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Effects of Concentration of KNO, Solution and Soaking Duration during Seed Priming on

Germination and Vigor of Dill (Anethum graveolens L.) Seeds

nuaugd guinsn’ YSeyt 9ans’ uazians uisau”
Kunjanas Sukasem', Pariyanuj Chulaka' and Pichittra Kaewsorn"

UnAnta

Lmﬁmﬁuﬁﬁﬂ%mqﬁnwuﬂcymmmmriil”] et uadliasiiane ﬁqﬁuﬁmqﬂizmﬂrmmmw‘ié”mﬁ@ﬁm:m
nageeANdnduasazate KNO, uarszazinan lumassaunfoniminitgrennueanuaza uuieus e an anwug
AN 2UNUNIINARBSULL 3x2 factorial in completely randomized design (CRD) laeiudnfiliisieamias
ifasig (control) ) 1hidgaouan 1 2 fade laun fade A Ae Avududuaesansazans KNO, § 3 sedl Aa 0
(m reverse osmosis, RO), 250 ua 500 mg/L uailads B An svely Lqm‘l,umﬂmuam i1 2 526 Ae 12 wae 24 dalug
Tufindeyad 21 Sundwmagen Idun wefifusianaen suauiufiwdadisinsen (OTE) waznanedtlunissen
(MGT) HANTINARD wmqmﬂmﬂuws@umewuﬁmwmmvmﬂ KNO, A 250 mg/L luaan 12 dala
mmmuwmumewuﬁmﬂmimm RO lnan 12 uaz 24 dali m‘l,mmmmmwaﬂmmm fl DTE uaz MGT

o

Fafgouarlaiunansinaiuneadi doudad liwieumianmdasiug (control) Sarusendnfign & DTE uaz MGT $17ign
ARtiuNISTENNTENINARTLE At ANsazae KNO, Adnmdudu 250 mg/L unan 12 dalus widanswizannien
wWRRRUEAEN RO Wilna 12 1ise 24 Falue aunsanszauaatenaaamdninga |y

ar

ARIATY: ANNLINLINTEUNAR aeAeTuNseN N1INTTAUAYINIEN

Abstract

Various germination problems with dill seeds are often found. Typical problems are low rate of germination,
delayed germination, and non-uniform generation. Therefore, the objective of this research was to study the effects
of various KNO, solutions and priming duration on germination in order to enhance the germination and vigor of dill
seeds. The experiment was of 3x2 factorial completely randomized design with non-primed seed used as a control.
Factor A was three concentrations of 0 (reverse osmosis, RO), 250 and 500 mg/L KNO,, and factor B was two
soaking durations, 12 and 24 hours. The germination percentages, days to emergence (DTE) and mean germination
times (MGT) were recorded at 21 days after testing. The results showed that seed priming with 250 mg/L KNO,
solution for 12 hours and priming with RO water for 12 and 24 hours gave the highest germination percentages, the
fastest days to emergence (DTE), and fastest mean germination times (MGT), with no significant differences
between those conditions. On the other hand, non-primed seed (control) had the lowest germination percentage
and slowest DTE and MGT. Thus, the combinations of seed priming with 260 mg/L KNO, solution for 12 hours, and

seed priming with RO water for 12 or 24 hours were able to enhance dill seed germination.

Keywords: seed vigor, mean germination time, germination enhancement
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AN

ANT AN TENERUTAELNAR esnnudadiinadnuazimiiniun &T@‘&um?ﬂz}_]ﬂﬁﬂ%mqmwdmmﬁmﬂu
ulasdaemslsaung 7 vergunmaudavinueshesiniane  dndanaesyRulnldRluuinde i Ausou
sz1neninR useumpannnineseil winazeentszanm 2-3 dlavivaslgn uidndndanainiiagusens deualsy
Lﬂwmﬂiéumﬁmﬁunumwam pasldimaniugiianmmnn (gls Asusaanis, 2547) toyunlunisudmudnnug
dndans Ae maiufaamdaiugluszaznan i dunzauazdanalinonusens dundliudouss wazsanliadiane
ﬂfmﬁ‘uLﬁmLuﬁmﬁuﬁfﬁﬂ%maﬁmmmmmﬁuLﬁ'ﬂfmﬁﬁ:ﬂumquﬁﬁwmmmLuéﬁm (physiological maturity, PM)
Tnemilinanadullsznns 9-12 wefiusd LL@&ﬁWJ’]NQ@ﬂQ\‘Iﬁ@ﬁLﬁ@LﬁULﬁIHQﬁ'ﬂ’]ﬂ 70 FumaInanNLY (Ekpong and
Sukprakarn, 2008) u@ﬂq’m‘ﬁ Holubowicz and Morozowska (2011) a"mmuqmm‘wmmLuﬁmﬁuﬁﬁﬂ%mquuﬁ’nmm
dapanuan (main umbel) ﬁﬂ‘ﬂu\i@ﬂ@‘\i‘ﬁqm Aa 61.7 wWafifus (ﬁm%um) WAz 62.7 wweafidus (ﬁm%\mmﬁ’m)
douwan lusnunenReni (tertiary umbel) 1e9tanan wudmandaulugjazlisen nssrauniasmaniug (seed
priming) flunnsv IfudnRanszusunmadainielumda Weliudsmiandiunissenudarinliusaudaiie
wyanszUaUNNEnas wiandansanldiudileldsiniranass (Copeland and McDonald, 1995; McDonald, 2000)
NIETUNNFANNARTUEHUANEAT 11U mim‘?ﬂmw%@muﬁmﬁuﬁ:ﬁwﬁﬂ (hydropriming) Funnsutmdalugi
usvaizinamiis LazNIETaNNENNAnRUE Aot A TALANLS AuaaaTNEa  (osmopriming) luNIsutinan Ty
ansazanefifienTadng (water potential) i il Wadngatiesinedn 7 dngneluwén silsnszurumssenifniu
GRENGEGTE mmmwuwlﬂmﬁ osmopriming it Tnundiiieailunan (potassium nitrate, KNO,) Tnaeganlnanes
(polyethylene glycol, PEG) Sunauidtamanmdmiugianansazans KNO, luifian tiesain KNO, flnnauiiRan
ATaANeuardaenszAuANsanIauNan TnanuantiRres KNO, mu,mnm”Lm K" uaz NO, Tae NO, lusnsy
adnmrerlunszuauniaelaludtmulnanedawln (pentose phosphate pathway) virednnnadenvedinalalada
(glycolysis) azvuihunueendiauluniseandlad NADPH (nicotinamide adenosine dinucleotide phosphate)
Tunszuaunismngla (respiration) AvanunsavinanenIsinsveundn s (Jude Sundilsziaiy, 2553) dau K’ YT
Fnen osmotic potential nazunimauasseulmlaanzedlmMifaadasiunszununismela sl
fdlunszuaunsdannsiituasldsiu (o @, 2558) u,mmﬂvl,miumﬂuﬂ?mmm'ammLmumu”l,ummmu
arauilufiesiadugeufitenaaninld (Copeland and McDonald, 1995) Fatfi miﬂimummmmmmf;ﬁmmw@ﬂﬂu
ginveciin  aflauazeudiduresansazany  wazsvaznalumutngn  saniannsanaaTudensTLAUNNg
ﬂixﬁ’jumwm'amlﬁq (Bradford, 1986)

HorenunswauniananiugINTa1Aa8REN196 1 Teun milmﬂuwa?fammmwuﬁmmm (hydropriming)
59 Karimian (2011) mmmmnmﬂuwmmmmwuﬁmmjmqmﬂmL‘ﬂumm 27 dalan mimmmmmmmmmm GR
83 wadidust downSaf il danmdsiuginueensmiian i 41 wefdusd u@ﬂmnuﬂmmﬁuwmumewuﬁ
faeriniunan 18 dal fuavhWRunédrilranugedunnign Luﬂmmmmmmuﬂm@vamummmmﬂuwmu
Lu@mwuqmqauwLﬂmummmmumq 18 dali ma‘mmm@mmmwuﬁmﬂm Wunan 27 dalue vilddungd
fbwinuigeiian  dousidsitlisBoanienmdaiugiiminuiaesdundimiian  uazmssaenniesAag
Faeriiunan 27 dalue v WdundnRaanuuds usagaiign douAnibiviaunienmdaiugiina lndunduduss
ﬁ@ﬂ‘ﬁmm u@ﬂmnﬁﬁmmmmm‘?‘mw%@mLmﬁmﬁuﬁﬁ’mma‘mmuLmﬁu@@@‘tu%m (osmopriming) ANYANTAZANE
KNO oA Khoshvaghti et al. (2013) mmmmﬂmﬂuwaﬂmLmmwuﬁmmmqmfmmﬂmmmiummwmm KNO,
‘wmmmmu 500 mg/L e 24 datue vinlshiudaflpnasengeiian Ao 31.24 iwefifusl dauntswieundenmdeniog
fatth (hydropriming) Wlunan 24 dale vnlsdnRaoseeniies 24.03 wedidus uanwdailimsaundes
Luﬁmﬁuﬁﬁmqm@ﬂﬁ%wﬁqm Ae 11.54 wefifusl eszaznanlunsugiuda 24 4ol a1adelifismerenszuaunseen
fiRnauluszazil 2 sisesvesiy (lag phase) mﬂqmi@mﬁw uananil Hoseini et al. (2013) MeumsFREINdEx
WARAWUSANT AN (Foeniculum vulgare Mill.) sagiansazael KNO, mondidudu 3 ladfidus unan 24 alag il
winfipnnanengaiign Ao 87.83 wesidus doundailbiviounieumdaiugiinnusansiign Ae 49.66 wafifus

lunsudnudanugindanainnutlnmaunmindeiudlusswinneds  idesanudoudlindoutu
danemannhudaiuglllgnaafwuTameanasenuas mmLmLm‘ummemmm@’lwﬂwmﬂmmmmmuwu
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mmﬁm‘lﬁmﬁﬁ@ﬂ%mﬁmﬁuﬂuﬁmmﬁmnﬁu (Ekpong and Sukprakarn, 2008) 74 Khoshvaghti et al. (2013) la@ns=
nawstunFarAnRUgINTaMea1sazane KNO, Avnidud 500 mg/L whidslilsvaunadniia wdngaiinanm
sansm fetuingusrasrmssumaaesiiitednenaresnanadduansazans KNO, wazszazaanlunswiammien
IAANUGFABAYNMNIBNUAZANNNLTIINTBUNAARINTANY Lﬁ@v‘fﬂﬁl,mﬁmﬁmwm@nqqmeﬂn%ﬁ”ﬁqﬁu

28n15ANE

ar

NSLATENNSDNNAANUS

a

Tsdniugindanaresst @uld a1in dedananmEus ldu aosTurenda 7.2 weidusd Aaen
38.67 wladifiust duseuinlnd 1.33 wWefiduwsl wanuganliaen 6.00 wlefidus uazinanme 54.00 wlafifus
mﬁﬂmmm?*ﬂmwé’ﬂuLuﬁmﬁuﬁ’ﬁqamammm KNO, ﬁiyﬁummmﬁwﬁmt,miwﬂ ZIAWANFNNTIU ﬁﬂmmﬁﬁm
1szanns 30 aeATaFaa WansuruaaNNsTeY Lqmmqmummmuu’] reverse osmosis (RO) LL@“GﬁUmeimmq
mnuumm@mmammmwlummmmwwiﬂﬁﬂ (electric desiccator) Wam‘mu 30 @qmlfmmﬂm ﬂmmumuwm 40
wlefifus ifunan 96 Falus mﬂmummm@mwuﬁﬂivmm 7 wefidus) nageUANLNTAINEATILIL 2 51 98z
5 NSu A3 high constant temperature oven method wqmmu 130-133 auAtadua iunan 1 °TJ'JT§N13 W7
(ISTA, 2018) 2NLKNUNITNAABILLL 3%2 factorial in completely randomized design (CRD) Immu@“mmﬂl,m?‘ﬂww%@m
WAAWUE (control) WluAsAcuAx & 2 TTade laun Tade A Aa Avudnduassasaza KNO, & 3 5wl Aa 0, 250
1Az 500 mg/L uaztlade B Aa sraziaanlumsudiudn i 2 svdu Ae 12 uaz 24 dalug
nstuiindaya

AIIN9AN (germination) mLummmﬂmmqmmmm@um’wmﬂﬂmmﬁ pleated paper (PP) a1unu 4 sm Wl@“’
50 AR mnumw”lf’ﬂumww LUAR (germinator) wemmumu 20630 a9ATALTe ‘Emwemunm 20 aaALIALTEE
Tummwm Funan 16 Falus LL'Z\]VVI'E]MMJWN 30 asATaTes Tuanmiuas Wuman 8 dalue dulensdusautng
Afausndl 7 Sundamnzign meuum\mmmw 21 dunaannzias tnaiusuaeutng mu@@ummﬂﬂm wandnlalaan
WAZINAARIE ATNNANNIIUILHUA BN UIANIANNAFDLINAATUTUIUNTF (ISTA, 2018) mnuuuw@yﬂ@mmmm
AnmganTeuAnugilulefidusl angns Avnxsen (Wedfidus) = (Auausueenns /fimfmmﬁmﬁmm) x 100

ﬁﬁuquiluﬁl,ugﬂﬁi’lm’an (days to emergence, DTE) L‘W’] WARARINATNINAFBLAINNIEN WLRNUIULNAR
fidsneensnatlszanns 2 fadwns mmu e 21 du mnuuuw@mmmmm DTE Hudenily 41 angms
DTE = S(n T)/Sn lae n Aa SMNNSATUINTINEND 2 DAAWAT LAz T An A1uIuiufiudaunssn (Dhillon, 1995)

aeaelun1sean (mean germination time, MGT) WNZAAANAANsARELIAYNIEN TR TWILA SR
Unsnndu dwean 21 4 mn&uﬁﬁ@g@mﬁmqmm MGT Hutdagiiili 4 angmns MGT = 3 (n T/ n gl n Aa auau
FugeutnAluuiasiu uaz T Ae snuiuiuiigssenidududeudns (Ellis and Roberts, 1980)
NNSIALATITHUANAD A

ﬁwﬁfa:ﬂ@?{Lﬁuﬁuﬁﬂf’f\mmmﬁmmzﬁmmuﬂiﬂmummaﬁ (analysis of variance) wazlUTauLeUANN
LANFNTBIAN AR AN LA y 1n23% Duncan’s Multiple Range Test (DMRT) fafumnudeiu 95 wWesius
TneldTdsunsuadin R (gfna aeumnn, 2555)

= a o
NAaN1FANELLAZIANTTY
AINIAN (germination)
neuinieNNEATUgInTaadanansazane KNO, fiaanandadu 0, 250 waz 500 mg/L Huan e
umm\mﬂLLmrmwamquuﬂmmmmmm (Table 1) ImmmmwLmﬂuwmumewuﬁmﬁﬂmmm RO (hydropriming)
ansangafige Ao 69.50 wafifusd Geliupnsinmeadifitunasiaumiauaiaiugiasasazats KNO, anuidadu
250 mg/L HAxeen 60.00 wafidus dounAnillwEauniaumAnnwug (control) HAweenangn A 38.67
o< - = ' ' aa o = 13 < o Y ¥ Y =

wasidus aqldumnsnenisatififunswzanniasmaniugacaaisazas KNO, Aauidudu 500 mg/l HAnusan
40.25 weafdus  wanwiansEBENNTaNNA AR LSRN IN s Ut LA SETINN R NINARNUE ANt ANsAzatl  KNO,
AoHidindu 250 mg/L Analunisnszsunnnsenaeanan Tnevinliuaniaanusaniadu 21.33 uaz 31.33 o fidus
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o o dl = o 3 d‘ 1 = % -3 o & %!I ] o v A =3 { 1
pNaeL  WenFuumeuiumAnn lsaunFesmanRug  (control) azindavinliRenanseunas uay
P o 4 A o a A o &0 & @ = o 28 LY @ Y owa o o
wnilAngadnegundeuillduFnamiigadngmn Aa  neluwds A lihaunsounsidnguanlan  (ude
Sunfilsziaiy, 2553) smﬂ’ﬁmmum«,mm‘lmvmvm 1 Uaz 2 umim‘umummmm‘lmwmwamma‘mmwmuma‘q@ﬂ”l,m
memmmmmmﬂumqﬂmmmvm 2 mmim’mimﬂmﬂg@@nm memﬂ@ﬂ wdnanunsneenldFy (W ns
WENINY uazisTeA wiedy, 2561) wanaintsrazinanlunisudiuaaiuguy 12 vse 24 dalus Wuszeznanfitums
dngwaniieaweiniinanszuaunisenust livinliuaaunssneanin douansazana KNO, Hamuasiifansaadne
liwdngaunldetnedn - uaz KNO,unnsialé K uaz NO, dslumses (NO,) daelinsziunisdanseiillsmiuinau
dou K doansyiunisinanureseulmsiminasdasiunssuounisnismgla nszununisdaaneiulauas Tisiu aeinli
ALNNIBUNAARTY (YoyH A3, 2558) dounnawsisennianmaniugindasaaansazate KNO, aududi 500
mg/L M lfdadaaasaniiien 40.25 wasidust Seliunnsreiumdni lsraandasmiawug (control) (Table 1)

1 =l $% [~ o L% U £ 1 v <
WAANINIFTENNTBNINAnRUSAeIasazae KNO, Adtudndy 500 mo/L laifinalunnsnsyiumnnusanaaaiuan
anaulunszasazae KNO, Haonududugs 500 mg/L FevinlirngadnedmuilanFoumeuiuaisazate KNO,
AMdNdw 250 mg/L memmmmimm wﬂuﬂ?ﬁmmmiumewamfamvmumm@ﬂmmme (Tutt Sunfilsziaiy,
2553) LanaNHmAANEA Tl s FaNNAAWLS (control) umwm@ﬂmmm Aa 38.67 Lﬂmuﬂum (Table 1) Imau
FusauRaUnmies 1.33 wafidus winanlisanidies 6.00 wWeafifus LLmumemﬂmﬂmm A 54.00 wlafidusl
(data not shown) TumdamadaulunjiinannisidinatsresdeuuaiGe dadaneiiay

Table 1 Germination, days to emergence and mean germination time of dill seed after priming in different

concentrations of KNO, solution and soaking duration.

Factor Germination Days to emergence Mean germination time
(%) (days) (days)
Non-primed seed (control) 38.67 b 8.18+0.55 a 11.19+0.41 a
Concentration of KNO, (A)
0 mg/L 69.50 a 6.33:0.25 ¢ 9.20+0.41¢c
250 mg/L 60.00 a 7.02£0.65 b 9.90+0.66 b
500 mg/L 40.25b 7.59+0.57 ab 9.81+0.52 bc
F-test * * *
Non-primed seed (control) 38.67 b 8.18+0.55 a 11.19+0.41 a
Soaking duration (B)
12 hours 58.33 a 6.91+0.79 b 9.49+0.59 b
24 hours 54.05 a 7.05£0.68 b 9.78+0.61 b
F-test * * *
Non-primed seed (control) 38.67 bc 8.18+0.55 a 11.19+0.41 a
(A) (B)
0 mg/L 12 hours 68.50 a 6.28+0.32 d 9.17+0.42 c
24 hours 69.50 a 6.38+0.18 cd 9.23+0.46 c
250 mg/L 12 hours 70.00 a 6.83+0.82 bcd 9.48+0.56 ¢
24 hours 50.00 b 7.22+0.46 bc 10.33+0.46 b
500 mg/L 12 hours 36.50 c 7.62+0.56 ab 9.82+0.70 bc
24 hours 44.00 bc 7.56+0.67 ab 9.80+0.39 bc
F-test * * *
CV (%) 14.84 7.65 5.04

* = Significantly different at P<0.05.
Means+SD within the column followed by the same alphabet are not significantly different by DMRT.
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Lﬁ@ﬂmmm:ﬁmm’lun’mm?am%@uLuﬁmwuﬁfﬁﬂ%mﬂummzmﬁ KNO, wlunan 12 uay 24 gl
e lfandnausanuansteaenafuadAtyneads (Table 1) Tnenuanfiutluansazans KNO, flunan 12
gl ﬁmfmmﬂmﬁmm Ain 58.33 wedidus deliuansaneadnnumaiiugluaisazans KNO, wluaan 24 i
fanean 54.05 wWedidus Jeunnsnameadntuimdad lduisandaundasiug (control) fiaanusen 38.67 wadidusl
ANadwng memmmlﬂumm 12 uay 24 alu Lﬂumsmmm‘lwmmﬂm 2 vi3aszazdil (lag phase) ) Faluszesi
Wanszusunsmunuaatineluwdn uaziinnsteasarsarsluanaug) iidulanaédn dnsdamsziingaiian@sn
wazinvhureeulaiinniy ﬁﬁlﬁ’n?zmumamﬂLﬁm‘%uvlé"ﬂmmw,mi (318 WNNBINTIU, 2559) ABAARDY
fil Debbarma et al. (2018) $1ENUNTHTENNFANNAARUSHNT Tnududnlurindunan 12 49lue uaznsudiudn
luansazant GA, uaz PEG wluinan 24 dalue vinlsdniinnnaen 46.67, 54.22 uay 60.67 wlafifus PN
Lum‘]_l?ﬂuwmuﬂmmmmnwiwmwwmumewuﬁmmma@ﬂmmm Fo 3467 wefiful anuanimasesil
Lu@mmﬂm@wm"LuLM'iﬂuwa@umewuq (control) mfmmaﬂqum A 38.67 iasidus (Table 1) HFuaauiinnFies
133 wefifusl uaziudnanlsvanifies 6.00 wWafidusl wifiudanauniign Aa 54.00 iwefifus (data not shown)
araiunmzdnfdelnRm i Aenmdalu iinnman LL'&md’m’]il,m'??ﬂuwa?@uLmﬁmﬁuﬁ:ﬁﬂﬁmﬁmﬁmwmem‘ﬁ'mﬁu
uazdindamenanas SeultuufeuiumdadlisRoundauniaiug (control) enaulumezindaiignistaundan
winiugRnsdemdndmairlva dvinlidelsainnuiumEnanas

AnanadansznInssTaNNSaNNARTUEANTAMIEATTazaNE KNO, fenududunazazazinansing |
Suavilfmdndanmsenuansnsatiaddtd fyn1eadi (Table 1) Taaimdnfiuglugisazans KNO, paaidudu 250
mo/L waan 12 Falis Sarnssengeiign e 70.00 wesidusl liuansansadfruimdafiutluaisazans KNO,
i 0 iunan 24 waz 12 dalus Tnafiaanuean 69.50 uaz 68.50 wWafidus maddu erauluneznnsud
winlugnsazans KNO, anandudu 250 mg/L fannummnzan fangadndgendndientan fiaufuamsazas KNO,
At 500 mg/L vinlirae 7 undidngnialumda iunaiies 12 dala o fgewesienszuaunssen
waznsutindnuansazany KNO, monududu 0 mg/L flunan 12 vise 24 Falua Tnenin RO ﬁmwu?zm%rmv
ummmﬂﬂm mm‘lumuwsmmmmim aamAAesiU Khoshvaghti et al. (2013) ﬁmmmﬂmﬂuwmumewuﬁ
dndanadaeiy unan 24 dalis m‘l,mmmumwmﬂnmmwLu@mwiwmﬂuwafammmwuﬁ ANNAMTNAARSH
windndanafiutlugnsazane KNO, aaraidindi 500 mg/l iWuinan 12 dali faanusansiniiga e 36.50 wasidus
SelluansinameadinnumAailisiaundeundaiiug (control) wazindaiiudluasazane KNO, manudndu 500
mg/L Liwaan 24 $aTu TAnmaan 38.67 wax 44.00 wlesiFus Anusns (Table 1) W@AIVFALNUFAAINAN @ w5
navfuausentesndald eraiunszansazats KNO, Samwuidudugs 500 mgL silsdlenaadneiinann
deuReudiauiuansazans KNO, asdidu 250 mgll thawunsdhdwdnldten  Punanivdifameste
nIYLANNI9EN GawanmAResiiidanndeaiy Khoshvaghti et al. (2013) PIERUNSFTUNNFDNINAANUTENT A
paensutinan luansazany KNO, fiaududu 500 mg/L Wuaan 24 i ﬁﬂﬁt.mﬁmﬁmﬁmﬂﬂ@,qrmLuﬁmﬁ
Tlwraunianmaniug aradunazindaiugadainenii Lwiﬁ@mmwﬁluﬁuﬁmﬁu i insmeuauassiamuidindy
20981902818 KNO, Wazszaizloan nawisaunfanminwiguansinaii
uuTuRAATsnean (days to emergence, DTE)

Sruuiuiiudsafisnneen (DTE) wamsfeanuidalunissenteanda snwfafisn DTE e uansin
wRnNANNLILIgILazaINNIneans NG (Dhillon, 1995) NMawiseunioNNARRLEEINTA1ARANsazA e KNO,
firnnudada 0, 250 uaz 500 mg/L JuannIFuanil DTE unnsinsaealiagAnyneais (Table 1) Inansimsaunian
wiinugAaunsutih RO AnavnWindni DTE Hatgn Ao 6.33:0.25 4u sesawmn Ae n1swRannienimdaiugine
ansazanel KNO, Aauidindi 250 mg/L Wwdail DTE 7.02+0.65 414 %‘qiﬂmeﬁh\immﬁﬁﬁumim"&ﬂuwi”auLuﬁmﬁ’uﬁf
freiansazans KNO, anaidardt 500 mg/l wiie & DTE 7.59+0.57 $u wanzii RO flAnsadngge thasunsidngudn
atiemad nezLaumsseniiatuldi3s aenadesiu Tahaei et al. (2016) MarumssNNSeNNERTUEENT e
Brsitinndu vl EaTsuuiuiifineanise 8.01 du Luﬁmmmm?ww%@muﬁmﬁuﬁ (control) § DTE €1 8.92 5
uenaNHANTazaE KNO, 1aeinszsumnueentadufniazAmidndugesasazate KNO, avaidndi 250 mg/L
Sramnzaasinlhides 7 wnFidnguudnaginad o nszuaunssenifeauauysal v ldsinilenandastumssen



King Mongkut's Agr. J. 2020 : 38 (3) : 280 - 287 285

Sy mndalnaldidnly aenndesiu Lara et al. (2014) Teoumssainienmdniudizdemadaasazans
KNO, Aaudindu 50 Hadluand iunan 6 du ﬁﬂﬁmﬁmmiﬁﬁqﬁqm %QLQJ@Gﬂﬁﬁhuﬂ’]?Lﬂ?‘ﬂNW’;‘/ﬂNLuﬁmﬁuﬁﬁ']\ﬂ
ansazany KNO, wudndnsdamsisfienlsd nitrate reductase (NR) ‘Luﬂ?‘mmﬁmﬂ‘ﬁqmLﬁmﬂ?ﬂmﬁﬂuﬁumi
wRENN e S AT Atansazany PEG 6000 Antadnd -1.1 MPa uazindaitlalfsiaundaniudaiug Suauled NR
danalildsfiumelumdafisdy nisfinanssuresewlsd NR ﬁﬂ?‘mmmnﬁqmLﬁmmﬂma‘lﬁu%}umma‘xuumiﬁwu
auABATE YIRITLILNIAWOENTIATY (antioxidant system) ﬁﬁmﬂﬁlmﬁummﬁ@ﬂﬁuLﬂuieﬂu‘ﬁﬁﬂmmu“ﬁﬁm@um
dase lawn superoxide dismutase (SOD) Way catalase (CAT) wANanITNURaLe sl asoorbate perOX|dase (APX)
@rﬂmmmwuﬁﬂuﬂ?mmmm H,0, denasendasen esaniumswela uaz H .0, ¥ FrTumussy Fok
winiugudemanstounenmdniudiaansazane KNO, enafinisade H,0, sty dwnldudscenldii
Lmﬁmﬁn%mqﬁiﬂLm??ﬂmw?@muﬁmﬁuﬁ: (control) ¥ DTE %ﬂﬁa;m AD 8.18£0.55 §u a4liuANFANMNERRALNNS
WRENNTRNNAAR UG ARAITANY KNO, A nudindy 500 mg/L vinWuanil DTE 7.5940.57 4 (Table 1) anauiy
manzeudidusesansazanaguiuly shlsadagaindn Ui uazihBunndifiemesenisifianszuaumssen
A iudaunesnaanun ladn

mauunieuNFaugindanafeasazas KNO, iunan 12 uar 24 dalue Whsnifieuiusded
TdwidaamFanmdeniug (control) fuarinlhiudedl DTE wanswetnsdiddymeadn (Table 1) Tnsiudafiuglu
ansavane KNO, uan 12 dalus i1 DTE L?qﬁa;m Aa 6.910.79 u Avliuansanieadnnumdafiutluaisazans
KNO, ifluaan 24 dalug i1 DTE 7.05:0.68 4 usluansineeadifusdadlaisioumSeumieniug (control) & DTE
I1fige Ao 8.18:055 Tu wansdimasiaamiauindanugfasnisudiudeluasazats Do 12 way 24 Falus
yinludndnisunesnldidoiy mmenasaundenndaiuginldndnegluanmmienen ewdaldsinianas
A lisninaeanunlaifo aemAReai Espanany and Fallah (2016) $1ERNBNNSERUNNERNINAANUEHNTA
fanansazany KNO, fiflenaadng 0.5 MPa S8nanssan 15 wiasiadu fufandiudadlisBoundeunioriug
FFman19entiied 10 WAARAAYYW Karimian (2011) mmmmﬂm?‘mw?@uLuﬁmﬁuiﬁﬂ%mqﬁwﬂmm&ﬁ Wlunan
27 gl ﬁﬂﬁﬁuﬂﬁwﬁmmuﬁ\ﬁmermfhmim?ﬂuw%uLmﬁmﬁuﬁﬁaﬂﬁﬂ {nan 18, 9 waz 0 Falua musdy

SvEwasanrziemastaunfaunfeiugindanafensugiudalumsazats KNO, fiemnaduduuay
28219069 ) AnavinliNAnE DTE uansinvedefitiedAnynieatia (Table 1) Tnenudafiudlunih RO unan 12
daTans §l DTE §a7igm Ae 6.28+0.32 Fu Seliuansneameadfrumdanugluin RO wWunan 24 datus wazsmiiuglu
a198¥Ae KNO, Adukdudis 250 mg/L g 12 T Heuusuidatisnsenin 6.38+0.18 uax 6.83+0.82 Su
PN iz AaiiAIengs (Table 1) Tauderit n1npna gvalas wazefing WiRninsana (2551) saeu
nswRennfenmdaiuginddonisudin Wunan 24 dalue Suarinlsfiudadl DTE 7.94 Su Selsiuansinanieadin
fumAn R liwiaundenmdanug (control) & DTE 7.70 §u enaulunszwdaiiesnsaiaiuwasianssiounies
i puguansinetiu Awinlduaninsziunmasanuansneii wandndana i liwisandeusdaiiug (control) & DTE
diige Ae 8.18+0.55 Tu Avllunnsransadinuimafiutluasazane KNO, aaradindi 500 mg/L e 12 uay
24 G204 I DTE 7.62+0.56 Uz 7.56£0.67 51 mNAAL (Table 1) WAAININITETENNIBNNAAWUTA A TAZAE
KNO, Aoudindugs vinldnszuaunisseniia llanysal wdnumnesnlad
an'ua'?i'ﬂ"lun'lsq'an (mean germination time, MGT)

nanadslunnasen (MGT) iuneinanaiialumsenteanin dsanananldusniuauuiuseudals
WININAANAINUINULIIE danaliudngnunsosanidiBauaziinaads lunnsentios (Matthews and Hosseini, 2006)
mauunieuNSaTugindanafaasazate KNO, fimmnadudu 0, 250 uaz 500 mg/L Suavivlfudnd MGT
unnsinsasine gAY neania (Table 1) Tmﬂmil,mdiﬂuwi”ﬂuLuﬁmﬁuﬁ:ﬁfmmﬂ@iﬁ RO v IHuAAN MGT L%ﬁ@m R
9.20+0.41 4 AR uN DTE L%’*Q‘ﬁ'qm (Table 1) ﬁﬁlqvlml,mnﬁmmmaﬁﬁumm‘?ﬂuw%’@uLuﬁmﬁuﬁ:ﬁ’qamm:mﬂ
KNO, ponadads 500 mg/L nlshindnil MGT 9.81:0.52 4 wiuAnsneeadnfumAsT s aundessdniug
(control) § MGT %’Tﬁqm A 11.19£0.41 44 wassdinawsenniamaausAna Iiuanl MGT 503w
Lﬁmﬂ?‘ﬂmﬁﬂuﬁuLuﬁmﬁimm‘?‘ﬁuw?@muﬁmﬁuﬁ: (control) anaifumazin RO ﬁm@ﬁiﬂma‘uwéﬁqLﬁ’ﬁ@;’l,uﬁm"lﬁﬁq
nazLaumMenARntuldii dauansazans KNO, manaidudi 500 mg/L fiAngafndininansazant KNO,
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A 250 mg/L wid Spimegaindguidnetineinuaz Bannaiil dnguidalndFesiAaivifanszuaunssen
IndiAneriuanniu aanadesiu Debbarma et al (2018) snun W SR INGA Tnddnenin uiaan 36 G2l
yilfidndl MGT 11 9.23 Su iauBeuiuruimdad liwiaamianmdasiug (control) & MGT 10.40 S

mMauRsnfenmdaiugindanadameazans KNO, iuna 12 uaz 24 dale wReuifeuiume
ﬁvl,mm?‘ﬂuwﬁ*@muﬁmﬁuﬁ (control) Anavnlfiudnd MGT wansinsadneiladAyn1eada (Table 1) Tnenuanfiuglu
ansazane KNO, Wluiaan 12 dalus i MGT afign #a 9.49+0.59 Fu Fdliuansnemeadinuimdaiudluasazan
KNO, \fuinan 24 T 7 MGT 9.78+0.61 4u Luﬂ'LLmnﬁiﬁ\immaﬁﬁumﬁmmﬂLm?ﬁmwé’@muﬁmﬁuﬁ:(control) JMGT
%ﬁﬂﬁqm AR 11.19:0.41 4 uamsdnsudmdnluaisazane KNO, iluszazioan 12 uaz 24 gl finavilfiade
1 MGT L?q%w,ﬁ@Lﬂ_l?ﬂuLﬁﬁuﬁmuﬁmmmm’?‘ww?@mmﬁmﬁuﬁ (control) analumaznissizanSasmNAaRugIN 1R
wiadlannumiaalunssananniu senpdaeiu Debbarma et al. (2018) T UM RHNW aNMAMTUEENTdaen g
with Wunan 12 waz 24 gl shldudednenadelunsends 10.10 uaz 9.36 AU ANEIRL dauimden
TduidaamFaumeniug (control) Snanadtlunssend iiga e 10.40 Tu

andnadanszndenssRNniaNWARTUEINTaaMe N sudinan luansazane  KNO, fannandaduuaz
svtznasing 7 Suaviliuded MGT wansrsesneiiluddumeadn (Table 1) Tnawdafiudludh RO e
12 dalus  MGT aiign Aa 9.17+0.42 Su Feluiuansnensaianumdaniudluti RO Winan 24 G2l wiafiudlu
ansazans KNO, annandudn 250 mgiL lwnan 12 9ol iwdafiugluansazans KNO, anuidudu 500 m/L iluaan
24 uaz 12 $2T9 § MGT 9.23£0.46, 9.48+0.56, 9.80£0.39 ua 9.82+0.70 Fu AMARL doumdnd iwiFeamden
wFpatug (control) &1 MGT 41figa Aa 11.19:0.41 Tu usasimawRaanauniaiuglaanisusluaisazans KNO,
AN dLazszEznawANsnaiY I lANAaTugENTANN MGT L?qndﬂmﬁmﬁhjm‘?‘wwé’@mmﬁmﬁuﬁ: (control)
aanAARML Debbarma et al. (2018) aﬁmfmmim?ﬂuwi”fauLuﬁmﬁuﬁﬁﬂ%’fmmwﬁﬁﬁ fiaan 12 uaz 24 dali
Saadgluniseen 10.10 uaz 9.36 T4 AuAFL dauindafiliuRaundaundariug (contro) 8 MGT dniige Ae
10.40 714

agueanisAnmn

masiaunfenndeiugindandanasazans KNO, mududu 250 mgll iuiean 12 dalug
mam’??ﬂuw%@uLuﬁmﬁuﬁé’fmﬂ’mtﬁﬁw RO Wlnan 12 uaz 24 dali v ldindniipnnanengeiign § DTE waz MGT
L?‘qﬁzgmmﬂﬁLLmnﬁmﬁummﬁﬁ Lﬁmﬂ?‘ﬂmﬁﬁuﬁmuﬁmﬁiﬁLm?ﬂuw%mm“mﬁuﬁ: (control) WARNINYIFALNLFAINATD
v lndasenldguuazmdniinuudouss  senldifndnmdaliwdaamdanmdoniug Ganisldansazans KNO,
poRudindy 250 mg/L lunswiraanianmaaiuginalunisnsesunnansasnaningann atnelafinin anam
naaesipasdenldia Nt ianmdaiugiaanisudih RO Wunan 12 dalie inebiAundesansiniuas
Mszaznanlunssrannianmaniugon
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Effects of Culture Media and Plant Growth Regulators on In Vitro Growth

of Dendrobium pulchellum Roxb. ex Lindl
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Abstract

The effects of culture media and plant growth regulators on Dendrobium pulchellum Roxb. ex Lindl were
studied with micropropagation and culturing for 84 days. There were three experiments in this study as follows;
1) To study the effects of 5 culture media (1: MS, 2: 12MS, 3: VW, 4: 2VW + 75 mg/L coconut water + 25 g/L banana
+ 25 g/L potato, and 5: VW + 150 mg/L coconut water + 50 g/L banana + 50 g/L potato) on in vitro growth,
2) To study the effects of different types and concentration of cytokinins on in vitro growth and 3) To study the effects
of different concentrations of auxin on in vitro growth. The experimental design was Completely Randomized Design
(CRD). The results showed that seedlings of D. pulchellum Roxb. ex Lindl that were cultured on five culture media
showed no significant differences in the percentages of shoot formation, number of shoots, number of leaves, and
height. VW medium supplemented with 150 mg/L coconut water, 50 g/L banana and 50 g/L potato gave the highest
percentage of root formation and number of roots (46.67% and 2.40 roots, respectively). VW medium supplemented
with 0.5 mg/L kinetin had the highest number of roots (14.07 roots). The study of NAA on the root induction of
D. pulchellum Roxb. ex Lindl showed that NAA had no significant effect.

Keywords: plant tissue culture, Dendrobium pulchellum Roxb. ex Lindl, in vitro
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Table 1 Percentage of shoot formation, number of shoots, number of leaves, height, percentage of root formation,

and number of roots of D. pulchellum Roxb. ex Lindl in vitro at 84 days.

Percentage of

Percentage of

Treatment  shoot formation No. of shoots No. of leaves Height root formation No. of roots
(%) mm) (%)
1 62.67+15.14 3.1310.76 1.93+0.57 15.10+£3.90 0.00+0.00° 0.00+0.00°
2 46.67+33.55 2.33+1.68 1.17+£1.02 12.1318.06 0.00+0.00° 0.00+0.00°
3 46.67+30.29 2.2041.44 1.27¢0.25  14.23+6.10  0.00+0.00° 0.00+0.00°
4 18.67+£18.04 0.93+0.90 0.40£0.36 9.93+9.40  26.67+30.55"  2.33+2.14°
5 22.67+22.74 1.13+1.14 1.60+0.72 11.73+6.50  46.67+30.55 2.40+1.11°
F-test ns ns ns ns * *
CV (%) 63.23 63.22 50.79 55.78 131.71 113.52

1: MS (Murashige and Skoog, 1962), 2: ¥2MS, 3: VW (Vacin and Went, 1949), 4. “2VW + 75 mg/L coconut water + 25 g/L banana
25 g/L potato, and 5: VW + 150 mg/L coconut water + 50 g/L banana + 50 g/L potato.

Means within the same column followed by the same letters are not significantly different at 95%. Each value is expressed as
mean+standard deviation (SD), n=3.

ns and * indicate non-significant and significantly different analyzed by Duncan’ s New Multiple Range Test (DMRT) at P<0.05,
respectively.

Figure 1 The D. pulchellum Roxb. ex Lindl were cultured for 84 days in vitro; A) MS (Murashige and Skoog, 1962),
B) 2MS, C) VW (Vacin and Went, 1949), D) ¥2VW + 75 mg/L coconut water + 25 g/L banana + 25 g/L
potato, and E) VW + 150 mg/L coconut water + 50 g/L banana + 50 g/L potato.
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Figure 2 D. pulchellum Roxb. ex Lindl were cultured on VW supplemented with different concentrations of BA and
kinetin cultured for 84 days. A) VW, B) 0.5 mg/l BA, C) 1.0 mg/l BA, D) 1.5 mg/l BA, E) 2.0 mg/l BA,
F) 0.5 mg/l kinetin, G) 1.0 mg/l kinetin H) 1.5 mg/I kinetin, and ) 2.0 mg/I kinetin.
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Table 2 Effects of different concentration of BA and kinetin on growth of Dendrobium pulchellum Roxb. ex Lindl in vitro at 84 days.

Concentration Percentage of shoots Height Percentage of roots
(malL) formation (%) No. of shoots No. of leaves (mm) formation (%) No. of roots
BA 0 (control) 40.00+£18.33 1.80+0.87 3.10£0.72 23.70+4.07 80.00+0.00 6.73+3.74™
0.5 38.67+25.72 1.20+0.53 1.70+£0.17 14.50+3.63 53.33+11.55 5.20+2.08°
1.0 69.33+15.14 2.60£0.40 2.67+1.27 24.07+6.06 66.67+11.55 8.47+1.22°
1.5 41.3316.11 1.93+0.12 2.60+1.25 20.00£8.40 60.00+20.00 9.47+1.03°
2.0 66.67+43.14 2.87+1.36 3.3320.55 29.53+7.58 86.67+11.55 11.87+5.27%°
Kinetin 0.5 57.33+£10.07 2.67+0.70 3.20%0.70 36.47+8.06 86.67+11.55 14.07+2.42°
1.0 41.331£20.13 2.00+£1.00 3.0310.91 27.83+11.92 80.00+20.00 9.60+5.17°
1.5 25.33+12.86 1.27+0.64 3.563+0.32 32.77£9.05 80.00+20.00 12.93+1.60°
2.0 42.67£19.73 1.93+0.90 2.9340.60 24.30+3.60 80.00+20.00 11.00+1.11%°
F-test ns ns ns ns ns *
CV (%) 45.93 39.50 27.67 28.66 32.20 30.96

Means within the same column followed by the same letters are not significantly different at 95%. Each value is expressed as meantstandard deviation (SD), n=3.
ns and * indicate non-significant and significantly different analyzed by Duncan’ s New Multiple Range Test (DMRT) at P<0.05, respectively.
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Table 3 Effect of NAA concentration on the number of root and percentage of root formation of D. pulchellum Roxb.

ex Lindl in vitro at 84 days.

Concentration

(mal) No. of roots Percentage of root formation
0 14.93+7.76 80.00+20.00
0.5 8.67+3.91 66.67+30.55
1.0 13.93+4.47 66.67+11.55
1.5 18.00£2.62 86.67+23.09
2.0 13.0745.28 73.33+11.55
F-test ns ns
CV (%) 37.20 27.66

Means within the same column followed by the same letters are not significantly different at 95%. Each value is expressed as
meanz+tstandard deviation (SD), n=3.

ns and * indicate non-significant and significantly different analyzed by Duncan’ s New Multiple Range Test (DMRT) at P<0.05,
respectively.

Figure 3 Effect of VW supplemented with NAA concentrations on the root induction of D. pulchellum Roxb. ex Lindl
in vitro at 84 days. A) 0 mg/L NAA (control), B) 0.5 mg/l NAA, C) 1.0 mg/l NAA, D) 1.5 mg/l NAA, and
E) 2.0 mg/l NAA.
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Effect of Nutrient Solution on Growth and Quality of Lettuce (Lactuca sativar L.) cv. Green Oak

in Hydroponics System

UNAR FuAUNS "
Noppadol Chumin"

UnARta

Nnaam (Lactuca sativarL.) Lﬂuﬁnﬁﬁ@mmmqmmﬂmﬂﬁﬁummﬁmmnﬁu Lwiﬂiu?‘llmﬁqﬁmmﬁmmiﬂ
Bandlunseiiazasiuinadaresnisgnivalaliau momasesiitedlsnglsrasifednmuatesansazarasinemng
4m3 Alan, Enshi, NSRU 1, NSRU 2 uaz NSRU 3 siansiasaytauln Aninin LL@zﬂ?mmiwmmﬁamuluﬁn@ﬁmﬁuﬁf
ﬂ?u‘iﬁﬂﬁﬂ@ﬂiuivuﬂa‘[m‘lﬁwﬁﬂz&mu Nutrient Film Technique (NFT) 29uHUN1TNAa89LLUL Completely Randomized
Design (CRD) 4113t 6 11 (4 fwdn) HAN1SMARBINLIN mnmmwuﬁmu‘ﬁamwﬂ@ﬂ‘lummvmammmmmm NSRU
2 AnmawsidnTasuaundely Aoaundamsany g Lmvmuumm\mumnwm Tnadoulug) lusnsineiu
4ns NSRU 1 fiimasseyiiulndnusuoly memuunmmmumﬂmm doudununn wudn dnadadidlgniu
ANIATANUNNBIMNTGATHAN ] RPNt (95.13-96.16%) il (3.33-5.07%) 1 (17.9-20.4%) ilameny
(11.26-17.30%) uazwAalden (0.08-0.14%) IndiAeiu dounisdimanzvitiunaumsnavanluluvesdnadniig
naulda wudn ﬁﬂaﬁmﬁﬂqﬂlumwm:mamqmma@jm Enshi §m3 NSRU 1 gm3 NSRU 3 g3 Alan uazgns NSRU 2
fifunaslwmsnindy 332.97, 524.09, 701.05, 937.59 wag 1,019.87 fadniusiantaniniwmiinan auusnu delaiifiu
mmmﬂmﬁamﬂwqiiﬂﬁwum 3,000 fiadn3usienlansuriwiingn

o

AANATY: A198¥AE5150113 Inaan AN Tunse lalasinding

Abstract

Lettuce (Lactuca sativar L.) has nutritive value and has become a popular vegetable. However, consumers
have become concerned about the amount of nitrate accumulated within hydroponically grown lettuce.
This experiment aims to study the effects of the nutrient solutions Alan, Enshi, NSRU 1, NSRU 2, and NSRU 3 on
the growth of lettuce (Lactuca sativa L.) cv. Green oak quality and on nitrate accumulation when used in the NFT
hydroponic system. The experiment was conducted under Completely Randomized Design (CRD) with 6
replications (4 plants/replicate). The results showed that the Green oak lettuce cultivated in NSRU 2 nutrient solution
showed the highest leaf width, canopy width, shoot height, and shoot dry weight, all of which were not significantly
greater than those results for lettuce in NSRU 1 nutrient solution. Moreover, NSRU 1 nutrient solution provided
the highest growth in terms of leaf number and shoot fresh weight. The analysis of the quality of Green oak leaves
indicated that Green oak lettuce cultivated in all nutrient solutions gave similar figures for moisture (95.13-96.16%),
fat (3.33-5.07%), ash (17.9-20.4%), dietary fiber (11.26-17.30%), and calcium (0.08-0.14%). From the analysis of
nitrate accumulation in Green oak leaves, it could be seen that Green oak lettuce cultivated in the Enshi, NSRU 1,
NSRU 3, Alan and NSRU 2 nutrient solutions had nitrate contents of 332.97, 524.09, 701.05, 937.59 and 1,019.87
mg/kg FW, respectively, which were not over the limit established by the European Commission Legislation,
which was 3,000 mg/kg FW.

Keywords: nutrient formula, lettuce, quality, nitrate, hydroponics
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WULA AN ) {F2n91 Nutrient Film Technique (NFT)

q8nsAnE

n1sANIUNISIAE
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Table 1 Concentration of different nutrient solution.

Concentration (mg/l)

Element

Alan Enshi NSRU 1 NSRU 2 NSRU 3
N (NO,) 200 192.71 203.15 175.5 131.77
P 60 60 60 60 60
K 300.72 313.04 293.09 183.5 156.98
Ca 170 170 170 170 170
Mg 50 50 50 50 50
S 68.46 64.38 59.84 51.92 38.94
Fe 20.54 6.136 19.85 6.136 4.94
Mn 3.782 1.308 0.837 1.308 0.992
Cu 0.195 0.04 0.712 0.04 0.04
Zn 0.193 0.048 0.561 0.048 0.048
B 0.537 0.972 0.433 0.972 0.972

Mo 0.399 0.019 0.0059 0.019 0.019
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Table 2 Leaf width, canopy width, leaf number, shoot height, shoot fresh weight, and shoot dry weight of green oak

lettuce after growing in different nutrient solution for six weeks.

Shoot fresh Shoot dry

Nutrient Leaf width” Canopy width" Leaf Shoot height" . ]
weight” weight"
formula (cm) (cm) number” (cm) p p
(g plant’) (g plant’)
Alan 12.74b 24.91bc 13.59b 13.96ab 49.96b 2.42b
Enshi 12.62b 24.23¢c 12.53b 13.10ab 40.72c 1.59¢c
NSRU 1 14.09a 25.34b 16.90a 14.42a 78.00a 2.98a
NSRU 2 14.14a 27.33a 16.21a 14.51a 70.54a 3.00a
NSRU 3 12.42b 24.98bc 12.46b 12.73b 47.56bc 1.97bc
F_test * % * % *% *% *% *%
CV (%) 7.16 3.99 7.75 7.54 9.37 12.78

Means in the same vertical column followed by the same letter are not significantly different at 5% level by DMRT.
** = Significantly different at P<0.01.

ﬁnmﬁmﬁﬂ@.ﬂhmmxmﬂmrﬁ;mmmm NSRU 1 uaz NSRU 2 dinawaseyiiulannnndnges Enshi way NSRU 3
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Zeiger, 2006) danpdasiunanmeaadlunguuandliiiudn Shnssenaanetedlufiaaasiiesnaneluaes
LL@vmimmmiuwm@u 7 anuaneaiaf s luinueapeaii 94mmmfmwLuuuwmmmiumam‘l,umamumwLﬂu
Y0 INTNPILALTILIB AT UAZN19TRIUIN9T897 (Dechorgnat et al., 2010) wisaiuluianadayaynos Teiunuan
yilfAamalanuulamsatarludsing q gy naiauwnsn el nainfseunda uazniseannen
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uaz K Ca’ 1 Mg® winriu 22-66 : 22-66 : 6-18 T9ANTAZANHINARIMNITBNUNARBIHNNGATTANALENAR NS
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upadanlaany (Ca™) - uuntidaulanau (Mg™) Winil 41.2 1 51.4 : 7.4 munzansanisaasyifuinuesdinnianney way
fdndaurassmansTninadanuazuaaidonlndifesiu Wudeniuasazaneanennsgns NSRU 1 filsnmamns
Tnunadenuazunaidanludndon 47.48 : 46.26 L‘wm:Lﬁfmmnﬁﬂ@mmm:mamqumiﬁﬁiwme%mummﬁuiﬂ
foaziudlnunaden s lonbin i aunadon suiudenslimgennslusandiugnieanzaitelety
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Table 3 Nutrient concentration and proportion of macronutrients in different nutrient formula.

Concentration (mmol/l)

Nutrient formula

NO, H,PO, SO,” K* Ca”' Mg**
Alan 3.22 0.61 0.71 3.19 3.03 0.41
Proportion (70.93) (13.44) (15.64) (48.11) (45.70) (6.18)
Enshi 3.1 0.61 0.67 3.32 3.03 0.41
Proportion (70.78) (13.93) (15.30) (49.11) (44.82) (6.07)
NSRU 1 3.27 0.61 0.62 3.1 3.03 0.41
Proportion (72.67) (13.56) (13.78) (47.48) (46.26) (6.26)
NSRU 2 2.83 0.61 0.54 1.94 3.03 0.41
Proportion (71.11) (15.33) (13.57) (36.06) (56.32) (7.62)
NSRU 3 2.12 0.61 0.4 1.66 3.03 0.41
Proportion (67.73) (19.49) (12.78) (32.55) (59.41) (8.04)

Note: Proportion of Cation-anion balance is calculated by percentage of summation the cations (K+ +Cca’ + Mg%) and anions
(NO, +H,PO, +S0,7).
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Tmaﬂ?mmhmmmmmm@ﬂumﬂummm A0 3,000-5,000 faansuseRlansIngn (European Commission,
2011) AaAAREIILNIMAABIBY NITCUNT §1ARS (2555) WuIFn smmmwugmui@ﬂwﬂ@ﬂ‘imﬂfmiﬂmiwun@ﬁmu NFT
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mmim@@ﬂuﬂ A.A. 2002 UaE 2003 ‘l‘wmiavmﬂmmmmmmmmnu W9 mmmwﬂ@ﬂlumuuﬁ?‘mmhmm
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luansazane g8 NIIgRIEN )

Table 4 Moisture, fat, ash, dietary fiber, calcium, and nitrate content of green oak lettuce after growing in different
nutrient solution for six weeks.

Nutrient Moisture Fat Ash Dietary fiber Calcium Nitrate (NOS')ﬂ
Formula (%) (% by DW) (% by DW) (% by DW) (% by DW) (mg kg'FW)
Alan 95.13b 3.33 17.9 11.26b 0.10bc 937.59a
Enshi 96.09a 3.81 20.1 13.48bc 0.12ab 332.97c
NSRU 1 96.16a 5.07 20.4 15.61a 0.08c 524.09bc
NSRU 2 95.74ab 3.84 18.9 14.36ab 0.14a 1,019.87a
NSRU 3 95.81ab 3.87 18.9 17.30a 0.08c 701.05b
F-test > ns ns * * *

CV (%) 0.50 20.34 7.6 9.44 13.22 22.59

Means in the same vertical column followed by the same letter are not significantly different at 5% level by DMRT.
ns and ** = not significantly different and significantly different at P<0.01.
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Effect of the Growing Media and Manure Types on Growth and Development

of Episcia cupreata (Hook.) Hanst
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Abstract

Episcia cupreata is a potted plant that is commonly used to decorate the place, both indoors and for small
gardens. The effects of growing media and type of manure on the growth and development of Episcia cupreata
(Hook.) Hanst. were studied for production cost reduction purposes. This study was divided into two experiments.
Experiment 1 was a study of the influence of growing media on growth and development of E. cupreata. Plants were
grown in various growing media i.e. 1) coconut coir, 2) rice husk ash, 3) coconut coir : rice husk ash (1 : 1),
4) coconut coir : coconut husk chips (1 : 1), and 5) coconut coir : rice husk ash : coconut husk chips (1:1:1).
The experimental design was Completely Randomized Design (CRD) with 5 replications. The results indicated that
using coconut coir mixed with coconut husk chips (1 : 1) had the most significant influence on growth and
development of E. cupreata in terms of plant height, number of stolons, root length, flower diameter and number of
nodes with new stolons. Experiment 2 was an investigation of the most suitable manure type to stimulate the growth
of E. cupreata. Five manure types were selected for the study, which was conducted in a Completely Randomized
Design (CRD) with 6 replications. The following fertilizer types and amounts were applied to the plants:
1) no fertilizer; 2) osmocote fertilizer, 11 grams; 3) cow manure, 77 grams; 4) chicken manure, 66 grams; and
5) vermicompost, 83 grams. Each treatment was mixed with growing media for 16 weeks. The result showed that
chicken manure application had the significantly biggest stimulatory effect on the number of nodes, number of
leaves, number of stolons, and root length. However, plants supplied with osmocote fertilizer showed darker leaf
color than did plants that received other treatments. When costs were considered, it was found that chicken manure
provided increased stolon quantity and reduced the cost of production by about three baht per pot.

Keywords: Episcia cupreata, growing media, chemical fertilizers, manure, coconut coir
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Table 1 Physical properties of growing media using in this experiment.

Porosity Aeration porosity Water-retention porosity

Media

(%) (%) (%)
Coconut coir 50.0 17.5 32.5
Rice husk ash 56.2 20.0 36.2
Coconut coir : rice husk ash 50.0 17.5 32.5
Coconut coir : coconut husk chips 62.5 25.0 37.5
Coconut coir : rice husk ash : coconut husk chips 56.2 22.5 33.7
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Coconut coir
Rice husk ash
Coconut husk chips]

§ Coconut coir Rice husk ash Coconut coir : Coconut coir
Rice husk ash Coconut husk chips

Figure 1 Growth of Episcia cupreata (Hook.) Hanst at 16" week after planting: 1) coconut coir, 2) rice husk ash,
3) coconut coir : rice husk ash ratio 1 : 1, 4) coconut coir : coconut husk chips ratio 1 : 1, and

5) coconut coir : rice husk ash : coconut husk chips ratio 1:1: 1.
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Plant Height

Plant Height ;cm)

O = N W s U o

Number of node
o - ~N w - w

Number of leaf

Number of stolon

Week

O coconut hull @ husk
hull:husk B hull:chopped coconut bark
W hull:husk:chopped bark
. . . h . .
Figure 2 Growth of Episcia cupreata (Hook.) Hanst at 16" week after planting: means with the same letter

above graph are not significantly different at P<0.05 by least significant difference.
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Table 2 Flower quality and root growth of Episcia cupreata (Hook.) Hanst at 16" week after planting.

Days to flower Diameter of flower Root length

Media

(days) (cm) (cm)
Coconut coir 48.5 1.66b" 7.300"
Rice husk ash 56 1.93ab 8.16b
Coconut coir : rice husk ash 72 2.03a 7.00b
Coconut coir : coconut husk chips 81 2.13a 14.33a
Coconut coir : rice husk ash : coconut husk chips 79 2.03a 15.00a
CV (%) 18.97 8.12 28.95
LSD ns 0.28 5.564

0.05

¥ Means with the same letter within column are not significantly different at P<0.05 by least significant difference.
ns = not significant at P<0.05.

Coconut coir Rice husk ash Coconut coir: Coconut coir: Coconut coir:
Rice husk ash Coconut husk chips Rice husk ash:
Coconut husk chipsg

Figure 3 Root growth of Episcia cupreata (Hook.) Hanst at 16" week after planting: 1) coconut coir, 2) rice husk
ash, 3) coconut coir : rice husk ash ratio 1 : 1, 4) coconut coir : coconut husk chips ratio 1 : 1, and
5) coconut coir : rice husk ash : coconut husk chips ratio 1:1: 1.

answarasilanansanisiasyiiuinuraswsugiy

C]

nsLasaLALlANINAIsIY
' P 5+ = | ¥ ! I~ = a
AINNIMARRINLGN  nesudanAnsldiayaldinen dwaliacugmanunnign A 550 @uRNAs
Taumnsineiunssudsaued N NRg AN WNEDs  Wwhaafuauaudesesuuazaulusasy  wildiinuuansig
annsldijayaln GedenasiaauiulnaateiliibdAnynieatia Ae 3 Tuasiasiu (Table 3 uaz Figure 4) anaLfuimane
{luyal&inauauiEainiduesdlszney Gellnasaniaasymvinmesia Wasaninuantifadeiuaesluuisaaniy
(auxin) Wngasluunanvinuihnnsesunsasydnlamesie (Muscolo, 1999) Taaafiniidudeutsznauaesijawin
v A ° v dl o =3 ] % 1 a a U % 1 dl
yaldinauazyiuihnlunisinifusinaimsialiag luglanasesdeiin uavazgnianiasasaninlvaglugdiiu
dselamiengatinei - uazluiluyall wenanaziisn uinsau salisnneanesauas nunadanluBunungnd,
flupanaiingy ) Sdoansssulinainiaasydvianeasiu lu uwazlis deelinaudussuaziasyiuinldn
ARAARDINLNIUNARENTEY Prado (2013) Wiwwdn nsldijaminyaldibeumulunistgninniaanadarliaonuga
% o d’l’ a; 1 |+ =l Y & 1 + Z‘/ = ] a a a v ai 1|
22951 AUl wazivunluninndinisldies@e uwandliviugn Jopentiuiinisdadsuniaasydvinuesiunesey
Ianandladl anadumaziluaeniaoiungu (54.0%) nistnameinia (041 1u./Aud) wasiinnstaniaes
A 1 ' dl ¥ o L2 Ly o a QI dgl IS a2 a (R =
snansiaetisaitiesd o Mbdlszlamiemeanadaluiuinay Husrdninnluszaznaiuundtiand



King Mongkut's Agr. J. 2020 : 38 (3) : 304 - 314 311

wananiioaandauiuunanasnuLazansamsresqauved iR uuAuEdANTIY  (Toytn  Shuy, 2552)
& 4 = ° % o v v o a \ = = @ a A J 4
feilomandaonumanzanlunsiundidudangnaedinenlflscdunanenta  wu il ndendids  Hide
Auilzand wazanaGes usdu (anias inwuning, 2524; ynan qaadan, 2547; 4HRN 4TWINT uazANLy, 2559,
Uszed 99904N", 2555; 4R glluss wazdes qlusng, 2557)

Table 3 Growth of Episcia cupreata (Hook.) Hanst during planting in the different manure at 16" week after planting.

Growth of Episcia cupreata

Type of fertilizer Plant height Number Number Number
(cm) of nodes of stolons of leaves
No fertilizer 3.83cd" 3.400" 2.00bc 7.20d"
Osmocote (13-13-13) 3.32d 2.60c 2.33b 8.80c
Cow manure 4.10bc 3.40b 1.66¢ 10.80b
Chicken manure 4.70b 5.00a 3.00a 12.40a
Vermicompost 5.50a 5.60a 2.00bc 12.40a
CV (%) 13.46 12.25 16.60 9.88
LSDy 05 0.76 0.65 0.66 134

¥ Means with the same letter within column are not significantly different at P<0.05 by least significant difference.

Cow manure Chicken manure Vermicompost

Figure 4 Growth of Episcia cupreata (Hook.) Hanst at 16" week after planting: 1) no fertilizer, 2) Osmocote

13-13-13, 3) cow manure, 4) chicken manure, and 5) vermicompost.
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Table 4 Flower qualities and root growth of Episcia cupreata (Hook.) Hanst at 16" week after planting.

Days to the first floret opening Diameter of flower Root length

Type of fertilizer

(days) (cm) (cm)
No fertilizer 50.00 2.00 7.00c"
Osmocote (13-13-13) 66.00 2.10 7.26¢C
Cow manure 89.60 1.94 9.00bc
Chicken manure 82.66 2.06 16.00a
Vermicompost 74.33 2.06 11.00ab
CV (%) 28.32 6.64 23.65
LSD, s ns ns 4.40

¥ Means with the same letter within row are not significantly different at P<0.05 by least significant difference.
ns = non-significant at P<0.05.

No fertilizer Osmocote
13-13-13

Cow manure Chicken manure Vermicompost

Figure 5 Root growth of Episcia cupreata (Hook.) Hanst at 16" week after planting: 1) no fertilizer, 2) Osmocote

13-13-13, 3) cow manure, 4) chicken manure, and 5) vermicompost.
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Table 5 Leaf color (L*, a*, Way b*) of Episcia cupreata (Hook.) Hanst during planting at 16 " week after planting.

Leaf color
Type of fertilizer Leaf margin Leaf middle
L* a* b* L* a* b*
No fertilizer 63.83a" 23.83a" 22.66a" 7466"  4.33cd" 12.16a"
Osmocote (13-13-13) 37.16b 6.33b 4.83E 82.33 6.50ab 5.66¢
Cow manure 56.16ab 8.16b 13.66¢C 91.50 4.00d 8.50bc
Chicken manure 38.16b 21.33a 10.16d 76.80 7.33a 10.33ab
Vermicompost 58.50a 16.33a 17.33b 82.50 5.33bc 12.00a
CV (%) 21.75 28.09 12.04 12.76 12.20 17.50
LSD, s 20.09 7.76 3.00 ns 1.22 3.09

¥ Means with the same letter within row are not significantly different at P<0.05 by least significant difference.
ns = non-significant at P<0.05.

No fertilizer Osmooote Cow manure Chicken manure Vermicompost

\,. 3

Figure 6 Leaf color of margin and middle of Episcia cupreata (Hook.) Hanst at 16" week after planting.
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Table 6 Comparison of prices, costs, and profits of Episcia cupreata (Hook.) Hanst production.

- Prices of fertilizer Prices of fertilizer Costs Profit
Type of fertilizer
(Baht/kg) (Baht/pot) (Baht) (Baht/pot)
Osmocote 300 3.30 38.30 (0%)" 12-42
Vermicompost 20 1.60 36.60 (4%) 13-43
Chicken manure 1.9 0.12 35.12 (9%) 15-45
Cow manure 1.0 0.07 35.07 (9%) 15-45

Note: Data from the real prices was used in this research.
" Mean the percentage of decreased cost.
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Soil Suitability Classification of Ultisols and Alfisols in Longkong Grove,

Laplae District, Uttaradit Province
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Abstract

This main objective of this study were: 1) to compare the soil characteristics of Ultisols from three
representative areas and Alfisols from three representative areas in Longkong Grove, Laplae district, Uttaradit
province, which is the largest area of Longkong cultivation in Northern Thailand, and 2) to determine the soil
properties most suitable for planting Longkong. The various soils studied were assessed for soil morphology,
physicochemical properties, fertility, and nutrients, and they were classified according to suitability for Longkong
cultivation. The results showed that all pedons were deep to very deep. The soil texture was loam to clay loam in
top soils, and clay loam to clay in subsoils. The gravel content found in the top soils of Alfisols was higher than that
of Ultisols. Ultisols were classified into two subgroups, Typic Paleustults and Typic Haplustults, while Alfisols were
classified into Ultic Paleustalfs and Ultic Haplustalfs. Soil pH, organic matter content, cation exchange capacity,
base saturation percentage and soil nutrient levels in the top soils and subsoils of Ultisols were lower than those
found for Alfisols. Available phosphorus and potassium in the top soils and subsoils of these soil types were nearly
the same. With regard to soil fertility, Alfisols proved to be more fertile than Ultisols, and this was reflected in the
Longkong growth data, where it was seen that Longkongs grown in Ultisol soil showed significantly lower growth
than did Longkongs grown in Alfisol soil (P<0.05). However, Alfisols showed topographical and gravel content-
related limitations, and were thus judged to be only slightly suitable for Longkong cultivation, whereas Ultisols came
in as moderately suitable. Another finding was that in general, soil and water conservation measures are required

to improve land suitability for the cultivation of Longkongs in the groves of Laplae district, Uttaradit province, Thailand.

Keywords: Ultisols, Alfisols, Longkong, soil properties, soil fertility

' medtiamansuazilgiienans anzinsmsanans sunanededadlua e, Wa A, @eslual 50200

* NNARTINHAINGIUAZNINGINTEITNTF ALZINHATANERT WunanendeTaslua a. e a. Faslua 50200

'Plant and Soil Sciences Department, Faculty of Agriculture, Chiang Mai University, Muang, Chiang Mai 50200

2Highland Agriculture and Natural Resources Department, Faculty of Agriculture, Chiang Mai University, Muang, Chiang Mai 50200
*Corresponding author, Email: kornkanok.nayy@gmail.com



316 NTANTINHATNIZAANLNAN 2563 : 38 (3) : 315 - 324

AU
a23n84 (Lansium domesticum Corr.) 4patfluied Meliaceae unaldiliasfou ndunaldimsugiandrAny

o
|

dldd a Yo a 1 :I/ ' dl a QI A =3 3
nedaauarlffuanutandustrannisinanauazaasedszmea ieaswannauren savau lWaenung waates

)}

Henstles  evldwiianfinile muumamﬂm@mnm‘lﬂmmmuimm‘l‘wmﬂmmm maﬂaniuwumwummmmﬂ
szsumzatunansliifiu 650 was SanmennaAdeuy @muﬂmmmmmﬂlmw 2530 eaAnuTadaa AL
Auingaeseniage Ufisenawdunasdntiensadntias Lmvmaumemmewammmmqq@mq (@wn TauAs
2549; anWIdENTaIY, 2561)

RNIPYAIAMTT Lﬂumeﬂ@,nm\mmﬁﬁLﬁ@ﬁmnﬁthmmmﬂmﬁfﬂLL@&LﬂiAﬁé”iAﬁU%@MiWﬁ%ﬁ Tned
Lﬁﬂﬁﬂ@ﬂ 27,376 13 efiFuRsonaean 23,912 1§ (AninewAsegiansinems, 2561) ﬁuﬁm’quim;i@gﬂuﬁm@ﬁmm
mmwﬁuﬁﬂmdaﬂumLﬂu‘ﬁuﬁm@uummﬂm ANEIAINIZAUNZIAUNA1e 80-680 1wmT ANAInTU 5-100
wesidus (naild uasal uazeniz, 2554) wuwﬂmamnmmmmmﬂm Wufinau fearnnednamenunadiaanu
ﬂim'amuLLmummmumﬂmuwrmmwmummwmmqmu‘luwuwﬂﬂmwﬂummmmLLuﬂwumﬂ@ﬂ Tnadaulunjeglu
aedsuURUAY Ae Ausafimead (Ultisols) wazueafimead (Alfisols) (Avineuwauiawan 8, 2552; Soil Survey Staff,
2014) miﬁﬂmﬁlﬁ@L'Ll??ﬂ'uLﬁﬂuﬁﬂwmxﬁuﬁaﬁm@@zﬂm:LL@@’WS}J@@zf‘lummmnmﬁﬁmq 10, 15 uay 20 ¥ 1fiagan
aeaneszEnlinandnasidediany 10 Tul udavnnissiuuneausanzansesiu (soil suitability classification)
dwifuasenes  Ineldudninousiaingienissnuunanumnnzasseshudmiiivaasgniazesszmalng - nanwmm-
finu unnsdpvuaavypansaresanliaenpdadiudayan1sa N AulussLLaUNINIs AU (soil taxonomy)
(NBIANTIAATATWUNAY, 2543) Lﬁfa"lﬁﬂu%sﬂmﬂizﬂ@umiﬁmau‘l@mmLm:rmiﬂizi"m'j*uﬂqn@mﬂfaﬂuﬁuﬁﬁﬁﬁﬂwm:
Fuadepdsiuduiivmadneg  WRsnifiauanugeuauymniiazanuisnzasseshudwiulgnassnesiduasie
milﬁmﬁmﬁmmLﬂ?}lﬂmmmmw%ﬁwmuﬁwmqﬁu@mmﬂm waziuuuanianisdanishiulunislgniveliinanzas

a &
ENUU

ABNSANEN

MsAUAYatNIRY

draaiid Lﬁmﬁuimﬂmﬂ%’umuﬁqﬁﬂazmﬁ N1MIEIU 1:50,000 AALTA L7018 32919UNT 5044111 (Fau 0
BRTANT) (NsUUEURANING, 2542) LuTissdianen LLmu'ﬁﬂ;mﬁummmz&qu 1:100,000 UHLTAAMNNT\HRRY Feuanaiui
ﬂ@ﬂ@mﬂmmﬂmuﬁmmﬁﬁu (zﬁ’ﬂﬁm’mﬁwmﬁaumm 8, 2552) mﬂ&uv‘hmizﬁ’wmqﬁuﬁimm&ummdmmmaumm
LLmummmuluwuwﬂﬂmqumimumﬁmn 2 lms ViseAuRsTuiu e Reueudn e RuTTnn1sd1 999 lE
ﬂmmuwmmu aniudeniuiiaaesnes lusneduua & FMIRYAIRAT AU 6 LTI i luAusaisead
3 1731900 LavAuleaTTead 3 15190 TneuiiAnEnas TufuTTE NN 3dnn s AmTauiy mmﬂmﬂﬂl,l,mmmml,l,mm

ﬁﬂmﬁnwmmmﬁu‘immmuquﬁuhﬁuﬁﬁuﬁ@ﬁmmﬁ LTI ﬁﬂqnamnmmq 10, 15 uaz 20 11 uazluifud
Aulaamand 3 Usin ﬁﬂ@n@mﬂmmq 10, 15 waz 20 T auanguiuinfansne 1.5 wes 819 2.0 Wweg wazan 2.0
iz vileauRetuiiuiiy wwhanRundenmesung wasuiindeyanal uFnniivinisdng antufuietig
ﬁu‘ﬁgﬂa‘umuu@ﬂﬂqﬂmmuﬁi:ﬁumwﬁﬂmu%uﬁﬁLﬁmﬁu (@u ﬁm‘émmﬁ 2552)
msAtAszRaNtRsuluiasljinnng

WFegRudrI e luiesdiRn19nNTaN1m5U (National Soil Survey Center,1996) 31AF1zWANLRANN
Wandveshiu Usznausag N13uANNIzantIedaRnIARY (soil particle size distribution: sand, silt, clay) Usu1aungam
Inefsunme (gravel content) ALY WHUIINDAIAY (bulk density) Imﬂhm”mnmumuimmiummaimqmw (core
method) mﬁmmwmuwLﬂuﬂivimumwm (available water capacity) mmmmnN@mwmmﬂfmmmmmu@mu
(field capacity) LL@A@LW&JQGW? (permanent wilting point)

antAniuaiaenn dsznausdas UAsanmAu (soil reaction: pH) SasdanRusionn 1:1 (National Soil Survey
Center, 1996) 13uN04duiaering (organic matter content) Iagi3s Walkley and Black Titration (Nelson and Sommers,
1996) naumlaanaesanidulssTemd (available phosphorus) Tagid8 Bray Il (Bray and Kurtz, 1945) 13unt4
Tnung@eniidulsylond (available potassium) (Pratt, 1982) Vﬂ"]ﬂmwﬂLL@ﬂLﬂgﬂuLLﬁﬁliﬂ'ﬂ@u (cation exchange



King Mongkut's Agr. J. 2020 : 38 (3) : 315 - 324 317

capacity) (Summer and Miller, 1996) WazA18MINTREATANNBNFLLA (bases saturation percentage) (National Soil
Survey Center, 1996)

nstsziiuseitiangananysnirashu  (soil fertility evaluation) lduaninousmanulasunaininasst

o v da day . any . I o o .
NmsgIuinvualaensimLI AU 39 lduadinsziniaail Taun dennndunzedng dsunnmeanefandudseland
PunulnunadenndulssTamd Arauquanilaaunesleesu uazrdnsfaaazanudumiua nanialumisa
utiaitli FUAILIY (topsoil) LazduARANS (subsoil) (NBYANTIALAZALUNAL, 2543)

NIAUUNTUAIHIMNNZANTBNAY AMHNANBNIPIUUN AN IR ZAN IR UM TUNT AT RATasszine lne
HRAULNTUANMNIMNNTANTRIAUNgNABINeY SaduAMINNzaNuAarduars s AN LA ANTTRIaIAUT AN AG S
ﬂﬂi‘lﬁ]?ﬂ_lL[EI‘]_ITJF]M?'QNN@ﬂi“ﬂﬂﬁl@ﬂ@ﬂ@ﬁl‘ﬂﬂ\ﬁ/\m%ﬂ@ﬂ @ﬂwmvmmmum“ﬂf’ﬂumummmmvmmmmumv]mmaﬂm
FuudazduazBandn fasin (limitation) mum'ﬂw@mnmmﬂaﬂwmvmmmuwLﬂu@ummﬂmﬂmmmmwmmwm
sznausag annivui (topography, t) Luﬂrﬂummu@ummu (texture or par‘ucle s) mumuwmmvmﬁmm
(a|b|c horizon, b) mqmﬂmwmummm (depth to consolidated layer, c) mm@nwwmuﬂfauﬂmm (depth to gravel, g)
‘Mu‘wuma rocklness r) Aeuiulng (stoniness, z) mwmmmmu (salinity, )m??wmﬂm‘ﬂ@\‘mu (dramage d)
faummmﬂmimmmu (flooding hazard, f) miuml,m\i (water logging, w) ﬂfm,mmmfamamml,m@um (risk of
moisture shortage, m) ANGANANYTILRIAU (n) ANTINNIATBIAY (acidity, a) AINNTTUANNTBIAY (alkalinity, k)
ANANTINLEUANNNNEEY (depth to acid sulfate layer, j) N19N38UIBIAY (soil erosion, €) UATANMINTBITUTAR
Auvael (thickness of organic soil material, 0) (NBYA1TIRUAZANUUNAL, 2543)

FN10UNsazane1A0 T IUAY Y1N19ANWINANINLTNIMIBMIARUWIN  (RNunissaulnamzunsetwn 2
= a o 1 a 6 s = U a = o :’/ o t:ll
Hadwwmg) fuAdszvaniinIaedl dsznaudan Bnudunzadng Wunnlulnsauianun dBunnmeanadadn
Wudsrlemd waztBuntwunadanndudselond InaAliunnaeseyniasuluusdazdunnnisfiusoesngmi

Y o a a o 1 a ey v 1% a e ' a o A 1%
pnduiinauguiuAdnm s lAaniesl fusnisluusiazeta (gnianed @Wauufo, 2558)
nmsifiudayamaiiulnrassuaanasuaziinszidays

< ¥ a £ g’/ a [~3 o 1 1 d’d
naiudeyanisiAvlnaessiuaeines 9 6 13 elaafiumatinsmun 40x40 wns (1'19) Ndlsvezilgn
v o v ¥ ° v . a o a a a
FUABINEY 8X8 AT ANUIU 25 AU Usznaume IuAUIaLNAaNAY (stem girth) N9eAL 10 URLNATANNHIAL
N3in1a3ARINEITDITUABINEY (tree height) WATIWIAEURALENA1NTINH (crown width) HINNALAIIZINNNATA
Ane1 Independent Sample T-Test lnerldlisunsudinsnziatiadnisagy inenseuimaudayanismvlnvesuasines
Tuusiazdaeeng

NANFANEILAZAANTL

NI‘I’W‘ILL’JI?I@'E&ILL‘avaﬁ"lu’Jﬂﬂ’mu’mm'ﬂdﬂu

anuandeseshuTnsAnEIR 6 U3 @ﬂ‘l,uwuwa%nmwu@ Jadngasand Tneinou 1, 2 uaz 3
Lﬂuau@@Wﬁ@@@’wﬂ@uﬂ@mnmmq 10, 15 uay 20 1 mmwwumﬂugnmumum (rolling) A NAIATY 12-16
Wafidusl aggeanszaunzial unany 108-119 ms dauineu 4, 5 waz 6 Lﬂuﬁmm@?\Isﬁm@’ﬁﬂqﬂ@mﬂmmq 10,
15 uaz 20 I fanniuiidudiun (hilly) HAaNaAd 20-27 Wasidus atlgeainszaumzialiunans 110-120 wms
anafAgienn A o aniinmadaena Saingmsans wae 30 11 (w.A. 2531-2560) Rilanauilumaeniivinty
1,620 AdLAT qmugﬁm?@mmmﬂﬂszmm 28.4 ayAIaEna (Aueintasanenniawile, 2561)

ﬁnwm:mqzﬁ"mg%ﬁwmzﬂmuﬁﬁ’]ﬁmmmﬁﬂuﬁuﬁ Fure 6 Aimeu ﬁwmmm‘fmqﬁuﬁ%ﬁmﬁuﬁLﬂw‘fm
ANANNANNTAUAKANY (residuum from shale) usafireadinmuInNTuida AL Ap-Bt-Btc-BC/BCr-C/Cr-R
i LWNAUAMNITLILAYNINIB LAY Ainau 1 uaz 2 WiunguAuties Typic Paleustults inaw 3 unguautias Typic
Haplustults daupuieaiaaadin AN TTUNT R ARUULIL A-AB-BA-Bt-Bic-BC/BCr-Cr-R Snuunldiilu fipew 4 uas 5
\unguauties Ultic Paleustalfs Winaw 6 lunguaueies Ultic Haplustalfs (Soil Survey Staff, 2014) (Table 1)
(Figure 1)
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Table 1 Environmental setting of longkong grove.
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Pedon
Order Coordinate Elevation (m) Slope (%) Soil classification
(age-years)
1 0612764E
119 14 Typic Paleustults
(longkong 10 years) 1961048N
2 0613093E
Ultisols 108 16 Typic Paleustults
(longkong 15 years) 1961054N
3 0613066E
116 12 Typic Haplustults
(longkong 20 years) 1961081N
4 0605854E
120 20 Ultic Paleustalfs
(longkong 10 years) 1954895N
5 0607654E
Alfisols 110 27 Ultic Paleustalfs
(longkong 15 years) 1954156N
6 0605500
115 24 Ultic Haplustalfs
(longkong 20 years) 1954767N

Pedon 1 longkong 10 years

Pedon 2 longkong 15 years

Pedon 3 longkong 20 years

Figure 1 Soil profile of longkong grove.
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AulANINRnduR9AU

HALATIEVANLRN9HANGIR9AY (Figure 2) WUAN NITUANNILANLBUNIALLIAY UTTNBLATY BUNIATUIA
N8l uﬂ?mm@mmmumm@mmmu (Figure 2a) a4NIATUIANTIELLT uﬂ‘émmmmmmummmu (Figure 2b)
WAZBLN AT ARWITLEY ThBunnufisdumuA AN Ay (Figure 2c) v liAusanreaditeauumilufusoy (loam)
DaAuFIMTen (clay loam) dovmunesilreadiloruusilufusumiien uas Lu@mumqmmm@umuLﬂumumumum
mmumum (clay) Imwnwmfaw,mm’mm@umﬂmﬂ@ (lessivage) URIBYNIATUIALAN Lmvm‘vmumm@@umm
qmmnmumuuu (eluviation) 1ﬂmmlmumumq m’meumuuumummmmlummm@ﬁmﬂ dAutudnaasd
wmﬂﬁummLﬁﬂimﬂqumumummeu dinouresduRTAiastenfaaan (argillic horizon) (Buol et al., 2003;
Soil Survey Staff, 2014)

FnaunmaluausaireaduauuBunanmaiatay 0.57-1.29 Tasduiin dudusaBuianmeiatas
0.45-57.28 Tpeniuiin Fewtnliunansanuannindetay 35 Wfiney 3 7iM9sANAN 60-200 IURLAIANEAAL
fouAnueaTiTeadtuALLL FINNTIAToLaT 0.54-18.89 Tneviwiin FuuasBunnmniasay 5.41-42.17
Imﬁl‘jﬁﬁﬂﬂ FanLBunnnImInndnatas 35 Tuiinaw 6 I9ANNAN 17-148/167 WURMWATANEAL (Figure 2d)
NN 29T LA AT AL LANFINATTLL LE AT NN IURI AU UAN AT (Brady and Weil, 2002)

mﬂwmmiummm'ﬁu‘lu'ﬁwé“@ﬁeﬁfa@ﬁ%uﬁuuu@ﬂluaxﬁuﬁ@uﬁw@;q (1.64-1.68 uNzNINABYNLNATLNRAS)
%uﬁmmmﬂmxﬁuﬂmﬂmqﬁqﬁ@u%azﬂq (1.50-1.70 wnenfusagnLNANRAS) muﬁuu,fa@Wsn@m’%uﬁuuu@ﬁm:ﬁu
AavdneAn AL uNans (1.22-1.49 Lunvnfj*wifa@ﬂmﬂﬂimm) %uﬁu@m@ﬂ"lm”ﬁuﬂmﬂmqﬁqﬁfau*’i’fmm (1.41-1.66
Lunm%mifa@ﬂmﬂn’mm) (Figure 2e) wmwuﬂuuumu@@Wﬁ@@@(umﬁwmLLuummmmumm’]mmm@ﬂ%@@’
Lummnmﬂ?‘mm@ummmamrm fnduAUIAN LI LTI TSR UAL RN UNAY AN (Brady and Weil,
2002)
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—i- Pedon (Ultisols)  ——Pedon2 (Ultisols) —@—Pedon3 (Ultisols) {3-Pedon4 (Alfisols)  —A—Pedon5 (Alfisols)  —O—Pedons (Alfisols)

Figure 2 Vertical distribution of physical properties of soils in longkong grove used in this research.
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mﬁmmwmumLﬂuﬂiv‘imumwm (Figure 2f) ﬂmﬁmmm’Lumuwwmmwmmiﬂhﬂivimuﬁlm AU
w@ﬁifma‘“mqqmmqmmqmmmu (Figure 2g) LL@“’@&]L‘MEIQE‘I’WQ? (Figure 2h) muwmm@umuummqmmﬂmum
Lﬂuﬂa‘VTmumwmumuum@m” 3.98-16.58 mumumumqmmv 0.16-14.59 Imﬂmum@ﬂf]uﬂmwum’]mﬂfnmu
FuilulstambiefinannndvduiieasBanuasiuiloveumusndu LL@ﬂumummﬁwmLLuummmmumeqwu
mqmqmw%uﬁLﬂuﬂiﬂmﬂﬁiﬂﬁm:ﬁLLquﬁmmm (Brady and Weil, 2002) %'qmmﬁmqmﬂmwLﬂuﬂ@'ﬁ“ﬂﬁﬁﬁmﬁi@
AN9uRL IR U Tmﬁ%w%wmﬁiﬂmaﬁmﬁﬂuau nMatnEwnaInIA wazn13reultIesInig (suNHA B1Nty LazAe,
2561; Fisher and Binkley, 2000)
ANLANLANUDIAY

NARLATIZWANTRN1ANYR9AY (Figure 3) WU ﬂf]ﬁ‘?ﬂ'1ﬁuiuﬁuﬁ@ﬁsﬁﬂm’%uﬁuuuﬂﬁﬁ?mamﬂuﬂm
1una1enanssLéniies (pH 5.6-6.2) %uam'Nﬂﬁﬁ?mﬁmﬂummﬁmmnﬁqmmﬂmnm\ﬁ (pH 4.5-5.7) dauAu
LL@@'WsrjfaM’%uﬁuuuﬂﬁﬁ?ﬂﬁﬁul,ﬂum‘mﬂmnmqﬁqLﬂunm\a (pH 5.6-6.7) %uﬁu@mﬂﬁﬁ?‘mamﬂummﬁmmnﬁq
neaLaNdaY (pH 5.1-6.2) (Figure 3a) ﬂfamﬂﬁ’faqﬁumiﬁm:mmuu“ﬁﬁuﬁﬂgﬂ@mﬂﬂﬂuéﬁmfaﬁmm Auanaliiiiuin
AulANeTeg gy 4.2-7.2 ﬁﬁlﬂLﬂum@mwmm@ﬁﬁuﬁmiﬁmmmnffmqﬁuﬁﬁLﬁmﬁuﬁLﬂw‘fmmﬂﬁﬁqmnﬁuﬁumu
(Wailel waancl uazAnLE, 2554)

ﬂ"?‘mm%um"}ﬂfj“mmiuﬁummﬁuﬁ@%@m(%uﬁuuu@ﬂiui”ﬁumunmq (16.00-18.22 nsupafilaniu) Fufnan
@ﬂm”mummmwﬂwm (7.62-12.30 nfusanianiu) mummm@Wsn@M’mumuuu@ﬂm”muﬂmﬂ@Nmm (21.32-
48.20 nfusianlaniu) ﬂjumummﬂm”mummﬂmﬂmq (8.97-20.96 nsumaniansu) ) (Figure 3b) esandusuiy
A UBYENANN AN ARSI aIHN#A e mwﬂmumumumﬂ?mmfaummmmmmwumum\i (Brady and
Weil, 2002)

ﬂ?mmwamw'aé”mﬁLﬂuﬂivimuﬂuﬁuﬁ@ﬁmM%uﬁuuu@ﬂ"tuuﬁuﬁ?nﬁqﬁ@wﬁwm (5.38-23.27 HaANIupA
Alaniu) ﬂjumumqaﬂmymum (0.89-3.93 Haaniusanlaniu) mummmﬂweﬂfam@numuuu@ﬂ‘luiymummm (1.57-
37.65 Haanfumanianiu) mumummﬂmvmum (0.48-3.63 Haansumailaniu) (Figure 3c) ailBanaumlagnlesafing
Iui:muﬂaquqLﬂummmﬂmihﬂmﬂmmammum uaTIiAN1IANATNaY (precipitation) él,wagslugﬂwimﬂu
1lseTermisa e Lﬁﬂﬂﬂﬂﬂauﬁﬁﬂﬁﬁ?ﬂﬂauﬁ%’] Wagmnazyingisaniu Fe' uaz Al Tuansazananu dana linealasa
AansanAnaluduiunu (Sanchez et al., 2003)

ﬂ?mmi‘wmeFﬂmﬁLﬂuﬂi:‘ﬁmu‘“l,u%uﬁuuunﬂﬁmu@gﬂiimsﬁu@q (101.42-222.35 Hadniusianianiv)
aniduiineu 3 atflusviudaudnegs (89.72 Hadniusieilaniv) %’uﬁumﬂuﬁuﬁaﬁeﬁ@@z(fafgfluizﬁuﬁiﬂm’mrfi’ﬁqqq
(42.91-132.63 Haandusenlanii) dounuueaiteaderlusziulunanalege (70.22-109.23 Haaniusanlaniu)
(Figure 3d) %Qﬂ?mm‘ﬁwLl,mL?ﬂﬂuﬁﬁ@@uamumnﬁi’NrTuvl,ﬂmmﬁmmﬁu FLAUZIANUBINNTAANTEU LAZNITTZAN
09 luAuid S nRumiligainasitsnniunaduiiome uwiluduiduiunaiiuoinumadous
%ﬂ'ﬁ”\im?ﬂqnﬁmﬁmﬁi@ﬁmﬂummmu danalinunaFenilduszlomilufuanag mmmﬁmmnma@mﬁ’mmﬁm
(ﬂiuﬁwm‘?{ﬁu, 2558)

ﬁ'ﬂmm@qu,@ﬂLﬂ'ﬁlﬂuuﬂmi@@@ﬂuﬁuﬁ”@%ﬁﬂ@d%uﬁuuuﬂgimzﬁuﬁﬁmﬂwﬁwﬁﬁ (4.22-6.44 LTURlNAse
Alansu) %uﬁuziﬁq@ﬁ_ui‘lua‘:ﬁw?ﬁaﬁﬂuﬂﬂ’w&ﬁl’ﬁ (4.33-7.39 wiuAlNasanlaniw) zﬁ'quﬁmma?\lsﬁ@@z@%uﬁuuuﬂ@ﬂm:ﬁu
ALdNgF AL uNans (7.81-14.47 uRluasanlani) %uﬁuzv'wﬂfﬂmwﬁ’uﬁ%ﬁﬁqﬂ'@uﬂ?ﬁqﬁi"w (5.70-8.24 L1UFINAGD
Alansu) (Figure 3e) ﬁﬁlqmmmqumLﬂ?ﬁlﬂmmmifafafaummmﬁmﬁuﬂ?mmm:mﬁmm@wﬂﬂ'ﬁumﬂm uazilFunn
Buvie g Wwiviedlszaausiuauann vilfemnnquanidasuunsleesugemulidon (annansdmaimdgimans,
2548)

ﬁ'ﬂﬁmﬁfaﬂ@”mméur;*Tqm@luﬁuﬁ”@%m@zf%’uﬁuuu@ﬂiui”ﬁ’uﬂmnmqﬁqﬁﬂuimm (528182 40.37-66.07)
mumumq@ﬂ‘lmvmummﬂ@umwm (Faaay 5.74-30.21) mummmawsnﬂ@@‘mumuwu@ﬂlmmuﬂmnmqmﬂ@mmm
i"ﬂ?;l@'“ 45.81-72.10) mumummﬁmmuﬂmnmq (Faaiay 35.19-47.73) (Figure 3f) Tun1siansauinisanuunauaz L

/\

a

FuRusAiastenEaAn SR fesarenmBNALaTenndetay 35 daduRusaitead wiunndnvEe

|

winfiufeuas 35 Anat] luAuueantaad (Soil Survey Staff, 2014)
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(@) (b) (©)
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—i-Pedon1 (Ultisols)  —g— Pedon2 (Ultisols) —g@-Pedon3 (Ultisols) [} Pedond (Alfisols)  —A—Pedon5 (Alfisols)  —O—Pedoné (Alfisols)

Figure 3 Distribution trend with depth soil chemical properties in longkong grove.

msﬂ’;‘mﬁuszﬁuﬂmuqmmuyszﬁumnﬁiﬁﬁLLun"ﬁy'umwmmmmmﬁu

HANTTUITHUITALANNYANANYIDIIBIAY (Table 2) WU ﬁu@“@ﬁm@m’%uﬁuuuﬁmm@mmugidﬂgh
32auUIUNANN (medium) %uﬁuma@ﬂm:ﬁuﬁﬂm’mﬁﬁ (moderately low) muauu@@'ﬂ?\lsﬂmz{%uﬁuuuﬁmm@qmm—
z@umm@ﬂuiumumumqm (moderately high) mumumq@ﬂmmuﬂmﬂmq

HANN TN T YA AL wuIRudaRTeadyNineu @m@ﬂuﬂummmmvaw 3 (fluduidl
ANHLUNNZANLNUNATN (soil moderately suited) m@mﬂmL@ﬂu@ﬂL?@mmwwumﬂummau@@mu zﬁqummm@wsn@@m’
NNAaL @m@ﬂ‘lmummmmmw 4 \hduilidesmnzan (soil poorly suited) fdasnintunansiesan i
e vananni Aeey 6 mm@mﬂmimwuﬂ?‘mmﬂmm@ﬂm 35-60 NTLALANNAN 0-25 LEUALNATAINNRIAL
anmmmﬁmmimummmamﬁﬂwﬁmm:mwmmmmmm@mﬁmw‘wu TradinnsvnAuAuLazlgniagnINLw
?zﬁumwmmmmmmmﬁuﬁ TR TAANITZANWINANLIAIUTNAY  FIUUUINNNITIANTAUANNTZAL
ANEANANL DL ‘wm'ﬁmqwqcvmmugsmﬁmﬁu‘lmzﬁummﬁﬂﬁLﬂuﬂﬁ‘:‘ﬂmﬂﬁiﬂWﬂn@glmzﬁuﬂmﬂmqﬁqﬁﬂwﬂ’wzgq
Lmm'lﬁ’l,ﬁudﬁmmfmmﬂuﬁuu‘%mmﬁﬁqmaﬁﬂm@ﬂlmﬁ‘mmﬁmmmu n3dansijeliieanasiapaudainisues
mu@mnmm@mmmmwmmm mﬂuﬂwumm”Lu‘lmeuLm‘V‘Ewmeﬁmum gausanaanasanisannisldaangs

qﬂl
Ly ek

NANARARINAINAINABINNTTBE) LmeuﬂﬂJu@ﬂnuﬂ?mmmmW@m‘V\Imwmmu‘lumu’]ﬁmwmsmwmmmmmvmu
(A1 BUNDY LATAUY, 2548)
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Table 2 Soil fertility assessment of longkong grove.

Depth oMY  Avail P AvailK¥ CECY BSP”  Total Fertility

Ord Ped Hori
raer Fedon Horizons (cm) (gkg") (mgkg") (mgkg') (cmolkg”) (%) score  level®

1 Topsoilz/ 0-15 16.00 (3) 5.38 (1) 191.14 (5) 422 (1) 40.37 (3) 13 M
Subsoil” 15-206+ 9.33 (1) 1.68 (1) 80.80 (4) 576 (2) 15.18 (1) 9 ML
2 Topsoil 0-15 18.22 (3) 7.27 (2) 222.35 (5) 4.75(1) 45.54 (3) 14 M
Ultisols
Subsaoil 15-158 9.12 (1) 1.77 (1) 91.28 (5) 6.15(2) 13.06 (1) 10 ML
3 Topsoil 0-13 16.99 (3)  23.27 (4) 89.72 (4) 6.44 (2) 66.07 (4) 17 M
Subsaoil 13-119 11.59 (2) 2.02 (1) 80.36 (4) 5.85(2) 13.31(1) 10 ML
4 Topsoil 0-13 36.75 (5) 4.43 (1) 118.98 (5) 10.56 (3) 66.72 (4) 18 MH
Subsoil 13-113/126  13.71 (2) 1.16 (1) 91.02 (5) 7.15(2) 44.29 (3) 13 M
Topsoil 0-13 36.03 (5) 242 (1) 148.24 (5) 10.16 (3) 51.33 (4) 18 MH
Alfisols
Subsoil 13-153/172  15.19 (3) 0.99 (1) 93.62 (5) 7.48(2) 39.65(3) 14 M
6 Topsoil 0-17 34.76 (4) 2211 (4) 156.04 (5) 11.14 (3) 54.61 (4) 20 MH
Subsoil 17-103 12.94 (2) 222 (1) 94.92 (5) 6.30 (2) 39.15(3) 13 M

" OM = organic matter (score level (g kg") : <10 = 1, 10-15 = 2, 15-25 = 3, 25-35 = 4, >35 = 5).

# Avail P = available phosphorus (score level (mg kg™) : <6 = 1, 6-10 = 2, 10-15 = 3, 15-25 = 4, >25 = 5).

¥ Avail K = available potassium (score level (mg kg™) : <30 = 1, 30-60 = 2, 60-75 = 3, 75-90 = 4, >90 = 5).

“ CEC = cation exchange capacity (score level (cmol kg'w) :<5=1,5-10=2,10-15 =3, 15-20 = 4, >20 = 5).

“BSP = bases saturation percentage (score level (%) : <20 = 1, 20-35 = 2, 35-50 = 3, 50-75 = 4, >75 = 5).

¢ Scoring is used for the assessment of fertility level (the score is presented in blanket within the table) where score <7 = fertility level
is low (L), 8-12 = fertility level is moderately low (ML), 13-17 = fertility level is medium (M), 18-22 = fertility level is moderately high (MH),
>23 = fertility level is high (H).

z/Topsoil = A horizon.

¥ Subsoil = B horizon.

NsATANLTNIUE1RRIUT LAY
HATLATIZYNNIALANLTNI U IR BN IWAN  (Figure 4) wudﬁm?ﬁ“ﬂLﬁuﬁuw?ﬂfmqluﬁum@@mﬁﬁﬁmm
Audaizead Anaw 1, 2 uaz 3 NUTuN 40.34, 31.95 uaz 25.83 nnzniusels muatsu douauueaitead Aaaw
4,5 LAY 6 N13N10U 46.85, 54.75 waz 35.47 Wnnensusals muansy (Figure 4a)
Bunalulnsauiomalufunasanindnesiusanisead fhlun 2,017, 1,598 waz 1,296 nlanfusals
daupuueaitaad N15u10 2,445, 2,670 way 1,772 Nlansusals (Figure 4c)
Bnamlaanesafiiulslanllufunaenuindaaasiusanoad $15un0s 8.28, 7.54 waz 11.62 Alaniu
sl douAuueaftead NUTuN0 3.81, 3.28 uaz 9.98 Alansusals (Figure 4d)
Brnatwunaideuiidulslenilufunaeaifmuesausafisead fiiunns 350.92, 332.81 uaz 168.04
Alansusials douRuleaioead NUFuN0l 296.04, 323.36 uaz 228.27 Nlansumals (Figure 4e)
LfiﬂL‘L[?;“F;I‘LILﬁF;I‘LIﬁﬂﬂﬂﬁWﬂﬁ?@Z'&N‘lﬁ‘NﬁmmE}‘ﬂﬁﬁﬂﬂuﬁﬂ@jﬂ@ﬂ\mﬂ\i‘ﬂ’ﬂ 10, 15 uaz 20 T wudavndasengau
uaaflreadRAnunwnisszan funnisnansganinausaiisead anulinnaumeaneiafidulslanian i
wunadeniidulslemlufudafiseadiigandifuiaaiizead anifu finau 3 Sasnd
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(a) Organic Matter (b) Nitrogen

Mg rai”

2 3 4 5 6 1 2 3 4 § 6 Order Ultisols

Pedon Pedon

(c) Phosphorus (d) Potassium [ Order Alfisols

kg ra
kg ra

2 3 4 5 6 1 2 3 4 5 6
Pedon Pedon

Figure 4 Soil nutrient accumulation in longkong grove.

mseulnuasAuanInag

nan1siAm L inTesduaednes (Table 3) wudn Fusasnasiifiengnisgn 10, 15 uaz 20 T
lufudanisesd Hidusouaas Aug LL@WLﬁumﬁumuﬂnmqm\iwuimﬂLmﬂL@nﬂmmu@mﬂ@ﬂummmawsnmm’w
mam’mu@mquuﬂmﬂm (P<0.05) Lufawmimqmuﬂumi@mmummmmvmmmmuwﬂan@mﬂmmwnmmm
naNTNTiAu WU muLLfa@Wsn'am’@mﬂ‘l,wnumvl,uﬂfamummu mﬂmﬂmLi'ammwwum@yﬂ?mmrmm _dowdiu
@awnﬂm’@m@ﬂ'lmuwmmmmmmuﬂmnmq desnindasannin LLm‘ymumm@mmummmmmumwmuuu
Lmuﬂmmumqﬂummmm’ﬂﬂuiymummmmva@ﬂ%m@ i rAduIaINaTY AMNgY uaviduruAuenan
nesnressuaenasiiinadnndAuiesiitesd  Teaanedesiudeyadunisndnaaaneddull 2560 @asiAEnag
dununfinensnsdnaesiuininnsin ‘wm'ﬂ@mﬂmﬁﬂgﬂmauﬁa%m@’ a1g 10, 15 uaz 20 1 Suaudnieds
dszanns 300, 600 uaz 800 Alandusials mnansy ﬁ@ﬂﬂd’m@\mmﬁﬂQﬂiuauu@@?\lsﬁamﬁqﬁm@m’ﬁmqu%’ﬂﬂizmm
400, 900 uaz 1,200 Alaniusials nuaiy

Table 3 Comparison of stem girth, tree height and crown width of 10-, 15- and 20-year-old longkong trees.

Stem girth (cm) Tree height (m) Crown width (m)

Longkong grove
Ultisols Alfisols Ultisols Alfisols Ultisols Alfisols

10-year-old (Pedon 1, Pedon 4)  43.95+6.18 44.23+4.38 2.85+0.60 4.87+0.81 3.10+0.38 4.71+0.68

15-year-old (Pedon 2, Pedon 5)  45.08+7.28 49.80+3.66 3.28+0.47 5.16+1.51 3.87+0.28 4.81+0.43

20-year-old (Pedon 3, Pedon 6)  63.65+7.11 70.15#6.36 6.03+1.41 7.76x1.71 5.60+0.34 5.97+0.86
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anaschuluduiudangoaduazduAULaaNTaad lUAIUARINSY BNNBALILA SINTAGAIART WA
aningfuiiafuiiduiagmndeanniiuauaiu Audafiread Suunlfidunguinsen Typic Paleustults uaz Typic
Haplustults daupuuaaiaaad Auunliilunguagas Ultic Paleustalfs uaz Ultic Haplustalfs AusanaduFluAL
anfednann eAuuuAusaieadilufusauiehuumilen douAuuesireadidufiusoumiien WeAuanaiedes
susuiuAusumionfmumiie nudinunmaluiusesiteadiuauuusnniausafivead uidisunmiieendy
ludunusng mm‘wmLLLiummm5u‘luﬁuﬁa%m@’%uﬁuuuﬁﬁq@;qndﬁﬁuu@@?\lmm’ LL@:ﬁﬁmmfimm%uﬁLﬂu
Ustlemiefruesiuiaesiiliudumuuardufiusedlalnd Aty doussnBinand wudljisensu teunm
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Effect of Mulching Materials on Weed Control and New Leaf Flushing of Longan Tree
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Abstract

The effects of the application of mulching materials on weed control and new leaf flushing on longan trees
was studied using 10 years old trees in the longan orchard at Maejo University, San Sai district, Chiang Mai province,
Thailand. The experiment was conducted using a Completely Randomized Design (CRD), consisting of 4
treatments, with 4 replications, using a single tree per replication. The treatments were 1) exposed surface (control),
2) mulching with husk, 3) mulching with straw, and 4) mulching with anti-root plastic. Longan trees were preselected
for uniformity, and weeds were removed before the performing the experiment. The mulching material was applied
to each experimental unit covering an area of 16 m’ (4 meters by 4 meters) per tree. The mulching duration was
7 months. Data collection included dry weight of weed/sampling plot, physical and chemical properties of the soil,
and new leaf flushing rate. The results showed that after 7 months of mulching, there was no dry weight of weed
found in the anti-root mulching treatment, while other treatments had weed dry weights of between 874.9 and 1,227.0
g/mz. On the other hand, mulching with the anti-root treatment produced the highest soil temperature (41.0°C),
which was much higher than the temperatures observed for the other treatments, which had a temperature range
of 25.4-32.3°C. Organic matter, pH, nutritional quality, and the nitrogen, calcium and magnesium levels of the soil
before and after mulching were not significantly different. The values had however increased with mulching time.
Nonetheless, mulching with straw improved the soil nutrients with higher phosphorus content (214 mg/kg) observed,
while other treatments revealed phosphorus levels of only 39-91 mg/kg. The content of potassium in anti-root
mulching soil was lower than that of the control but was not significantly different to soil mulched with husk.
Interestingly, mulching treatment had no significant effect on the longan tree’s new leaf flushing as the flushing rate
of all treatments were 90-100%, and this typically took about 25-30 days after pruning to occur.

Keywords: mulching, soil properties, weed control
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Table 1 Dry weight accumulation of weeds (narrow leaves and broad leaves) at the end of experiment (7 months)

as affected by mulching materials.

Narrow leaf weeds Broad leaf

Mulching materials ) Percentage 5 Percentage Total (g/m?)
(g/m?) weeds (g/m°)

Exposed surface 260.6 a 25.7 7546 a 74.3 1,015.2 a

Husk 295.7 a 241 9313 a 75.9 1,227.0 a

Straw 74.4 a 8.5 800.5 a 91.5 874.9 a

Anti-root 0.0b 0.0 0.0b 0.0 0.0b

F-test b o x

CV (%) 46.02 28.79 24.95

** = Significant difference at P<0.01.
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Table 2 Soil moisture and temperature as affected by mulching materials.

Soil moisture Surface temperature Soil temperature at depth (°C)

Mulching materials

(%) (°C) 10 cm 30 cm
Exposed surface 19b 324D 26.6 28.0ab
Husk 46 a 254Db 26.7 28.7 a
Straw 3.7 ab 26.5b 25.9 274 Db
Anti-root 55a 41.1a 26.7 279b
F-test > * ns *
CV (%) 25.9 8.55 121 1.6

ns = no significant difference.
** = Significant difference at P<0.01.
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Table 3 Chemical characteristics before and after mulching.

oH oM N P K Ca Mg

Mulching materials (%) (%) (mg/kg)

Before = After  Before After Before After Before After Before After Before After  Before After
Exposed surface 5.62 5.77 1.33 2.72 0.066 0.136 37.33 81.7b 73 1433 a 257 864 28 169
Husk 5.52 5.84 1.01 2.60 0.051 0.130 41.33 91.0b 90 118.3 ab 166 900 19 150
Straw 5.57 6.09 1.62 3.29 0.081 0.165 54.67 214.0 a 114 156.3 a 278 1,071 35 198
Anti-root 5.39 5.72 1.41 2.51 0.070 0.126 68.00 39.0b 64 70.3b 240 937 29 156
F-test ns ns ns ns ns ns ns * ns > ns ns ns ns
CV (%) 6.57 5.85 28.48 30.46 28.39 30.45 40.01 51.36 33.74 25.44 45.44 43.05 67.81 34.55

ns = no significant difference.
* = Significant difference at P<0.05.
** = Significant difference at P<0.01.
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Table 4 New leaf flushing (percentage and time) as affected by mulching materials.

Percentage of new leaf flushing Time to new leaf flushing

Mulching materials

(%) (days)
Exposed surface 90.0 30.1
Husk 93.8 24.8
Straw 97.5 27.7
Anti-root 100.0 25.2
F-test ns ns
CV (%) 10.24 19.13

ns = no significant difference.
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Abstract

A study of the soil potential and land suitability for agriculture in Nam Mang, Thaphabath district,
Bolikhamxay province, Lao People’s Democratic Republic (Lao PDR), was conducted. The studied areas were flat
or almost flat undulating lowlands. The topography of these areas can be described as sloping down to the east
towards the Mekong River. The studied areas are 173 meters above the mean sea level. They have an average
rainfall of 3,186.3 millimeters, and rainfall is high between May and September. The soils have an udic soil moisture
regime. This study aimed to investigate physical and chemical properties of the soils, soil fertility capability
classification, and land suitability for economic crops in the study areas. The study was carried out in 12 randomly
selected representative areas. The methodology included field morphology description, soil physical and chemical
analysis in laboratory according to standard methods, soil fertility capability classification, and assessment of land
suitability for economic crops. The results of the study revealed that the soils in the study areas were deep. Most of
soil parent material was alluvium. The landforms of the study areas were flood plain, low alluvial terrace, and middle
and high alluvial terrace. The soils were poorly drained to well drained. The soil colors were brown, yellow, and gray.
These soils had subangular blocky structure, and the soil textures were loam to clay loam. The soils were extremely
acid to moderately acid, and they had very low to very high organic matter content, very low to medium total nitrogen
content, and very low to very high available phosphorus and available potassium levels. They had very low to
medium cation exchange capacity and sums of extractable bases. Their base saturation percentage varied from
low to medium, and the saturated aluminum percentage range was from 3.22-91.52. These soils were taxonomically
classified into the various subgroups of soil taxonomy including Typic Plinthaquult, Typic Plinthudult, Typic
Kandiaquult, Typic Paleaquults, Typic Paleudult, Typic Endoaqualf, and Ultic Hapludalf. The soil fertility assessment
indicated that most of these soils had low fertility, except for the pedon 9 type, which had high fertility. The fertility
capability units of these soils were Lgakem, Lgkem, Cge, Cgke, Lakem, Lake, Lkem, Lke, Lem, L, and LCr ke.
Most of these soils, which displayed aluminum toxicity limitations, had gleying (an anaerobic condition) (g),
low exchangeable potassium (k), a potentially high rate of leaching (e), and low organic matter (m). Most soils were
moderately suitable (S2) for field crops and perennial crops, while some areas were marginally suitable (S3).
The soils in pedon 3 and pedon 5 were not suitable (N) for upland economic crops because of limitations to do with
waterlogging, but they were marginally suitable (S3) for rice cultivation. The studied areas showed low to moderate
potential for economic crop cultivation, and factors limiting that potential included flood hazard (f), oxygen
availability (o), moisture availability (m), nutrient availability (s), nutrient retention (n), and rooting condition (r).

Keywords: fertility capability classification, land capability classification, land evaluation, soil fertility
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Figure 1 Map of Nam Mang, Thaphabath district, Bolikhamxay province, Lao PDR and soil sampling sites.
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Table 1 Soil sampling coordinate, slope class, landform, parent material, and land use of the study areas.

335

Coordinate (UTM, WGS84) Slope
Site Landform Parent material Land use

Zone X Y class
Pedon 1 48Q 315319 2024381  Undulating Low terrace Alluvium Para rubber
Pedon 2 48Q 311910 2023481 Nearly level Low terrace Alluvium Paddy field
Pedon 3 48Q 317849 2026983 Nearly level Old levee Alluvium Paddy field
Pedon 4 48Q 314861 2027914 Nearly level Old levee Alluvium Paddy field
Pedon 5 48Q 311338 2028684 Nearly level Flood plain Alluvium Paddy field
Pedon 6 48Q 309927 2029304 Nearly level Low terrace Alluvium Paddy field
Pedon 7 48Q 312126 2028727 Nearly level Low terrace Alluvium Paddy field
Pedon 8 48Q 312084 2022535 Nearly level Old levee Alluvium Para rubber
Pedon 9 48Q 318491 2025410 Nearly level Old levee Alluvium Para rubber
Pedon 10  48Q 310486 2022503 Undulating  Middle terrace Alluvium Para rubber
Pedon 11 48Q 313112 2026651 Nearly level Low terrace Alluvium Fallow
Pedon 12 48Q 309283 2025291  Undulating High terrace Alluvium Para rubber
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oR WulludneosimaaiuBunndurisedng (Weiland Brady, 2017) Usnnmun unaTeaiiulss e Aagfluseau
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(Figure 2, 3) mmmﬂiﬁLLuﬂﬁuﬁﬁﬂmiﬁﬂmmm:w@umuﬁmuﬁu (Soil Taxonomy) (Soil Survey Staff, 2014)
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AR 1 Typic Paleaquult, fine-silty, kaolinitic, isohyperthermic

NP 2 Typic Kandiaquult, fine-silty, kaolinitic, isohyperthermic

Npaw 3 Typic Endoaqualf, fine, mixed, subactive, isohyperthermic

Amau 4 Ultic Hapludalf, fine-silty, mixed, active, isohyperthermic

NPaU 5 Typic Plinthaquult, fine, mixed, subactive, isohyperthermic

NABU 6 Typic Plinthudult, fine-silty, kaolinitic, isohyperthermic

Nnaw 7 Typic Plinthudult, fine-silty, mixed, subactive, isohyperthermic

WP 8 Ultic Hapludalf, fine-silty, mixed, subactive, isohyperthermic

NPaw 9 Typic Paleudult, fine-silty, mixed, subactive, isohyperthermic

Anau 10 Typic Plinthudult, clayey-skeletal, kaolinitic, isohyperthermic

NABL 11 kAL 12 Typic Paleudult, fine-silty, kaolinitic, isohyperthermic
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Figure 2 The depth functions of sand, silt, and clay content (a) and soil textural class (b) of the soils.
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Figure 3 The depth function of chemical properties of the study soils.
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Table 2 Soil fertility level estimated by some soil chemical properties.

. Soil depth OoM Avail. P Avail. K CEC BS Total Soil fertility
Site (cm) (g/kg) (mg/kg) (mg/kg) (cmol/kg) (%) Scores level
Pedon 1 0-30 954 (1) 442 (1) 9.36 (1) 502 (1) 7.68 (1) (5) Low

30-100 474 (1) 3.02 (1) 6.90 (1) 538 (1) 1037 (1) (5) Low
Pedon 2 0-30 875 (1) 844 (1) 1549 (1) 478 (1) 2875 (1) (5) Low
30-100 145 (1) 6.18 (1) 16.65 (1) 3.17 (1) 19.60 (1) (5) Low
Pedon 3 0-30 4421 (3) 7.31 (1) 8235 (2) 1225 (2) 2262 (1) 9) Medium
30-100 1555 (2) 522 (1) 6298 (2) 1018 (2) 37.49 (2 9) Medium
Pedon 4 0-30 924 (1) 46.38 (3) 6842 (2) 864 (1) 51.86 (2 (9) Medium
30-100 459 (1) 27.70 (3) 48.00 (1) 944 (1) 5543 (2 (8) Medium
Pedon 5 0-30 1795 (2) 253 (1) 3115 (1) 865 (1) 831 (1) (6) Low
30-100 705 (1) 09 (1) 3582 (1) 924 (1) 1216 (1) (5) Low
Pedon 6 0-30 1016 (1) 7.00 (1) 1515 (1) 322 (1) 759 (1) (5) Low
30-100 328 (1) 175 (1) 9.52 (1) 29 (1) 513 (1) (5) Low
Pedon 7 0-30 2386 (2) 437 (1) 2113 (1) 493 (1) 463 (1) (6) Low
30-100 754 (1) 119 (1) 2131 (1) 375 (1) 1223 (1) (5) Low
Pedon 8 0-30 1048 (1) 588 (1) 6857 (2) 3.63 (1) 2595 (1) (6) Low
30-100 4.86 (1) 267 (1) 36.76 (1) 3.70 (1) 2543 (1) (5) Low
Pedon 9 0-30 36.08 (3) 55.98 (3) 17710 (3) 1050 (2) 46.32 (2) (13) High
30-100 9.79 (1) 25.00 (2) 10548 (3) 6.42 (1) 2410 (1) (8) Medium
Pedon 10 0-30 3191 (20 249 (1) 70.04 (2) 1010 (2) 1138 (1) (8) Medium
30-100 16.42 (2) 096 (1) 8343 (2) 1095 (2) 526 (1) (8 Medium
Pedon11 0-30 3063 (2) 721 (1) 1751 (1) 709 (1) 420 (1) (6 Low
30-100 19.14 (2) 291 (1) 1239 (1) 514 (1) 382 (1) (6) Low
Pedon 12 0-30 3289 (2) 841 (1) 3740 (1) 568 (1) 467 (1) (6) Low
30-100 1753 (2) 397 (1) 2847 (1) 321 (1) 687 (1) (6) Low
p

Remarks: OM = organic matter; Avail. P = available
BS = base saturation.
Scoring is used for the assessment of fertility level (the score is presented in blanket within the table).
Score <7= fertility level is low, 8-12 = fertility level is moderate, 213 = fertility level is high.

hosphorus, Avail. K = available potassium, CEC = cation exchange capacity,
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Table 3 Fertility capability classification (FCC) of the soils in study area.

) Depth  Gravel Organic Extractable Sum Al
Site Horizon So of Content  matter K bases saturation Fee
Texture
Ap (%) (g/kg) (cmol/kg)  (cmol/kg) (%) Unit
Pedon 1 Topsoil Loamy  0-20 0.01 9.54 0.02 0.47 68.22 Lgakem
Subsoil  Loamy
Pedon 2 Topsoil  Loamy  0-20 0.00 8.75 0.04 3.39 9.84 Lgkem
Subsoil  Loamy
Pedon 3 Topsoil  Clayey  0-15 0.00 44.21 0.25 4.51 18.97 Cge
Subsoil  Clayey
Pedon 4 Topsoil Loamy  0-15 0.09 9.24 0.22 5.90 6.11 Lem
Subsoil  Loamy
Pedon 5 Topsoil  Clayey  0-15 017 17.95 0.08 1.60 45.70 Cgke
Subsoil  Clayey
Pedon 6 Topsoil Loamy  0-20 1.60 10.16 0.05 0.46 66.05 Lakem
Subsoil  Loamy
Pedon 7 Topsoil Loamy  0-20 0.06 23.86 0.07 0.77 60.01 Lake
Subsoil  Loamy
Pedon 8 Topsoil  Loamy  0-15 0.02 10.48 0.19 2.08 27.09 Lkem
Subsoil  Loamy
Pedon9  Topsoil Loamy 0-15 0.03 36.08 0.53 12.51 6.94 L
Subsoil  Loamy
Pedon 10  Topsoil Loamy  0-15 10.12 31.91 0.14 3.63 29.31 LCr'ke
Subsoil  Clayey
Pedon 11 Topsoil Loamy  0-15 0.00 30.63 0.05 0.80 70.00 Lake
Subsoil  Loamy
Pedon 12 Topsoil Loamy  0-13 6.38 32.89 0.13 0.85 55.48 Lke

Subsoil  Loamy
Remarks: Topsoil = Ap or 0-20 cm, subsoil = horizon under Ap or 20-60 cm depth inter\(al, L =loamy, C = clayey, g = aquic soil moisture

regime (waterlogging (gley): anaerobic condition), a = Al saturation >%60, r = %gravel = 10-35%, k = Extr. K <0.20 cmol/kg,
e = sum of cations at pH 7 <7 cmol/kg soil, m = %organic matter <15 g/kg.
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Table 4 Soil suitability for paddy rice, corn, sugarcane, cassava, oil palm, para rubber, and pasture.

Land suitability level

Site Paddy rice Corn Sugarcane Cassava Oil palm Rubber tree Pasture
Pedon 1 S2o0sn S20sn S3m S3m S2msn S2omsn S2o0sn
Pedon 2 S20sn S2o0sn S3m S3m S2msn S2omsn S2o0sn
Pedon 3 S3f N N N N N N
Pedon 4 S2on S2on S3m S3m S2mn S2omn S2on
Pedon 5 S3f N N N N N N
Pedon 6 S3osn S2o0sn S3m S3m S2msn S3omsn S2o0sn
Pedon 7 S2o0sn S20sn S3m S3m S2msn S2omsn S2o0sn
Pedon 8 S20sn S2o0sn S3m S3m S2msn S2omsn S2o0sn
Pedon 9 S2on S2on S3m S3m S2mn S2omn S2on
Pedon 10 S30 S2snr S3m S3m S2msnr S2msnr S2snr
Pedon 11 S20sn S2o0sn S3m S3m S2msn S2omsn S2o0sn
Pedon 12 N S2sn S3m S3m S2msn S2msn S2sn

Remarks: Land suitability level: S1 = very suitable, S2 = moderately suitable, S3 = marginally suitable, N = not suitable.
Limitation: o = oxygen availability, m = moisture availability, S = nutrient availability, n = nutrient retention, r = rooting condition.
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NISANEANHULINSTILNANAURY Squash leaf curl China virus MAiNYinaEWNNas
ludandnniyauys
Molecular Characterization of Squash Leaf Curl China Virus Infecting Pumpkin

in Kanchanaburi Province

998U Yeviad'? wazdadl aedlszgs'
Wiwat Piyatasse'? and Ratchanee Hongprayoon'**
UNAAED

m?ﬂﬂmaﬂwm”mqm‘iumem Squash leaf curl China virus (SLCCNV) mnm@mqﬁﬂmﬂumumqm
BUNDIEDY ANTANNTYAULT T W.A. 2559 TmEILﬂ‘LI[m@?;I’NWﬂV]@\WILLz‘lm\‘i’ﬂ’m’]iTﬁ‘ﬂmﬂmfmﬂLﬂ@LUIﬂTNVL'Jm 211U 19
RGLEEN ‘mmmfmmummLLfﬂu[sﬂ‘]_l@m'l'mL‘W’]”m@L%%MWN?’]W’]W’]Lmﬂn’]@’mwmx‘iﬁl,l,m\‘i AU 6 TUA WL
WNNBY AU 14 Aaeeg VLMWWﬂ{]ﬂimﬂuLLfaumu'amw\mum wilsinananifiethlinsageudasmnaiaiienfneld
miwsmmmmLWW”ﬂuIﬂimwwu@ummﬂummfa Tomato leaf curl New Delhi virus (ToLCNDV) wae SLCCNV Gﬁ\i@”sl‘m
waLALBeIWIALITEZNNL 2,700 Al @aNAaeLNa KN44 MLWN@’MQWWIMN‘H@QLﬂ@i@ﬁ"&mmﬁ rolling circle
amplification LL@”mmmm@u%Nmmmmq” BamH LW@Iﬁlmmuﬂu DNA-A 1ag Hindlll LW@Tﬁlmuﬂu DNA-B 11518118
mmm”meImungwmmmwm: PQESO-L uazeinaenluwumaiiiFe Escherichia coli aeWug DH50 iledsliRinsned
aauiamdlelng wannsmmefansuiianalanAaassiaecne KN44 DNA-A wudnflAANARnaAdariu SLCCNY
isolate Thailand segment A ‘*7% 97.95% isznausig 5 open reading frame (ORFs) 1ﬁﬁ”LLﬁ AV1, AV2, AC1, AC2 uaz
AC3 Tuda1289 DNA-B NANANASEARSTL SLCCNV isolate Haman segment B ‘Vl 91.05% Usznauaag 2 ORFs Af
BV1 uaz BC1 mﬂm@@ﬂwmwmdwuﬁﬂﬁmmmm%uLﬂui’]m’]uﬂN LLﬁ‘ﬂV]WlI‘VN DNA-A uay DNA-B ﬂjfaqua SLCCNV
Faay Lﬂuﬂ';rw(llmum'auﬂﬂiuﬂi\iwuﬁmmummLmﬁ”umwwmﬂummmmeaiuﬂ@u sLceny ludsznalnalunig

mewuﬁmumuimLL@mﬁmimm@muLW@Lﬁ’]im\ﬂmmfﬂﬂ

o o :u

AdrAny: winlulia Aluneyniag Wnnag

Abstract

Molecular characterization of Squash leaf curl China virus (SLCCNV) was carried out on tissues taken from
19 pumpkin samples that showed begomovirus-like symptoms. The samples were collected from Wang Dong
subdistrict, Muang district, Kanchanaburi province in 2016. They underwent preliminary screening with six
antibodies specific to cucurbit-infecting viruses, and negative results were obtained from 14 samples. However,
all of them were positive for the specific primers to the coat protein genes belonging to Tomato leaf curl New Delhi
virus (TOLCNDV) and SLCCNV. Sample KN44 was selected for genome amplification by rolling circle amplification.
A single-cut digestion with BamHI for DNA-A and Hindlll for DNA-B was performed and the DNA was cloned into
pQE8O0-L plasmid vector. The recombinant plasmid was transformed into Escherichia coli DH5a for nucleotide
sequencing. The results revealed that the DNA-A component was closely related to SLCCNV isolate Thailand
segment A at 97.95 % identity. There were 5 open reading frames (ORFs) comprising AV1, AV2, AC1, AC2 and
AC3. The DNA-B component was closely related to SLCCNV isolate Hainan segment B at 91.05% identity and
contained 2 ORFs comprising BV1 and BC1. This study is special for a number of reasons, one of which is that this
is the first time that genetic information concerned with the SLCCNV DNA-A and DNA-B genomes has been
researched and made available in Thailand. This work will surely be of further benefit to researchers and plant
breeders in the fields of disease resistance and disease surveillance.

Keywords: begomovirus, bipartite genome, pumpkin
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L'%@L‘U‘Eﬂ‘iuiﬁaLﬂwfiﬂw,%@%ﬁ?mﬁLiwﬁm’mmmammﬁﬂuL'gﬂxﬁ@:@ﬂ'wnﬁwmw wunssrunaLiugauuan
‘lumm%@umﬁmm%’@u anansncnemanlsaldlatunadRang (Bemisia tabaci) ?ﬁqﬁﬁmfmmmémﬁmm gINFBNTS
flaarurindn anvadeiifimen dadaudnandns uwazaFeaudeeseNTATEFRANANe TN iU uAeNa1 Annes uzide
WA Wan dugenas e (Vincent, 2013) ﬁ@@uum@Luiniuiqimwmw\muﬂwmwmma‘wm\iFTLLm’Luﬂimemu 3
T0p A Squash leaf curl China virus (SLCCNV) (Sawangjit, 2009), Squash leaf curl Yunnan virus (SLCuYV)
(@'qﬁ‘wa‘ éi"mﬁnm WAzATLE 2559) WAy Tomato leaf curl New Delhi virus (TOLCNDV) (Ito et al., 2008a) ﬁﬁ‘ﬁqm%@
dnvianeazuansenisuatemaes Tumin luangiialastyiingidns LasF R uATTUN G (Melgarejo et al., 2013)
delaialudiiailsneslund Geminiviridae flayneamsanauguaaiasy (icosahedral twinned particles) 1assains
Alunduifuemeinedneneilug - aluwresdaniniubiafaesuunde  monoparite 1sznetidas  DNA-A
WENBENaLALR WA bipartite #ailsznaudae DNA-A uaz DNA-B Tag DNA-A gasdeinlyladavinuiniivanlung
ﬁi"m'aw??faLﬁuﬁﬂmuwmﬂiﬁm 1 6 open reading frame (ORFs) laun AV1 ulaswaudlu coat protein (CP), AV2
udagaLili pre-coat protein, AC1 udagsiaLilis Rep protein, AC2 utlaswaidu transcriptional transactivator protein
(TrAP), AC3 uilaswiaLili replication enhancer protein (REn protein) wag AC4 Aendeaiunauaniennisuedlan
(Marwal et al., 2014) daw DNA-B viuiihfiudnlunisadeudiaasiugnesuesiiallduadinly uaziandasty
szuunsdynane luitendevizadvinanatendaldninndn 1 98ia 8 2 ORFs laun BV1 udaswaidu nuclear shuttle
protein way BC1 uilasia \11 movement protein (Nawaz-ul-Rehman and Fauquet, 2009)

Wnnaaduialuseduns (Cucurbitaceae) @na Cucurbita wiiiluasnsdman loun msznainnesewsii
(pumpkin) UATLNAAA8T (squash) (Robinson and Decker-Walters, 1997) ﬂixmﬁ”Lmﬁmimfaaﬂmﬁmﬁuﬁﬂnwm
Tlsinedszwmadududy 8 aaslan Telul w.a. 2561 HiEuiainisdieanudniuginnesis 98.6 fiu Andlugyasn
Tnesan 228.9 dmum wazuualinlunsdeeenuiaiuginniugnd (AuineuiAsegianisinemg, 2561) deymn
dnAryathavilmasnisgnitines léud Teeiiiaannidehialuadawinilhiannnsunssznaesinsgnaa uaniou
wasiaandey @ewinlubhiaitinenuninmanululssmalnelud wa. 2554 14Ul ToLCNDV uae SLCCNV
e d e sTiamnzsedaurestisiuiedueynaiisdaunes intergenic region (IR) sevdeiwiniuleda damsaany
Tuftmnedune 1dund Annes Mni@en wazauwany ANAandne T faedwluinnes uazini@ien andsuin
ANIIONT Lmym‘amﬁLmeﬁmmammmmwm mmLmﬂmmmumm‘l‘,@iwmmmlm”hiawum e lunumasy
Wniden uay gl ummmmuﬂuﬂum@ ToLCNDV mﬂmm AR 98.2-97.9% daufaatnainnaswudn HAu
wileufiufUTe SLCONV Tlsvfuanumiiawt 97.9% Taatnadeiauauusdnpsvnanuduiusiiamalusy fatu
Lﬁﬂmﬂumqmﬂuﬁ“\mmmmml.%@l,uiﬂiuiﬁmi@iﬂ (Taid a9n9an3, 2554)

Lﬁaqmﬂ‘ﬁfamm‘l,umsl,ﬁummumnummmqﬁuﬁ;ﬂﬁmmL%faLuTﬂIu”Lqé“@fm@Lﬁmiﬁmﬂumﬁmma 1 NNg
naneug (mutation) LLuumsLmu‘ﬁmum (base substitution) nsuanilaeuaesdndufiamale lnsiinlu Bnis
homology M1UNN&Q (recombination) LL@vﬂ’]?LL@nLﬂ@ﬂumumuﬂummmLT@L‘UTHTNVLQM (reassortment) (Padldam
etal., 1999) fanaldideintulafasnunsaunsnszanelufiaendeldnanuansaiin Lmvmmi‘mmmﬂmwmmwwu
(Idris et al., 2008) ‘Luﬂwuuﬁmmmﬂm@wumﬂ SLCCNV dnvhanaitmnedunslutlszimalnefsiniseay
ﬂﬁ?WUL%ﬂLW?N 2 isolate A SLCCNV [Thailand] segment A (accession no. AB330078.1) (lto et al., 2008b) waz
SLCCNV segment A [Wax gourd: Nakhon Pathom] (accessmn no. EU543562.1) (Sawangjit 2009) %q%’@u@m@
TalifemaTiasAnsiAen AR IS LALAITA NN Tee [ Rt Tint mmwummnﬂi”mmwaﬁnmmwmv
MeRugnasnuarinsaingalunaey  SLCCNV mmmmﬂﬁnwmlummmmtywm LW@Lﬂum@Hmuumumu
W”uﬁ;ﬂﬁm@qL%@Luiﬂ‘iuvl,ﬁmiuﬂizmﬂvl,‘wmLﬁlﬂﬂizqnm“’ﬁﬂuﬂﬁiﬂi”‘uﬂ@qﬁuﬁﬁnwmﬁﬁmmuimLmzmimqﬁﬁfaiﬂ
Aelasariaiiseld
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Husaghsluinmesiuaaseiniszeslseiii m@’mL%ﬂﬁﬁﬂiﬂﬁ@%ﬂﬁuﬁﬂ@uﬂhﬁwff pneyanys lut w.e. 2559
inldmsaagaunisdnyinansveslafanasemaila indirect plate-trapped antigen enzyme-linked immunosorbent
assay (indirect PTA-ELISA) saalnalaaueauauiued (polyclonal antibody, PAb) a1uqi 6 iia léln anti-ZYMV PAb
17%‘3’1 WWIEB® Zucchini yellow mosaic virus (ZYMV), anti-CGMMV PAb ‘17‘;'5’1 qu:gi@ﬁsj/@ Cucumber green mottle mosaic
virus (CGMMV), anti-PRSV PAb fiamnzseide Papaya ringspot virus (PRSV), anti-WSMoV PAb faninzsiaite
Watermelon silver mottle wrus (WSMoV), ant| ToLCNDV PAb ‘Vl@’]LW%[ﬁl@lﬂm ToLCNDV (9578 Aunzag WATSTL El\‘iﬂivm
2556) kaz anti-MYSV PAb Vl‘«l’]L‘W'] [ﬂ'ﬂmﬂ Melon yellow spot virus (MYSV) (mmqm U1uaan LazAnly 2552) @fmuu
mmamﬂuﬁﬂmwmemmﬂmLLm”LumﬂgmmﬂuLmummmm 6 1iln wuamlzlulnsauaIuazaiARLEWLE
mmmﬂmm@m@wm FavorPrep™ Plant Genomic DNA Extraction Mini KIT (Favorgen, Taiwan) waztinlimnsegay
FognATA polymerase chain reaction (PCR) Imﬂ%‘lwammwmL'Wf]”ﬂmuiﬂmumumummmmLﬁm SLCCNV ey
ToLCNDV mummummifﬂwmmu Forward primer: 5° CCTTAGGATCCATGTCGAAGCGACCAGC 3’ uay Reverse
primer: 5 CCACCAAGCTTTTACGATGCGTGAGTACAGG 3' Tuilfjfisentfsuims 20 lulasans sznausag genomic
DNA annluinnes U5u1ms 2 Tulasans, Forward primer (10 pM) 1 1uimsams, Reverse primer (10 pM) 1 uinsams,
2x Dream Tag green PCR master mix (Biotechrabbit, Germany) 10 lulasans waz deionized water U3u1ms 6
ntasangs mudau Tsunsuiildludjisen PCR e initial denaturation grungfl 95 asrnigaidas e 2 Wik
denaturation 9oun)i 95 avAaaiea e 30 FuW; annealing gauugi 55 asAnaidea winan 30 AwW;
extension qruunil 72 asinmaidad waan 1wl shdunewi 2-4 10 29 78U waz final extension aAMT 72
asrngaidna wnan 7 Wit angraugiiasnd 16 esrnmaidea pmaseusuadsualaald 1% agarose gel
electrophoresis 14 0.5x Tris-borate buffer (0.5xTBE) waz Red Safe™ dye (INtRON Biotechnology, Korea)
mslaaualunzaadaiininleda

11 genomic DNA mmﬁq@m\imﬁ’mLﬂumﬂmnﬂﬁﬁ?m PCR mLﬁM?MMMMiA@ﬁM@ﬂﬁ@p-ﬁ”'mmmﬁﬂ
rolling circle amplification (RCA) Taaild lllustra™ TempliPhi 100 Kit (GE healthcare, UK) 141 templiPhi products
uindasienlalFasumne BamHl Welild DNA-A uaznesasdusndasieuls Pael, Kpnl, Sall uaz Hindll
Lﬁ@‘lﬁloﬁ” DNA-B (Fermentas, USA) MN13uein DNA-A Laz DNA-B fagl 1% agarose gel electrophoresis afppLaULe
a8naNLAanaE FavorPrep™ GEL/PCR Purification Mini kit (Favorgen, Taiwan) 10/ dousiafy pPQES8O-L expression
vector (Qiagen, USA) maeiaulmal T4-ligase (Invitrogen, USA) LL@:ﬁi’]ﬂﬂJ’]ﬂIﬁﬁ'ﬂL%@LLUﬁﬁﬁﬂ Escherichia coli
aneiiug DH50 F8IATNN9 heat shock transformation (Sambrook and Russel, 1989) 1niaa Ll RENLURIYNG 2xYT Ui
fifiansilfFauzueniidadu 100 lulaaninfiadans daienialaiidiaiiatiuinmam DNA-A uaz DNA-B #ati3s PCR
Taeildlnsias pQE-forward primer Waz pQE-reverse primer @anlalatlilduauanifegdaiinmzianduiianalelng
UL Apical Scientific (Selangor, Malaysia)
msuFauiiausinuidiaalalnaAnugiutaya GenBank WAILATIZULATIRS19ATUNTY DNA-A WAz DNA-B

Amszfifsandiey DNA-A uaz DNA-B lugnudeya GenBank TneldTisunsu BLASTN (https:/blast.ncbi.
nim.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch) uazlilsunsu Clustal Omega (https://www.ebi.ac.uk/Tools/msa/
clustalo/) 31,@?%1/1%?\1@%’”1@%@@11&34mem@mummgnﬁmmmﬁﬂmw’?aﬁﬁLL‘ML'Nmeﬁﬁﬁmmﬁuﬁaguu DNA-A
Ay DNA-B °]J’ﬂ\1lf‘%’ﬂLUTHTNVLQ‘}/@IQHHI‘IJ?LLHSN OREFs finder (https://www.ncbi.nim.nih.gov/orffinder/)
N15AATIERANMURNNUENIIIUINNS

AF U RATUINT (phylogenetic tree analysis) AR HUAN AN AN LA FaNNS
maaL%@luﬂziuLu‘llﬂ‘iaﬂf;i”@‘im‘l,ﬁﬂﬂmm MEGA version 7.0.26 (Kumar et al., 2016) #1eR3 neighbor-joining (NJ)
(Saitou and Nei, 1987) 8114 model N154AA base substitution WU transition WA transversion ‘ﬁﬁ"] bootstrap 1000


https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch
https://www.ebi.ac.uk/Tools/msa/clustalo/
https://www.ebi.ac.uk/Tools/msa/clustalo/
https://www.ncbi.nlm.nih.gov/orffinder/

King Mongkut's Agr. J. 2020 : 38 (3) : 342 - 350 345

NANNSANEULALIANTO]

msifiusahadaiinlaildaaninnas

fushathainesiluugasenmszasisaiifnannidawiniulga mﬂﬁuﬁﬂ@.ﬂﬁm@f?\aﬁq g1naLHee 4andn
NEYAULT Sruauianin 19 fhedhe Taeil 18 fhathe Tuanseinisedlse uaz 1 fhedneitlduassennis et
eehsluinnesia 19 feens 1namaaaLIEmATiA indirect PTAELISA Taglduaufinefianmnzsiaide ZYMV,
CGOMMV, PRSV, WSMoV tazida MYSV filsenunisdnvnaneiansdume wudnfifetnainnes s1um 5 seting
e laanasage 16U e WSMoV S1u9t 1 fagihg B MYSV S1uau 2 faeing uazide PRSV S1uau 2 fating
wazamAlinLEelada S1uIw 14 Fratng (Table 1) wilameIn121eslARtAnanidawinlyleda Taun lusnawaes
Tusne luinmaes seuludiouse uazluangi (Figure 1) Mevdarhite 14 faegne T KNO7, KNG, KN41, KN42
(Figure 1A), KN44 (Figure 1B), KN45, KN46, KN48, KN49, KN50, KN53 (Flgure 10), KN54 KN55 way KN56
NRMAgaUmILnAla PCR Tmﬂhﬂ“l,wmmwmvam@‘iﬂimuwwmummmwm SLCCNV U@t ToL CNDV i
nnsedelinaiuuanselfisen PCR Inanuuaumdue auaLlszann 700 fua (Table 1)

Figure 1 Begomovirus-infected pumpkin samples collected from Wang Dong sub-district, Muang district
Kanchanaburi province showing yellow leaf curl symptom from sample KN42 (A), yellow mosaic from
sample KN44 (B) and leaf distortion from sample KN53 (C). All of them gave negative reaction in indirect
PTA-ELISA screening.

nslaaualunanadawinlalosa

11 templiPhi product 289A28819NNNE AU 14 Fiating A Bunadlddaeimnaiia RCA undndasienlasl
FASINz BamHI WaswLdn T ResnesnaRenAs KNA4 A templiPhi product gnansaseulalfnamwiz 1 A
figndutanalelng 124 neluiu Av2 (pre coat-protein) uariTwIALILASWALTENIDL 2,736 Aiua WEANThY
1nFvaEing templiPhi products isolate KN44 lildusinssiaulsdfinatinng aruau 4 aiin ldun Pael, Kpnl, Sall uas
Hindill wodndifeaeslasd Hindlll sfiadenfisafiduesesndd 1 umisisnsuionalelng 799 uavilavnaua
Aiduietszanm 2,722 diua adensaetn KNa4 Wdnmdeyadiualnanisdidnmzidduionale indluduneu
sald
nsuFauiiausiauidiadalalnaAnugiutaya GenBank WAzILASIZUIASIASINAIUNURY DNAA WAz DNA-B

uw@mmmummiﬂi‘v]mmmmﬂmq KN44 mrﬂ?ﬂumam‘ummuuqmi@i‘mmmmﬁmﬁmﬂumumammm
GenBank Wuinwaetne KN44 mnmmmm@u@ﬁummmm% BamH umﬂﬂnmmnumqwuﬁmmnuLﬂm SLCCNV
isolate [Thailand] DNA-A ‘VI?M‘LI 97.95% (Figure 2- Ieft) (accession no. AB330078.1) ImeILABININENUNNTATIANL
LfﬁfaLuIﬂTuiqsmmﬁﬁwuﬁuiuﬂnwﬂqLmﬂ WA 2544 FEANARIUNILAL Faninunslyy FNBNI DNA-A #e
degenerate primers WL DNA-A §A2M38119 2,736 #L4 LmevLuwurmmﬂmuzdeumm DNA-B lusuisasangann
(Ito et al., 2008b) @11 KN44 ﬁgﬂﬁmé’qmﬂuisﬁﬁﬁmﬁ%ww Hindlll ﬁmminﬁmﬁquqﬁuﬁqmiuﬁuﬁ?@ SLCCNV
isolate Hainan DNA-B ﬁ@:ﬁummmﬁ@u 91.05% (Figure 2-right) (accession no. MF062252.1) Tnelduansnasal

nsanauunaeiugresdalunguiuiniuleia (Brown et al., 2015) nvunlisiesdansudondlslnisaluw
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fuleudieniuwiy pairwise alignment 1Anndn 91% Avandluderiafei uazannnin 94% Asaziuanaiug
w9 ﬂmmmﬁﬁﬁuﬁma‘iahm’ﬁ"[ﬁ”fv«nﬂma‘ﬁﬂmﬂ%\iﬁ‘lugmﬁagmm GenBank lngl DNA-A 1431 accession no.
MK978176 uaz DNA-B 1331 accession no. MK978177 muasL

N13ATIZUTATIATIRTUNNLAN (Figure 2) DNA-A isolate KN44 1lsznavldmae 5 ORFs Tnawuan 2 Anuviua
1M virion-sense strand (Table 2) 1 AV1, AV2 uag 3 Aumdaun complementary-sense strand i AC1, AC2,
AC3 LﬁuLﬁmﬁuﬁmmmim Ito et al. (2008b) waz DNA-B isolate KN44 isznaumae 2 ORFs (Table 3) A BC1
(movement protein) Lkay BV1 (nuclear shuttle protein) u'ﬂﬂ@’lﬂuuﬂ\iwumu'ﬂmﬂwwummummifﬂi‘m TAATATTAC
V38 nonanucleotides willaniuis DNA-A uay DNA-B finulusneting KN44 ﬁmﬂmmimumimmmmL@ummﬂ
nsnunuaeadaininiylaga (Laufs et al., 1995)

Table 1 Preliminary detection of pumpkin by indirect PTA-ELISA with six antibodies specific to cucurbit-infecting
viruses and PCR technique with coat protein specific primers to TOLCNDV and SLCCNV.

Indirect PTA-ELISA

Sample Symptoms Anti- Anti- Anti- Anti- Anti- Anti- PCR
ZYMV CGMMV PRSV WSMoV ToLCNDV MYSV

KNO7 YLC - - - - - ; +
KNO8 YM - - - + - - -
KNO9 YM - - - - - - +
KN41 YM - - - - - - +
KN42 YLC - - - ; ] ] N
KN43 M - - - - - + -
KN44 YM - - - - - : +
KN45 M - - - - - : +
KN46 YM - - - - - - +
KN47 NS - - + ; - ; ;
KN48 YM - - ; ; ] ] N
KN49 LD - - - - - : +
KN50 YM - - - - - : +
KN51 LD - - + ; - _ _
KN52 YM - - - - - + ;
KN53 LD - - - - - - +
KN54 LD - - ; ; _ ] N
KN55 LD - - - - - - +
KN56 YM - - - - - - +

YLC = yellow leaf curl, YM = yellow mosaic, M = mosaic, LD = leaf distortion, NS = no symptom.
(+) = positive result, (-) negative result.
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TAATATTAC TAATATTAC

o
o

SLCCNV-[KN44B Thailand]
DNA-B (2,722 bp.)

SLCCNV-IKN44A Thailand]
DNAA (2,736 bp.)

0002
0002

750, 0 7 500

Figure 2 Genome structure of Squash leaf curl China virus isolate KN44 Thailand composes of DNA-A (left) and
DNA-B (right). Both of them showed conserved sequences of stem and loop structures of nonanucleotides
(TAATATTAC) in the intergenic regions. Two ORFs (AV1 and AV2) in the virion-sense strand and three
ORFs (AC1, AC2 and AC3) in the complementary-sense strand of DNA-A. One ORF (BV1) in the virion-

sense strand and one ORF (BC1) in the complementary-sense strand of DNA-B were located.

Table 2 Characterization of the open reading frames (ORFs) of Squash leaf curl China virus isolate KN44A Thailand

DNA-A genome.

Nucleotide Number of Protein molecular
ORF Frame Protein name
position amino acids  weight (kilodalton)
AV1 +3 Coat protein 279-1049 256 29.58
AV2 +2 Pre coat protein 41-457 138 16.06
AC1 -1 Replication—associated protein 1498-2583 361 40.74
AC2 -2 Transcriptional activator protein 1191-1595 134 15.26
AC3 -3 Replication enhancer protein 1046-1456 136 15.95

Table 3 Characterization of the open reading frames (ORFs) of Squash leaf curl China virus isolate KN44B Thailand
DNA-B genome.

Nucleotide Number of Protein molecular
ORF Frame Protein name » . ) ) )
position amino acids  weight (kilodalton)
BV1 +1 Nuclear shuttle protein 478-1284 268 30.89

BC1 -1 Movement protein 1338-2189 283 31.74
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NMFILATIZRANNRNWUENIITUINIG

ANNNIAFNUNUYTIIAIHANNENRUTNATMUINIIAIEAT  neighbor-joining fiein bootstrap 1000 Ass
Wraniauaauioralalnsuu DNA-A m@u%@ SLCCNV isolate KN44 Wi mmmLmqﬁﬂ%ﬁ*@ﬁmmmmﬁmﬁuﬁ
aadmunislailu 5 ngu (Figure 3) ﬂmm 1'gun e SLCONV Aifimeaniluunuiads ﬂmm 2 ”me e ToLCNDV
mmwmu’lmmumm ‘Emﬂuﬂmw 1 %ummmu‘wuﬁmmwmmﬂﬂmmﬂuﬂm@m 2 mmnm ﬂmm 3 leiun
L°11@ Tomato yellow leaf curl Thailand virus (TYLCTHV) mummm‘lwmummﬂ ﬂqmn 4 lAuA L°]]'a Squash leaf curl
virus (SLCuV) AflnenuluuouRzfeannan wazngw 5 Wi Mastrevirus Fudelasaluned Geminiviridae uaz
uw@mmmuuqmiﬂmmm‘lmﬂu out group Tnefi SLCCNV isolate KN44 umwmuwuﬁmqwuﬁmiﬂﬂmmﬂun‘u
L°11@ SLCCNV [Thailand] (lto et al., 2008b) Vmﬂff«lmfaf;lsluﬂﬂmw 1 mmnm aein9lsAinNaIUIY accessions °}J®\‘1L°Tj'a
LuTﬂTm”Lqé”zﬂumimﬁ 1 ﬁﬁl\iwﬂmmm@mLmﬁuﬂimﬁiwwmmqLmﬁwmwmuuﬂﬂ AwhWazdureanidete
lunsdangaluszes MKI78176 uaz AB330078.1 Rrnanuthidefialunissanguasii 62% AeustinAarumiion
mqﬁun;mimmﬁ 97.95% daraaasiaifiinmeduiends uazwilunanansreslszmelng usida SLCCNV
isolate KN44 wuludawsancyansd T 2559 Sesineriufuide SLCCNV [Thailand] Anuludemdaunsilsy 3 2544
(to et al., 2008b) arndasyauuunidaunslungai 1 289@a SLCCNV isolate KN44 fafipansdisiiugnig
Amunnsiudelungudl 1 fiilraananindedennnndn 80% 3wl léun e SLCCNV [Vietnam] luWnnes
(accession no. KC857509.1), SLCCNV [Thailand] luinuns (accession no. EU543562.1) (Sawangijit, 2009),
SLCCNV [China] luiua®i (accession no. KF184992.1) (Lin and Che, 2013), SLCCNV [Malaysial] Tumanan
(accession no. EF197940.1), Squash leaf curl Philippines virus (SLCUPV) [Taiwan] luinnes (accession no.
DQ866135. 1) (Tsai et al., 2011) LL@Q,UIJ@ SLCuPV [Philippines] luinynas (accessmn no. NC _005845) (Kon et al.,
2003) 'anmt,mﬂl,uiﬂ‘lluvlf;m‘luﬂ@m 1 mummmuwuﬁ%mmnuﬂumfanmm 2 finpnnanhidetia 100% atdlsfianu
71udB3a DNA-A 289de SLCCNV fnudinanglufitasdunsludszmalnededidnulidannme agrasideya
Vlﬂﬁﬁ%ﬁﬂﬁﬂ‘ﬂ@x‘ﬂ%ﬂ SLCCNV aasszmalunnuie@anninsnsiiasainuauniadmuinissonsae

62 MK978176 Squash leaf cur China virus isolate KN44A Thailand™*
AB330078.1 Squash leaf curdl China virus Thailand

KC857509 1 Squash leaf curl China virus Vietnam

EU543562.1 Squash leaf curl China virus Thailand

KF 184992 1 Squash leaf curl China virus China

EF 197940.1 Squash leaf curl China virus Malaysia

EU573715.1 Squash leaf curd China virus India

Group 1 SLCCNV and
SLCuPV (Asia)

liD{]&GGHE 1 Squash leaf curl Philippines virus Taiwan
100 I—NC 005845.1 Squash leaf cur Philippines virus Philippines
HQ264185 1 Tomato leaf curl New Delhi virus India
KC545812 1 Tomato leaf curl New Delhi virus India

Group 2 ToLCNDV (Asia)
AB368447.1 Tomato leaf curl New Delhi virus Thailand

JN809814.1 Tomato leaf curl New Delhi virus Thailand
KX388157 .1 Squash leaf curl Yunnan virus Thailand
AJ420319.1 Squash leaf curl Yunnanvirus China

100 AY514632 .1 Tomato yellow leaf cur Thailand virus
AJ495812 1 Tomato yellow leaf curl Thailand virus

Group 3 SLCuYV and

AF206674.1 Tomato yellow leaf curl Thailand virus "
* TYLCTHV (Asia)

AY514630.1 Tomato yellow leaf cur Thailand virus
100 DQ871222 1 Tomato yellow leaf curl Thailand virus

liKCMMGE 1 Squash leaf cur virus Palestine
100 HQ 184436 .1 Squash leaf curl virus Israel
45 DQ285019.1 Squash leaf cur virus Cairo

\—E KM595139.1 Squash leaf curl virus Lebanon

’—K7717933 1 Maize streak Reunion virus
1001 JF781306 2 Wheat dwarf India virus

Group 4 SLCuV (Middle East)

Group 5 Mastrevirus (out group)

|
Pl

Figure 3 The phylogenetic tree shows the genetic relationship of Squash leaf curl virus isolate KN44A Thailand
DNA-A segment accession no. MK978176 indicated by 3 stars symbol (***) compared with DNA-A of
begomovirus from GenBank and separated in 5 groups consisted of SLCCNV and SLCuPV Asia
(group 1), TOLCNDV Asia (group 2), SLCuYV and TYLCTHV Asia (group 3), SLCuV Middle East (group 4)
and Mastrevirus (group 5) by MEGA7 program with neighbor joining method. Numbers above the line

showed values of 1000 times bootstrapping.
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sunaides Saninninyauni woaluusesihetineinnes isolate KN44 iluuuiy bipartite Usznavdas DNA-A fidasw
fiandlalng 2,736 Aua lassasealunisznausian 5 open reading frame (ORFs) laun AV1, Av2, AC1, AC2 uaz
AC3 ludau DNA-B Haunm 2,722 duua tsznaumae 2 ORFs An BV WAy BCH uenanuganL1 DNAA isolate
KN44 ﬁmmﬁuﬁuﬂmﬂﬂﬁ%ﬁuﬁﬂ Squash leaf curl China virus isolate Thailand mﬂ‘ﬁ'qm ‘ﬁmmmmﬁ@umm
fduTinnalelneT 97.95% uaziifsendeluinneatufaati dau DNA-B isolate KN44 wudndranuduiuglindde
fulde Squash leaf curl China virus isolate Hainan fifnaumilewsesinsuionalalng 91.05% asiiinnaady
Feen A FathiAasede isolate 799 DNA-A 41 Squash leaf curl China virus isolate KN44A [Thailand] tay DNA-B 91
Squash leaf curl China virus isolate KN44B [Thailand] tazwuin DNA-A U84 isolate KN44 HAnuduiugnig
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wintulesalulsemalnefidsinanafmadunedifies 3 45a Aaite Squash leaf curl China virus (SLCCNV), Squash
leaf curl Yunnan virus (SLCuYV) WWax Tomato leaf curl New Delhi virus (TOLCNDV)
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Application of Wood Vinegar for Antifungal Growth on Natural Rubber Sheet
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Abstract

Wood vinegar, a product of burning wood under airless conditions, is well known as an all- purpose natural
chemical and can be used in the agricultural, food, and pharmaceutical industries. Because of its acidity and ability
to inhibit the growth of microorganisms, there is considerable interest in its use as an anti-fungal agent for rubber
sheet products. The objective of this research was to study the characteristics and effects of bamboo, rubber, and
eucalyptus vinegars on natural rubber products. Volatile organic compounds in the vinegars were detected by
GC-MS. The results showed that the main chemical components were organic acids such as acetic acid, propanoic
acid and butanoic acid, and phenolic components such as phenol and cresol, the types and amounts of which
varied depending on the wood species. There were many similarities between the components of bamboo vinegar
and those of rubber and eucalyptus vinegar. The experiments to do with the anti-microbial properties of the vinegars
were conducted by introducing various concentrations of wood vinegars at 10%, 20%, and 30% by volume.
The results showed that the bamboo, rubber, and eucalypt vinegars had inhibitory effects on the growth of fungi.
The efficiencies of the inhibitory effects on the growth of the fungi of all three wood vinegars were rated at over 90%

and were based on the extent of inhibition zone at the same concentration of wood vinegar.

Keywords: bamboo vinegar, rubber vinegar, eucalyptus vinegar, anti-fungal, natural rubber sheet, volatile organic

compounds

ATUN
nduaduld (wood vinegar) uaeamaafldainnisatuiuresaduseudnansmna il aneldanin
guaniAngmMninisen nditlszunns 300-400 esAEadea (Bunsan, 2009) dansdsznausing o luldazgnaanesia
saganfaufnduastszneuuiidansnsdureananduimaludvseduimatluwasignaidunse unduaduld
fanstszneunddny TAun Witlszunn 85% nenBuviseilszann 3% wazansduvisdan o sz 12% Taedien
ANUNTA-ANe (pH) Usyannd 1.5-3.0 WA1Audeanie 1.012-1.024 Taeasumnsneiwldnuaiinveals
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Wunan 3 A udaminiasmsnisssyivinsadesuuenauiildihduaiulinnududusing 7 Tenig
HusnulalafiuuenauduiBonifieuiueausiugaaauasitil g duadill
mMedAseiidasn

FaunmaasnAuiares esuuiuiaresuumng VI@@@UZ]V]%‘ET‘LI?%\?L%‘ﬂ?’)ﬁQHﬂW?ﬁUﬁﬁuQuTﬂI@ﬁiﬂﬂiﬁ%
umwuqum@mmmaﬁqumwmuummm@uummqLmumﬁmwimahfm FDA, 2001 (Tournas et al., 2015) fiasaaei1g
SNUHUAAZTUINA 262 [ufmns Goedeuiu 4 4 Fnasazanamnuanududiudenas 0.1 UsanA3 100
fadams weniunan 30 wi azldansavaruemnsietne Tilmansazanesetawuiiamiemnsiaede PDA
wanax 0.1 fadAms A ntunaeldnsazanesietnenszaneviafanihennasade aunssisansazanestetng
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weafidusinnsduge = [(A-B)/A1x 100

A 1

e A e mLaﬁlﬂmmim@fﬁmﬁﬁLfﬁfyuummfl,gﬂjL'%@mmLi_l?ﬁmﬁﬂu
B #e waedlalafidenfiistyuuevnsiaeiiasvesianding
AATIEUNFDA
YnsnageLfetay 3 AN (n=3) LL@zﬁﬁmﬁié’m’hmw’dqmﬁmLuummﬂm (+SD) uagAAe
AMwANsvatnsiitd A eadfvesdeya Taeld One-way ANOVA (single factor) Taald Duncan's Multiple

Comparison Tests NTLAUAMNTRIUN 95% (P<0.05)

= a L4

NANITANHILAZIANTIUY
LS = :’ 2 s v 91:: a
avAdsznaumaafizasiduaiuliainting 3 #iia

wdnaduliantdli anldenawie wazanldgaaddanimsed Hen pH windu 3.54, 349 uas

'
val 0 o

3.64 muA1AL wanMTARziesALsznauneAaasinduniulind Aty 10 18a dsznausan lansandesdinu
(2-propanone, 1-hydroxy) NAKATRAN (acetic acid) nsadan1iudn (butanoic acid) nsaTwannludn (propanoic acid)
lalafin (cyclotene) flalanau (guaiacol) Auaa (phenol) LWWAULNNIUAEA (benzenemathanol) ATTRA (p-cresol) waz
la39man (Syringol) wamalu Table 1 Inaanstsznavduradluinduadulivs 3 aladoulunjiiluasdilsznauanings
waRNUsTNINL 80% VeddnsBurEEviavaA avrtlsznaunitualfinasnuluihduaduliannldligandnidundiull
anlifananmuazindnadulianlyaadsa sauady arsdszneumantilidneuzaesnauninaugy Tnanaun
WuNNNgA A neawedan Hnawifiun ansaleemeu AItea uazliiines AnAuAdu (Akakabe et al., 2006)
ansdsznavduvrdainatamn iiiianauanizsreshduaiuld Tnanduadulins 3 alla SesAdsznauniaad
Ao vA o R A a A v o oA e - P~ H o Wy , =< SRR
nindlAgeiuAsinaunasiaiu anisasdlsznaunisaiinzesihduaiuliazaunsntsuenisguninaesiduaduls
< % o U vaa [y aa = = P a a o o & A v a

T duadulindauninanilszneumansauedfnuazatsiueage aeasiilsyansnwlunstudumenneliiialsa
Iailuatneg

Table 1 Volatile organic compounds in bamboo, eucalyptus, and rubber wood vinegar.

% of Total area

No. Compound
Bamboo wood Eucalyptus wood Rubber wood

1 Acetic acid 37.09 29.14 34.09
2 2-Propanone, 1-hydroxy 414 2.97 4.23
3 Propanoic acid 3.10 1.48 1.91
4 Butanoic acid 1.00 0.56 1.04
5 Cyclotene 213 2.25 2.76
6 2-Methoxyphenol (Guaiacol) 3.77 2.1 2.64
7 Phenol 7.73 3.21 3.03
8 Benzenemathanol 2.80 0.91 0.53
9 p-Cresol 1.06 0.92 0.85
10 Phenol, 2,6-dimethoxy (Syringol) 5.26 9.15 6.15

Total 68.08 52.70 57.23
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HanIdely Table 1 wudn eerlsznauynaaiieninduaduliie 3 o8n wansliifiuaaauannses
AnudnduLaz lssianaesdautlsvney  Ssenadaannunaaiunedlsildlunsedn  dautlsznenlurindunduls
ﬂi:ﬂﬁuﬁqmNEmﬁmm’mﬂma*'u'avl,wfﬁummaﬂﬂu%qLﬂwﬁﬂumﬂ‘ﬂ?:ﬂ@wﬁﬂmmaﬂiw,mq‘ﬂam (Amen-Chen et al.,
2001) Heszneudaemiceifalnamy Tnalwhduailtlifidaulsneuresansuedinuazansusznerfiuengean
(Akakabe et al., 2006) ﬁLﬂuma‘ﬁwﬁmhiﬁﬁmﬁum ﬁﬂmmu“ﬁslum?ﬁu&u%@m 38909138 Tnduaduldienans
wazihduailiymalia awssu duiudaudszneumanaizeniduasuliildannismdannlsRdued i
ilnresiiild Famunniansdndn i dunsulitiigean nsnamirduadilian i nnnasaiduasuls
fianinmsldianamnauar i pnad s
HATRIAMNET NI UIa NN ARl e st ERs LU LY

nssilssAvsamlunsdudadesenhduaiulianlil Bormnn uadligaduda fideans
fasvinaufiannududn 10, 20 war 30% isAnnmlunnssusadenitnnududuresiduaduliannlsl
thiuasuliannldenan Lmzﬁqé’uﬂf)“uiﬁaﬁﬂiﬁgﬂﬁaﬂﬁmuuﬂqqLLm'u wasannsiveawiiuna 3 e
Feunalvitng CFU/em® a1unilalatiaeddesuuendusi (Table 2) ‘EmﬂL%@mmu“lmgﬁwuuumqwqmLLt:Juﬁu
Teun Aspergillus, Fusarium, Penicillium, Paecilomyces Waz Trichoderma WUIN ﬂ’]iL’ﬁmLﬁuimmvﬁﬂiﬁt@ﬁﬂlm
HNUNUAILAN ( @i duasuls) az mmmmmmm T Tien il duaduliasfindesiios uandlidiuin
mzﬁmmuimmmmﬂumma‘mmLmuimmLﬂjmmu‘wumawLmﬂm (Baimark and Niamsa, 2009)

Table 2 Colony forming unit of fungi on rubber sheets (mean + SD) after treatment with different concentrations of

bamboo, eucalyptus or rubber wood vinegar, storage for 3 weeks at room temperature.

Samples Fungal count (CFU/cm?)
Control 4.1 % 10°+0.22"
10 % v/v bamboo vinegar 148 +0.12'
20 % v/v bamboo vinegar 85+ 1.52°
30% v/v bamboo vinegar 35+ 1.40°

10 % v/v rubber vinegar 25+ 1.89°

20 % v/v rubber vinegar 13 +2.00°
30% v/v rubber vinegar 60 + 2.09°

10 % v/v eucalyptus vinegar 318 + 1.45°
20 % v/v eucalyptus vinegar 20 +0.04°
30% v/v eucalyptus vinegar 5+ 2.58°

Different small letters within one column indicate a significant difference (P<0.05).

ANHANNTIRENLFT 11BN BNAALUELHUNRIRNNBUFBENENNANNTUANINS 87+1% Lilwnan 3 4l
wdnaduliannldenmn iduadulianlill uasihduadulfanligaddiananududuionas 10 Huls@nsnm
TumiﬂummimmmmLsnmmumqt,mumﬂl,m 99%, 96% LAY 92% ANNAFU BazNAMNENTNdNATulTFReAz 20
Laz 30 mmmﬂ‘ummmimLmu‘ﬂmmmmmﬂmmumwm (<10° CFU/cm ) Wasannnslduduadulinaoududugs
fazmmwmmLﬂuﬂmmmmmmmmnLL@:miﬂSzﬂQUWu@@wmmmuuuwuﬁqmqLLr;juﬁzgq'ffiqmmaémﬁuﬁqL%iﬂﬁ”ﬁ
annsAnenudl andnduresiduadulifesas 30 NamnantRlunisdudainissoyifulnesdauueeuEy
TaandnAnududuiaass 10 uaz 20 TnafiAanuuanfeasnaliadAtynsadAnszAuANTaty 0.05 WA
duduresihduadulingaaclinalunsanBuinudasuuiuioaneuiugs atelsfnuihduasulifanududu
foray 10 annsnlddudaaanlfeenallsr@ninmduin nsldunduaduliaududuionay 10 Asdauduen
Tunsldemluiusiuunnndinisldunduadulinanududugs ) wmnzuinslddudagenumeuliuwnigrainsss
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NNTHARINALARUARLAURALBRANINLNIZRAR Tomato leaf curl New Delhi virus
TasgldindInsdanseiiilunaumau
Production of Polyclonal Antibody Against Tomato Leaf Curl New Delhi Virus
Exploiting Synthesized Peptide as An Antigen

1,2,3*

o a v 12 [ |
musgun InagzAn'? uazsedl aelszgs”
Kanchanok Phochakum'? and Ratchanee Hongprayoon'**

UNARED

mquummﬂammmemmmummmmmmq 518 Tomato leaf curl New Delhi virus (ToLCNDV mLﬂum@
1un@mL‘u‘Eﬂ‘EnﬂqmwLmﬁm@’mwm\‘iﬁumﬂuﬂumﬂ"lmﬂ g lfnwd Insdaunmzfiduiaumiau smwma?tmmnmmmw
\{lu epitope uu‘iﬂmumumgmﬂ‘imﬂ@’mmmﬂmrmma‘mvuiumJllmwaﬁumiﬂamumumgmmmum@ African
cassava mosaic virus (ACMV) Lazida ToLONDV finululszmalng wallnsdauameTiaunn 20 5dded Ae
NIKTKNHTRRPTGTPQDFGE Taeinlilwasri bovine serum albumin (BSA) wazaANITAUNITFANaNUE New Zealand
White mnaltlsunsussi a AANITHUAE peptide-BSA conjugate Tudilaneif 1 uaz 5 Immmmmﬂmmumummm
YAINTEHNE (subcutaneous injection) LAY Lmﬂmmuﬂummmmm (intramuscular injection) ANNANAL L‘iuLm_lL@'ﬂm
mniuuluaﬂmw 6-15 Tnenfudilanviay 1 A% wudwauRtiNiA lamaatsridng 25,600-51,200 lneuoumTsn
ludilanvii 9 fenlmesgegaie 51,200 luanefiueudsludilni 6-8 uaz 10-15 flAlawmasiviniu 25,600
nan1aMedeLlsrAnEnmaesuanRTuTnAR 1S Shandau 1:200 1umiv‘1"1ﬂ§ﬁ?mﬁm%@ ToLCNDV paeinaila
indirect plate- trapped antigen enzyme-linked immunosorbent assay (indirect PTA- ELISA) nudRAN o
”’lunwmﬂgmmﬂumﬂuwmLﬂu‘ﬂiﬁlmmqmnﬂwmmqw 1:320  9nASEETuIENLEINT AN S0 NAR LOUALE A
TeaflANANZFaITa ToLCNDV Wieadnifen Imﬂ”Lum'ﬂgﬂammmum@%mauwmmwﬂm@mmfm 21 tim

o

AdAty: NasAuss winlulafa nsmaagaulada nisduasyiindlng Lausiven

Abstract

The main objective of this research was to produce an antibody specific to Tomato leaf curl New Delhi
virus (ToLCNDV), which is one of begomoviruses infecting cucurbits in Thailand. A peptide sequence, derived from
the target epitope on the viral capsid protein based on African cassava mosaic virus (ACMV) and ToLCNDV
(reported in Thailand) coat protein amino acid sequences and structures, was used as an antigen. The synthesized
peptide contained 20 amino acid residues that were as follows: NIKTKNHTRRPTGTPQDFGE. It was then conjugated
with bovine serum albumin (BSA) and used to immunize New Zealand White rabbits in the 1% and 5" weeks by
subcutaneous and intramuscular injection, respectively. The antisera were collected weekly from the rabbits, over
the period of the 6"-15" weeks. Titers of the antisera ranged from 25,600-51,200, of which the highest titer obtained
was from the 9" week (51,200). The titers at the 6™-8" and 10™-15" weeks were both 25,600. Determination of
the antiserum sensitivity and specificity were performed using an indirect plate-trapped antigen enzyme-linked
immunosorbent assay (indirect PTA-ELISA) with the antiserum at 1:200 dilution. The results showed sensitivity up to
1:320 dilution of plant sap. This is the first report of the production of an antiserum that is specific to TOLCNDV only,

and which does not cross react with the other 21 plant viruses brought into examination.

Keywords: cucurbit, begomovirus, virus detection, peptide synthesis, antibody
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NEaAUWAS 11 UAININ LRSI LNABY “ae fé”mLﬂuﬁmmeﬂﬁ@‘ﬁﬁg@mmqmimmmﬁa Fefalunadiiuanann
azlddmividlnanaanude  daiinsldiduingavlunirgmnaunssn wu awnnseilewsine o sndsgaaungsy
mMaudnSniudiitedeeenisiyargea iy q senlzmalng Wl we. 2561 wuddifiunansdsenn
wWanNuguAaly umanan uasiinnes Wududy 4, 8 uay 10 ANAIAL Tmﬂﬁaﬂ@mmu%\iéuﬂizmm 1,300 #1uum
(FinauAsHIRAaNIINERT, 2561) ﬁmm‘ﬁz@ﬁﬁa;u@\ammamﬁm‘lumg'uﬁiﬁm laafafiRnanidelais sudelasa
Wwada Begomovirus ¢ Geminiviridae Sailuidelasanasrennudsvnasefimiadundldasnand1aaang (Vincent,
2013) e lunguuinlllasaiiflansiugnssuiuaiia single-stranded closed circular DNA RalusutL monopartite
uwaz bipartite aynARAnHuzlumsanang duruguenasreseynalszinm 1522 wluues i envelope
g191szannd 38 Wrlwms (Lacatus and Sunter, 2008) d’m‘wﬂﬂL%ﬂifﬁﬂilﬁLLNZ\\W%‘}J’]QLﬂuW’m: (Bemisia tabaci)
(Moriones et al., 2017) FiFndeliaazuaniens L amaes 1sRn angll uazsFuLAITWN3Y (Brown et al., 2002)
ludsznalnemumanumsdvnanesesdelunguisiniulofaluitsaeduns ldud Squash leaf curl China virus
(SLCCNV) (Ito et al., 2008) Squash leaf curl Yunnan virus (SLCuYV) ('g"\‘iﬁwﬂﬁbuw“\lm WAZATUY, 2559; IFNT 1ATYT
WATATUE, 2562) WAy Tomato leaf curl New De/h/' virus (ToLCNDV) (Chiemsombat et al., 1996; Ito et al,. 2008;
assfe Aunzas uaziail ailszys, 2560) TneiEe ToLCNDV fianenunisnunssusniilseimadiiaetud 1995
(Chakraborty, 2008) Lﬂiﬂ%@%mmmmmmmmnmmmmemawﬂmwﬂmqﬁﬂLmLmyu Lﬂmmﬁ yanANTAL
€|’\‘1Lﬁul,%’ﬂﬁ@ﬁ_uisluﬂqmL%Lﬁ’]?mw’m European and Mediterranean Plant Protection Organization mmmmﬂmm
52 szweluwnuylsl (European and Mediterranean Plant Protection Organization, 2019) dusnlszmelne
feunsdnae TN 1y Mnves 1 (Chiemsombat et al., 1996) LA (Seepiban et al., 2017)
BATWANNLN (2998 AUNZAT LAYSDn a9tlszys, 2560) m?mq@muﬁmﬁﬁmL%@”Lqﬁ*méqﬁﬂmﬁﬁumjwLLwa?'umﬂ oA
NNIAPIAADLAIYABNIIVNTINAN LU 1NATIA indirect plate-trapped antigen enzyme-linked immunosorbent assay
(indirect PTA-ELISA) Tneldueufiuanuaznismsnaasusaaimaiia polymerase chain reaction (PCR) Tngldglnsiuas
fiaimnzradelosa atalsfimunimmagendaeimafia indirect PTA-ELISA TifaRnssfianunsnnmagaLfatnii
Imsaazaan o7 yldlszudanaiuazenldans ELuﬁ%q‘LTw,mm'ﬁwmiwLLfauﬁmﬁﬁim%@m‘lﬁn‘l:u”l,fg%’@‘luﬂi:mﬂvlmﬂ
Hiiies 2 unas laun Aufindanilsswealng dninauiaunuazimatulaguismngd nsznsenisgaudnmen InenAans
AeuaTusAng Ty Tadl anti-begomovirus TBRC1-11 waz TBRC1-13 monoclonal antibody (MAD) Lag maﬁﬂ@mmwﬁ‘n
NPT ISR ADIZINEAT HIUNILAL LVNANENFRLNERASANGRST 595 anti-ToLCNDV polyclonal antibody (PAb) aindls-
ﬁmmLLauﬁuaﬁ@’m%mmmeﬁﬂm’mmﬂﬁmﬂﬁﬁ“&m%”mﬁuL%@”Lqi"mﬁm%u‘l,umimLuTﬂTJ\IVLQi"m Inel anti-begomovirus
TBRC1-11 PAb Uaz TBRC1-13 MAD ﬁﬁﬂf]ﬁ?ﬁl’wim%@ Tomato yellow leaf curl Thailand virus (TYLCTHV) uay
mmﬂgmmmmmm@ ToLCNDV (Thalland Bioresource Research Center, 2020) 471 anti-ToLCNDV PAb Vl’]ﬂ{]ﬂiil’]
fU1Ta ToLCNDV Uag mmﬂgﬂimmuﬂm‘ﬁ@ African cassava mosaic V/rus (ACMV) (@597 A1NZaT uazsil Eix‘iﬂm;li
2560) LLNLLmLmummmwmwuwmnmm@mﬁﬂmmﬂgmmmummm@ Squash leaf curl virus (SLCUV) uaz
Bean go/den mosaic virus (BGMV) (Agdla 2020) muummiummummmwml,wq"ﬂ‘umfa ToLCNDV e iiaifen
mmwummqﬂi:mmLW@r:mmLmumuammqu:mm@hm ToLCNDV  Tael4annsdainsnesiin Insiaenuuy
TmamﬁmmvvﬁﬁﬂuLﬁﬂuﬁm‘hc-ﬁ“ma‘mvﬁ‘lﬁumm‘ﬂﬂiﬁuﬁ@ﬁmummmL%@ ACMV deiisneinziaanaaslaseaing
aumﬂmwmmmuvlnmiuﬂ@uu (Boticher et al., 2004) e 9l sHARLeURALAL LL@”wquﬁmmm@mu
@8 ToLCNDV Ssannudnifaressniddeiasfulsslamiantitaselsn sy sutannsdmidenfimisnumas
mLsnﬂluﬂizmum?ﬂsuﬂa;qwquﬂmmumuimmVLﬁ
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ilesmniaqiiugilifsanulasaionesllsfuiedueyniatesda ToLCNDY Assidlugesldnisgnes
waziBeuieuiuide AcMy fadudelrialunguideniuuasdssunsneziiluludouneslsuieiieumamileuty
de TOLCNDV anf 84.9% dwiLdniden epitope muﬁ@ﬂu’ﬁﬁuaqu@nm@qiﬂiﬁuﬁ@ﬁu@wmmm\iL%@if;%’m
TunsAnenidldmaunmneziihuBnnillswiedueyneaeside ToLONDV finululsznalnededinenulugudeyn
289 GenBank S11aWeAW 6 Fratine Idur accession number: AB330079.1, AB368447.1, KU992383.1, JN809814.1,
AF102276.1 uay AB368448.1 WNNALAIITWLETINNS linear epitope BaalilsAuvatinaynia Taaldllsunsu 1EDB
Analysis Resource (http://tools.iedb.org/bcell/) Lﬂ?‘ﬂumﬂmumrmmm@miummiﬁmwwmumﬂ*nfam@ ACMV
(Bottcher et al., 2004) mnuummmewvmwﬂ"lmmmnmwm Integrated Technology ﬂi“mﬂmm‘ﬁmmm
msnaandlnagaasziinullsiuuasiaasineds Glutaraldehyde-Mediated Hapten-Carrier Conjugation

Woawd Insdammzfiuilsfiuuaiieasanais  Glutaraldehyde-Mediated Hapten-Carrier  Conjugation
(Hermanson, 1996) Tasild bovine serum albumin (BSA) %78 ovalbumin (OVA) AanHdiaid 2 Haansu/Aaaans azans
11 0.1 MNaCO, fiuda 0.15 M NaCl, pH 8.5 13unms 1 fiadans dawlInsdaamzirnududu 10 faansiuiiadans
Usunms 200 lulasans waslidniuuaziia glutaraldenyde liidiaanudud 1% mnﬁuﬂmﬁ@qmuqﬁ 4 °C 1flunan
4 dalua thansazanafildlilinezlads (dialysis) 1w phosphate buffered saline (137 mM NaCl, 2.7 mM KCL, 10 mM
Na,HPO, uaz 1.8 mM KH,PO,) diasziinaniswasnd insasnanasaaimnaiia sodium dodecy! sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) (Laemmli, 1970) Ine/l 12% separating gel az 6% stacking gel
NTHARLNALARUAALAURALBRAMAR peptide-BSA conjugate

ldnszsinamaaesanaiug New Zealand White a1gj1lsennns 3 thaw anuau 1 6a tnailisunsunisannszsu
nITFnEmMARRIFI dlnnv 130 peptide-BSA conjugate AMNIINDY 1 HadnTu/Aaaans Wanil Freund's complete
adjuvant 8m91491 1:1 (vAv) 1Bums 1 8aaang dan e laRamiiusinnaa1a9nszsng (subcutaneous injection) AaNT
Tudiln9i 5 SaueuRIaURNANTL Freund’s incomplete adjuvant 8n3149u 1:1 UTu1m9 1 Nadan dnndnuiiersion
97UA4 (intramuscular injection) @uLﬁULﬁammﬂuﬂuﬁﬂmﬁﬁ 6 Mﬁx‘i@’]ﬂﬂ’]ﬁ‘%mﬂizéjuﬂ%\mﬁ‘ﬂ Tnenfudilanviaz 1 A
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asagaUAnlmefnsInalaaueaLaLALaARHAR RS peptide-BSA conjugate #aeiAa indirect PTA-ELISA
FALLagaNNInN1928 %mﬁwﬁ uwnnefanu uazAnly (2560) Tnaiadaumngu ELISA plate fagl peptide-OVA conjugate
g 5 lulpsnsifiaaans fazaelu coating buffer (Usznaudas NaHCO, 2.93 nfu uaz Na,CO, 1.59 ni,
pH 9.6) Usnnmsnguay 50 Tulnsans ﬂuﬁ'@mmﬁ 4 °C 911A1s 419 ELISA plate gl PBST buffer (Usznausag NaCl
8 N3N, Na, HPO, 12H,0 2.9 n§u, KH,PO, 0.2 nfu, KCI 0.2 NN uaz Tween 20 UsH1m3 0.5 Nanam3) U3n1ms 200
”Lu‘llm@m 3 pss ARiAY 5 UnTt AN blocking buffer (5% skim milk fiazanely PBS) 15ums 100 VLuTﬂmms/umJ
‘qummu 37 °C 1flunan 2 44lus 19 ELISA plate #agl PBST buffer 15unas 200 lulasans 3 nfs ASaaz 5 Ul
AnneuREsuiideanslu blocking buffer uuy 2-fold serial dilutions 3xann 1:400 4 1:204,800 U3 manguaz
50 lulmsdms ﬂuﬁ@qmmﬁ 37 °C ifluiaan 2 dalie §19 ELISA plate #ag PBST buffer 3 pdaiduin armiuifia Goat
anti-Rabbit IgG conjugated with alkaline phosphatase (GAR-AP) ‘ﬁﬁm’]\ﬂu blocking buffer am31d71 1:30,000
umanqua 50 lulpsdng Unfigouvnd 37 °C luaan 1 9alus & ELISA plate fag PBST buffer 3 AR U
nIvageLHatrevUisenlnaiAnansaraaduainsm p-Nitrophenyl phosphate (PNPP) Adaidndu 1 Haaniu/dadans
4 substrate buffer (Usznausag diethanolamine 97 Nadams, sodium azide 0.2 N WAy MgCl, O 1 nfu, pH 9.8)
ﬂ?mmu@u@‘v 100 lulnsams uuﬂgmmmmmu 37 °C lunan 90 w1 fmmmimmﬂ@uumw 405 Wnlulumg
mf;ll,mm ELISA reader (TECAN, Switzerland) 1at negative control Vli‘ﬁﬂ’ﬂ PBS wmﬂgniﬂ’mmmumum
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NN9ASAAFAUAINAUNE (specificity) UBIINALARUDALAURALIDA

AsRdRLANNA I Ies TNATAaueALEURLEARHARIA#18AE indirect PTA-ELISA madEnnsfananadnasiy
TneHueuATsua a9 [@eanalu blocking buffer §Asdau 1:200 NageLLFetTeliafis 5 Aild S1uu
21 7ip B9ToUNANNFEN DSMZ tazine Germany i atia Begomovirus ANt 8 1HA Ae African cassava mosaic
virus (ACMV), Bean golden mosaic virus (BGMV), Squash leaf curl virus (SLCuV), Sri Lankan cassava mosaic virus
(SLCMV), Tomato leaf curl New Delhi virus (ToLCNDV), Tomato yellow leaf curl Thailand virus (TYLCTHV),
Tomato yellow leaf curl virus (TYLCV), Watermelon chlorotic stunt virus (WmCSV); anla Potyvirus AU 7 TRA AD
Chilli veinal mottle virus (ChiVMV), Pepper mottle virus (PepMoV), Papaya ringspot virus (PRSV), Pepper veinal
mottle virus (PVMV), Pepper yellow mosaic virus (PepYMV), Watermelon mosaic virus (WMV), Zucchini yellow
mosaic virus (ZYMV); 118 Tobamovirus A11491 3 M A Bell pepper mottle virus (BPeMV), Cucumber green mottle
mosaic virus (CGMMV), Pepper mild mottle virus (PMMoV); Al Tospovirus U 2 18m A Capsicum chlorosis
virus (CaCV), Watermelon silver mottle virus (WSMoV) WATAUA Cucumovirus AU 1 18lA AR Cucumber mosaic
virus (CMV) Wrauiieuiiu negative control ﬁﬁﬁ@fiﬁ%uluﬁnwmﬂnﬁﬁﬁﬂﬁﬁ?mﬁuLL@uﬁu@ﬁ
nsmgragauAula (sensitivity) aaslnalaauaanauiuas

naageuAndlresinalraueaueuRUeREIEAs indirect PTA-ELISA Tnsuanetnalufififnde ToLCNDV
4 coating buffer 8msda 1:10 AniAaaNALRTLLIL 2-fold serial dilutions WEIAINN2REA"4 1:10 - 1:10,240
RIvaaauUiFeNAEN9EN GAR-AP uazatsazaaduawmsn p-Nitrophenyl phosphate AM33anN"sAananadnesiu

=~ a L4
NANITANEILASINITTU
a ¢ ¢ 2 @ a
ﬂ'\‘i'}Lﬂ‘é"]“"‘VILL‘Z‘]“”ﬂ’ﬂﬂLL‘LI‘ULWﬂlWﬂLWﬂi‘HLﬂULL’ﬂuquu

LN@'JL@?'WVV ||near epltope ‘nmtﬂimuﬂﬂumﬂummmlﬂm ToLCNDV IﬂilLﬂ?‘EULVIEUﬂU?qEQ'\uIﬂ?\?'&?WQ
Tﬂimuﬂfauuauﬂﬂﬂm@\ilﬂﬂ ACMV uay ﬂﬂLﬂ'ﬂﬂmﬂ]u“ﬂ’ﬂﬂ@’]ﬂUﬂ?ﬂ@uNIuV}Nﬂm@NUﬁlLﬂu epltope Vl’a?;lﬂ’]u&l')u'ﬂﬂ’ﬂ’ﬂﬂ
Tﬂimuﬂfauuaumﬂ (Flgure 1 VLﬂ@’]ﬂUﬂi‘ﬁ’ﬂyNiuV]ﬁl']LL‘Muxi 124-132 WAy 143-154 GNQLF]?']”MQWL{:]% linear epltope
ﬂ’]j‘s[f]] ep|tope mumumm@mwﬂ@mﬂ@ %mm?ﬂ?’]\ummmu@LLmﬁTﬂ?mu%Nm?Lmummw (denatured proteln)
mmqmmuvl,mm”m’]\mi"mumm@mLLfaummu LA LN@LLG‘EIULV]EI‘LIT]UL‘LT@ ACMV ﬂiﬂ’a“’lltu@']@lm N130, Q131
WAL Q154 Lﬂu@qﬁUﬂ?ﬂ@ZNIuV}N?qﬂ\i’]u@ﬂqﬂLLusﬁﬂ"J’WLﬂu@')um@%ﬂqumquﬂﬂT@Q@HﬂWﬂVLQ?@ (Béttcher et al., 2004)

FuaenLsnanlnaRsaiunsaesi ludunan dalanfsunsaesiiusall NIKTKNHTRRPTGTPQDFGE iedidaaseyl
salil

124 132 143 154
ACMV IWLDETIKKONHTNNVIFYLLRDRRPYGNAPQDFGQIFNMEFDNEPSTATIKNDLRDREQV 180
AF102276.1 IWMDENIKTKNHTNSVMFFLVRDRRPTG-TPODFGEVEFNMEFDNEPSTATVKNMHRDRYQV 178
KU992383.1 IWMDENIKTKNHTNSVMFFLVRDRRPTG-TPODEFGEVEFNMEDNEPSTATVKNMHRDRYQV 178
AB330079.1 IWMDENIKTKNHTNSVMFFLVRDRRPTG-TPODEFGEVFNMEFDNEPSTATVKNMHRDRYQV 178
JN809814.1 IWMDENIKTKNHTNSVMFFLVRDRRPTG-TPODFGEVENMEDNEPSTATVKNMHRDRYQV 178
AB368448.1 IWMDENIKTKNHTNSVMFFLVRDRRPTG-TPODFGEVENMEDNEPSTATVKNMHRDRYQV 178
AB368447.1 IWMDENIKTKNHTNSVMFFLVRDRRPTG-TPODFGEVENMEDNEPSTATVKNMHRDRYQV 178

Figure 1 Partial coat protein gene alignment of ACMV and ToLCNDV by Clustal W. Highlighted sequences are

the predicted linear epitopes analyzed by IEDB Analysis Resource Program.

msnaandnagaaszvinullsfiuunasiaaslneds Glutaraldehyde-Mediated Hapten-Carrier Conjugation
nsnaandInsdiu BSA uaz OVA UATATIAAELNANTITNNAILMATLA 12% SDS-PAGE WU4N 2u1AT89
peptide conjugate Haualunindn BSA uaz OVA uaasintlssauainugisalunianag (Hermanson, 1996) (Figure 2)


https://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&text=Greg+T.+Hermanson&search-alias=books&field-author=Greg+T.+Hermanson&sort=relevancerank

360 MIANTINHATNIZABNLNAN 2563 : 38 (3) : 356- 362

M 1 2 3 4
116.0 KDa - ‘<— Peptide-BSA conjugate
66.2 KDa
[— . <— Bovine Serum Albumin (BSA)
b4
———

Figure 2 Evaluation of the ToLCNDV peptide-BSA conjugation by SDS-PAGE in 12% separating gel [M = Unstained
Protein MW Marker (Thermo Scientific, USA), 1 = BSA 0.5 mg/ml, 2 = BSA 1 mg/ml, 3 = BSA 2 mg/ml and
4 = peptide-BSA conjugate.]

nsuARINALARUaALaUALaRsD peptide-BSA conjugate N19AFIAMNATLALARS LWATNITATIARDLAMNANNE
229 INALARUDALAURALIDA

ANNAAILLRBANIEFNENARDINUE New Zealand White FUnV 6-15 S1uuIad 10 A WA weuFT S
Tl lmuma s 25,600-51,200 Imﬂummmiumﬂmw 9 (51,200) ‘immmimmmﬂmw 6-8 uaz 10-15 (25,600)
(Figure 3) MsnsraaaUAylteLeuRLeRTHAR AU I seLIdadt iauRLeR ludAYT 9 TiAaas 1:200
WL mmmmfmmea”Lfsm‘lummwﬂmmsmunm%mq 1:320 FaileuBeifieniunnsidees 459t Sunzas uay
§t) merlazgys (2560) mm@miwmim@u@aLmumu@mmmm'ﬂ%m ToLCNDV TngldllsAuradinanningnuasiiuieusian
wud A AN lunnInsageLiEa  ToLONDY I4IndiAeeiulnedd indirect PTA-ELISA WHaINNNIms9ageLl
AN TTRLOUALER WUd1  weuRALeATiHaaldTaan sl InsdaaeilinA s anus s iude
ToLCNDV g4 Tnelalvindfjizendariu L%@ﬁluﬁﬁﬁmmmuimmwﬁqL%@”lﬁaﬁﬁmmmdﬂLﬁmﬂﬁﬁ?mﬁmﬁmmuﬁmﬁ
wuﬂﬁuuwluﬂ%uu (maﬂm AUNTAT LL@”i‘ﬁu mﬂi“’m 2560; Agdia, 2020; Thailand Bioresource Research Center,
2020) R ALOURLOATHAR I lUN 9 AN AT BN I AN NS N AL UL ATIE AR NN £F01TD ToLCNDV
Wenafiaden tiliesanizuaiiaenundifuwesfiauinsdaidenain epitope e 2 Aunis Jaunmagan
2.2 Alanasu mLmnmwmﬁmimamLL@ummumnIﬂmuuwmumﬂ@nmﬂummmmm 49318 Aunzas uaz il
asilazels (2560) mmmmiummﬁ Aarunn 31 Alasnasu v liElannafiaswy epitope ”menmmmvmwmﬂgmm
mmu"lfaimumauwu common epitope 1@ TnalraLeauauRLeRTiHaRlda ATt sy Tomiatnanndimiy
I nunnInmageLianande lafaratl
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Figure 3 Titration of anti-ToOLCNDV polyclonal antiserum reacting with peptide-OVA conjugate. Antisera were

collected from 6™-15" weeks after the first immunization and analyzed by indirect PTA-ELISA.
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Table 1 Specificity testing of the anti-TOLCNDV antiserum against positive control samples of 21 plant virus species

in 8 genera by indirect PTA-ELISA. All virus antigens were purchased from DSMZ, Germany.

n

Genus Antigen O.D. 45 Result
African cassava mosaic virus (ACMV) 0.233 -
Bean golden mosaic virus (BGMV) 0.206 -
Squash leaf curl virus (SLCuV) 0.219 -
Sri Lankan cassava mosaic virus (SLCMV) 0.220 -
Begomovirus
Tomato leaf curl New Delhi virus (ToLCNDV) 1.193 +
Tomato yellow leaf curl Thailand virus (TYLCTHV) 0.196 -
Tomato yellow leaf curl virus (TYLCV) 0.208 -
Watermelon chlorotic stunt virus (WmCSV) 0.173 -
Chilli veinal mottle virus (ChiVMV) 0.146 -
Pepper mottle virus (PepMoV) 0.231 -
Papaya ringspot virus 0.174 -
Potyvirus Pepper veinal mottle virus (PVMV) 0.188 -
Pepper yellow mosaic virus (PepYMV) 0.205 -
Watermelon mosaic virus (WMV) 0.132 -
Zucchini yellow mosaic virus (ZYMV) 0177 -
Bell pepper mottle virus (BPeMV) 0.188 -
Tobamovirus Cucumber green mottle mosaic virus (CGMMV) 0.213 -
Pepper mild mottle virus (PMMoV) 0.222 -
Tospovirus Capsicum chlorosis virus (CaCV) 0.178 -
Watermelon silver mottle virus (WSMoV) 0.219 -
Cucumovirus Cucumber mosaic virus (CMV) 0.170 -
Negative control Healthy plant sap/pumpkin 0.139 -

"The absorbance value was the mean value obtained from two independent assays at 90 min after adding the substrate at 37°C and
the cut-off value was twice of the negative control.

agUnan1sANEN

AdeilldnanTnalaauasueuftefsiada ToLONDY fdvnaafasdundlutlssmalng Tneldim/lng
fﬁqmmw‘?ﬁmmw’mndwﬁummxﬁ‘ﬁumm‘tﬂaﬁuu’@ﬁuaymmm @8 ToLCNDV fimulutlsznelng uazidanann
u’??mmﬁqﬁ”ﬁuu@nmmwmm%aﬁﬁﬂwmuﬂu linear epitope 1 lnWaeuTsAuuaTiaas BSA el fiduueuAian widn
weUATIN AL IR ML 10 dulaned TAnlmneseglutasszudng 25,600-51,200 TaeueuiasuiliLldludand
7 9 udsanmsaansziunsiun denlnnesgeqn Ae 51,200 uazilatueundsindeanslusnmdau 1:200 smagey
1svavanwlunnanmagenide sl Auiimdulse wudn Sanallunnsnmeaerinduimhilsefissdunnaieas
1:320 1a8A% indirect PTA-ELISA LazuauRLenfinanTinnusinzseida ToLCNDV iesriinimeniintiy
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suaAnenaanfuazimatulall 41INUAMENITNNIINNTRANANET  NIENINNIRANANET  AnenAEns Tduas
winngsx wazldsunisaiuayunismdaneliununuanadednanimuasimuniinddssulug aufianegnsenans
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Influence of Harvesting Times on the Total Flavonoid Content and Antiradical Activity

of Stingless Bee Propolis
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Abstract

Propolis from stingless bees is a natural product and has been reported to possess a variety of the
biological activities and beneficial chemical constituents. It is constructed from a mixture of rubber from the tree
species in the habitat of the beehive and beeswax. The effect of the harvesting time of propolis on its total flavonoid
content was measured over a one-year period. The propolis was collected six times (once every 2 months) from two
stingless bee species, Geniotrigona thoracica and Heterotrigona itama, in Sai Buri, Pattani province, Thailand.
In addition, the correlation of total flavonoid content with antiradical activities was evaluated. The result showed that
the G. thoracica and H. itama propolis gave total flavonoid content in the range of 42.33-169.67 and 93.33-186.00
mg quercetin equivalent / 100g extract, respectively. A high in flavonoids was determined in G. thoracica propolis
at harvesting times during the months of December to January and August to September, while the H. itama propolis
had a high total flavonoid content during the months of October to November, December to January and August to
September. The difference of total flavonoid content with respect to harvest times for each species might be related
to the plant diversity of each season. There was little association between antioxidant activities and total flavonoid
content. This may relate to the synergistic or antagonistic effects of other compounds present in propolis extracts.
However, these data indicated that harvesting time had an effect on the chemical constituents and biological activity

of stingless bee propolis.

Keywords: stingless bee propolis, harvesting time, total flavonoid contents, antioxidant activities
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Table 1 Harvesting time of stingless bee propolis during one-year period.

Collection times During the month-year

1 October 2017 - November 2017
December 2017 - January 2018
February 2018 - March 2018
April 2018 - May 2018
June 2018 - July 2018
August 2018 - September 2018
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qvmmuﬂumamwmwwLmimmmﬂn@ﬂuﬂ (r=0.071) Faflulilg i nannanneinnuduiuglunisianaindes
ﬂuﬂ?mmmimﬂmmfmu y m@ﬂ’mmuqmmm muqmﬁﬂummmamﬂm’lummnmumuwmwam’luummqLf;m
AAALAEN ufaﬂmﬂumﬂm'aﬂuuuimqmwma‘mmm@nqmmmmamuﬂm‘hu@ﬂrﬂ (Bendary et al., 2013;
Meechai et al., 2016) LL@”mmmmmmmmn@mumumm@ﬂqmsl,umimu@um'amv \Tu protocatechuic acid,
gallic acid uwae ellagic acid mmmquﬁluwa‘ﬂwmmqﬂmmu‘lﬁwmﬂwuﬁ Melipona fasciculata AREINALLA
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Table 2 Total flavonoid content and antioxidant activities of propolis ethanolic extracts from stingless bee in different

collecting times.

Sources of variation Total flavonoid content % Nitric oxide % Free radical
(mg QE/ 100g extract) scavenging scavenging
Stingless bee (SB)
Geniotrigona thoracica (GT) 154.02 67.37° 79.73°
Heterotrigona itama (HI) 111.34 44.77° 85.03°
Collection times (CT)
Collection times 1 (C1) 238.39° 56.88 83.93°
Collection times 2 (C2) 89.84° 58.45 82.92°
Collection times 3 (C3) 81.83° 52.69 73.78°
Collection times 4 (C4) 112.35" 58.43 87.29°
Collection times 5 (C5) 185.67° 56.55 83.19°
Collection times 6 (C6) 88.00° 53.42 83.20°
Stingless bee x Collection times
GT x C1 201.42° 72.89° 77.69°
GT xC2 179.00° 72.26° 74.82°
GTxC3 95.33' 62.63" 70.26"
GT x C4 136.67° 68.88% 82.25°
GTxC5 244 67° 68.47% 86.76°
GTxC6 69.00" 59.13° 86.62°
HI x C1 275.36° 40.87° 90.17°
HI x C2 2.68 44.64° 91.03"
HI x C3 68.33" 42.75° 77.31°
HI x C4 88.00° 47.99° 88.68°
HI x C5 126.67° 44.64° 79.62°
HI x C6 107.00 47.75° 79.76°
Vitamin C - 77.91%" 94.83%°
F-Test
SB ns * *
CT * ns *
SBxCT * * *
CV (%) 52.01 19.20 7.35

Concentration of Vitamin C at 1,000" and 0.625" pg/ml; Means in the same column followed by the same letter were not significantly
different at P<0.05 by Duncan'’s; ns and * = non-significant and significant at P<0.05, respectively.
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Table 3 Correlation of total flavonoid content and antioxidant activities of propolis ethanolic extracts from

stingless bee

Correlation coefficient

Species Total flavonoid content with Total flavonoid content with
% nitric oxide scavenging % free radical scavenging

Geniotrigona thoracica 0.794 ns 0.156 ns

Heterotrigona itama -0.498 ns 0.135ns

“ns” indicates not significant (P>0.05).
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Effect of Supplementation Purple Rice Bran in Diet on Performance and

Oxidative Stress of Black Bone Chicken
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Abstract

This research investigated the effects of purple rice bran diet supplementation on the production efficiency
and oxidative stress of black bone chicken. Two hundred 1-week-old black bone chickens were randomly assigned
to 5 groups of 40 birds each. For each treatment, the chickens were fed a basal corn-soybean diet supplemented
with 0% (control), 3%, 6%, 9% and 12% of purple rice bran (PRB). The diets were formulated separately for 2 phases
(week 1 to 3 and week 4 to 16). The findings indicated that the oxygen radical absorbance capacity (ORAC) levels
in PRB supplemented groups were higher than those of the control group, and moreover the ORAC levels increased
with increasing dose of PRB supplement. The production performance of black bone chickens fed with
supplemented PRB diets was not significantly different to those of the control group. However, body weight gain
(WG) of the study chickens fed with the PRB tended to be higher than that of those in the control group. However,
the feed cost per gain (FCG) of the experimental chickens fed with the PRB supplemented diet was higher than that
of those in the control group. With regards to malondialdehyde (MDA) in blood at weeks 4, 8, 12, and 16 weeks,
the studied black bone chickens supplemented with PRB bran had significantly lower levels than did the control
group (P<0.05). Levels of MDA in breast meat after storage at 4°C on days 1, 3, 6, and 9 was not significantly
different in black bone chickens supplemented with PRB and the control group. This study indicated that PRB
supplementation in diet for black bone chicken had no effect on performance but improved the oxidative status of

the chicken. The treatment had no effect on lipid oxidation in breast meat under storage.

Keywords: purple rice bran, black bone chicken, oxidative stress
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Table 1 Ingredients composition and nutrient content by estimate calculation, and oxygen radical absorbance

capacity (ORAC) of experiment diets for the chicken during age of 1-3 weeks.

Purple rice bran supplemented level

0% (Control) 3% 6% 9% 12%
Ingredients %
Corn 56 56 56 56 56
Rice bran 12 9 6 3 -
Purple rice bran (PRB) - 3 6 9 12
Soybean meal 23.2 23.2 23.2 23.2 23.2
Fish meal 7 7 7 7 7
Shell 0.5 0.5 0.5 0.5 0.5
P18 0.7 0.7 0.7 0.7 0.7
Salt 0.35 0.35 0.35 0.35 0.35
Premix 0.25 0.25 0.25 0.25 0.25
Calculated nutrient
Energy (kcal/kg) 3,105 3,108 3,111 3,113 3,116
Crude protein (%) 20 20 20 201 20.1
Crude fat (%) 5.25 5.33 5.41 5.50 5.58
Crude fiber (%) 4.52 4.40 4.29 417 4.05
Calcium (%) 0.87 0.87 0.87 0.87 0.87
Phosphorus (%) 0.35 0.35 0.35 0.35 0.35
Price (Baht/kg) 15.40 15.79 16.18 16.57 16.96

Oxygen radical absorbance capacity (ORAC, mMTrolox/kg)
ORAC 3.61 13.34 25.83 36.08 59.12
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Table 2 Ingredients composition and nutrient content by estimate calculation, and oxygen radical absorbance

capacity (ORAC) of experiment diets for the chicken during age of 4-16 weeks.

Purple rice bran supplemented level

0% (Control) 3% 6% 9% 12%
Ingredients %
Corn 58.7 58.7 58.7 58.7 58.7
Rice bran 12 9 6 3 -
Purple rice bran (PRB) - 3 6 9 12
Soybean meal 21.3 21.3 21.3 21.3 21.3
Fish meal 6 6 6 6 6
Shell 0.6 0.6 0.6 0.6 0.6
P18 0.8 0.8 0.8 0.8 0.8
Salt 0.35 0.35 0.35 0.35 0.35
PREMIX 0.25 0.25 0.25 0.25 0.25
Calculated nutrient
Energy (kcal/kg) 3,104 3,107 3,110 3,112 3,115
Crude protein (%) 18.7 18.8 18.8 18.8 18.9
Crude fat (%) 5.19 5.27 5.35 5.44 5.52
Crude fiber (%) 4.45 4.34 4.22 4.10 3.99
Calcium (%) 0.87 0.87 0.87 0.87 0.87
Phosphorus (%) 0.35 0.35 0.35 0.35 0.35
Price (Baht/kg) 14.76 15.15 15.54 15.93 16.32
Oxygen radical absorbance capacity (ORAC, mMTrolox/kg)
ORAC 4.34 13.45 25.65 37.98 52.21

Tuﬁmﬂixaw'ﬁmwmmamm"l,ﬂ'ﬂix@ﬂﬁwﬁ'gﬂqﬁwﬁ?ﬁwﬁ’] wuan T aauunnsiensadiiiunguacuan
atnglafmutiinda i (body weight gain, WG) a"mﬁmm?‘tytﬁuima?ﬁ'ﬁffi@fm (average daily gain, ADG)
Tuﬂ@ummmwmqmuLLm‘Euummﬂﬂ@ummm me‘wudwLﬁ@ﬁmi‘lﬂﬁiﬁwrﬁmmLmué’ﬁwqmv‘iﬂﬁrﬁfuwummmi
(feed cost per gain, FCG) Elunau‘wmewmmmmﬁﬂ@ummumuﬂ?mmmmmmqmwmeu (Table 3) iadn
MIAAAINLATEAANDUNABATTWLIIN 151104 malondialdehyde (MDA) Tunwanasn Tudilnni@ 4, 8, 12, ua 16 194
"Lﬂm?%mrmwmewmqmummmm@ummmmmummm (P<0.05) (Table 4) dqunn9ifia lipid oxidation 83
{HeTlrinunnaufiuinmwudn 153 malondialdehyde (MDA) Tuiledauen ummmﬂu%mmum 4°C Tusufi 1, 3,
6, lay 9 mfm”Lﬂm:@nmmmmwmﬂmmmu,mnmwﬂun@umu@mmquuﬂmmy (Table 5)

Table 3 Effect of purple rice bran supplement on production performance of black bone chickens.

Purple rice bran supplemented level

ltems P-value SEM
0% (Control) 3% 6% 9% 12%
Initial weight (g) 89.73 89.65 89.90 89.78 89.83 0.95 0.17
Final weight (g) 1,714.50 1,738.50 1,726.00 1,741.50 1,739.75 0.98 37.61
Weight gain, WG (g) 1,673.63 1,697.98 1,685.38 1,700.75 1,699.23 0.98 38.73
Average daily gain, ADG (g) 14.94 15.16 15.04 15.18 1517 0.98 0.40
Feed intake, FI (g/head) 5,837.50 5,850.00 5,837.50 5,887.50 5,800.00 0.78 45.72
Feed conversion ratio, FCR 3.49 3.45 3.46 3.46 3.41 0.85 0.23

Feed per gain, FCG (Baht/kg) 51.48 52.20 53.82 55.15 55.71 - -
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Table 4 Effect of purple rice bran supplementation on oxidative status (Mean+SD) in plasma of experimental

black bone chickens.

Purple rice bran supplemented level

ltems 0% P-value SEM
3% 6% 9% 12%

(Control)

Malondialdehyde: MDA (nmol/mi)
Week 4 10.89+0.71°  9.57+0.67° 8.81+0.55° 8.28+0.53° 7.97+0.62°  <0.05 0.31
Week 8 11.10£0.54° 11.050.61° 8.40+0.71° 8.56+0.27° 7.80+0.64°  <0.05 0.28
Week 12 11.55+0.71°  9.25+0.40°  8.62+0.22° 8.42+0.12° 7.95+0.69°  <0.05 0.16
Week 16 11.6220.22°  8.60+0.54°  7.75+0.77° 8.00£1.06° 7.37+0.09°  <0.05 0.27

*° Different superscripts within each row are significantly different (P<0.05).

Table 5 Effects of purple glutinous rice on lipid oxidation (Mean+SD) in breast meat of experimental black bone
chickens.

Purple rice bran supplemented level
ltems P-value SEM
Control 3% 6% 9% 12%
Malondialdehyde: MDA (nmol/mi)
Day 1of storage 23.11+2.25 22.55+7.80 23.22+7.59 23.47+3.67 23.78+3.23 0.087 1.34
Day 3 of storage 34.47+8.79  33.58+5.89 32.43+3.38 34.70+5.67 34.57+5.67 0.076 2.14
Day 6 of storage 42.44+3.39  41.9348.89 42.32+4.67 43.89+2.16  42.84+9.95 0.089 3.15

Day 9 of storage 55.98+3.67 54.87+9.56 53.3246.89 54.67+8.69 55.97+6.89 0.076 3.65
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Abstract

The objective of this study was to evaluate the qualities of the roughage feed given to dairy cattle by the
dairy farmers in Sakaeo province. A sample group of 250 farmers were randomly selected from the population of
675 farmers. The data were collected by interview. The statistics used for analysis were frequency and percentage.
The roughage was collected randomly from dairy cattle rearing farms during summer, March-May 2017 and
analyzed for chemical composition. The results showed that most of the interviewed farmers had dairy farming
experience of between 11 and 20 years and owned their own land of area approximately 30 rai/household.
The proportion of dairy cows was higher than that of dairy heifers. Most of farmers fed their dairy cattle by separate
feed and they used rice straw as an important roughage source in the summer because the yield of roughage from
foraging was insufficient for the cows. The chemical analysis of the rice straw revealed that it was of low quality in
terms of protein but was high in cell wall content. Napier grass had the highest protein content (7.32%) and lowest
cell wall content (66.57%); (P<0.05). On the other hand, Paspalum atratum grass had the lowest protein content
(5.31%); (P<0.05). The agricultural residue that the farmers usually utilized as other sources of roughage included
soybean hull, cassava peel, corn cob, corn husk silage and sugarcane top, of which soybean hull had the highest
protein 10.63% (P<0.05) and cassava peel had the lowest protein 1.63% (P<0.05).

Keywords: dairy, roughage and agricultural residue quality, Sakaeo Province
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Tedoulvoiiluusauluasaunia Silaedasas 6.40 ANNN9919UINNULAN (Table 1)

@i’quau‘iﬂ?‘muuﬁmm@n@?’mmmimmﬁLmjmmmuslmﬁfﬁqmu 11-20 M7 (Fasay 47.20) 9R9A9NNAD
1-10 59 4AT NANNAT 30 Fiv AINAAL ﬁmmummim?muuﬁﬁmmuﬁ@;\mdﬂﬂmqwmLmu inemsnsdaulunasdadinnle
mﬂmimﬂmmamﬁmmgj m’quﬂ?‘mmmmﬁmﬁmuimm@?{mfﬁ 11-15 Alaniusiedasiedi s89a981Aa 16-20 UAY
5-10 nlanfusiasasadi (Table 2)

Table 1 Number and percentage of farmer categorized by farm characteristics.

ltems Number Percentage
Sex of owner farmer Male 155 62.00
Female 95 38.00
Duration of raising (year) 1-10 76 30.40
11-20 124 49.60
21-30 38 15.20
>30 12 4.80
Farm area (rai*) 1-10 62 24.80
11-20 75 30.00
21-30 87 34.80
>30 26 10.40
Number of labor (head) 1-2 208 83.20
3-4 26 10.40
Hire labors 16 6.40
*1 rai = 1,600 square meters.
Table 2 Number and percentage of dairy cattle in the studied dairy farms.
ltems Number Percentage
Heifer (head) 1-5 75 30.00
6-10 124 49.60
>10 51 20.40
Pregnancy heifer (head) 1-5 149 59.60
6-10 85 34.00
>10 16 6.40
Lactation cow (head) 1-10 66 26.40
11-20 118 47.20
21-30 43 17.20
>30 23 9.20
Milk production (kg/head/day) 5-10 28 11.20
11-15 192 76.80
16-20 30 12.00
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Table 3 Number and percentage of farmer categorized by roughage source and management.

ltems Number Percentage
Roughage Para grass 58 23.20
Napier grass 54 21.60
Pangola grass 18 7.20
Paspalum atratum grass 12 4.80
Ruzi grass 62 24.80
By-product / Agricultural waste Rice straw 245 98.00
Soybean hull 45 18.00
Sugarcane top 15 6.00
Corn cob and corn husk silage 24 9.60
Cassava peel 43 17.20
Pasture management Yes 82 32.80
No 35 14.00
Feeding Separate 245 98.00
TMR (total mixed ration) 5 2.00
Nutrient improvement No 191 76.40
Preserving 13 5.20
Chopping 46 18.40
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45-60 3 fAneanielaniuad fouay 63.35-65.35 Lmv@'ﬂiﬂﬁniuwmai@a Yatinz 35.66-38.31 Tunn3fiFnieds
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Table 4 Chemical composition (%) of roughage.

Chemical composition (as DM basis)

Roughage

DM CP NDF ADF
Para grass 23.91° 6.52° 71.15° 41.25°
Napier grass 22.57° 7.32° 66.57° 38.96"
Pangola grass 32.05° 6.42° 73.63° 41.89°
Paspalum atratum grass 25.11° 5.31° 68.35° 39.99"
Ruzi grass 22.88° 6.94" 67.48" 36.61°
SEM 1.66 0.17 0.60 0.26

“® Means in the same column with different superscripts differ significantly (P<0.05).
DM = dry matter, CP = crude protein, NDF = neutral detergent fiber, and ADF = acid detergent fiber.
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Table 5 Chemical composition (%) of agro-industrial by-product and agricultural waste.

Chemical composition (as DM basis)

Roughage

DM CP NDF ADF
Rice straw 89.97° 2.78° 78.05° 56.89°
Soybean hull 91.01° 10.63° 68.60° 37.57°
Sugarcane top 36.23° 4.10° 73.12° 40.40°
Corn cob and corn husk silage 22.51° 7.78° 65.36" 36.20°
Cassava peel 24.62° 1.12° 58.56° 22.48°
SEM 7.12 0.79 1.52 2.69

*® Means in the same column with different superscripts differ significantly (P<0.05).
DM = dry matter, CP = crude protein, NDF = neutral detergent fiber, and ADF = acid detergent fiber.
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Effectiveness of Organic Acid in Ice to Enhance Quality of Squid (Loligo spp.)
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naw 38775 uaziledudaniniign (P<0.05) Leiansnnetgnisiuinmainauuqaursaiaunn (ldifu 6 log
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Abstract

Squid (Loligo spp.) is a species that is of great economic importance for Thailand. It has high nutritional
value. However, fresh squid deteriorates easily. As it does so, it softens in texture and loses its flavor. Moreover,
its nutritional features quickly drop off. Therefore, an effective preventive substance is needed to keep the squid
fresh longer. In this project, mixtures of natural organic acids in ice were used as preservatives. The effectiveness
of maintaining the quality of squid (Loligo spp.) was investigated by varying types and concentrations (% v/v) of
acids in an icing system; I1L02 (0.02% lactic acid), IL05 (0.05% lactic acid), ILC207 (0.02% lactic acid and 0.075%
citric acid) and ILC210 (0.02% lactic acid and 0.1% citric acid). Experimental investigations were setup that were
compared to ICC (ice without organic acid; the control) during ice storage at a squid to ice ratio of 1:2 (w/w) at room
temperature for 21 days. Afterwards, the samples were boiled at 95°C for 3 min before being evaluated for
microbiological quality (total viable counts), chemical qualities (TVB-N and TMA-N), physical quality (shear force)
and sensory properties. The results indicated that the squid packed in ice with lactic acid and citric acid
concentrations of 0.5-2.0 log CFU/g and 1.5-3.0 log CFU/g showed total bacterial counts, TVB-N and TMA-N that
were lower than that of the lactic acid ice pack and the control sample (P<0.05). The squid packed in ILC207
showed the lowest total viable counts, TVB-N and TMA-N, and recorded the highest shear force and best sensory
evaluation (P<0.05). A squid sample was considered to be within shelf life provided that the number of
microorganisms did not exceed 6 log CFU/g. The squid packed in ILC207 showed the longest shelf life of 9 days.
Samples packed in ILC210 demonstrated a shelf life of 6 days, whilst squid in IL05, IL02 and ICC showed the same
shelf life of 3 days.

Keywords: citric acid, lactic acid, ice, squid
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Table 1 The quality index method scheme developed for cooked squid (Loligo spp.).

Characters Score Description

Appearance 5 White, glossy
4 Slightly yellowish white, non-glossy
3 Moderate yellowish white, non-glossy, no other unusual colors appear
2 Moderate yellowish white in matte color, unusual colors appear on

some part (fade in green/gray/pink)

1 Moderate yellowish white in matte color, obvious unusual colors
(green/gray/pink)
Odor 5 Fresh (watermelon odor)
4 No watermelon odor, no other off odor
3 No watermelon odor, slightly off odor as putrid, fishy or sour
2 No watermelon odor, moderate off odor as putrid, fishy or sour
1 Obvious off odor as putrid, fishy, sour or ammoniacal
Taste 5 Fresh (sweet of boiled squid)
4 Slightly sweet, no bitter
3 Tasteless, slightly bitter
2 Slightly sour, slightly bitter, slightly fishy
1 Intense unusual taste as sour or fishy
Texture 5 Elastic, firm, not hard
4 Moderate elastic
3 Slightly elastic, not hard
2 Loss of elastic, slightly soft, slightly slime

1 Soft, intense slime
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Figure 1 Total bacterial count of squid stored under different icing condition: no acid presentinice (ICC; ), 0.02%
lactic acid present in ice (IL02; W), 0.05% lactic acid present in ice (IL0O5; A), 0.02% lactic acid and
0.075% citric acid present in ice (ILC 207; X) and 0.02% lactic acid and 0.1% citric acid present in ice

(ILC 210; >k). Bars representing the standard deviation (n=3) are generally smaller than the symbols.
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Figure 2 TVB-N (a) and TMA-N (b) values of squid stored under different icing condition: no acid present in ice
(ICC; @), 0.02% lactic acid present in ice (ILO2; @), 0.05% lactic acid present in ice (ILO5; A), 0.02%
lactic acid and 0.075% citric acid present in ice (ILC 207; X) and 0.02% lactic acid and 0.1% citric acid
present in ice (ILC 210; ). Bars representing the standard deviation (n=3) are generally smaller than the

symbols.
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Figure 3 Shear force of squid stored under different icing condition: no acid present in ice (ICC; ¢), 0.02% lactic
acid present in ice (IL02; @), 0.05% lactic acid present in ice (ILO5; A), 0.02% lactic acid and 0.075%
citric acid presentinice (ILC 207; X) and 0.02% lactic acid and 0.1% citric acid present in ice (ILC 210; ).

Bars representing the standard deviation (n=3) are generally smaller than the symbols.
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Figure 4 Sensory evaluation of squid stored under different icing condition: no acid present in ice (ICC; ), 0.02%
lactic acid present in ice (ILO2; @), 0.05% lactic acid present in ice (IL05; A), 0.02% lactic acid and
0.075% citric acid present in ice (ILC 207; X) and 0.02% lactic acid and 0.1% citric acid present in ice

(ILC 210; *k). Bars representing the standard deviation (n=3) are generally smaller than the symbols.
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Hatching Management of Berried Female Blue Swimming Crab (Portunus pelagicus)

with Dark Gray Eggs to Guidelines for Fishery Occupation
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Abstract

The objectives of this experiment were to study the reproduction potential of the berried female blue
swimming crab (Portunus pelagicus) that had been obtained by different catching approaches (by crab gill net or
collapsible crab trap), and to compare three hatching processes of the crab during the period of March-May 2018.
The results showed that the average carapace width, carapace length, eggs weight, and fecundity of the crabs
caught by collapsible crab traps were significantly higher than those features of crabs captured by crab gill nets
(P<0.05). The average hatching rates and the hatched crab larvae of the crabs caught by both methods were
not significantly different (P>0.05). Besides, the hatching processes comprised of leaving an individual female crab
in a hatching tank or a nursery tank, when compared with the combining of a number of female crabs in a nursery
tank, demonstrated either advantages or disadvantages, depending upon the availability of farming space.
Significantly, the learning from this research into crab hatching processes can be usefully applied in the formation

of fishery occupation guidelines concerned with hatching such a unique crab species.

Keywords: blue swimming crab, hatching processes, hatching tank, crab gill net, collapsible crab trap
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Table 1 Compare reproduction potential of berried female blue swimming crab obtained from different catching

approaches.
Reproduction potential Sources of blue swimming crab (Mean+SD)" Povalue
Crab gill net Collapsible crab trap
Carapace width (cm) 10.19+1.08° 13.77+0.53° 0.00
Carapace length (cm) 4.53+0.29° 6.67+0.37° 0.00
Eggs weight (g) 19.71+7.61° 43.00+12.27° 0.00
Eggs fecundity 283,885.71+109,577.06" 938,819.00+267,992.11° 0.00
Crab larvae 128,142.86+604,96.87° 247,380.86+140,550.36° 0.07
Average hatching rates (%) 49.72+24.46° 28.31+17.71° 0.09

¥ Means in a row followed by the same letter are not statistically different at the 0.05 level.
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Table 2 Water quality analysis of berried female blue swimming crab from different type of management.

Sources of blue swimming crab

Water quality indicators Crab gill net Collapsible crab trap
Before After Before After
hatching hatching hatching hatching
Salinity (ppt) 35 35 35 35
Dissolved oxygen(mg/L) 4.21-4.75 4.40-4.97 4.31-4.57 4.11-4.58
Temperature (°C) 31.4-33.2 29.0-30.3 31.6-32.5 29.1-30.4
Ph 8.60-8.71 8.38-8.49 8.67-8.74 8.05-8.44
Total ammonia (mg-N/L) 0.00 0.00 0.00 0.00
Nitrite (mg-N/L) 0.00 0.00 0.00 0.00

Alkalinity (mg/L as caco,) 163-165 172-174 163-179 151-152
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Table 3 Study on hatching management of berried female blue swimming crab.

Average eggs weight  Eggs fecundity Crab larvae Average hatching
Type of management 5 5
(9) (x10° egg) (x107) rates (%)
Single per hatchery tank 52+11.53 11.354£2.52 3.19+2.35 28.29+2.35
Single per nursery pond 32.33+£3.79 7.06+£0.83 - -
Total per nursery pond 38.25+7.86 8.35+1.72 - -
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Appropriate Ratios of Gelatin on Pineapple Juice Gummy Production

Supplemented with Gac Fruit Aril
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Abstract

Gac fruit is an herb that is very popular in Thailand as a food. Important substances such as B-carotene
and lycopene are found in the seeds of the gac fruit and its and oil. The characteristic reddish-orange colors of the
Gac fruit’s various plant tissues reflect the presence and amount of substances such as B—carotene and lycopene.
The objective of this research was to study the effect of gelatin on the quality of the production of pineapple juice
gum that had been supplemented with gac fruit aril. This research consisted in five experiments: 1) the control
formula that contained gelatin based on standard formula, which was 14.2 g of gelatin, 2) 5.0 g of gelatin, 3) 10.0 g
of gelatin, 4) 15.0 g of gelatin, and 5) 20.0 g of gelatin. the control formula that contained gelatin based on standard
formula of 14.2 g of gelatin, 5.0 g of gelatin, 10.0 g of gelatin, 15.0 g of gelatin and 20.0 g of gelatin, respectively.
The physical and chemical properties as L*, a*, b* values, hardness, pH, percentage of total acidity, total soluble
solid, percentage of moisture and lycopene content were determined. In addition, a sensory evaluation of
each product’s color, odor, taste, texture, and overall acceptability was performed using a 9-point hedonic scale.
The results indicated that all values were statistically different (P<0.05), except for the percentage of moisture and
lycopene values. The percentage of moisture and lycopene values were also analyzed, and the results fell in
the percentage range of 2.41-2.81 and 1.57-1.58 mg/kg, respectively. The sensory evaluation results revealed that
the experiment 4 showed the highest scores and equal scores on texture and overall acceptability value of 7.63.
The sensory evaluation revealed that experiment 4 showing the highest scores equally to texture and overall

acceptability value of 7.63.

Keywords: gelatin, gac fruit, gummy, pineapple juice
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finda saafamsuldsuulamiananin LmzwmmumimmwmQm‘lﬁﬂm/mm@mﬁmmmﬁﬁ@lﬁﬁm@mauuﬂﬁ
finsaAufasnsesisina ludumeimunndndnefaialml  uandumsiayasldfudeduudaindouas
Wuuuanensldisglemisenmeannidedusdaindaselllueunas

a
A8N1SANEN
a Y ' a v < o
MSLATENAIRL R ERRNNAANN Y
ihuaindonnaei ldazann vnmsteniaenindrauazuandawtietiuumdaindin ihninseseiudneen
Tmﬂ‘l%’mvmfaul,mﬂ ihueadlumaaunuaasulugauanfaungungl 70 asmmaiioa wwaiuiuw 20 dalus
ﬂ?ﬁmmmﬁmumwmmev‘\fﬂmqm\muumLmﬂm@m“ 2.95 dsantinTugas e lfaz B auas
ymsiatn laelATea e AN aULENINAT 500 luATaw mi@’l@mﬂmuwmu‘lu‘llmmmmﬂmﬁu (BUNIN AIUNTNT
LATADY, 2558)
a o as a A a v 173 >
msuannulidulzsadEEananingg
= a A Aa A o A% o A A 9 @ 1y =
nsAnE TR AA AUNNNTaN AN sAR NI AU saasniEiamanind e TnaAnmiEanng
RANRUNWMNNZAN PsaideasauLanalu (Table 1)

Table 1 Mixed ingredients ratio in the production of pineapple juice gummy supplemented with gac fruit aril powder.

) Gac fruit aril Pineapple juice Glucose syrup Gelatin
Experiment

powder (g) (ml) (9) (9)
1 3 70 70 14.2
2 3 70 70 5.0
3 3 70 70 10.0
4 3 70 70 15.0
5 3 70 70 20.0

N.B. Experiment 1 is a treatment control of gelatin according to the standard formula.
Source: Adapted from Supimaros (2000); Garcia (2000)
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FaaaAuENIM 14.2, 5.0, 10.0, 15.0 waz 20.0 N3N azaneluinduilzan 35 Faaansfiiiunisliaaniow
Pgnmni 70 samaalEEd Wiw 30 Wi aunssisansazanelauazissannglaalaillnanisds 70 ndn azanelu

]
v
°

ihdutlesnsunms 35 Nadans ﬁﬁiﬂiﬁﬂq’m%uﬁfqmmﬁ 90 BIAN TR EHEA LI 30 W] Lﬁumﬁlﬂﬁmuﬁmﬁﬂ%q 305
thdaunasiaaniuuasnglnalsitfstesidnanhduilefoatu wassfafsioiseWgnumpianawudai
Fifiunu 30 mﬁﬁﬂﬁﬁmﬁmgﬂ (BUNTT BIUNTNT LazATUY, 2558)
N5AATITUANLTANIANIENN

STENNNEANAYNNsAnEn Tun nenmeiitedusananuuds (hardness) AaeLpias texture analyzer
ﬁi'}ﬁi@iﬁ”ﬁ‘:qmmLL?ﬁQLm‘umm (gel strength) (Bourne, 1978) WAYNNTAAIITHANR AYNNELN4 (L) AUALAZAInans
(+a* WAy +b*) Angl colorimeter MNAT AOAC (2000)
NNSIATIEUANTRANLAN

auTANaATTTansAnEn A anedasAnafiunge-sn (pH) Taelld pH meter n13dALFuNUTRILTY
Hazaneninldiaun (total soluble solid) aald hand refractometer MR BN ATaIA (total acidity)
Tnennslmmsm mINAE AOAC (2000) MFAATILNANLEY LR AOAC (2000) waznIsLATIZYENNulalATIY
A1NA3 Fish et al. (2002)
N5IATIEINNNLSERMANNS

NAAUANNNNNLITAMANEA TnenAgaLANNTELAIETE 9-point hedonic scale Tmﬂ%mmuwmmu
Alsirinunsiineusiuau 30 au muumim WU 1 ANene 1u°nfauu’mvmm1ﬂ@umivmra WWW 9 e m@umﬂmm
Taeldfansaunmsiinzunudud funau dusannd Funnaila wasduenuseulnasau (nlsasl 53ea-3, 2555)
NMSAATISUTBNANINEDA

3Lﬂi”lwrmuumﬁwmmﬂmwLLﬂxvmLﬂﬁimmﬂqLLNumimmmmLLuuzéummaliﬂf(Completely Randomized Design,
CRD) Awmszvinimagauniadszamdndalneaaeiaunaaasiuuguuaananysod (Randomized Complete Block
Design, RCBD) Awaszmanuulssn (Analysis of Variance, ANOVA) e RaUANULANFANTeIAnRAE InEAR
Duncan’s New Multiple Range Test (DMRT) mvmum'mm'amm'amv 95 (Inlsai] 33013, 2555)

< a o
NANITANEILAZAIANTU
= a a aa o A% o A A 9 I 1y o
AnuatennuMaRnaaiunisegunmesiniihdlzsasbedmanindn  Tnaudetuge
m@wm@mﬁﬁﬁ ANINARBIN 1 (RIAILAN) LmuLﬂmmummmmmﬁmmsmnmmm AR aaIfu 14.2 niu
mmmi‘wmmw 2 19a1#1 5.0 N3N mmmi‘wmm‘w 3 19a1#1 10.0 NS mmmﬁnmmw 4 19@1iY 15.0 NN UATTANS
MAARST 5 1AL 20.0 NS MuAAL EedunainmuznaanuAnsTa 5 LANINARES WUANHAHUANFNTY
Tusdud Weduda uazAmuudsussreaas WesanluwiazganiamasedulsiuBuiaiaanfunuanseiu ainus
nadaArAuudsaeaslnednluglanuuds gan1maaesi 5 Auuisaesaauiniiga 4ouganimaaeed 2
HANLINUINIBUAAATIAN HANIINARBIAILART I Table 2

Table 2 Physical appearances of pineapple juice gummy products supplemented with gac fruit aril.

Experiment Picture Color Odor Gel strength

1 / . Dark brown Mixed gac fruit and pineapple Medium gel strength

2 6 Pale brown Mixed gac fruit and pineapple Slightly gel strength
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Table 2 (continued).

Experiment Picture Color Odor Gel strength

3 Dark brown Mixed gac fruit and pineapple Medium gel strength

Dark brown Mixed gac fruit and pineapple Strongest gel strength

4 ‘ Dark brown Mixed gac fruit and pineapple Hard gel strength

/1N Table 3 LL@GNﬂElmll‘]_l[F]V]’]\iﬂ']ﬂﬂ’]‘l/\lm\llluﬂm_lﬂwﬁ‘ﬂLZQ':]‘JJLﬂ'ﬂ‘lﬂmmﬂﬂﬁﬂ"lﬂ') @Wﬂﬂ’]ﬁ"]Lﬂi"]yﬂﬂEHﬂ’]W
ﬂN‘]_IB‘W]’NW]uﬂ"I?;Iﬂ’WWW]u@ WL ﬂ’]ﬂ%’m’&')’]\‘i‘ﬂ@\‘iNZ\]mﬂmsﬂﬂNNu’W@Uﬂ‘”?ﬂL@?NLE@MNLN@@WWH’W ﬂmﬂw‘wmm\m 1
ummfmmwmﬂmm An 35.46 immmra'a ﬁﬂﬂ’]ﬁ“ﬂﬁ@@\m 5 2,4 u1ag 3 Nﬂ’] 31.21, 26 37, 26.09 uae 21.64
ANNANAL Aauanslu Table 3 Wl uaRA A AWaRININNIN AN LA Lu@\‘]@"lﬂllﬂ’]?IﬂuW@Uﬂ”?ﬂluﬂﬁﬁ‘N@ﬁ]ﬂNN
’N“I/]”lél,ﬂllﬂ']@Lﬁf\]’mwﬂﬂﬂ']’]ﬂ’]mm\ﬁm\iLﬂ'ﬂ‘lﬂﬁ\lLﬁJ@ﬂ‘Nﬂﬂ’]"J mmmmmmmLﬂummﬂﬁﬁumqmimiﬂmumﬂ,muLme‘lm ]
aaly LLmTuumimuﬂ?mmmmmumwmmu d\‘]N'Z\]lﬂﬂ’]'MLﬂ\mm@\‘iLLMﬂW@LM@@QLWNNWﬂﬂu ("Q"V]’m’]ﬂ W?W‘Hi‘
2554, NNANABNI mu”zﬁm LazALY, 2559) “Q’mﬂ’]ﬂLﬂ?’]”WﬂMﬂWW@NUEﬂVl’]\‘iﬁ’]uﬂ’mﬂ’]Wlum’]uﬂQ"INLL“]N ﬂ’W]Qﬂiﬂ
Aauansli Table 3 smmummmmmﬂmmmummemm@im mmmmimummﬂ L@Z\]QJWJ’]MLL"INN']T] LN@W’Q’]?M’]
AMNAIANH LI UINTDIUAR WUQW@HHD«LWL%@@NN@VINV‘]Q’]NLL“N@\‘]@@ An mmmwm@\‘m 5 NﬂWﬂQWNLL‘H\‘iLLN@\‘Wmﬂ
u'aqmﬂﬂ?mmmmmmLmuwﬁmmmmummqmmm mmmmiwmmw 2 NﬂWﬂQWNLLﬂNLLNWlﬂﬂ Lu'aw'mu
‘]E‘N’WEHL"QZ\]’]Eﬂuﬁ]’mfl’1‘]]ﬂﬂ’ﬁ“ﬂm@’ﬂﬂ@u@ﬂ%ﬁiﬂNIﬂN@?ﬁxﬂl‘ﬂ\iLW@V]NFW’WNLL?NLLNN’mﬂQ’WJﬂﬂ’]ﬁ“l’]ﬂ@‘ﬂ\i‘ﬂu ] IAATDILARATAL

wumwmuﬂu (elastic) mwmmwmL@@%umqmuwuﬁuﬂmnmuﬂ‘uamuﬂu LN@@E‘L&VII]MZ\]@@QﬂQWNLLﬂQLLN”ﬂ@QL@@

flag meu Lqmsl,uﬂ’mﬂmL@@mu@ﬂﬂummLmumum@\mmmu AN UIIUDAUR AR LANT UL DLIA AN (Demars and
Ziegler, 1996; Glicksman, 1969)

Table 3 Physical properties of pineapple juice gummy products supplemented with gac fruit aril.

Values*
Experiment
L* a* b* Hardness (N)
1 35.46° 1.34° 1.56° 0.866°
2 26.37% 6.26° 6.63% 0.129¢
3 21.64° 5.53° 5.56% 0.755°
4 26.09% 5.14° 4.50° 1.330°
5 31.21% 4.73° 7.48° 1.560°

Data were based on 3 replications.
Means in the different vertical column followed by the same letter are significantly different at 5% level by DMRT.

AN Table 4 memmwmqmmmnmmmuﬂ”mLmumwmmmﬂ’ﬂm HANITNARBINLIN TN
maqLmqmvmﬁmimmmmmmmmﬁmnmmmuﬂvmLmuLﬁwumeﬁﬂmq‘tmﬁmmmmmum 5 PANNINARDS
fisunnaesdiazansi ldiomnrauvtenuaniusiaausiiarilsznn 61.00-63.67 °Brix Aranuidunsa-sng
wudwﬁmﬁmm’ﬁuﬁﬁﬁﬁuﬂ:mLzﬁmLﬁlﬂﬁuﬁﬂ%’wﬁmﬂfgml,ﬂumm-ﬁmagjiwdw 382- 4.04 Taensnazdaeluides
ﬂ?}lumuzﬁ”’ﬁqﬁNmmmmwmmmamﬁmm’ﬁm napasiinaenisfaag Apudunsa-anwenndn 4 aziiasianan
WISLNUBUARAR A mezmqmﬂuﬂm-mqﬁmmmuﬁw@ﬁi@mﬂﬁmwmglwﬁw 2.8-3.5 uddAranuidunam-an
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yiliinasiaAailuna-sneiisals zﬁ'm@’lﬁmﬁffmiﬁzﬂqndqbﬁqqﬁmmmmi@ﬂfmﬁmm mnmmmmmﬁ?‘i 1,23
uaz 4 fiAaudunsa-sng Andn 4 ﬁnﬁmmmiwm@mﬁ 5 AL 4.04 HAgandmnganimasedianiies
palfiasnanliinauaanfiud Finaslnnndmnganismaaes yilsnATalaRAngendndnies (g5 gaiiiaann,
2552; 3adil Atfoyayn, 2551; Pye, 1997) ﬂ?mmm‘mmummmmlmﬂmmmmmmmmnmmnummmuﬂ“mmu

-

LEI@‘MNLN@ﬂﬁﬂ‘ﬂ’]ﬂﬂﬂ?NWMﬂﬁ‘ﬂVNMNﬁ’ﬂﬂi”ﬂﬂ’]\iﬁ"ﬂﬂ@“’ 0.57-0.80 @Vmuim’]‘]_l?mmﬂmwwmm@wmmamm@mm 5

ummnwmm AEAE LﬂumNﬁmmﬂmmwmmmmvzmmma‘mmmmmammm‘umLazmmuimmnmmmmawmm
A y yananiunanIaildasdae lufeanausaud faflnasanunaBINaRi TR NInAsiinasanIinAe
PegRaFBLATNIsNABune iU Tsaluszudanssaisnianan (Ao Aqwt, 2535) TnalunisdmszvimnifEunm
ﬂimm‘numma‘mmu‘lua‘ﬂmmmmemmmeLL@Vﬂ?mmm‘mmﬁumw‘lmm%”l,uvlmuanmmwLﬂum‘m pnale @Sy
mmmiwm@m‘w 5 LLm‘EumwvamLﬂﬂﬂumﬂwmmmnu mmmmwmmﬂuvlﬂimm n1sdnArAalunIn-sig
vitetBunaunaavanaenaideniananafiAat Ul maAa (42990W0 4RN"94, 2543) mmﬁmummmmmmﬂuum
muﬂvimLmumwmmmﬁﬂﬁmqLmemm:ﬂnmmumm”lwmnmanummnm (P>0.05) FaAnANTuTlAn AN Anaiv
Lummnﬂ?mmmauﬂvmmmwm‘l,ummmawm@m WL PN TR SHARA UG 5 mmmiwmm@ﬂiumqmmv
2.41-2.81 (ANNA FeaRANT UaTADLE . 2556) mmLmvmamﬂum@mmmmmmmum D mmmm@ﬂw 10-25
memm’wmuauwmmmdummnm w\‘iw,ummniaimm@mﬂmwLﬂumuﬂivﬂ@umumﬂumiﬂmummwmh
(83501 471734, 2543; Uddin and Khanom, 1992) anmAnmsiBunalalatuesdnsoeiuiiindulysas
LﬂwmmmﬁnmﬂmmmLmnm\mummnmw (P>0.05) mﬂ?ﬁmmhiﬂﬂuwmﬂummnmsmmmmumwmmm
V'\Tﬂmﬂuﬂ?mmmmﬂum 5 GANINANDN mwﬂuﬂ?mm%‘ﬁmﬁumLﬂm”ﬁ"lﬁluummLmeﬂummumﬂ?ﬂumﬂu
1Bunnslalaiiuy LmnmﬁﬂmmwmmmmuwmmmLmﬂu 160 mgkg fAaaaudniies araifiassnainnis
qryi@aaanfeulunszuaunisu@n (Fish et al., 2002)

)

Table 4 Chemical properties of pineapple juice gummy products supplemented with gac fruit aril.

Values
Treatment
TSS (°Brix) pH % Total acidity % Moisture Lycopene (mg/kg)
1 63.00° 3.96" 0.71% 2.50 1.57
2 61.00° 3.82¢ 0.57° 2.81 1.58
3 62.00%° 3.90° 0.67° 2.68 1.58
4 63.33° 3.97° 0.76° 2.54 1.57
5 63.67° 4.04° 0.80° 2.41 1.57

Data were based on 3 replications.
Means in the different vertical column followed by the same letter are significantly different at 5% level by DMRT.
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duelalneRtnislfnzuiuAaNNTaL 9-point-hedonic scaling (1-9 AZWIL) (Meilgaard et al., 1999) ‘lﬁwmmmﬁiﬂmu
nRniuauen 30 AU tnamuatladaaN WA LA naw saTnR eduda uazansmeuTagsan msiiaaaiuasiy
nansustlun s Wnaeafuiuasenseesiuresduiing andeyaiildazdiulddnaiuiann
L@m'ﬁuﬁmn'%umN@Iﬁﬂ”LLuuﬂﬁiﬂﬂm”uﬁmmmﬁ deduia uazannteulnesmmeNARTATRINTY Tnegm
MeMAaesi 4 unnuaaniiu 15.0 ni L‘flumm‘wimmmumwmm‘lﬁmmqummm LummnLﬂummmﬂ?mmwmmu
Funsainans TR o AT mmwﬂm Lﬂwmmmﬁﬂmq feamuaziledudaiia denzunuiild
luansinafunsadfdwiganimanesdi 1 (7.60) Teganiamaaesii 4 fSnouaaniulndieegasnsgn uanedn
PBrnssaAuidedadi A amnauansnlunseexsuann uinsilsdaspuadauaudan U nsdime
yamEnIw Madezined wasihnanisteesildnagimi douiunouaafufliunniulldealy
uualiunseeniuanngnaseududud nau 11 ieduda uazauTeulpasuduuniuanas siilaraiiiannan
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Funnaafuniunnashldawalin@aninemladanuudasssaniniu funeasuduas ldseuaanuuds Funnsal
Huag, 2546; §299041 AAN9A, 2543; Sousa et al., 1997)

Table 5 Sensory properties of pineapple juice gummy products supplemented with gac fruit aril.

Values
Treatment Overall
Color Odor Taste Texture
acceptability
1 7.30% 7.53° 8.00° 7.60° 7.60°
2 7.00° 7.20% 6.26° 6.86° 6.86°
3 6.80° 7.03% 6.70° 6.93° 6.93°
4 7.60° 7.50° 7.73° 7.63° 7.63°
5 6.90° 6.80° 6.26° 6.90° 6.90°

Data were based on 3 replications.
Means in the different vertical column followed by the same letter are significantly different at 5% level by DMRT.
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Abstract

The objectives of this research were to study various factors and features (personal factors, economic
factors, community information and supporting factors) that were relevant to the success of the sustainable palm oil
community enterprise in Sikao district, Trang province, with reference to the standards of the Roundtable on
Sustainable Palm Qil (RSPO), and 2) to examine the relationship between those factors. Data were collected by
interview with 103 farmers. Statistical analyses performed were frequency, percentage, mean, standard deviation,
maximum, minimum and chi-square. The results revealed that most of the farmers were male and had an average
age of 58.04 years. Most had completed school at the elementary level and had 4 people in their family. The average
length of experience in palm oil production was 20.53 years. The average area of palm oil cultivation was 32.14 rai.
In general, between five and eight people worked on a plot. The average income from palm oil production was
384,689.32 baht/year. The average expense associated with palm oil production was 111,310.68 baht/year, and
farmers had been members of a palm oil planting group for about 5 years. The farmers received palm oil information
from factory staff, books, and training programs. The farmers rated their support from community enterprises at
a mean of 2.75, from the government sector at a mean level of 2.58, and from the private sector at a mean level of

2.74. The overall opinion of the farmers toward the success of the community enterprise was at a high level
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(mean 2.74), and the farmers rated the community use of appropriate and best practices at the highest mean level
of 2.81.The hypothesis testing found that gender, educational level, experience of cultivating palm oil trees, number
of laborers, expenses to do with palm oil production, participation in community enterprises, information exposure
to palm oil business through the medium of personal media (factory staff), mass media (books) and activity media
(training programs) were the relevant supporting factors that related to the success of the community enterprise
and its management according to the standards laid down in the Roundtable on Sustainable Palm Oil (RSPO) at

the 0.05 level of significance.

Keywords: factors, success, community enterprise, Roundtable on Sustainable Palm Qil (RSPO), Sikao district
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Table 1 Opinion of farmers toward supporting.

Success of community enterprises Mean SD Opinion level
1. Supporting from community enterprises 2.75 0.535 High
2. Supporting from government sectors 2.58 0.567 High
3. Support from the private sectors 2.74 0.523 High
Grand Mean 2.69 0.542 High
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Table 2 Opinion of farmers toward success of community enterprises.

Success of community enterprises Mean SD Opinion
level
1. Commitment to transparency 2.76 0.523 High
2. Compliance with applicable laws and regulations 2.78 0.506 High
3. Commitment to long-term economic and financial viability 2.61 0.537 High
4. Use of appropriate best practices 2.81 0.455 High
5. Environmental responsibility and conservation of natural resources and 2.68 0.516 High
biodiversity
6. Responsible consideration of employees and communities 2.76 0.501 High
7. Responsible development of new plantings 2.75 0.510 High
8. Commitment to continuous improvement in key areas of activity 2.77 0.510 High
Grand Mean 2.74 0.542 High
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Table 3 Relationship between personal factors, economy factors, information about community enterprises, supporting factors toward the success of community enterprise.

The factors affecting the success

1 2 3 4 5 6 7 8
ractors X P- X P- X P- X P- X P- X P- X P- X P-
value value value value value value value value
1. Personal factors
1.1 Gender 3.658 0.056 0.828 0.363 1.970 0.160 0.001 0.972 1.157 0.282 8.606* 0.003 4.056* 0.044 1.468 0.226
1.2 Age 2.167 0.338 4.091 0.129 0.899 0.638 5.272 0.072 0.528 0.768 0.494 0.781 2.038 0.361 2.349 0.309
1.3 Educational level 3.468 0177  7.282*  0.026 5.275 0.072 2.068 0.356 3.572 0.168 4137 0.126 1.087 0.581 1.313 0.519
1.4 Number of households 3.376 0.185 0.724 0.696 1.250 0.535 1.380 0.502 0.346 0.841 1.643 0.440 1.731 0.421 1.414 0.493
1.5 Experience 4.550 0.103 3.191 0.203 3.615 0.164 0.482 0.786 7.355* 0.025 7.490* 0.024 1.450 0.484 0.902 0.637
2. Economy factors
2.1 Oil palm planting area 0.243 0.886 1.440 0.487 2.594 0.273 3.436 0.179 2.622 0.270 3.211 0.201 0.134 0.935 0.010 0.995
2.2 Number of labors 0.877 0.645 0.275 0.872 4.517 0.105 2.606 0.272 0.185 0.911 10.593* 0.005 2.879 0.237 777" 0.020
2.3 Income 1.355 0.508 0.357 0.836 0.942 0.624 0.780 0.677 0.039 0.981 2.755 0.252 5.403 0.067 1.147 0.563
2.4 Expense 0.872 0.647 1.323 0.516 1.539 0.463 2.601 0.272 4.013 0.134 6.254* 0.044 0.040 0.980 0.231 0.891

3. Information about community enterprises

3.1 Being membership 0.145 0.578 0.658 0.372 0.704 0.309 0.178 0.460 1.216 0.246 0.178 0.504 0.029 0.613 1.534 0.197
3.2 Participation 2.197 0.140 0.466 0.365 0.677 0.299 0.988 0.255 1.477 0.204 0.784 0.288 1.502 0.194 4.869" 0.038
3.3 Personal media 0.479 0.787 1.755 0.416 5.418 0.067 1.741 0.419 4.663 0.097 4.654 0.098 7.307* 0.026 0.436 0.804
Mass media 6.158* 0.046 3.596 0.166 5.851* 0.054 0.377 0.828 1.390 0.499 4.393 0.111 4.262 0.119 0.779 0.677
Activity media 3.486 0.175 1.376 0.503 6.125* 0.047 1.806 0.405 0.658 0.720 0.432 0.806 1.054 0.590 0.611 0.737

4. Supporting factors
4.1 Community enterprises 7.801* 0.020 3.053 0.217 4.133 0.127 0.831 0.660 0.521 0.771 0.325 0.850 0.501 0.778 6.094* 0.048
4.2 Government sector 4.070 0.131 5.790* 0.054 1.728 0.422 7.250* 0.027 4.012 0.135 5.782 0.056 3.559 0.169 0.145 0.930
4.3 The private sector 0.530 0.767 2.012 0.366 0.068 0.967 6.111* 0.047 1.829 0.401 2.216 0.330 0.275 0.871 0.008 0.996

Note: *Significant at the level 0.05, 1 = commitment to transparency, 2 = compliance with applicable laws and regulations, 3 = commitment to long-term economic and financial viability, 4 = use of appropriate

best practices, 5 = environmental responsibility and conservation of natural resources and biodiversity, 6 = responsible consideration of employees and communities, 7 = responsible development of
new plantings, 8 = commitment to continuous improvement in key areas of activity.
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Seed Coating with Plant Nutrients on Seed Germination and Seedling Vigour
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Figure 1 Show the pattern of seed coating with various active ingredients (A), show plant nutrients that are dissolved

around the plant seedlings after coated seed with plant nutrients (B).
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Table 1 Type of polymers, plant nutrients used for seed-coating on several plant seed.

Plant Type of polymers Type of plant nutrients References

Artichoke Chitosan power Polymer Chitosan Ziani et al. (2010)

Barley - Phosphorus Zelonka et al. (2005)

Barley Methylcellulose and Phosphorus Pilar-izquierdo et al. (2012)
polyvinyl alcohol

Barley CF Clear” polymer Calcium, silicon Corlett et al. (2014)

Cotton - Sulfur Rezaei and Bagherian (2013)

Hereafter brome, Polyvinyl alcohol Biochar Williams et al. (2016)

junegrass,
buckwheat, yarrow
Maize

Maize

Maize
Maize, soybean,

pigeon pea, ladies

Polyethylene glycol

Bio-polymer solution

Ethyl alcohol and crude

pine oleoresin

Urea-formaldehyde
Chitosan and hydrogen
peroxide

Boron, Zinc

ZnO nano-particles

Khunkeaw et al. (2012)
Paulin et al. (2013)

Shabaz et al. (2015)
Adhikari et al. (2016)

finger
Oat - Phosphorus Peltonen-sainio et al. (2006)
Pearl millet - Phosphorus Karanam and Vadez (2010)
Pigeon pea Polymer and nanoparticles  Zinc, Iron Korishettar et al. (2016)

suspensions
Rice Polyolefin resin Iron Singh et al. (2004)
Rice - Zinc, urea Shivay et al. (2008)
Rice Commercial polymer [ron Mori et al. (2012)
Rice - KNO,, GA, Gevrek et al. (2012)
Rice Gum Arabic Boron Rehman et al. (2012)
Rice Inert sticky Boron Rehman and Farooq (2013)
Rice Polyvinyl alcohol Molybdenum Hara (2013)
Soybean - Urea Takahashi et al. (2006)
Soybean - Urea, lime nitrogen Tewari et al. (2007)
Soybean Chitosan solution Chitosan Williams et al. (2012)
Soybean Polymer backbone Copper, manganese, zinc ~ Wiatrak (2013)
Soybean Polyvinyl alcohol MoO, MoPNH, MoPK Hara (2015)
Wheat - Phosphorus Masauskiene et al. (2007)
Wheat Polyvinyl alcohol MoO, MoPNH Hara (2016)

G
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