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Magnesium Fertilizer Response of Maize Grown in Growing Media
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Magnesium (Mg) is a macronutrient element that is not generally added in plant growing media
and results in the concentration of Mg is inadequate for plant growth. This research was conducted to
study the Mg fertilizer effect on maize growth grown in the coconut coir dust (low Extr. Mg) used for
growing media. Completely Randomized Block Design (CRD) with 4 replicates was used. Four dosages
of Mg in the form of kieserite (MgSQO,-7H,0) at the rate of 0 (control), 20, 40 and 60 mg Mg kg'* were
applied. The results showed that Mg application promoted plant height, stem diameter, leaf number,
and chlorophyll content. Magnesium uptake by maize increased with the rates of Mg application and
showed K:Mg ratios range between 4.80-7.65. Moreover, the coefficient of determination between Mg
application rates and fresh weight, dry weight, and Mg uptake were detected (r*=0.90-0.99). Agronomic
efficiency (3.14 ¢/mg), physiological efficiency (0.83 ¢/mg) and apparent recovery efficiency (45.80%)
values were high in Mg application at the rate of 40 mg/ksg. Therefore, growing media low in extractable

Mg must be applied Mg fertilizer for promoting of plant gsrowth and high productivity.

Keywords: growing media, magnesium fertilizer, Mg uptake, Mg responsibility, maize
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Table 1 Composition of fertilizer solution A and B
Fertilizer solution Substance Substance content (g L)
A Calcium nitrate 1.797
Fe-EDTA (13% Fe**) 0.04
Fe-EDDHA (6% Fe?*) 0.04
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Table 1 (Continued)

Fertilizer solution Substance Substance content (g L)

B Potassium nitrate 1.012
Monopotassium phosphate 0.105
Monoammonium phosphate 0.190
Manganese sulfate 0.0075
Copper sulfate 0.00051
Ammonium molybdate 0.00017
Zinc sulphate 0.00238
Boric acid 0.00623
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Tnginaniauisteansgaifimsunnluvostnlng

TavualduN AU naady (wilediau 5 9u.)

Tnglanesidy wardnuirululaenisuuluNnunaana

nsiiuien Siasizsinaslsilad wazs1nemIs
Tudalnn

deasurimun 50 Ju liqnaesnianzuina
nanAuevedluvugnvestidlng uaildugly
Dimethylformamide (C5H;NO) WolATeriUsin
AaslsNaan1u35n15999 Sangsing and Chaipanit
(2009) dauendrumienunazlinu wiseandu lu
Sdu wazsn AnuaveauaziTaasndeu 4
huinandusineg g sfivanlUeufigumai
750, Wunan 72 Falus ndsanntu ez tuiin
5’mﬁ’ml,ﬁqehushm 03012 INA UAAIDE1INBEIU
ATLNTIVUIA 20 LU go8n28n5ATana3n (H,SO,)
W eTasizilulasiounanun (Keldahl method)
waznsanadluninasaanin (HNO5HCLO, 3:1 v/Av)
Wielnseineaneada (Vanadomobedate method)

IRy wAaLTeN hazkuni@auriavan (Atomic

absorption spectrophotometer) n13¢d831AT189

Aullaziy (Onthong and Poonpakdee, 2020)

UszAnsamnslduunildes

AuInUnasnemsi i1 nagaluld
Feusmiunmiminusazmdituressine s
Tudmlne venniudssdussavsnmnsudndi
(Agronomic efficiency) Use@ N5 ATNLT 9a5 3¢
(Physiological efficiency) waz3auasUszdnsnin
n139AsIakuNTeuanye (Apparent recovery
efficiency) 9n@NN15UB Fageria (1992) lnausz@nsnw
74 3 Uszdiuldann

UseANSANASHERTY (n/Un) = WaAR
dinnatanmand e dls (dde-lildte)/sn
waniFendld

UsAvSnideatay (n/un.) = Hasne v
wadrnmuiedlnails (dde-laldde)/mans
winiBoniifvgaululd dadde-laldde)

Uszangamnisgalduunii@euainie (%)
= 100 x washausndiFesifivgaululy Adde-lld
{Jo)/Snsuuniideonild



Journal of Agri. Research & Extension 38(3): 1-14

aa

nsAaszvdeyauasTeuiuata

a a

yeAed syosdeyamsaiydvln loun
Auge usiugudnansddy S1uanly dwdnan
drviinuis Usnmaaslsflad USumsinoims
fidnagaluld arndutunmeaianuud s
(ANOVA) Uagna@ouauuanmuesALadeynsaia

(%

#8735 Duncan Multiple Range Test (DMRT) iszsiu
aa1ud o3y 95% faelusunsu SPSS o
Wigugudndiuvennugs WuruaugnatsEfy
Fruanlu Wrmdnan wazdindnutasznindd
wundi@ousnsnneg wazlulduundi@eudi uiby

Tudaguan
NANTSIVY
NAVBILUNTLTUADNTITIYLAUIAVRIT1I LN

a N a ) a N
ﬂ']il,mllLL@JﬂULGﬁﬂﬂluaaﬂUQﬂWNLLMﬂuLGUEJlI

nanalandwalidninaiimaasydulaauanugs

Gushugudnansdidiu warsuauluduty (Figure 1)
nmslilduunii@endmalidninadinugs 34.90 au.
Turauz et nlnaldsuuundi@eu 20, 40 wag 60
un./nn. daaliaaugadalnaifnduidu 44.05,
56.00 LAz 58.88 @i, muaIAU (Table 2) d@onRdadny
nsasaiulavesvuindiduiinudn ed1ilng
FFuunii@oufistudmaliduinugudnansdidy
gy 17.64, 20.89 waz 21.77 ua. wenanty
$rundlusesiu dvinanuazihinuiafisgatude
FrinaldSusuniiBeuiiatu (Tables 2 waz 3) el
waldudenanulunndiuvestlnaviadidu lu
wazsn drlwedldsuuundidenludng 40 un/nn.
fhdnan tmdnutdudiusieg waztimdnsa
a9 Tnefiundnanludiuseadidu lu wazen
WU 104.97, 98.28, uay 58.35 nu luvnefins
LildsuuuniBeudnlnaditwminasluduwesddu

Tu wagsin wWes 47.66, 53.63 way 21.15 N5y

AUAIIU

Figure 1 Effect of magnesium application on the maize growth at 50 days after planting



FANTIVYLALANFTUITINTNEAT 38(3): 1-14

Table 2 Effect of Mg fertilizer application on maize growth at 50 days after planting

Treatment Parameter
Height Stem diameter Number of leaf
(cm) (mm) (leaf/plant)

Control 34.90 c 16.25 b 10.50

Mg 20 mg kg™ 44.05 b 17.64 b 10.50

Mg 40 mg kg 56.00 a 20.89 a 11.75

Mg 60 mg kg™ 58.88 a 21.77 a 11.75
F-test * * NS

C.V. (%) 10.03 7.97 8.79

* = significantly different at P<0.05; NS = not significantly different at P>0.05

Different letters in the same column indicate significant differences by DMRT at P<0.05.

Table 3 Effect of Mg fertilizer application on fresh and dry weight of maize grown in growing media

Treatment Fresh weight (g) Dry weight (g)
Stalk Leaf Root Whole Stalk Leaf Root Whole
plant plant
Control 47.66¢ 53.63c 21.15b 122.43b 3.09b 6.88b 2.20b 12.16b
Mg 20 mg kg 72.11b  74.25bc  26.49b 172.86b 7.27a 12.81a 4.68ab 24.75a
Mg 40 mgkg"  10497a  98.28a 58.35a 261.60a 9.55a 13.20a 4.57ab 27.31a
Mg 60 mg kg'1 96.09ab  91.49ab  48.75a 236.33a 7.65a 12.64a 5.13a 25.41a
F-test * * * * * * * *
C.V. (%) 19.49 18.13 25.30 18.83 24.04 19.60 39.94 19.67

* = significantly different at P<0.05; Different letters in the same column indicate significant differences by DMRT.
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Table 4 Magnesium uptake (mg tree™) and K:Mg uptake ration in maize grown in growing media

Treatment Mg uptake (mg tree™) K:Mg ratio
Root Stem Leaf Whole plant in plant

Control 1.18b 4.87c 8.02b 14.07b 7.21
20 mg Mg kg™ 2.19ab 9.07bc 14.48a 25.74ab 7.65
40 mg Mg kg™ 2.68ab 13.45ab 16.24a 32.36a 7.15
60 mg Mg kg™ 3.31a 14.31a 18.76a 36.38a 4.80

F-test * * * * -

C.V. (%) 53.90 30.38 25.14 66.86 -

* = significantly different at P<0.05; Different letters in the same column indicate significant differences by DMRT.

Table 5 Effect of Mg fertilizer application on chlorophyll content

Treatment Chlorophyll content (g/m?)
Chlorophyll A Chlorophyll B Total chlorophyll

Control 0.13b 0.03b 0.16b
Mg 20 mg kg™ 0.21a 0.06a 0.27a
Mg 40 mg kg™ 0.22a 0.06a 0.28a
Mg 60 mg kg™ 0.23a 0.06a 0.29a

F-test * * *

C.V. (%) 14.88 15.62 16.64

* = significantly different at P<0.05; Different letters in the same column indicate significant differences by DMRT.
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Figure 2 The coefficient of determination (r?) between maize dry weight (a), maize fresh weight (b)

and Mg uptake (c) with Mg fertilizer rate
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Table 6 The assessment of agronomic efficiency, physiological efficiency, and apparent recovery

efficiency in maize grown in applied Mg fertilizer

Treatment Agronomic efficiency Physiological efficiency Apparent recovery
(g/mg) (g¢/mg) efficiency (%)
20 mg Mg kg™ 2.52 1.08 58.50
40 mg Mg kg™ 3.48 0.83 45.80
60 mg Mg kg™ 1.90 0.59 37.18
130IMaN153Y msUgniidliiaTydulalailuianiliugn

navawuNiPeudanissyAulnvasinalneg

nsiauy suundifenlutanugnd &
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Ldwindewunilifoy (Table 2) n1siudanuniidey
Tufaqugniiduuniifousdsmalinnnugstnnlng
Wudu 1.26-1.69 w1 wwimLdurugudnarsddy
Wiadu 1.09-1.34 Wi wassrunuludfindy 1.12 wh
dewFeuisusiunslidutsuunii@ou (Table 7)
youzwdnfivnlddutagugniuundieuiiadeld
i (8 un/nn.) ldiiaweseaudeanisvesinalne
Fau i sunniidealutanugniiiviuna
wundifoud adaldedednasulidalnadnng
L3gLAUle (Table 2) suhminanuazutaiuTy
(Table 3) denAdeetufi ds1891u71 1 o v ld Sy
wuniiB e utudwalinandniuty (Gerendas
and Fuhrs, 2013) V?ﬂﬁyl,ﬁ'a%’niwma%‘iy}@uimﬁsﬁu
denaliiminanuaziminuisausiee Lﬁ'uqaﬁ'ﬁu
(Table 3) Wuienfuiitinenudeuniiii $19lna
(Noor et al., 2015) wazdiwdus Weldfunundiden
Wi uilinnsasaiulnidu (Bueraheng et al.,
2018; Pongthai, 2016)
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un./nn. (Department of Land Development, 2005)
AuUgNY19N1IAITEINIT 36 Un./AA. (Kungpisdan,
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(Jantaraniyom, 2019) WaslA11A0IN1SuNN LTl
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2007) U199W196 89115 0.2-0.8 (Bennett, 1993)
LAININYS DLAILUABINIT 0.3-0.6 (Bennett, 1993)
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Table 7 Ratio of height, stem diameter, leaf number, and whole fresh weight of maize grown in various

of Mg application rate/without Mg application

Treatment Height Stem diameter Leaf No. Whole fresh weight
Control - - - -
20 mg Mg kg™ 1.26 1.09 1.00 1.41
40 mg Mg kg™ 1.60 1.29 1.12 2.14
60 mg Mg kg™ 1.69 1.34 1.12 1.93
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et al., 2007) [ udu Behdndrulnunafouse
wundidenimuneadlufiveiaciieg Sszduunneg
fu 1 Tulugnensivgnluiiquuasiineuiidndru
K:Mg B8l 3.87:1 uag 3.25:1 Amdiu (Kongmak
et al., 2017) 5¥AU K:Mg 7inunzaululudafen
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Pattern of Streptomyces sp. Culture Filtrate Application on Seedling Growth

of Rice cv. RD6 Cultivated under Fluorene or Phenanthrene Contamination
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Polycyclic aromatic hydrocarbons (PAHs) were toxic to living organisms including microorganism.
Using plant growth promoting microorganisms in soil contaminated with PAHs may decrease
microorganism’s activity. Thus, this study investigated the effect of some PAHs including fluorene and
phenanthrene on indole-3-acetic acid production and phosphate solubilization of Streptomyces sp. isolate
STRM104 and STRM302. The results revealed that phenanthrene decreased phosphate solubilization
activity of isolate STRM302. However, decreasing in phosphate solubilization of isolate STRM104 may be
caused by dimethylformamide. Phenanthrene and fluorene did not decrease IAA production activity of
both isolates. Then, culture filtrate of Streptomyces sp. isolate STRM104 and STRM302 were tested for
stimulating effects on germination and growth of sticky rice cv. RD6 on 20 mg/l fluorene or phenanthrene
contaminated paper. The sticky rice cv. RD6 seeds received culture filtrate via 2 different methods, which
seed immersion before germination and direct germination on culture filtrate-soaked paper. The result

showed that sticky rice cv. RD6 seedlings derived from seeds immersed in culture filtrate before
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germination grew better than those germinated from seeds grown on culture filtrate-soaked paper. Shoot

length, shoot weight and root length of sticky rice cv. RD6 seedlings derived from seeds immersed in

culture filtrate before germination were higher than those derived from seeds grown on culture filtrate—

soaked paper.

Keywords:

indole-3-acetic acid, phosphate solubilization, plant growth promoting bacteria,

polycyclic aromatic hydrocarbons, sticky rice cv. RD6
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uwndsiudadneg WuanmgliiAanisiuidieuves
ferlufuiifinisviununinssuiidsegiaeseu
UINIINNLoLeTI N Bl hazAan1InIg
PAAIMNTTURED AINTTUNNITNYAT LFU NI

o v % ' & o &, v
ADYIV LLﬁgﬂqiLN']aE]EJSLUSU'NQQLﬂ'ULﬂ ) L‘UuaqLﬁﬂiﬁ
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fioorludoughudiinsiinunsnssuldlaenss
(Pongpiachan et al., 2017) nsUuileuvesiiielon
Tudwndounusenuilan wy Autuuulufiui
inwmInssudiseginesouiieanisd (Changzhi) &
Huilosgeamnssuluussmaiunsanufiioiewia
16 ¥ila aus1en13ve US.EPA. Yuidleulufiuade
917 pg/kg (Liu et al,, 2017) Auduvuluilud
inwnsnssudasaeglndifuusith Shiwuli Faduuin
filnaasgneziaaiuainy (Chaohu) uumaduge
(Anhui) Uszmasy wunstuileuresiiteloniads
agjﬁ 103.7 pg/kg (Wu et al., 2019) dmsumsuidon
yostielevlufuvesUszwmalnenuseulesni
fraUszind drog1951891un1siudeuiiiele
Tudszmalng wWu Auduvuuinasuauuluae
gnnalos Saniadeslua asranufitetewidl
ueglsufn 4-7 29 TudSunm 205-2,196 pg/kg
(Amagai et al., 1999) LALAUUINIUINGN TIUIA
Wa1 Faduvinafldfunansenuainduidlud
W.A. 2547 ASIANUKNATINYDINLOLEY 12 viia Tu
U3un 132.31 pg/ke (Pongpiachan et al., 2013)
Saudmsvuileuvesiiterovazldvilaiia
ANNAEM g0 9ULI IR TEUIAT YR ARLTY
yarldogdaiau uinsuuilouvesiioienly
dandeuudeiuiifinisiunuasnssy awsain
nsazauvositorluitnIednl amisaaienen
Mteudngiatlgons uazneliindunseluszey
g1adoNywdduduguilanld (Zelinkova and
Wenzl, 2015) uena1ni Jaynin1suuideuves
foterlufuiifinnsiineasnssudsznouiunisvin
nunsnssuegiadaiu Saflonldqdunididuans
AuANTIn wuazeTannuIniu (Vejan et al,
2016) nMsUuouasuafivluifuiiinunsnssuens
inliusednsainvesqdunidngudaasunis
Wiyiulavesiivanadld esanfiereiianudu

Nurogduniduiu (Patel et al,, 2020) Fetiu

nsAnuniiTamadeunavesiitoiy 1dud vigoedu
waziluuuniudenisnda 1A Mduaisniununis
WIAulnveINYNgUeanTY Lagn1sazalenaann
vuuATiisy Streptomyces sp. lolglan STRM104
wag Streptomyces sp. lolewan STRM302 F991n
TOYAVBIAIFULUAUY 16S rDNA Wudkuaiiise
ﬁgﬂaaﬂﬁ AIUAR1IARINY Streptomyces misionensis
IN869290 Soeiaz 9392 waz Streptomyces morookaense
NR 112529 Sty 9507 srudu sauvieds@nunisns
FsnhdsaraduuniiGosomass i ulmedminien

v ¢

Wug nv 6 Mngluanneivuileumengeaiunie

q

Huuuviudadonidifumivuulumsined Weswan
Huieeviinvvuidouswiuiiewvedniug lu
U%L’Jm‘ﬁlﬂ‘uLﬁ@uuﬁ%@ﬁﬂ‘téi’]&ﬂ”li‘ﬂm US.EPA. fidiaq
1saindnoenandawanasy (Liu et al., 2017) way
Gonldthuduivduuuuiosnnfuiivasugives
Ineuaziunguvesiyfividuemisudnvesau
wialan (Khunkhet and Remsungnen, 2018) uaﬂmm‘f
Jeflsrenunisuudounesfiierovvesiuluuidng
A8 (Kim et al., 2019) lngaslungquiiioloydl
seauianulufivdedamisaiug nue dae
W AuuunIuiissiuanududu 20 me/ke dawali
Adinanundnssvesnundidrnuiiediug nv 6
ana3 (Somtrakoon et al., 2011) nsUueusauiu
sewinwigesiulagyigesusuiufissiuanuduty
2 mg/kg MliRMUE1I5INVBITIINTEIRUTNY 6
anas (Somtrakoon et al,, 2012) dmSuuselovii
I¥arnnsanerifaunsadrluliduuuamidunis

wWssReIuldlunsinyn st sausaly
L4 ad
gUnInULAZIdNIT

G~} LY l&l a
LAIYURILVILRUANLIY
wuAiS e Streptomyces sp. lolsian STRM104

way STRM302 faweanlaainfiusausinusilame
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Tudminumanseny nswsoufadeuuniidevinlag
e eualiSe Streptomyces sp. YLD
Potato Dextrose Agar fianadudud uaasanse1nis
asnsenile (1/2PDA) Wuan 7 5y ﬁqmmﬁ 37°%.
mﬂﬁ?udwﬁ%ﬂummi Potato Dextrose Broth ﬁ
anAududureansemsaIn3ania (1/2PDB) uda
Usluanmedafigamad 37°0. 1unan 7 Ju udis
Auiienradunldiiuidesududmiunagey

ANUENNSalUNSHER IAA Lazn1sazaenoae

AMUEINNTATUNTTHER IAA

§18W 2 Tonunailiie Streptomyces sp.
lolgian STRM104 w3e STRM302 FeflUSunaiuad
Suduwiafu 240x10° way 2.33x10° cfu/ml
MUARU asge s ¥ PDB Senauvulnudisysy
ANUNTY 0.2 ¢/l iuvigesTunTeiluuuniuadly
pmsnageuliinnududuidu 15 wag 20 mg/l
wdwuieluannedsfigaungf 37°. \Wuna 10 fu
MnduiuisngadiisliudigadiutilaUiuna
2 ml unATIERUTUIN IAA ANNIBA15U99 Ahmad
et al. (2008) lneneansneslnweaneinasly 2 e
war11e1 Salkowski USuas 4 ml naudrunauly
Duddeentu arndusafialdifunan 30 undl ud
ﬁ’mmms@mﬂﬁuLLaQﬁwaL‘UﬂImIWT,mﬁLma%‘ﬁmm
§1IAAY 530 NM TNURLNITNIARBILUY Completely
Randomized Design (CRD) LUy U8 UTE®I19T1n
WATANUTNTUY 4 TEAU KAZYAAIUAN 2 SEAU AB
yanuAud 1 mnzidssuuaiiBelueimmadey
Fnaulawiiavesinlusdadusvhazanefildazans
fileley warnisnaaadluyamuauynd 2 PEMIEIR

wuATISelueNns 1/2PDB windu

ANuaINIsatuN1sazane N
nsnAaRUHaTeINgaeTuLAz L UUTTUsE

AMUEILIsalUNNSaTaneNeanvYRILUATIS8YInlAY

W3suFdenuniiise Streptomyces sp. laleian
STRM104 %38 STRM302 FafiU3uauiead 3udy
WNAU 1.73x10° hay 2.46x10° cfu/ml AUaIfu
wagldUsunaiade 5 pl venasuuiindienis
Pikovskaya’s agar %awauﬂgaa%uw%?\luuum%u
fisgfunnaudutu 15 wag 20 me/l Umdeiigumad
37°. e 20 Ju nsveassyRAIUANYAT 1 ¥in
Tnawnzidsanuafizeluenmis Pikovskaya’s agar
Pnaulawianesinlusdadufhazarefldazay
fiteley waznismmaasdluganiIuauyai 2 vilae
mzdsanuaiiseluennis Pikovskaya's agar
Wiy 219LHUASNAAB LU Factorial in CRD 2
YUady 6x2 Uaduusn Ao ¥lALaLAINULUTNTUYDS
Woley 1 6 szau (Wgeeiu 15 mg/l WaeeTu 20
Mg/l ULUUNTU 15 mg/l WuunIu 20 me/l
Tawianesurlusdawdudviazaeildazane
10189 uay Pikovskaya’s agar i bilnaufiioLe)
Jadad 2 Al svuznan 2 szey Ae 10 waw 20 Yu
Wisueuuszdndainnisazarenoainuy
215U T9R18A1 Solubilization Index (SI) Tne¥ased
vosusala (Clear zone) wazsafivaslaladifiold
ATUIUAT SI M1UITN15999 Collavino et al. (2010)

Aagnsialuil

SI = (colony diameter + halozone diameter)

colony diameter

navasidsgagdenisiaiyluszesdundivas
$rawmilsaiug no 6 fwazluaniasduidou
WLaL%
nMswssuAsLeasldUSInaadiSusy
V84 Streptomyces sp. STRM104 i1y 1.73x10°
cfu/ml wazlgadi3uduvesaes Streptomyces sp.
STRM302 Wi 2.46x10° cfu/ml nMstaseutiaes
waduuafidevinlasdeidonunadioasgons
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1/2PDB Fenaun3ulmmiuanududu 0.2 o/l Yuide
Tuanneiafiguugd 37°0. 1una 7 3u 9Ny
duienvadineiludumissnensondunsing
AINUEY 6,000 rpm el 4°%. 1381 10 w9l U7
aﬂﬁawfﬂaﬁmuumﬂimmuﬁ’mimﬁﬂimmﬂ
L%@%ﬂﬁmuﬂm%aﬂgﬂsaa 0.45 luasou Uiiﬁ;ﬂhgm
wadlumaugiivsrandariulildou uasiased
Usunas 1A Budulutndsswad TneuSuna 1AA
Tuhidsaadues Streptomyces sp. STRM104 uaz
Streptomyces sp. STRM302 wi1Au 3.10 way 2.34
pg/ml MNaIeY
nMaedsnudaiuglasyianuazoiaiiuin
waawugirumdes nv 6 drenisudiudnlu
asazanelalumaslsdmududuiosay 0.3 91uu
2 afs unan 5 undl lusendnenisudiudniiug
Twgnduadinsi ndudrewdaiusdiumien
v 6 aduinduiiusiaannde 3 ats udazads
Tgn 1 i
nswisunszamnizfivuiiounigesiu
nIoNUUUNTU ‘1/1°ﬂ@8%"ﬂ1/\lqaa’§um’§aﬁ7\|LLuu‘w’%u
nntuthinazanglussdlauliianududuantiie
Wy 20 me/l udr3slinansazanefieievunazyin
V31105 20 ml aslunszanumnzfiusdainide i
nszmwingliivihazatssameluludaiudddnan
Uszanas 48 42l nmsneasslugnriuauinios
nsga1wmuiedfuivlugannaes wildy
azdlaududusiiavatsadluifissedrnienly
UsunmsiwirfunazislSluanimuindouieaiu
wieliesdlauszimvely
nsnPFeUNaveI A BuTadURILUATISY
Fansounuiinisdedu dentsasydvlnvesdn
wileaiug nv 6 TuszegAung) 1MUAUNITNAADY
WUV Factorial in CRD 2 U249y 3x2 UJadeousn Ao
ylinvaefitoley bawn lilfieley Wgeesu uag

Awuunsu Jaded 2 lown 35n1slasudndeawas

1% (% v
s o a (3 a a 1%

Tnswdanusazlasuinasaeadwuafisoieanss

q

ad ad &l a

WEIAF1935 I5NSiesudIAsLwaddl 2 35 e 35

a

71 1 udwdniuginludibdeseaduuaiiBeneumnig
Juvan 12 $alus uaedsin 2 wnzwdaiugdaluin
q'/ I a.'/ v
AAUULIAN 12 T BANILAIUUNTEANYNY
NIAAIEUNALUIATUUATILI UGN LN 1EAUNAD
‘. z y g
5 AARDNNAMANE 1 010 NAABININUA 10 T1 H9
1AMz AAT LA TuUS A TALA SULES
5ITUVIA IAAIEUINGUUIIAINW BN TULNBTN
ANMUTULUNTEATHNE VUTNHANISNAABIAUDITUN
16 999N15N9A89 LAYUUINUIUAUNAIT9BN LaTNIT
wigAulnaesiiy laun Anue1251n Amealy
YIINER/UNRUNEIUD951N5U I ULRES WaLUInLN
AR/UNNUNWIAIUDI8DA ANUISDYALNITIBNTTINLUA
waranaaslunissanmuidves Calvelo Pereira
et al. (2010) wag Chuanren et al. (2004)

N13599n91991349 (Gy) = (Ng/Ns) x 100
Ng = Sruiuanisonnelussegiatiniviun

Ns = S1UIULAATISUINIE

L’Jmmﬁl glumsaen (Mean Time Germination; MTG)
=3 (gix di)/n
di = 91U

gi = S1UNAANIBNTITY di

N5AATIERdaYaNI9ER
AATEAANULANA NV NEAD A SEWINVIIVLUUR
A8 Two-Way ANOVA LazilasIsALLANAI9T84
m’mwsﬂsaumLaﬁaiﬂﬂﬁjﬁaaﬁﬁ Least Significant
Difference (LSD) Ineinnunszdutiud1Agy P<0.05
NINAFDUNAVDINLOLEIRBNTTES19 1AA Laglunsdl
Fsunddnilisensin AnsizianuuanaanEna
SEWINVINUUATIY One-Way ANOVA LazilasIzi

! i = 1Y aa
ﬁ']']llLLmﬂfﬂqﬂsﬂaﬂﬂ']LQaEJi']EJ@@'JEJ'Jﬁ LSD
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Nan15I8LazIaNTel

woalwpanazlsuifnlalasasuauduans

| a

Jutiwsieqduvsd (Patel et al., 2020) Aatiunisun

aunddnaudaasunisiasyivlavesiialuldlufiu

- S

q
=1

Yo uNLoeu819 71 NansSudaL@sunns

=)

wiydulnvesinlnegaunidanasld nsAnwiie
AFRADUUIUIUNITNER IAA wazn1TazatuNaams
U8 Streptomyces sp. loleiam STRM104 uas
STRM302 ‘LuaquﬁﬁmﬁﬂmﬁaumﬂwQaa‘%uLLaz
Awuunsu s’mﬁgﬁﬂmgmwumﬂﬁﬁﬂLﬁymmaa‘m'a
nssenuaznisasgyivlalussyzdundives
dranieniug nv 6 Anngluanneifinsuuiden
NNGeTULATTLUUNTU HANITNARBINUIN
WaeoTunariluuuniulidwmadonisudn 1AA Iagly
Jufl 10 v09N15MAGR Streptomyces sp. STRM104
uag Streptomyces sp. STRM302 u@a 1AA Tty
3.83 WAy 4.91 pyg/ml ANUAIAU dlemnzide
wuaideluoimis 1/2P0B Tuamiefindn 1AA 16
0.78-2.38 waz 0.71-281 pg/ml d1M5ULT e
Streptomyces sp. STRM104 Wag Streptomyces sp.
STRM302 muddiu dlomneidssluemsideaded
wamwQaa%‘w’%aWLLuum%‘uﬁszﬁumwmﬁﬁmﬁu 15
wag 20 meg/l (Table 1) Aruausalunisazaiy
Weawlnes Streptomyces sp. STRM104 Tuudi 10
YoIN1IneaIAInItanasINNavaslamianesinlug
Fadusvazanefildlunisazatsfitelns diu
arnarursalunisazatevedaiianatves
Streptomyces sp. STRM104 TuFudi 20 w9313
neassmaindunasnislawiaresunlusuay
wgeeTuiufluuuniu luvazivgosTunaslawia
Wosuilunlidenarnonisazareveainve
Streptomyces sp. STRM302 eiau?\luuuw'%uﬁgaﬁ
SEAUANMLNTU 15 hag 20 mg/l vinlviannuanunse
lunsazaeeanvesiuaiiise Streptomyces sp.
STRM302 el (Table 1)

Nan13Anw1ee3sn1sla UL A e d
WUATNLTEY Streptomyces sp. STRM104 L@y
Streptomyces sp. STRM302 @4nafon1590nihay
N Aulalussegiuna1vestmleIiug nv 6
fungluaneiivudougoeiunasiuuuniu
uaneefu Maudadaiusirmiderluiidsasad
wuaiiBeaaesiialdinazdy Streptomyces sp.
STRM104 %39 Streptomyces sp. STRM302 ﬂizél:u
mMstenuaznsseyulnluszezaunaIvestImile)
Wug nv 6 launndnismizmdaiuglunseaiy
wngfisadetnidsasad mauwtiwdaiuidamien
n9 6 ludidsawaduas Streptomyces sp. STRM104
duasulinissenvesdmieafimglunseaiy
fuuideungeniuviofuuuniududosas 100
Tuvazfinissenvoundaiugiinmien nv 6
fwnglunssanuiisadethidouradifesaynssen
snr¥esas 60 agslsfimunisudimdaiuglu
Aoawad Streptomyces sp. STRM104 $uual1391

4

natadslunmssenliunndrsiuilomiziudaiug
frmiieany 6 luanieiivuidieungesiuuay
Huwuuniu wanisiwzwdaiuddramies na 6
funrzlunsgaiuiigudisuisueadves
Streptomyces sp. STRM104 wuitaanadslunis
sonfnlddtanluaniiziifinisuudeunnigesiu

uenanfinisudiudaiusludnfesadss
drudasuni1asyiulaluszeziundives
Hramiloniug nv 6 ldnnniudlewisuiieuiunns
wnzwdaiuuunsemmmeiigulufeiiisagad
Tnsarwenlu dwidnan/dwinuisessen A
g17570 Uwitinas/dwinuimesnauludses
wiafustmien nv 6 futwdafusludiies
waddAannninsasayivlnvesdundfiudiugn
stugluinduudaimnglunssmuimefigudaeiidss
\wad (Table 2)
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Table 1 Indole-3-acetic acid (ug/ml) production and phosphate solubilization index (PSI)
of Streptomyces sp. STRM104 and STRM302 (Data are mean + S.E.)
Treatment Streptomyces sp. STRM104 Streptomyces sp. STRM302
IAA PSI IAA PSI
concentration concentration

Day 10

15 mg/l fluorene 238 +0.74 1.39 + 0.04b 0.71 £ 0.48 1.46 + 0.02
20 mg/\ fluorene 1.72 + 1.28 1.31 + 0.03b 0.71 +£0.48 1.38 + 0.13
15 mg/| phenanthrene 0.78 + 0.38 1.45 £ 0.03b 281 + 2.36 no clear zone
20 mg/\ phenanthrene 1.07 £ 0.26 1.51 £ 0.10b 0.93 + 0.59 no clear zone
dimethylformamide 1.72 + 0.51 1.34 + 0.05b 245+ 1.21 1.36 + 0.01
PDB or Pikovskaya’s agar 3.83 +0.45 1.83 £ 0.01a 491 + 0.38 1.37 £ 0.01
Day 20

15 mg/l fluorene N.D. 1.39 + 0.04bc N.D. 1.47 +0.02
20 mg/| fluorene N.D. 1.31 + 0.03c N.D. 1.55+0.24
15 mg/\ phenanthrene N.D. 1.46 + 0.03bc N.D. no clear zone
20 mg/| phenanthrene N.D. 1.50 £ 0.10b N.D. no clear zone
dimethylformamide N.D. 1.34 + 0.06¢ N.D. 1.36 + 0.01
PDB or Pikovskaya’s agar N.D. 1.76 £ 0.02a N.D. 1.37 £ 0.01

LSD 3.10 0.23 5.19 0.43
Day/PAHs/day*PAHs - ns/**/ns - ns/ns/ns

Values with different lowercase letter are statistically different between same day (P<0.05); Values with different capital letter

are statistically different between same bacterial strain and different day at 0.05; ns, *, ** denote non-significance (P>0.05),

statistically significance (P<0.05), and highly statistically significance (P<0.01) of each factor, respectively. N.D. = not determined

nMslsUlIRsuadLUATISY Streptomyces
sp. STRM302 Tiinaludnwaugiaeaniunislasuunaes
\WadILUATILSY Streptomyces sp. STRM104 1aanns

£ [

IDNVDITINVDWUEARUST W nY 6 Nudiuda

]
13 =

wugludfeswasuuaise Streptomyces sp.
STRM302 Aeumnziialusesay 100 msiasqiiuls
Y9380nRUNAI TNl INUNY 6 NUBUAnRUG

luwidesswanues Streptomyces sp. STRM302

wdumnzluanngiivuiioungesiuuasfinuuniu
fuualiudiaunnnindundrtrmierfimiziudn
Tuanmefivudewduiy uimedaiuslunseay
fuseindoarad Tomausmdeiusdrumie m 6
Tuthnduudumglunsgaiuguinisasad wuiil
Aenssenvassnusnunssenedluiiiu (Figure 1
waz Table 2) uenaninswsaiivinvesiiamilen
ftug na 6 fmnglunseavduindsasadidnume
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vosrundiiliudsussanysal maaigyiulavessin
Framdeniugny 6 Mimzwdaiuglunszaiuguii
\Beaeadues Streptomyces sp. STRM302 lalanansa
Taalel (Figure 1 waz Table 2) lnen1sinzwdniug

Tunseauigualedeusadves Streptomyces sp.

STRM302 WuN15La3ay0931tuNsEAwnie Feann
Fazluanuglinissenvssuiagndauinald
Wesanludndswvadvesuuailiseynlolyian
a S & v 2

dunanvete1m1s PDB saunuuaat e sady

WA SEMSUNTSIRS Y ueaiuvsdlusssuale

Figure 1 The 16 days old seedling of rice cv. RD6 grown under different condition; seeds immersion

in Streptomyces sp. STRM104 culture filtrate and exposed to fluorene (A) and phenanthrene (B)

contamination; immersion in Streptomyces sp. STRM302 culture filtrate and exposed to

fluorene (C) and phenanthrene (D) contamination; germinated in paper soaked with culture

of Streptomyces sp. STRM104 and exposed to fluorene (E) and phenanthrene (F)

contamination; germinated in paper soaked with culture of Streptomyces sp. STRM302

culture filtrate and exposed to fluorene (G) and phenanthrene (H) contamination
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Table 2 Germination and growth of shoot (fresh weight/dry weight) and root (fresh weight/dry weight) of rice grown under fluorene or phenanthrene

contamination which receiving culture filtrate of Streptomyces sp. STRM104 and Streptomyces sp. STRM302 (Data are mean + S.E.)

Treatment Total root Mean time to  Shoot length  Shoot fresh Shoot dry Root length Root fresh Root dry
germination germinate of weight weight weight + weight +
root Cotylydon Cotylydon
(%) (days) (cm) (mg) (mg) (cm) () (mg)
Immersion (STRM104)
Acetone 100.00 + 0.00 2.12 +0.10a 542 +0.21aA 184 + 0.87aA 5.2 +0.19aA 557 + 0.3daA 3.9 £ 0.35aA 2.2 +0.11aA
20 mg/kg fluorene 100.00 + 0.00 256 £ 0.12a 4.96 + 0.21aA 7.7 + 0.45cA 4.2 + 0.22bA 4.46 + 0.35bA 2.0 £ 0.16bA 1.6 + 0.15bA
20 mg/kg phenanthrene 100.00 + 0.00 2.56 + 0.06a 535+ 0.22aA  11.4 + 0.70bA 4.4 + 0.20bA 589 + 0.39aA 2.0 +0.13bA 1.5 + 0.10bA
Soaked paper (STRM104)
Acetone 54.28 + 8.41 257 +0.18b 2.30 + 0.16aB 3.1+ 0.22abB 1.5+0.11aB 0.62 +0.10aB 0.6 + 0.14aB 0.3 + 0.00aB
20 me/ke fluorene 40.00 + 0.00 1.25 + 0.00c 1.76 £ 0.19aB 2.3 + 1.92bB 1.2+ 0.11aB 0.30 £ 0.10aB 2.1 + 0.00aA 0.6 = 0.00aA
20 mg/kg phenanthrene 60.00 + 11.55 3.65 + 0.90a 211+ 0.17aB 4.0 + 3.58aB 1.3 +0.11aB 051 +0.14aB 0.5+ 0.07aB 0.4 + 0.09aB
LSD 0.75 0.55 1.26 0.4 0.71 0.57 0.31
Method*PAHs
Immersion with (STRM302)
Acetone 100.00 + 0.00 250 +0.12 4.85 + 0.20A 6.4 + 0.52cA 3.3 + 0.18cA 434 +0.35b 3.2 +0.16a 1.1 + 0.07
20 mg/ke fluorene 100.00 + 0.00 2.46 + 0.04 522+ 0.20A  12.00 + 0.65aA 4.2 + 0.19bA 6.34 + 0.40a 2.6 +0.13b 38+ 203
20 mg/kg phenanthrene 100.00 + 0.00 2.44 + 0.04 4.86 + 0.22A 9.7 + 6.23bA 5.2 + 0.30aA 468 +0.27b 1.4 +0.11c 1.1 +0.09
Soaked paper (STRM302)
Acetone N.G. N.G. 1.87 £ 0.12B 2.2 +0.17aB 1.1 £ 0.07aB N.G. N.G. N.G.
20 mg/kg fluorene N.G. N.G. 2.08 £ 0.12B 2.0 + 0.18aB 09 +0.11aB N.G. N.G. N.G.
20 mg/kg phenanthrene N.G. N.G. 1.72 + 0.14B 2.4 + 0.21aB 1.1 £ 0.08aB N.G. N.G. N.G.
LSD 0.23 0.50 1.13 0.40 0.91 1.26 0.40
Method/PAHs/ -/-/- -/ns/- **/ns/** VA VA -/**/- -/**/- -/ns/-
Method*PAHs

Values with different lowercase letter are statistically different between same method (P<0.05); Values with different capital letter are statistically different between same PAHs and different

method at 0.05; ns, *, ** denote non-significance (P>0.05), statistically significance (P<0.05), and highly statistically significance (P<0.01) of each factor, respectively. N.G. = not germinate
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32150iNAN15I8

mMsavateeanaiianasues Streptomyces
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Late blight disease of potato is caused by Phytophthora infestans, leading to yield losses of
potato crop. Potato breeding for disease resistance is very crucial for potato production. The objective
of this study was selection resistance potato varieties to P. infestans. Two potato varieties from Chiang
Mai Royal Agricultural Research Center, Thailand, sixteen varieties from International Potato Center (CIP),
Peru and an Atlantic variety were used for plant disease screening. A suspension at the concentration
of 1x10% sporangia mL? of four P. infestans isolates as KW3, Phrao3, MA6 and MS8, each one was
prepared. The suspension was inoculated to the whole plants at 1-month-old. Plant disease severity
was assessed during July—August 2018 at 14, 25, 34, 43 and 52 days after inoculation for 8 weeks period.
Scoring of disease severity was converted to percent severity index (PSI) to categorize resistant
genotypes and the area under the disease—progress curve (AUDPC) were also calculated for disease
resistant estimation. It was found that potato variety CIP 391002.6 showed moderately resistant (MR) to
all P. infestans isolates. The resistant variety can be utilized to breeding program as late blight resistant

varieties.

Keywords: late blight, potato disease, Phytophthora infestans

28



Journal of Agri. Research & Extension 38(3): 28-38
UNANELD
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Tudsemalnedeiiniugounenon1sidninaisusy
051 Phytophthora infestans vilwAalsalulng
(Late blight) §anunisszuiavedisregiasinsaly
amwmmﬂLs‘?uLLazﬁmmsﬁuqa (Lhakchaiyagul and
Wongmetha, 2014; Wongmetha et al,, 2019; Soytong
and Ratanacherdchai, 2005) @ n WagaaanunIg
sruinvedlsaluludlunneg U wavasrannudeme
AONANANBE9TUILTY Jaimasit and Prakob, 2011)
msldiugiiud$ei danudiuniudelsa
Faduisnisauaulsad duszadnsainide
Wisuiisuiunsldanseil venand dadunisan
Funun1sudn wazidudnsdud swaindey
(Mohammed, 2014) ¢4 wiofnaudaUagiuinig
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=

unsuane i ouhunldudladeyninisszuinvedlse
(Orozco et al., 2013) TunsWanniugiiussa enald
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3 oU Lt 1 ug LR 19 lunn sauus M s
luusgina (Ethel et al., 2019; Asefa et al., 2016)
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Tuvasdusiursaluusuns 5 ua./fu ANUISN15U09
Sharma et al. (2013) USeLTUSLAUALLUUAITY

squmwmimiui’uﬁ 14, 25, 34, 43 way 52 TUNAY

nsUanidie 53 5 Ae IagldiBnsusedulsnnnais
403 Henfling (1987) fifuuald 9 526y (Table 1)

Table 1 Field Key for assessing potato late blight (Henfling, 1987)

Score Symptoms
1 No late blight observable
2 Late blight present maximum 10 lesions per plant.
3 Plant look healthy, but lesions are easily seen at closer distance. Maximum foliage area

affected by lesions or destroyed corresponds to no more than 20 leaflets.

a4 Late blight easily seen on most plants. About 25% of foliage is covered with lesions or
destroyed.
5 Plot looks green; however, all plants are affected. Lower leaves are dead. About half the

foliage area is destroyed.

6 Plot looks green with brown flecks. About 75% of each plant is affected. Leaves of the lower

half of plants are destroyed.

7 Plot neither predominantly green nor brown. Only top leaves are green. Many stems have

large lesions.

8 Plot is brown-colored. A few top leaves still have some green areas. Most stems have lesions
or are dead.
9 All leaves and stems dead.

hsefuazLuunLTULSedlsafiUssidu
Talumruaae Percent Severity Index (PSI) (Asefa
et al., 2016) lngldgns

Summation of numerical rating

PSI%= x100

No.plants examined x Maximum disease score

nUuUIAT PSI 71 LAusEuaN YA
ArunIuaolsn MuIsn15993 Mohan and Thind
(1999) N5zyly 4 Snwauy fatl PSI < 5% vanefis Wl

AUAIUNIUES (Highly Resistant; HR), PSI = 5-20%

nuede Nt AuAIunIL (Resistant; R), PSI = 21-40%
NUNEHT NVTAUATUNIUUIUNA1S (Moderately
Resistant; MR) Way PSI > 40% %189 Wydau
99U (Susceptible; S)
1A1INNNTUTEEIUTEAUALUULAIIUTULSS
Tumsiielsalumuniuildnsiimuinisedse
(Area Under the Disease-progress Curve; AUDPC)
AaiIsA15v8s Campbell and Madden (1990) #aid

1
AUDPC = i(%)(tm -t,)
i=1
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e t = S2e8a190In15nTIUsEIY
y = Sepaziunlunazdrnuvesiunssidulsa
YENNTIUTEIEU
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NAN15I8LAZINT
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wirduTesay 33, 35 uaz 35 ANy 3y
wane19eg 19T dAyn1@iAdunus Atlantic
(P<0.05) dmpglungusinunmuliunats (MR) luvaug
Affunfsvugneaeudug ddviausunsiveslse
wnniesas 40 Sneglunguseune (S) uazfunss
g Atlantic Sfviinrusunswedlsauniigawiniy
Yovar 100 Fneglunquaeuus (5) 1iomuiaa
AUDPC W31 #Wug CIP 398190.2 ilA1 AUDPC Wee

Y

Naawiniu 782 FedanuunnsigegelidediAgng

av o ¢

fuiug Atlantic (P<0.05) fiflen AUDPC gefian
fiu 2280 (Table 2)

drun1snageuiuld asnlelaian Phrao3
wud1 g CIP 398180.253, CIP 391002.6 way CIP
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du Ifvdanuguusaedlsauinniidosay 40
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= vy Y] I
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nguseuLe (S) WeAuauAT AUDPC wuin siug CIP
391002.6 fiA1 AUDPC fieefianiviniu 621 Feiinan
wana1veg 19l ded1Agynisadddunug Atlantic
(P<0.05) ilfn AUDPC gailamwiniu 2634 (Table 2)
dmsunisnaasuiuid esiloleian MAG
WUI1 Wug CIP 398190.2, CIP 391002.6 uay CIP
398180.144 dawfianugusavaslsainiusovay
31, 37 waz 37 ANENAU F9dAuuanA1sedd
WedAynadanuiug Atlantic (P<0.05) Ineglu
ngudumIuUIunans (MR) Tuas i sfudl S eius
naaeudu fdvdanusunsswedsauinnitfosas
40 Fnogflungusouus () wazdudSaiug Atlantic

v

yilAuTULTvelsAuINAgawiniuTesas 100

)}

e

naglunqueauue (S) WoAwIuA1 AUDPC Wudn

Y

v 6

#iug CIP 391002.6 fien AUDPC asilaavinfu 739

]
'

=2

Fafiauwane1seg 19 ved1dyniead Anuiug
Atlantic (P<0.05) iiiA1 AUDPC gefigawindy 2275
(Table 2)

nsnadeuuidoslolaan MSs nudn wus
Clp 391002.6, CIP 398098.119, CIP 398190.2, CIP
398098.205 war CIP 398180.144 JAwHAIUTULTS
vaslsauiniusesay 26, 26, 26, 33 Wag 37 AU
Fadanuunnsinseg 1 veddynsad Aduiiug
Atlantic (P<0.05) 3neglungusnuniuyiunats (MR)
Turardiudfsiugnaaeudug Idvdauguuss
vaslsaunninSesay 40 Jneglunguaaune (S) wag
sfunl¥ariug Atlantic Sduianugunssveslsaanniign
wirduFeay 100 Fneglunguseuns (S) e
A1 AUDPC Wu31 #ug CIP 391002.6 @1 AUDPC
Yfosfigawindu 630 Falanuunnsnsedradifodiny
M19ad A uug Atlantic (P<0.05) 715l A1 AUDPC
gefigaiviniu 2604 (Table 2)
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AR NI LS TUNSY uagAriiuiildngw
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Phrao3, CIP 398190.2 A uv1uU1unaisewd 091
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Jarintorn et al. (2016) Ainudnanesiu A3 uag A9 i
sedumaiAnlsalulndiadesifian satidesninnis
nageuiugurfiiina Idvaaouluaninuas
flordanaitvhatsreadeanvnlsamusssumd
lagldarunsaniuaunisivuanisiinlsalulngd
wazanmzwandeuls @il Perez et al. (2001) namin
n1snAgeUNUs Ul 9 L a1unsaniuny
annuandouléiu aglvinanisieudiouiug
fin1nuAa1ALed ou uBN21NE Mohammed (2014)
51891171 Wes1 P. infestans Yl Tauinis lag
ansnsonaneRuglifiausuusanniudiodvhane

v s w O aa o Y = o Ry &
Wugdulssidanuduniulsals FaviTndudss

anesu A3 waw A9 Mpedisenuinduusliudumu
solsaluluiy wansdnuazs oo 4
lelawan Mdlunsenwaded

deRansane1 AUDPC waengusiugiiun3s
fAFumudiunans (MR) sieides P infestans WU
furfsusiazitugariidn AUDPC funnsinafusioldos
wiazleleian annnanimaasswusiusdaiug Cp
391002.6 fif1 AUDPC sl gmognedfoddgiile
vaaeuietelelaian Phrao3, MA6 Lay MS8 @3
fFur$asiug dand 1 dnvazanuduniuLuy
General resistance v udnwazii T AL zay
Tunisdmdonuit ethluldlunisusuusetugiiuel 3s

4

fgnunuselselulng (Asefa et al., 2016) WaLWS

)

CIP 398190.2 fid1 AUDPC #infigmognadifoddny
dlonaaeusiedasilolatan KW3 (Figure 1) dean
AUDPC annsaUszidiuldanniesazmsifalsaiiny
Tusyezia1f uana19iy (CIP, 2006) Wunisagy
Toyamnuguusveslsadonatiwlu oldlu
MsPLUnANNAULYeT UK s ag g an 1S
wWvhaneweslsale (Andre et al, 2014) Ingr1 AUDPC
fdazuansuualduvesnnuduniuselsalulg
flastuluiussfusds (Shrestha et al, 2019) AonAdas
fu Jaime et al. (2014) Aoyt Fusiunsdiian

AUDPC quﬁmma'awasian*usvfhﬁwawmaﬂm

al

funnnin Teanmsideluadaiiiuldiniusius
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donsunlulfdune-wug iienisusuuseiug
1niiga e Wus CIP 391002.6 %A% Ae Wug CIP
398190.2
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Table 2 Percent Severity Index (PSI) and area under the disease-progress curve (AUDPC) of potato

varieties inoculated by Phytophthora infestans 4 isolates KW3, Phrao3, MA6 and MS8

under greenhouse condition in rainy season for 52 days after inoculation

Varieties Kw3 Phrao3 MA6 MS8
PSIY  AUDPC¥  PSI AUDPC PSI AUDPC PSI  AUDPC
(%) (%) (%) (%)

CIP 391002.6 33a”  987abc 35ab 621a 37b  739a 26a 630a
CIP 398098.119  35ab  1218cdefg 40bc 739a 46¢ 1233cde 26a 664a
CIP 398098.205  40abc 915ab 42bcd  827abc 4dc 852ab 33ab  743a
CIP 398180.144  ddcd 1272defg  40bc 754ab 37b 1098bc 37bc  927abc
CIP 398180.253  49def  1040abcd 31la 883abcd 47c 1396defg  4ddc 1161cde
CIP 398180.292 42bc  1090bcde 42bcd  1222def 46¢ 1544feh 42bc  1055bcd
CIP 398190.2 35ab  782a 40bc 681a 31a 830a 26a 749ab
CIP 398190.404  4dcd 1466¢h 46cde 1518fgh 46¢ 1389defg  42bc  1310def
CIP 398190.53 51ef 1322efgh  49de 1529f¢h 58e 2066i ddc 1394ef
CIP 398190.605  4dcd 1228cdefg  49de 1584¢h 54de  1562fgh ddc 1362def
CIP 398190.735  4dcd 1299defg  42bcd  1246efg 49cd  1148cd 46cd  1379ef
CIP 398192.41 d6cde 1284defg  42bcd  1095bcde  4d4c 1327cdef  54d 1488f
CIP 398192.592 d6cde 1298defg  49de 1253efg 49cd  1343cdef  46cd  1463ef
CIP 398193.65 44cd 1129bcdef 4dcd 1323efgh 54de  1651¢h 46cd  1489f
CIP 398201.51 54f 1455¢h d6cde 1617h 56e 1433efg ddc 1352def
ClIP 398208.62 44cd 1231cdefg  35ab 901abcd 4dc 1240cde 33ab  702a
A3 51ef 1355fgh 5de 1368efgh 56e ld6lefgh  T7le 2013g
A9 54f 1577h 49de 1123cde 56e 1717h Tde 1956¢
Atlantic 100g 2280i 100f 2634 100f  2275i 100f  2604h

%CV 1148 164 14.28 22.55 10.38  15.32 1554  19.13

LSDo o5 6.86  263.56 8.28 342.9 6.57 267.43 9.08 310.31

Ypercent severity index (PSI); “area under the disease-progress curve (AUDPC); ¥Means within the same column follow

by different letters showed significantly different between treatment by LSD test at P<0.05.
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Figure 1 Comparison of potato varieties inoculated with Phytophthora infestans 4 isolates under

greenhouse condition in rainy season at 30 days after inoculation; potato variety CIP 391002.6

inoculated with isolates KW3 (A), Phrao3 (B), MA6 (C) and MS8 (D), potato variety CIP 398190.2

inoculated with isolates KW3 (E), Phrao3 (F), MA6 (G) and MS8 (H) and Atlantic inoculated

with isolates KW3 (1), Phrao3 (J), MA6 (K) and MS8 (L)
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Phosphorus Deficiency in Plant and Roles of Phosphate-solubilizing Bacteria
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Phosphorus is critical component in plant biomolecules which often found in soil as inorganic
phosphate. However, inorganic phosphate is not soluble and phosphorus deficiency is the important
problem of plant growth. Some plants were adapted in phosphorus deficiency condition by symbiosis with
mycorrhiza fungi and cluster root production. Another way to increase crops growth in phosphorus
deficiency condition is phosphate fertilizer application but it could increase water pollution. Therefore, the
used of phosphate-solubilizing bacteria with crop plant are more appropriate method. In this article, the
mechanism and example of phosphate-solubilizing bacteria used in agricultural propose. The important
mechanisms in phosphate solubilization were chemical production, such as acid, for inorganic phosphate
solubilization and enzyme production for organic phosphate solubilization. However, phosphate

solubilization capacity of phosphate-solubilizing bacteria depend on several environmental factors.

Keywords: economic crops, phosphate-solubilizing bacteria, plant growth promoting bacteria
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wiv3unas ATP lusinanas eneanesadivhluldle
TuRuR1a9 anN1519300IUNRATaNAINITUVDT
wuleflulasiwaivusindundes dalaaesvn
fwsdulaluannefiveanesasinasiiaududu
maammasﬁiﬂuu‘fal,?iamﬂqﬁ?u sausedad e
MIUSULSIR LRRAlANUBITINUAENITATUANNTNAY
yoseulusifiisidosiunmsiueyyadass wnsn
L‘TJuU%L’Jmﬁﬁ"ué’zyiyﬂmmﬂV\IaaWa%JaﬁaauimsJuaﬂ
USIAUBRENANYBITBIRAT lUTARUDINLINTINTY
Fuiuusinaveanoda nisviavleansdasiiinnis
luaveslusnousanainsin vililsleailesidunse
Feazviiliisrneimssnag Tuduegluguiifvunluld
§snTu (Zhu et al., 2020) MsMAINIABUNIEN
30 19U nIAeEdAn (Acetic acid) ninozlallfin
(Aconitic acid) nsa@n3n (Citric acid) nTAYNIIN
(Fumaric acid) nsalnaladn (Glycolic acid) nsanan@n
(Lactic acid) nsau1an (Malic acid) nsaaanw1an
(Oxalic acid) waznsadn@in (Succinic acid) A
dindudlevnumauloanedaluiivnaneadad e
fndyiuannizeinuaauneanasa n1sudanse
90NINIINILRUTY 10U N15UAINIATASAUAS
nsmunAnasiintuluusasInYes Brassica napus
m°11ﬁ@m%uﬂaa1/\la%’amnﬁu1/\|aaLﬁ/\lm"lﬁﬁ%u Ty
Raghanus sativus JyndInTaNIAnLaznIndndin
Wiadu 60 way 15 win (Zhang et al, 1997) dandes
ulndfsaivlalddluiuiivauaauneanasa
%é’fﬂﬁms@m%maammLﬁmﬁuLLazﬁqLﬂsngﬁﬁwmwa

A Ty a X o i 44' ~ = o
‘V]ﬁga']ﬁlur]‘lﬂLW?Jsﬂualuaﬂqqgﬂﬂﬂaq'g walsgumeuny
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anundodlulndnasyfvlalalbifluaniizifeaiu

(Zhu et al., 2020) aenslsfnuvguazdiluuniou

'
[

drilng/linunsndansadunsiisnn uwinunsmd
nsnduvssannsinveslddusiu wu nsndsnsadnsn
NTINVBINTLAUNNT (Acacia mangium) NINDBNYIAN
PNTINVBILLLWHAUNIUA (Anarcardium occidentale)
kazy19N131 (Hevea brasiliensis) LATNUNIIHA
wulvsirearmaainsnvesinenang (Stylosanthes
hamata) (Onthong and Osaki, 2006)
fyuviiauiudalaenisegsaiulunalsen
iWoifiunsgadunoamnlossy dwlunguuesiiy
ﬁlﬁa&ﬁmﬁ’uimalwﬂummaﬁ (Family) 19
Proteaceae, Casuarinaceae, Fabaceae ¢ Myricaceae
3za@31931nnqu (Cluster root) ATnuvus el
mi@ﬂ%ummw (Péret et al., 2011) ﬁﬂﬂﬁcjmﬁu
nTiuanuuusludneasadoulsidain Jaumn
pennandumesledavessinuuue Wunsuduih
fidfyresfivifiensvaussdoaniiziiviauaay
Woareda nsviauvesTnnguiididey Toua i
ﬁ”uﬁﬂ’uﬁaLﬁuﬂﬁu°Wﬁma”|msL5i’hqjﬁﬁzj Wunas
\ndeufivesteamnlnensndsanssimanauendian
IUULIN Lﬁ@‘iﬁlﬂ%m?\la%a&ﬂuamwLﬂuﬂsm W&
wulgiWeanwmaiiedesaaivasusznouneainn
Juvi3d uazvdsansdmanitusdnuazyias sinnay
vosfigurewida Wy Lupinus albus 93 n&931aTa
ponunulusurauinAniludevay 11-23 va9
ihinuisvesfiefionun Tufvenguesiivuazsedu
mMsvaunauNoanesa Jinsnaziiimeanesalusy
U196 Tasasvinlineanesaiduogiuman
prailifloy ULazuAaLTYNALANE0ONUIANY
nszvumssanilasulessy vvihidufianduiu
Tossuuinvedtangludruiiiluasdunidluiu uay
Jostunsnaulugaduiuluduaznisnnaznouves
Woanadunsd (Shu et al., 2007; Sousa et al.,

2007) agnalshnrudnsuiianlidlaasiasinngy

m3egTmiuydunsdNnavaeveamnls ssiiuselev
mefelunsiiunsiweamnluldlunsiasyivla

UNUIMNVBILUATIS BT eNasLWA
AudfinsinneainssutayiuIunasiy
woaveFamazgniinyunumloanssalugUveste
woawln egelsfnutoneamaiifuasllufuds
Yovaz 7590 fidlsiannsoi W F 1 Jevoamadildly
Tumsvinussalugaziadlunisiugisen lae
sganmznousuiulansifuszquin saduguilsl
::awﬁmé’ﬁagﬂm?wﬁﬁuﬁu LU ANAZNBUIIUAY
waadey (Ca?) TuRusdldiluunadaunoawn
(Cas(PO,),) drulufunsainanagnoausIuny
svafidon (A®) wazsimwméan (Fe®) 1Ay
avgiliduureaa (APO,) uaziesaveains
(FePO,) (Satyaprakash et al., 2017; Kalayu, 2019)
To1dodug veanislideveamaiieiunandn
n19n19nynsfininiAull fe szdiwansznuse
dwandou TaevildiAnuaniagnisiuagyiliian
glnsfiaduld Fedunisldgdunidnduadvayy
msasyiivlnvesiivfifiinuansalunisazany
Woamaduniadonisidmununislidend
(Alori et al., 2017)
9aunIgNdaruarursalunisazaiy
WoamafiiauuaiiFouazides nelufuazwy
wuafiiSefitinuamisalunisazaieneanog
Yovay 1-50 vesUszvInsuuUATITenavan daiden
nuifiesiesas 0.1-0.5 103Uz INTH0I ¥ anuA
AunIsnguildndausnldanfuiarusounniituas
Fusouuenanity UaRuAaTnfiY Sauviedaud
agjmﬁaﬁuawuaaﬁﬂj vJudu (Sharma et al., 2013)
Wy wuanSelud na (Genus) Acinetobacter,
Enterobacter, Pseudomonas, Sinorhizobium Wag
Staphylococcus Annanlaainfiusausnaenarlae

(Carthamus tinctorious L.) (Zhang et al., 2019)

42



Journal of Agri. Research & Extension 38(3): 39-49

wuaiiFeluana Serratia Aanenldanuusiniidas
(Arachis hypogaea L.) (Luduena et al., 2018) wag
wuafiiFeluana Bacillus Fsinuenliaindudiugn
Kn3aeu (Foeniculum vuleare Mill.) (Mishra et al.,
2016) é’hasJNaqasumL%amﬁﬁmmmmmiumi
avanenlean Wy Aspergillus wag Penicillium B4
Fawenldannfuseusinveanyna1ud (Brassica
integrifolia) §Unén (Vicia faba L) fun (Phaseolus
wvulgaris L) @ ® 8 (Saccharum officinarum L) @ &
1L DN (Lycopersicon esculentum Mill) (Elias et al.,
2016) Saudindesiariivszansifisasiuiudes
winrdudifiaauaiuisalunisazareeamals
wimuauisalunisaratewedanveios
fnligamelusswianmsieiideluries jifins
(Sharma et al., 2013)

1 t

nalnnisazateveamalaeydunsdnguatuayu
n13L93gyLiulnvaINY

nalnnisazateWeannueIgauNnIguys
Ju 2 dhweus Ao 1) maaxmaﬂamﬂmﬁa&ﬂugﬂmm
ansefluvidaverfunalnnisnanansfifiannuanang
Tunisazateeals Wy nsadunidfiivszqau
Tomalsnes uarlusnou udu wag 2) nsazany
Woanfioglusuvosarsdunidinerdonisndn
wulasinqgdunidudiueenuenwadiiiegesaans
ansdunidfivealaiduesdusznau (Sharma et al.,
2013)

msnannsaduridnnyduviddusumuslad
IINNTLUIUNITULNUDATUVRIRAUNTIAIN
nszuIUNIIHITNnIonssuIunITelasEAuLLad
desgyuuduansafiiduaisdunid wu nglaa
(Kalayu, 2019) nsadunsdidunumlunisazane
Woansldainnalnsneg §ail 1) nsnduniditueen
Mnwadaaunidilviievluwaduazdundon

Tngsavansi1ad antrsidunsavldiinnis

Janudesnoamlnldainufasernisunuilag
Tusmoulusumisdiillossuvesuszquinduegiv
woawln WoandmaneeninanUiizeinisunui
Tsmeufuuna@eniduiureaminly (Alori et al.,
2017; Satyaprakash et al, 2017) 2) n3ABUNSEN
gnwdntuaingdunisazindeudionoanotalugy
voswlaaminonnin Mnduazilasunleamaluaglugy
flazanehlflniRnmsfiadu (Chelation) nanBun3s
Laznsnelunisinanaingaunidnianuaiunse
lunisavargeamaaiuisoavargweaale
TnoiAndjAsendaduivuanlessuiifvegiv
a1sUsznavvesleamnluguvesaisusznauidedeu
W wan (Fe®) avgiivilon (AP) wazunaldoy
(Ca> (Sharma et al., 2013) 3) nsnduMIENTUTEY
aulAnUAATen1suanildsulszgauiuneas
Tushumisiveawlaveudulufu uaz 4) nsndunid
ﬁﬁwglamaﬂ%a (Hydroxyl group) #38A15UBNTA
(Carboxyl group) fiAv1uatunsalun1sTuiulseq
vanfiduegiueaimn vinlvieamaiudeulveglusy
favaneinlg (Kalayu, 2019)
UsgAndnnlunisazateneamatuogiv
ANULTINAETUATDINTA InenIalaTAISUBNTEN
(Tricarboxylic acid) wazlaA1suandan (Dicarboxylic
acid) #&ngn1nlunisagareneaiauinniinga
lulutudn (Monobasic acid) kaznsaaglsuian
(Aromatic acid) uenandgamuiinnesdniin
(Aliphatic acid) #Uszd@nsninlunisazaneoais
WInndInsauedn (Phenolic acid) NSATATA Lax
nsAnu3N (Kalayu, 2019) Inensanglaiiniusiie
veansafidununlunisagarevoamauin Tngyin

v A & a A v W oo Y
pmduansan Ae Junulanendvegiunaane

Y
=

ilvineawavansenuazgninluldlaeiivla (Alori
et al, 2017) nsndunIdsiadus Adunumlunig
avangnaana lawn NSABBNYIAN NSATNTNRN way

a a < ¥ a a 1 a ¥
nsndn3n Luau lnsuuaisounazeinarasieanse
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figaslunisazareeamnaiafuly dregrugu
Bacillus megaterium @11150azangnoanalan wa
asensaiientestunisazareneanalaeiily e
nsanglalin NInTR3n uaznIneenyIdntates nIm
fiagaleunn fe n3adnddn nsawanfin waznse
Tns#ledin (Propionic acid) lnen1swdansadndiin
Tanudususlunsuindunisasaneveana Jaduy
nsnfidfalunisazarevealnvesuuaiiSesing
(Zheng et al., 2018) UBNAINATABUNTIUAINTA
alluvisd wu nialalasmaesn uasnsadaysn dunuim
Tun1sazareeawlaguny (Sharma et al, 2013)
ogslsfinuqaunidenalinalndug Tunisazane
NoawnsImale 19U N1suantalasiaudalna (H,S)
31nqdunidanuisaviugiserduiesnleama
(Ferric phosphate) latduinesadainn (Ferrous
sulfate) LasUanUasepandasyoonii (Ingle
and Padole, 2017) UjAze1n15tulusnauaanain
wannnsyuunsikenluilesdngadadunie
(Ammonium assimilation) kaznszuIun1suIela
seauwasiudnnalauniafifliunuinlunisazane
Woanveagdumnse (Sharma et al., 2013)
ansduvssiifinearesadussdussnaudinu
Tufugefisfesas 30-50 vosroaneianun
daulngjegluzuvresduludneaneaina (Inositol
phosphate) (Alori et al, 2017) @158 uN3 6 &
Weammdueidusznoudug wWu nsndinadsn
Woalnaln 1ananoas nsalniin weaneams
waznoalviun (Kalayu, 2019) @158 un3d7 3
Woanesadussdusznautingesaatssnidiosnd
hwiinlaianags ansduriseamamenifesgnees
gangluifurleainlosau (P) lululelasiauneawn
Inlelasiauneams wieiduansduniseamnil
dhwiinluanaseudsaggnundngwadinld (Alori
et al,, 2017) weulwiififlunuinlunisdesaans
asdunIsffineanesafuosdusznou Taun

ulssdfivininfidmyeainesnainiusy
Wealwlawawmes (Phosphodiester) w3 oW ussWaal
lglass (Phosphohydride) Frog1aioulesilunduil
Taun wulsineanwna (phosphatase) w3ol3an
Sndendeineulednealnluluiedivessa
(Phosphomonoesterase) (Alori et al., 2017) Lo ulay
Snufladidunuivdesaaivansdunidiiineanaa
Fuesivseneu Toun wulwdlnva (Phytase) ¥imeid
gopaargnoamniioglusuvesnsaluiin (Phytic
acid) oulesddnydands 16ud wulvdvealnuna
(Phosphonatase) uwaza15usu-nNoanesalalod
(Carbon-phosphorus lyase) avimthilvianewuse
syninenrsvounazneanesaluasdunieind
WeanesaluasAusenou (Ingle and Padole, 2017)
n1sldauuuafiSedifianiuaiuisalunisazane
Wosann
wueiiBefiavanerleamalddniiauanunse
Tunsduasunisigdulavesfisludnueaedus
S8 1TU ANEINIsatunsnanlanelsnes
ANLANIALUNSNERENIAIUANNISAS YAUINUHY
LLagmwa,JmmmMmswﬁmmié’ugamwﬁiy
vo9qaunisnelsafiy udu delunaduaiunsg
WigAulnvesislagwuasenduazateeainens
Juwasiufuainanuaunsadus veswuailSede
(Taurian et al., 2010) A uauIsalunIsazane
ommnvosuuaiionguararoneanniuogiu
Hademsdaandendie 1wy Ujduiusiugaunid
viadulufiu szeznanlunisugniiy aniagni
TnAing1 anmgiienna vilnvesdu vilnvesiy
Snvasn1sVnEnsnssy wasdnwaznslainu
udu (Alori et al., 2017) wueitSefiazaneloas
wusnluRuiifanuTusnnninpuiiuiuds Wesen
USUAfan112e 1AL U UL ILE9Z A LAY

a139unsy Huveduluannenfonmgligadadnie
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N33y V8 AUNIEA8 (Satyaprakash et al, 2017)
WU WUANLSE Adinetobacter sp. L176, Pantoea sp.
149 wag Serratia sp. 1260 azateneawlnliiile
wnzidesiigamgl 37°0. uiliansaazaneoain
Hidlogangiigstudu a2°. iesaniduanneiilsl
AR DN YUBILUATISE (Anzuay et al,, 2017)
wuaiSenguazatenoandinTARLENIIN
AuvsnaseuTInfisuaziedinnisasyivlauas
nanAnvesigvatesiin TeiiedifAuen LAz iawin
31 WU Acinetobacter sp. RCO4 wag Sinorhizobium sp.
RCO2 WuwupiiSefidauenidanfiuseusnaendies
(Carthamus tinctorious L.) 19 891 Acinetobacter sp.
RCO4 fdnunrnlunisazarsvsaalannin
Sinorhizobium sp. RC02 auau1salunisagane
soanvosuuaiiietuogiuundiniiveu unas
Tulasiau gaumgll wazanulunsn-a1avesdu (pH)
Buduresemaidente uwaiveuivnyay fe
nglaa unaslulpsioufiunzay fe wenluiow
Aaslsn (NH,Cly) drunnudunin-aAnaesau (pH)
LLazqmwQ:ﬁﬁmmzawiamsasmaﬂamﬂm g 6 uay

'3

30°%. puddu wonanil Sswudinisusmdaiiug
nonAroelufngouuailiie Acnetobacter sp.
RCO4 wag Sinorhizobium sp. RC02 saufiu 1ina
duasun1ssentarnssyLAulalus sy AunaIves
funenmides Weowssuiisufunisldiade
urazastaneniu (Zhang et al., 2019)
Pseudomonas sp. MS16 Wa Enterobacter sp.
MS32 Fedmuenldniuseusindnand finuanunse
Tunsazangeansiuduanuausalunisuan
nIndulaa-3-wadAn NIATULUBLTAAN AIUEINITH
lunsavanedaned wavsameulsllulasiuaiaziouls]
n3n 1ozl lulglaalnsmu-1-ns vond ans ovd an e
nsliidouueiFesufunmamizmdaiugdnnand
Wug NN-Gandum-1 nudnuuafiisegieduasunis

IDNWALAVTANULT MTIVBIAUNAT UBNIINTNITIY

WUATILSY Pseudomonas sp. MS16 $aufiun1sugn
Jaadarigiiunandnvasivlanaduseaunszang

NAADILALNIAFUINENA2Y (Suleman et al., 2018)

'
=

Tuvuedl Pantoea sp. 532 Fefauanldainiuseu
sindadailana Farnuaiuisalunisazaislag
uralenoas waznanoulvdneaninals annay
fumngaudenisaraneneaminvasuaiise fie n1s
wnededuenaisadeiifinglaaduunasesuou
pamnfl 30°%. uaw pH 7.0 Mmautuidaiusdriluiude
wuAfil3e Pantoea sp. $32 dawaliinaNgs 324
Y9y Larn15asAulavessInt1la (Chen and
Liu, 2019)
wueiSefideuansalunisazaenoan
falmnuanunsalunisazalesinemsduldeig
Wi WA B o8 iU Enterobacter sp. KM97992,
Pantoea ananatis KM977993 Wwag Rahnella
aquatilis KM977991 waga1u1saazalslnunaidos
nustunila nsazateneanesaLaslnunagau
6 Aedunernauanunsalunswannsadunid
Tngnisuyuand19Wug cv. Tarom Hashemi
luaisazanelwaduuaiilse Pantoea ananatis
KM977993 k& ¢ Enterobacter sp. KM97992 % 7 ¢
duasunisasyulalussezdunanvestnilannai
Rahnella aquatilis KM977991 iiasanndaiaSule
Fundrvesdaivinitnusiwessin tivdnuies
fdu dvifnutewesdu Taudenisilnunadey
Wndlu d@1du warsn Wannnaa Rahnella aquatilis
KM977991 (Bakhshandeh et al., 2017)
nstduuaiisuazateneansindude
Judnisnisndeiivredindneninlunisdauasy
nseiyavlavesiin nsiAndaneuluguiiie
Pl rsiuntssgiivlnvesfivuazaiy
nunuvesfivsodaandon nsldledanouiiog
9819LAIANITANTTAUNTATYLAUIAvDIN VLAY

= A a o =
ﬁﬁﬂ'lr]llLﬂiﬁlﬂmLﬂﬂ"ﬂqﬂﬂqimqﬂwaﬁwaiaiuwsﬁ
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nsldaneusiuiuuuafiseduasunisiasyiule
YosRvardILinANNUNILYeIigsadIndoy
Frenalnene Wy linszuusinvesiia Wunisi
s1nemslUld iiunsadaeulusdiisadeatunns
Aueauyadaseluiy MaRuwuaiiSvazaenoans
2 @18Wug Pseudomonas sp. FAl wag Bacillus
simplex UT1 saudunisiiud@aneulusunndadn
150-600 mg/kg Lﬁ'umim%mLﬁuimaq%’nv'\mié’ﬁq
Tuanneifudeweamnguiiazarslfuazazaelils
(Rezakhani et al., 2020)
venniflunsdaesumsiasyivlnvasit

a a

Aasaivlaluanmsfinady w luiuivudouans
wafie Auiiy wazdug wuafldoazatoveann
Fmnganlunisihanldouluansgud s
AOINUNIYU @1U1505enT nLazavatenoanle
luan1zainafie WU wuAilisy Serratia sp. J260
wae Pantoea sp. J49 azaneneaaliluaniieiil
miﬂmﬁaummmiﬁﬁmﬁmgﬁ% Imazapic LaznN13
Yudousaufuvesansanidos Pyraclostrobin tag
Epoxiconazole Tuszduaauiduduiinuvwiion
Tudanden wuafiSerdesd daasunsiaiaivla
Yosfaasuardalng swﬁ”’qmsﬂqﬂﬁﬂuamw
Adurdonuafideddmwaliusinamoanosaluii
i ug agﬁuﬁ’w (Anzuay et al, 2017) Bacillus subtilis
aewug PSB-36 Feazareveainaliuazdauen
ié’mﬂamﬁmﬁﬁmsﬂgﬂﬁﬂ%é’ammmaaﬁua’%umi
wigAvlnvesdnddeulad lnelinandnuesudn
geaawiniy 2,146.88 nn. uazinddenivgnluanioe
Aesudowuaildedeiussnovvesisiuisnduy
Lﬁuqqsﬁu MNMTIATIERRUNMYBAUNALTULAe
flamuinduiiamn Aty lnenuuiinmuansdunis
Asusulufuievaz 0.59 Usunalulpsiau 78.25 nn/
lennes Woaneasa 28.54 nn/Agnmas uazlnunage
178.3 nn./isnwmes Wudy (Mishra et al.,, 2016)

wenanuu lunseuiunsnandeniuuaiiSonaseg

]

[
(% o

aety lunsguiunisudndeiinssuiunisnly

a o N a «:4'
@mﬂﬂm'&j\? ANSAALEALUANLIYAZASNBAWNANNUY

9 Y

soguvgligdld Suduvsslovidnsunandnded
WU ASARLENLUATISTaz a8 NDAWAINAIDY19AY
fleufiguugd 55°. vilklduuniiise Pantoea
agglomerans RPS9 %qLﬁaﬁﬂﬂmam{ijé”g a71150
ogsonlsvdsainiiuil 28°. Wunan 4 e uaz

+

wandenuauwuaseildlyanilng vinluanilne

]

a

WinAulaldfuasiviuuneanesafindy
(Sarikhani et al., 2019)

unasuuazdaiauauug

WoanoFadusmervsvdniiddnludi
nMsrauAaulaaesadmanse N Ud s LAY
a37Ine1essn siliivdesdinsuiufuiieegsen
Tuaninzfiviauaauneanssa ﬁamiagji”mﬁu
lupalsgn n1sas1esnngy wagnisegsiudiy
wuafiSefiazaneveann wuefidsazanevoamnis
naln 2 Usznislumsazaneeaa fis nswdense
dmsuazanenoamnedunis uavnisndaeuled
dmsudesanenoanndunis wuailFonguid
Uselowulunsduasunsiasaiulnuosivasugia
lavanewiln wazn1sAnLenLUAiSeazateneann
ANy 19U nugungiigs nuaisuaiy
nuseaneflmanzanlufy wu ey azvili
arunsauwuafiseazareveaaluldusslovd

PN19N156NEAT LANI19UI9TITU
ARANIIUUITZAA

YBUBUAUUNIINGITYIIYTYUATAITIA
NNUILANUFLAINTEWINNTVYUUNAINUT
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Isolation and Role of Halophilic Bacteria and Halotolerant Lactic Acid Bacteria
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The objectives of this study were to isolate and characterize microorganisms presented in
fermented fish (pla-ra). Forty-two samples from pla-ra producers and vendors in Sapphaya district,
Chainat province were collected for the isolation of halophilic and halotolerant lactic acid bacteria that
may potentially produce enzymes necessary for the fermentation process. The salt (NaCl) content
varied from 9.2 to 24.5% with pH from 4.57 to 7.13. The total halophilic bacteria count was found to
be in the range of 3.3x10° - 2.1x10® CFU/g. Out of 181 isolated halophilic strains, only 10 showed the
ability to produce different enzymes including Halobacillus sp. 10MK2-2A and 10SB1-2 (protease);
Halobacillus sp. 10PL2-1 and 10BL1-5A and Halococcus sp. 10BL2-3 and 10CL2-2B (gelatinase);
Halobacillus sp. 10BL2-1 and Halococcus sp. 10PJ1-5B (lipase); Halobacillus sp. 10BL1-1S (amylase);
and Halobacillus sp. 10PY2-2 (gelatinase and lipase). There were 104 isolates of halotolerant lactic acid
bacteria presented and identified as Pediococcus, Weissella and Lactobacillus. The inhibitory effect of
antimicrobial activities against Bacillus cereus ATCC 9634' Staphylococcus aureus ATCC 6538,
Salmonella abony NCTC6017", Escherichia coli ATCC 8739 and Pseudomonas aeruginosa ATCC 27853"

were observed from all sixteen strains of Pediococcus spp., Weissella spp. and Lactobacillus spp.

Keywords: halophilic bacteria, halotolerant lactic acid bacteria, fermented fish (pla-ra)
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UNANED

LY V)
v Adov

N15398ASINTTRUTEAIALNDYINNSARNLEN

q

warAnwiAuauUAveILUATIT Yo UINA BuAY
wualidunsauanfnnuindefianunsonanieulsivildy
Tunszurunsnsinuazanssuduuailsenelsaly
HANAUIIUA1F19NT5IURER wagdTmdigyani
Snneassne) Ymiadeum weldiduwuanialunis
auidovhuandn lngINNIsAnwIAMS N LY
W luressegavardsiuiu 42 dreg1s wudnd
USunaunaeolutig 9.2-24.5% Aranadunsa-aAna
4.57-7.13 wavuuATLS oW anun 3.3x10° - 2.1x10°
CFU/n3u @11130u8nwuATT8¥0uULNa03UT 19U
waznauld 181 lolwian wasduuafiiefiniunis
Amdonitaiunsananiouledla 10 leloan lawn
Halobacillus sp. 10MK2-2A tay 105B1-2 (WamlusAtos)
Halobacillus sp. 10PL2-1 ey 10BL1-5A wag
Halococcus sp. 10BL2-3 ag 10CL2-2B (WA ALaT5 L)
Halobacillus sp. 10BL2-1 wag Halococcus sp. 10PJ1-58
wanlawla) Halobacillus sp. 10BL1-1S (Wamozluiaa)
uag Halobacillus sp. 10PY2-2 (WamwanAiualaylaila)
nuuaiiensawanfnnundefiuenldsiuau 104
iaimamfi’fﬂaqs[,uaqa Pediococcus, Weissella wag
Lactobacillus WUITWUATILI ENTALANANNULNE D
GRS uﬁ: Pedliococcus spp. Weissella spp. Wew Lactobadillus
spp. 97U 16 aewus dauand@lunisaineens
fudauuaiomenuginnsgiudelsauasyinlifoims
W8 Av Badllus cereus ATCC 96347, Staphylococcus
aureus ATCC 6538', Salmonella abony NCTC6017',
Escherichia coli ATCC 8739" Wa¥ Pseudomonas
aeruginosa ATCC 27853"

o o a a = a a
ANAIALY:  LLUANLIYVBULNAD  LLUANLIENTA

LANANNULNED Uansa

A1

Uanin (pla-ra, fermented fish, salt-fermented
fish) Wuemsiudlesiilesuanudedlunisuslag
ﬁmﬂmmawizLwﬂlmiauﬁy’qmidqaaﬂ Uaniudu
nAnAuTldanmsvtnuatfunde Fae1afinnsiy
$1913 52917 viSed i (Sangindavong et al, 2008)
Tuogfugitygveauiaziosiu suneasanen
Fwriadoum Wuuadwanuaniiidede i
vosUszna dlssrunanuanii 91uau 17 uns 1Ju
9AAIMNIINTEAUTINTAT aruns0daUan
ondmmieluinussina msudavaniudugidaan
Fauauildlunisauens s wndedduacldes
vatiilunssudininaiyuesdunisiiliae
nswinde Tnefigaunidurssiadeamsnadals
nsudnUaddiegd Yayyrviead usialuende
nspvIuMIEnTAnaINgAunInusTITA 910
mmazf’wLamaﬁuaqqmmwﬁﬂuud%amm’mﬂu
Usnaundeilduaysamfveauarsiild (Pumipan
and Inmaung, 2016) saw1fvaavardusasiioed
faruduendnuaifiunnersfuiuey fudiunay
waznssudslunisndn dedemalfiAnanuunneig
Y9904AUTENOULALANUNAINNAEVDIAUNT S
Fdntulusgwinesnsuwsin (Mozzi et al., 2013)
gdunidinulunszurumsminuan$h éun
Halobacterium piscisalsi, Salinivibrio siamensis,
Virgibacillus siamensis, Gracilibacillus thailandensis,
Piscibacillus salipiscarius, Pediococcus halophilus,
Lactobacillus acidipiscis, Weissella thailandensis
(Chamroensaksriet al., 2009, 2010; Tanasupawat et al,,
2000, 2007, 2009, 2010; Yachai et al., 2008) &@1ulugy
WuwuaiiSevdaveuindeurunais (Sesay 3-15)
uazveUNdage (Souaz15-30) AIULUATITENTAKANGAN
nundodunanansawsyldteanniindonas
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Liifinde Tnevhaluuuaiiewanidanunsaasalaly
ansTidindedesas 5 veunnnin (Chaikulsareewath
et al., 2015; Namwong, 2010) @sdiaruauisaly
mswaateulesiidauand@lunsiujizent
a5 afuuazlinandn91nn1smTAT wans 19 fu
st mlumssus saurdaivilienmande
wazvinliiAnlsn §aduminfifizdrodauasunis
nAna1vsfivaenseldnusznisnis (EL Sheikha
and Hu, 2018 81414 Das et al., 2020; Lee et al.,
2009) Tnefisnenunsanwaruannsalunsiiuds
QduvidrolsalaglduuaiiiGensauanin (LAB) fluen
a1 sudnuseianennes AU3 wazkan e
Ul WU Lactobadillus plantarum 307, Lactobacillus
brevis 308, Lactobacillus plantarum/pentosus 358
(Grosu-Tudor and Zamfir, 2013) Lactobacillus
plantarum 86, Weissella cibaria 92 (Patel et al., 2014)
Lactococcus lactis W8 (Mitra et al., 2010)
Lactobacillus citreum GJ7 (Chang et al., 2007) wag
Lactococcus lactis BH5 (Hur et al., 2000) Wuiu
Friuruidedsei g Uszasdiiiodauen
WA ANYIAME NYUTVDILUATLT UV ULNA BUAE

=

wuafiFensauaninnuindoainvair weltidu
wvnslunsdadengdunigifinnuannsalunis
wanoulusililunszuiumsviinuarauauTilunis
dudndunidnolen wasifierluldluntsiamn
‘VhLS??aL?@Jﬁuﬁm%’w%’uﬂqqLLazﬁ’wmﬂizmums

niinuarisield
¢ ad
gUnInUAZIdNIT

MINUAIBEIN NIFIATIAANN LAZNINTITUY
NUIUYAUNTE

duieg19daridIuiu 42 479819 910
lssuna 9meUansi 13 518 8neasing)

FanTYateuin urvinisTanaudunsa-nng

(Seven Compact pH/ion meter 5220, Mettler Toledo)
TaU3unande (NaCl) Areisnisinmsauuuuens
AIBANTALAILNINTTIY 0.1M AgNO;, Tneldins oq
Tmnsndalul@ (Titrator Excellence T5, Mettler
Toledo) warasiatfunuATiSovouLndonuagieda
Spread plate technique a3UUB1%1T Halobacterium
medium agar (JCM No. 377) (Chamroensaksri et
al, 2009) Usideflgamnd 37°%. un 7 $u nnifush

A1sAsAtUIIUILlAlall (CFU/nSY)

ATSHEN N15ITUUNVTAUUATLS BLAZAITNAGDU
UssBnsnmnsdudeuuaiiSenalsa
ATUNUUATIS BT UNADAAWUAIINTD
293 Chamroensaksri et al. (2009) A287335 Spread
plate technique UuB1154T9 JCM No. 377 (NaCl
100 n3% Casamino acid 5 N34 Yeast extract 5 N3
Sodium glutamic 1 n54 KClL 2 n5u Trisodium
citrate 3 N¥U MgSO,.7H,O 20 n3u FeCl,.4H,0
0.362 n3u MnCl,.4H,0 0.0362 n3u Agar 20 N3y
wag Distilled water 1,000 1a. wazusu pH 7.2)
yinsuwd e gungd 37°0. utu 7 Yy Fenifiv
Taladidofunnanetusiinisdnuinmuandinig
dug1uInegn assinetuazduad Wy U1 N9
JnSueilvegan dlalail n1sAndunsy wagnls
a51qouladiuanniiagd (Catalase) @1un1suen
LWUATTLS UNTALANANNULNE 8VIR1UTT N1TUD
Tanasupawat et al. (2000) Inen15ufA0819Ua"31
Tdlusmsan MRS Usidedt 30°%. uiu 48 vyl uae
dindndildunviinig Streak plate UUDIMITUT S
fauas (MRS fiusznaudig CaCO, 0.5%) fiszdiu
It unde 5 uay 7% Undedt 0%, uiu 3-5 Su
Gond ot iinisaddleulaseu Taladludne
Auautivende lnslaniznisairaufaainnglag
Msseyfinnudunsn—ang 4.4 uaz 9.6 inde 5 uaz
7% Tupsivian MRS (Axelsson, 1998; Collins et al.,
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1993; Dicks et al., 1995) \iusnwlalailif saves
Houstazulinluasazanendivesen 10% fgaunnd -
40 913 -50°%.
npgeuUszavsamnstuduuaiidenelsa
Tnoinsouansuiuassld ouuafiisonsauanin
nundefinenlduiazedndrenisidsadevuenms
Luﬁﬂummwwﬁaﬁqmmﬁ 30%. 1Juanuu 2 Ju
andunned saddudiindsidudy 0.85% (w/v)
vfwmiﬂﬁ’ummq'uﬁuaﬂL%yaiﬁ’m"lﬁ’u (ODgpo=0.5)
ﬁ’aam‘%‘@ﬁmmmi@mﬂamtm (Spectrophotometer
3U Specord210 plus) fnpansazaneiteUsinm 5%
adluem 59187 MRS YNl 30°%. wiu 5 Su niadeu
nsadensaveadelngyinnisiaAaudunsa—ang
warnageunsiud wuafiSenelsauazyinliems
WILduA 878 N1SNAdeauLUU Kirby-Bauer disk
diffusion (Hudzicki, 2009) Tnunszarwlaoniie
(Paper discs; Whatman™ Grade AA, & 6 1., CAT
no. 2017-006) FuasluemsiHIunITei T oud
(Cultured medium) Wanu1M9 U119 U U
Bacillus cereus ATCC 9634, Staphylococcus aureus
ATCC 6538", Escherichia coli ATCC 8739", Pseudomonas
aeruginosa ATCC 27853" (ATCC, American Type
Cultures Collection) wag Salmonella abony
NCTC6017" (National Collection of Type Cultures
(NCTQ), England) ﬁgﬂm?ﬁﬂ”idauuuamﬁ Nutrient
agar udhlUvufigamgd 30°. uu 3 Yu vinis

JuinNan1seuduie

nsnadaudszanSannsadraeules
nageun1sas1souledlusiied Lwanfiua
lawa uaverluaa veadouuniiSeseundenisia
999 Chamroensaksri et al. (2009) 1agLns 8ua1S
wviuaseLd suuATiSevoundofiuenldurazyin
AIBNGD 0.85% UarUTuaugulviyingu (OD=0.5)
dwansavaneideitldasluemnsias JCM No. 377

Unilgamadl 37°0. w7 Yu Pntuthnseaaendo
PUILFURIAUENAT 6 1N, T UAITATAIBLTD
WOUNIAY UAZINTIUUUDIM ST IadouuRazailn
(Audunsn-nng 7.2) Usznaunay Casein agar
(JCM No.377 agar #ild Skim milk 1% Wiy Casamino
acid) Starch agar (JCM No.377 agar + Soluble
starch 10%) Tween 80 agar (JCM No.377 agar +
Tween 80 2%) way Gelatin agar JCM No.377 agar
7ild elatin 10% wnu Casamino acid) vienaaey
msasseuleilusies ozluaa lawa wazaandiua
ANNENTU UaLd o7t 37°%. uu 5 Tu Jufinnns
Wasuwlasiiniu nedeiiad seuluilsiiea
sniinloulasoulalad Tuvasiiouledorluaaay
Anlsuladienaaaudsaisavarslelofu toulvd
lawavziinnznoutu wazulediaaifiuaziin
Toulaonenaisazas Trichloroacetic acid 10%

UShaifiangnaulusaus) lalall
HaN13IBUAZIANTAl

N5AATIERAMATNLAZINUIURAUNTE luUanEn
1NAsEUAIg19Ua11nTsUYaI
wagg]IndmLgduI 13 318 (Factory/Vendor A-M)
Tuguneassner Saniadoum saumdusiuay 42
f19819 wagtunvinnisasiataaumdunsa-ana
warUsunande wuindaianudunsn-ane (pH)
1IN 4.57-7.13 (5.20+0.62) wazdUSu1Lnae
FENIN 9.2-24.5% (15.9+3.8) IngduSuauniegs
Tndidsstutadriingaly ¢ vonda lunadaiy
nouvw taun aringnssnil vuesane uATHUN WAy
gnauAs lnadAulT Ut uuIlna e 24.53%
(Suriyanont and Chancharoonpong, 2018) lagan
Audunsn-a1svesUansraulng) (86.4%) e
#1171 5.5 danuuaiiFeriouanuindanogseming
3.3x10° - 2.1x10% CFU/n$u (Table 1) AULANATY
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yesUTIandefinudeusnivieainiadofiunain
nsldansiumnsnafuudy wuirdnaawasitase
lunsmuaumsnde nglusieves Factory A (11.0-
24.5%) way Factory B (11.5-22.6%) Wu311A21%

WHNF19U89US U NE B SENINIFag19R U o by
n137tAs e luuTuugafe 13.5 uag 11.1%

AUAIAY

Table 1 Chemical properties and total halophilic bacterial cell counts of pla-ra

Source Code Number Chemical properties Halophilic bacterial counts
of samples of samples pH NaCl (%) (CFU/g)
Factory A SB 6 4.60-5.36 11.0-24.5 1.0x10° - 1.4x10°
Factory B MK 7 4.59-5.71 11.5-22.6 3.3x10° - 2.0x10’
Factory C N 3 4.66-6.57 12.7-18.6 4.7x10° - 2.1x108
Factory D PL 4 4.83-5.27 15.6-18.5 2.5x10° - 2.1x10’
Factory E PB 2 5.54-7.13 11.9-12.9 2.3x10° - 1.6x10’
Factory F cL 2 4.57-4.60 11.9-12.6 3.1x10° - 2.2x10’
Factory G BL 2 5.03-5.07 20.3-22.1 1.5x10° - 1.7x10’
Factory H PJ 3 4.93-5.32 14.7-22.1 2.7x10° - 2.4x10’
Factory | SC 3 4.66-6.57 17.2-19.5 1.1x10" - 1.5x10’
Factory J PY 4 4.65-4.89 12.6-16.5 1.4x10" - 1.7x10°
Factory K SS 2 5.16-5.62 18.6-23.1 2.4x10° - 2.1x10’
Vendor L JP 2 5.13-7.03 12.7-17.2 3.4x10° - 2.4x10"
Vendor M CD 2 4.77-5.00 9.2-10.3 3.6x10° - 3.4x10’

Total 42 4.57-7.13 9.2-24.5 3.3x10° - 2.1x108

AT5UEN IUUNTLAUUAN LI BULAZAITNAGOU
UsvansamnnstiusesuuaiiSenelsa
nniswenuuan s elulaist wuand
wuaili3eveundesiuaunimue 181 leluan wad
AR IUNTUUINLATLATUAY TALSEIFIUUULA 87
waze laladianvaznauyy vausey duil Tduas
UIATiLAne9iY Wy dasuvuinlng (Fisure 1D)
wunnans (Figure 1A) vunaLan (Figure 1B) Wagde1n
Afvurauandfsiu (Figure 10) daulug3Usisuis
WINNI13U3 198N A3y lueIMIMaI UL BINIs
a1 (Aerobe) a¥1voulesiupnaaiiionnaaudae

a15azany H,0, 3% waalinuia endamaudinig
Fuguineuazdauaiianunsoutuueiidegou
indooonidu 2 ngu Ao nguil 1 figusrawisdnegly
ana Halobacillus (Namwong et al., 2006) WagNgyl
7l 2 fisusrenandnegluana Halococcus (Namwong
et al., 2007)
drunvaiiZensawanfinnuindeiidauenls
wanuaisiuay 104 lolaan Andunsuuan luladis
ulgiuannied JanvazuanA1iUNIIAIUTLIN
nsdneaas wardvedlaladl Wy 919U nauyy

1939yl uOIMSIMAILUY Facultative anaerobe #1013
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as19laulasous laladuuermsudenauuas MRS
7ifl NaCl 5% anunsarasalisuazasnansauanin
laaendn NaCl 7% lagdunalaandisernisiin
Teulafiunnsinaiu (Fisure 1E and 1F) wuwaddnlng)
Jugusenauunnndnuis anansawvseaniu 3 nau
Ao ﬂq':u‘?f 1 Homofermentative LAB ﬁﬁgﬂiwﬂam
Roffudiwad (Tetrad) llanunseade CO, ntana
nglea W3glefidnmnudunsa-ans 4.4 usliiiady

 a l o va
ne ’]ﬂ']'HJLﬁuﬂ’iﬂ—ﬂ’N 9.6 91 YA MUANUANII

é’mgm%wmuaz%amﬁf:mmia%’mai’wuuaagﬂuaqa
Pediococcus (Axelsson, 1998; Collins et al., 1993)
ﬂﬁjuﬁ 2 Heterofermentative LAB U319na asuia
a$adlon (Sime) T3 ayfidraudunsa-aa 9.6
%’ﬂaeﬂuaqa Weissella (Collins et al., 1993; Tanasupawat
et al., 2000) LLasﬂa;uﬁl 3 Homofermentative LAB
sU1aunis ldadrauda ldanansaeiyiidinndy

nsn-A13 9.6 Inagluana Lactobacillus (Tanasupawat
et al., 2000)

Figure 1

Differential colony characteristics of halophilic bacteria grown on JCM No.377 agar after

incubation at 37°C for 7 days (A-D) and halotolerant lactic acid bacteria grown on modified

MRS agar + 5% NaCl (E) and 7% NaCl (F) after incubation at 30°C for 5 days

v

UONAINLTI@IUITOAALEBNLUATILSUATA
wandnnuindefidlssansamlumsduduwundide
nelsakazyhlromsuindeladiuiu 16 lolwan Tu
A1UUTEANT AINVBINITAT WATANUILUATILSY
JUT9u9Ie (Aadunsn-ang 4.15-4.16) fuualiiy
TumsudnnsalsludiinaiigniuuaiiFegusanay
(rundunsa-ang 4.60-6.39) (Table 2) 99nA5ANEN
AuautRlunssusauuad Fenelsauassitlorms
e wud%%amjm Pedidiocuccus spp., Lactobacillus

spp. way Weissella spp. @14150NaAA158 U4

wupisenalsakavyliemisidde atewug
119557 (T=type strain) M@ Bacillus cereus ATCC
9634", Staphylococcus aureus ATCC 6538", Salmonella
abony NCTC6017', Escherichia coli ATCC 8739"
wag Pseudomonas aeruginosa ATCC 27853 La
Wosndn 9 uy. veudurrAudnatsveslyula (Clear
zone) 1NN T5 U (Hudzicki, 2009) (Table 2) R
danAdoIiUNIIBIIUNIsHARa1sS U suaTiSe
nelsaraswuaiil enuind e wulueiniswin

(Sumitha et al., 2018)
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Table 2 Morphology, biochemistry and antimicrobial activity of selected halotolerant

lactic acid bacteria

Strains Shape o pH Inhibition effect®
= [ = = 2 " E
on <t [} N~ 8 L0 o
S 2 39 2 0 N o 5 R 2
o v o O \© g O 35 _ ©
= S8 38 S ¥y ¥
R O = S U ° E YOE
U] n < v < v =2 a < w <
Pediococcus sp.
CD2-2 cocdi (tetrad) - 5.53 +
CL1-1B Cocdi (tetrad) - 5.39
CL1-1C cocdi (tetrad) - 5.04
V1-2M cocdi (tetrad) - 4.63
JV1-1S cocqi (tetrad) - a77
JV1-1B cocdi (tetrad) - 4.76 +
JV1-4B cocdi (tetrad) - 6.39 +
JV2-1 cocdi (tetrad) - 5.27
PL2-3A cocdi (tetrad) - 4.95 +
Weissella sp.
CD2-1B cocci + 4.60 +
CD2-1BS COCCi + 4.60 +
Lactobacillus sp.
SB3-1B rods - 4.16 +
SB3-2B rods - 4.16 +
SB3-5B rods - 4.17 +
SB3-1S rods - 4.16 +
SB3-2S rods - 4.15

2(-) negative; (+) positive reaction; ° (-) absence of clear zone; (+) resistant visible clear zone (<9 mm diameter) data from

Hudzicki, (2009); T=type strain
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Uszansnmnisadiaeoules

PnMsRd@eun1sadeulsivesiuaiilsy
gounde nuhiuuaiiSeriniunsdnidenitanunse
wameulwilliga 10 lolwan (Table 3) lusuauild
anuannsalunsadneulesifisefuuiunana-g
1 9 lelgian Usznaumenuafiisegusiaume 7
arenug Lawn Halobacillus sp. 10MK2-2A wag
10SB1-2 (WanlUsALea) Halobacillus sp. 10PL2-1
ag 10BL1-5A (WA nLIaf Lua) Halobacillus sp.
10BL2-1 (W@ wlatla) Halobacillus sp. 10BL1-1S
(nAnozlulaa) wag Halobacillus sp. 10PY2-2 (W&
wardluauarlala) wazuuaniiSegusenay 2
aneug loun Halococcus sp. 10BL2-3 waw 10CL2-28B
(WamLaanALud) @24 Halococcus sp. 10PJ1-5B
anuisandanlalalaluseauldanios (Das et al.,
2019; Gaonkar and Furtado, 2020)

1588898915011 15UsELaANIUSAU
asTulense wazlufufiiaainfanssuvosieules
1uﬂ53mumwﬁﬂdqNasia@mmwé’hul,ﬁaé’uﬁa nau
wazsavfivesland eulediierdeddunssuiu
msmiTniiuvasfinanansusznaufionanuluiavan
flddutngAvdaduresnisiai uiondalag
9Aun3giaialuuar$ 99n51897uves Thongthai
et al. (1990) 813U Namwong (2010) Wu31 15%
voseuluTusauainulunsuaninainen
Aanssuveveuledlussuvgesemsvesvaniag
85% 1191n9AuN3E FafunisdauenyAunIdnd
Anuarusalunisuanouledlafazaaglunis
WAILINITOBNLUUNTEUIUNITHA M LAYN1TUN
dunidusavsunldlunmandaanuasndnd s

I Tmintlndue ANUsEENSNINLINBIUU

Table 3 Morphology and enzyme production of selected halophilic bacteria

Strains Shape Enzyme activity
Protease Gelatinase Lipase Amylase
Halobacillus sp. 10BL1-5A rods + ++ - -
Halobacillus sp. 10BL1-1S rods + - - ++
Halobacillus sp. 10BL2-1 rods - - ++ -
Halobacillus sp. 10MK2-2A rods +++ - - -
Halobacillus sp. 10PL2-1 rods + +++ - -
Halobacillus sp. 10PY2-2 rods + ++ ++ -
Halobacillus sp. 10SB1-2 rods ++ - - -
Halococcus sp. 10BL2-3 cocci + +++ - -
Halococcus sp. 10CL2-2B cocci : ++ + -
Halococcus sp. 10PJ1-5B cocci - - i B,

(-) negative; (+) low activity (within 1 cm diameter zone); (++) moderate activity (within 2 cm diameter zone);

(+++) high activity (larger than 2 cm diameter zone)
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#3UNan133Y

wunflSeveundenaumiinulilssnuland
waz Ivingyats1 Fmdadeuimn danegseniig
3.3x10° - 2.1x10° CFU/n3u darmuidunsa—eng
581719 4.57-7.13 wazdUsunanaossning 9.2-
24.5% wuaisevaulndodiulng nuusiuns
u1nn313Us9nan luvaed uuadiSensauanin
NUNFDNUTFUTNNANNINNTT WUATITEYOULNGD
sUT1uvsaansandaauluilusitealas lawn
Halobacillus sp. 10MK2-2A way 10SB1-2 toulesl
WwandLud taun Halobacillus sp. 10PL2-1, 10BL1-5A
wag 10PY2-2 woulwailawa lawn Halobacillus sp.
10BL2-1 wag 10PY2-2 waznasiouluiozluaa laun
Halobacillus sp. 10BL1-15 d2uid suuaiii3evey
wnaejuTnaundatoululiaafiualad laun
Halococcus sp. 10BL2-3 wag 10CL2-2B WuATILTY
geundowaniannsathuliduradosudulunis
HanUani1TniuLuAiensaLanAnnundalungy
Pediococcus spp., Lactobacillus spp. Was Weissella
spp. SﬁqﬁqmauﬁﬁiuﬂWimﬁmﬂiﬂLLaﬂﬁmLazaﬁ”N
ansdudauvediSoaneiusinnsgiunelse uasyili
pwnsiidela

AnRNssuUsZNIA

VeYaUAMANNUITILAT ALY UMY
ufgTunsiney Aatuayunuideanaulssanm
Ruseld veveununguanulsznaunsHanlani
Sunoassne1 Smindoum uasidmiihiiansisuae
Fadaduurmmnvinu Alianueyiaszsidoyauas

fogralardndunsurinnsidelumsedl
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Ehrlichia canis, Hepatozoon canis, Babesia canis and Anaplasma platys 1142!13‘!1

Development of Multiplex Polymerase Chain Reaction for Detection

of Ehrlichia canis, Hepatozoon canis, Babesia canis and Anaplasma platys in Dogs

3
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This study developed multiplex polymerase chain reaction (mPCR) as a diagnostic technique
for canine blood parasite infections. It was improved from our previous version of technique that

could detect only Ehrlichia canis, Hepatozoon canis (protozoa), and Babesia canis (protozoa). In this

study, we developed mPCR for simultaneous detection of VirB9 gene of E. canis, 185 rRNA gene of

H. canis and B. canis, and grofL of Anaplasma platys in canine blood sample. All four pathogens

require brown dog ticks (Rhipicephalus sanguineus) as carrier. Infected dogs usually present similar

symptoms, i.e. anemia, anorexia, and lethargy. Current diagnostic techniques employ Wright Giemsa

staining of thin blood smear, immunochromatographic assay for detection of specific antibody, and

PCR. Among these techniques, PCR has the highest sensitivity, but it is time-consuming, particularly

when used for detection of individual pathogen. The mPCR technique developed in this study should

reduce duration of assay for simultaneous detection of these four pathogens.

Keywords: Ehrlichia canis, Hepatozoon canis, Babesia canis, Anaplasma platys, multiplex PCR
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N19ASEBUEY VirB9 ¥a4 E. canis, 185 rRNA

BN H. canis Wag B. canis was groEL

VD4 A. platys
isuefiatalduiuyinaiidueves

gudwanemeufisen PCR meyn Quick Tag® HS

DyeMix (Toyobo, Japan) lagldlwsiues (Primer)

Aauansly Table 1

Table 1 Primer sequence for VirB9 gene of E. canis, 185 rRNA gene for H. canis and B. canis,

and groEL gene for A. platys

Pathogen Gene Primer Primer sequence (5’-3’) Product size T,
name (base pair; bp)
E. canis VirB9  Ehr1401F CCATAAGCATAGCTGATAACCCTGTTACAA 380 62
Ehr1780R TGGATAATAAAACCGTACTATGTATGCTAG
H. canis 185 Hsd62F TGTGTACAAAGGGCAGGGACG 462 62
rRNA Hsd62R GCGGCTTAATTTGACTCAACAC
B. canis 185 Bal03F CCAATCCTGACACAGGGAGGTAGTGACA 619 68

rRNA Ba721R

CCCCAGAACCCAAAGACTTTGATTTCTCTCAAG

A. platys  grofL ApT724F

ApT724R

AAGGCGAAAGAAGCAGTCTTA 724 58
CATAGTCTGAAGTGGAGGAC

anefildlunisinusinafis uevesdu
Whvenewa 4 Sumiloudu 18uA Initial-denaturation
(94°%. UTu 3 U9l 97UU 1 59U) Denaturation
(94°%. uru 30 UM 91U 35 50U) Annealing
(58°%. WU 30 U 1 35 58U) Extension
(68°%. WU 30 Ul T1UIU 35 SOU) way Final
extension (72°%. W1 10 WA 91U 1 T9U)

dnandndLduedldanufasen PCR 11
wonautndnluianane35518nlnslns da
(Electrophoresis) Iaglaaznilsaiaa (Agarose gel;
Biobasic, Canada) 7in1udiudu 2% wazld 1x Tris—

Borate—EDTA (TBE) buffer (Biobasic) Wusatinlaih
Tdnszualvin 80 Taas Wi 60 U doulaanaey
woviiealuslus (Ethidium bromide) (Biobasic) witali
T ULAUR LS WD ARL9aT0LaURLEULDTI A URTS
AR IUUIR 380 bp (d1usudu VirB9) 462 bp
(@suBu 185 rRNA 983 H. canis) 619 bp (d1%35U
8 185 rRNA 184 B. canis) way 724 bp (d1usudu
grofL) u1vusans 2y PCR Clean-Up & Gel
Extraction Kit (Bio-Helix, Taiwan) wal@13tAs1¢%
auiianalelng (Nucleotide sequencing) U3

1°' Base 9111m UseinaAuaLfde 1S euliguanu
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fndlelnaiilatudduiindlolnalugiudeya NCBI
meluswnsy BLAST ldfduednanidunguaiuny

\9uan (Positive control) ¥a9UfiAse1 mPCR sialy

msﬁnmqmwgﬁﬁmmzaué"m%’v%”’uﬂau Annealing

WwieuUgASen PCRA @an1e Initial-
denaturation (94°%. WY 3 UITT T1UIU 1 S8U)
Denaturation (94°%. U1U 301U I1UIU 35 V)
Annealing (57, 58, 59 hay 60°%. WU 30 U
97U 35 59U) Extension (68°%. u1u 30 Tu1
71U 35 59U) Hhag Final extension (72°%. W1 10
w9l 9m3u 1 s0U) UfHATeN PCR Usenaume Quick
Tag® HS DyeMix U310 10 lulasans lusiues
Fieududiu 500 nM wasiidueusines 1 lulasdns
(10* copy numbers) U31ns53uveUf)ise iy
20 lallasans e1unameISalninslisda 1WSsuiiau
AT NYRILaUALD Ulen el Law T au 29
(Ultraviolet) Sufinn ndeirdes GelMax® UV Gel
Imager (Labortechnik, Germany) L8 8ne uuqd
Annealing fianinsalirnuduvewauiiduevesdu
VirB9, 185 rRNA Way AgroFL mmﬁqm wazlifiuau

Aouenliswwnziety Weltlulfisen mPCR sely

nsanwanududuveslnswasiivanzay
wieuUFA5Te PRV @n1y Initial-
denaturation (94°%. WU 3 UAN TI1UIU 1 58U)
Denaturation (94°%. U1 30 AW I1UIU 35 TU)
Annealing (58°%. W11 30 TUIM T7UU 35 50U)
Extension (68°%. WU 30 UM% 91U 35 S9U) wag
Final extension (72°%. 41U 10 W 91U 1 9U)
U381 PCR Usenaunae Quick Tag® HS DyeMix
U3u105 10 lulasdns Inswesianududy 50,

100,150, 200, 250, 300, 350, 400, 450 iag 500 nM

wazAoweUsNIns 1 lulasdng (10* copy numbers)
YSurmssiuvesdasenvanu 20 lulasdnsg
WS UL gUAINULT UUBDILOUR LB ULBNF NSV
a & aa & v v & alg v
BLANtAsINSTa LAaNANUTUTUVDILNTLUDST b¥A
ANILTUYDILOUA LD ULDVDIEY VirB9, 18S rRNA way
AgroEL snniigauas liifuaufduelisnimziniu
wieldluuizen mPCR sialy

nsfnynFunnvesiidueiitesiigaiianunsn
ATIVNUNAASUIIRI8UA381 mPCR

WwieudfATen PCRA an12g Initial-
denaturation (94°%. U7 3 WIN TIUIU 1 59U)
Denaturation (94°%. W11 30 AW 91UIU 35 T8U)
Annealing (58°%. u1U 30 TUIM T1UIU 35 T0U)
Extension (68°%. U1u 30 3U17 §1UIU 35 S0U) uay
Final extension (72°%. w1u 10 W19 97U 1 58U)
Ufji381 PCR Usenaunae Quick Tag® HS DyeMix
U31105 10 lulasdng Mdwediamnududud 107,
10%,10°, 102, 10" uag 10° copy numbers lnsiues
fimnandudu 400 nM 183 Ap724F uag Ap724R, 1
200 nM w99 Ehr1401F, Ehr1780R, Bal03F wkag
Ba721R Uag# 100 nM va4 Hsd62F Lay Hs462R
USurassanveslAsenvadu 20 lulasdas
WS UL BUAINULT UTBILAUA LO ULDNAINTTY
dianlaslnsya

nsAneIAINWIZTUNIIRSIINUBY VirBY, 18S
rRNA uag AgrofL fa8ufiTen mPCR Tudlaeng
\HenvasguvUIe

ihietudengivfinsianudu VirB9 ves
E. canis, 18S rRNA 484 B. canis Wwag H. canis ag/
%30 groFL V83 A. platys 41ANYIAIIUTUNIZVOS

aaa

UfATen mPCR g3l fisen mPCR fianiae
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Initial-denaturation (94°%. U1 3 UM U 1
58U) Denaturation (94°%. w1u 30 JUA9 97UU 35
50U) Annealing (58°%. WU 30 AU $I1UIU 35 TOU)
Extension (68°%. U1 30 U191 97UIU 35 59U) Uay
Final extension (72°%. U1u 10 W1 91U 1 S9U)
U381 mPCR Usznausie Quick Tag® HS DyeMix
Usuas 15 lulasdns Awueusuins 1 lulasans
(0.5 unlunsu) luswwas 7 Arnadudy 400 nM
483 ApT24F uaz Ap724R 71 200 nM 483 Ehr1401F,
Ehr1780R, Ba103F wag Ba721R LLazﬁ 100 nM U84
Hsd62F wag Hsd62R Usunssinvealfisenvnny

25 lulasans

NAN15ILLAZ AT

dewiduled unssuiuanuiasen PCR
s lnsiwed Ehrld01F/Ehr1780R, Hsd62F/HsA62R,
Bal03F/Ba721R way Ap724F/Ap724R 113LAS1EH
aunilou (dentity) fuiiu VirB9 veaiile E. canis
fu 185 rANA vaa8 H. canis uay B. canis wazduy
AgroEL waaiie A. platys audrsu daeldsunsy
BLAST fugiutasa NCBI nudndufiduiefivdendu
Heumllaunuu VirB9 ¥4 E. canis 814 185 rRNA
03 B. canis Wazdu AgroEL U939 A. platys Sovas
100 dazdaumiloududu 18S rRNA 983 H. canis
Sowaz 99.74 (Table 2)

Table 2 Nucleotide sequence homology of VirB9, 18S rRNA and groEL PCR products compared

to NCBI database

Pathogen Homologous GenBank BLAST details
gene accession No. Maxscore % Query coverage % Identity E-value
E. canis VirB9 CP025749.1 1853 100 100 0.0
H. canis 18S rRNA MH615006.1 712 99 99.74 0.0
B. canis 18S rRNA MG586235.1 1947 100 100 0.0
A. platys erofL LC428207.1 1125 100 100 0.0

ihiufiduednanalfidunguauauds
vanievmgamiivmungasluduneu Annealing
et lUlluufAzen mPCR deld Tnsidengavndl
AU 4 9l bl 57, 58, 59 Uag 60°%. Wuin
fgumgdl 58°. anunsonTIINULUALTueATvun

ANETeslIndlelnAnTINUNABINTS Ao 380 bp

@MU E. canis, 462 bp @m3u H. Canis, 619 bp
d9SU B. canis uag 724 bp @5 A. platys uagil
mmLGEJ’@JLLazmﬁuﬂu%“mmﬂﬂdwﬁqmmﬁ 57, 59 way
60°%. uarlaifiuaudwedilisumeintu (Fisure 1)
Fufu3adengungdl 58°. Wugumgiidmiuiunou
Annealing Tuufjizen mPCR sioly
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Figure 1 Optimization of annealing temperature for (a) VirB9 of E. canis; (b) 18S rRNA of H. canis;

(c) 18S rRNA of B. canis and (d) groEL of A. platys. (Lane M = 100 bp plus DNA marker;
1 =57°C; 2 = 58°C; 3 = 59°C; 4 = 60°C; N = negative control)

ﬁw%uuﬁL'Smasuaaﬂfcjmmuam%qmﬂmﬁmsn
wmanudutuilvnauvesinsiwes Tnadenainy
Wuduiinegeu 10 amdudu laua 50, 100, 150,
200, 250, 300, 350, 400, 450 ag 500 NM WUI
Aoy 100 nM uly aunsansenusauiEue
fiflvunaueivesiandlelndnseuiifeenis

wiuauiAnanaadady 200 nM dwsuglnsites

Ehr1401F/Ehr1780R wag Bal03F/Ba721R, 100 nM
d115un Insiues Hsd62F/Hsd62R Uag 400 nM
dwsur lnsiues Ap724F/Ap724R danuiduuas
AuANdannIfinnudutus (Figure 2) dau
JuFenmnududuiindiveudazabnsiuesdmsu
TluufAzen mPCR sialy
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1000 bp
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500 bp

100 bp

M12 345678 910N i T i i s

1000 bp
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500 bp
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Figure 2 Optimization of primer concentration for (a) VirB9 of E. canis; (b) 18S rRNA of H. canis;
(c) 185 rRNA of B. canis and (d) groEL of A. platys. (Lane M = 100 bp plus DNA marker;
1 =50nM; 2 =100 nM; 3 = 150 nM; 4 = 200 nM; 5 = 250 nM; 6 = 300 nM; 7 = 350 nM;
8 = 400 nM; 9 = 450 nM; 10 = 500 nM; N = negative control)

ﬁ?%uaLﬁuLaﬁuaﬂﬂa:Mﬂ’mﬂmL"zj‘lmﬂmﬁﬂm VDY H. canis Wag B. canis Wae grofL U831 A. platys
derilomuTnamisueduuuuitosfigniufaiten ldvsuamidueduuuumiiiy 10" copy numbers
PCR @unsansaanuld Tnednwisunaidue  veude £ canis way B canis, 10° copy numbers
Funuust 10° 10% 10° 102 10! way 10° copy 90480 H. canis wag 10° copy numbers Y0450
numbers WU3INUAATET PCR @10150M533NULAY A. platys (Figure 3)
ABueRmulaTaueiu VB9 ¥es E. canis, 185 rRNA
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—
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Figure 3 Determination of least detectable DNA template by PCR for (a) VirB9 of E. canis; (b) 185 rRNA

of H. canis; (c) 18S rRNA of B. canis and (d) groEL of A. platys. (Lane M = 100 bp plus DNA

marker; 1-6 = 10°-10° copy numbers, respectively; N = negative control)

Anu1AuTLWIzY09UfAT87 mPCR 1
g utuiieg1eaiiSuled uenldanidenaia
ﬁﬂwﬁnﬂmiﬁm%a E. canis, H. canis, B. canis 939
A. platys egdlaeg1and i esaufu nudiean

@ 1

2 v ada & . = ' =
UE]EJNLaa(ﬂqu‘wmmsﬁa E. canis tWg3I9819A 87

[
o

aaa Py & v ]
U387 mPCR NI uaunsoasisiaufid uie
fumdnluananssiudu VirB9 ves E. canis wag

7
lia$auaufiduedifiainlnananssiudu 185
rRNA U84 H. canis Wwag B. canis hazdu groEL U89
A. platys LLﬁ&’%’lﬂﬁ’J@EﬁdLﬁ@@Qﬁ"Uﬁa@L%EJ H. canis
w3e B. canis \B408 191787 VAT mPCR 7
W uannsnasauauiiduediiiivinluana
M9UEU 18S rRNA U843 H. canis ¥ag B. canis Wag
ldasauovAduedidwinluanansaiudu viso

294 E. canis Wazdu grofL 983 A. platys uwazain

o ' & o da & = ' a
mjaﬂqﬂLaaﬂqumﬂmﬂL%a A. p(OtyS LNUIDY LA YT

v

UFATE1 mPCR fitmuntuaninsoadrswaudidue
ﬁﬁﬁmﬁfﬂiwﬁqamqﬁ’uﬁu groEL W99 A. platys uag
liasauavAdueituinluananseifudu viBo
V84 E. canis Wag8u 18S rRNA 984 H. canis Lay
B. canis

mmﬁhasjwLﬁaﬂqﬂ’mﬁﬁméﬁyaﬁa E. canis,
H. canis, B. canis wag A. platys Yn581 mPCR
fiauntuanansoasuauidueitdminlnana
asatuadu VirB9 984 E canis, 185 rRNA U84
H. canis W8 B. canis W grofl. 983 A. platys (Figure 4)
Fanan1s@nuiUat1uiAse1 mPCR Aistamundu
danudnniglunisasranudu VirB9 wed E. canis,
185 rRNA 983 H. canis Wa¥ B. canis Way groEL U893

A. platys
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M 1 2.3 45 56 S B O 10N

1000 bp

500 bp

100 bp

11 12 °15714715 105 1T~ 18519 =20 21

1000 bp

500 bp

100 bp

Figure 4 Determination of specificity of mPCR (Lane M = 100 bp plus DNA marker; 1 and 11 = VirB9
of E. canis; 2 and 12 = 18S rRNA of H. canis; 3 and 13 = 185 rRNA of B. canis; 4 and 14 = groEL
of A. platys; 5 = VirB9 of E. canis and 18S rRNA of H. canis; 6 = VirB9 of E. canis and 18S rRNA
of B. canis; 7 = VirB9 of E. canis and groEL of A. platys; 8 = 185 rRNA of B. canis and H. canis;
9 = 18S rRNA of H. canis and groEL of A. platys; 10 = 185 rRNA of B. canis and groEL of
A. platys; 15 = VirB9 of E. canis and 185 rRNA of H. canis and B. canis; 16 = VirB9 of E. canis,
18S rRNA of H. canis and groEL of A. platys; 17 = VirB9 of E. canis, 18S rRNA of B. canis and
groEl of A. platys; 18 = 185 rRNA of H. canis and B. canis and grofL of A. platys; 19 = VirB9 of
E. canis, 185 rRNA of H. canis and B. canis, and groEL of A. platys; 20 = blood sample from

an uninfected dog; 21 = empty lane; N = negative control)
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nan1sAnuniagidulselevisensitad
miam%a E. canis, H. canis, B. canis Wag A. platys
Tuguv lneagyisanszeziarlun19nsianig
TorUATRNS inszansanTian 4 WenSouuls
lunandgniu wagzyivananldingve vy

lun1snifiadelsamaieslfumniseae
d3UNAN3IY

nsAnwdaunataljAsen mPCR wWio
M529n18U VirB9 up4 E. canis, 18S rRNA U84

H. canis wag B. canis Wag grofL U84 A. platys

- o b

wioraslunsidademeiesljoRnisrelsafaite
sedvdndlugis  wafildannsfnwideanioe
AmngauvesUfAizen mPCR fiaunsonsaanuiy
VirB9 U84 E. canis, 185 rRNA 484 H. canis bay
B. canis wag grofL ved A. platys laeg1auiiugn
waUsylenildanmsinei fe msvaansvesnm
vosmseiiladelsainde £ canis, H canis, B. canis

waz A. platys Tuailiy
ARRANISHUTZNA

uITed lasunisadvauunuide
YaudinANe1AIUNTNYATLALRRAIMNTTUNITNENT
NAUNNUNALINITIFYNTAYAT (BIANITUNNTL)
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Effects of Nursing Rice-field Crab (Sayamia bangkokensis) with Spirulina

(Arthrospira) platensis Supplemented Diets on Growth Performance and Cost
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Effects of Spirulina (Arthrospira) platensis supplemented diets on growth performance and cost
of rice-field crab (Sayamia bangkokensis) nursing were investigated. Four treatments with three
replications, four experimental diets were T1 control (Pellets feed; PF) T2, T3 and T4 pellet feed mixed
with dry Arthrospira 3, 5 and 10% (PFA 3%, PFA 5%, and PFA 10%), respectively. The initial average
weight was 0.0082+0.0002 g/crab. Nursing was conducted in round plastic basin, 25 crab/unit or 385
crab/m? give some information how to feed the crab 60 days. Growth performance in terms of weight,
length and carapace width were collected every 10 days. Results showed that juvenile crab fed with PFA
5% had average weight gain (1.2900+0.2011 g¢/crab) average daily growth (0.021+0.0033 ¢/crab/day),
specific growth rate (2.1500+0.3351%), feed conversion rate (0.9200+0.2007), protein efficiency rate
(0.0342+0.0053), and survival rate (87.33+£1.2018%) better than other experimental groups (p<0.05).
Water qualities and cost of rearing (2.0320+0.4351 - 3.4998+0.2356 Baht/crab), respectively were not
significantly different (p>0.05) in all treatments. Therefore, nursing rice-field crab with 5% of A. platensis
provided the highest growth performances and its development including acceptable production cost

which will be a suitable feed for nursing rice-field in the future.

Keywords: nursing, rice-field crab, Sayamia bangkokensis, Spirulina (Arthrospira) platensis
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nsfinwnavesamieesissalustluems
A an15Las LA ulakagd un uNIsaU UIAg NY U
(Sayamia bangkokensis) 1A8119LNUN1TNAG D
wuugunaen (Complete Randomized Design; CRD)
wuadu 4 gan1smeaess ax 3 1 fle YAM NIRRT 1
(waauAw) ermsdadnsagy (Pellet feed; PF) 4n
MsnAaesdl 2, 3 way 4 enaiindFagUnanamig
915 155alUs M9 3, 5 Az 10% (Pellet feed mixed
with dry Arthrospira; PFA 3%, PFA 5% and
PFA 10%) a1uasu qquJmﬁifmﬂ’ﬂL?uﬁuLa?ia
0.0082+0.0002 n¥u/67 suuIalunzazdImMIINayY
AU 25 Aa/nzazdy n3e 385 fa/msu. 1ng
ayualuszaziia 60 Ju Lﬁu%aﬂa‘lmam?ﬁl’qﬁmﬁﬂ
TAAIILEN LaEAIINAT19NTEADY (Carapace) U3
gnyumng 10 fu nuignyunitoyunaseevinkas
013losdlUsme 5% (PFA 5%) Swindliiuduiade
1.2900+0.2011 N5u/M7 §m31N151a3 Qi ules 93U
0021200033 NF1/67/1U 931153 YLAULNTILNNE
2.1500+0.3351% é’mwmmamﬁua 0.9200+0.2007
Uszansnmulunsldlusiu 0.0342+0.0053 uazdns
3300 87.3321.2018% ANI1YANITNAREIBY
a1l dd1AYN1sad @ (p<0.05) ﬂmm‘wugw way
G’funumsmﬁmqaﬁmﬁga 4 YAN1TNARDIDY T¥NIN
2.0320+0.4351 - 3.4998+0.2356 U/A2 s‘ffalaiﬁmm
wane1an &l (p>0.05) asulainniseyuiagnyun
meomsidadusagunanamsneeslesalsme 5%
Pagliinsisapivlpdfge sudsfununseyuia
Aanzauiomuninldidugasemslunseyuia

anyunsiely

Addny: nseyuia Yun enslssalun

A1

Yunfiumumiiddgluszuuiinn amnsawy
e amngdaavesdszimalng Taslanizyun
Sayamia bangkokensis 7l WS N5¥ABLAZ VLT ug
¥og19590157 \Huunaslusiugaiidsiangn mdie
waztaUsznavensldvannuans Sadudaiidid
ANUENALYNIUATEEND uanmnﬁﬁmﬁmmsaﬁmﬂu
91T nUszaavwiadntuasisownunsnsle vlwd
selfifiudu deluiiagtuunaahsssumfsnds
WM Usnawunilunltuantogasinn (Pachanawan
and Khampuch, 2008; Thaiso and Wongmaniprathip,
2012) flesaninunsnsaulvgldaseidluundn
waguasth vl uyuandesas Uszneufuns
A ouTNTUURIaNNIING DI LAYAITANAINIINANT
YBIIAIV0IT UT LNYATNTIN GAAIVINTIN UAY
yugu vy ung nidalu snisnsuazmned au
(Dulyachindachabapormn et al., 2001; Phakdinarong
et al., 2009.) IMNEMARINAIWNITNYAINILUUIAR
flagimeid seyundi odming widswadeyauay
enanIzn1slun1ang eyuna uasdeaun il
Liuszaunadsa Cannicci (1996) na1i31dadsi
ddnlunamzidsnjulivssaunadiiuassdu
Ao N13oYUIa kazn1sidentdemisiuniseyuia
deswmnemnsiemuddrensasyivln snsisen
pe safamsAuiusvesderiting Crustacean fae
910157 N W uuad nsldans e Spirulina
(Arthrospira) platensis wasuLavidudunaNeg
fudniivanewiln (Hanesapreuke, 2013) dawalsk
N33 Ule 9n515eANY N15RTEYRLT SIND9
QifuAusneg fTUseansam uazdaalinandnuiis
uwa%uﬁw Promkunthong and Pipattanwattankhul

(2005) wuin A. platensis Vil sngiaitlasuenms

76



Journal of Agri. Research & Extension 38(3): 75-85

a v

Way A platensis in15193gyiaulag dadlauiulsa
fdn1n135enge aenasulande wazadalaayeln
Pintasiri and Promya (2019) 19 A. platensis wal
Tugwnaiadusagy 3-5% (& seundanaliiings
Widuladudmdn enuen uagdmssoniiuty
LLasﬁﬁqm uananil Promya et al. (2005) 14
A. platensis naslue1m3NnIuNTIN 1-3% @11130
Fafiunanandeiunsuiluveiu uazdeviliis
fAdi
Fafuud Tod el mmaulathaivse
A. platensis snieslusmnsisindnsagy efimunis
wigdulawazaunuluniseyuiagnyuianeiug
funaines deaduteyai ugiuldfuinumsnsuay
Fauls wazduuwimsdunsvauissuunismig
ouUTA uandsun Wefiumandalidauamuay

USunauiegananannufainsuawainnall

gunIaluazisnis

A3UHUNITNAADY

TIUNUNTNABBILULFNAREA (Complete
Randomized Design; CRD) wuadu 4 YANIINAADY
wiazyANIIAaeal 3 8 aywagnyuluszezim
60 U %QLLUQquﬂWiwmaaqﬁqﬁ

yanInaaesil 1 ormsidadniagy (Pellet
Feed; PF) gamuAu

yansnaaesi 2 omnsidadusagunay
@ ms18015155alUTIHe 3% (Pellet feed mixed with
dry Arthrospira; PFA 3%)

yannaaosi 3 ownsidadusagunas
a111318915155alUS109 5% (Pellet feed mixed with
dry Arthrospira; PFA 5%)

yAnsMaaesi 4 omnsidadusagunay
ausu915155alUT e 10% (Pellet feed mixed with
dry Arthrospira; PFA 10%)

NAUYIINITNARBIUIDIMITNNENTILATIEN
gerUsznaunand Teun Tusiu lastu W ole 1
LAEALTUALAE AOAC (2000) (Tabel 1)

Table 1 Proximate composition of experimental diets

Treatment %Proximate composition (dry weight on basis)
Protein Lipid Fiber Ash Moisture
PF (Control) 35.10+0.05 13.56+0.03 2.26+0.05 2.26+0.05 9.43+0.20
PFA 3% 36.70+0.10 13.20+0.11 1.30+0.17 1.60+0.45 9.26+0.20
PFA 5% 37.70+0.05 13.46+0.06 1.26+0.15 1.26+0.15 9.26+0.28
PFA 10% 39.60+0.05 14.10+0.23 1.56+0.05 1.56+0.05 8.26+0.20
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BNINAas

nsAseugnyun Yrgnyuriitnieiugann
Wakdif et uIInAnsmAlulagnisussuaay
nnensvail uninendoudld Sdwiniduduog
5¥73149 0.0082-0.0083 NSI/617 AUNTILALAIY
§1INTEADUTUFUBYTENING 2.6875-3.3090 33l /i
WaE 2.3643-2.9073 Ual./f17 A1Ua1a U (Table 2)
auUIAluNEazlanInaL YWIEURNALENA1 45 94,
USuns 5 Gns mﬁqmﬂﬁuﬂdaaqﬂgmmLgaaluﬁmﬁw
AUNUILUY 25 A/neasds 938 385 Aa/A5.4.
(Thaiso and Wongmaniprathip, 2012; Pinthasiri and
Srinaunsom, 2019) Tagle1113 5% vetinminda
Tay 2 ﬁa Ao 08.00-08.30 u. kag 17.00-17.30 .
WabudeiUsza 50% vntulurandunouls
91913 wenaIntudinsrTvinnmAEYNg 10 fu

ayuaanyunduszeziim 60 Ju

nsAnsInMsasaivia Taenisdadmin
TA118717 AIUNT19VRINTEABIY U (Carapace)
(Figure 1) LLazﬁUﬁ‘hmuQﬂguﬂﬁwummmimmam
nng 10 Yu 1uinan 60 Yu iieduganisvaaes
thAnldunmunamiimineds (Weight average)
ANE1INTEABUAAE (Length average) AU
Y03n5xABNRAY (Width average) vhmdndiiiadu
\ad & (Weight gain) 89351115495 i ulmsi oY
(Average daily growth) 8m31n151a3guLAUlAT WY
(Specific growth rate) §ns1n1swanid o (Feed
conversion rate) Usgdnsninlunislelusau
(Protein Efficiency Rate) 89151115500 (Survival rate)

LagAUYILNITHARGNYUI (Production cost of crab)

Figure 1 Bio metric rice-filed crab nursing

Thaiso and Wongmaniprathip (2012); Pintasiri and Promya (2019)

78



Journal of Agri. Research & Extension 38(3): 75-85

nsAATIEVdayanIeEin

ndeyaluisazynnMvMeaawinTE Ay
WUTUTIUBUUTUNNGLA BT (One-way Analysis of
Variance; One-Way ANOVA) 138 UIgUANLANAIY
vosrndsdeyaluusiazyansmaaes 1e35 Duncan's
New Multiple Range Test 71 sgsun113L8 a3l 95%
(P<0.05) Ingldlusunsudnsagy SPSS

NAN1599Y
91NN1INAABIBYUIAGNYUIA 8N TLETY

amdreendlssalusaduens Tneduimdnisudu
WINAU 0.0082+0.0001 - 0.0083+0.0002 ASU/A7

AUN319MATAINE1INTEABY (Carapace) 15 Ufu
Wiy 2.6708+0.1269 - 3.3090+0.3397 331/ Uag
2.2765+0.0840 - 2.5739+0.1503 331./A7 ANAIWU
falaifimnuuaninensadia (Table 2) gnyuniiwiin
Audumuszezinainisoyuia lasgayuifiladsy
a1 sidadnsagunanamsieaisiosalusine 3%
(PFA 3%) uag 5% (PFA 5%) fltwiiniadsannni
Aldsvomsdadsagy (PH yanuAy uaz
amsllndusagUnanavstgenslssalusing 10%
(PFA 10%) ot sldud1Ayn9aii (p<0.05) & aus

' v
v a

10 ’:]JULLiﬂleENﬂ"Iia'L{U’]aQUﬂigﬂ auqﬂmimaaq
(Figure 2)

PF (Control) PFA 3% 33 PFA 5% PFA 10%

1.6
3 1.4 T
E 1.2 T
U .
> ; s
= 08 ' 2 i:: 3
o os R & /3
z o4 T s . e S/ ¢ S
Y : Lk 43 : §?n & Qs
2 . II I i AR 7 73 73 73 73
w -~
z gi 0ODay  10Days 20Days 30 Days 40 Days 50 Days 60 Days

Figure 2 Average weight of rice-field crab fed with different levels of A. platensis for 60 days
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Table 2 Initial average weight (g/crab), Length (mm/crab.) and Width (mm/crab.) of rice-field crab fed
with different diets
Growth Treatment p-
performance PF (Control) PFA 3% PFA 5% PFA 10% value
Initial average 0.0083+0.0003™  0.0082+0.0001™  0.0083+0.0003™ 0.0083+0.0002" 0.971
weight, ¢/crab
Initial average 2.6875+0.0533™ 2.6903+0.0846™ 2.6708+0.1269™ 3.3090+0.3397™ 0.111
length, mm/crab
Initial average 2.2985+0.0470™ 2.2745+0.0840™ 2.3643+0.0221™ 2.5739+0.1503™ 0.115

width, mm/crab

Values are means+S.E., letters ns=no significantly differen (P>0.05)

f1un15193 i ulng nyunit ey uas e
am318019ls3alUsne 5% luganismaaesil 3
(PFA 5%) flthwiniliiuduede sasmsaiaiule
FOTU 9ATINITIAS YA ULATILNIE BRTINITHAN
e Ysedns amlunsldlsd uf i anmnfu

1.2900+0.2011 n31/A7 0.0215+0.0033 ASU/63/3U

2.1500+0.3351%, 0.9200+0.2007 ez 0.0342+0.0053
MUAINU FIANI1YANTNARRID uae 1l TudAny
NEDA (p<0.05) (Table 3) UATENTINITTOAGNYUN
A v % o a ' ]

Neyuanwenalndusagunesamseeslosalusme
NnyanIsneassiiualdulvsniseniniiganiuay

a1l tuAARNNEDRA (p<0.05) (Figure 3)

PF (Control) PFA 3% PFA 5% PFA 10%
120
— 100 TxT ?.-'_ C
S 5 3 : 7% 3 Zs. Zoe
~ - o 4 ] ' 1
8 3 : = gE SE 7
© 60 X 4 L ] 4 k3 /1 ]
b . b T r * 4 - ot
E 3 : $ ; $ :
.Z 40 — - 4 - o - 4
S =z r * r - r
[ =z 4 - L el b
> 20 | & 4 * 4 * 4
(V)] =z 4 - 4 h 4
=z r * L el 4
0 b " A4 A He e

10 Days 20 Days

30 Days

40 Days 50 Days 60 Days

Figure 3 Survival rate of rice-field crab fed with different diets for 60 days
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Table 3 Growth performance, production cost of rice-field crab fed with different diets for 60 days

Treatment p-
Growth performance

PF (Control) PFA 3% PFA 5% PFA 10% value
Initial average weight, g¢/crab 0.0083+0.0003 ™ 0.0082+0.0001 ™  0.0083+0.0003™  0.0083+0.0002™  0.971
Final average weight, ¢/crab 0.5566+0.1246 " 1.0416+0.2085%  1.2983+0.2009° 0.6937+0.0505 " 0.289
Maximum length, mm/crab 33398+0.2025%  4.5283+0.7577%  4.7911+0.0735° 4.0482+0.3448° 0.550
Maximum width, mm/crab 27075+0.1623°  4.4475+0.8596%  4.8850+0.2707° 3243405029  0.660
Weight gain, ¢/crab 0.5483+0.1249° 1.0334+0.2087*  1.2900+0.2011° 0.6853+0.0507 0.041
Average daily growth, g/crab/day 0.0091£0.0020°  0.0172+0.0034*  0.0215+0.0033° 0.0114+0.0008"° 0.040
Specific growth rate, % 0.9138+0.2082° 1.7224+03478%  2.1500+0.3351° 1.1422+0.0846"° 0.041
Feed conversion rate, units 1.3000+0.1126™  1.1433+0.1155™  0.9200+0.2007™  1.1333+0.0973" 0344
Protein Efficiency rate, units 0.0156+0.0035°  0.0281+0.0056%  0.0342+0.0053° 0.0238+0.0029 0.046
Survival rate, % 61.0£0.5773°¢ 85.33+1.4529° 87.33+1.2018° 780+15275°  0.290
Production Cost of Crab; PC, 2.0320+0.4351™  34297+0.8122™ 34807+0.8714"™  3.4998+0.2356™ 0347

Baht/crab

Values are means+S.E. in the same row with different superscripts significantly different (P<0.05). ns=no significantly different

551314 5.500+0.124 - 5.810£0.257 un./ans AAIN
\unsn-eeegsening 7.393+0.0829 - 7.463+0.0696
uawALewlsileeg s¥1rin 0015:00011 - 0.017:£0.0003

ATUAMATNUIYBINTBUUIAGNYUINIENTT

w@suans18e15Lssalusnglues dalnawmeany

warag lulnauei Nmungaus 1S i uln Jaa7

v
°

gauNNDINAYINAY 29.00£0.577°%. ANgnAUN

(%

UN9EDH

a

un./ans Faludanuwanaeegeldedn

Winfy 27.66£0.333°. Aroondlauavanslutineg  (Table 4)
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Table 4 Water quality parameters of rice-field crab

Parameter Treatment P-value
PF (Control) PFA 3% PFA 5% PFA 10%
Air temperature (°C) 29.00+0.577™ 29.00+0.577™ 29.00+0.577™ 29.00+0.577™ 1.00
Water temperature (*C) 27.66+0.333™ 27.66+0.333™ 27.66+0.333™ 27.66+0.333™ 1.00
DO (mg/V) 5.81+0.257™ 5.54+0.124™ 5.75+0.098™ 5.65+0.123™ 0.303
pH 7.43+0.0554™  7.43+0.0669 ™ 7.39+0.0829 ™ 7.46+0.0696 ™ 0.520
Ammonia (mg/) 0.017+0.0003™  0.016+0.0010™  0.015+0.0011™  0.015+0.0014 ™ 0.135

Values are means+S.E., letters ns=no significantly different (P>0.05)

ANUAUNUNTHANYDINITEUUIAGNYUINEY
nsiesuamsgenslssalusndduemns s 4 gans

naaed ldanunanaeey il TodA yniead f

(p>0.05) BadlFuyumseyUaBEsEWIng 2.0320£0.4351
- 3.4998+0.2356 U /6 (Figure 4 wag Table 3)

PF (Control) PFA 3% PFA 5% Eq PFA 10%
S 5000
[a
8 4.000 _
o - T -
5 3.000 %
4
g I
S 2000 /
C
S
T 1.000
3 /
2 0.000 Z

PF (Control)

PFA 3%

PFA 5% PFA 10%

Figure 4 Production Cost of rice-field crab fed with different diets for 60 days

32190iNaN15398

Inn1sveasseyuiagnyunduszesian
60 U AENITEsNAIMTI8e15lsTalusne Tned
dwiinudusyunangsering 0.0082-0.0083 n3u/i
wuignyuiluynyanismeass Suweinifinduoeng

Aolilae lnunn1zyan1snaaosn 3 (PFA 5%) &

(% @

dhumdniiistuade dnIIN1sasLAUlaR U 809
N3RTYLAulAT NI Sasnsuaniile Ussavsamn
TunsldTUsiu uasdnsinissonddan winfy
1.2900+0.2011 n33/61, 0.0215+0.00033 NU/AI/TY,
2.1500+0.3351%, 0.9200+0.2007, 0.0342+0.0053
LAy 87.33+1.2018% pudiu Jefininganisnaaes

o w

d' K aa ~ !
DUDYINHUYANAYNIIEDH (p<005) PWINSHAUAN

<

82



Journal of Agri. Research & Extension 38(3): 75-85

MAlnTUINTOIMSIUTAU 89 37-38% FJumunzay
wazileanesian1sasyiulavesgnyun (Figure 2, 3
ey Table 3) Fedonndosiiu Pintasir and Promya
(2019) gUMIFBsYIBBRUS TR
o1nsindSagunaneslssalusiil 3-5% dawalyt
mssgiulaneiutimin Aue1s Anundag
N3EABY LALTMINTENGINATANINYANITNAADIDY
1ng Lee (1971) wag Pintasiri and Promya (2019)
na171dm gy Crustacean fesn1slusiuly
9IMITUANA A UAINIUINGY TINTIAUNINVD
TUsA Uil mungaus an1snzLd ssdnduings
Crustacean msiaqiulnuazdnssonuasyasity

(%

dedltermaaiuintae iweriugiduiuliudauss
LLazasﬁaqﬁuaqﬁ’ummﬁami‘zﬁmaﬂﬂiau FIU84
o idlunseyuadouiswemunzay Jaay
daalviinisiaTayiuln snsenlddiian (Thaiso
and Wongmaniprathip, 2012; Promya and Chitmanat,
2011; Dulyachindachabapom et al, 2001; Hemanon
et al, 2004)

#9AAABINU Hangsapreuke (2013) $1841U71

Y

nsesuamsealusiunlulusuinligndedsng

q
=3

sengetuinszamealusaudlusiugeds 70%

Y
v A

Snviadaifioniiu indoud uarssningfidrdnyBnuans
¥ A7 411150978814 Immunoassays microscopy
Joiideasuadiendduiy udwuss waziidne
580g4 Promya (2009) né13i1 A. platensis SlUsAU
3989 64-72% Fefinsnexfily Fandu indeusnneg
fdAydissning loun raslsiladle ualsiiues uay
Inladau (asiueyyadasy) Avasaianfiduiu
saud slvduluainstvenslosalusi drulvg
Uszneusensaluiuriialidus Insanngnilaluddn
(Linoleic acid) § a1 unsnluguil sudusodnin

[

1m0 Uan Qs Y ilvsinsiasydiule nsduiug

v

wazaeliTeneInagylaAdu (Choubert, 1979;
Venkataraman, 1983; Nakamura, 1982; Liuliomon,
1986; Pornchalermpong and Rattanapanon, n.d.)
druduamnmihvesyuniialndidsstu wavedly
NeTIASHIUT Imgaud oSl yLAulaves
dnfin (Boyd and Tucker, 1992) ﬁﬁdﬁﬂ'ﬁqmﬁqﬁ
9INABY TENINY 28-32°. qquﬁﬁfﬂaqiwm
26-28°%. Arrudunsadunitegszning 7.3-7.5
maaﬂ%Lauagawaiuﬁwagfsxwdwa 5.0-5.8 un./ams
wazAueNlulleoy 7en119 0.015-0.02 UN./A03
desninisdsudiedmng Ju vildamaimd
ldunnsnaiy wagauduuluniseyuiagnyuisiig
amsngeisissalusine deunuliuwansieiunig
auuIafeemsind 593U dennaesiu Pintasiri
and Promya (2019) n19.4 89y u1da881m751diA
dnsaguidunulaunnsiesdunisiaiuainsie
o1flssalusnluomns Fsmsiatuamsioilssalsh
Tuomsimnzgay i ewauuldidugnserns

Tumseyuragnyuisiely
#3UNan15Y

anyuivienuianigeislnd 1S3 Uuna
aviseenslosalusmng 5% fussavisnmmaasgiauls
gnTINNTTOARTI AN WazuenaNtanyuinifeen e

=3 o I3 1 1

gmsdaduiagunanamvstvenslssalusman nyn
M3nAaBY T8RTIN1IT0NFINTINIIAER BTN
0o @ = Y @ 1 a | |
d5e3y FauandliivinmsieSuaniegaslosalusn
e eas1enung swssluntsimuinsias gy uln
Wugassealinugnyuild uasddunuliunngig
Aunseyuianlgomsidadniagy §unuieay

Wieunnlfilugasesluniseuuiagnyunsiely

83



5ANTIVYLALAWFTUIVINTNEAT 38(3): 75-85

ANRANISHUSZANA

muiTeadeddnsalddsanueuines
wazaNTuflonnvaneine Senefideveveunal
H1gdunn@ny) ddnuinishasiaiuIIvinig
WINeF o 1d “NuAvdAung Useardnnsdnw
25617 Wlnsatuayunun1siseasad was
YOUNTLAUBI1TE NNV IUA ABsuuzL uazle
MusnwnaenszezaIn st iunuisens e

Trdnsalulamen
LONETD19D9

AOAC. 2000. Official Methods of Analysis.
17" edition. Maryland: AOAC. 2200 p.
Boyd, D. and C. Tucker. 1992. Water Quality
and Pond Soil Analysis for Aquacult.
Alabama: Auburn University. 183 p.
Cannicci, S. 1996. Natural diet and feeding
habits of Thalamita crenata.
J. Crustacean Biol 16(4): 678-683.
Choubert, G. 1979. Tentative utilization of
Spirulina algae as a source of carotenoid
pigments for rainbow trout.
International J. AGR. Biol 18: 135-143,
Dulyachindachabaporn, S., P. Charuratchamorn,
K. Somnai and T. DunchindaChabaporn.
2001. Study of the age and growth
of Natural food. pp. 260-265. In
Proceedings of The 39" Kasetsart
University Annual Conference
(Abstract). Bangkok: Kasetsart University.
[in Thai]

Hangsapreuke, K. 2013. Nursing of giant
freashwater prawn (Macrobrachium
rosenbergii) using spirulina in a closed
recirculating system. 49 p. In Research
Report. Chiang Mai: Maejo University.

[in Thai]

Hemanon, P., M. Kanarong., S. Trikheet and
l. Hemanon. 2004. Effects of
Arthrospira platensis in prawn (Penaeus
merguiensis) post larva range. 10 p. In
Research Report. Nakhon Si Thammarat:
Inland Aquaculture Research and
Department Center, Nakhon Si
Thammarat Department of Fisheries.

[in Thai]

Lee, D. 1971. Studies on the protein utilization
related to growth of Penaeus monodon
Fabricius. International J. AGR. Biol.

1: 1-13.

Liuliomon, K. 1986. Algae research in Thailand.
Kasetsart J. Sci. Technol. 3(3):144-148.
[in Thail

Nakamura, H. 1982. Spirulina: Food for
a Hungry World, A Pioneer’s Story
in Aquaculture. Boulder Cheek, California:
Universisty of the Trees Press. 215 p.

Pachanawan, A. and S. Khampuch. 2008. Effects
of sex on growth and molting of rice-field
crabs. Fisheries J. Sci. Technol.

2(1): 88-92. [in Thail

Phakdinarong, N., P. Chantirikul and A. Chantirikul.
2009. Natural diet of the rice-field crab,
Esanthelphusa dugasti Rathbun, 1902
in rainy season. Khon Kaen

J. AGR. 37(1): 49-55. [in Thai]

84



Journal of Agri. Research & Extension 38(3): 75-85

Pintasiri, T. and J. Promya. 2019. Effects of
Arthrospira platensis supplemented diets
on growth performance of rice-field crabs
(Sayamia bangkokensis). Khon Kaen J.
AGR. 47(Suppl.2): 7-14. [in Thai]

Pinthasiri, T. and K. Srinaunsom. 2019 Using
spirulina (Arthrospira) to be
supplemented diets the cultivation of
rice-field crabs (Sayamia bangkokensis).
Maejo J. Review 20(3): 32-36. [in Thai]

Pornchalermpong, P. and N. Rattanapanon.
(n.d.). Full food information network
center. [Online]. Available http://www.
foodnetworksolution.com/wiki/word/164
7/ \inoleic-acid.com (7 February 2020).
[in Thail

Promkunthong, W. and A. Pipattanwattankhul.
2005. Results of Arthrospira alga on
growth and antibody levels in mixed
breed pellets feed (Clarias
macrocephalus x Clasrias gariepinus
(Burchell). Songklanakarin J. Sci.
Technol. 27: 115-132.

Promya, J., N. Wangchai and T. Ungsethaphan.

2005. Increase the Production of Giant
Freashwater Prawn (Macrobrachium
rosenbergii) the Earthen Pond by Rising
together with Artificial Materials to
Increase the Safe Area while the Molting
Shrimp.

pp. 29-41. In Proceedings of The 6th
Maejo University Conference (Oral).

Chiang Mai: Maejo University. [in Thail

Promya, J. 2009. Culture of algae. 228 p.

In Research Report. Chiang Mai:
Maejo University. [in Thai]

Promya, J. and C. Chitmanat. 2011. The effects

of Arthrospira platensis and Cladophora
algae on the growth performance meat
quality and immunity stimulating capacity
of the African sharp tooth pellets feed
(Clarias gariepinus). International J.

AGR. Biol. 13: 77-82.

Thaiso, K. and S. Wongmaniprathip. 2012. Effects

of different protein sources on growth
and survival rates of rice field crab
(Esanthelphusa dugasti) nursing.

Khon Kaen J. AGR. 40(Suppl.): 123-128.
[in Thail

Venkataraman, L. 1983. A Monograph on

Spirulina platensis. Mysore:
Central Food Technological Research

Institute. 100 p.

85



5ANTIVYLALAWFTUIVINTNEAT 38(3): 86-99

Aunu-HansuunuLaziansenuludadsegna denu uaziaulndon
YINSHANLNADADUASITE
Cost-benefit and Economic, Society and Environmental Impacts

of Srivijaya Naked Neck Chicken Production

3379508 Jumsae’” uazauiy Yaeyuy?
Jareewan Chankong!” and Napapach Chuaychu-noo?
v nunsUszend Ausinunseans uininendemnalulagsivasnaniite uasA3sTINeIY 80110
ZUMINEIENEARINISINYAT AEINEATANENT N InenaamaluladsTusnasiide uAsASSIINTIY 80110
'Division of Applied Agriculture, Faculty of Agriculture, Rajamangala University of Technology Srivijaya
Nakhon Sri Thammarat, Thailand 80110
Division of Agricultural Science, Faculty of Agriculture, Rajamangala University of Technology Srivijaya
Nakhon Sri Thammarat, Thailand 80110
*Corresponding author: jareewan.rmutsv@gmail.com
Received: June 26, 2020
Abstract Revised: January 11, 2021
Accepted: February 23, 2021

Encouraging small-scale farmers to raise native chickens as supplementary career, however
effective cost and benefits management will increase farmers’ income. The objective of this research
was to investigate cost and benefit of producing native chicken and assessment economic, social and
environmental impacts. By studying from farmers who raised Srivijaya Naked Neck chicken Chulabhorn
district, Nakhon Sri Thammarat province. The sample was collected from 30 farmers by using a
structured interview. The result of the research showed that farmers who raised Srivijaya Naked Neck
chicken have average net profit per production cycle at 1,407.22 Baht/person and average profit over
cash cost is 4,815.86 Baht/person. The average total cost of raising Srivijaya Naked Neck chicken was
12,728.28 Baht/person, which were separated into fixed and variable costs. The most fixed cost was
depreciation of poultry structure, which was not cashed at 44.61 percent. The average total variable
cost was 11,969.64 Baht/ person. The three important variable costs were chicken feed, with the
highest percentage at 60.03 percent, opportunity cost, non-cash household labor accounting for 22.14
percent and the chicken breed accounted for 13.34 percent, respectively. While the distribution
channels showed that farmers preferred selling Srivijaya Naked Neck chicken to merchants in the local
area, with the high percentage accounting for 73.33 percent, followed by distribution to wholesale
merchants/ retail merchants accounting for 16.67 percent. As for the economic, social, and environmental

impacts of Srivijaya Naked Neck chicken production, the result showed that farmers were most
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affected by society, especially for family members having more opportunities to participate in

activities. Followed by economic impacts (X =3.83), especially in issues relating to increasing career

opportunities in the community reducing unemployment (X =3.56), and environmental impacts from

raising Srivijaya Naked Neck chicken, especially in terms of beneficial use of natural resources in the

community (X =2.86). Therefore, the promotion and support of local chicken production for farmers

to have common guidelines and goals will help economic, social and environmental benefits in the

long run.

Keywords: Thai native chicken, Srivijaya Naked Neck chicken, production, cost, benefit
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Table 1 Cost-benefit of farmers who raised Srivijaya Naked Neck chicken

U 11,969.64 U/518 dmTuAUNURULYS
fddny 3 519015 Mud Aremsla Andudesay
60.03 Andelonmaussuadifoudiliidutuean way
Augha Andudesas 22.14 uav13.34 auadu
(Table 1)

ltem Value in cash Value non-cash Percentage
(Baht) (Baht)
1. Fixed costs
1.1 Depreciation of poultry structure 338.44 44.61
1.2 Depreciation of tools and equipment 156.87 20.68
1.3 Opportunity cost for land use 263.33 34.71
Total fixed costs 758.64 100
2. Variable costs
2.1 Cost for chicken breed 1,596.67 13.34
2.2 Cost for chicken feed 7,185.00 60.03
2.3 Cost for drug and vaccine 245.64 2.05
2.4 Cost of floor laying materials 136.00 1.13
2.5 Cost of structure repairs and equipment 113.33 0.95
2.6 Others, such as selling expenses 43.00 0.36
2.7 Household opportunity cost 2,650.00 22.14
Total variable cost 11,969.64 100
Total cost 12,728.28
Total cash cost 9,319.64
Total revenue 14,135.50
Net profit 1,407.22
Profit is above cash costs 4,815.86

Data from interviews and calculations
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Anduosas 16.67 uartaaniedus Wy s1vine
Tituguslnaluguvulaenss visesruemsluyugu
AnluSeway 10.00 (Table 2)

Table 2 Distribution channels of Srivijaya Naked Neck chicken

Distribution channels Frequency Percentage
Local gathering merchants 22 73.33
Wholesale merchants / retail merchants 5 16.67
Others, such as community consumers / 3 10.00
community restaurants
Total 30 100

Data from interviews and calculations
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(X=3.21) (Table 3)
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Table 3 Economic Impact of Srivijaya Naked Neck chicken production

Effect X SD Degree
Economic aspect
1. Rearing of chicken results to an increase in the breeder’s 3.23 1.10 Moderate
Income.
2. Rearing of chickens reduces the burden of debt. 297 1.32 Moderate
3. Rearing of chicken promotes job security. 3.17 0.79 Moderate
4. Rearing of chicken improves the breeder’s well-being. 3.13 0.68 Moderate
5. Rearing of Chicken increase career opportunities in the 3.56 0.81 Good
community, reduce unemployment.
Total 3.21 0.85 Moderate

Data from interviews and calculations

A1sUsEIlUNaNIENUATIUd AN INn1IsHEa LA
ADADUATIYY
mmmaﬁmwimsﬁagamwsﬂi;:il,??m
Inredourdive Wousyilunansenuniedenuain
nsuanlAreaeuAIITy NulHansEnuaudanuly
Uszinuatuaudnlunsaundiilentasiuianssy
Fefuanntu (x=3.83) maﬁqm leaanninumng
dnlngfifuiivsaldluudnatiy msdedilding
wasUszuna 1-2 Falusredu wazduusseuluy
a¥deu mstaeslisadunisdnasulvaundnly
ATEUASILAYINAINTINIINAU To9aINT AB TS
wulznany uanidsuauAniudeiunasiuly
YUYUY (X=3.76) osannnszuruniswanllauds
n3mann inwnansgidosln aedeurdidelugusud

nswanasuainug Uinwiuasyeiuuiludym

[

N ALINTIALATINITANY LnenuleaIunInsy

=2

Wy ddnnudadaidamiauasaisssusy @
duasuluiinisdnfanssunguuasnuysiuluyuyy
asanuandaAludddisguyulng dulszsnunis
dedlidnasuliandnluaseunss  favnmen
asualiif (% =3.73) nwnsnsiinugeudnslum
anprmmesdnuarlifiugios dwwasieniznisensual
Wisuaileunsldanueiisniidureu Snanns
Aodlnnegeurditaidunisadrsnnutdunmiagiy
9IMNSLUYNBY (X =3.60) MNiinanIun1saliAUNG
nsiaelinedouadideifusnniadennigie
YJestunisuinuaaue1nis lnreasuasivetuily
w1a 101115 SAUIARAYUIY dIUNINTINNIT
AATEANANTENUA LT IANINNSHAR I ADABUAS I

(X=3.61) (Table 4)
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Table 4 Social impacts of Srivijaya Naked Neck chicken production

The effect X SD Degree
Social
1. Family members have more opportunities to participate 3.83 1.01 Good
in activities.
2. Encourage family members have good emotional 3.73 0.82 Good
health.
3. Reduce social problems in the community such as drugs 3.13 0.73 Moderate
4. There are meetings, idea exchange and opinions with 3.76 0.43 Good
each other in the community.
5. Promote food security in the community 3.60 1.10 Good
Total 3.61 0.68 Good

Data from interviews and calculations
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ARdaUATITY (X =2.52) (Table 5)
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Table 5 Environmental impacts from Srivijaya Naked Neck chicken production

Effect X SD Degree
Environmental
1. Rearing of chickens allow the people to stay more 2.73 0.69 Moderate
within the environmental conditions of the community.
2. There is a beneficial use of natural resources 2.86 0.81 Moderate
in the community
3. Recognizing the importance of conserving 2.50 0.57 Little
the community’s resource
4. Rearing of chicken results in an increase of waste 2.26 0.44 Little
in the community.
5. Rearing of chicken cause unpleasant smell 2.23 0.43 Little
in the community.
Total 2.52 0.38 Little

Data from interviews and calculations
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(Table 6)
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Table 6 Impact assessment on the economy, society and environment from the production
of Srivijaya Naked Neck chicken
Impact of producing Srivijaya Naked Neck chicken X SD Degree
Economic 3.21 0.85 Moderate
Social 3.61 0.68 Good
Environmental 252 0.38 Little
Total 3.11 0.53 Moderate

Data from interviews and calculations
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A1SLNEASILNBINU BCG Economic Model

Urban Agriculture and BCG Economic Model
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This review aimed to call attention to the urban agricultural development in congruence with
the BCG Economic Model, which was related to the reduction of resource usage, resource renewability,
and waste reduction from the lives of urban people, including adding values on land use and the
supporting urban ecosystems. The characteristics and advantages of urban agricultures differed
depending on the purposes and local socio-economic contexts. Under land size limitation, intensive
production and technologies were needed to enhance efficiency and productivity. Urban agriculture
can also reduce the ecological footprint caused by consumer behaviors by recycling urban waste into
growing mediums and soil amendments. By sharing residential and agricultural spaces, designing urban
agriculture must respond to the diverse needs and integrate itself with the urban landscape ecology
and geosocial conditions. Urban agriculture had the potential to supply urban vegetable consumption.
Economic returns depended on to adaptability and multifunctionality to serve urban needs. Therefore,
the development of urban agriculture requires collaborations of the associated sectors to support
national economic development based on the BCG Economic Model. This article included important
information regarding urban agricultural development under BCG Economic Model Framework.

Researchers, agriculturalists, and decision makers can use this information for better support this type
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of agriculture. Furthermore, researchers can develop the knowledge further to respond to challenges

mentioned in this article to further benefit urban agriculture.

Keywords: urban agriculture, BCG Economic Model
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91nM3HER Tnsndnegauiuduiieinnunnves
wandAn TUTunananiaonndaaiuaudanis

Y990a19 KANANN LALANUUABAAYANNATSAT an
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FunuuazifinUszaniamnisudn laeldmalulas
Tumswan 1w Sumesidslunnas (ntemet of things)
LNAILUUET (Precision agriculture) IN¥ATEARTY
(Smart farming) annnsvenedfinuiieriinuas G013
Unawiannuns vezainemsuldidunineins
U dsulunsNEnng 1 unauny lun1simuLg
flufirgdadldasdaruilumetausssmesiasiu
wazAIVaINVAIeTNeTInI lunmsdanisiudings
i unisviend g anens (Ministry of Higher
Education, Science, Research and Innovation, 2019;
Office of National Higher Education Science Research
and Innovation Policy Council, 2020)
TanUszasAuasunauil od liiiuds
unumvesnsiannsruuinmnuasludlesiifiany
donndasiun1simuLATYgRadIANmUULUY BCG
Economic Model Tag3§n15d9tasizviunaany
797115 (Syntesis-based review) 31n§1u7 8y a
Google Scholar, Research Gate Wag Science Direct
Aguldrddny inunsludes (Urban agriculture)
Srufurdfiliesdestiu BCG Economic Model
sialuil iemugemans (Economy) damm (Social) Aswandon
(Environment) Msthnausllval (Renewable) vayuieu
(Circular) MIIANTSUBEE (Waste management) Ltes
wslugn (Precision agriculture) \Jufy QL%EJHIG’WJL%EJU
Sowmudeiiiedeselud nsnuasludewas
Usglowidifinalos n1seanuuusruuinmnuns
Tuiflos msldnsnenamyudsulunimaaionns
Wnwasluiles n1sinwaslutd osdulAnianiu
LATHENY TRINNARALAUNINIEURITEUUTLIA
inwnsludles Jnsaiazaguna Woadeanudile
A on1sHaIszuUTnadinyasiiesfiaruise
A9 UNITWRAILINILLLING BCG Economic Model

YUIENA

manuasludiowasuseleviiiifdaiios
AANITURTIUATTINEATT asnsaaens Uy
WUININTWRILILATYFAD BCG Economic Model
19Ussnalneg Ao nsinensluld o (Urban
agriculture) (FAO, 2003) & 910 un15u&AnI4
nsnemsnedaivinluiufiunidios Taii1gndn
fidundelul uiluasugniilailefiogends delu
ANwrI095r UUTNANYATIULLDITIANLANAY
NTUULNANYATTIUL D9 (Peri-urban agriculture)
Wy Msinusshulonzdesfufiilenauauainiy
Fosnsmassegiadsauveadlosfifinnumainvany
mmﬁ‘ﬁ'wﬁmlé‘lmﬁmLﬁaL?:mﬂuﬁa&jmﬁ’duLﬁm
A1981958VUNITNANTBINITINYASTUL B9
leun wuasvuradnndesdiu aruvesyuyy ulas
inunsvesmeeusie ludles msideedniuay
Fnfinuadn iletaguszasdnienisdvdedio
nsesedn wieidursui enovauesainuaiy
TagUszasd (Multifunctional farms) 14y i on19
KA NMsviosfisndunens warnsne Wy s
vunvasludesuenandunisiaduanutung
naf e s ug audi ey erdeluidesuda
Faufgafesnisiauasusiauazdeny nsfne
Tausssu Mswnreungeula msusuugmazeysng
sruuing wagmatauauamiuiidenlnsunie
Qﬂﬁ&%’ﬂﬂmﬁaq (Orsini et al., 2013) Tua19Useine
fnrsneasluflesi dnsauudananei il 1wy
1ASINTAIURNNYUYL I3 Detroit Usemeansgaiasn,
(Hashim, 2015) wazlasanisUanaliluidos Seattle
Useimeansgesisni (McLain et al, 2012) Wuigniu
fhetnaifieglulszmelne loun Tassnisauaadi
dnineuavdnd nyamne laeldfuiiaadives
a1asdlnaulindnaudiedulgnuazguasnw

185 UAUNANTIY E e 9ud oLy T A nusyan T uunly
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dmsulunmeugdmsuugniiainuazaiuisoin
narannduluuilnaluatadouls delasimstaeiu
s ud it eadrausetunalalininguaiuisa
ndulvadsaudnuesnuasfituld (Kanokwalee,
2012)

manuashuiies Sadudiuniweanisadna
Tasev e uiid 1@ erlutvmidoe (Urban Green
Infrastructure) Fa.dunisadrstenialiauluio
13l 33nlnatuasAUsEnoUNIIsSSL A AEASS
wazlnodou GYTNalAYATINOAUNINAIELAY
aunminvesuyudieluszrd ulasszazenn
(Suppakittpaisarn et al., 2017) saufensldi uil
Agsldlalddsslonifteduiuiizifodludles Wuns
FIURUANLNAINNAIENITINN FIeAANANTINU
PnRanssuMsmsaTinvesauludiosfidmanossuy
fina Wiafidunin “seawinszuuiina” (Ecological
footprint) (Valley and Wittman, 2019) % 18 an
‘UmﬂgmizﬁmiLUSWLLU@QMWW@@WM (Climate
change mitigation) Tnen1sunuudundun eyl
ann13UanUasuaiivaInnNITUIUAITIUAY NITAR
U339 Mafudnu g ufinsudneylndiu

¥

Auslne LLazé’qmmm@jm%’um%waulmaaﬂiszjﬁlﬁaﬁf
NTEUIUNITAUATIEVUAIVDINY havI8gaAduy
A1suoululueenles lulnsiausenlyd wazeiean
Usingnisalinigaduseulutdes (Urban heat
island) mﬂﬂixmumimmzL%ﬂﬂfﬂﬁuaaﬁﬁu (Zaid et
al, 2018) 3NN 15UsLUTYINITInVRING N w9
(Life cycle assessment) NANARKNN wazUIu1n1%
BounszaniivanlaosoanuiainnssuIunIsHan
wazn1svudsaduniswde MinnAanssunisnds

nwnUasnarsiweasaiulutiu (Bangkok Urban

Home Vegetable Garden Model; BUG) NUIEIUITD
ann1stanUassinwisounszanlaieiosas 37.8 904
HAIWUGAN (ovvinuanEs) ndnnituiisouuen
(Poonpolsub et al., 2017)
Hufinuesludlesaunsotisensziunng
SfuAIMIEILD1MS (Urban food security) nanafie
nsfiesiisaneuaziaunim n1sinds ansdl
awnsuilansiailes warmsiilavuinsiinvesens
(Food availability, Accessibility, Stability, and
Utility) 281 ua21udang uveaid o (Urban
resilience) TuN15INT YA UINGA LA AUTITNYIA
(Bakker et al. 2000) msfigauluiiosldaiioriinig
wnzdgnitusnedies vilmAnaudiladefiinues
9115 LJun15a351una 1911581509 ans183ne
assnulazaieelaluaseuadh adsenuduius
asnaniniSeustunguauluidos wasiaiuasig
AUNIN (Sustainable Agriculture Foundation, 2017)
dsimiludlomuaediunnau Ao Japmizesguninin
ANLLATEA LazlIATuLAsT n1sUgniaRinAIesaLes
fu Welemaliauldeonundudannundusssuwd
muglufunsiianssuniane nsiauilonia
Ifauadundrandudng Thaulntudy fldugaeli

nlasandanuasdelasy daunis wagesinay

u

Anmuneunaluitivinazasyulaluiduedsls

'
=

FedesiAnduil AddudevliAnuassnanas
(Hawkins et al., 2013)
aziuladnsnyastuld eeauise
AOUALBIREANABINISTINaINTaTY wavUsyau
waUsylovifagldfuannnsiauiasusia dea
wardndenvedios urfifeundyiuauiime

Tunswaun (Table 1)
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Table 1 Relevant topics, actions and challenges of urban agriculture on urban socioeconomic

and environmental development

Relevant topic

Action

Challenge

Climate change

Production system adaptation
under climate change, greenhouse

mitigation, carbon sequestration

Micro-climate mediation for plant production,

low carbon sink

Food security

Food safety, food justice

Lack of suitable space for producing food

crop

Biodiversity and

Flora and fauna diversity in urban

Undesirable species and population densities

ecosystem areas, crop nutrient and water cycles  (rodent, fly, cockroach etc.), plant nutrient
services surplus form production systems
Agricultural Organic farming, subsistent and Technical limitation

intensification

sustainable farms, small plot
intensive, community garden,

vertical farming, roof top

Resource

efficiency

Energy use efficiency, waste
and waste water recycles, reduce,

reuse, recycle

Low economies of scale, limitation of sun

exposure and precipitation.

Urban renewal

and regeneration

Land uses; vacancy lots, abandoned

land, sharing space

Conflict of land use

Land

management

Land use planning; green
infrastructure, green space, land

governance

High value of urban land use,

legal requirement

Public health

Healthy lives (physical activities),

well-being

Polluted water, contamination of heavy metal
and agrichemical wastes, organic residues,

induction of human disease cariers (mosquito etc.)

Social cohesion

Participation, agricultural education,

gender equality

Low stimulus, variant engagement (context
dependence), diverse social backgrounds

of producers

Economic growth

Employment, production innovation,
investment innovation, cost

effectiveness

Low economic return in comparison to other
activities, lack of interest for labor, small

production scale

***Adapted from Artmann and Sartison 2018, and Jamal and Mortez 2014
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N13599NLUUTZULTANYAT UL

nsadeszvuinuesludlenduiseefinag
atfuayueg9de agnlsiia Hadenseenuuuiiui
Twdlos fianusumzannniinmseenuuuiiuiissuy
nunslaenald nsiedesiiadiui uilnazaany
vannmanglunsliau msoonuuuniivimiifioszuy
fnmnvastudesdosidaduunfndosmnudady
Tuvannuanedid Tneldid inmansugia dnu way
dndoy Uszanufuuuifas sspuvainuany
vpan s Uselev (Multifunctionality) (Aubry et al.,
2012) A ealTUUIANVDINITINYATITINN AR
(Multifunctional agriculture) Tutd sUg U'd 18y
“miﬁmuﬂﬂiauﬂ1iaNLLmuLLasﬂﬁﬂﬁﬁaﬁ%uﬁu
MIMAR NARSUTINIINITNERS (Commodities) uag
U35 (Services) Aiffdanluanuduluvounsugia
Fepuveei ufl fidwmansoninuiunsuazaiy
Uaannun1901%19 A2INUAINNAIENIIT 1NN
Tausssy Uszinaans LLazqﬁﬁmmaqﬁ”uﬁ”
(Spataru et al., 2020)

Areg1udy Useinadealusiduszuinsed
andeiusgrauiuiy msldussleninniinuezde
navausanisiduaInane Inguszass (Multi-
function urban land uses) n15tnuATTULT 09T gl
mmsaLLEJﬂaaﬂmﬂﬂﬁﬂ%’fﬁﬁisLﬁ@maaejmﬁ’a i
Wensdununmsuazauries uaznisdnseniluiiug
(Diehl et al., 2020) nMsWaLARuTiveades@use
Uszdliunalaannsuianududlesdilen (Green city
index) e?fwﬁzﬂauﬁwé’a%fmmqq WU NsAugULS
Faandon N1ITANISUIRATYEUEE N1sanuAY
muaunsUanUaeefiwseunszan Useaninmves
ATIEWAIIU ANAZDIA U397D5N15V84 Global
City Indicators Facility ﬁ'mauﬂqmﬁq §28 Yanns
wisugnadsnudie 1Wusu (Azunre et al., 2019)

nseeniuusURuUdmiunsinensluiles

MAUNLAUILABININTUIAALUAILMINUUSUNV B

v
Y '

flufidug fegradu AIUANVRIYUIY AIUNFIUIY
sl uiivunnfiwuuuuasdn (Rooftop farm)
N39S auvua1aW 1 (Rooftop greenhouse)
Tsa3auuwans (Vertically-integrated greenhouse)
(Benis and Ferrao, 2018; Supparwoko and Taufani,
2017) autludles sitmmedaunndugianiing
7 Auls (Edible landscape) (McLain et al., 2012)
Tudesiiflundnhasdesdndsimendofiezifndu
NN1TNERs In139negdiadlvasnndesiu
wifivesszuuiling (Ecological function) Fundati
tfusog (Siddiqua, 2018)

913iin1slduselesdananingdennie
Tudlaslunmisndadiy wu lulwanunigiioniausiom
sovuanideslimunzanlunisugnequidesan
omaduiuly Tusaefivsngnsaiineganudou
Tuilestvairsanmmenmafimanzaslunisgnedu
WJudu (Waffle et al, 2017) #135in15lduTnnssy
iiogaeiinuseAns mnuaznsuyuisunsnens
Tudtowrldlunsdn wu megnitgluti (Hydroponic)
n1sugnialuenie (Aeroponic) nsugniiylag
g iUMIIABaUa" (Aquaponic) nsugnitalaild
A (Soilless agriculture) MsUsze NANALLLAEN19A 1Y
msdsraszeglna (Remote sensing) (Armanda et al.,
2019) snlglunisndauuuuaiugn nsldvaealn LED
Tunsnastulsssouszuule WWusu

fiail nseenuuuszuvinmnvasludes
F1Tuad0Ifia1su T INanITNUVRINITINEATHD
fluides uasnanszmuvosiiuiidiosonisinuas
sudsdosiianagalddnefionaingadu 1wy ms
Fanmsuanmemaennea 11 waiu fenanndduity
wiu ansUlasadiuuiesouy asmeda uasiuain saud
wuATSeanvetdevesuywduasdnivuriosnuy
(Todd et al., 2016) mifi’]’ﬂmiqﬁmmﬂﬁr:TuLLUidw
st an19n32918A210 9 ludun1 50 NUUULAE

dan1sfignees Wudy (Lin et al, 2015) Tad11in
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LATNANIENUAINGID d@1usnannaunasin lula
windnseenuuuiliingay Jnsziuariansen
AuduiufiSssvuuresituiludensdrsanidadn
LAzl N1 UDY 19523 A5273 (Deliberative
planning) W eluszdudl uil yuwy wazqiaia
(Selman, 2012)

nsldnswensnyuilsuluniswaniiansvi
wnunsluiiag
voudeiiAntuanianssuludiesansa
inauanleludlunisadnla wu weaerdunsd v5e
T eTinmumsttnug (Mougeot, 2000) YeEWa@ARN
Y1911 819508uF auisarn i edaudanduy
Awuzlgn (Orsini et al., 2008) udu u1nnin
Yowaz 50 voswendsiiinandeududunieng
(FAO, 2010) freg19aiu TulsemeaRu3aeay 60-70
Yosvsryanap YUY duverdunsd agelsfiny
gilaifinsdansidussuuiiissnelunisiinduunld
Wi an15nwastuliios (Kemer et al., 2008) Tuns
nduAululsznafiasyud Wy Ussinausesuaus
wazilesiheednds Usemeanigouini Snisdaifu
Yuzdunidarneatn Suemns waveiiou wield
wAnfnadinin Geaunsnandununisianisueyld
Seanuindlewseufisufunisiives Sunsglumn
nmnnznouiiladnsinlusandisegradussuuiie
i ldlglunisvininensluliios Ineiannusiuiieny
sewinauau aednsililldosdnsvesss amalenvuy
Lag3gunaviesiiu (Anastasiou et al., 2014)

M5l Usyleviannvegdunsdaiunsain
ndvinldindiduianugnuazanusuuseauld
F2081919U VYLLATDINT LAYNY §18150UIUYN
Jemdn (Compost) iumsdesaaenuuldornmea uay
annsnhuldidesldifoudendnloyaldifou
(Vermicompost) YYLLAYDINITUALLAYNITA LA

HAKANYIINSIAEATENNTAENUNERAYTININ NN

nnsEuINNsmInuuulienna (Digestate) @150
vhundutanugnuieidudedunidls imwislsian
NIFALAIAU LT IUS DA UENE T ULANLNTALNIN
Hrunszurunisinlslada (Pyrolysis) 1 endaiu
lulews (Biochar) Tl danusuugaiu dudu (Skar
et al., 2020) luunAnudazuesndaogrenisldnin
Sun3silaannszuaunisuin waznsldlulons
Tun1sdafiy i esainddnennlunisannis
UanUaseiigisaunssanuaznseaisvaulaeanlayn
MnduusIeniaiiinanianssuvesuyudldd
Senag 80-350 voaN15UanUaREAITOUNTEINVDY
wiaslvgjlutagtu (Breunig et al., 2019)
Andunsgannnisvdnverdunssiduna
waoelaainnszulunIsyesdalsuuulse1ne
(Anaerobic digestion) U84U8EdUNTE AT 1NN
(Biogas) 71 baUsznousie fwdnu (CH,) Sevas
50-70 Awa1sueulaeenlan (CO,) Souay 30-50
dnivdadufwdug wu uslids (N Blasaudalng
(H,S) warlevh (H,0) (Madmaiy, 2009) #2881901%
auailuussnalve gudusmsdanistanauuy
ASUNAT WMINe18 el esingd ANEUIIUsWAY
wevnauasifeddvl lunssusuverainiiuiiseu
UMINYIFY Na991NNT2UIUNTUTUUTIA AN
annsathunldeanlnin waskdsduialulefimudn
s uleluse UuvUE I NIaTUVRIUNITNENE Y
Tunaagdarunsagivanusurunigisounszants
10,900 #uAa1SUsum 8y (Energy Research and
Development Institute— Nakornping, Chiang Mai
University, 2020)
nndumseildannisudniawems (Food
waste digestate) TunszUIUNARAILTININ TR
winzaud miulidutanuiuuseiu Inede pH oy
58914 6.7-8.4 fUSuudunIeingogiiTovas 40
yosiminuds dlulpsioutommn Ussana 4.5-8.7

o/kg AUSunuNeanTauarIwLNaLTsuAUT 196
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agJ:ﬁ 0.1-0.3 way 2-3 g/kg MUA1AU (Tampio et al.,
2016) tesanHunszUILNTVE AnAzneud LH
Faflanusaume uandadie Weldlunisudgedu
aunsdagllulasiaulunszuiunisgesaanstion
n msgadslulasiaululueniauaznisuandasy
asUsznouiiduiuiuiivazesniinisldfandu
Alaisiunszuvaunssin fvamsogeldlulasiay
IFogasaifles ilifnasadulaf (Carabassa et al,
2020) uena il eanmglsafivnsdudignida
sanludlsadriusaunazainudunsanslu
nsguaun1sndn nslddunietngduianuaniiy
Tngmsai3endn “Organoponics” Yanitldunainnis
iJeBunsd Jomen Jendn wazn1nannnszuIunis
nil'n (Digestate) AINATLUIUNIINAAA 19T AN
a1u1saldugnluwdandn luvdondiusd Ta119
fr9auu Jusndes Auifiandedudior d1¥anugn
fieannalsafivuazldifoudesiinty Aanunsn
Wasuanugnléviudt (FAO, 2014)
nsldlulenfiitosuussnueananysel
YOI UANTNYIBLENUazann1TUanUa e Y
arfuaulaeanlaigduusseinia lnsn1nindauna

Alfa1nnszuiunisdansiyvuasvesii g g
nszuunsinlsla@a (Pyrolysis) nszuaunsinlslads
Aonisuiaudoulsiundaunad gaumgiiuinnin
400°. meldanimieandiautiosvioUsiaain
pondiau lulevinlddgaautfidundnanfueudsl
wtesnn Yauvisgldanunsodesaanals unns1gain
A veuludunisingidovaaisuazaniaos
mi‘uauﬁ%’jumimmﬂ (Lehmann, 2007; Lee et al.,
2010) Tutfaq TuflianmimatsgUuuud w120y
annsondniedle wazlinananlulowisinuaucs
Liunnsnaanlulew 97 ndnainia i Arua
gaunnilaluesufjUfinig (Wijitkosum and Jiwnok,
2019) lulaysanunsandnaniawiandunsdnnyiia

WU LAYTAAIINGAAINNTINOIMIT WHBNA a9

Youzni1 Waenifuns iewianginuas uazninann
nsninezdunid 19udu 3 wiliquantives
Tulownsv launna 19ty (Elkhalifa et al., 2019)
Tunsdiifldlulersainninazneutnidefinanides
“3gna1nnssy o1y liilaneninidevuluiiy
ﬁﬂqﬂlﬁ (Yue et al., 2017)

esnnamautAndn g nguda uian
Funzeydl 1.2-335 nFu/ms.u. el ouliioy
AuaunIAAWUTded A1 pH 08 581919 6.3-11.2
flosAUsznauATUouagisesay 30-80 vastimin
Adnuwrtanuaild uoy fuTans uiudliuan
1ulev1s (Zabaniotou and Stamou, 2020) N4
Tulonfifedsuusedu ilvmnuvuiuiuvesdu
anas AuduildAtu augluniswaniudsuyssq
U7n (Cation exchange capacity) Guaﬂauq\i%u Vil
Aulgniinnuanmnsolunsedasnemsiieitu e
AANITAYLAEEINBIMITNYIINNITYLA N AANT
gapdelulasiaululueinia Gaeuiin pH vesiuiiy
N30 LazYIudLasuAINTINVDRAUNTIAU JINNY
WwSaAulalaadu (Semida et al., 2019) 99nA13
naaolunIsHaninnIngoudkasinluy wu3iinig
1lulowns 4.8 dusels Tunsusuugedu sauiunis
Tatelulasiauilivanandnisaossindiutu 2 wh
wWiguigudunisldldlulests nsldyadnd 940
Alansusals srudunisldlulevisaiuisaannis
Uanddesdinuuazluniasanlediniunitsesay
79 way 46 veanslduatuiiesegauden Uia et al,,
2012)

nsinensluliesiuiAn1einuATegna
HARDULVUNILATEFAATAINLANG 1Y
sEIaUs Unvenuaslulle o sUsEImeT Wau
wdrfudssmamdsiaul esnidadisauay
Reulvunnsnaiy 1wy Yssmaiiamnudiiuiinens

Tl et U31AIN A ULAEY I8N TEAUNITINNY
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TWAuUszensd ds1eladadasielauiunans
(Pottharst, 1995) wenaNH U INYATIES
M3f wazdadinausslovimasnudug Wusiage
Tisguradivleuslunisdaasunisvinisinunsiy
dios Tuvaziinisinuesludeswesuszman fds
Wannvaeasuasnennuiuamisenms Wuuas
srelaasuvesnseu Wudu (Hallett et al, 2016)

msineasludlesdidnennlumsiisnndiies
NAUDIMNTVBIUTEEINS UL B Feg1en1sAnen
4949 Codyre (2015) WU 109 Guelph Useine

wALNAN Tnandsnnwaldannuuasnens (ra9U"Y

v '
=] a

Y L@y 1.43 nn/m5.a/0 Jeamaduiiuinas
nunsudadiudesay 10 nfuiinlasfuiianud
Tunseanludosey 13.76 1ann13 nanARRnLAzHA
JzannsadesEnsldte Sevay 46 vesUszrns
wavae viseAndulszens 56,000 AW/A (Uszwns
WU 1,511.1 AW/AT.03.) Bnuideudnelag
Grewal and Grewal (2012) v¥849t3 84 Cleveland
Ussinaansgowwini nuiwnnlifiuosas 80 o9
fufiidludies fafuiiuiidosas 9 vowmnilufis
AUBYB1AY Aza1NsandnlnuavkalilliteTosas
31-68 vosrudeintsuslaatiomun Tugisnanves
INANIUATYFNA (Great depression) hazasnsulan
add 2 Tuansgausnivinnaaunsnenslunisuds
(Lawson, 2005) dn155ausam ivindasinanalu
yuvu dafasouiidnianlulasinisds 18-20 du
AsISeU aunsandnnnlaneiesay 40 vesUSuna

AUABINSANVDINIUTELNA

a

AN easul 0983 manTrEENIg
mm’nﬁumm’mﬁmuﬁwaﬂqﬂmﬁqamuﬁ'ﬁ
onsgniielnefuslnaduaniing (Food miles) Lfu
NTAARANIENUIINNOANITUNITUTINAVBIAULIIDY
(Wynen and Vanzetti, 2008) fag1agu lunsiluss
nyunnavUAs afadldiunu 149.9 vi/du lunis

YUAIDWNTINNNUANISHERTI99an1U 100 Alaluns

LazHuYuILgeie 688.5 UIn/iu 1l ofpsuuds
2IM5LUTTEEN1E 300 Alawwnsanndiiies iunu
(Kanokwalee, 2012)

TunaesugeansaInnsuseiliuues FAO
wuin msvinnwasluidesasdedyadmaasugia
qaﬁu wmnannsatiuialdmumaasundasanin
maAsugadinuvenies tiuauamnsalunig
NARR BT Ll oneuauBITUALEBINTYDS
Uszansidles Snitaasdeafiumnunainualoves
unumiseyuvuiios udu (FAO, 2007)

Tusurannisineaslulosnad ud of
wandesllld Wesnsneasyiudie slifnnutiues
sudunaunannsvenesivesilesaznsidelonna
maasugAalunsldi Auiionsinung 1iesan
msmwma%fmgaﬁhmqmiwgﬁﬁ]ﬁaaﬂfjwﬁamw?ﬁu6]
(Manorom and Promthong, 2018) dlewseuiiauiu
vpasiuiild invnsnsviedUsznaunisasdosd
msUsustitensinuasludlosiiifuiivunndnas
Mz Afinugedu udidowdnlildnondngsdu
LazaFoufiuyanvosHandn o1aazdealinisuiy
Nufinuesliiduund siouisandaununs iiugy
(Supannika et al., 2019)
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Coffee pulp (CP) is a waste from the industrial coffee production which cause a problem in
management of environment including acidic soil quality and unpleasant odors. In this study, Arabica
CP was value added as functional ingredient in cosmetic product. The CP was extracted with water
and dried via freeze drying to obtained coffee pulp extract (CPE). The total phenolic content of CPE
was determined to be 45.12+1.08 mg GAE/g extract. The chlorogenic acid, a bioactive compound in
CP was found to be 17.8 mg/kg. In the biological evaluation, it was found that CPE showed antioxidant
activity in 3 assays of ABTS, DPPH and superoxide radicals—scavenging. The half maximal inhibitory
concentration (ICso) were 0.59, 0.94 and 9.53 mg/ml, respectively. Furthermore, CPE was shown inhibition
of tyrosinase, this enzyme plays an important role in melanogenesis which ICs5, was 125.21 meg/ml.
From the above experiments, CPE exhibits functional properties for anti-aging cosmetics. CPE was
formulated in facial cream product and then the stability test was evaluated in various conditions
such as 4°C, room temperature and 45°C for 90 days as well as accelerated stability test under 6 heat—cool
cycle. The facial cream demonstrated good physical stability under 4 various conditions. Therefore,

CPE has the potential to add the value as functional ingredient in cosmetic products.

Keywords: coffee pulp extract, phenolic compound, antioxidant, anti-tyrosinase, cosmetic product
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FanmannieFalluszansain wasdullnsee
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Table 1 Facial cream formulation

Phase

Cosmetic ingredients

Water Distilled water
Disodium EDTA
Glycerin

Butylene glycol

Acrylates/C10-30 alkyl acrylate crosspolymer

CPE

Oil Glycerin (and) hydrogenated lecithin (and) hydroxypropyl methylcellulose stearoxy

ether (and) squalane (and) sodium methyl stearoyl taurate (Nikkomulese LH®)

Squalene
Dimethicone
Cetyl alcohol
Steryl alcohol
Sodium hydroxide

Caprylhydroxamic acid (and) 1,2-hexanediol (and) butylene glycol

AVINFUANLASH TUBSRENA i e BsdneamE CPE
Mn1sRasnsUasunlamesdnuus
NInMenMLazaiaind ndu A1 pH Aumile way
AIUAIFIVBINAR ST 4 dn1az Taenasuiu
WARAUTIAT 3 grungdl fell guungiives gamndl aw.
wazgauugll 45°%. Wulian 90 Ju uagnadeuaIIy
AIAITDINAN AU ULUULSILABNISNAADULUUS DU
aduifu figungdl 45°. wazeamndl 49, Hunan
24 F3lu3 v 6 50U (Whangsomnuek et al., 2019)
Saaunilamsindesiaaunia Ingldwdu R
AINILEITOU 70 SeU/ANT WisuiisunsiUasuunUas

VOINANAUNTUAN1IZHE)

ANSATICANNSEDH
ﬁ’mflﬁmezﬁ%gamqaﬁmmi@mmw

WUSUTIUNGLALT (One-way ANOVA) Tunsitasigi

ANuAITIvBINER AusiiloAn AN AsuLYaq
wiazyan1sNeass laeldisn1siuIeuisuveg
Tukey test fiszRuanudeu 0.05 Tun1siansan
AnuuanetedAyvnada Ineldlusunsudisagy
SPSS (Statistic Package for Social Science)

NaN1538

ansafaiananium

a1sain CPE fivilwuieseisudifonuds
dlovhnisuadaelngaunans wuinildnwasiduned
danaduaunsaazaieinled wasiifosaznanan

Yo3an3ain (%yield) 1i1Au 38.50+0.89
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Figure 1 HPLC chromatogram of chlorogenic acid standard (A), and CPE (B)
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gefian wiriudesay 77.92+1.79 lefuindiua
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2) qin1skiuayya DPPH azandenisli
lelnsiauornenunoyya DPPH Guduoyyai
TulnsiulussAusenou lnenan1snaaouay
m’aﬁ]i’mmslfd3&Juﬁﬁuaaa%aiumiasmm’mﬁaim

udivdes nanismaasanuin CPE fianuidudy
Tu4349 0.10-1.50 UN./UA. A11130AUBYYA DPPH
TnsfiAdesazvesnisdudageiian wirtuiosas
73.76+0.48 1101 91501A7 ICs Y09 CPE LAZANS
UINTFIUNTALNAANNUINAINY 0.9420.01 Uag
0.01+0.00 1n./31@. AU (Table 2)

3) qn3n1sduayYa Superoxide 11113
nageulngadeasnageulud1ueyya Superoxide
TuuAzendsndures NBT Winanewlu Diformazan &4
fathduansonyeialdiauenadu 560 wlusms
HANINAABUNUIN CPE Anudutulugia 3.00-15.00
un/ua. fAndosazvesnsdudagaiian wirfuiesay
63.47+1 44 WlonSsuiieudszAvE nwiuasinasgu
nIALNadn Aauansly Table 2 wudn CPE wazals
WINTFIUNTARNATNTAT Iy U 9.53+0.11 Uae
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Table 2 Antioxidant activity of coffee pulp extract

Sample ABTS assay DPPH assay Superoxide assay
TEAC ICs GEAC ICs GEAC ICs0
(mg/g extract) (mg/mL) (mg/g (mg/mL) (mg/g (mg/mL)
extract) extract)
CPE 61.24+3.78 0.59+0.01 5.05+0.11 0.94+0.01 164.38+4.76  9.53+0.11
Trolox - 0.04+0.00 - - -
Gallic acid - - 0.01+0.00 - 1.37+0.05

Values are expressed as means + standard deviation (n = 3).

4) gudgruauledlnlsfiua nanisvaass
wuin CPE anunsadudueulednlsduald Tne
Uszandammiiuduniuanududuresansada
Tne CPE fiaududu 150 un/ua. Sussdnsam

gefanuitiufesas 82.64+032 fuuanslu Table 3
NWUIAT ICso V09 CPE UAZA1SNINTFIUNIALATNTIAN
WU 125.21+4.90 hay 0.20+0.05 un./ua.

AUAIIU

Table 3 Effect of CPE on tyrosinase inhibition activity

Sample ICs Kojic acid equivalent
(mg/mL) (mg/g extract)
CPE 125.21+4.90 6.94+0.05
Kojic acid 0.20+0.05 -

Values are expressed as means + standard deviation (n = 3).

WAUIRISUNARA AN CPE
M3uiadosdenstrgsiiavtimay CPE 1%
gnidenumageuauasi Lesanidleldansain
1NN 1% wandusiasuUngermhaglinwuagl
Aenaduyilinan saetliunld Tnondndusiasy
UhgeiamiATuinas CPE 19% Tdnwauznisnienm
Fauanslu Table 4 en3udveumdes oduda
oy arwsanszarefvuialéd Wevinig
NAFBUAUAIAILUANIITUANAIAUUIY 90 T
wuhdnwaiEnanea et ensulddsundas

Usgnaunie & ndu edudd n1suendu @y pH

Wujwﬁﬁhmﬁnﬂamawaamwmaau yenanil
wultANvilnvesasuiiniiuasdaluaniig
aaumiivios 4°%. uazwuuSouaduldu (H/C) uanui
7 a5°9. Arpunilnanasedraiulidndieradu
HaunnAUSeuduauu agslshanylinunns
Wasuwamanen gy (Table 4) dausngy
3eed019nan CPE @ausatiulilalusses
namulaglifinnsdsuulamesdn pH aumile
LardnuaEN19NIEnIN ueAIsnandesluaniizd

Soudn
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Table 4 Stability test of CPE cream under various conditions

Parameter pH Viscosity Separation and
(Pa.s) precipitation
Initial 5.52+0.01 9.12+0.13° X
RT 5.53+0.02 9.19+0.09° X
a4°C 5.55+0.02 9.08+0.04° X
45°C 5.54+0.02 8.46+0.15" X
H/C (6 cycles) 5.52+0.03 9.08+0.23° X

RT: room temperature H/C: heating/cooling cycles X: not separation and precipitation.

For the viscosity value, not sharing the same letter indicates significant difference at p<0.05.

32150iNaN1538

gnamnIsuladesdiendinisiAuinedi
Aoiflioaaysnids lnoemzedesdom@InNsssuYi
fdrsusulnuialynsysnda (Burger et al., 2016)
anlEeu31508 vraenULAveIRInT (Plainfossé
et al., 2018) Lﬁaamﬂ&liﬂuiuﬂaﬁ;ﬂ’uﬁumiﬁ%ﬁumi
Tudnfusiansssuefuiniy a150engninig
FInmMINKEATTsITHIRGIMUNTUSEATA WA
Tunsuszendldluniuniosdronmisnvdiens
(Soto et al., 2015; Ribeiro et al., 2015) ﬁdﬂ?mﬁla
wanufinuindviunandudunsindaduian
e mansinens semutaulalunisiuld
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& = A a X 4
Lll@aLlla']uuLWiJsﬂusﬁ\'iLUua']WW!GUaﬂﬂigLLagéh (UW&,

2017) INMINAFUGNBNTEIUEYYABATE DyYa
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UIM5314 dIu0YLa DPPH wag Superoxide 1nsm
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faiilasnnansiueuyadaseinarenguisding
donldarsuinsgiuiidneiu welvimswiiansi
naaeudnuantilunisiueyyadaselanalungy
CPE fansUszneufiuedniluesduszneu lne
asuszneviiuednifuasiueyyadassyianis
Faslqvislunsvineyya ABTS, DPPH Uag Superoxide
uenaniigaiissrunismuasussneuituoaniufiz
yanowindlgnisnueyuedasy suduouludlvistiua
Aoaadud danawa wazuntasinnndedyd (Jusu
(Ribeiro et al., 2015; Zillich et al., 2015) lu CPE
fafalddinmamunsnaaslsiin dudunsafiuedn
yiavilaifeldlumaaiesdion Womninuauls
Tunaduansiueyyadasefiduszansam vae
ygaanIsuvesimils Haefunisdniay Suanng
19T VOILUATILSY (Naveed et al., 2018; Bessada
et al,, 2018) wazannsndudanszurunsasiadng
wafuluwwad B16 Murine melanoma cells Lot
(Li et al., 2014)
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This study aimed to study the overall information of okra production, farmers’ adherence to
production technology, and effects of technology adhering to quantity of standard yields and problems
in okra production of farmers in Muang district, Nakhon Pathom province. Thirty okra farmers who are
members of Muang Nakhon Pathom Agricultural Extension Office were randomized. Questionnaires were
used and data were analyzed by R statistical program. Statistics used in the current study included
frequency, percentage and Chi-square test.

The finding revealed the following; majority of respondents had 1-3 years experiences in okra
production, own the okra plantations and depend on irrigation system. Members of family (couples)
worked on cultivating process and labors were employed in tilling process. Average cultivation areas
were 1.1-3 rai. Okra yields were sold directly to purchasing market. The average yields were 10,001-
15,000 ke/rai. Greater than 90% of overall okra yields were in accordance with okra production standard.
Return was 10,001- 30,000 Baht/rai. Farmers’ adherence to technology in harvesting was the highest,
while, using chemicals in weed elimination and pest control were the least. The study also found that
an adherence to okra cultivation technology affected higher quantity of standard okra yields. Furthermore,

diseases and pests were found as the problems in okra cultivation.

Keywords: technology adherence, okra, export
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Table 1 Results of influence analysis of adhering to okra production technology for export affected

on standard of quantity in yield production

Okra production procedure

Chi-square test (p-value)

—_

. Soil preparation

. Plant cultivation

. Watering

. Fertilizer

. Weed prevention

. Pest control

. Diseases prevention

. Harvesting process

O o0 ~N O U0 B~ WLWDN

. Harvesting methodology

10. Pinching plants

11. Cutting main stem

12. Post-harvesting methodology
13. Transportation

1.095™ (0.578)
6.983* (0.030)
2.653™ (0.265)
0.173™ (0.917)
2.334™ (0.311)
2.334™ (0.311)
1.640™ (0.440)
2.301™ (0.316)
3.148™ (0.207)
1.739™ (0.419)
4.315™ (0.116)
1.787™ (0.409)

" non-significant at the 0.05 level, *significant at the 0.05 level

Chi-Square test was not able to compute as every farmers accept harvesting method.
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Adoption Pattern of Rice Parachute Technology by Farmers in Phitsanulok Province
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This study aimed evaluate for an adoption pattern of rice parachute technology by farms in
Phitsanulok province. The sample group in this study was rice parachute farmers suggested by office of
Agriculture and Agricultural Cooperative, Phitsanulok province. In-depth interview was conducted with
6 master rice parachute farmers in Phitsanulok province. Also, focus group discussion was held among
25 personals of 12 farmer supporting agencies. Findings showed that adoption pattern of rice parachute
technology of farmers in Phitsanulok province consisted of 5 components: 1) attitude of the farmers
toward rice parachute technology; 2) content of the rice parachute technology; 3) method of acquiring
the rice parachute technology; 4) supporting factors and components; and 5) result of acceptance and
practice of parachute farming by farmers. Outcomes of this study can be used as a basic information to
be applied in an extension and policy planning program appropriate for Phitsanulok province in order

to increase the efficiency of rice production by farmers.

Keywords: rice parachute technology, adoption technology, rice parachute model
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Table 1 The results of evaluation of the adoption model of rice parachute technology

in Phitsanulok province by the experts

The component of the adoption model of rice

parachute technology in Phitsanulok province

An appropriate of the adoption model

of rice parachute technology

in Phitsanulok province

Median I.R Agreement on

(Q; - Q;) appropriateness

The appropriateness in detail of each component

Component 1: Attitude of famer in parachute farming

1.

The belief on parachute farming was the safe rice
growing technology.

The belief on parachute farming was environmental
conservation.

The belief on parachute farming could split head rice
better than other methods.

The belief on parachute farming was responded

in apply fertilizer better than other methods.

The belief on parachute farming reduced the amount
of fertilizer more than other methods.

The belief on parachute farming reduced the amount
of pesticide agrochemical more than other methods.
Belief on parachute farming reduced the amount
of herbicide more than other methods.

The belief on parachute farming utilized less water
than other methods.

Belief on parachute farming reduced the amount

of seed using more than other methods.

5 1 Agree
5 0 Agree
5 0 Agree
5 1 Agree
5 0 Agree
5 0 Agree
5 0 Agree
5 0 Agree
5 0 Agree
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Table 1 (Continued)

The component of the adoption model of rice

parachute technology in Phitsanulok province

An appropriate of the adoption model

of rice parachute technology

in Phitsanulok province

Median I.R Agreement on
(Q;-Q;) appropriateness

Component 2: The context of parachute farming

1. The parachute farming produced more rice than 5 0 Agree
the other methods.

2. Parachute farming produced more income than 5 0 Agree
the other methods.

3. The parachute farming used less cost than the other 5 0 Agree
methods.

4. The parachute farming was easy to understand. 5 0 Agree

5. The parachute farming was not complicated to practical. 5 0 Agree

6. The parachute farming could be experimented in 5 0 Agree
some parts to compare with other rice farming methods.

7. The parachute farming could be produce more than 5 0 Agree
one time per year.

8. The parachute farming used less labor than the other 5 0 Agree
methods.

9. The parachute farming could easily use local produced 5 0 Agree
equipment.

Component 3: The methods of learning the parachute farming

1. The adoption technology of parachute farming from 5 0 Agree
community leader

2. The adoption technology of parachute farming from 5 0 Agree
broadcasting television and radio

3. The adoption technology of parachute farming from 5 0 Agree

searching in internet media
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Table 1 (Continued)

The component of the adoption model of rice

parachute technology in Phitsanulok province

An appropriate of the adoption model

of rice parachute technology

in Phitsanulok province

Median Agreement on
appropriateness

Component 3: The methods of learning the parachute farming

4. The adoption technology of parachute farming from 5 Agree
trial and error by oneself

5. The adoption technology of parachute farming from 5 Agree
discussion and observation from prototype farmer
in community

6. The adoption technology of parachute farming from 5 Agree
study trip from prototype farmer

7. The adoption technology of parachute farming from 5 Agree
training by organization

8. The adoption technology of parachute farming from 5 Agree
demonstration

9. The adoption technology of parachute farming from 5 Agree
other farmer

10. The adoption technology of parachute farming from 5 Agree
discussion with other famner in commmunity to solve problem

11. The adoption technology of parachute farming from 5 Agree
experimented land field from other organization

12. The adoption technology of parachute farming from 5 Agree

private sector that sale an equipment of parachute farming
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Table 1 (Continued)

The component of the adoption model of rice

parachute technology in Phitsanulok province

An appropriate of the adoption model

of rice parachute technology

in Phitsanulok province

Median

LR
(Q;-Qy)

Agreement on

appropriateness

Component 4: Supporting factor in accepting the parachute farming technology

1.

8.

Government policy that support in rice farming
practically and continuously

The funding or production factor that support from
government sector in parachute farming

The extension and support of parachute farming
from government sector

The funding or production factor that support from
education sector in parachute farming

The effective understanding of extension officer in
technology of parachute farming

The public relation of social media in knowledge
and technology of parachute farming continuously
Local farmer and farmer’ s group co-operate each
other to support parachute farming technology
practically and continuously

The source of service provider in parachute farming

5

5

0

0

Agree

Agree

Agree

Agree

Agree

Agree

Agree

Agree

Component 5: The result of acceptance and practical of parachute farming of farmer

1.

Seeding and Transplanting

1) Soaking seed for one night

2) Use 4-5 kg of rice seed per rai

3) Use 50-70 seed boxes per rai (561 hole seed box)
4)  Use 70-90 seed boxes per rai (434 hole seed box)
5) Put fine soil on seed box hole about half hole

before seeding

o 00 ;L U U

Agree
Agree
Agree
Agree
Agree
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Table 1

(Continued)

The component of the adoption model of rice

parachute technology in Phitsanulok province

An appropriate of the adoption model

of rice parachute technology

in Phitsanulok province

Median I.R Agreement on
(Q;-Q;) appropriateness
Component 5: The result of acceptance and practical of parachute farming of farmer

6) Put 5-7 seeds per hole 5 0 Agree

7) Cover fine soil at full hole level, 5 0 Agree
put cover material on seed box to prevent seed
spillover while watering

8) Watering in the morning and evening about 3-4 5 0 Agree
days before germinated and watering to 9-10
days before transplanting

9) Remove cover material when seed germinate 5 0 Agree
above the soil.

10) Transplanting when seed height was about 3-5 5 0 Agree
inches or 15-20 days.

2. Soil preparation

1) Leave the ground for 15-30 days before plough 5 0 Agree
roughly for the first time

2) Transfer the water into soil for 5-10 days before 5 0 Agree
plough roughly for the first time

3) Let the weed and seed germinate before plough 5 0 Agree
roughly for the first time

4) After plough roughly, let the weed and seed 5 0 Agree
germinate before plough in regular furrows

5) Plough in regular furrows after plough roughly 5 0 Agree
for 10-15 days

6) After plough in regular furrows, keep the water 5 0 Agree

level to soak the weed and seed and then harrow

or smashed ground
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Table 1

(Continued)

The component of the adoption model of rice

parachute technology in Phitsanulok province

An appropriate of the adoption model

of rice parachute technology

in Phitsanulok province

Median I.R Agreement on
(Q;-Q;) appropriateness
Component 5: The result of acceptance and practical of parachute farming of farmer
7)  Harrow or smashed ground after plough in regular 5 0 Agree
furrows for 10-15 days
8) After harrow keep water on ground for 2-3 weeks, 5 0 Agree
then repeat harrow again
9) Use rotary to ferment rice straw at least 3 weeks 5 0 Agree
10) Release water to adjust barrier by level water 5 0 Agree
about to cover the barrier
11) Adjust barrier regularly before parachute 5 0 Agree
3. Prepare growing plot
1) In parachute day the water height should be at 1 cm 5 0 Agree
2) After parachute for 3 days, the water level should 5 0 Agree
be at 5 cm in order to control weed and weed rice
3) Put fertilizer about 20 kg per rai when rice stem 5 1 Agree
was upright.
4) Increase the water level to 10 cm after 5 0 Agree
parachute for 3 weeks
5) Put enzyme ionic plasma (EM) and water to plot 5 1 Agree
about 10 liters per rai
4. Harvesting of product
1) Harvest after rice bloom about 28-30 days 5 0 Agree
2) Release water from plot about 15-20 days before 5 0 Agree
harvest
3) Harvest rice according to rice age of each specie 5 0 Agree

that specify from rice department
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971 Table 1 UAAINITHAUIFULUUNIS
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Component 1: Attitude of famer in parachute farming

-

. The belief on parachute farming was the safe rice growing technology.

N

. The belief on parachute farming was environmental conservation.

w

. The belief on parachute farming could split head rice better than other

methods.

N

. The belief on parachute farming was responded in apply fertilizer better than

other methods.

o

. The belief on parachute farming reduced the amount of fertilizer more than

other methods.

o

. The belief on parachute farming reduced the amount of pest agrochemical

more than other methods.

~

Belief on parachute farming reduced the amount of weed agrochemical more

than other methods.

oo

. The belief on parachute farming utilized less water than other methods.

o

Belief on parachute farming reduced the amount of seed using more than

other methods.

Component 2: The context of parachute farming

1. The parachute farming produced more rice than the other methods.
2. Parachute farming produced more income than the other methods.
3. The parachute farming used less cost than the other methods.
q

. The parachute farming was easy to understand.

[

. The parachute farming was not complicated to practical.

o

. The parachute farming could be experimented in some parts to compare with

other rice farming methods.

~

. The parachute farming could be produced more than one time per year.

[e9

. The parachute farming used less labor than the other methods.

©

. The parachute farming could easily use local produced equipment.

Component 3: The methods of learning the parachute farming
1. The adoption technology of parachute farming from community leader
2. The adoption technology of parachute farming from broadcasting Television

and radio

w

The adoption technology of parachute farming from searching in Internet

media

IS

. The adoption technology of parachute farming from trial and error by oneself

o

. The adoption technology of parachute farming from discussion and

observation from prototype farmer in community

o

. The adoption technology of parachute farming from study trip from prototype

farmer

~

. The adoption technology of parachute farming from training by organization

oo

. The adoption technology of parachute farming from demonstration

©

. The adoption technology of parachute farming from other farmer

Component 5: The result of acceptance and practical of parachute farming of farmer
1. Seeding and Transplanting
1) Soaking seed for one night
2) Use 4-5 kg. of rice seed per rai
3) Use 50-70 seed boxes per rai (561 hole seed box)
4) Use 70-90 seed boxes per rai (434 hole seed box)
5) Put fine soil on seed box hole about half hole before seeding
6) Put 5-7 seeds per hole
7) Cover fine soil at full hole level
8) Put cover material on seed box to prevent seed spillover while watering
9) Watering in the morning and evening about 3-4 days before germinated and watering
to 9-10 days before transplanting
10) Remove cover material when seed germinate above the soil
11) Transplanting when seed height is about 3-5 inches or 15-20 days
2. Soil preparation
1) Leave the ground for 15-30 days before plough roughly for the first time
2) Transfer the water into soil for 5-10 days before plough roughly for the first time
3) Let the weed and seed germinate before plough roughly for the first time
4) After plough roughly, let the weed and seed germinate before plough in regular
furrows
5) Plough in regular furrows after plough roughly for 10-15 days
6) After plough in regular furrows, keep the water level to soak the weed and seed and
then harrow or smashed ground
7) Harrow or smashed ground after plough in regular furrows for 10-15 days
8) After harrow keep water on ground for 2-3 weeks, then repeat harrow again
9) Use rotary to ferment rice straw at least 3 weeks
10) Release water to adjust barrier by level water about to cover the barrier

11) Adjust barrier regularly before parachute

»

Prepare growing plot

1) In parachute day the water height should be at 1 centimeter

2) After parachute for 3 days, the water level should be at 5 cm. in order to control
weed and weed rice

3) Put fertilizer about 20 kg. per rai when rice stem is upright

4) Increase the water level to 10 cm. after parachute for 3 weeks

5) Put enzyme ionic plasma (EM) and water to plot about 10 liters per rai

IN

. Harvesting of product
1) Harvest after rice bloom about 28-30 days
2) Release water from plot about 15-20 days before harvest

3) Harvest rice according to rice age of each specie that specify from rice department

8

10. The adoption technology of parachute farming from discussion with other
farmer in community to solve problem
11. The adoption technology of parachute farming from experimented land
field
from other organization

12. The adoption technology of parachute farming from private sector that sale

Component 4: Supporting factor in accepting the parachute farming technology

1. Government policy that support in rice farming practically and continuously

2. The funding or production factor that support from government sector in parachute
farming

3. The extension and support of parachute farming from government sector

4. The funding or production factor that support from education sector in parachute farming

5. The effective understanding of extension officer in technology of parachute farming

6. The public relation of social media in knowledge and technology of parachute farming
continuously

7. Local farmer and farmer’s group co-operate each other to support parachute farming
technology practically and continuously

8. The source of service provider in parachute farming

Figure 1 Adoption model of rice parachute technology in Phitsanulok province
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The objectives of this study were to analyze factor affecting adoption of farmer households
who produced vegetables with Good Agricultural Practices (GAP) standard in the upper North of Thailand
by means of ordered probit model. The samples of this study were randomized with multi-stage
sampling and data were collected in the form of interviews with questionnaires from 383 farmer
households in Chiang Mai, Chiang Rai, Lamphun, and Lampang provinces. It was found that the increase
in the probability for farmers to adopt the high-level GAP vegetable practices included supporting for
own investment and loan to produce GAP vegetables, diversity of GAP vegetables, suitable prices, the
knowledge provided by private entities on food safety property of GAP vegetables, and being a member
of Bank for Agriculture and Agricultural Cooperatives, farmers group, community enterprises, and other
group, and positive attitude toward GAP vegetable production. Meanwhile, the decrease in the
likelihood for farmers to adopt the high-level GAP vegetable practices were found to include age,
education, the freshness of GAP produce, the knowledge provided by government agencies on food

safety property of GAP vegetables, being a member of village fund, and the farmers’ satisfaction levels
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with their participation in training on GAP standard. However, the attempt still has to be made to foster

the development and growth of GAP vegetable production to a wider extent and to meet the market

needs.

Keywords: adoption, Good Agricultural Practice (GAP), GAP vegetables
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nsdseandnan wuidu wiuds Fnuis wasindug
ludananlaniiyadadosed 8,063.63 druum
Andusnsnisveneiafintuedeiesay 7.63 sel

(Ministry of Commerce, 2018) g 19lsAn1unin
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dnenmvasing Snviaruilnaluanninglsuiisids
Fovige vilannmglsuidunaiadnilnedaq
wewInwdULssaaelY vazfiyadinig
dsonwandninanluanamylsutudinnudunn
NATANITADONNANG NN NANT O NITINTVEEA
\Avanasiosay 20.01 Aol dausl w.e. 2551-2560
(The Customs Department, 2018) Lﬁ'mmﬂﬁwqui’iﬂ
Fudeindudumyvensnissnuiuingnisdiu
guountly fe NInTIseUaITANAeTazdaslald
arswniinasndoayludn ludnasduesuuas Je
vioasiailifeundug uarnsnsvaeuileqduvae
Tasdedsifidelsndouu wu Wedaluuuaan way
Wodlala Sndrunils Ae dugueufefiviides
nyaeuINnNaldfessAnnAngiy minuandn
Anvesinenuldgmaveundes wazaveudenyain
mMsgumsIRnazgninudg w’%ammsa‘jgﬂﬁwmaﬁq
waginsussmaudafoulussuuideusoiidoules
fuszinaUssmeaundn EU siaimn 27 Ussina
ANTIMesuNananinanvetlvglivasn
ndymgueundouazgueundediy Jadunisasng
TonanisnisnaindisluazansUssna daagiouly
Fuigieatentinissdn niaudssy uazmanann
Foarundualvianudifyfussuunsudnfisniats
Anulaendy 391u1gn1sdninuinsgIunisiuses
puszUUMIUFTANINISINYAsATIMIEaL (Good
Agricultural Practice;: GAP) LA ONSHAANANA AT 5]
AN Jaoade daduuuinianisviinisinens
wielldnandniiinnnminswiasnnsg i
Tefinnsandausiuiinisugn maguadnw nafu
\Aer warmsdamsvdafuiien samdansaatuiin

NNTUNDUAINTUNIINTIA@DUTBUNSU Lol bA

HAHAAZIA UAINITAINY WAZYUIUNITHA NG B
Uaondusoinuninsuazyuilan dn15ldnsneins
ﬁLﬁmUiﬂmﬁqqqm AAANLEEUININTINERT Way
LivhliAnuafivsedwindon fandnnsilasunis
MUUALAYBIANITOIMTUALLNYATULRIENUTE V1R
(Food and Agriculture Organization of the United
Nations; FAOs) Usgnaufiunsiaunynsnsing
JEUUNS5UT10557U GAP Wuuleunsdideyves

[ v

FIUIaMA1UNITAT1UINTTINANUABAN Y kag
Aanmaudinuasiie vl nanuazduslaadaiy
UaonsTy wazti udnonimnisuasdulunainlan
fianunsondndudnfidanuaenadaatuanudonis
uanmmﬁmmﬁmmumm@m GAP ataganfuu

=

nsudn laen1stesiumdndngiivlaeggnisuay

Y

] a

finuvasndfeseinuasnsiangnsudniiduing
FUd swndounazaininnudafunianisinuns
(Praphaitakoon, 2016)
Fatuauidedadesnisyviinsevtade
Aflaron138euUINTTINNITIUTOINILNITHAR
MINTNYASHT NZE (GAP) L afasnnslHiAn
nsgeusuKarLAlAlNSHARR M IUNINTEIU GAP
saviamsUuBeuliinumsnaduanindidinisld
asindlegnadududng ssuvansguauUasnsiy
FeviliAnn 53U TN ImINASEIURAHARLN
Tidududinunsiflinsgiu WWuniseeuiuain
Fuilaavislunagsinaszina dadudaeidfislena
nsnsnan wiontutussdieRauIn1snanves
nunsnsTiAnaudsduiedugasuduveanisan
nstdansiall Suthungnisndndnuuuinunsdunse
#lueuan Snvistneduindoulsiinisoanulevs
NOMINY WaransgIuT ezl sruuInuasLas
omsvesUszmaddeilsguninnazdsandon uay
ansaiinfsemsldegnaiisamenazUasnds Lag
IAnidendemindedinl Weese dmu wagdrun

WUNUN AN 1T 099N TN UN LAZIIUIULNEATNT
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'
d YY)

AlA5UN155UT9IMNNINTFIU GAP unTian 4 dusy

q
v

yosmawmienouuy Tneasts 4 Smte SRuAvlasy
N135U309ANNNINTFIUY B9 308,112.31 13 N
WanuavesnAmileneuuy 373,570.64 15 Andy
Youay 82.48 Y0 URTESUNISIUTE LaLTIUIY
\NWASNS 50,110 AL 9710 61,092 au AntdusSesas
82.02 994TIUIULNWATATA LA TUNI1TTUTO

(Department of Agriculture, 2017)
Aeaiunsade

NEUA78E19 ALTUNISLAUTIUTINAIBNIT

1 (Y 1

dudiagawuunatsdunau (Multi-stage sampling)

9

lagAnlionandmin g1Lne drua vy Uiy asg
Af1FouINYAINIHHANAN 9nTeyaadAnildsunis
e TEumNINSHIUNNTUTELNYASATIVI
veansInManyns U wa. 2560 luwnmewilenauuy
fififuiuazsuaunuasnsnniian 4 Sudu liud
Janiadesini Wease dmu waza1uie laduay
ATIToUINYATNIAI8E19 138, 50, 95 Uag 100
ATAITBU MIUAIAU 1NNITATUIUIUIAAIBE Y
nsdldeyanauladnuiduteyadesinu Feliund
AT Z Tiszduamnaidesiu 95% Frrnunanaindon
TunisUssanuensegas 5 wazaA1ANLUTUTIU
¥83U591n3¥08a 10 (Vanichbuncha, 2017) 34
F1uIuATIIToUAI0E1 383 ATATOU dMTUNTS
Ugniin GAP $1uau 5 ngu Aifidnenmlunisdsesn
lugenguuseime EU uazgnnsianuansiadiusunm
AnA9sEAUgIaad mmualy (Maximum Residue
Limits; MRLs) @A ﬂﬁjuﬁ 1) NELNST IATENT Wa9aN
wazBusn nguil 2) winuean windih LLa&’W%ﬂ%WqJ]
ngud 3) uedese uzilesn uxidoias uzide
wdes uzifev1n wazuzilodu nquil 4) uysedu
uazaZIE LN waznguil 5) fnds Milng1n wazn

ngaﬂmé’w (Pornsiripratharn, 2011)

A8nsiiusausiudoya dn1919unun1s
Ausrusudoya dail

1) Yoyaugugil anfunisiiusivsiudeya
AAAUINAIEITNTFUNYIATITRUNYATNSHKER
AnNPaAsEIU GAP fsuuvasuauiisaiudoya
wald Yeyanisianisiiunisndnuaznisnaiain
GAP JayarmuiAsugna &y wasdoyanistiewmae
mﬂ%mmmﬁ%mﬂ%’@,msLaﬂszmsumﬁ%ﬁaw,ﬂwmm

2) FeyanRenil AunsTIuTINteyain
N13AAAD USTaIUNNU LAZIIUTIDNAITANNE LU
LBNATVDIMIIBNUTIVNT T184IUNTITY UNAIY
waziIuladnisudnuaznisnatn Afeafunssuses
AULMTZIY GAP

[ v

3) anwiiiudeya liun unaandndnves

=

ATAITBULNYATNTN LATUNINTFIU GAP Tudandn
Weslval Weese dmyu wazd1ung

4) szuzna1dniduniside 1 aaiau w.e.
2558-30 AUgIEU N.A. 2560

ABMsAsITridaya aszidadeiiing
ABNITHONTUNINTFIUNITTUTOINIUNITHEAN
MInEAsATILNZaY (GAP) frsuuusiaasmiaden
AIUERU (Order-response Model) fifiuusn 1y
Qﬂa%’ﬂﬁuﬁué’ﬂwmzﬂﬁmaaaLmﬂué’ﬂwmzmi
Hufuundenguuuuissdduiidvatsarunnniy
2 ﬂaq'iJ (Polychotomous) (Damisa and Yohanna,
2007) Tnenduwuusaesd i suauideudiniu
n15A N lUNIWATEEAIEATNINNTIUUTIABY
Ordered logit (Maneejuk, 2018) il 8991n624U5
naasegnadiulug dn1snszanevesainiig
mamadsudunuuund LAZRUUTIRDIgNUTENN
AlagisAinuiesdugeiian Jaduuuudiaes
fmnzanlunishasizisulsaudnuasfiauls
\Benunmvila Ordinal scale fidANdNuAILYDINNS
13898161V (Asteriou and Hall, 2007) ua@nsuud1aeq
#1134 Damisa and Yohanna (2007)
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Y =BX; + ¢
Y;" = 0ifY; < 0 v30
~1if0 <Yy <,

=2ifY > 1

prob(Y = 0)=P(Y; < 0) = P(BX + & < 0) =d(—BX)
prob(Y = 1) =$(8; — BX) — (—BX)
prob(Y = 2)=1— (8, — pX)

g
a a Y

dloldrnduuszaniuesiuusdassusassi
ué Fowhmaulasrndudsyavsmanilieglusy
NANTENUAILA L (Marginal effect) TneRuaadle
2N

dprob|Y, , ,
%E]:[d)(sm—ﬁ X )=0(3,~B%,)]P

fvuald prob[Y, ] fie Tenadimenisaley
AnTu Amnsiiees Threshold wag X, Ao fuus
Saszandudl k lnsA nansenuduiuagyiauds
nansEnuLl oddauUssase (X) 1FeUsSuna
Wasuwasly 1 mitganneieds ndedulsvu
Wasuwlasluann 0 Wy 1 winasdeautiazdy
A1AzLUULRA sra9TERUNTEaNUNTUf TR MY
ToMMUALIATFIU GAP(Yi*)

Y fie fauvswefildanunsadaneld Tng
agAmualidudulsvud asnsaiudnld G
avvieusanunfuanuinzifuaiaziuniaisves
5EAUNITERNTUNITURURNISNEARNAUTRAUA
119551U GAP 10NN IANLETNINATTUAUA LN YA
WAZDIMITUWIAITIF hazuuuTuinn15nTI9UsZIEY
WS IHA AT YR INTIIUTEUUNNTIANTAMAIN
GAP iy yaanssAvnsiayns Fsgndruialagisng
Likert scale ﬁﬂmq'ﬂ’]iﬂ"mumﬂzLLuuSﬂQ’Iuﬁ’lHﬁ' 0
el Y, <0) Tnsuusszaunissausunisudnine
sonilugensuos Urunans wazunn meAAzLul
52319 0.00-0.66, 0.67-1.33 Lag 1.30-2.00 AZULL MR

Boses By AB AN TI0DS

Xy oy X AD BALUTOATE WaAAID U
AfHaroN1580UTUNTNAATNALLINTTIU GAP
LLﬂqaam‘fJu‘fJa%’aﬁugm 4 fuUs (X-X,) Yadeanu
WAITEFAD 22 AU (Xo-Xye) hazdadenudeny 11
FAUT (Xp7-X57) 528 37 G2UUT N1IN15UA LU
Sasviazthunadrslunuustassiiu Sinszdainay
¥84 Qiu et al. (2017) \AeafunTInnsHaLINL e
Tngendedad ¥ Hurmnan Development Index 184
UNDP M19@1ULNA 818 SEAUNITANE Faudu
ﬂ%i&ﬁugm uartladednuasgiaianindiunade
Ingagviounelausermnanend smdsdadenig
d1uUTzaun19n1snaa 4P (Serirat, 2003) Y484
WA BN UIIUVBY Amerioun et al. (2018) 1ain
UszAnSravesgninsiedaminisusnislsaneuna
nms deldivuadudadefunudnvar madsan

[

YBIPNIN AAAGBINUANYMEUTEYINTAIAATUD
HYodudnnunsdun3d (Panplum, 2016) Uulade
mhanAmuediulsdase

NAN1599Y

ANad A uguesiulsSased idua
seiflos wagen Likert scale vassuATianslafingg
sfefiufiugnin GAP uasnandmadsuasin GAP
wanafisrnedsuaydrudouuuannsgiu dulng
Fulsdasyiananiliddnidesuunasgiuunng
NnAnadeiisndntos sniiusglagnsnsudnin
GAP wagrawdnlad e fAdiuldsauuuinigiy
LANF19INANRA B3N 1 D99 INTEAUTIANYBIAN
GAP usagailn Lagn1suuRNISHARRNANNNIATIU
GAP vaanwasnIdanuuanaeiy danalisels

wneaiuegaiuleTe (Table 1)
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Table 1 Descriptive statistic values of independent variables

Independent variables Mean Std. Meaning
Age (X,) 56.80 9.77
Experience of GAP vegetable production (X,) 10.40 9.44
Proportion of owner capital for GAP vegetable 81.58 24.77

production (Xs)

Proportion of loan for GAP vegetable production (Xs) 17.38 23.24
Net income for GAP vegetable production (X;) 4,001.55 89,373.42
Satisfaction levels for safety of GAP vegetable 4.46 0.69 Most

consumption (X,)

Satisfaction levels for detail notification and certification 4.31 0.75 Most

on packages (X;4)

Satisfaction levels for attraction of packages (X;;) 4.13 0.74 More

Satisfaction levels for variety of the kind of GAP 391 0.92 More

vegetables (X;,)

Satisfaction levels for adequacy of the quantity of GAP 3.70 0.79 More
vegetables (X3)

Satisfaction levels for regularity of the product of GAP 3.86 0.83 More
vegetables (X4)

Satisfaction levels for freshness of the product of GAP 431 0.71 Most

vegetables (X5)

Satisfaction levels for suitability of the price of GAP 3.96 0.81 More
vegetables (X;4)

Satisfaction levels for suitability of the quality of GAP 4.09 0.80 More

vegetables (X;7)
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Table 1 (Continued)

Independent variables Mean Std. Meaning

Satisfaction levels for variety of the markets of GAP 3.70 0.89 More

vegetables (X;g)

Satisfaction levels for the market of GAP vegetables 3.72 0.97 More

to show clearly sien (X;o)

Satisfaction levels for advertise of the markets of GAP 3.54 1.08 More

vegetables (X,)

Satisfaction levels for cleanness and convenience 4.07 0.78 More

of the markets (X,,)

Satisfaction levels for adequacy of the markets (X;,) 3.82 0.85 More

Satisfaction levels for discounting, changing, distributing, 3.09 1.04 More
adding, or testing of promotion strategy of the

product of GAP vegetables (X,3)

Satisfaction levels for distance to the markets (X,4) 3.76 0.86 More

Satisfaction levels for the knowledge provided by 4.04 0.86 More
government agencies on food safety property of GAP

vegetables (X5)

Satisfaction levels for the knowledge provided by 3.72 0.99 More
private agencies on food safety property of GAP
vegetables (Xy)

Satisfaction levels for training in GAP vegetable 4.19 1.17 More
production (Xs7)

Attitudes of GAP vegetable production (X,g) 1.75 0.20 Agree
Knowledge levels of GAP vegetable production (X,;) 78.52 7.81

Area of GAP vegetable production (household/rai) 0.77 1.10

Average of GAP vegetable products (kg/rai) 879.24 1,869.23
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Ao nauil 1 MIgeusUMIURURY vesnumsnsseduin
fuwliunseeusuiiuiy uaznmsveusunsUiine
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AuLeIlUNNENHN GAP (Xs) uavdndiunislddunu
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anuuraziduiiazviliineasnsiiniseeusunis
UJUAY szavunduuiliuniseeusuanas Seeas
0.32526 duinwnsnafisinissensunsufoRn sedu
Yor wazUrunany WleseAunsAneiveaununsns
qqsfummu'wmﬂumwau%’umﬁﬂﬁﬁﬁﬂ V0
LnwAsnIIsanssER Ul wunlduniseeu UL Lty
Sopaz 2.74X10° waz 0.32526 MUY 1030
NuATNTA T TEAUNIANIgeBNTUIILINTZIY
\nunsBunIEiunIgIugINIIInIgIU GAP vty
L‘%Iaammﬂaamﬁwfaﬁwé‘mLLazQU‘ﬁm nsiinann
se9fuUiubueY szAuUTIATIMUIEge uazdnay
HOAAABINUANNADINITVBINATNA

3) AdulszansvessEiuaruuunumele
AMUAATNLVDINANE AR N GAP (Xy5) LLazmmi’ﬁ
lAsuanuieusgituauUaonfe eI sueen
GAP (Xy5) fip3omuneduau fiszauanud ety
Soway 99 Lay 90 MUMAU LEATITMNINEATNIHTEAU
azuyununeladesduiinniy axiinadeniny
thazduiiagyiliinunansiniseenfunsufuay
sgaunnduLulldunIsyeNsuanas Sesay 0.39362
waz 0.15243 MUAIRU d1ununsnIAsin1seensy
AMsUfURY sedudesduualiuuind udevay
3.32X10°% way 1.29X10° Auasiu uasinunsnsiia
nsgeusuMsURTRY seduUiunaeiiuualinnniy
fovaz 0.39362 waz 0.15243 Aua1a U Ll 09970
naNAREnTe GAP warlsily GAP lulanansaiusnwild
dlofiuieasasesuslaansesmheiuiiviulaie
AIANARLVAIYDINANEN WAZINYATNTTUTIHAKER
AN GAP dmnuvaeadegumfudinazlasuninug
AMUUADAABUDINITUSIAANN GAP 31ANUI891U

A5y

q) Avdulszavivesnnduanndnnomu
Mt (Xs0) fin3onnnaiduau fiszduaiuidesi
Fowaz 99 uanIMINNYAINIITUANITNND YU
myvudfiudu asdnadenuuiasduilagvinly
WNeRINsnITeaNsuN1sUURY seauaniluwlldy
nsBeniuanAl fopay 1.64310 drulnuAsNIATNS
gaufunsUfURY sedutiesuazuiunans ey
audnnesunytiusntuauasdunssonsy
MIUAURY vonnunsns Meaesseiuiiuualdunis
pous Ui ud u $evaz 1.42X10° uay 1.64310
muadu ilesnnesumytiudumissausuie
iEnfifinnsuimsdanisaelumftuoiaiadedin
N9IUNEI I TTRYAAUNITHARLAENITAAIR
fn GAP

5) Arduuszdns vessrduAzuLUAIIN
ManelavensidnTun15aUTIATNIUINTEIU GAP
(X5, fhaTosmneiduau Aszduanudetuiosay
99 KAAIIIMINNBAINITLTLAVALUUUAIIUNINE LA
Frud ity sefnaoninudiagidui vzl
WNeRINInIsEeNsuNISUSURY seauaniluwlldy
nsgonfUanat Fouaz 0.22435 dUNYAINSALINS
gouFunsUfURY seduties uazUunans ilesedu
aziuududunduanudiasduniseousiunis
UFTR veununsnssanssziuiiuultiuniseeusy
Wudu $ovay 1.89X10° uag 0.22435 muddu
wandliiuiinunsnsisziuanuiiunaneriienis
wAAfN GAP wRausafnaudsiiagiu Felidesnis
N5OUTHLA BIFUANTUINTFIU GAP LTt 11N
i osnninunsnsdanudesiuluniswdndnaiy
WINTFIUFINEIILANNYaeRAssUIIAIINaTTIALl

ANANIINYTEAUNSRlLAT AN IN LA AL

162



Journal of Agri. Research & Extension 38(3): 152-170

Table 2 Result for maximum likelihood estimate and marginal effect of ordered probit model

Independent variables

Maximum likelihood estimate

Marginal effects

Coefficient SE. P> Y=1 Y=2 Y=3
(Low (Medium (High
Acceptance: Acceptance: Acceptance:
0.00-0.66) 0.67-1.33) 1.34-2.00)
Sex (X;) -0.5151 0.3581 0.1500 1.73e-10 0.0020443 -0.0020443
Age (X,) -0.0837 00212 0.0000" 2.80e-11 0.0003323 -0.0003323
Education levels (X,) -0.8195 0.1806  0.0000" 2.74e-10 0.0032526 -0.0032526
Experience of GAP vegetable production (X,) 0.0228 0.0181 0.2080 -1.62e-12 -0.0000903 0.0000903
Proportion of owner capital for GAP vegetable production (X) 0.0541 0.0202 0.0070"" -1.81e-11 -0.0002147 0.0002147
Proportion of loan for GAP vegetable production (X,) 0.0549 0.0210 0.0090"" -1.8de-11 -0.0002178 0.0002178
Net income for GAP vegetable production (X;) 0.0000 0.0000 0.7520 291e-16 0.0000000 0.0000000
Land holding (Xg) 0.1978 0.2903 0.4960 -6.63e-11 -0.0007851 0.0007851
Satisfaction levels for safety of GAP vegetable consumption (X,) 0.4389 0.2805 0.1180 -1.47e-10 -0.0017419 0.0017419
Satisfaction levels for detail notification and certification
-0.1728 0.3082 0.5750 5.7%-11 0.0006860 -0.0006860
on packages (X;)
Satisfaction levels for attraction of packages (X;;) 0.3843 0.2351 0.1020 -1.29e-10 -0.0015254 0.0015254
Satisfaction levels for variety of the kind of GAP
0.7571 0.2637 0.0040 -2.54e-10 -0.0030048 0.0030048
vegetables (X;,)
Satisfaction levels for adequacy of the quantity of GAP
0.0989 0.3008 0.7420 -3.31le-11 -0.0003925 0.0003925
vegetables (X;5)
Satisfaction levels for regularity of the product of GAP
-0.0419 0.1911 0.8260 1.40e-11 0.0001663 -0.0001663
vegetables (X,4)
Satisfaction levels for freshness of the product of GAP
-0.9917 0.2996 0.0010 3.32e-10 0.0039362 -0.0039362
vegetables (X;5)
Satisfaction levels for suitability of the price of GAP .
0.6447 0.3616 0.0750 -2.16e-10 -0.0025587 0.0025587
vegetables (X;¢)
Satisfaction levels for suitability of the quality of GAP
-0.2444 0.3863 0.5270 8.18e-11 0.0009699 -0.0009699
vegetables (X;;)
Satisfaction levels for variety of the markets of GAP
-0.1390 0.3459 0.6880 4.66e-11 0.0005518 -0.0005518
vegetables (X;q)
Satisfaction levels for the market of GAP vegetables
-0.0266 0.2818 0.9250 8.8%e-12 0.0001054 -0.0001054
to show clearly sign (Xo)
Satisfaction levels for advertise of the markets of GAP
0.3602 0.2534 0.1550 -1.21e-10 -0.0014295 0.0014295
vegetables (X,,)
Satisfaction levels for cleanness and convenience
0.2989 0.2948 0.3110 -1.00e-10 -0.0011865 0.0011865
of the markets (X,;)
Satisfaction levels for adequacy of the markets (X,,) -0.1062 0.2729 0.6970 3.56e-11 0.0004216 -0.0004216
Satisfaction levels for discounting, changing, distributing,
adding, or testing of promotion strategy -0.0887 0.1919 0.6440 297e-11 0.0003522 -0.0003522

of the product of GAP vegetables (X,5)
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Table 2 (continued)

Independent variables

Maximum likelihood estimate

Marginal effects

Coefficient SE. P> Y=1 Y=2 Y=3
(Low (Medium (High
Acceptance: Acceptance: Acceptance:
0.00-0.66) 0.67-1.33) 1.34-2.00)
Satisfaction levels for distance to the markets (X,,) 0.1331 0.2273 0.5580 -4.46e-11 -0.0005282 0.0005282
Satisfaction levels for the knowledge provided
by government agencies on food safety property -0.3840 0.2265 0.0900" 1.29e-10 0.0015243 -0.0015243
of GAP vegetables (X,5)
Satisfaction levels for the knowledge provided
by private agencies on food safety property 0.3313 0.1854 0.0740" -1.11e-10 -0.0013149 0.0013149
of GAP vegetables (X,)
Knowledge levels of GAP vegetable production (X,;) 0.0242 0.0196 0.2180 -8.0%e-12 -0.0000959 0.0000959
Attitudes of GAP vegetable production (X,g) 1.6195 0.8650 0.0610" -5.42e-10 -0.0064279 0.0064279
Member in agricultural cooperative (X,) 0.6429 0.4209 0.1270 -2.15e-10 -0.0025516 0.0025516
Member in Bank of Agriculture and Agricultural
Cooperatives (X, 1.1747 0.4180 0.0050%** -1.59e-09 -0.0062004 0.0062004
Member in farmer groups (X,,) 0.8061 0.4419 0.0680* -1.63e-10 -0.0020177 0.0020177
Member in reconstruction funds (Xs,) 1.1563 0.8521 0.1750 -1.14e-10 -0.0017710 0.0017710
Member in community enterprise (Xs3) 1.3649 0.6051 0.0240** -4.57e-10 -0.0054174 0.0054174
Member in village fund (Xs,) -1.1899 0.3808 0.0020%** 1.42e-08 0.0164310 -0.0164310
Member in relation (Xs5) 0.3360 0.4860 0.4890 -1.13e-10 -0.0013338 0.0013338
Member in other groups (Xs) 1.7641 0.9404 0.0610* -6.04e-11 -0.0013060 0.0013060
Satisfaction levels for training in GAP vegetable
-0.5652 0.2038 0.0060*** 1.89%e-10 0.0022435 -0.0022435

production (Xs;)

xx xx % A significant level of 0.01, 0.05, and 0.10, respectively

32190iNaN1598

AUUINTTINNAUVDUNYATNT (Xag, Xa1, X33
Uag Xsg) L‘EuﬂquLﬁamsmémﬁﬂ GAP (X5 Wag Xg) A3
VAINVANYLATAIMINEANTDITIAN (X;5 kAT Xig)
LarAuT T LA SUaNAnUIBLeNTUR 1uAIY
UaanAemnsvesiin GAP uaznsivimuadfifdonis
NAARA GAP (Xop 48T Xop) Tidawaliinunsnsiingg
gausun1sUUR seavunduualiuniseeusy
Windu fedumnmienuiifeadosisniaigues
WNYUAINIINTEd UliLAANISUURN1THEnn

AIUUINTFIU GAP 1IN AIsIEANEAyAunIs

atuayuauRu e 1S U URNsHEnn GAP
ianunaInnatglazdszauIIAInIIgauLn

a 2

WanLazeulaa viusufgIiun1AnwIves Al

oD

Amin et al. (2020) 52UI1AIUNITHUVBILABATAT
finasannudaladiofioniseonsunisidsuntas
amwgﬁmmmﬁgmmmuﬁ LarnIALENTUAIT
unumdAglunislianusuanulasndueims
vasinm ufensdauasuliinunsnsidnuaundn
YBY 5.0.8. NHUNYATNT NGUIAMNIYUYY WAL
\Juaundnngudug Fehungnisisrunanissioses
Wunsas19alenan1sudaiun19an1snaa wagnns

sungulugUvesannsalidudadvdrdgyf dnase
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(Li et al., 2020)

nsiivauaRialun1sHaRRn GAP iigadeq
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Park, 2020) UONANEANSANIVRA Suwanpingkham
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nefnyilutagiuiissaatiudlffuauddyues
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aEeunsany (Joshi et al., 2019)
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UFUAN1THA RN GAP sefun Taedaded &
ANMUFUNUSABANS Ao N5ANYT Uszaunisal
Tun1sUfua nstasunisidneusy n1sfnaedu
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F1uANT A LA 819 0dUIATEI GAP Yhung
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2019) \ilpsanauiEmsufoamanisinunsedng
efuiBvsnadensindulaioatuayusniigeiu
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(Lanfranchi et al., 2019) 1t 8l a5 ata3usi1u
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a8 1380 Us2@N5 AW (Pongvinyoo et al., 2014)
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The objective of the study were; 1) individual basic factors, economic conditions, social,
economy, receiving information; 2) level of knowledge, opinion and practice; 3) finding the relationship
between individual basic factors, economy, social, receiving information, and level of knowledge,
opinion and practice. and; 4) the problems, obstacles, and recommendations regarding rubber
development guidelines. The study employed 310 samples and the questionnaire as the tool for data

collection. The data were analyzed by descriptive statistic and multiple regression.

The results indicated that the majority of Phrae rubber farmer were male, average age of
51.75 years, married, elementary education level, the average income was 105,214.19 Baht, the
average income obtained from rubber cultivation was 64,667.10 Baht, the average area for rubber
cultivation was 13.09 rai, the average number of worker was 2 persons with the average work
experience of 11.9 years, the majority of such workers were the group member, the average number
of the activity and training participation was 3 activities and 1.98 courses, they mostly contacted with
the Rubber Authority of Thailand. And the average channel of receiving information was 2.50
channels. It was found that the agriculturists’ knowledge level was at a moderate level and their
opinions and operations were at a high level. The factors associating with the opinion were rubber
farming experience, group membership, contacting with the agencies, receiving information, and the
knowledge level, which yielded the statistical significance (Sig.<0.05). The factors associating with the

compliance were ender, status, rubber farming work experience, membership, community activity
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participation, training, contact with the agencies, and knowledge level, which also yielded the

statistical significance (Sig.<0.05).

The problems, obstacles and recommendations of rubber farmer were farmers do not have

documents on land rights, rubber prices down and knowledge in producing quality rubber. Therefore,

farmer would like to have an amendment to the regulations to allow people without privileges.

Creating a local rubber market system and organizing training courses for the development of farmers

in the production of rubber to increase product value and distribution channels to have more choices.

Keywords: opinion and practice, privileges under the rubber authority, rubber development fund
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Table 1 Number and percentage of rubber farmers in Phrae province who provided information by

knowledge level on benefits in The Rubber Authority of Thailand Act in all aspects

(n=310)
Knowledge level on benefits in Rubber Authority of Thailand Act No. %
Low 4 1.3
Moderate 173 55.8
High 133 42.9

X =13.90; Min-Max = 6-20; SD = 2.771
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4.22)

3) funsTaaTannsiionensnsIIEIY
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(Table 2)
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Table 2 Numyyber of percent, average, standard deviation level of opinion and practice with

benefits in The Rubber Authority of Thailand Act

(n=310)
Benefits in The Rubber Authority of Thailand Act Opinion Practice Level
each side X SD X SD
Support for planting 4.13 0.603 3.98 0.774 High
Support for improving quality of products, 4.22 0.650 391 0.807 High
processing, marketing stabilizing rubber prices

Support for welfare management for rubber 4.26 0.685 3.87 0.821 High
Support for the rubber planters institute 4.37 0.682 4.02 4.016 High

Total 4.23 0.532 3.96 0.684 High
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Table 3 Factors that affect opinions and compliance on benefits in The Rubber Authority

of Thailand Act of rubber farmers in Phrae province

Independent variables

Dependent variables

Opinion Practice
b t Sig. b t Sig.
1. Sex -0.057 -1.017 0.310 -0.197 -2.737**  0.007
2. Age 0.000 0.082 0.935 -0.003 -0.860 0.391
3. Status 0.048 0.722 0.471 0.275 3.241**  0.001
4. Education -0.004 -0.063 0.950 -0.111 -1.407 0.161
5. Income from rubber farm 98456008  -0.211 0.833 -3469E007 -0.577 0.564
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Table 3 (Continued)

Independent variables

Dependent variables

Opinion Practice
b t Sig. b t Sig.
6. Rubber plantation area 0.002 0.396 0.692  0.003 0.589 0.556
7. Labor in rubber plantation -0.029  -1.085 0.279 -0.014 -0.410 0.682
8. Experience in rubber planting 0.020 2.215% 0.028  0.023 1.932 0.051
9. Group membership 0.078 2762**  0.006  0.085 2.338* 0.020
10. Participation in community activities -0.015 -0.648 0517 -0.074 -2.447*% 0.015
11. Training course -0.027  -0911 0363  0.176 4.589**  0.000
12. Contacting staff 0.075 2.291* 0.023  0.111 2.654**  0.008
13. Receiving rubber information 0.074 2.882**  0.004  -0.037 -1.110 0.268
14. Knowledge of benefits according 0.064 6.394%* 0.000 0.038 2.945%* 0.003
to The Rubber Authority of Thailand Act
Constant 2.786 11.898 0.000 2912 9.658 0.000
R? 0.283 (28.3%) 0.283 (28.3%)
F 8.33 8.29
Sig. F 0.000%* 0.000™

*, ** = significant difference at probability level 0.05 and 0.01, respectively
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The purposes of this research were to study levels and factors influencing the strength of
farmer groups participating in large agricultural land plots on rice farming in Chiang Rai province. The
samples of this study were 319 farmers whose members’ farmer groups participating in large agricultural
land plots on a rice farm and selected by using a multi-stage sampling technique. The instrument used
to collect data was the 319 questionnaires with a reliability of 0.925. The statistical tests were performed
by using statistical frequency, percentage, average, standard deviation, and multiple linear regression
for hypothesis testing. The results found that the factors affecting the strength of farmer groups included
participation, support from both public and private sectors, group management, and leadership. Finally,
factors related to local wisdom and community culture and natural and environmental resources had

no effect on the strength of the communities.

Keywords: strength, farmer group, large agricultural land plots on rice farming
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/ Independent variables \

Internal factors:

1. Leader
2. Participation
3. Group management

4. Local wisdom and culture
Q Natural resources and environment /

External factors:

6. Support from government and private

agencies

Dependent variable

level strength of farmer

group

AN

Figure 1 Conceptual framework
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NAN1599¢

nanTiTziteyaintuiladefidsmaie
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Fiadesse fidoyanaluveangudaogananis
Jinseddayai uguialuvesnaudaogranyin
aunTInnauNERINIsEULINERsuILUadlrgludanin
Weese daulngilunands Anlusesay 54.30
wazmavie Andudesas 4570 Te1giadveyi
63 U fifiAuvhAuede 12 15 finisfiensesiiiuiiy
vosnuLes Anidudeuas 62.50 waglgrinuyinAu An
Wusewar 37.50 druluaiiisnelasening 60,001-
80,000 Umsial AntuSasas 22.25 anuaisu

NaN13E15IaANARLAuYeENBndlade

Tanddrumvualinguiinanudunds Gazviouln

(9 a

NI greukuvasuadulingiseRuauAni

Aeafuiadefidmwasemmiduudangusnuszuy
nensuadvgdwmingessy amseglusedu
10 (X =4.14, SD=0.54) d@iuluglisziuaudngy
Haduanunisiidiusiudamasionudundsvaangu
Feaglustiuanniign (x=4.22, SD=0.53) Jadosy
N19AUVAYUIINIUILIIUNIATTRATBIANTLONTY
aglusyaunn (x=4.17, SD=0.58) UT8A U3
USNI39ANITNA U 9E LlUTEAUNIN (X= 4.16,
SD=0.58) Jadeaudihngu-egluszduin (x =4.15,
$D=0.57) YadufuninenssssuvAuasduindon
Yoanqu” agluseauuin (x=4.12, SD=0.56) uax
Hadesunddygviestuiasiansss eglussiuann
(X=4.02, SD=0.60) Amau (Table 1)

Table 1 Level of factors affecting the strength of farmer groups participating in large agricultural

land plots in Chiang Rai province

Factors affecting the strength X SD Level of opinions
of farmer groups factors affecting the
strength of farmer groups

Leader 4.15 0.57 High
Participation 4.22 0.53 Highest
Group management 4.16 0.58 High
Local wisdom and culture 4.02 0.60 High
Natural resources and environment 4.12 0.56 High
Support from government and private 4.17 0.58 High

Total 4.14 0.54 High

Level of opinions factors affecting the strength of farmer groups’ levels: 4.21-5.00 =highest; 3.41-4.20 = high;

2.61-3.40 = medium; 1.81-2.60 = low; 1.00-1.80 = lowest
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WoNsuINanIsALIuAINTTUYeINgUas
Y Yy @ S b DA

szauaduudalusglsziau Jaasviouliiui
HRouLUUdBUANdAUARIWA L UTEAUAIN
WuudwesnguennssuunuasuiUadvgdamin
Weesg amswegluseduuiniian (x=4.24, SD=
0.78) Wieasaunvduduusnilanaiegaiign Ndawa
AOTZAUAITULTIVOIYUTY WUIINGUNEATNT

a1unsandnemisiiieuslaaiesld agluseduiin

ﬁqﬂ (X =437, SD=0.85) 1nunsnsidrusiulunisyin
Aanssulungu eyluseduainiige (x=4.35, SD=
0.83) guriiAanuaiunsalunisusnisinnis egly
seAUNTign (X=4.33, SD=0.81) NguLnuAINII]
Aunmiinia eglussduuiniign (x=4.29,
SD=0.81) wazinwaInsd elAT 1N eIneson3
AN599 7 aq"luim”wmﬁ'qm (X =4.25, SD=0.81)
M9 (Table 2)

Table 2 The strength level of farmer groups participating in large agricultural land plots in Chiang Rai

The strength level of farmer groups X S.D. Level of opinions
Leaders have the ability to manage groups. 4.33 0.81 Highest
There is planning of the structure and regulation of the group.  4.20 0.76 High
There is group management that is transparent and verifiable.  4.19 0.88 High
Comprehensive product management and marketing 4.18 0.82 High
Product and product quality development 4.19 0.76 High
Appropriate welfare for farmer group a.17 0.82 High
Training to enhance skills and knowledge of farmers 4.20 0.81 High
Farmers are involved in group activities. 4.35 0.83 Highest
Farmers can produce food for their own consumption. a.37 0.85 Highest
Farmers have sufficient income to support themselves. 4.25 0.81 Highest
Farmers have savings. 4.19 0.77 High
Farmers have a good quality of life. 4.29 0.81 Highest
Total 4.24 0.78 High

Level of opinions factors affecting the strength of farmer groups’ levels: 4.21-5.00 =highest; 3.41-4.20 = high;

2.61-3.40 = medium; 1.81-2.60 = low; 1.00-1.80 = lowest
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lunsfnwiassillanseimiadeniinase
szAuANUTLLDITRINguTIUsENaUMEfuUsBase
8 fiawls laun 918909au1TN sEAUNISANYITY

aun¥n Jadeaugthnguiinnnuinnuauise Jade

Jademuninenssssuvinnardawingaey wazdade
AU IatUAYUIINIUIIENUNIATY Ineladesig 9
fauduiusiu (Table 3) IngianzYadesugi

nauilanuianuainse uartadedunisatduayu

arunisiaiusiulufanssy Jadediunisusms 9nuenunasy
dAN13NAY ﬂa%’aé’mqﬁﬂ@apﬁmﬁuLLasi’muﬁiﬁu
Table 3 The correlation coefficient of variables
AGE  EDUCATION  LEADER  PARTICPATION  MANAGEMENT ~ CULTURE  ENVIRON  SUPPORTED
AGE 1.0000 0.0626 0.0678* -0.0476 00130 -0.0476 0.0845 00177
EDUCATION 0.0626 1.0000 0.0650 0.1495 0.2790™* 0.1495 0.0158 -0.2540*
LEADER 00678 0.0650 1.0000 -0.0965 0.0075* -0.0965 0.2701 0.1003
PARTICIPATION  -0.0476 0.1495 -0.0965 1.0000 0.8490™* 0.7241* -0.2840"% -0.8810**
MANAGEMENT ~ 00130  02790™  0.0075* 08490 1.0000 08490 00771 07770
CULTURE -0.0476 0.1495 -0.0965 0.7241* 0.8490** 10000 02840%  -0.8810%
ENVIRON 0.0845 0.0158 0.2701 -0.2840* 0.0771 -0.2840** 1.0000 0.2260*
SUPPORTED 00177  -0.2540% 0.1003 -08810* 07770 -08810%  0.2260* 1.0000
™7, " denote significance at the 0.01, 0.05, and 0.10 levels of t-statistic, respectively
Table 4 The relationship of factors that influence the strength of the group
Variables Coefficient Standard error Sig-t
(Constant) 0.4461* 0.2684 0.0965
AGE -9.7600 8.0524 0.2534
EDUCATION -0.0082 0.0086 0.3405
LEADER 7.1456** 3.1608 0.0238
PARTICIPATION 3.0238 0.1267 0.0000
MANAGEMENT -0.0000185%** 0.00000629 0.0033
CULTURE 0.00000157*** 0.0000922 0.8926
ENVIRON -0.2124 0.2979 0.8854
SUPPORTED 0.4698*** 0.1755 0.0074

Frra

™, " denote significance at the 0.01, 0.05, and 0.10 levels of t-statistic, respectively.

Dependent variable is level of strength. R?=0.683 and Adjusted R?=0.680
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