4) highland rice planted with ditches with a vertical interval 4 meters between ditches and with strips of vetiver grass
planted outside the ditch (WHV4M), 5) highland rice planted with ditches with a vertical interval of 8 meters between
ditches and with strips of vetiver grass planted outside the ditches (WHV8M), 6) highland rice planted with ditches
and a vertical interval of 4 meters between the ditches and with strips of Assam tea planted outside the ditches
(WHT4M), and 7) highland rice planted with ditches and a vertical interval of 8 meters between the ditches and with
strips of Assam tea planted outside the ditches (WHT8M). The results showed that the values for runoff and soil loss
as predicted by the model and those obtained from field measurement, when analyzed for difference by Root Mean
Square Error (RMSE), were nearly the same. The amount of runoff as predicted by the model was 0.11-0.45 times
higher than that actually measured, and the amount of soil loss predicted by the model was about 0.03-0.3 times
higher than soil loss measured in the field.

Keywords: highland, soil and water conservation, runoff and soil loss, WEPP model, upland rice
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Figure 1 Location of the study site in Mae Fah Luang district, Chiang Rai province.
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Table 1 Input data files in WEPP Model and source of data.

Input data files in WEPP model Source of data
1. Climate file includes monthly and year Using data from field and Highland Research and
values for precipitation, maximum Development Institute (Public Organization) (HRDI) data in
temperature and minimum temperature year 2014-2016
2. Slope file includes length and slope Using data from field

orientation, slope length, and slope

steepness at points down the profile

3. Soil input file includes soil albedo, interrill The values are calculated from the equations created by the
erodibility and rill erodibility database of soil data collected from field includes soil organic

matter and amount of clay particles contained in the soil

4. Plant/ management input file The values obtained from experimental plots in the United

States that have already in the model
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Wunaifiesnannlifimasneedidnluacseslinquiuauin ggndnnlsdsely  unsdauastesaaneadlllufu
goafiBuiedan Wuiau il uiuaesdiuanas (Alexander, 2001) uaziuluuilamaaasisat lungugniu
7l 30 faRunasly AutwiuAusuLuAumen feganpdesumenuIenasinmeiiu neimuTau ludes
mmmumLL‘Liummmﬁu%LLmfﬁh\iﬁuiﬂ‘%u@fgﬁuﬂ?u’]m%uﬁﬂf’fmqhﬁu e Tassadetesiu uazninaansa
AuuuilduRusauduiumiies HArAumudusnaasaueglugag 1.20-1.80 wingnfusagnuiaiiues uananil
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Table 2 Bulk density of soil (I\/Ig/ma) before (2014) and after experiment (2015 and 2016).

Bulk density of soil (Mg/m®)

Treatment Before After Percentage After Percentage
(2014) (2015) change (2016) change
1. Upland rice without soil conservation 1.55a" 1.47a" -5.16 1.28a" -17.42
measures (WOSC)
2. Upland rice with hillside ditch vertical 1.50ab 1.29b -14.00 1.15ab -23.33
interval 4 meters (WH4M)
3. Upland rice with hillside ditch vertical 1.49b 1.21b -18.79 1.13b -24.16
interval 8 meters (WH8M)
4. Upland rice with hillside ditch vertical 1.50ab 1.27b -15.33 1.15b -23.33
interval 4 meters with vetiver grass (WHV4M)
5. Upland rice with hillside ditch vertical 1.54ab 1.26b -18.18 1.14ab -25.97
interval 8 meters with vetiver grass (WHV8M)
6. Upland rice with hillside ditch vertical 1.52ab 1.28b -15.79 1.16ab -23.68
interval 4 meters with tea (WHT4M)
7. Upland rice with hillside ditch vertical 1.54ab 1.29b -16.23 1.16ab -24.68
interval 8 meters with tea (WHT8M)
F-test * ** - * -
C.V. (%) 2.04 4.75 - 4.69 -

* = Significant difference at 95% (P<0.05), ** = significantly different at 99% (P<0.01).
"The different letters (a and b) within the same column indicate significant differences.
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ﬂﬂ'ﬁqﬁﬁﬁdﬁﬁmﬁqwmﬁﬁ (Table 3) n&IN1INAASST W.A. 2558 Usunnuduvaadng luauet luszAuiliunans (medium)
DeszAuAeudnegs (moderately high) Henagsyudne 1.86-2.73  ilasidus ﬁmmLLMﬂﬁi'}qﬁu@fJNﬁﬁﬂzﬁﬂﬁméq
Tmﬂ?“;‘%miﬁ 4 UpEARNNIT 3 Ugndals ﬁm“uﬁw@um (IfFn V.1. 8 1wm9) Lfi'ﬁ]LiﬁﬂﬂLﬁﬁmﬁUﬁ‘ﬂuﬂﬁ?V}ﬂ@ﬂ\ﬁjﬁ’]L‘17\II3J
mmmmumn 2.26 uax 2.43 1111 2.73 ua 2.66 wafidus puanaL mmmﬁmﬂn 1 ﬂ@ﬂﬂj’]'ﬂi‘ Tddunmanisaydndau
uazii (1.86 \lafidus) famauuﬂmmmmmmnm Tunaiiasannlaifinn s 1 Lwammimqmmwm ARNULIA
mﬂLﬂﬁwmmvmﬂmmLﬂu@ummmqmm@lmﬂ?mmﬂummmq“lummwmgq‘uu FagenndasTUHANIANETRY
11987 QUA WAZAMY (2559) WU antTRTesAUMEINALAEaannilanauReta A liiTunausadnguay
BunzdafueugandNaRediat il dATy (Table 3)

Table 3 Organic matter of soil (%) before (2014) and after experiment (2015 and 2016).

Organic matter of soil (%)

Treatment Before After Percentage After Percentage
(2014) (2015) Change (2016) change
1. Upland rice without soil conservation 2.30 2.06c -10.43 1.86b -19.13
measures (WOSC)
2. Upland rice with hillside ditch vertical 2.53 2.80a 10.67 2.56ab 1.19
interval 4 meters (WH4M)
3. Upland rice with hillside ditch vertical 2.43 2.61bc 7.41 2.66a 9.47
interval 8 meters (WH8M)
4. Upland rice with hillside ditch vertical 2.26 2.86a 26.55 2.73a 20.80
interval 4 meters with vetiver grass
(WHV4M)
5. Upland rice with hillside ditch vertical 2.33 2.60ab 11.59 2.23ab -4.29
interval 8 meters with vetiver grass
(WHV8M)
6. Upland rice with hillside ditch vertical 2.33 2.41ab 3.43 2.56ab 9.87
interval 4 meters with tea (WHT4M)
7. Upland rice with hillside ditch vertical 2.35 2.46ab 4.68 2.53ab 7.66
interval 8 meters with tea (WHT8M)
F-test ns * - * -
V. (%) 10.55 8.94 - 12.49 -

ns = non-significant, *significant difference at 95% (P<0.05), ** = significantly different at 99% (P<0.01).
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Uanaunsgqaydeaulull w.e. 2557 fauuansineiuetneittddnis Iedanash 1 Ugndnels laifszun
auimdRuuan fFunnnisg@uiugeqe 3.86 wnznfureianuas dauianan 4 Ugndnals Tefdhaeuenuas
menjﬂt,l,clﬂﬁmu@ﬂ@aﬁvuiwﬂumm (I VI 4 wmg) ﬁﬂ?ﬁmmm?@.a&nﬁﬂﬁuﬁmm 2.36 LWNZNINFARENLAT
USsnaunsgqayideiu D n.a. 2558 avuuansireiuatneiidtdAnyds Iaedannsi 1 depeiidsinnnsgaydeiugegn
3.35 WNLNSUADLENULAT LAYARNNIT 4 ﬁﬂ?u'}mrngmlﬁﬂauﬁmm 0.89 wnznsusaLanuAs (Table 4) Tl w.@. 2557
finaniduedn 1,565 Taawnssetl LL@:LﬂuﬂﬁLmﬁﬁﬂLﬁuﬂws@%’wixuumﬁﬂﬁﬁul,t,@zﬁﬂ ‘Lummmﬁu@fmﬁq
el AugAuazAunNEE Aol saniaiiBanaiiluEunnmnn A WiiannInsauTasuinAuat)
witinsgapdaAusndansilidszuuewinmuiaziedaiiioddny doulull we. 2558 unaidads
1,170 fadwmssat wasidulld 2 vesmimeaes TﬂNm"’wizuum%ﬂﬁﬁumzﬁﬁ %q@a*miw@uLml,m:mjmﬂ]ﬂﬁm?
WSoy LT auﬂ;mmxﬁumﬁmiﬁmﬁqﬁuuuﬁlmumn'%u Uszneufufitinnniduiianasnnnin T w.a. 2557
AATINIINFOULIMTINAUANAT LTNIURTNBURUAAAILAL ﬁ?ﬂﬂdﬁ%’%ﬂﬁiﬁiﬂﬁm_mfau?”m:?aw,t,@vﬁﬁfafjwﬁﬁﬂz@ﬂﬁméq
wans TLiuan ﬂ?‘mmmmmL@ﬂmummqmuwuﬁﬂuﬂ?mmmtJu Finresienu LL@vW‘HVIﬂﬂﬂﬂﬁJuuNQﬂu TneifFunnd
mm@umummLmﬁ”lﬂ@mwummﬁmmmm’mﬁimmvummm:rmw,l,mm uasfuszsufisansuldmaunnsesn
TR wimumaﬂmuﬂﬁmmmi@mmeuznggmmﬂmuimﬂu 2 fw/lddl wisewauwiniy 0.96 Hadwnssiel
AnagedtRuiigendnssALiasnademefenninmALLazHaNARRT luszazENe (NsBUNTAY, 2553) nanalden
?J%ﬂﬂiﬁﬁ@jﬁluﬁﬁﬂ@m‘ml‘fﬁ’] V. 4 wms aé'fmﬁumﬂ%l,mwajﬁLLtJnﬁ’fmu@ﬂ@é”uﬁﬁmuL?n Hlsz@nsnnlunisan
mané@ummﬁuﬁﬁﬁzgm fasannuangewinudndasinazneuiu TraBATINLIBNT WAL doeann9gayLae
mﬁ;mmaﬁﬂmmﬁuﬁ uazsngaarniiuir A luau

Table 4 The amount of soil loss in the year 2015 and 2016.

Soil loss (Mg ha™)

Treatment Year Year Percentage
2015 2016 change
1. Upland rice without soil conservation measures (WOSC) 3.86a 3.35a 13.27
2. Upland rice with hillside ditch vertical interval 4 meters (WH4M) 2.63b 1.84b 29.76
3. Upland rice with hillside ditch vertical interval 8 meters (WH8M) 2.46b 1.68c 31.98
4. Upland rice with hillside ditch vertical interval 4 meters with 2.36¢C 0.89d 62.33
vetiver grass (WHV4M)
5. Upland rice with hillside ditch vertical interval 8 meters with 2.39¢ 1.03d 56.81
vetiver grass (WHV8M)
6. Upland rice with hillside ditch vertical interval 4 meters with tea 2.52b 1.51c 39.95
(WHT4M)
7. Upland rice with hillside ditch vertical interval 8 meters with tea 2.73b 1.59¢ 41.88
(WHT8M)
F-test * > -
V. (%) 11.39 15.18 -

** = Significantly different at 99% (P<0.01).

miﬂmﬁuﬂ?mmﬁﬂmmLL@zmizgfyLﬁﬂau‘imﬁ‘l%l,l,uu‘-ﬁmm WEPP 1Bsnasnivatifildannnissziiu
Tneduunsnaadud w.a. 2557 3807 1 dgninels lifiszuseusndauuazi fsunanhvatedegege 37067
qnunefiumssteEnuas dauiansii 4 dgndnls ﬁ@é”mfwﬂuLﬂnLL@:Lmumj’]LLﬂJﬂﬁmu@ﬂ@i*uﬁmuLﬂn (lfein V1.
4 WnI) ﬁﬂ?uwmﬁﬂmﬂﬁmm 278.33 gnUNAMLNATFBLANLAT Tumummﬂ?‘mmm?zﬁa&lLaﬂauﬁié’mnmsmmﬁu
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il w.ai. 2557 33 1 SilinnnsgrydeRuaingean 3.86 wneniuseianuas d93ane 4 flfunmnsgode
Rusingm 1.71 wnznusiawanund wazluil w.a. 2558 330197 1 SepsdiBunniniegideRuietogege 3.45 wneniu
sawanuns wazliian1e 4 SSunnnegadeRusiga 1.06 wnznfuseianuas andiulddRanimtsuneyindau
wazti fBinnshvathanscuazsndBimsitifssuuensndmuuasir fensldsuiaeuensaiunslduny
mjﬂLLsJﬂG’f’muﬂﬂ@i“uﬁwamm%mmmm@m’@uu@zmiqmL’Zﬂﬁﬂﬁ’fﬁﬁqm TudauT89ANANLUAN AN EUINaANT 1
annmstssiuuasAniialdaialneia Root Mean Square Error (RMSE) 1udl w.A. 2557 wudn AnTilgannnnstsziiiu
dnindiResiuAidaldasauaziuualiufl AetulndiFiasi  heAAauanFreeninnnnsivatisesimasu
HAnndndszanns 0.11-0.45 win Iael¥An Root Mean Square Error (RMSE) Wil 20.55% meﬂ?mmmszgn;@ﬂﬁu
HAndeendnyszann 0.03-0.3 win Tnal¥An Root Mean Square Error (RMSE) winfiu 12.08% (Table 5)

Table 5 The difference between the values obtained from the surface runoff and soil loss evaluation by the WEPP

model and the actual measured values by Root Mean Square Error (RMSE) in year 2015.

RMSE = 20.55 RMSE = 12.08
Surface runoff (m® ha™) Soil loss (mg ha™)
Treatment Evaluation Actual The Evaluation Actual The
by WEPP measured difference by WEPP  measured difference
values values values values
1. Upland rice without soil 370.67 318 0.16 3.89 3.86 0.05
conservation measures
(WOSC)
2. Upland rice with hillside 278.33 249.67 0.11 2.71 2.63 0.03

ditch vertical interval
4 meters (WH4M)

3. Upland rice with hillside 346.33 270 0.28 2.82 2.46 0.15
ditch vertical interval
8 meters (WH8M)

4. Upland rice with hillside 370.67 191 0.45 1.71 2.36 0.27
ditch vertical interval
4 meters with vetiver grass
(WHV4M)

5. Upland rice with hillside 278.33 228.33 0.30 2.04 2.39 0.14
ditch vertical interval
8 meters with vetiver grass
(WHV8M)

6. Upland rice with hillside 346.33 248 0.28 1.82 2.52 0.28
ditch vertical interval
4 meters with tea (WHT4M)

7. Upland rice with hillside 318.33 243.67 0.30 1.92 2.73 0.30
ditch vertical interval
8 meters with tea (WHT8M)
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Capacity of Diatomite to Sorb Cations in Various Salt Solutions

Q‘m'ﬁnmﬁ mqwsiquﬁ? LASLAIAND WAUSAR (bwna)”
Chulaluck Chongsuphanpong' and Saengdao Landrot (Khaokaew)"

UNAREa
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wasloasu (Ca, Na, Fe uaz K) Tuansazanainas laun NaCl, Na,SO,, CaCl,, CaSO,, KCI, K,SO,, FeCl, uaz FeSO,
InelE Batch Technique vnnns@neined lnazmanlumdanuau 2 daesng wazdndiulneznanludfieansazaneinae
2 891 (1:50 waz 1:100) m@miwm@fmwudﬂmmaﬂm‘mmm@mﬁuLmmvl,aaauim”l,mmﬁmr’fu%pu@g:ﬁ’mﬁmmmﬁ@
Tndamusaignaaduldaiigalaglnezneslus sesawnieunaidon wazwin wluasazana Nacl uaz Na,SO,
neznenlusausnantiunnilndenldnnnnin 60 wesidud laarwinzestnfonluasazane laezmeslusan
waaidenluansazany Caso, laninndn 80 wlesidusl wianldiies 2-21 wafidus Tu cacCl, lnevnanlusainism
andganounan 18 13-25 wadidusl luansazane FeCl, uaz FeSO, wilnazmanluslianunsnantFuminunaides
saluansazane KCI uaz K,S0, I nammaassugastiifiuinlnasaenlusfianuannsiialunisgaduunslosey
v luaisazaaindalasanislnses

VYo a

AdA: Tnaznanlus indeNazaraunls Aunlasuaniwaaininae loRen syuugatlssnuiNanainemg

Abstract

This investigation aimed to study the properties of diatomite and salt possibly found in soils. The sorption
capacity of diatomite to sorb cations (Ca, Na, Fe, and K) in salt solutions i.e. NaCl, Na,SO,, CaCl,, CaSO,, KClI,
K,SO,, FeCl,, and FeSO, was also studied using a batch technique. Two diatomite samples, and two diatomite-to-
salt-solution ratios (i.e. 1:50 and 1:100) were studied. Results showed that diatomites had different capacities to
sorb cations depending on the type of salts. Sodium was the element sorbed the most by the diatomites, followed
by calcium, and iron. In both NaCl and Na,SO, solutions, diatomites could reduce more than 60 weight percent of
sodium in solution. They reduced more than 80 percent of calcium in CaSO,solution, but only 2-21 percent in CaCl,,.
Diatomites could reduce 13-15 percent of iron in FeCl, or FeSO, solution. However, they were not able to remove
potassium in KCI or K,SO, solutions. This demonstrated that diatomite could efficiently sorb some cations in salt

solutions, especially sodium.

Keywords: diatomite, soluble salt, salt-affected soil, sodium, agricultural irrigation system
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Inaenlad nedEan1ednignu (Si0,.nH,0) iWuesAisznaundntlszann 60 fia 90 Lﬂ@fﬂéﬁum’ﬂixﬂ@uﬁuzﬁ'qummuﬁlu’1
iy wnaden aqRitun wn uunides Tnaas weanesa fuzdu Infia dinzd wazuneniila Tuegiuunsernida
lnornenlaulifinguy llazaneih A1 pH sud 4.4 B 02 fmafenizanzasuansineiulliuerfurin
LazuasrTndausitlssinns 220-230 nSW/AR EedeTinns 670 niw/Ams (Korunic, 1997; Kuronic, 2013)
Tpazmenludlifinly Tdfipmudasanmesndaasdy facuaias LitelhfnaaaiinnfeiderlfiEes
P I TuRauanday Tmﬂmuﬁzﬁ’ﬁﬁmmﬁumm?ﬁ'qmzﬁ’@u (EPA) Tuanigaini lneznenlussssnafdendd
Lﬂumm{ﬂ@%aﬁ@uim@@ﬂisnm"?‘fﬁm@gfluﬂixmwﬁié’ivumiﬂ@m"u‘imw;“ﬂﬂdm@@mﬁﬂumﬂ%ﬂi:‘imﬂ(Anon, 1991)
WAIAINRIUNIINTZUAUNNINNIMEES (N191e n1evinliiuwids waznsvinldaziden) lnazmenlusaziauiaidn aziden
aumAiizun 1 8 150 Tuaseu Tnafauineyneeazegszning 2.5 e 30 lumaseu aunaramsaRANNUgeRN
014 35-65 Lilasidiusl (Murer and Mobil, 2000) ANNNgUIINTD3 IABzaDN [HFTUNATINTIBIANNIUTDITAINALTLIA
Fausitarunmannd 2 unluams Tlaunetasawnlug 450 wluwwms (Osmanlioglu, 2007) lnazmanlusiiananu
WA ULLAN ﬁﬁuﬁﬁqqq wazdlANaNNInNan N luNNIA gy (Gao et al., 2005; Bakr, 2010)

ﬁqﬁum@ﬁﬂmﬁﬁfmqﬂizmﬂ’vﬁ'wmmuﬁ"ﬂmwwLﬁmﬁé’fwﬂ@\ﬂm@m@uium’mn@?\iw‘fmﬁ’]ﬂw lun1sgaduLAm
leeuluasazareindesing 4 fduniedflanmanuluiu 1dun indevesinien waa@on uuniiFen wasvunaGon
(AnF3 a3y, 2539; Khaokaew et al., 2017; Fipps, 2017) NI aNTRr s Ao uaLlnazna i
Lﬁ@lﬁﬂui@H@ﬁugm‘lumﬁﬁnmmLmeq@mﬂ?ﬁuﬁmmﬁﬂiuwmaﬁﬁzé’mé“umimwmﬁﬁmﬁmﬁummﬁmmuﬂu
SURIFARNT
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ABN1SANEN

MILATENATALANELNAD WAZNNSANENATALAT (pH) waznsdrlndn (EC) aasnfatlszinneng o

PNNTFTENATATANENAR LA N wraden TnRen waztnunaden Ineldanseiinsadinsy
ATAATIEY (analytical grade) T2z LfrmmmmnmmﬂmqLﬁmLmeuuﬂImL@ﬂmmmnmmﬂu Table 1 1iasanniily
mwmﬁumumim\umvmmn Lmemummm\‘imLﬂummmmuwm‘iﬂmawuimm Taenann= A ldsunanseny
a1nnae (Khaokaew et al., 2017) ‘l/l’]ﬂ”l‘il,ﬁlﬁ‘?;lu@ﬂﬁ‘@y@ﬂilLﬂ@’aﬁﬁ\i I finnudadn 0.1 Tuans (M) udavinnsimsnesd
A1 pH uae EC IneildiAies pH uaz EC finas auandy :usadanadaessnsazans uazanwnisazaneldfignunsn
upiulddnemlaaeundeusaztssaniinnudady 01 M mauummmumwmumLflwu@g@wugmmm”m
newdundesiialafidn pH uaz EC gesindifuetindls Gspnadnfivlsslamidwindfauladnefaaiumuilan
NANTENLANLNAS
mimsﬂumfamaLme‘mLﬂmmauumv;uﬁﬁumaﬂsumsmm"l,mwm@u‘lw‘f

fnatnelaay mu”l,umm‘l%ﬂummﬂmuimummﬂummmm@mqmnma:m SEAR 4audna1t1e anuau 2
Fiaeing smLﬂum@mqmmmmnmmmwLLmﬂmNﬂu Taeifangingd 1 (Pit 1-3: P1) Lﬂum@mqim:muiumuuuqm
Indiaenian 1317 dausnetieil 2 (Pit 1-0: P5) Lﬂuﬁmﬂ'ﬂﬂmmmﬂmm’%uzmqm HAdw (Figure 1) dmiudoya
fetdlignunmnaemeazideald  Hesnminds g damilesedrafunansluanss  deldfaetranuds
ﬁ’)ﬁQﬂﬂﬂdﬁiﬁ%\iﬁﬁ/ﬂmeLﬂuﬁ‘ﬂum’]LL@KW@WMVTWﬂ’W?Uﬁ FOUNNUAZINTITUIA 0.5 WAL 2 NN, ATUANLIFF 7
lsun A pH waz EC Tt &ngausatinesionn Wiy 1:5 udadndaeiased pH Az EC Himas muansiu AImanNg
wanuasuuanlenaulngisnimrazane (leaching) Aae@13azae 1 Ia1F NH,OAc pH 7.0 (asiny qundiasnyqa,
2550; National Soil Survey, 1996) 3mmw’ﬂ?mmmmﬁu%ﬁwuanﬁm Na, Ca, Mg, K uaz Fe Tnainistaasag
n3m aqua regia (Conc. HNO,:HCI 8m191d91 1:3, Chen and Ma, 2001) udatiaasaauaaniaag Antiansazans
Tdniunmnudnduanssnping 7 TaeildiAsas atomic absorption spectrophotometer (AAS)

Figure 1 Diatomite samples (a) sample P1 and (b) sample P5.

maAnuuaraslaazaanlufsranisantaununiani o lugisazans

¥innn3AnE sorption experiment 1aslnazman sy Na, Ca, K 138 Fe Tuansazans 0.1 M NaCl, Na,SO,,
CaCl,, CaS0,, KCl, K,S0,, FeCl, uaz FeSO, fal batch technique e limsuiiadnaninaasinazmesluslunisgesy
Lme”Lﬂmusl,umm”mﬁmﬁ@ﬁﬁi@mmwﬂuﬁu IFaatnelaaznanlus P1 uaz P5 Imlﬁ‘luﬁmmzéfmvl,mﬂ”mm"l,mrﬁi@
AN30zANEINAeT 2 §Msn A 1:100 uay 1:50 wazFnFAILIAN (control) Aeansavanainaeillldlnoznon s Fedmsn
uay Lqmﬂ%‘lumimmmﬂmwmumnmmnmmmummu°'| (Al-Degs etal., 2001; Sheng et al., 2008; Guru et al.,
2008; Nenadovic et al., 2009 Sheng et al., 2011; Yuan et al., 2013) V]Wﬂ’ﬁL“IJEI"I@’]?@v@’]EWIWJ"INL?Q?'E]‘LI 180 TAUMD
W9 1981 45 uh LmemLW@mmqmmmmmummmmﬁm I Tnel41Aad AAS TNN1INARBIBENIAY 3 11 LHUATH
agunismeaaniuanslu Figure 2
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0.4 g for 1:100

Salt solution

40 ml

01 M

NaCl, Na,SO, ,
CaCl,, Ca(S0,),
KCl, K,SO,,
FeCl,, or FeSO,

0.8 g for 1:50

YRUUAN

Table 1 Salt name, concentration, chemical formula, molar mass, pH and EC of salt solutions.

Diatomite P1 or P5

220

Total concentration

Figure 2 Sorption of cations by diatomite using a batch technique.

a L4
NANNSANELAEIAT
AmAtatuazANsin i aaanfadsziansng 9

=2 oA o A 1 t:ll ¥ k7 = o oA 1 o

anuaAnAeauarnisin ininzesnaedssnnsne o) Aeondudwmesiy wudilAwansneiulyl
pauanslu Table 1 lnedwivlesauuantesnaenanlamiu wudisianipnisinindngaEaeainunnidies laun
Fe > Mg~Ca > K > Na uaz K > Na > Fe~Mg > Ca dwsuinaadamnn ludqwnae lumsmii wudnainassinwinaes
uanleaeun Fe > K > Ca~Mg > Na usnanniduaznirazanglsresnasusazaialmnauuansneiis (Figure 3)
Tazinan NaCl, Na,SO,, NaNO,, KClI, K2SQ4, KNO,, MgCl,, MgSO,, I\I/Ig(NOS)Z, CaCl, uaz Ca(NO,), laazatLad
aziidla uazazaglan 100 wWefidus Wanesdamlan Tuaneinge Caso, azansudaliaisazaia@unngu
#uinae FeCl, FeSO, uar Fe(NO,), azatudrazladinaniiamaesdu taenae FeCl, waz FeSO, Wlumznaugy
AMFUATNI TN NUdasazAnRNANTRATANENHAT NI TAINTN 6.5 LarNLANRLeTANNIgA TuNgNATTaTAINAS

analysis

(Na, Ca, K, or Fe)

by AAS

No. Salt name Concentration Chemical formula Molar mass pH EC (mS/cm)
(M) (g/mol)
1 NaCl 0.1 NaCl 58.44 511 12.89
2 Na,SO, 0.1 Na,SO, 142.04 5.24 17.64
3 NaNO, 0.1 NaNO, 84.99 5.57 11.19
4 CaCl, 0.1 CaCl,.2H,0 147.02 6.15 18.06
5 CaSo, 0.1 CaSO,.2H,0 17217 5.28 242
6 Ca(NO,), 0.1 Ca(NO,),.4H,0 236.15 5.18 19.19
7 MgCl 0.1 MgCl,.6H,0 203.00 5.55 19.13
8 MgSO, 0.1 MgSO,.7H,0 246.47 5.19 10.90
9 Mg(NO,), 0.1 Mg(NO,),.6H,0 256.41 4.70 19.13
10 KCl 0.1 KCl 74.55 5.77 14.26
11 K,SO, 0.1 K,SO, 174.26 5.83 21.21
12 KNO, 0.1 KNO, 101.10 5.05 13.19
13 FeCl, 0.1 FeCl,.6H,0 270.30 1.59 36.35
14 FeSO, 0.1 FeSO, .7H,0 278.01 2.53 11.63
15 Fe(NO,), 0.1 Fe(NO,),.9H,0 404.00 1.78 31.63
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antinraslaaznanlus
=2 o A o =2 U o 1 rdli

uansAnEaNtiRvaclaernanludianss Table 2 Taganuanisdnsinudn saatglaaznenlusmanm
A LI =< A, o A ° s < A O P aa -
deniiersindt 4.5 edieduiunseda Henmhlbbiidennddediidusal@in Ispianewdueilszneug
wnnndn 60 iefidusl samadesiunsfinunu 9 (Korunic, 1997; Kuronic, 2013) mmummu 7 i wAs e
uuniden uazlmaen vaaawetnetmindideiu widmiusainunadeuazmdntu nudfedndlaa el
fiegfuans (P5) Trngeninvetinsiiegindalan (P1) Faiulddamuunniunsdlzessigmén Jamugeannlufetng
P5 aanArediLdvedlnevnanluiMideenuaeedy luaneisietne P1 Adean119n9innn Iae Tsai et al. (2006)
91991 wananlaevaanlusi@naulasenlas (Si0,) uasAlsznaugaudn Tnevinlldsdlindnasnlas (Fe,0,)
uesAtsznauauauninday dmiuAipuquanilasuuanlaseuiunuagludadlndiaeaiuii 2 faating

Figure 3 Appearance of the various salt solutions used in this study.

Table 2 Chemical properties of diatomite samples.

. Total concentration

Diatomite EC CEC Sio,
pH Ca Mg Na K Fe
sample (mS/cm)  (cmol (+) /kg) (%)
(%) (%) (mgl/kg) (%) (%)
P1 4.38 0.03 8.2 65.88 0.35 0.08 5.41 0.15 1.08
P5 4.35 0.03 12.4 73.80 0.21 0.15 1.34 0.33 6.90

Remark: *Samples analyzed by Central Laboratory (Thailand) Company Limited.

ualnazpanlussanmsaadunanlaaauluaisazarainaasing o

HAT8INNIANEAINATNNTNTedlneznen lusFentsgaduuAnlaseuluatsazaBINARAN fidadauszwing
neznenlusmeansazaizinde 1:50 Az 1:100 1 nudramanansalunsgadululnesneslusi 2 fetns ua
2 dnndaulnarnenlusuavansazanainge  Wnasensdasiuuarlndipasiy  Inanudiaouaisnsalunisgedy
Lmmi@@fauﬂ@qim@:mﬂumr@:%umﬁmﬁmmme”l,ﬂﬂ'aw,mzmi@:mﬂmﬁ@@ﬂ'ﬁﬁm@u (Table 3) 378ALBEALLN
ﬁmam%wi@:ﬁmﬁqf:

NIARALEIAUAATENAININGD CaCl, waz CaSo, wudmsldlnezneslumiaesietnauaiinaesdnm
anunsnamBBnnuaadanldlndinseiu udaansnanuasidanlundedamnldfininlundenaelss laanudnfiunn
wradenluansazaredamnanasanngn 80 wlesidus Lumﬂ?ﬂuwmuﬂumiummu ‘Lummvw‘lumm”msj cacl, i
anlditen 2-21 wlefidius (Figure 4) utinAnflieTeasansazanavnesazsinaiuiiesszanns 1 misawindu (Table 1)
Fohanflunanannianansazananaersesdeuleseusineeiiat  uazeraiinaenninssunisgasLuAad
fuiuinreslnenenlas Selignsnesungldannimaaesi sududesendansinedednsziuluana
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£

n3gadusIalaRENaInnae NaCl uaz Na,SO, wuinnisldlaaznanlusmisassaiinuazaasdnsainiman
Buaulnnenladlndiresiy wazanlaluilBuiamn Aadlusininndn 60 wefidus (Figure 5) e Raufauy
ANFURILIAN ﬁLLmIﬁuﬁmmudﬁmnﬁ'uﬁmmzﬁqmwdwim@m@mhmim:mm:mmmmmi@,m%ﬁmhLﬁﬁm YA
ganudnnsgedulmhenlnglnasnenlusdluaisazansnas lasazanindame

NNIAAAUBIAIMANATNINGAS FeCl, uar FeSO, wudnsld laasrenlumiages e aessnsantnTan
Buaunan i lnaiAseiu Lm'ﬁLLmIﬁm’wﬂmﬁuﬁmmzﬁ'quimdwvl,m@vm'am"l,um’ummsmmmmmmimmﬁummmé‘n
mmmﬂummmnmimum@mwmu (1:100) memimmmmummmimmwﬂmwmimmumanﬂ%’lmmmuhm
YuiiniANsnaTidngan 1:50 uﬂnmnumwmqmmmmmLmﬂ‘llmﬂ”l,mfa nex luslugnsarananan lamasingn
daLnm

Table 3 Total concentration of iron, sodium, calcium, and potassium in salt solutions from each sorption treatment.

Total [Ca] mg/L Total [Na] mg/L Total [Fe] mg/L Total [K] mg/L
freat CaSO, CaCl, Na,SO, NaCl FeSO, FeCl, K,SO, KCI
Control 4119425 3262+271 4881+36 2393+18 5960+120 4810+29 5916+178 2226+120
PR 100 669+37 2570+181 1162+31 689+134 44544298 3943+58 9816+15 2222+572
PR, 5 692+19 3187+55 1818475 484+58 4576+309 3636+178 8833+262 2743+62
P5R,.100 671+28 3092+269 1361+68 683+216  4614+511 4204+204  9236+971  2936+178
P5R 702+17 2955+39 1788+150 383+21 4010+560 3589+84 8051+332 31354291

1:50

Remark: + Standard error of the mean.

g miunageadusininumadianaininda KCl uar K,S0, tnelaaznenlusisaassinatrauazansdnsiu
. . 4 p - 2 X 4 o 42 X
WUAUANENAINERRY ] NN s nFanainunadenuatsazaedingy faffunalnunadenniiauniies
wnanlaeznanlus Wasanlpazaenlusiwunadouduesdlssnavay uazilanFauiausailaesu (onic radii)
vpalnunadenleasu (K° = 138 pm) Wmﬁmmm"lﬁmﬂmmm@u I mmmuam@ﬂmmmmiumumLLuumﬂﬂﬂ‘Lu
asaunalunreslaazmanlusf @mmmﬂumm’lﬁwmeLsnﬁmmmfafaﬂmmﬁlm@wmu”lurﬁﬂm\‘mﬂmﬁmmfau I fiaue
W@nNd1 1w Na (Na” = 102 pm) Fe (Fe”" = 70 lu FeSO,, Fe*" = 60 pm lu FeCl,) waz Ca (Ca’* = 100 pm) (Wells,1984)
m@m”lmvmm"lmmm@umfﬂiﬁmmﬂmLL@vLLm@Lsﬁﬂu”l.mmmﬁm@mmﬁwmmﬁmu drumiininazinannansnielnsainans
laazmanlas mmnwmuﬁugwgwmmmm Tatiflefiansananneriaileaauasnudinfeuuasunadeslaaamis
HaualndlAeaniuann (Na” = 102 pm uay Ca® = 100 pm; Wells, 1984) Seiiuiinvzaaunvasgnyulnasmonlus
a1alANNeRvTeANNTeL (affinity) fuleeewisdesil Lemonas (1997) neanudn Taseaireveslnesmenlus
a 1 3 dal dIQ 1 dld o = vl A & ldl =
H9997198909 80-90% UATNUNREA Lmeimmmmmmi‘ummm@u‘lﬁsmﬂﬂmmiummmmim TwansnuaaLden
mm@uimmlum@@ﬁmﬂmuu anaULANNANANTLAT LHiD9aINaNazans CaCl, it 6.15 uanusH NaCl, Na ,SO,
waz CaSO, At lnalAeNiuAe 5.11, 5.24 uaz 5.28 eﬁ\iWﬂﬁlﬂﬁNﬂ%‘ﬁﬁ"’\m%ﬁLﬁﬂNLL@wLLﬂﬂLGI]‘EJNﬂ‘]_IWL’ﬂ‘Duﬁ]’N"'\]’m
mimmm’tummﬁﬂwﬂuﬁm@u A mwummaqmwmLLm‘Emﬂim@VmMm geqnludaenany | Ae 7-8
o = Na = a o & a - @ A =
(Sliivic et al., 2009) FupdEsanuazassuTAnIsandLLARlanauuuNuRs lneraanlusidulssiAuRauladnm
WNANEsan Tuauania WlsAnaundaianaiy
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Figure 4 Relative concentration percentage of calcium in CaCl, or CaSQO, in each sorption experiment.
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Figure 5 Relative concentration percentage of sodium in NaCl or Na,SO, in each sorption experiment.
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MgSO,, Mg(NO,),, CaCl,, CaSO,, Ca(NO,),, FeCl,, FeSO, uaz Fe(NO,), fianududuidianru (0.1 M) wusrdwiu
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13-25% luansazane FeCl, uaz FesO, urlnaznasludlianansnaninn K waluansazane KCI uaz K,SO, &
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Factors Affecting the Decision Making of Para Rubber Tree Plantation Farmers

in Khlong Sai Sub-district, Tha Chang District, Surat Thani Province
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Abstract

The objectives of this research were to study: 1) the demographic and economic conditions of the farmers,
2) media coverage and famer exposure to media coverage concerned with para rubber tree planting, 3) the decision
making of para rubber tree farmers, and 4) the relationship between demographic factors, economic factors, media
coverage and the decision making of para rubber plantation farmers. The sample set consisted of 322 farmers.
Data were collected by interview. Statistics used to analyze the data included frequency, percentage, arithmetic
mean, standard deviation, maximum, minimum, and Chi-square test. The results indicated that most farmers were
females and had an average age of 53.89 years. Most had been educated to the elementary school level, had 4-6
people in their family, and had been working as farmers for an average of 20.66 years. Most farmers had never been
members of any group and their average income was 167,437.89 Baht/year. Farmers faced an average expense
as rubber tree farmers of 12,326.09 Baht/year, and they generally paid this with their own capital. For most of
the farmers, their main occupation was para rubber plantation farmer. Two people generally worked on a farm and
the average area under plantation was 19.00 rais. The average area of a plantation was 18.02 rais. Farmers received
information about their industry from various sources. 33.5% of farmers got their data from government officers,
88.9% of respondents said they got information from the medium of television, 33.2% said they acquired information
via seminars and conferences, and for 40.1% of respondents, the internet was an important source of information.
The farmer’s activities as para rubber planters were strongly influenced by various factors mentioned above.
Testing of the hypothesis revealed that annual income, exposure to mass media, and training and seminars related
to the decision making of para rubber planters at the 0.05 and 0.01 levels of significance.

Keywords: farmers, decision making, para rubber, Surat Thani province, media exposure
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Table 1 Number and percentage of demographic factors and economic factors.

Demographic factors and economic factors Frequency Percentage
Sex

- Male 90 28.0

- Female 232 72.0
Age (years old)

- 23-47 64 19.9

- 48-57 150 46.6

- 58-76 108 33.5

Mean = 53.89 years old, S.D. = 9.432 years old, Max. = 76 years old, Min. = 23 years old
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Table 1 (continued).

229

Demographic factors and economic factors Frequency Percentage
Education
- Elementary school 142 44 1
- Secondary school 126 39.1
- Vocational 46 14.3
- Bachelor’s degree 8 2.5
Marital status
- Single 24 7.5
- Married 298 92.5
Number of household members (persons)
- 1-3 84 26.1
- 4-6 217 67.4
- Higherthan 7 21 6.5
Max. = 8 persons, Min. = 1 person
Experience of para rubber planting (years)
- 515 104 32.3
- 16-26 146 45.3
- 27-40 72 22.4
Mean = 20.66 years, S.D. = 7.557 years, Max. = 40 years, Min. = 5 years
Group membership
- Group membership 167 51.9
- No group membership 155 48.1
Income (Baht/year)
- Lower than 130,000 124 38.5
- 130,000-170,000 85 26.4
- Higher than 170,000 113 35.1
Mean = 167,437.89 Baht/year, S.D. = 87,283.533 Baht/year, Max. = 850,000 Baht/year,
Min. = 30,000 Baht/year
Expense (Baht/year)
- Lower than 10,000 75 22.3
- 10,000-14,000 149 46.3
- Higher than 14,000 98 30.4

Mean = 12,326.09 Baht/year, S.D. = 7,100.691 Baht/year, Max. = 100,000 Baht/year, Min. = 2,000 Baht/year

Funding source
- Own income
- Loan money
Main occupation
- Para rubber plantation
- Merchant
- Private sector employees

- Civil servant

205
117

279
22
1"
10

63.7
36.3

86.6
6.8
3.4
3.2
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Table 1 (continued).
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Demographic factors and economic factors Frequency Percentage

Number of labor (persons)

-1 23 7.1

-2 273 84.8

- More than 3 26 8.1
Number of para rubber planting area (rais)

- 312 108 33.6

- 13-20 125 38.8

- 21-105 89 27.6

Mean = 19.00 rais, S.D. = 11.771 rais, Max. = 105 rais, Min. = 3 rais

Number of para rubber cutting area (rais)

- 3-12 109 33.9
- 13-20 125 38.8
- 21-80 88 27.3

Mean = 18.02 rais, S.D. = 10.618 rais, Max. = 80 rais, Min. = 3 rais

Selling para rubber

- Local merchants 299 92.9
- Rubber market 12 3.7
- Company within the province 6 1.9
- Others (rubber fund cooperative) 5 1.6
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Table 2 Number and percentage of media exposure about para rubber planting.

Media exposure Number Percentage

Personal media

- Government Officer 108 33.5
- Local Leader 99 30.7
- Friend 61 18.9
- Family 37 1.5
- Relatives 17 54
Mass media

- Television 287 89.1
- Print media 26 8.1

- Radio 9 2.8

Activity media

- Meeting 185 57.5
- Training 107 33.2
- Demonstration 20 6.2
- Site visit 6 1.9
- Exhibition 4 1.4

Online media

- Website 129 401
- Facebook 73 22.7
- YouTube 62 19.3
- Line 40 12.4

- Never receive 18 55




232 FANTNBATNIZABNINAT 2563 : 38 (2) : 226 - 234

paud 3 dayan1sandulalgnenanisiaasnemnsns

Table 3 agi/lddn lunmaaunisindulaLlgnanamnsaesinemans Snisiadulasglussiiann Aiade 2.49
TnedundAnadagegn WWun fuanamsnzassesiuiilgnuazsnaden Anade 2.75 dumslgn Aede 2.68
é’mmimumjuLL@zummméﬁﬁﬁmﬁu ARy 2.51 AUNTaLAYUAINNIATY ARy 2.36 dnnssindulanglu
FTALNN ADAARBANLNNLISETEY 890 B1AN UATATUE (2558) FnenFespmuAniiutesinemans it eaap
nstgnaeainlugneduua  Saudnensnmnd W‘l.l']"]ﬁ']’mﬁﬁL‘ﬁu‘ﬂ'ﬁ]\‘iLﬂ‘i:r[i]i‘ﬂﬂ“ﬁﬁjﬁﬂﬂuﬁﬂmﬂﬂiﬂ@ﬂ@%@ﬁﬁL‘ﬁuﬁ’m
at/luszALNIN ‘Emﬂﬁmﬁmﬂﬁ@mﬁ@ AUNTAULAYUIINNIATT AIUIIANE NN LAZTARENNINER Anady 2.34
fnssndulastflusyaunnn Faa0nAaTLNNAdETeY INFE9ANA TaqAT (2551) ﬁiﬁﬁnm?ﬁﬁq%ﬁi@miﬁmaﬂ@
UgNEanIaTeunERINg NBITENTEY AIUIAEENIIE WU ﬁnglwlunﬂ?ﬁmau%ﬂqﬂmqmmmmmwmﬂﬂu
FLAUNIN A INHATNITIUIILNNITININAIGS AUNAHARLI NN ARy 2.24 fnnssndulantluseauiunans
aanA&RaTL NyanA walwa (2554) ing1adn mwmﬂﬂﬁﬁummammJigﬂi’]mqwqaﬂu@”ﬂwm:ﬁLﬂuLmum\ﬁ@uﬁm
udaunan mexdﬂﬁ%umummﬁmﬂ@gﬂdw Tlejenndudou amnsnguasaziuinmladg nMeugndeuie
nlasnamnn dulldarnuarainuazrsessionsaiuanfeniszenain

Table 3 The decision making on para rubber planting of farmers.

Decision making on para rubber planting x S.D. Level of opinion Rank
1. Planting 2.68 0.275 High 2
2. Rubber product 2.24 0.489 Moderate 6
3. Price of rubber and inputs 2.34 0.284 High 5
4. Suitability of the area planting and the environment 2.75 0.247 High 1
5. Supporting from the private sector 2.36 0.349 High 4
6. Group and local leaders 2.51 0.318 High 3
Grand mean 2.49 0.145 High

X = 1.00-1.66 low, X = 1.67-2.30 moderate, X = 2.34-3.00 high.
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Table 4 The relationships between demographic factors, economic factors, media exposure toward of para rubber

planting and the overall decision making in para rubber planting.

Overall decision making on para rubber planting
Factors 2
X P-value

1. Demographic factors

1.1 Sex 0.041 0.840
1.2 Age 0.099 0.952
1.3 Education 4.578 0.205
1.4 Marital status 0.361 0.548
1.5 Number of family members 0.103 0.950
1.6 Experience of para rubber planting 0.984 0.611
1.7 Group membership 1.563 0.211

2. Economic factors

2.1 Income 6.759* 0.034
2.2 Expense 1.789 0.409
2.3 Funding source 1.835 0.175
2.4 Main occupation 1.669 0.796
2.5 Number of labors 3.419 0.181
2.6 Number of para rubber planting area 2.296 0.317
2.7 Number of para rubber cutting area 2.435 0.296
2.8 Selling papa rubber 0.530 0.912

3. Media exposure toward of para rubber planting

3.1 Personal media 5.527 0.237
3.2 Mass media 22.272* 0.000
3.3 Activity media 18.031** 0.001
3.4 Online media 15.911** 0.003

** = Significant level at 0.01, * = significant level at 0.05, ns = non significance.

—Q
dgUuanisAnmn
LﬂHﬁ]Tﬂi‘ﬁﬂ’]‘iﬂi‘zﬂ’ﬂU@q%WﬁqNQHEIW\?WWT’]Lﬂu'ﬂ’éﬁ/ﬂ L‘ﬁ’ﬂﬂ@’mi"]ﬂ‘l N I"J‘Lﬂ,ﬂﬂ_iﬂlﬂﬂLﬂ‘]ﬂﬁ]iﬂ‘é‘ﬂ’]@qﬂﬂqﬁ‘ﬁqﬂﬁu

22
@ o R

#1990 DeuddnanunTaiIIANENannas N LL[i]Lﬂﬂﬁl?ﬂ?@quslﬁmﬂﬂ\‘iilﬂﬂﬂﬁiWWﬁ@Quﬂ’NWﬁ?%ﬂuﬁﬁ/ﬂ el

'
A

mezmLﬂummwwmmmmmzmmugﬂmmmm&lmnmﬁm@ﬂ@uﬂwmum@u I

AuNI9Llgnenemasn mwmﬂaﬁmaﬁmﬁu%ﬂ@mﬂmqmmimmquL@?}Iﬂ@%ﬂm:ﬁumn L"ﬂ’m@’mﬂ’]i‘ﬂ@‘ﬂ
Emm‘mLﬂuma‘ﬂﬁmﬁmm:ﬁﬂ nsguainenasueelidesidinaiuin uazansnmlinaseuuwnuandiiaAsegia
NPT YN uAidEs AN Y LL@WﬁLLm‘Eﬁuiﬂwwﬁuﬁﬂ@ﬂ Usznauiuanuarussnrllifesne %n%\‘imm%ﬁ
ummmmﬂuﬂaﬂwm@uwmLmumawm mm‘l‘mu@mﬂmmwmﬂim@@mwuwﬂ@ﬂmqwmm PNUINANENNTTNAS
fladannsudn  1iesannniiy meﬁnf«mﬂumqwqmmm‘wmnm mwmmmmmmﬂmmamﬂmmﬁmummﬁm
LLm:ﬁmmmmmqmm"lummmmﬂmmam flanuianelalumanianeLanan Hn3iaAnaaeutiiuazingns
Lﬁ'@mqu,mumiﬂ@nmawwﬂuamﬂm AunNsaiuauaINNIATY mwmmﬁmmﬂﬁ’%ﬁummfmﬁu@umqL’Eu?ﬁuﬁfa
Tunistlgnanemisn Ruganiu Lmvﬂq@mm@mw'amsmmmuwu 'aﬂmmmuumuumﬁjwmef]ﬂ”l,mmmmwmm
i liinsnanstineldifnnnnTy LL'Z\IQ,Lﬂ']:fﬁliﬂi‘m‘ﬂ\‘mﬁﬁ‘lm‘ﬁ‘l_l’]@ilﬂ’ﬁ‘ﬂ?vﬂu?ﬁﬂ’]N@N@[ﬁ]ﬁl%‘iWﬂ?’W]LLLLLL@LL



234 FANTNBATNIZABNINAT 2563 : 38 (2) : 226 - 234

URLAUDLUL

1) mm“gummiqsmuﬁ Fendasmsdudiulfinensnadlafugnansanaiade naenzaeaailasl e
al8Funanfimnie uazlssndnnan muteiidagaiariednefianunsndeansananisldesnemaiia 2) nAsy
meuqmmwmmmmmmummLmﬂumqmmmwmm nslgnivgsaneng Nuaneng n12AA"A LL'Z\J“’ﬂ’ﬁ‘LL‘]Jﬁ‘i“]J
g lugduunsing ieliinuasnstimeldnaasisd  uaz 3) mmmmvummmmmmmmmimmmam
ADININENNNTY  N3uUegtenann i lniufidenisteanann Gmf-awnwmemmiﬂmumqwmLL@WL‘wmw”Lm
TWuninemsng

LANANTAD

NINATININEAS. 2561. Feriaenewe. http://agkb.lib.ku.ac.th/ (5 uALE 2561).

\n3eednG sea1a. 2551, Avgslaeniedndulatlgnananianaesnenins saneidaes Smdadeene. meduaiuudass,
ANEAARTNVNTTWTR, NaneAedaa s,

YNaU NATAMI. 2560. iﬂuﬂﬂ@ﬁumimLzﬁumimwm 4.0. 919871986nNIeindiaesTiALy umaneatAaLNg 10(3): 2440-2454.

1919011 WINWNE. 2559. %@H@ﬂﬂquaw. https://www.pptvhd36.com/news/ (5 NNATWUE 2561).

Wenifnad AL, 2557. dTadeninasenissinduladgnaanisaeinsnsns aneqiies Ssmdniu. IneninusingnAmansuintinge,
UNINLNALNHATANGRS.

Weytlsznn 914, 2556. ﬁnmﬁ@%ﬂ‘ﬁ'ﬁmmﬁuﬁuﬁ’ﬁumaﬁmau‘lﬂﬂ@nmwwwmLm:rmni‘luéwmﬂmmwﬁﬂwm FNTARTUNTT,
INENUNUTINLNANAATHYNLTDIAR, NN EAANART.

NN Wewin, 2554, mﬁLmﬂxﬁmiﬁmimmﬁmu,ﬂigﬂﬁﬂma. 9178179717 INENALFUFNA 1(1): 3-6.

Al nwario, Wasad Aiynyides uaza s FAMS. 2559, prwAndiutenntmsnsftiReaARNslgnenens s uaueTs
Bwnet U AANIATTEe. NN UNUEINAARTNINTIITR, NUANEREINEATAART.

ANLTUIRYENN. 2561. “ﬂ’m,lﬂmi"qiﬂ. https://www.thairath.co.th/ (5 NNT1AN 2561).

AauANE1eNNIneg. 2561, :IANENNITN. http://www.thainr.com/th/?detail=pr-local (20 in31AN 2561).

ﬁﬂﬂﬂaﬁuLﬂiHﬁﬁﬂmimHm. 2561. ﬂ?@gmm\iwm. http: //newweb.oae.go.th/view/1/ (5 NNT1AN 2561).

ANINUNEATEILNAYINRN. 2560. ﬁ@;ﬂ@ﬁuﬁmmimwm. NINANLEINNITINEAT. hitp://thachang.suratthani.doae.go.th/
(10 un91AN 2561).

439 a1An, Was9A ARy Fee wasiidy esdiad. 2558, AruARTuTeunERINTRAesUIARNTgNANNA A TS e AL
Jmdagsinat. e INUEINEAERTIVITAR, NNINENAENEATANARS.

ung fanans. 25560, adAaE. Ranviedad 2. gt AN IMeNABINEATANARS.

ung RaNns. 25561 N174NsRLN (A0F). Farindadt 3. NPUNWL: NUINLFLNHATIAART.

a

Py

a

Py

JUsULNAIIA (Received date) : 9 n.A. 61
Fuurlyumaaa (Revised date) : 17 51.A. 61

FURBUTULNAIIN (Accepted date) : 7 A.A. 62



King Mongkut's Agr. J. 2020 : 38 (2) : 235 - 244 MFATINATNIZADNNAT 2563 : 38 (2) : 235 - 244

sruusduayunssnaulalunisaununisdganivaiAsegnae
Tnglfinalulatniarsauna

A Decision Support System for Crop Planning by Use of Geoinformation Technology
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Abstract

Thailand has had and continues to have problems with improper and worthless use of land, a situation that
had led to widespread soil degradation and erosion in some parts of the country. Further research, education and
policies are needed in order to avoid such poor outcomes and ensure that land practices are carried out in
a sustainable fashion. Furthermore, land use needs to be conducted in accordance with laws, regulations, and
academic principles. The objective of this research was to develop a geo-informatics database that could be used
to support decision making in land use planning. The database needed to be an internet-accessible decision
support system. It was noted that the database should ideally be able to provide critical information in the areas of
1) restrictions and conditions for land use, 2) smart utilization and conservation of resources as part of sustainable
land use practices, and 3) guidelines for decision making support to ensure the maximum benefits of land use.
Therefore, the researchers developed a tool that enabled interested parties to access the ArcGIS system
Geo-processing service via a web browser. The efficiency level of the developed system was evaluated as moderate
(C), scoring 79 out of 100 points on Google speed test. The total time taken to download and display the entire
content of a web page in the browser window (load time) was 4.49 seconds and a good quality of map image was
displayed. In addition, 12 experts who tested the system agreed that the researched and developed internet
accessible decision support system for land use planning provides users with a simple, convenient, and fast way

of accessing the information needed for checking land use requirements.

Keywords: geoinformation technology, land use planning, decision support system
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Figure 1 Conceptual framework for research and development.
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Table 1 GIS data layers in the system development.

239

No. Data layers Source / source data Year of data
1. Data group of basic information for reference
1 Administrative regions Royal Thai Survey Department; Department 2550
of Provincial Administration
2 Office of provinces and districts Royal Thai Survey Department; Department 2550
of Provincial Administration
3 Transport routes Royal Thai Survey Department 2560
4 Water sources and routes Royal Thai Survey Department 2550
5 Location of villages and communities Royal Thai Survey Department 2550
6 Key reference locations Royal Thai Survey Department and related 2550
agencies’ databases
7 Altitude and elevation indicator Royal Thai Survey Department 2550
2. Data group of basic information for analytical factors
8 Soil group mapping information Land Development Department 2550
9 Soil series mapping information Land Development Department 2550
10 Land use survey mapping information Land Development Department 2560
11 Forest conservation mapping Department of National Parks, Wildlife and 2560
information Plant Conservation
12 National reserved forest mapping Royal Forest Department 2550
information
13 Slope mapping information Applied from Royal Thai Survey 2550
Department’s elevation map
14 Mapping information of land reform Office of Land Reform for Agriculture 2555
area for agriculture
3. Data group to define analytical conditions
15 City planning Department of Public Works and Town 2560
Planning
16 Building control zone Department of Public Works and Town 2560
Planning; Local administration
17 Land use measures based on Office of Natural Resources and 2555
watershed classification Environmental Policy and Planning
18 Demand for crops in planting Land Development Department 2550
19 Suitability of soil for cultivation of Land Development Department 2550
economic crops
20 Techniques and methods for soil and Land Development Department 2550
water conservation
21 Environmental protection area and Office of Natural Resources and 2560

measures

Environmental Policy and Planning
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Production of Yam Bean Powder Using Foam-Mat Drying: Investigation of Physical Properties and

Sensory Acceptance
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Abstract

This research was a study of the production process of yam bean powder using foam-mat drying, which is
done in order to produce drinking powder products. The objective of this research was to study the effect of foaming
agent types and concentrations on the physical properties and consumer sensory acceptance. Maltodextrin (Mal)
at the concentrations of 10 and 15% (w/w) and sodium caseinate (NaCas) at the concentrations of 5 and 10% were
used as foaming agents. The samples were dried at 80°C. The use of Mal produced foam that expanded less but
was more stable than NaCas-based foam. In addition, yam bean powder made using Mal had better color quality
and solubility. The yield of powder was not significantly different (P>0.05) when the foaming agents, used at the
same concentration, were compared. Furthermore, the products using Mal and NaCas were not significantly
different in overall sensory acceptance. However, the strong point of the product using Mal was that it achieved
a higher taste and solubility score than did the product using NaCas (P<0.05). Therefore, foam-mat drying of yam
bean powder with addition of Mal is an attractive and low cost method for the commercial production of drinking

powder products.

Keywords: foam-mat drying, sensory acceptance, solubility, low-cost, yam bean powder

Az lulad aunAnandaunansany 8. funsade |, NunansAN 44150

2aauzmalulafinisinems uuﬁwmﬁmwﬁgmmmsmm . 189 2. NU@1TATN 44000

! Faculty of Technology, Mahasarakham University, Kantarawichai, Mahasarakham 44150

2Faculty of Agricultural Technology, Rajabhat Mahasarakham University, Muang, Mahasarakham 44000
*Corresponding author, Email: pheechot@yahoo.com



246 FANTNBRATNIZABNINAT 2563 : 38 (2) : 245 - 253

AN

JULN0 ¥Te S (yam bean, Jicama Pachyrhizus erosus (L.) Urb.) Lﬂuwmmﬁﬁﬂ@mumuuwm
2N0UITD ULATENENATI ANTANMNIANIAN uwum‘wwﬂ@ﬂ (] 2559/2560) ﬂivmm 5,788 13 (d1inauainaanin
NMNANTAN, 2562) asAllsznavdaulunjaasiiung laun v andlulaees e vhane wastilsiiy deiilsvanng
fprny 90.07, 8.82, 4.90, 1.80 Ay 0.72 mwa1Ay uaziiuunaswedadud (20 Raansu/100 N3K) uazussg
anuansaiia (USDA, 2019) mﬁﬂmmmﬁz@ﬁﬁavjﬁ?ﬁuﬂ'1'a‘l,ﬂu@ﬂmmﬁammwﬁwﬂuﬁmm A8 Buydl (Inulin) uaz
Wninledtnuinenslasl (Fructooligosaccharide, FOS) lassaframainiizes@uydu Usznausan ﬁﬁm@%l@ﬂimm
fideusafulugnesnn S92 f9 60 o mﬁm\m%’wm@ﬁﬁﬁm@mﬂﬂmL%Wi@ﬁﬂmﬂmw’m Ferfiie Funns
Buydaunn Tiun uniupzdl andu £l5q et lug) uazveNuss (B0 wpanis, 2552) tTaquiuguyauLay
WiﬂImT@@‘EmLsﬂﬂm”Lam"lmummmﬂﬂLL@ymml%‘lummmmmmﬂwmmwwmnw {Heeannanansalianumany
Lmeu@mumLﬂﬂﬂ@ﬁﬂﬂiLL@ﬁ@ﬁiWﬂUIﬂmnmwmaiummimmemqﬂ,m mumemLﬂummiwmm:mmuw
ﬁmmamuauﬁmﬁﬂLmtﬁlﬁu‘lﬁimmqmm uenaniteidautaeudesmstutng uuamelunswaLnAndoust
ansunafinawla Ae nsuandunandusienwielud LAz aRy FailutlsinnEansneiannnuas
m@immmm‘lﬁmummﬂumﬂ nszuaunIIILEILULIWLLNR (foam-mat drying) Lﬂumvmumimﬁmmnmmmwuﬂu
i ldiudmgAudssinvninuasnals Hasaniidumeuitliduden 1Haandu memuwum (Chandrasekar etal., 2015;
Sangamithra et al., 2015) Foiuaaiunssiaunisinaulalunisinan 14 lunsnaR LA e ALY AT
Tlnuumlunszaunnsfivinlfensman  siseesfiidnenedy  Paululiafifaanuasilaansutugnsiton s
\inlWa (foaming agents) Wiy namasaaluluaifaisn (glycerol monostearate, GMS) saalilsfiulaliian (soy protein
isolate, SP) Tsmnldeng (egg albumin) THLAEINAT LA (sodium caseinate) NaalMANGy3w (maltodextrin) Las
wiiaraglaa (methylcellulose) wdati lvinuissaaanfou FamaAeTuazdas TN uEldan 59T unazdenan
AN INUBINAAS DU mvmummmmqmmmmmvamumm?‘wummﬂa‘m@um”lwummﬂm@u (heat-labile
compounds) m@mﬁmmmmﬂm i dhaalsl vieitlenslidy ﬂ%wmm@m'ﬂmmﬂﬁwm@\m@mmmu@ﬁnum
ANN9ENIYIITATANAEI LRI TUIE NI IS niRANT9e Usa lussrdnanaiuiaasin s svinuia
ARAY Lmzmr;mﬁi@@mm‘wmmmamﬁmm’ﬂ@ﬁﬂﬁmm@ﬁifamiv?’m,ﬁ\i wuuTaunm A 1dauavtFunnaesansyinliin iy
AudTLaI8 N Ma) AENsAtLLAYITEZA Ar NI eLAN T LavantazlunnseLuTa T
(Hart et al., 1963; Franco et al., 2015) Rajkumar et al. (2007) l@ANHINIIWHINZH9MaNTZUaUN1T NN
Taeinnsiuzdiadllunlffudedant udrdwinnnsmanaistaaliaata 1dun Wsfuldans (5asay 10) FauAL
wiartaglas (Fewaz 0.5) agll ANt daunanldllinasuunmmntszanns 1 fadmns udati e 60
paATAITES NUTMSANEN e AR I Wz ez nan Tl luntsvnuenAndnaiirnanaininfeaay 50 e e
fusesneR s Widuil uenaniidnsnemlddannmaand desmninniaufisedimaanas
ARAARENNLIINZNNULRS Sankat and Castaigne (2004) %awudwmaﬁ’mﬁqLLquWumemmm@mmﬂﬁmﬂﬁ'ﬁ?mﬁ‘fﬂm@
adle wardeanunsnanniniinaeuLde (case hardening) %'\1LﬂumLmﬁﬂﬁ’ﬁmmﬂ’m‘ﬂuuﬁmmm TALILRNIZNITN LA
N@iﬁﬁﬁﬁﬂmqmﬁj\‘iLL@S:T%’QMMQQ’QG anderzesmsiuieuuiniusndusrazansuieinaaaug Taqui
fﬁaﬁmiﬁwmﬂixmumiﬁﬁLLﬁ’aLLUUTV\INLLumLﬁﬂiﬁmﬁmmm?ﬁﬁ@mmmﬁﬁﬁm@%@%mz TeinsAnanizivn s
’LﬁTWmﬁﬁmmmﬁqqﬂmmsﬁﬁLLﬁ’\i eanszazinameiiuiouasnesaarasesdilsznaudiiy  aevililans
gotlsAatnulssnmldsiuiinnan@lunaialiilding fumlugeiienSeudiausuasdssnnanslolaese
watelsfimun  Sdeddadiuman  Amunsldiaiuielddadsleninniige  fnonunsldensiendiuia
wiaglaa (carboxymethyl cellulose, CMC) $auriLIaTHY WUd1AINNIDINHIAMANLTRAUAYYADATZIDHINE N I8
atedlilsz@nsnaw mewmm@uuﬁ\iﬁﬂmmﬁqﬁﬂﬁ ieanszaznaiue Asmnzandmiunsldlunig
uARITALgRaInITy  Tag  CMC  HuasenisinmansusenauiuednuasianssusinuenyadascatnadiodAny
T wdnuiLnuman Ay lunnsdedinannuassiaaasinaluanizyinuia (Lobo etal., 2017) @MSLNTHARSILLNIKS
siludasldansinldifelnuiduss@nanm Lﬁmmﬂﬂ’uumﬁﬂ?mmmmLl,éﬁ\iffﬁLmzﬁmﬂ’ﬂi:ﬂfauﬂizmw%ulﬁu
V\Igﬂ‘ﬂm‘iﬂaiﬂuf}?ﬂmﬂm’u@:ﬂj’]m@ﬁ\iﬁﬂ@hqm%qﬁu Fepnadaaldioanlunsiuiauny fatunsldansinlsiAin iy
fimnzanuanarngasidnenisiuiiguude fdeualunsinmauaBinaaduaznanm wazdadduFunn
HANARTILE
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o :l/ a o -ﬂgld =2 ¥ -ﬂ‘ o v a Aﬂld o 1 ° v

Aatiu sddetiasauladnwnisldansnvin Wina Inunianasiagauazs A liunalunsiuieuuunuue
gawiunsnaaduunong  waznisihlldssgnsidundndneiiadn  Tnamenlduaalniandvisunayinmauindiug
\asanfipnuanmuanslinanad Iiaoudunile wazarunsnainsiuidunudauss asdaeliniafiuineinies
TRz inuuavsaiueayunprasdlan Sefianldlunszuaunisadlulasuadas wasldiiusianilunsmouis

\ = o Sao - I~ s - a = =

wwunweles  euddpiRdpgUszasAiienBauiaunaresnsldnealniandviunasinifenatiug szl
NNnzangmIunIINAaN LN T ANAL3E Muuns  dssiliunnininaenaniuemieniann uaznfauiiauna
NaUszamAntaresnani e mInn

ABN19ANEN

NSLATENIAYAL

Lﬁ@ﬂﬁmmﬁﬂqﬂuﬁuﬁmméﬂm@mﬁﬂ Sunumansana MissoAulmfaiiude Tnafszazniafufen
2 l1u199 4-6 1haw HawiAdueuARENANS 10-13 T4, vhuiiniede 0.5-0.7 Alaniusi dreinanugzenn danulaan
udaviuflugy e uiuune i lfasdandasrseuuuudan (IMARFLEX IF-329) Tusasdausfuunasiern
Wind 1:1 daeAanuiassdy 3 Wunan 15 Wil udansesdaeinanatng aniuiniuunafinsadlgliinnismaaes
siall
ngvilinmaina

wisaNansazateasyn liiialny tnares 7 @vZ\IWEIN@@IVILﬂﬂGﬂVIﬁ‘u DE10 (Mal) waslmmespdum (NaCas)
‘Luu’mmmmmmima mmuuummnm”lmmmmumm”ma Mal finnudududasas 10 uaz 15 wazansazae
NaCas finanududusesiay 5 uay 10 (Inenimenaesingduung) Auwny 5 Wi Weligsusanihuilemeaiumy
¥tfuun Tungudaeriesiuundonanudesdu 3 i 10 wid ainthshlWaliAa L lne e gL
(Famznia) ANLEIIYAL 10 1W1aaN 10 WA
N9YNULAIAIEANTaU

Faruninraaiung wasunaegdfauudandalfldennamn 2 Sedwms dhleuuwkidiguund 80
ANalTed AosgauaniauLuLNIA (BWSS, B.W.S. Trading Limited, Thailand) manuifaaniau 1 wms/Aund
augaatwiAesinasuansan (a,) 0.3-0.5 Tmmﬁ'uﬁa@fj’mmﬁmﬁ a, BnelLAaainAn a, (AQUA LAB series 3 TE)
NN ] 30 Wi vinsualiidune @u”l,@mmsnumm mmmu 40 aeAETAEA WU 30 W U999 lUOINANERN
wadlnslnauuaadaniinldain mummmwm me@mmmmvummamumm 1 sia
nMsAtAsIzRAMANTATa WNLATIULNING

nNsrEnafAadlnN

Mstenei e Wiiuderausmnsolunnsds a iR asnenn anadlulasaairaaealiy
AATEUMINATUR4 Durian (1995) ANUININNTUENe fauaaly angunsfaselyi

nnsaeneFnresiva = 100 x (V,-V,) / V,

e v, A8 1531m9 (AL.TN.) Gudurnsdiunannawin iy uay V, Ae 150009 (aU.43.) Tedaunanaana i

AMNUUILLUIRe NN

AIagaLANTILULYealnNduLNg AReRTeed Bag et al. (2011) Tnawminnsuwniasluwmtendnzuams
IUNA 1,000 NARAAT antuianda B nsuazdainvinaes iy ALty aanaunnsdasielii

a

ANVENLURIS N = 100 x (1usnaeelne (n50)) / (WFunmseeeiiy (Radans))
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AHNAIAILDITNN
PIGER B LRI GE IV I PHGEEA
fninefaunn 200 fadans Aeivlifguugiivesun 3 falus vaneTauFunmsfianulvesivia v 7 30 wnil Ao

a

o

AuLaIuN9g9uaINAae9 Marinova et al. (2009) IaenTnusiuwnaasly

ANNASARYR9 NN andNnssase lUT

AINAIFITRI NN = 100 x (V,, /V,)

foam

e v, Ao BunasedliuBusu uaz v, Ao tnasmeddiuidlenciicldmusraznaniiniaua

AATIZUAUANTANIINILNWLBINULNIS

SLLREN TaeldiAaeeinan a, ﬁmﬂ?mmv’mﬁuimﬁﬁmmﬁm AOAC (1999) AtATzUAINNTaZAE (Solubility)
ANHA3U89 Cano-Chauca (2005) f;miwmmmimmmwmu (hygroscop|0|ty) ANNATUR Jaya and Das (2004) LAY
Sabhadinde (2014) Iﬁﬂﬂ’mﬂNﬂQﬂNT%ﬁNWV]ﬁ‘HNﬂW?VIﬂ'&@‘i.l‘i’lﬁ‘@‘ﬂ@“’ 75 fraansazanslnieunaelsdaus 7 mmum
25 asATATed LazAlnssiAnAlng 1 H1Aseeina (Chroma meter, CR-400) mmmmmmmw (L*) Auma (a*) uay
AwRed (b*) 109FRBEN T UWNRY AruaniAnnnalAsuasilaesy (AE) LaLFTiN9R AR A (browning index, BI)
(Lopez-Malo et al., 1998) faaunssialis

PN (RS S S S I

[100(x — 0.31)]

BI =
0.17

B (a + 1.75L%)
"~ 5.645L* + a* — 3.012b*

ngisziiunlssaaung

vhsuunaseilduwnlueiesny Taanausuunie Aien wasinna 15510l 7, 7 uay 4 N3 madfy
aranelitindey 120 fadams wardinnsudanaudaamey anntuiesedsalinageupnTeLdaeds 9 point
hedonic scaling 1aef 1 wanefla llgaunniign 5 vanais e 7 uaz 9 waneia Teuanige Teimaseulsvifiuuay
IfazuuunnuTeLdsenAn nlun AN EEALE nAY samR Nsazats uazneteniulnam WinasaLmig
tszammdunaauau 30 9e
N9NLRUNITNANDY

2NUHUNNINARAYLLL CRD Wag RCBD (NMMINAZaLNINLIca mANKa) e ANULANFNaT09AN LR
fiaei38 Duncan’s New Multiple Range Tests (P<0.05) "N1naes 3 {1‘;’1

NANNSANELAZIAITal

ﬁmﬂ\‘mumﬁﬁ?ﬁﬁiﬁmuumﬁmﬁqﬁ\‘imwzﬁ”]ﬁa;ummﬂmaﬁwm‘iw:um’@ﬂwmmzmmmmiﬁmﬁmaz
@mmwmmmamﬁmm‘rmibﬂmﬂﬁqmm‘ivxluﬁfmmL@?umﬂﬁmﬁmﬂmiﬁﬂLLﬁmmmmi’Lﬁﬁq%u mazlassadrsnaelny
FeignquinWENuRRaRs Y denaWiszmeldinauasdatu lunmeaesdldidusniiininedoresnnaduiasas
94.19:2.69 uaraeudenansiiazangld 4.17:0.79 esrniEng m@mﬁmmwfﬂmmuﬁﬁﬁumiwmmﬁﬁ%uﬁw,lm
inanansdaelifiiatia uandly Table 1 wuAnsTenefazesiialutadenay 492-797 Tnannsld NaCas doelsf
fmsrenesaastilugendinield Mal wiin\dluiunadisands iesann NacCas Wlulsfiu ieldfuusadanaazyinlsy
Tassadlisiunanesaeen uazannsaduiuilneiilasairadnuilizentheendiuuen wacudiduildung I
Asgmnsaiuinainialdlanvzanilfiialassaienasinnladne adrslsiniunisld Mal feaaz 10 lfAnisaanasia
vestnIndiAeiunsld NaCas anuzfiansivinliintia 2 4fin WiWkATasmuiind ety wihinnnsld
NaCas linnsaenasresvugausiinisyusadeudiae A iaianumnutuuanseainnisld Mal lduaniin
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TnesinlUnnsldansvinliAana B s nsingana il Bunaunn sui el (% overrun) visain13a81e6? (foam
expansion) 189Muan TegaualfAnumnuiuaesTiusn uAHaANNNIIAREINLAY MaAN BN NaCas 1y
Yty 10 BifuasannenefuaAEMLLLIestNy dounsifinanudiduaes Mal Sualirinnsansfianas
LmemmlﬁmmmumLLiium@\iTV\quq%ummﬁﬁmﬁﬂﬁcy (P<0.05) ilsannansazans Mal Hauantmuans
Iﬁm’mmﬁqﬁﬁmmuﬁmmLﬁmﬂ?ﬂmﬁﬂuﬁumm:ma NaCas H3121471497 ﬂ']ﬂ%@ﬁiﬁﬂﬁiﬁﬂiﬂ/\luﬁﬁmmmuﬁ?l
AALIIFNEA LU nAIeTea TN IuaIRLIEA WA Methocel 65 HG (d131l521nm methylcellulose) visaansuszinniysin L‘Hu
lag19ma  (Greminger and  Krumel, 1980) Tt Bunnudilimanzanasin 4 Ta AR AN usvnia
podidduauiiaantianifinllenalinalunemseiudin du nisldpnududugendiiensy 0.4 dwaidesie
Aty Lﬁmmﬂﬁﬂﬁmmimmﬁmwwﬁm@,\ﬁ NanasanFlaenn (Karim and Wai, 1999) el Aanamunuy
m@\iivxluffwﬁzuﬁnl,mm@”l,ﬁzﬁ’mi‘“unwﬁwLLﬁ\‘iLmu‘Mmmmmﬂuﬁw 0.1-0.8 niivaL.gu. TneTafiflaonammnuiumina i
ﬁmmmav‘huﬁq@qﬁu Rt R T R i T LT AR aaPws SHITS 2% YT E o (Karim and Wai, 1999; Ng and
Sulaiman, 2018) AN AIFY8 TN LN ANLANFANAUB LN ALA L Imﬁu@q’ﬁmﬁmmm?ﬁﬂmﬁmelu (Figure 1)
M Beuieu AL AaesTiigusaRaNsINaNAATesEUN s d LW Ta A1nn1sAessaNNsaAne
wudnaansnldesunganuassinaasilulen (R* 0.93-0.99) msld Mal Taaumssisrasiugandinisld NaCas
atedaian Ieildasdifuanssanpiapsiafiriilenoifiauiunsld NaCas vieflanuasingenindszanm
5 i TneilFnAsiilugeg 0.003-0.004 Anuzinns1d NaCas SAnAgluga 0.014-0.016 HeiduraLaNN1TENEHA
vaslrlfiraudreguiield NaCas Fegandalna ann Mal dezanns 1.5 wh winnaafisteivasnisld Mal wudnfisnnn
gnnan NaCas anansnazangldinandn Wnanlumsssanansazanadundn Tnevialuilsiuaduanansnazaneldgs
9Fesay 20 wesesldAINFBUTINGE (Chen, 2002)

Table 1 Foam properties of yam bean extract.

) Concentration Foam expansion Foam density
Foaming agent 5
(% wiw) (%) (g/ cm”)
Mal 10 682.10+20.23" 0.11£0.01°
15 497.91+35.42° 0.1620.01"
NaCas 5 797.56+54.92° 0.11+0.00°
10 737.50+33.07° 0.12+0.01°

abc

= Different superscript letters indicate significant difference (P<0.05).

) & Malld
y_Mal15 = 100e0 0=
100
R* =0.936 .
iy Ma
£ a0 y_Mal10 = 100e20%
= ]
= NaCzs5
&
E a0 y_MaCask = 100e™%"
LE R = .063 ® NaCasi1d
20 y_NaCas10 = 100s20'=
. R*=0.99
0 30 B0 80 120 150 180 210

Time (min)

Figure 1 Effect of foaming agents on foam stability.
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Table 2 Yam bean powder properties.

Concentration Product yield MC Density
Foaming agent a, 3
(% wiw) (%) (%) (g/cm®)
Mal 10 27.60+2.22° 0.41 +0.00° 5.83+0.13° 0.92+0.01°
15 35.96+4.01° 0.47+0.01° 6.36+0.01° 0.88+0.02°
NaCas 5 18.36+2.12° 0.44+0.02° 7.91+0.36° 0.76+0.02°
10 28.80+3.01° 0.46+0.00" 8.91+0.18° 0.84+0.03°

a,b

*° = Different superscript letters in the same column indicate significant difference (P<0.05).

Table 2 uansfoaaznansinemls wudffununlsauegiuliuuasinlifale nisld Mal Tdfsunn
Tdumnsinsainnisld NaCas WanfFauisuiaaududumantiu suunoudladian a, aglugas 0.41-0.46 Tailugoeh
WMHNZANEMFLHARATUITRIMNIUIN 819N3UITIARSAN a, AN 0.6 (Lewick, 2004) tatlasiunisiasnyiiulnues

a a ¢ a val 1 £ t'> dl = o o v v nl/ d; Y a o I3
qauiae NswanasHeAdsALANRAY a, Asudeadenfauiauiudnuasnaldauuiaialyl e lin@nsoe
Hanuasialuszndneniniusne (Ng and Sulaiman, 2018) siuwnaneinanlanAdndulugsiesas 5.83-8.91
= 1% Y a o  edal & ' o py = . v v v | e A
fensld NaCas lan@ssinemianudugandingld Mal WeuBaumaunanududuienas 10 windu widan a,
unnsinsriued e luivedAtynieada (P>0.05) 1ilesann NaCas ﬁmumm‘lﬁmm%ﬁqﬁLﬁumm@vﬁ‘ﬂumﬁq 35-45%
(Chen, 2002) sﬁammmmmwuﬁﬁa‘lﬁmmmm‘VLLNmmm‘wNVLV\IWW‘*uu‘Luzhummmmmmiw@ mmmmnwu RO Al
mwmummm“mm a, fn gnvuluntsinuiaasuung luwndses wudnsld Mal Waanlunsinuialszunn
22.5-3.0 Fala4 daunnsld NaCas Wiavnualsyanas 3.0-3.5 2lua A1AUUILLLE09T LA HAE A ULAN AN
fudnidas Tnanisld Mal TeFaetnandaoumunuiugindanisld NaCas sduiusiuAnisenasisresWuild Mal
ANANRINIFaetinenlE NaCas

Table 3 Color parameters of yam bean powder.

Concentration
Foaming agent L* a* b*
(% wiw)
Mal 10 87.31+0.95° 0.59+0.06" 16.831.80°
15 84.06+0.98° -0.71£0.03 11.05+1.16°
NaCas 5 77.45+1.25° 2.97+0.09° 25.18+1.02°
10 79.95+1.78° 2.64+0.11° 25.33+1.16°

a,b,

¢ = Different superscript letters in the same column indicate significant difference (P<0.05).

Figure 2 Yam bean powder: Mal10 (left), NaCas10 (right).
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Table 4 Total color change and browning index of yam bean powder.

) Concentration . o
Foaming agent AE Browning index
(% wiw)
Mal 10 10.83+1.96° 21.06+3.02°
15 8.2242.73° 15.04+4.94°
NaCas 5 22.50+1.57° 40.33+3.21°
10 21.54+1.98° 39.71+4.11°

abc

= Different superscript letters in the same column indicate significant difference (P<0.05).

Tuszminanisauiadaanuauiiesefild NaCas fmmﬁm?ﬁﬁwm@"[oﬁ”tﬁmmnﬂﬁﬁ?ﬂmmmi’m (Maillard
reaction) SR Iz AR ATUN s AN LA T AL FaL uaTHBAS TR a, AnAna Tnefisesi
a, lng 0.6 ifeiiaaiulugsasas 530 WuanmsiitpudidiuesmnsseumnzausenafioU i waain
(Eskin and Shahidi, 2013) g2t Mal Wuweaudnanlssiildainnnstiesanisadaaninuassviaeulniosluiag fedou
mmiﬂaﬁu”l,ﬁ”gﬂﬁﬁm@@ﬂlu%umummammm{ﬁnfmLﬁmﬂﬁﬁ?‘mmami’miﬁmﬂ uenanilanznavesinansin e
Taiidsenmnnd1ud aquldaindn AE* uazen BI (Table 4) Fiaatieiild NaCas S/ AE* uazein BI gendnsiaatinei
14 Mal athadaiau Gegendiilszanc 2 wh

Table 5 Hygroscopicity and solubility of yam bean powder.

Foaming agent Concentration (% w/w) Hygroscopicity (%) Solubility (%)
Mal 10 1.24+0.02° 72.74+1.93°
15 1.25+0.03%° 78.08+2.79°
NaCas 5 1.31+0.05" 57.22+2.24°
10 1.2620.01% 70.24+0.72°

a,bc

= Different superscript letters in the same column indicate significant difference (P<0.05).

Table 5 memma@mmm‘%u LAYAINENNNTA LN AY AN N TR LN IR mma@ummm‘%u LARSD
mmmﬁm\im“ﬁmﬁmm"&i@mm%uiumﬂwmdi@mﬂ“luuﬁ‘-gﬁmsm"lmwdwmmﬁu%ﬂm Lﬁ@ﬁ’]ﬁfmmﬂﬂzﬂu‘ﬂnmmm
mm‘%uﬁuﬁm%m: 75 ﬁ@muqﬁ 25 9ALTALT A @uﬁqaﬂwﬁﬁmﬁﬂm‘ﬁ ANNAEU89 Jaya and Das (2004) WL4N
[?Tq'aﬂ’mﬁuummﬁmi@mmm%u‘lﬂé’lﬁmﬁu Seagfludasfanay 1.24-1.31 elinudvinarasaiinarainliifalvuse
mmi@mm’m%u ﬂ@f-ﬁ”ﬂ‘ﬁ'ﬁmmﬂ'@mi@mmw%uimﬂﬁq”lﬂmmmmim Furt eedtaznevtesenns Aty BEUNNH
WAZATNIALSNEN ma‘@mmm%ummmmqmmﬂuﬁw 3-14% (mm%uzﬁ“uﬁwﬁ@ﬂm 79.5) %ﬁu@g’ﬁ’uﬂ?mm
wealmandviiu namesealuluaiiesn uazlasuaa@aunaamnfild TnetBunnaesmealmandviuuas lnsuaaides
w‘ﬂmeﬁmma“uﬁuﬁ’ﬁmu doutFunaunamesea uuabieLss ‘ﬁmwzﬁ’uﬁuﬁrﬁqmﬂﬁumﬂwmmmm%u (Jaya and
Das, 2004) u@nmnu‘lumimLmqmmammﬂummmmmnumimmamuvmmum (solic-like glassy stage) 18
NARAT  (NaRTTTRANNLTaRazTAdneun) mmnmqwaﬂ‘l,ummummﬂmemmmmmmmmqmﬂmw
Al mefgauﬁﬂ’Lﬁmmﬂﬁi@ﬁi’ﬁm‘mﬂmﬂﬁlﬂuﬁﬂmm@ﬁm °]’Lumimmﬂmm@mmsmm\uﬂummmumfmmulumm
anugfisndgamniluniafanatane i (Tyg) Lﬁ@i"mmmmu”ﬂﬁwuﬁmqmﬁmﬁmsﬂf? (Fabra et al., 2010;
Descamps et al., 2013) A1 T, 2999 LITALAL TUasALsTNaLIIasaIg AL e B By d1ui
ma‘lﬁwLmﬂsnmw,m”‘ﬂsmﬂuLmjLumwmmmfnuﬂi”mmmm” 5 um T, m@um\ammﬁ@mmwm (Fabra etal., 2010;
Descamps et al., 2013) asfneanuzadauialilan ’Luamfmﬂuummfsm\mmmﬁmmm” a, Aaudnasn sfuunang
muhmmqaq‘mamummﬂLmemmaimm@@mmmmumLL@y‘Lﬂmﬂmﬂummmwm‘Lﬂj Mal uaz NaCas
drunmegaLnsazanEtesTuLnaRanLT Faetneild NaCas Sota 5 ﬁmmmwﬁ%ﬁﬁqmmqﬁﬁﬂdﬂﬁmmmaﬁ
(P<0.05) %\‘1Lﬂum@mﬂ@’]ﬂﬁ%@ﬂwﬁﬂﬂ’mwu’]LLﬂuﬁ%’]ﬂdﬁﬁ%’ﬂﬂ’N%u°‘| A liTinnuananolunnsaaisenadlanyinlg
Zalalol
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Table 6 Sensory acceptance of yam bean power product.

Concentration
Foaming agent Color Odor Flavor Solubility ~ Overall acceptability
(% wiw)
Mal 10 6.33+0.61° 5.50+0.57°  6.93+0.78°  6.20%0.55" 6.60+0.81°
15 6.30+0.59° 5.63+0.61" 6.10£0.61* 6.80+0.61° 6.23+0.97°
NaCas 5 5.67+0.61° 6.30£0.60%° 5.87+0.57° 4.27+0.45° 6.07+0.74°
10 5.33:+0.61° 6.70£0.47°  5.47+0.57°  4.67+0.48° 5.30+0.84°

a,b,

¢ = Different superscript letters in the same column indicate significant difference (P<0.05).

Table 6 Lmmm@miﬂiwl,mummmwmqﬂi”mwﬁummmmmnmmmmmmmmm IneATe N ARSI LR
AOLHANTRIATUITIEN 1PN LATUAINALALATS (FeTind1annuda) Wi gnaseulinisuensunaniaiAaudng
IndiAaeiu Tnadazuuunissaniulaasnetlussiumeuianilas anfusnatingild NaCas $auaz 10 m"l,mﬂumumg
lusyaviag ) (526U 5) Lﬁ'@al,mﬁxﬁﬁ’fmgammaﬁ wudAzuuunseeniulngsuuansetue et dAyneadia
(P>0.05) wiag1alsinu ATuLLNsEaNsLIntsINTRdRaatNaR1d NaCas $atay 10 TIAMANNTY 6 e nanfoeT
Wldsunsteniuandusing vailinetinaiild NaCas Spzuuunisazansuaznausafimnindaatinaiild Mal edhadl
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Producing Quality Beef from Cattle in Phrae Province:

An Assessment of the Conditions, Problems, and Opportunities
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Abstract

The objectives of this research were to: 1) study the socio-economic conditions of beef farmers, 2) study
the livestock raising conditions and farm management practices on the cattle farms, 3) examine major constraints
faced by beef farmers, and 4) perform a SWOT analysis of the beef cattle industry in Phrae province. Data were
collected from 200 beef cattle farmers by semi-structured interview, and the data were statistically analyzed using
frequency, percentage, and mean. Study 1: Most of the farmers were male (81.00%), had an average age about
50.83+10.64 years old, had achieved a primary school education (45.00%), and raised beef cattle as a secondary
career (76.00%). Study 2: The farmers (47.00%) have had about 5 years of experience in raising beef cattle, and
their main purpose in raising cattle is to produce cattle calves for selling (47.33%). Some of them operate small
scale farms (35.50%), rear the animals in semi-intensive systems (79.00%), and stock rice straw in summer
(84.00%). The majority of farmers raise cows to produce calves (53.67%). The cattle are Brahman x Thai native
crossbred cattle (67.20%), Angus x Thai native crossbred cattle (15.51%), and Charolais x Thai native crossbred
cattle (12.21%). In the areas of beef cattle mating methods, and diseases and farm sanitation, farmers used artificial
insemination (Al) to breed their cattle (67.50%) and many have this done by the authorities from department of
livestock (93.33%). Most had their beef cattle vaccinated (81.00%), and the vaccination program included vaccines
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for the diseases foot and mouth disease (FMD), haemorrhagic septicemia, tuberculosis, and others (91.36%, 4.32%,
2.47% and 1.85%, respectively). Study 3: The main problems and obstacles facing the farmers in raising beef cattle
were lack of cattle feed roughage in summer, inadequate credit facilities, outbreaks of diseases, lack of knowledge
about farm management, and selling price fluctuation (23.61%, 12.50%, 12.04%,10.19% and 9.72%, respectively).
Study 4: SWOT analysis was used to analyze possibilities and opportunities for beef cattle production in Phrae
province. One strength is that the farmers in this area have set up cooperatives that have assisted in the production
of good quality beef. A number of opportunities presented from the study. The creation of an identity for locally
grown beef should assist in beef sales. Furthermore, increasing demand for premium meat in neighboring countries
combined with the opening of the ASEAN Economic Community, which is implementing standard slaughterhouse
practices, should increase the opportunities in the future for all involved in the beef cattle industry in Phrae province,
Thailand.

Keywords: beef cattle, rearing conditions, SWOT analysis, Phrae province
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Table 1 Socio-economic characteristics of beef cattle farmers in Phrae province.

ltems Categories Frequency Percentage
Gender Male 162 81.00
Female 38 19.00
Educational status Primary school 90 45.00
High school 58 29.00
Vocational certificate 9 4.50
High vocational certificate 11 5.50
Bachelor degree or higher 32 16.00
Source of raising cattle income Main income 48 24.00
Supplement income 152 76.00
Household income <50,000 53 26.90
(Baht/household/year) 50,001-100,000 57 28.93
100,001-150,000 43 21.82

>150,000 44 22.34
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Table 1 (continued).

Items Categories Frequency Percentage
Agricultural land holdings Have own land 168 84.00
Missing leased 32 16.00
Agricultural land holding size <5 57 28.50
(rais) 6-10 56 28.00
11-15 23 11.50
>15 32 16.00
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Table 2 Farm characteristics of beef cattle farmers in Phrae province.

ltems Categories Frequency Percentage
Farm experienced (years) <5 94 47.00
6-10 44 22.00
>10 62 31.00
Purpose for raising Fattening 62 23.66
Stocker 72 27.48
Cow-calf 124 47.33
Others 4 1.53
Raising system Intensive 28 14.00
Semi intensive 158 79.00
Extensive 14 7.00
Pedigree records No recorded 96 48.00
Recorded 104 52.00
Farm size Small (<5 heads) 71 35.50
Medium (6-10 heads) 67 33.50
Large (>10 heads) 62 31.00
Labor use Family labor 155 77.50
Hired labor 45 22.50
Farmer create pasture No created pasture 140 70.00
Have created pasture 60 30.00
Pasture area (rais) <10 128 91.43
11-20 5 3.57
21-30 6 4.29
>30 1 0.71
Type of feeds Roughage 111 55.50
Concentrate and Roughage 80 40.00
TMR 9 4.50
Roughage reservation Yes 168 84.00
No 32 16.00
Future raising Raising more 174 87.00
Raising less 1 0.50
Not sure 25 12.50

unadaiie luiiifiianisfinsseansnsnsian 200 7a Sladerauasuag 2,128 fa luuiiug
1,142 ¢ (Feeay 53.67) Taudn 269 sin (Faaay 12.64) Tadna 248 sin (Faaay 11.65) Wanug 195 s (Faaay 9.16)
anlawae] 158 6 (Fasaz 7.43) uavgnlawAilia 116 fa (Fauay 5.45) AMNAIAL (Figure 1A) #11190AILWNAUIY
pusiugaaslanudn Wulpiuggnuan 1,753 i (Faeay 82.38) Wugui 233 6n (§aeaz 10.95) LL@“’W‘LAﬁr‘ﬁuLﬁ@\‘l 142 5
(Fagaz 6.67) MNAAU (Figure 1B) LN@W@ﬁim%’ﬂW’]”Tﬂwuﬁ@ﬂN@N wumLfluiﬂ@ﬂwmuwummmmuumﬂmm
1,178 Fa (Faaay 67.20) immmﬁmnmmwummLmﬂm 272 fn (Fesay 15.51) mnmuwummm:ﬁmm’ 214 pin
(?’ﬂﬂ@‘” 12.21) LL@“’@ﬂN@NW‘LAﬁ@uj 89 pn (FaEaz 5.08) ANNANAL uansliiuininenansluiuicminunsan ey
Lamiﬂmmuwummmwuumnmm Lfﬁul,mmrmmwmnﬂummmu1 gasilazmAlng 11 aziFamna (auua noned
LAZADLY, 2556) LazIzead (AvANA Lula wazNRy BUNgms, 2558) (Figure 1C)
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Types of beef cattle

Cow 53.67%

Figure 1A Number of beef cattle classified by types.
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Figure 1C Number of crossbreed beef cattle.
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Figure 1B Number of beef cattle classified by breed
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Table 3 Mating methods, diseases, and farm sanitation.

Items Categories Frequency Percentage
Mating methods Al 135 67.50
Natural 65 32.50
Al service In service 131 97.03
Farmer 4 2.96
Vaccination Yes 162 81.00
No 38 19.00
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Table 3 (continued).

Items Categories Frequency Percentage
Type of vaccination Foot and mouth disease 148 91.36
Haemorrhagic septicemia 7 4.32
Tuberculosis 4 2.47
Others 3 1.85
Vaccination service In service 119 73.46
Farmer 43 26.54
Health check by livestock officer Checked 134 67.00
No checked 66 33.00
Outbreaks of disease type Foot and mouth disease 19 90.48
Brucellosis 2 9.52
Deworming programs Yes 175 87.50
No 25 12.50

nsAnENd 3 ﬂzymmeqﬂmm"lunqﬂgﬂaiﬂLﬁyfammmumnfa‘
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Figure 2 Major constraints of beef cattle farmers in Phrae province.
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Beef Cattle Market in Malaysia

WAIANA BansiAsal” 81594 walus’ wazenidl negvie’
Talerngsak Angkuraseranee' Thamrong Mekhora® and Thanee Pak-uthai®

UNARED
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JTamseuinadssmAlnawazanadeaiuan 30 e ldRsnnsduneaiuuyldidunienns  (informal  interview)
AsduNN=RlLLNTaNNg (formal interview) kaznNN3dNA=RlEAN (in-depth interview) FanAunsdanALLL TR dausan
(non-participant observation) La¥n13FUNALLLTEIUIIN (participant observation) Wu41 Ussmeaniadetingala
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\Wee Broom waztlszmAtulaiiielnanisaudennedelldeigezlafuns (Johor Bahru) wsilugaerinnisdnsaa
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AdA: nan Taldle ualde

Abstract

The objective of this research was to study the market conditions of the beef cattle industry in Malaysia.
The data were collected by the field survey method in Malaysia, and purposive sampling and snowball or chain
sampling techniques were used. In this research, 30 samples related to the import and export business (between
Thailand and Malaysia) of live beef cattle were used. Data were collected by informal interviews, formal interviews,
in-depth interviews, non-participant observation, and participant observation. It was found that Malaysia imported
live beef cattle for two purposes: 1) religious events (Eid al adha) and 2) domestic consumption. The main import
routes, which were from Australia, Indonesia, Myanmar, and Thailand, were broken down into three routes: 1) import
and export on the borders between Thailand and Kedah, 2) imports from Myanmar to Penang via shipping; and
3) imports from Australia (Darwin and Broom Cities) and Indonesia to Johor Bahru (Johor) via shipping. At the time
of the survey (2014-2015), there was a strong demand for beef in China. Malaysia exported beef cattle, which were

imported from Australia, to China and Vietnam passing through Thailand.

Keywords: market, beef cattle, Malaysia
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Table 1 The population and trend of beef cattle in ASEAN during 2011-2015.

Population (head)

Country 2011 2012 2013 2014 2015 Trend (%)
Brunei 899 812 800 800 742 -17.46
Cambodia 3,406,972 2,914,974 2,900,000 2,875,000 2,875,000 -15.61
Indonesia 14,824,373 15,980,697 12,686,239 14,726,875 15,419,718 4.02
Laos 1,538,000 1,692,000 1,14,000 1,766,000 1,828,000 18.86
Malaysia 768,710 744,377 751,629 743,019 742,338 -3.43
Myanmar 14,088,043 14,559,000 15,481,101 15,481,101 15,993,276 13.52
Philippines 2,518,400 2,493,157 2,497,908 2,512,184 2,534,243 0.63
Singapore 200 200 200 200 178 -11.00
Thailand 5,809,701 5,392,579 5,147,521 4,898,575 4,646,092 -21.13
Vietnam 5,436,600 5,194,178 5,156,727 5,234,300 5,367,600 1.28

Source: Food and Agriculture Organization of the United Nations (FAQ) (2016).
Note: * = Compare beef cattle population between 2011-2015.
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Table 2 Thai exported beef cattle in ASEAN during 2011-2015.

Population (head)

Country Trend (%)*
2011 2012 2013 2014 2015
Laos 13,033 67,525 279,421 269,395 194,803 1,394.69
Malaysia 109,681 95,289 41,483 25,943 19,545 -82.18
Vietnam 281 322 3,998 374 452 60.85
Myanmar 1,738 4,720 936 78 19 -98.90
Total 124,733 167,856 325,838 295,790 214,819 72.22

Source: Department of International Trade Promotion (2016).
Note: * = Compare exported beef cattle between 2011-2015.
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Figure 1 Routes of beef cattle exported and imported to Malaysia.
Source: World map (2016).
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Figure 2 Halal logo of Malaysia.
Source: Halal Industry Development Corporation (HDC) (2016).
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Abstract

Water resources are an important factor in agriculture. If water is available, agriculture can proceed all year
round. A good example of this was the efforts of the farmers in the Khok Laeng Sa-aram community, who jointly
developed the Huai Khlai Reservoir, which now provides water for agriculture throughout the year. It was the success
of this initiative that inspired the researchers to study the water resources management of the Khok Laeng Sa-aram
community. Primary data collection was conducted by group farm household interview. Secondary data were
collected from documents over the period April to June 2017. The findings to do with the management of water
resources were that the community had (a) managed water on a sub-zone basis, (b) matched agricultural production
each year to the amount of water in the reservoir, (c) arranged a water supply calendar and kept members informed
of the conditions, events and plans, and (d) ensured that all members were fairly supplied with water. Further
findings to do with the maintenance of the reservoir and water pipeline system were that (f) the community collected
a water service fee according to the location and size of each farm, (g) there were payments made to the caretakers
of the water system, and (h) there was a very necessary ongoing management and maintenance program for
the water supply system. Finally, this research and its results can be applied to the development of water
infrastructure and the management of water resources in other communities.

Keywords: small water resource management, water resource, occupation extension and development
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Table 1 Agricultural community conditions before and after development.

Development

ssues Agricultural condition before development Agricultural condition after development

Development of 1. The farmers cannot use water from 1. Reservoirs are more efficient in using water

water resources the reservoir throughout the year for more purposes

infrastructure 2. The farmers do not have water for 2. The farmers have water for farming all year
farming in the dry season round

Promotion and 3. Unemployed farmers in the dry season 3. The farmers have farming all year round

development of 4. The farmers cannot farm the full 4. There is a group of agricultural occupation

agricultural potential driven in community

5. The farmers increase production efficiency
productivity

6. The farmers aim to raise their self-reliance
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Table 2 Calendar of Agriculture all year round.
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Table 3 Calendar of water allocation for each month.
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Figure 1 Map of farmland for appropriate for water management.
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Table 4 Approaches for Appropriate for water management.

Water management Indicators for water
) Approaches for appropriate for water management
issues management
1.Management of water 1. Sub-zoning to manage water for were sub zoning 1. Farmer have water
user groups and group for farming in all
water supply 2. Promotion of agricultural produce to suitable with areas
amount of water in the reservoir 2. Farmer have water
3. Arranging water supplying calendar for members to farming all year
know and plan their water use in their own farm round
activities

4. Supplying water to each group member according to

the water usage calendar

2. Management to 1. Collecting water service for according to the water An efficient water
maintenance of the supplying usage areas pipelines system for
water pipelines 2. Payments for the caretaker of the water supply water supply to
system system the members

3. Maintenance of water supply system
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