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Biofloc Technology and Bio-extract Applications for Indoor Culture

of Nile Tilapia (Oreochromis niloticus)

AStuE SnEMWSIMNGl AR50 AT uAT tgWA SITANUS
Sarun Rucksapram , Wijittra Tungse and Natthaphon Rachuphimon

armdrwalulagmanees Anzimalulaiinianems KianeausIai)aean 4. 49787 90000
Agricultural Technology Program, Faculty of Agricultural Technology, Songkhla Rajabhat University, Songkla 90000, Thailand

*Corresponding author: Email: sarun.ru@skru.ac.th

(Received: 21 June 2021; Accepted: 8 August 2021)

Abstract: This research aimed to study growth, survival rate and food conversion ratio of tilapia size
2.7 - 3 centimeter, and water quality analysis in various culture systems. The experimental arrangement was
a completely randomized design with 4 treatments and 3 replications as follows: treatment |; cultured with
normal system (control), treatment II; cultured with biofloc system, treatment Ill; cultured with bio - extract and
treatment Illl; cultured with biofloc system + bio - extract. The cultivation period was 8 weeks. At the end of
the experiment, the results showed that the tilapia culture with biofloc system (treatment Il) was the best
culture system. As a result, the tilapia showed good growth, high survival rate and low food conversion ratio;
and we can treat ammonia without water changes therefore making cost savings. But we may need to
control the number of suspended solids in the water, not exceeding 500 milligrams per liter. We should
also control the pH levels, not to go below 6.5. We also found the flocs contained 21 % protein of the dry
weight. There were many species of plankton: Vorticella sp., Paramecium sp., Euchlanis sp., Rotaria sp.,
Amoeba sp., Arcella sp., Scenedesmus sp., Euglypha sp., rotifers, Brachionus sp., Centropysis sp., Prorodon

sp., Trichocerca sp. and Bdelloidea sp. all of which were living feed that the tilapia can eat any time.

Keywords: Biofloc technology, bio - extract, Nile tilapia
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o o 1 d’l Y v d’l = < 1 o v 9°/ o
awnsntdalulnsiaunieludedels daowmail waluladlulandansondunislduindndanan
= Py = a X o &8 o a & a v a = a |
Al nsAnsmeiannasdnfunnaamalulad naiassantiasaemaTuladlulenfemiesaeig

lutanden (biofloc technology) #383<LLALNBY e wazniaasilanfiasaanislduiudndanin
A e Y a o H o o - - , = A .
qauviel ailunigldqaunae luinunduiuen e WenatRen InadinguAauAx (negative control)
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2. MIANUUNTNIANDY
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nauinzneuqdwiad Tnaniawizsiiacda PE
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25 msliamsuarnsaansNiARE:
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UNIN TN yuindanduusnaes
\ade (N5) _ NINARDY
(Initial weight) AMUAALAN

ingaiie dindandugavinaues
At (N5) _ NMINAREY
(Final weight) AUIUFALAN

AN TN ANENILATULINAAY
ofe (uRms) = N1INARDY
(Initial length) AUl

AINNEIGAYINe ANEIUaTUgAYINeYed
A (RwRs) = NIINARDY
(Initial length) Ul

Yinieas i . L
o v a a al
sietiu (nfaiedi) PninniNas

° o o
(Daily weight gain) AMUIIUNIAEN

SmmnlAgamng ﬁmﬂ”ﬂmmmmi
fwile (FCR) _ Vavusfdaniu

(Feed conversion ratio) éﬂuﬂﬂﬂm

87M9N19990RE (%) ST R
(Survivalrate)  sumstlaniiaes X100

27 MRECIV:ERE] v‘fﬂmn']w&ﬁ EREET,
ﬂmmwmwwwmmmw I 1@ ui A NIUNgA - AN
aandlaufiazanain Arniainliin neanasa
Tulnsiau ansuzouasy wenluile wazlulasivn 2
AUm"9f (Coastal aquaculture department of fisheries,
2008) unzmMAsBLgIIMARNNTL isasilefild ldun
pH meter, DO meter, EC meter Waz Thermometer

2.8 N1591ATIEMRIAUSENAUNINLAN
Tne Usznnuansmznauqaunse laun AT L
Toladiu luaTu (e le wazidn (Association of Official
Analytical Chemists, 1999)
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3. MIIATIZUTRYA
%Hmﬁwmnma‘wmmﬂmﬁLﬂmw’
AN WU U39 (analysis of variance) lun1snaaag
WUUENEE19ANYT0] MTIRARUAITNKANF 19D
Ateanlagda Duncan's multiple range test fisvs
A NIE sy 95 % g4 lsunsu R (R-language
and environment for statistical computing and

graphics) version 2.14.0
NANITANHLAZIANTD]

1. HANTIASYLALTA amsnddsuanmsfluiie
WazEReIMsTRATRLATa TusLLIMS A EAng g

annsiansanialuszunnisidneing y
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NIRRT sz AUANIE sy 95 % (Table 1) GRS
niaiasey i uinlug mmﬁnmmw 2 uae 4 Huualily
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prnauqaunseluscunlulandanfiaisenuns
SANINUNAITABY UAZAN S UV AR NS
siafadmn i vinlianadinisesydEuing d8n
N1979ARTEIF Lardnslasueviadluilenn
FeilAaugenAdeety Faizullah ef 4l (2015) WL
Ansidesaineailuing 95 51 lussuylulenden
ﬁmm’?ﬁyLﬁu‘lﬁmﬁnfmgﬂﬂmwuﬂﬂﬁ (lifimznau
q@aun3ed) Feildminiads 1697 uaz 1110 n5w
AINANA Y LAY Comesat et al. (2018) nanald91
miw?tylﬁ‘u‘immﬂmﬁ@‘Lmzuﬂu‘E@Wﬁ@ﬂ?ﬁpu
FuseduraenIntaanduaslldan Tassin
miﬁﬂmmm‘%mLﬁuTmmﬂmﬁ@ﬁL?Tmlm:‘uu
lulanden 29140 ntanaluunaanrFuaui
WANFNGAU 3 T2AL AR 0, 125 WAL 250 nFusietin 500
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Table 1. Growth, feed conversion ratio and survival rate of Nile tilapia in different culture systems
Treatment
Parameters P - value
T, T, T, T,

Initial weight (g) 0.57+0.12° 0.56 +0.10° 0.54 +0.11° 0.56 +0.11° 0.364
Final weight (g) 2760 +9.15° 28.87 +9.60°  29.69+9.72° 32.22 +9.64° 0.806
Initial length (cm) 2.90+0.10 2.90£0.10 2.90+0.10 2.90+0.10 -
Final length (cm) 10.76 £ 1.34°  10.04 + 1.29° 10.46 + 1.40° 10.27 + 1.43° 0.376
Daily weight gain (g/day) 048+0.07°  0.51+0.01° 0.52 +0.11° 0.57 +0.17° 0.806
Feed conversion ratio 0.98+0.08°  0.86 +0.06 0.94 £ 0.09° 0.86 £0.16° 0.508
Survival rate (%) 97.33+4.62° 93.33+9.87° 90.67 + 14.47° 94.00 + 6.00° 0.861

Note: In each row, not different superscript letters indicate no significant difference (P> 0.05)

T1: cultured with normal system (control)

T3: cultured with bio - extract and

Uanfaluszuululandanlaaniamuninuimig

WuwnasaFuaui 125 nSumatn 500 ans N1

ANUINENAAY ANENBAY UNMITNIAN S8R5
nisasy i uinsadu ansnisiasy i uinanmway
- o . v X,
ga9darfaninign uslunimaaasasailld
NANUARNALINEN 5 NFNEa1I 500 ART AN 3 Tu
asarannldlarfaiy i ulnldunnatesiusyuy
NAALILULUUNG (AAILAN) ANUU A9A29ATY
fegmmdauansueusaluingiay Teseaunmunzan
Tunisidestlanfiang 16 : 1 (Hmadhloo et al., 2013)
5 S T - 3
warnisiagalanfasgdinsdndanan Juualidu
873130AR1NGA 1HAIAINHNITANAUNTE WA
Tl Anunasafueuacll qaunsedasliainnsg
wigyuazintdaunldawinduszunluleddan
A ¥y o« a A \
aneseslinsinenAN M asnasanisuna’la
1999AUNITUadndNaaes

2. ua*’umQzumwﬁqmnmsl,ﬁwmﬂmﬁa"luszuu
MeAEENg 9

paannataiialuszunsig 1 WU
quunAzesin Wlnf wazweanesasu Taidl
mmmeﬁiwqﬁuﬂﬂwﬁﬁﬁﬁﬂﬁmmmaﬁ‘ff‘iizﬁu
AN R3TU 95 % uAwLdn Aneandauiiazans
T @nsusauaes wazAnisia iy Tugn

T2: cultured with biofloc system

T4: cultured with biofloc system with bio - extract
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nImeaesl 2 uag 4 ﬁma;qndmmmawmmﬁ 1
ez 3daunanaidunsa - A uazuenluiile
‘Lummmiwﬂ@m‘w 2 uaz 4 AA1ANINgANITAGes
7l 1uaz 3mumwLLmnmwﬂuﬂmwummm
NAAART LA AN T 8T 95 % (Table 2) f ¢
AaBANIINAARY 8 AUn U nudn Tugan1maaes
7i1uay3 ﬂ"umu‘iuLﬁﬂ@;ﬁiéﬁiéLLﬂiﬂﬁui:ﬂmm
nades iesannianfaunalndu trlddseads
ey Lwiﬂ??mmuﬂu‘lluLﬁmfdfmﬂwﬁqﬁmmmu
fannmnzadRTinA e iesanniTunnaana
vunndnresdaniiafeutaemn (0.19 Alansupa
gnu1ATLNAT 3UIAlanila 0.5 niu) Tuauziiau
NAAB9URI Azim and Little (2008) Aaedanfialy
szuvluTenfeniisziunaumuiuiy 12 Alansu
AegNUIATINAT TUIAYanTia 80 - 120 NFN €U
nsdedanfiadaamaluladlulendenanunsn
taTanlf TnafiuannAuanliialuganimaans
fiouay4 (Figure 1) Imﬂaﬁuw?ﬁ’ﬂmﬂuﬁqﬁﬂm
AruAuAnn e ludelnedn ul@ Al
snfludeddnuniadndaes T uddaidaueg
szunil Ao FNWULAIH AN UUATAENA NN
ndndnd msudlaiide WRnsquaznewifued
fpniazaiovtedesndniufidunaisednd
ﬁﬂmzmm's (Wanakanapol, 2013) %W’m?ﬂﬂmu
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1849 Azim and Littlle (2008) wuzuldAalFuos
nrnautrauasyluszuylulenfenls ldifiv 500
f0anFu 1e9uiauaouaeasaans 1Haaann
Usuammznauiainidullegafuwmienaes
Fnduavalaanatuisalunisuanilaey
aanTlauanad waziiiasainluszuslulandan
fnnsdunintianaadll #aduundannfoen

vl usunanfuanlnaanlafluna 39
Wiidunse safuaasinisiudanyuadlilifie
Wnauilusng anluiuafueulaaanlas
a4 INENNUNAARID Faizullah et al. (2015) $18147
drnnnasstlaineslussuululeandensia 1y
A aTuNgA - Ansanas A4ld dolomite tia LAy
AT RANY

Table 2. Water quality parameters from raising Nile tilapia in different culture systems

Treatment
Parameters P-value
T, T, T,
Water temperature (“C) 28.00 £ 0.00 28.00+0.00 28.00+0.00 28.00 £ 0.00 -
pH 6.35+0.19° 5.26+0.23° 6.64+0.19° 5.04 % 0.01° 0
Dissolved oxygen (mg/) 472 +0.30% 46140127 414 +0.36 5.16 +0.71° 0.104
Total suspended solids (mg/I) 33.00+14.74°  577.00 + 151.49° 23.00 +17.04° 603.00 + 166.30° 0
Electrical conductivity (us/cm) ~ 481.33+32.88°  1811.67 £ 126.27°  499.00 + 41.48" 1776.67 +171.97° 0

Total ammonium nitrogen (mg-N/l) 0.0046 +0.0025°  0.0005 +0.0002°  0.0052 + 0.0026" 0.0001 £0.0001° 0015
Nitrite (mg-N/I) 02176 £0.0596"  0.3179+0.0731°  0.2156 + 0.1399° 0.2980+0.0647°  0.423
Total nitrogen (mg-N/) 11.61+0.72" 11.84 £ 0.61% 12.24 £ 0.81° 10.46 + 0.81° 0.083
Total phosphate (mg-P/I) 0.3749+0.0350"  0.3267 +0.0249°  0.3835+ 0.0542° 0.3947 +£0.0583°  0.339

Note: In each row, different superscript letters indicate significant difference (P < 0.05)

T1: cultured with normal system (control)

T3: cultured with bio - extract and
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T2: cultured with biofloc system

T4: cultured with biofloc system with bio - extract
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Figure 1. Changes of total ammonia nitrogen in 4 treatments (T1 - T4) Nile tilapia cultures for 8 weeks

T1: cultured with normal system (control)

T3: cultured with bio - extract and

T2: cultured with biofloc system

T4: cultured with biofloc system with bio - extract
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3. NAURINIFANHIRIATIA LUz NAUAUNS &
wazasAdsznaunianaiilaadssunuainsnay
quvise

AINNITNAADL WLII sluit‘].lllﬂ’]ﬁ‘l,g?_l\‘i
v a =3 dl QI v g
saanalulad lulandenlaFudunimaansnan
d’l a a a eal & dl =
weaglanila ‘Lumxn@u@g@um‘ammmn ABUNN
Famanduet lawn Paramecium sp., Vorticella sp.,
Euchlanis sp., Rotaria sp. Amoeba sp., Prorodon
sp., Trichocerca sp. kA< Delloidea sp. Lﬁﬂauqm
ﬂﬁ?ﬂ@@‘ﬂﬁ‘q@ﬂ’]iwm@@\iﬁ ZWULLWZ\]\THFMQW‘{’WWQH
Planarian sp., Arcella sp., Vorticella sp., Rotaria sp.
WA e Scenedesmus sp. LL@:ﬁmmimm@mﬁ 4 N
LNANARAUATNIN rotifers, Rotaria sp., Brachionus
sp., Arcella sp. Euglypha sp., Centropysis sp. k8

Table 3. Types of organisms in biofloc

Bde//O/dea sp. (Table 3) ARAARBNL Promya (2015)
NN A UTTARNg I Tuniaiassanfiadas
malulailulendaniidasing Tngsearuding
Pediastrum sp., Scenedesmus sp., Desmodesmus
sp., Dictyosphaerium sp., Miaulas uazltlslada uay
AAAARRNNU Azim and Little (2008) f918971n" TN
ngullslada Tshes wazngu Oligochaeta laun
Paramecium, Tetrahymena, Petalomonas, Lecane,
Trichocerca, Polyarthra, Asplanchna @& & Tubifex
Tunnaidealaniademalulailulensen
AINNIINARBIUIALNOURAUNTET LU
izuumﬂgmﬂmﬁmwdwqmmiwmmﬁ'
2 Lmzﬁmma‘wmmﬁ' 4 NNATEYRALIZNALNIG
wilaedszann wudn mﬂﬂuﬁum?ﬂ‘%\i 290

Types of organisms Before raising fish

8 weeks after raising fish

T, T,
1. Scenedesmus sp. - + -
2. Paramecium sp. 4+ - -
3. Euchlanis sp. + - i,
4. Rotaria sp. + + +
5. Amoeba sp. + - -
6. Arcella sp. - o+ Tt
7. Vorticella sp. N i .
8. Euglypha sp. - N S
9. Rotifers - i Tt
10.Brachionus sp. - - T+
11.Centropysis sp. - - +
12.Prorodon sp. + ; ;
13.Trichocerca sp. + - i,
14.Bdelloidea sp. + - +

Note: - = not found (0 cell/ml)
++ = moderate found (11 - 30 cells/ml)

T2: cultured with biofloc system

+ = rarely found (< 10 cells/ml)

+++ = found a lot (> 30 cells/ml)

T4: cultured with biofloc system with bio - extract
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o a g v
n19neaed HUFN A NTw lady Wely way
Tsmu A A NwANAN9AY wAlS N ud 1" AN
uANFgiuae 19N d1A Y N19an A NezAuAIN
T2 95 % LHBIAINANNNAINUALURIRINT A 0
Naglunenauq@un3die 2 4an19maaaiull
AHUANF WU uaZWLYN Aznauq AUV RSN
TdsAuilszunm 21 % Inauuiinuwiie (Table 4)
TIUANFANNAUIIUITE U9 Wongphonprateep et al.
(2017) e 1n193 e feamdsznauniaai ae9

a = e‘d‘ U £ U 1
prnauqdunsei ldainnisldainisfaduinas
Tulnsau wazlduladudrdenaaduunas

o 1 a ;A da’ v a o
ANTUBU U3 HU3uNuAaNTY 181 TR TasTu
wazitialy windu 0, 13, 35, 0, WAL 0 % ANNATAU

WA Madyod et al. (2017) WU31 AzNauqAuNIE

d‘ v d’/ a 3 [~3 a 1

Aleannnisassdaniiamasszuululandan Je0
UFuasaaN@u 181 1emiu oy wazidaly windu
11.16, 13.42, 12.28, 11.88 44z 3.35 % ANNANAL T3
Usunnulilsfunndnlunimmaaadnseil Aatiu
a9ALsENaUNINAN TIAZNDUAUNIHA UL U
wrasredluingan wnaaresAfuen IRAEMT1N
S a A aAda A a Ao
Maes uazatnaesdeliinioglunznouqaurss

4. URURINTANEAUN UNISIRENLA A lUsz UL
NSLAENNLANAINY

. & - &

Aununinassdaiialussuunisias
[ﬂ"N I %qﬁmﬁuwumnﬁ’]ﬁﬂ Al A1a111g AN
$nma mummfmmw AN air lift LL@‘vmmmm
AYNBU GNLN@meumi‘wmmumsmummm
n3zan 130 aRT ‘V]’mﬁﬁ‘l,ﬂ@ﬂuﬂ’]iluﬂuﬁﬂﬂ’]ﬁ‘%ﬂ@'ﬂ\‘i

71 1 uaz 3 duanvia 1 A% TulSunn 104 Anssiag

(AU 7 A9) uazanansesnn 9 Ju MinTunnsdng

naeq Tuay 5 Angsier] (mmu 55 414) Tugan1smaaes
7 2 uaz 4 mfmmmﬂmmm 1.3 mmmmm
NN 77394 Lmvmma‘wmmw 3 U8 4 FunmTn
Fonan 4 Hadanssies N 7 354 fedanTndn
AUy uAauanslu Table 5 Wuan nnasslaniialy
szuvlulanfen arunsndszndadunuldsngn
P TRTI POt P CUPYS T ) I %4 Nootong (2008)
na1991 sruumalulag lulendenldinimaana
MHarulusredsemalaafinnsdnen lul sz
AnTgaLININg Wudn NPT ERY T LI GY CYT TR TeY
wmalulad lulensenrinliaunsaulaeuenmsain
afa il Tisiu 30 % uflu 20 % FeanAnldane
Tudaur1a1uislaszunne 7 -8 unseilansu
Ogello et al. (2014) na1231 szuuwmaTuladlule-
Waean AlUsAu lasTu mflulawmsn waznsnladu
AR eawasianufeanisresdndiin aaunsadas
@mﬁhrﬁ’funummﬁmﬁmmmiﬁm’ﬁﬂﬁ Anu
50 % AN Al A e lun AR LA Faganadad
FUnmAaesAssl Aintdestlanfiadaamalulad
lulewden ffunulunisdsssindinisiaes
Uanfiadaesrunau I anralusruylulenden
Faaiinnsilasudiein ﬁﬁ‘lﬁ’ﬂ?”ﬂﬂ“mﬁumumﬁﬁ
m’nmmuiummumﬂmim LL@Jﬁ’JE@@ﬂELI‘M’]
mwmmmﬂﬂ@ﬂumﬂmmmmemﬁﬁmm
(Mugwanya et al., 2021) muumuﬂquiumﬂam
tanilareudnegs iesandndalaintagelal 100
S veaduan W AnanN1s1HuaTe Aavin
Tisunuen WAeudnage wazilunsmaaeaiiioriu
e 8 &Uann M nAEAUR ST IINE T viinuaHEs
LL@:ﬁ’Wﬁ’]@’]ﬂﬂ’]i‘Lﬂgﬂuﬁ’mﬁ’]LL@SﬁWx‘iﬂﬁ"ﬂ\WZﬁﬂ"}
iwarndni

Table 4. Proximate composition of biofloc (dry matter percentage)

Treatment Moisture Ash Crude lipid Crude fiber Crude protein
T, 4.46 +0.30° 16.22 + 0.30° 0.41+0.02° 23.07 £4.12° 21.54 £ 0.50°
T 4.08 + 0.06 13.76 + 0.33" 0.62+0.30° 2450 +2.83° 21.05+0.95°

4

Note: In each column, different superscript letters indicate significant difference (P < 0.05)

T2: cultured with biofloc system

T4: cultured with biofloc system with bio - extract
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Table 5. Cost of raising Nile tilapia in different culture systems per 1 glass tank for 8 weeks

Water fee (Baht) Bio -
Electricity ~ Filterset/  Fishfood = Molasses Total Incidence
Treat-  Waterfill fermented
Water  Clean charge air lift costs cost cost of Cost
ment  in the first water cost
change the filter (Baht) (Baht) (Baht) (Baht) (Baht)  (Baht/Kg)
time (Baht)
T, 26 14.56 55 3247 37.85 49.22 - - 142.20 106.32
T, 26 - - 48.70 34.58 43.53 0.39 - 129.80 96.35
T, 26 14.56 55 3247 37.85 46.70 - 1.16 140.84 106.70
T 26 - - 48.70 34.58 39.29 0.39 1.16 126.72 102.11

Note: Water fee, price 2 satang/liter (0.02 baht/ liter)
Molasses, price 300 baht/ 20 liters
Frog food, price 180 baht/ 10 kg
T1: cultured with normal system (control)

T3: cultured with bio - extract and
G

= d!/ a v

AnN1TANEINITR el andas sy
5119 o luszezioan 84U wudn nsaesdanta
faszuulng wesdaniiasamaluladlulanien
& A x - s
westarfasaainudndanin uazidastlaifiasas

= @ ' [ % %’ o a ] ¥
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sratiuagmaaaelanlalunsuldidsc@nsnan

k%

snenalulaglulendan

Electricity charge, price 3.6237 bath/ unit
Small catfish food, price 280 baht/10 kg

T2: cultured with biofloc system

T4: cultured with biofloc system with bio - extract
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Use of Biogas from Animal Feces as a Renewable Energy for

Engine of a Corn Hammer Mill
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Abstract: This study aimed to evaluate the efficiency of small corn hammer mill grinder using biogas engine.
The preliminary work was carried out at Livestock Research and Development section of Royal Project
Foundation. It was found that the biogas which produced from young chicken excreta contained 1,610 *
26.46 ppm H,S. After passing through the filter, the concentration of H,S was only 2.33 + 0.58 ppm, which
indicated the high efficiency (99.86 %) of the filter. This biogas was used with 6.5 hp engine for corn grinding
to pull the hammer mill of 6, 8 and 10 inches diameter. It was found that the 8 inches diameter of hammer
mill was more significantly effective in grinding than the 6 and the 10 inches diameter (P < 0.01). It required
significantly less biogas and need less cost of grinding (10.473 vs. 17.163 and 38.259 liter/ kg of corn grain,
and 54.19 vs. 101.11 and 125.60 Baht/ 100 kg of corn grain, respectively; P < 0.01). On the contrary, the
speed of the 10 inches diameter hammer mill was significantly less than the 6 and the 8 inches diameter. In
addition, it required higher amount of biogas than the 8 and the 6 inches diameter (P <0.01). The machine
was then used and the satisfactory of the user was evaluated at the farm in the community of Mae Song
Highland Development Project using Royal Project Model, Tak province. Two biogas units with 8 + 8 m° size
were constructed at the farmer house where 25 - 35 heads of fattening and breeding swine were raised. It
was found that the biogas can be produced even at the 1,000 m MSL attitude. It can be an alternative energy
for hammer mill grinder in highland farm. The satisfaction of the farmers to the developed equipment

was 4.76 out of 5 score, which indicated the highly satisfaction.

Keywords: Animal feces, biogas, renewable energy, corn hammer mill, engine
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lalasiaudalnsl (H,9)0-2 % wazin 5% Kristoferson

and Bokalders (1991) §1941 fing@anaw 1 gnuaarf

wes HansAviniunaan W17 i uasadneaunn
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Ysnunisldfinationn dununisuawdadiaineg
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ANgTININFINAI7
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AUnsaluaziang

NSATNIUANATTINW
ldasregeudnfitgdoninauin 8
QNUIATLNRAS ﬁﬂﬁi’uﬂqﬁm’mmmu%ﬁmm
Wmuladnd yatdlasanimmans Aiuaudilia:
anailes Aaundaimeslud Aauau 1 99 Ineldya
anlidasany 1 fuile 2 ddanef @aadanauns
dni5aginianiadaiifiTsiiu 19 % sauau 1,350 i
WATTNHART19TININAINY AQNIANIYBUATENS
aualiig 1110 8 gnuneriums S1uau 2 ge i
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Wnelsziasy gnanundassd anduay luguau
TasanisWm Ui geuuuinseanisnatusiaes
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81NBY1ABIEN A9UTARIN B gaa1nTTA LN
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[ i I3 s [~ 3
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a a = = o

nagaulss@nsnn dsaavidunnsil (Figure 1)

~AALATOIE WA TUNALAN 6.5 UIeH N

v c A 1 ralld

(hp) tsznausaanaiat (pulley) Wiayiatiingn
o _ 24 e
4'U (drive power or engine) 111 A 2.5 19 LN a1
fradaninidundsuunufiiglaaulunisga
AT UAUAWAATI9 TN A LU Y hammer mill §
U UNAUENANY 6,8 WAy 10 Wa (Figure 1A)
TagvinnsuBeuiauniauiafiiizas

-gananfingdaninuarainiAlugndou
1: 4 (mixer; Figure 1B) AMNAuuLUN a9 ulding
Tangtaweewipat et al. (2020)

-gansasfinglalnsaudalusd 1vnainidn
Fonawadausatwesinlansan sl (Fe (OH),) Ussq
lunaesargiilanauIn 15x 60 X 60 LT ALNAT
(Figure 1C)

o v a =3 ¥
-qasesiunacgafauswand1alna

(hammer mill; Figure 1D)

Figure 1. Biogas small engine 6.5 hp (A), mixer (B), hydrogen sulfide (H,S) filter (C), grinding head size

of hammer mill (D)
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Table 1. The efficiency of the beater supported by a 6.5 HP engine using biogas fuel
[tem Grinding head size (inch)
P-value SEM
6 8 10
Hydrogen sulfide gas (ppm)
Before passing through filter set 1,610 £ 26.46 - -
After passing through filter set 2.33+0.58 - -
Filter set efficiency (%) 99.86 - -
Pulley diameter (inch)
At drive power or engine 25 2.5 2.5 - -
At hit set or hammer mill 4 4 5 - -
Speed at hit set (rpm) 2,060.0° 2,024.8° 1,540.2° <0.01 8.10
Efficiency of corn hammer mill grinder
Maize amount (kg/hour) 70.580°  131.202° 56.664" <0.01 0.79
Consumption of biogas (m®/hour) 1.208° 1.374° 2.164° <0.01 0.03
Biogas utilization rate (liter/kg) 17.163° 10.473° 38.259° <0.01 0.50
Corn grain grinding cost (Baht/ 100 kg)* 101.11° 54.19° 125.60° <0.01 1.26

°"“Means within a row with different superscripts differ significantly (P <0.01)

* Compared with gasoline 95, which costs 27.45 Baht/liter, the engine used 1.85 liters of oil per hour to grind 140 kg of corn

grain

Adaun 8 U9 g UMM ART 19 INARaT T
lFu1nnanaunm 6 uaz 10 Haad1eldadAny
(131.202 vs. 70.580 Wwaz 56.664 Nlansu; P < 0.01)

Turnizngafaufsuin 10 49 1n3asausiacld

UFHIuA1gT9n MNINTIgR 989AINIAD 8 UAY

6 19 MINANAL (2.164 vs. 1.374 vs. 1.208 gNUAT
WRgFatalug: P < 0.01) wAaAIUIUE RTINS T

mmmmwmaﬂ?mmmq‘lﬁwmwumim wum TARDUR
IunA 8 0 Wiaendnaunn 6 way 10 ia a9l
uﬂmﬁm (10473 vs. 17.163 LAY 38.259 A K 36 @
Alansudnaing ANaaL; P < 0.01) F9A1159
F0U4 LAz ATE A AauF i d i gudnan
unndnazuawand1atnaladzandn uauinves
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Table 2. The satisfaction of the farmers to the developed equipment using biogas as a renewable energy

ltem

Satisfaction level

Average score Degree of satisfaction'

1. Installing the engine is beneficial for life 4.20 slightly high satisfied

2. Engine working time sufficient for corn grinding 4.80 highly satisfied

3. Happiness of the family 5.00 highly satisfied

4. Improvement of life quality 5.00 highly satisfied

5. Good relationship with family and neighbors 5.00 highly satisfied

6. Gain new knowledge 5.00 highly satisfied

7. Decrease family expense 3.60 slightly high satisfied

8. Able to be a role model for people in the community 5.00 highly satisfied

9. Appreciation on the work of the authorities 5.00 highly satisfied

10. Overall appreciation 5.00 highly satisfied
Average 4.76 highly satisfied

'1.00 - 1.80 = lowest satisfied; 1.81 - 2.60 = low satisfied; 2.61 - 3.40 = medium satisfied; 3.41 - 4.20 = slightly high satisfied;

4.20 -5.00 = highly satisfied
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Figure 2. Using biogas to supply small engine (6.5 hp) for grinding corn grain at highland farm

G
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Use of Banana Peels Fermented with Fermentation Starter Balls and

Cassava Chip on Digestibility and Blood Biochemical Contents in Meat Goats
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Abstract: The objective of this study was to determine the effects of fermentation starter and cassava chip
supplementation in banana peel silage on feed intake, nutrients digestibility and blood biochemical contents
in goat. Three crossbred Boer goats, average initial weight at 15.09 + 1.04 kg were used Crossover designs.
The dietary treatments were divided into 3 groups; banana peel silage, banana peel silage with
cassava chip and fermentation starter at 70 : 30 : 0.01 % and 70 : 30 : 0.02 %, respectively. The results
showed that dry matter intake of concentrate feed and roughage was not significantly different among
treatments (P > 0.05). Organic matter (OM) intake, crude protein (CP) intake, ether extract (EE) intake, nitrogen
free extract (NFE) intake and crude fiber (CF) intake were not significantly different among treatments (P>0.05).
However, the feeding of banana peel silage with cassava chip and fermentation starter at 70:30 :0.02 %
has significantly increased the digestibility of OM, CF and NFE (P < 0.05). Additionally, blood biochemical
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contents were no significant differences among treatments (P> 0.05). According to the results of this research,
it is suggested that supplementation 0.02 % of fermentation starter ball with cassava chip in banana peel
silage could improve nutrients digestibility without any negative effects on feed intake and blood biochemical

contents.

Keywords: Banana peel silage, fermentation starter balls, feed intake, nutrients digestibility, blood biochemical

contents
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Table 1. The experimental dietary formula

Ingredients % DM basis

cassava chip 31
rice polish 30.1
palm kernel meal 20.56
molasses 1.23
soybean meal 15.06
urea 0.5
premix 1
dicalcium phosphate 0.3
sulfur 0.05
salt 0.2

total 100

LHUNIINAREY LALAAZIZ 8 NIN1INAADY
wWuan 19 du iluszaziliuda 14 4 uazszay
Vivdeya 594 ianasTuiinUuimenied
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AauldurAruaninidsuinnisfuldlumog
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Table 2. Effect of cassava

chip and fermentation starter supplementation in banana peel silage on chemical

composition
ltem T1 T2 T3 Concentrate
Dry matter (%) 18.27 37.08 37.88 87.32
Organic matter (% of DM) 82.96 86.74 86.91 80.15
Crude protein (% of DM) 6.30 4.19 3.88 18.59
Ether extract (% of DM) 13.25 4.91 5.59 7.49
Nitrogen free extract (% of DM) 48.35 65.60 63.85 53.06
Crude fiber (% of DM) 20.00 16.28 16.70 12.56
Ash (% of DM) 12.11 9.02 9.98 8.31

T1 = banana peel silage

T2 = banana peel silage with cassava chip 30 % and fermentation starter (0.01 %)

T3 = banana peel silage with cassava chip 30 % and fermentation starter (0.02 %)

TsRuneuaealaannansnindAwindy 6.30 %
D e - vy .
agnglefimnlunisAnunaselinudnlaannans
lfudgenunnsoaiuwdunargnuilaliun
AUl A1WNAY (3.88 waT 4.19 %) araluna
grarndTuna s uluduiduinanaaldf
Pasninldsauluasnnaqsasnnliiialiunn
sRuanas ludrudiuandelaveuaealaan

U dl o U o
nansNliudgenmunindosiuidunazgnuids
TANWNAD (16.28 WAz 16.70 %) a1aluwmsnylu

o A v o v
nstiulpsnauninaecdaenndaendnasagnuils
4o , Y
TGINLTRTY Aspergillus spp. an1sngaFraenlaadlu

, A = o v |a P
nstagdaneigalaasdananililsunantiele
anad (Hantai et al., 2018) Usnuaulusfunsanulu
wasnnaaansindAagn 13.25 % wazilaanndane
a e v o a
nlfudgeamninsdeduidunargnudeiien
WINAU 4.91 WAL 5.59 % 1193 n1nasu T uagly
danali i T unasluiuanas neaiudufulsunn
AfFiulaimsnnazaneladne (nitrogen free extract;
NFE) sz uiduiinnflulawmennazansladns
¢ 11U 04NN (75 - 85 %) (Wanapat and Khampa,
2007)
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= a a SJdI o v

nsAnsUIuaun A uldndag Ui
(Table 3) 28981U1FTUUATBINITULILLRINN
nguliuansneiuntsad s (P> 0.05) Usum
nsiularereeinguiesnnnlefidudae
wrndnsaresnnguldunnsnaiunieada (P>
0.05) Tnedl A1 3.50,3.99 LAY 3.68 % ATNAAL

1 =3 = d‘ o Yo = ]
agnelsfimutTunuanmdndlasuiiaanasa
ArNAaIN1IN1RulA1e9dnguie Teaennd s
A1 Devendra and Bumns (1983) 13184 4311/381 04
a aza;o/ ¥ d’l ¥ ! !

nstulandnguivaesunsidaluaniouas ludas
92194 1.9 - 3.8 % ABUNUUNEAN

ﬂwﬁnwmww?m wWulnaagune
(Table 4) Wum muumimu (|n|t|a| body Welght IW)
umuﬂmum ANNINAAEY LAZUIMIN AR NT W
(weight gain; WG) nﬂn@uﬂﬁiwmmim WANFNAY
(P> 0.05) 8m9N171AT Y LA L IR sadl (average daily
gain; ADG) nnnzﬁum@mmmim,l,mﬂﬁwﬁu (P>
0.05) TaaudlAnaeludag 9222 - 116.11 g/ day T+
Q\‘mfiﬁﬂ’lﬁ’m\‘mu"n'ﬂd Seesawhea et al. (2017) 7

| t-dl Yo A v o a o
saudunsilasulaand1aiwandnd amen
nniasny i utaat lutas 40 - 70 nFu g/ day viH
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araifiannainldenndsugniiann 14y
n19918 1 nT Nl UTuaunuiuwindy 43.17 +
3.46 mg tannic acid/100 g DW (Cham et al., 2019)
Usunnuunuiud flundenndasdanalilsiiu
"Laigmjfammﬂslumqu:gmu ok Barry (1989)

28971491 s unuiuiluesAilsznay 20 - 40
g/kg DM azfinaannstdaaaaaaasldsiulng

qaunselugwuls Inalilsiuaclnanuuazg adisluy

anld1an Tansdasuavgadnaisamnsuanldidn
ﬁﬂizaw%nﬁwndﬂum:ngmu (Wu et al., 1991)

Table 3. Effects of cassava chip and fermentation starter supplementation in banana peel silage on feed

intake and nutrient intake of goat

Item T1 2 73 SEM P - value
Concentrate (gDM/ d) 278.83 249.11 230.66 10.38 0.53
Roughage (gDM/ d) 279.42 317.60 311.12 16.18 0.77
Total feed intake (gDM/ d) 558.25 566.71 541.78 19.42 0.94
Total feed intake (gDM/ kg™™®) 69.81 77.48 71.92 3.02 0.79
Total feed intake (% BW) 3.50 3.99 3.68 0.18 0.74
Nutrient intake (g/ day)
Dry matter 296.30 329.54 323.68 10.35 0.69
Organic matter 287.12 329.94 325.87 13.69 0.64
Crude protein 69.96 58.94 55.61 2.99 0.40
Ether extract 59.01 33.46 35.15 4.70 0.14
Nitrogen free extract 92.61 80.36 82.16 4.27 0.69
Crude fiber 508.70 502.71 498.79 19.68 0.99

SEM = standard error of mean
T1 = banana peel silage

T2 = banana peel silage with cassava chip 30 % and fermentation starter (0.01 %)

T3 = banana peel silage with cassava chip 30 % and fermentation starter (0.02 %)

Table 4. Effects of cassava chip and fermentation starter supplementation in banana peel silage on growth

performance of goat

ltems T1 T2 73 SEM P - value
Initial body weight (kg) 15.93 14.25 15.08 0.60 0.60
Final body weight (kg) 17.33 15.36 16.46 0.67 0.37
Weight gain (g) 1,393.33 1,106.67 1,383.33 276.81 0.94
Average daily gain (g/ d) 116.11 92.22 115.28 23.07 0.94

SEM = standard error of mean
T1 = banana peel silage

T2 = banana peel silage with cassava chip 30 % and fermentation starter (0.01 %)
T3 = banana peel silage with cassava chip 30 % and fermentation starter (0.02 %)
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n1sAnEIANseiaels (Table 5) Wu90
ﬁﬁﬁuﬂixaﬁrmmmiﬁmﬁmqLLﬁ’q (dry matter
digestibility; DMD) 184 T3 (74.43 %) g4n41nq« T1
(56.88 %) agneldad1Atyn eaiia (P < 0.05) ana
Wunaniainnisdsudgennininsesiasnnaas
ﬁ”wqmt,ﬂqﬁl,%ﬂm Aspergillus spp. T AINKANNID
’LummamL@uvl,snﬁmqmmLﬁ@ﬁiumiﬂ@wﬁq
AR (Mrudula ef al, 2011) ¥in L 5unnuiele
anasuazinWilnsdesldresimguiaiaiu
49AAARIAL Wachirapakomn et al. (2016) fisnganu
dfunnseadeloduasienisden|fresnguis
AndutlazAnsniatiesldaealsdiu (crude protein
digestibility; CPD) LarAdulsvAninisdonls
gaslasiuneny (ether extract digestibility; EED) 284
nngulduanseiunieaif (P> 0.05) d9uAn
FutlszAnsnisdesdreaidalavany (crude fiber
digestibility; CFD) 284nq8 T3 g4n31ngu T1 uaz T2
agelWadAtyneadd (P < 0.05) anatduinwae

aneumaaeslungy T3 Hisunmugnuilannn
ninAainWiladurididenaanamissadiingy
AwAANITLIUNN T s AN aaaai aleluamnsld
unngn Bniasanaslesiuildtuaeunslungy
13 ffsunnudesndtunzlungs T1 dlaTuazdnly
waeuidalerliaaunieiaansadn il desaans
Lﬁlﬂlﬂlunquzgmﬂﬁ (Devendra and Lewis, 1973)
Andutlsz@nsnisdesldaesanflulamniiazans
Tdne (nitrogen free extract digestibility; NFED) was
ﬁﬂﬁmﬂﬁzaméﬂwﬂmirﬁfmm%um?mimq (organic
matter digestibility; OMD) 284nq«N T3 gand1ngu
T1 (P<0.05) dlesanisumaesan sl lamsa i
azaneladnelungu T3 gendangu T1 asaanain i
nstineldaesaflulawmsniazanalddrauay
BunTudRguINNII (Chaokaur et al, 2014) WAy
A9AAKAITLNAT318971UT04 Bhatt ef al. (2016) 7
MeudnAdulszantnstesldaeduniasagd
Anudrius T BN Slu lamsaiazan e lddne

Table 5. Effects of cassava chip and fermentation starter supplementation in banana peel silage on digestion

coefficients and digestible nutrient intake of goat

Digestion coefficients (%) T1 T2 T3 SEM P-value
Dry matter 56.88" 64.01° 74.43° 2.99 0.05
Organic matter 59.36" 68.28 77.50° 3.01 0.04
Crude protein 44.93 44.27 58.66 4.33 0.16
Ether extract 19.33 47.54 49.91 6.26 0.13
Nitrogen free extract 71.86° 77.40%° 85.21° 2.32 0.04
Crude fiber 56.88° 59.38° 71.02° 2.64 0.04
Digestible nutrient intake (g / day)

Dry matter 168.94 212.01 240.41 13.36 0.26
Organic matter 301.80 344 52 385.63 18.80 0.44
Crude protein 31.65 26.57 3245 2.74 0.73
Ether extract 11.86 16.23 17.46 1.97 0.65
Nitrogen free extract 205.30 254.87 27713 12.87 0.25
Crude fiber 52.98 48.08 58.24 3.40 0.63

*° Mean within the same row followed by different superscript letters are significantly different at P < 0.05 level by DMRT.

SEM = standard error of mean
T1 = banana peel silage

T2 = banana peel silage with cassava chip 30 % and fermentation starter (0.01 %)

T3 = banana peel silage with cassava chip 30 % and fermentation starter (0.02 %)
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A3ANEIAINISTEAR A LNE (Table 6)
wug1 13uunglaa lwdanaenngunimaaeg
Tunnsinaiunisadis (P> 0.05) TnailAnag ludas
62.67 - 65.00 mg/dl InaTurunglnalunszua
denresunsildFuammanesatludaaing
TnadiAnagsw1d19 50 - 75 mg/dl (Kaneko, 1989)
farfi 3919391 unedinn g Fundsanuananns
W EINeafenITNA294n17209519n78 UFuol
ABLAALINETaa LazlTuiiaTieRdiuluidenaes
nﬂmjumiwmmmLLmﬁmﬁ’ummaﬁ (P> 0.05)
TnefiFnaglugdag 0.87 - 1.02 mg/dl deagluaniaz
1Infi S913u04 creatinine TnadnfaasunziAney
7¥11914 0.75-1.5 mg/dl UTu1tu Creatinine 4184190
tsueanfienimiaruaeslanlunisnsed creat aan
anganeiuinanegda agluan1aenimney
filnAvearusnrineuldednelng Usum
albumin lwiaanaeINNgNNITVAAE L LANGI
funneais (P>0.05) lnailAaglugag 2.83-3.07

g/dl 51104 albumin 291RAAUNEAINNITNAAD
ot/ luaniazing ﬁﬁ'mmna%ﬁmgmm 2.7 -
3.9 g/dl (Kaneko, 1989) 431184 albumin Lauani
N197UAIAN9619 7 lpinnszualdenuazlinam
n191A5UAN981113289F 28RS (Cai, 2007) USuns
neagFnluidesaunznngunImaaaslluansg
AUNADH (P>0.05) wazliuraldsAusonly
WWanaaINNaNN1maaedliuAnseiy (P>
0.05) ﬂ?mmﬁagﬁu%\mumimﬁﬂmmmnnn@;u
A1NAaad bl bANA9AY (P>0.05) YFu ol total
bilirubin LYUANAIANIINNINNTY19ULRIA DY
uaniazdni Inedsunns total bilirubin Tuune
UnAaziA19g9r1319 0.0 - 0.1 mg/dl (Kaneko,
1989) dTunauuean1inm eziilunsiuaineisa
(aspartate aminotransferase; AST) Tuiaaaunzaag
NNNgNN1ImAsesliuAnF19iY (P>0.05) Tnad An
8831919 77.00 - 132.00 U/L) Inert/Tunou AST
Ann1maaedat luani1azdn SatFuans AST

Table 6. Effects of cassava chip and fermentation starter supplementation in banana peel silage on blood

biochemical contents of goat

ltems T1 T2 73 SEM P-value
Glucose (mg/dl) 62.67 63.00 65.00 1.32 0.86
Cholesterol (mg/ dl) 61.33 48.00 48.67 6.29 0.54
Creatinine (mg/dl) 0.95 0.87 1.02 0.07 0.60
Albumin (g/dl) 3.07 2.87 2.83 0.10 0.64
Uric acid (mg/dl) 0.70 0.70 0.10 0.00 0.80
TP (g/d) 5.83 6.03 6.27 0.13 0.54
TBIL (mg!dl) 0.20 0.17 0.20 0.01 0.50
AST (UIL) 132.00 91.67 77.00 12.51 0.22
ALT (UIL) 33.33 21.00 17.33 3.88 0.18
BUN (mg/dl) 8.67 6.33 9.33 0.99 0.22

TP = total protein; TBIL= total bilirubin; AST = aspartate aminotransferase; ALT = alanine aminotransferase; BUN = blood

urea nitrogen

T1 = banana peel silage

T2 = banana peel silage with cassava chip 30 % and fermentation starter (0.01 %)

T3 = banana peel silage with cassava chip 30 % and fermentation starter (0.02 %)
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ﬁﬂﬂﬁmmuwxﬁﬁmg’iwdw 66 - 230 U/L (Fielder,
2015) 13104 AST d1N190LuanieANRlalnf
TUNIM19URAY [MUNNIENELLAZNTANE U
viaa s Ul (Rattana et al., 2011) USu1uasanily
azdlunguamalsa (alanine aminotransferase; ALT)
luldanunzaaannnguniIaaasldunns19iu
N9ane (P> 0.05) InuiAneglugaq 17.33-33.33
U/L Unfitfunns ALT 2equnsilA1eg/szidnag 15 - 52
U/L (Fielder, 2015) TagA1A9Nan1ILILBN LA
M3994aLUN1TN 41U R9A U (Rattana et al., 2011)
PBurugFelulasaulunscuamenluiasnaag
NNNGNNITNARad bl wANE T UNIaT R (P>
0.05) Ineid A1a¢ludas 6.33 - 9.33 mg/dl #ANgA
19378914284 Chanjula et al. (2014) 73789115
wnzgnagua Ui ldFuvi13iandUsunm
gralulnsaulunszuaidenay ludag 16.91 -
2172 mg/dl anatilesunannunsld fulnausy
UszinmTtlsiuluasunniiias (5561 - 69.96 g/ day)
daMAADINY Preston et al. (1965) Ase91u9n fn
BUN Ao nduiusiudunauusiudinuls d
Funalulnsaulunszuaidenluaandunsatsuen
femumunzanae9linnuasanuisllsfu

A Yo ' = o N Ay
N LLWgLﬁ TULASLNLUANONNITUURANUBN LL@NIM Luﬂmiﬂ

1 = 1 1
annstieslisiulaenalnressreaniaunstinunng
n9uaedle (Sakha et al., 2009)

G

annsmaaeedglladinisldilaanndae
wingauiududu LL@”@mLﬂ\iﬁﬁmmmu 70:30:
0.02% V19N UTuudnguie Bun3edng
aflulansniiae mmimwiummwmummu
waillisiunenuuazifielanauanas usadagls
nm’m”l,ummmmumﬂ?mmma‘ﬂuim@mm
whanaz Bt iauld anvadiudutlssdng
nstiaeliaaednguis Bunsedng an$lulansmdi
aranellding waziialavieny naldildanndaemsin
foufudiudy uazqnuile lidena@eausan

al = A o :J/ o
Fon1ANa9Aen A4 N19UFudganainan
wasnndaeudnandusiuidudongnutla 0.02 %
aungn i uanwsusnug usuwne le

neangsNUsznA

muﬁ%ﬁmm@ugmﬂﬁuﬂﬂﬁmf ADLY
WATUIAE NN HATUAZBINNG NNNINENALTIT])
NYageAIIN LazaevauAMiesliiAnisauns
g7 wuuiangramaluladorusnasaIuun
Wenylan
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udla anAenatiani QmmwmimﬂﬁuiuimumLLauﬁmﬁffifaﬁﬁ”'a Staphylococcus aureus iN1INARDL
AruAInnzianzasesTuiulnausauauRUeAsalTe S. aureus kAZMARBLNNTA HRECRVTRE luderialin
FAUNEN mun@'u%'u il Twn L%ﬂ Enterococcus faecalis, Streptococcus agalactiae W8 Escherichia coli Al
mﬂuﬂ@uimLim@uiaﬁumrﬁmw‘iwnmmuwmmm (indirect enzyme-linked immunosorbent assay: indirect-ELISA)
fiswudarialan 10° 107, 10° uaz 10° CFU/mL wu ivmummLﬁumummim‘l?uimumLmummmnmmvmm
Tunsvindjisenae 1: 2,500 gNORUR LT S. aureus, E. faccalis, S. agalactiae \ax E. coli fisuude 10°
CFU/ML i 100, 30, 13 uaz 10% muaasiy devilululaaueaueufved wauduganmaunud oy
1uAARANTAL colloidal gold 311A 40 nm (pH 9.0) mmanﬁ@mﬁmﬁuvlﬁzgmmﬁﬁﬁmﬁm@,mﬂﬁuum 532 nm
anduihbilulraueaueufived Aaidnd 1 mg/mL D3anmns 0.5 pL weaLuuNunsza e luinsag lnams
19U ﬁﬁmmmmmu uAzIEA goat anti-mouse IgG (H-+L) ARG YW 0.8 mg/mL U5unmg 0.5 pL Fisumnis
AILANUANFEN mrmumemmqwm'aume@mmm 37 Cum 14-16 Falug wisanilsznavganmanageyl
&1139 mmmmmwiﬂmmumﬂmiwmm@mmaﬂﬂiimummw ’l fisuan 10° CFU/mL Tuananzanedined
WL ewnziaesnenildarialan . aureus uansuaLATILa usumbpuaN LAz W kmadey 10 e
ﬁ@'lfa‘mﬁm%'mmmLmuﬁfﬁumﬁw"lw‘hLmiiqmuauwiﬁfu oﬁvxﬂﬁuﬁmm‘f;%:qL%ﬂﬁﬂ‘ﬂ@mﬁ’fmm“ﬂmuﬁﬁmm
%u‘ﬂtﬂuﬁmm@@uﬁﬁmmfﬁmwwm"a S. aureus Ua¥ Lﬂm;mmm@ﬁuuuuimzﬁuﬁmﬂﬁu“ﬁmnﬁmzumiﬁmL%@
S. aureus AmadadmsATastdene AU AU LY
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Adaty: Taun Tsaundniay ausiladenda eeies wlulraueauaufiuen ganmAaunud

Abstract: This study aimed to develop an immunochromatographic strip test based on immunological
techniques using monoclonal antibodies against Staphylococcus aureus, an infection mastitis pathogen in
raw milk. Specificity of monoclonal antibodies to S. aureus and cross-reactivity to other potential mastitis
pathogens, such as Enterococcus faecalis, Streptococcus agalactiae, and Escherichia coli were evaluated
at the bacterial levels of 10°- 10° CFU/mL, using indirect enzyme-linked immunosorbent assay (indirect-
ELISA). The results have shown that the optimal concentration of monoclonal antibodies in the indirect-ELISA
test was 1:2,500, which could bind S. aureus, E. faecalis, S. agalactiae and E. coli (109 CFU/mL) with binding
100, 30, 13 and 10 %, respectively. To develop the strip, monoclonal antibodies were linked with colloidal
gold (size 40 nm, pH 9.0), at the wavelength of 532 nm. After that, 1 mg/mL of monoclonal antibodies (0.5 L),
and 1.0 mg/mL of goat anti-mouse IgG (H+L) (0.5 yL), were coated on nitrocellulose membrane at the control
line and test line, respectively. The strip was then incubated at 37 'C for 14-16 hours and assembled with the
other components to create a prototype of the immunochromatographic strip test. To test the specificity of the
strip test device, suspension of bacterial cells prepared at 10° CFU/mL in running buffer was dropped onto the
sample pad. The samples containing S. aureus formed purple-pink bands at the control line and the test line,
while the samples containing other bacteria created a purple-pink band only at the control line. In conclusion,
the developed mastitis detection kit was highly specific to S. aureus and could be used as a laboratory-level of

the prototype for rapid determination of S. aureus infection in investigation causing mastitis.
Keywords: Dairy cattle, mastitis, Staphylococcus aureus, monoclonal antibody, immunochromatographic strip

Introduction of the infected animals, which were 40.45 Baht

per miking cow per month (Sirinupongsanun

According to the Cooperative Promotion and Simasatitkul, 1997). Inflammation in the udder
Department of Thailand data, raw milk production tissue can be either symptomatic or asymptomatic.
during 2015 and 2020 was up to 1,371,133 tons, For the latter, milk production decreases while the
which was valued at approximately 25 billion symptoms of the disease are difficult to observe.
Thai Baht. This suggests that raw milk production The common tool for preliminary mastitis testing is
generate a significant economic value for the the California mastitis tests (CMT), which is based
nation’s agriculture and dairy farmers. Nevertheless, on observing the changes in color and viscosity of
the farmers have still been facing many problems, milk. The chemical used in CMT was an anionic
one of which is mastitis, which has been causing detergent, which would expose the DNA of white
damage to the dairy farming industry. Mastitis is blood cells, causing the samples to appear more
caused by infection and inflammation in the cow’s viscous. In other words, if the viscosity of blood in
udder, leading to decrease in yield and milk quality. CMT increases, there is an asymptomatic infection
This results in a loss of income and increased in the cow (Barkema et al., 1998). Mastitis detection
expenses for the treatment of the disease and care using CMT can determine infection and approximate
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degrees of infection, but it does not identify specific
pathogens. The bacterial pathogens causing mastitis
can be divided into two types: contagious and
environmental pathogen. Pathogens that are
contagious can spread from one animal to another,
whereas pathogens that are environmental can
spread to the farm environment and infect
cows through direct contact. A recent report
Northern Thailand

by bacteria

shows that mastitis in is

mainly  caused Streptococcus
agalactiae, Streptococcus uberis and Streptococcus
dysagalactiae (Leelahapongsathon et al., 2014).
Furthermore, other species such as Staphylococcus
aureus, Escherichia coli and Enterococcus faecalis
also cause mastitis in the cow (Hamann, 2010). In
particular, the prevalence of S. aureus infection in
dairy cattle subclinical mastitis in Chiang Mai
province is 8 % (Pumipuntu et al., 2017). Identification
of specific pathogens can be performed in
laboratory using polymerase chain reaction (PCR)
(Boerlin et al., 2003), detecting nucleotides in natural
samples by metagenomics DNA sequencing (Tringe
and Rubin, 2005), or loop-mediated isothermal
amplification (LAMP) (Sowmya et al., 2012). These
methods require a complicated process, an
expensive budget, and a long time to obtain the
results. Therefore, detection of specific pathogens
using immunological techniques with the cohesion
of antigen and specific monoclonal antibody, which
are simple, inexpensive, and rapid, is a promising
approach. Thus, this study aimed to develop an
immunochromatographic strip using monoclonal
antibody against S. aureus to identify the cause of

mastitis.

Materials and Methods

Species confirmation of bacterial strain
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Four species of microorganisms were used,
including Staphylococcus aureus AU17, which is
the target microorganism, Streptococcus agalactiae
SA35, which is a representative of contagious
pathogenic streptococci, Enterococcus faecalis
and Escherichia coli TISTR117, which are the
representatives of environmental pathogens.

Firstly, the microorganisms were examined
for their morphology under a light microscope. The
4 species were examined for their biochemical
properties, including growth on Baird-Parker egg -
yolk agar, coagulase production and hemolytic
activity on Columbia ANC agar + 5 % sheep blood.
Then, the species of each bacterial strain was
16S
(performed by Macrogen (Korea) through U2Bio

confirmed using rRNA gene sequencing
Sequencing Service). Finally, the growth rates of
the 4 species were measured to determine the
numbers of the pathogens to be used in the

immunological techniques.

The specificity test of monoclonal antibody
1. Optimization of monoclonal antibody concentration-
based indirect-ELISA technique

Mouse anti-S. aureus monoclonal antibody
concentration was optimized using the indirect -
ELISA technique. Firstly, a 100 pL portion of 10°-10°
CFU/mL S. aureus AU17 was coated on a microtiter
plate and incubated at 4 C for 14 - 16 hours.
Secondly, the excess cells were washed three
times with 250 pL of 1XPBS + 0.05% Tween - 20
(PBST; Millipore, USA). Thirdly, the plate was
blocked using 200 pL of 5 % BSA (Millipore, USA)
and incubated at 37 C for 2 hours, and then
washed with 250 pL of PBST for three times. Then,
the 1.5 mg/mL of the primary antibody, which is
mouse anti- S. aureus monoclonal antibody (mouse
anti- S. aureus mAb) (Fitzgerald, USA), was added
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at the ratios of 1: 1,000, 1: 2,500 and 1: 5,000 and
the microliter plate was incubated at 37 C for 1
hour before washing with 250 pL of PBST for three
times. Next, 0.8 mg/mL of the secondary antibody,
which is peroxidase-conjugated affinipure goat anti
- mouse IgG (H + L) (Jackson ImmunoResearch,
Suffolk, UK), was added at the ratio of 1: 5,000 at
37 C for 1 hour before washing with 250 uL of
PBST for three times. After that, 100 pL of 3,3',5,5-
tetramethylbenzidine (TMB) substrate (Surmodics,
USA) was added, and the color change was
observed at 10 minutes after substrate addition.
Finally, the reaction was stopped by adding 50
uL of 2 M H,SO,. The result was read at 450 nm
using a microplate reader (AccuReader, Metertech,
Taipei, Taiwan, ROC).

2. Specificity and sensitivity test using indirect-ELISA
technique

Specificity of mouse anti-S. aureus mAb
(Fitzgerald, USA) was tested using S. aureus AU17
and other bacteria such as E. faecalis, S. agalactiae
SA35 and E. coli TISTR117. The sensitivity of the
test was investigated using the reactions between
mouse anti - S. aureus mAb and each bacterial
strain (10°-10° CFU/mL) using of the indirect - ELISA

technique, following the experimental steps.

Immunochromatographic strip design
1. Preparation of the colloidal gold-linked mouse
anti-S. aureus mAb

The pH of 40 nm colloidal gold (Kestrel Bio
Sciences, Thailand) was adjusted to 4-10 using 0.2
M K,CO, (LOBA Chemie, India) and added onto the
microliter plate at 100 pyL each. After that, 10 pL of
0.1 mg/mL antibody (Fitzgerald, USA) was added
before incubating at room temperature for 30

minutes under an agitating condition (30 rpm).
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Then, 0.5 % (w/v) BSA was added to block non -
specific binding of the antibody and incubated
for another 1 hour. Next, 10 pL of 3 M NaCl was
added and observed for color changes. The
colloidal gold (100 uL) prepared at the optimum pH
and 0.1-0.5 pg of mouse anti-S. aureus mAb were
added onto the microtiter plate respectively, before
the incubation at room temperature for 30 minutes
under an agitating condition (30 rpm). After that,
it was blocked with 0.5 % (w/v) BSA before another
1 -hour incubation. Next, 3 M NaCl (RCI Labscan
Limited, Thailand) was added and formation of
flocculation was observed.

Mouse anti-S. aureus mAb (200 pL of 0.1
mg/mL) was added into a conical tube containing
20 mL colloidal gold (pH 9) before incubating it at
room temperature for 30 minutes under an agitating
condition (30 rpm). After that, 0.5 % (w/v) BSA
was added and further incubated for 1 hour.
Finally, the conical tube was centrifuged. The
pellet was kept in 1,000 pyL of gold storage buffer
and stored at 4 C. The result of the conjugation
between the antibody and the colloidal gold was
observed at the absorbance range of 400 - 600
nm using a spectrophotometer. The conjugate
was electrophoresis viewed through run on 1% of

agarose gel run at 100 V for 35 minutes.

2. Coating preparation of immunochromatographic
test strip

The detection kit composes of 4 parts:
nitrocellulose membrane, conjugated pad, wicking
pad and sample pad. The first step of assembling
was to attach the nitrocellulose membrane (CN95;
GE healthcare, USA) on the backing card (6 cm).
After that, 0.5 pL of affinipure goat anti-mouse 1gG
(H-L) and 0.5 L of mouse anti-S. aureus mAb were

dropped on the control line and the test line,
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respectively, before incubation at 37 'C for 14-16
hours. The conjugate pad, which is a glass fiber
(GF33; GE healthcare, USA), was sprayed with mouse
anti-S. aureus mAb-colloidal gold conjugated, before
it was incubated at 37 C for 14-16 hours. In the last
step of assembling, the wicking pad (Whatman
#470; Whatman®, UK) was placed next to the
control line. The conjugated pad was then attached
over the test line and covered by the sample pad
(Millipore Surewick™ C048; Millipore, USA). The
detection kit was cut into the size of 60x 3.8 mm

(Figure 1)

3. Efficiency test of immunochromatographic strip
The immunochromatographic strip was
tested with S. aureus AU17, E. faecalis, S. agalactiae
SA35 and E. coli TISTR117 and running buffer
was used as a negative control. Sensitivity was
examined using cells prepared at 10°-10° CFU/mL

in a PBS solution.

Test line

i

Results and Discussions

Species confirmation of bacterial strain

The result of culturing of S. aureus AU17
on Baird-Parker egg-yolk agar showed that the
colonies of S. aureus AU17 were black, surrounded
by opaque zone. The cells, examined under the
microscope, were Gram-positive cocci, arranged in
grape-like clusters. The biochemical test results
gave positive reaction in coagulase test and
showed B - hemolysis on Columbia ANC agar 5 %
Sheep blood. The culture was confirmed as
S. aureus, having the characteristic consistent
to those of S. aureus listed by Boerlin et al
(2003). Furthermore, the DNA sequencing result
showed 99.92 % similarity, which was close to
S. aureus nucleotide sequence (Accession
No. NR115606.1). For other species, morphological
characteristics were examined in the same way.

The nucleotide sequencing results showed that

Control line

oo

Sample pad

' o

Conjugated pad

Nitrocellulose membrane

t

by

Wicking pad

L |

l

Backing card

60 x 3.8 mm

Figure 1. Components of the immunochromatographic test strip
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they were E. faecalis, S. agalactiae and E. coli,
with the similarity of 100, 99.77 and 99.25 %,

respectively.

Specificity test of monoclonal antibody by using
immunological techniques
1. Optimization of antibody concentration

The 1.5 mg/mL of mouse anti-S. aureus
mAb (clone; M310128) produced by Fitzgerald,
USA, was diluted into 0.5 % BSA (in 1XPBS + 0.05
% Tween-20) in the ratio of 1: 1,000, 1: 2,500 and
1: 5,000. Peroxidase-conjugated affinipure goat
anti-mouse IgG (H+L) (0.8 mg/mL), which was the
secondary antibody, was used at 1: 5,000. The
absorbance results at 450 were 1.031, 0.942 and
0.215, respectively. The concentration of 1: 2,500
was the optimal concentration because the antibody
used was less than 1: 1,000 and the attachment
was better than 1: 5,000 (Belkessam et al., 2010).

2. Specificity and sensitivity test using indirect-ELISA

technique

100 -

75 4

50 4

% Binding

The 1.5 mg/mL of mouse anti-S. aureus
mAb prepared at the ratio of 1: 2,500 and 0.8
mg / mL of peroxidase-conjugated affinipure goat
anti-mouse IgG (H+ L) prepared at the ratio of 1:
5,000 were used in the sensitivity test with S.
aureus, E. faecalis, S. agalactiae and E. coli. (10°-
10° CFU/mL). The highest absorbance at 450 nm
was observed at a cell concentration of 10° CFU/mL
for the strain.

Specificity testing of mouse anti-S. aureus
mADb subclass IgG3 against S. aureus AU17 showed
that the binding ability was 100 % because mouse
anti- S. aureus mAb subclass IgG3 was specific to
protein A on the region of peptidoglycan on the cell
surface of S. aureus. Furthermore, the mouse anti-
S. aureus mAb subclass IgG3 was able to bind
with E. faecalis, S. agalactiae SA35 and E. coli
TISTR117. The non - specific binding abilities were
30, 13 and 10 %, respectively (Figure 2). Such binding
occurred because they were able to loosely bind
with other epitopes which were similar to protein A
on cell surface (Guidry et al., 1991; Guo et al., 2018).

N //J

5 6 7

T T 1

8 9 10

Log Concentration of Bacteria (CFU/mL)

-a- Staphylococcus aureus

« Streptococcus agalactiae

Escherichia coli ~ —~ Enterococcus faecalis

Figure 2. Percentage of binding ability between mouse anti-S. aureus mAb and various bacterial species
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Immunochromatographic strip design
1. Optimization of pH and antibody concentration

The pH scales ranging from 4 to 9 were
evaluated for conjugation of antibody and colloidal
gold. The pH 4 and 5, resulted in color changing of
colloidal gold from red to gray. After centrifuging
at 13,000 rpm for 15 minutes, it was found that it
created hard pellet, which made it not applicable.
The pH 6 - 8 was close to the optimum point,
resulting in faded color on the strip. The optimum
pH of colloidal gold was found to be pH 9, which
resulted in soft pellet after centrifugation, and
showed purple-red color on the strip.

The colloidal gold prepared at pH 9 was
examined with 1-5 pg/mL of mouse anti-S. aureus
mAb. The results showed that 1 pyg/ mL was the
optimum concentration for colloidal gold conjugation
because flocculation was not found. Colloidal gold
linked to mouse anti-S. aureus mAb was measured
using a spectrophotometer in the range of 400 -
600 nm. The strongest absorbance was 532 nm,

which gave the highest OD. While the wavelengths

0.060 =

0.050 4

0.040 4

Absorbance
o
[}
w
(=]
AL

0.020 4 o

0.010 4

0.000 T T

lower and higher than 532 nm yielded low OD
(Figure 3). The result of this study was revealed in
accordance with the previous study of Niu (2014),
which showed 20 nm of colloidal gold conjugated
with 1.0 mg/mL of mouse anti-S. aureus mAb gave
the highest OD at 520 nm. Moreover, Upadhyay
and Nasa (2018) found that 16 nm of colloidal
0.015 mg/mL
concentration of anti-staphylococcal enterotoxin
A (SEA) mAb, gave the highest OD at 520 nm. The
study of Srisrattakarn et al. (2020) showed that 13

nm of gold nanoparticles conjugated with 0.18

gold conjugated with at least

mg/mL of anti-protein A polyclonal antibody (anti-
protein A pAb) yielded the highest OD at 521
nm. The result of electrophoresis showed the bands
of conjugation between the mouse anti-S. aureus
mAb and the colloidal gold (Figure 4). The formed
bands were due to anionic monoclonal antibodies
conjugated with gold nanoparticles moved towards
the anode, whereas without monoclonal antibody
conjugated with gold nanoparticles no band was
found (Tomas et al., 2019).

380.00 430.00 480.00

530.00 580.00 630.00

Wavelength (nm)

Figure 3. UV-visible spectra of colloidal gold-antibody conjugates
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AuNP

AuNP - mouse anti S. aureus mAb

3

4 5

Migration

v

+

Figure 4. Detection of conjugated colloidal gold by electrophoresis (Lanes 1 and 2 were unconjugated with

colloidal gold. Lanes 3 to 5 were mouse anti-S. aureus mAb conjugated with colloidal gold)

2. Efficiency test of immunochromatographic strip

S. aureus AU17 (prepared at 10° CFU/mL)
was suspended in running buffer and examined
with the immunochromatographic strip. The
positive result showed a purple-pink signal on the
test line when the colloidal gold linked with mouse
anti - S. aureus mAb was attached to S. aureus
AU17 (colloidal gold-mAb-antigen complex). The
complexes were then moved towards the test line
and bound to mouse anti-S. aureus mAb, which
was coated on the test line.

Subsequently, the signal on the control line
was formed, due to the colloidal gold linked with
mouse anti-S. aureus mAb were bound to AffiniPure
Goat Anti-Mouse IgG (H + L), which was coated on
the control line. In contrast, the pure running buffer
without specific pathogen showed a purple-pink
signal only on the control line (Figure 5).

The immunochromatographic test strip

with S. aureus AU17 showed a positive result as the
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antibody specifically reacted to the target. The test
with the other species such as E. faecalis, S.
agalactiae SA35 and E. coli TISTR117 showed
negative results as they did not have reaction with
the S. aureus antibody, resulting in no signal
formed on the test line, suggesting that the
antibody was not specific to them. For the
concentration of sensitivity of this developed
immunochromatographic strip, it was found that
10 CFU/mL was the lowest concentration that could
be detected. The concentration lower than 10’
CFU/mL did not yield positive result because the
antibody did not have as high binding capacity as a
similar antibody in the study of Wiriyachaiporn et al.
(2013), in which at least 10° CFU/mL was detected.
Another study by Srisrattakarn et al. (2020), in
which pAb was used against S. aureus AU17,
showed that the lowest detectable concentration
was 10" CFU/mL.
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Figure 5. Specificity test of Immunochromatographic strip

Conclusion

The immunochromatographic strip was
developed to detect S. aureus AU17, the major
cause of contagious mastitis in cows. Investigation
of the mouse anti-S. aureus monoclonal antibodies
properties, using indirect ELISA technique, showed
that the monoclonal antibodies could attach to the
pathogen when the concentration was at least 10°
CFU/mL. The antibody had 100 % specificity with
S. aureus AU17. Furthermore, non-specific binding
was not found with other bacteria (E. faecalis, S.
agalactiae SA35 and E. coli TISTR117). This
immunochromatographic strip provided an accurate
detection of S. aureus and can be used as a
prototype for further development of the test kit for

field testing of mastitis pathogens.
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Abstract: The melon fly, Zeugodacus cucurbitae (Coquillett), is a quarantine pest species for many countries.
Larvae of melon fly are intercepted by quarantine inspections, but their morphological similarity to other fruit fly
species makes identification difficult and unreliable. Rapid, precise identification of immature fruit flies
associated with imported/exported fresh produce is essential to ensure appropriate biosecurity decisions at
quarantine barriers, or where commodities are inspected prior to export. Species-specific primers were
designed by amplifying the cytochrome oxidase | (cox7) gene to identify Z. cucurbitae in its various life stages.
The species-specific assay demonstrated high specificity, sensitivity and reliability for 11 species examined
(Bactrocera carambolae, B. correcta, B. dorsalis, B. latifrons, B. umbrosa, Dacus longicornis, Zeugodacus
apicalis, Z. caudatus, Z. cilifera, Z. cucurbitae and Z. tau). This study demonstrated the feasibility of using
species-specific diagnostic tools (utilising 83 base pair sequences) for identifying fruit fly populations from
all regions of Thailand. The primers were also validated on samples intercepted by plant inspections at
Suvarnabhumi airport of agricultural products destined for exporting from Thailand. The primer pairs from this
research are accurate, fast and efficient. Thus, they make it possible to detection of quarantine pests at
early points in the production and export pathway. The present study is a model for developing diagnostic
techniques for various pests which will in turn: promote trading partner confidence in Thai certification

systems and enhance the diversity, quality and value of Thai agricultural products.
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Keywords: Species-specific primer, fruit flies, melon fly

UNARED: WNAITULRY Zeugodacus cucurbitae (Coquillett) Lﬂuﬁmgﬁmﬁﬂﬁuﬁziﬁﬁiy’l,wmmﬂ?mﬂﬁ"q‘i@n
LL@w@’mmmmmm@ﬁmﬁm‘mmi@'q@@ﬂLL@vﬁwLﬁwmﬂnmﬂimﬁﬂwurﬁl"fmu@w,mmfumiﬁﬁﬁlx‘u,ﬂummmmﬁ”ﬂ
lunnsi aiun1ennsAn mn@ﬂwmmMﬁfmmmmmu@uwﬁmﬂﬂmﬂummf]’lﬁmﬁwumumuumimmﬂ muu
IS UUNT AR IFITUEULNAITUUAIE I AT AR AN AL QnFag uxuen uummwmmmfﬂmqmm
NN1A9RANHAANANINNITINEAT N1TATIRIUAREA mgwﬂmﬂ%@immmmu mmmwamfaﬁmgwmummﬂu
MsRIENIAmAdeLTdszAvENMgen sniAdeiiadlFeanuuug Inswesanniu Cytochrome ¢ oxidase
subunit | (cox1) ATlANNS IR BLLATULAY 7 cucurbitae TagvinnnsRsagaLtlasAviEn e insmafaas
ANedauiusaatinNasTuNaly 11 afia 6WA Bactrocera carambolae, B. correcta, B. dorsalis, B. latifrons,
B. umbrosa, Dacus longicornis, Zeugodacus apicalis, Z. caudatus, Z. cilifera, Z. cucurbitae Was Z. tau %‘ﬂﬁ
HALNW@WNE Z. cucurbitae HAWNARIEWE 83 ALUd UazWLINg1N190 ldRIaseunduenimuigaInsaea
unasiuungluszezle vuan Anud uazdaindy annnginirveslszmalne aueRNATLeUT RSNy
nstudenlusinaa i desnnsdeeanianessinalsemealgadnaiissdns nmuandlfifiuinlnfia i
mi@fammuﬁ?uﬁmmqﬂﬁm e 99059 HilszAnsnan mmmﬁwﬂ%ﬁum‘?ﬁ'mﬁ@ﬁﬁ@fiﬂLﬁmmmﬁm
unasiunalineunisdeeanin m”lai’%ﬂﬁqmmmLﬂuﬁmmﬂumiﬂixqmﬂ%ﬁwmmﬂﬁmmmm@%ﬁwéﬁ
Fngitaaiiasing o) s lignnsnnsafrepnulaldiudssmadd findnarugnunsolumedseandudiiiaua
m\ammﬂwmmmﬂs:mﬁimLL@:m@LﬁuHaﬁwmauﬁﬁLmﬂmﬁnmiwm

AdAy: naefdanuanne wuasiunald s

AN Z. cucurbitae AnlAUNTENN Faan17d90an d90a
nsznusaiaclunisdeaaniia in ualaeslne

LN AITULRS (melon fly): Zeugodacus Tldesneilseme uanmguanlunisiaiunig
cucurbitae (Coquillett) a11170 11188 LAZAFN4 NNTANTENNNUsEIMABNAQY (Koyama et al., 2004;
AINR MR NTIATHgAANINNGN 12595 Pifiero et al, 2006) wazluiaqiiuainanudnealy
(Pifiero et al., 2006) IngllanNzatiN S9N T29A LA 11 nisdddnualiannellgnaiataniinansgu
wnanan umely wanmngl ULIMAEY FNNes Uz zgq%u warinisuaetunisdanening gn wasualsd
nysy Wusu danaliifinaonu@aniasdanunin m@qﬂi:mﬂiuqﬁmﬂml,%ﬂua;q%umwﬁwﬁu&u
TEINANA RN NUAHAEMIEANNITETIIANANE A N33 UUNTRAULNAIAR TN i flanafiallfu
NINNITNEATBE T21I149 30 - 100 % (Dhillon et al., msm‘a@ﬂu‘?\@ﬁﬁlﬁﬁﬁuﬁmmzﬁ’ﬂﬁm ustnaialy
2005) InenUA NIR U aNH 29 (12 - 60 %) nslifdudayatiudulsznaunisdeaanuazindgi

W59 (40 - 90 %) Waznzazne (12 - 60 %) (Allwood wstTaq i anuTyinistduwideuannuuaslu
and Leblanc, 1997) Aailudngan N Atydudy  Wrdnfidesnisdiaan §yn1snmaitaduazsiog

wileresiiadn dalfiAnuansznusenisdenan UiRNuAEAINIIAET nAeuaziauE wnn
wadnualdlddenannlan (De Meyer et al., 2015) fn1sduwdeuannuy avAmgNaluszayld wie
HaeanninnULLASTULAS Z. cucurbitae i¥Nans Fasuauty vnldnisnseadtasenundaiAy
Lmzwuﬂmmmiﬂmﬁ@umm FANUAULNAITULAY (traditional taxonomy) ardasldazezinanluniai@es
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mMsnau lnsinasAianusawizaIntiu Cytochrome Oxidase | ll@A9293RaRE

WNRIIUUAS Zeugodacus cucurbitae (Coquillett) (Diptera: Tephritidae) 1NadaLd3un19d9aan

WeldAulndusiafude dedanansenuseiios
ﬁi@ﬁmﬁmﬁﬁmmmm@ﬂ maiane iR auanszny
fanfrdseanuazidtnuasna lilseudnadlssina
anmae (Armstrong and Ball, 2005)

129 1uN17R79 WAL TUAULNAITULAY
Z cucurbitaeHfﬂﬂ’iﬁm:r’m%‘i’ﬂuﬂﬁ‘uaﬁﬂuu‘uu
mLmwnﬂmnwmvmmmﬁﬁumﬂu@m‘wmu
muu N19AUUNTRAWNASTULAS Z. cucurbitae
WdAugndes uazsoniio ay mma‘mjfm
Useneiminanlunisnsaaifiage nefnuna el
andunisdszgnldmatianiedaluiana Ine
nnreenuuL NI A T A uA WAL (species -
specific primer) A aUWNANTULAN Z. cucurbitae AN
S cox7 GeilgmantTAlu DNA barcode (i
urmrguLTonidu q Al dnaninlunisldesy

\ :
v, =

TNAURIRINTIN L) TITUNIIWBUINITATIRRDL
R a a s =
ndsz@nsaaniduniuninsgiuainall
ANA N WeE 1989 lIUN1TATIATUTAILAZA AN

a

=

Toydsnededngiaiine iduldaiuieula
N174988N

L4 aa
aUnsaluazisnsg

1. PMsAUAIatNNRIuNa sl

squsanFlet uNasTunald AR nde
anfuiinisineas TneAufaat19a Nt ui 6
ninevestlszmalve (n1Anae naARzduan
AMAwile NNARZIUEEN NARZIUEBNIRE NN
wazn1Abe) Taadeniuiiiedudunulunisfu
Faat19)Hn1AaY 3 99udn (Figure 1) ldiuAnae

gﬁggé’gé%gi

Figure 1. Locations of sampling sites at different six Thai biogeographical regions (North, Central, South,
West, Northeast and East) where fruit flies were collected
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pnasdunalluuudadan (wet bucket trap) a1
Bugs for Bugs Pty Ltd., Australia T91lsznausaadna
TUANTAD (pheromone) wnasSunalsd 2dsvinn

Toun wiiagauea (methyl eugenol) wazAaa25

(cue lure) HANA1TH LAY malathion TWERINEIU
4:1uaznnelunudnussqatswslwaulnanea
(propylene glycol) Lﬁl ASNHIANINA LB ULBTD
faaequnaadunallRadusn 5 AuAnfeansae
niledsvinnaenietuil fusausInfadn
FENTNUADURAATAN W.A. 2560 - TUEEU W.A. 2561
anuntdaunasiunaldaindneizntauen
nalindesqanssrviaimasle Leica ju M 165C
(Leica Microsystems Ltd., Switzerland) auf L1142
n1an1sadadetsinunaadunaldaes Drew and
Romig (2013, 2016) N2t 19uuasiunaldnas
luneanaaad 95 % uaziiusaaeneldlugiiy
Snegauugil -20 'C

2. e AREULe wazns NS HLALEULe
Wl uungpagmAile polymerase chain reaction
(PCR)

2.1 dsedauNasiunallunainmdue
MINNTINAT @9 Boontop et al. (2017) Fau Ay
ALUEHIIBAAT AR B BIB4115a31L (ISOLATE Il
Genomic DNA kit; Bioline, Australia) ‘7{ WU NN Y
NARA L UIEY 1A8U121A 1UL919 71U 3 419
gaauNasTunald @5 Raansu) U1 ldlunaen
NAAAITUIA 1.50a8aRMT LA N Lysis Buffer GL
UFums 180 lulAsdms uazansane Proteinase K
U3u1ms 25 lulnsdns mn&uﬂm‘ﬁﬂqmuqﬁ 37°C
WU 16 - 20 Falis innseiataanefagnalng e
A81999A159 WaLLAN Lysis Buffer G3 U3unmg 200
lulnsans uﬂiﬂuum@m‘mu 70 ‘Cu1u 10 m'w
enagnegan e mem@ﬂﬂamumwﬁ
(ethanol 100 %) U3u1m3 210 TulAsam 3 el
ansazaneluiiadaaiu @mmmmwﬁ"\mumld
lunaan ISOLATE Il Genomic DNA LasANAZnNausag
Lﬂ%@qﬂumémmwﬁqqqﬁ 11,000x g W11 1 WA
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a19pznau Inan19LEN Wash Buffer GW1 U3u1mse
500 lulasdans wazmnaznaudae inielumies
mfmﬁ‘qgﬁ{ 11,000 g W% 1 WI¥ AINAIY Wash
Buffer GW2 U3u1ms 500 lulasams uazanmznail
rﬁ?fmLﬂ?‘lmﬁumﬁmmmﬁqqqﬁ 11,000x g W% 1 W1
fareamani e Anazneudduleluiadae
Lm?'mijul,uémmwﬁq@;qﬁ 11,000x g W11 1 WA
f1euvaan ISOLATE Il Genomic DNA tube 114 11
naaanaaasaun 1.5 lulnsdns azatanduie
Imen191AN Elution Buffer G Usums 50 lulasdms
mn&uﬁnmaﬂuﬁfqmmﬁﬁm WU 5 WIW ANAZNEU
ﬁLﬁuﬁqaLﬂ?faqﬁum%mmm%qqﬁ 11,000x g
w1 1 07 iR B we RS ulug i uinmng g f
20 °C e 14113z N 9seld

2.2 fin B duenimnadasmaile
PCR T/ 14 s s universal primer a1n&w cox:
LCO1490 (GGTCAACAAATCATAAAGATATTGG) hay
HCO2198 (TAAACTTCAGGGTGACCAAAAAATCA)
(Folmer et al., 1994) daunan 1291l Te1 PCR
Usznaumaadiduwesuuuy 1 winsans 10 lulas-
wms wswes LCO1490 1 lulmsans 10 lulasiums
Inwsias HCO2198 1 lulAsans d15azans GoTag”
Green Master Mix (Promega, USA) 10 lulasans 150
sunsdaatanduilesindelfsuanssan 20
ulnsans Taatind§Asen PCR ldinTaiuidiunny
I Imﬂr‘iwum%umuumwmiuﬂﬁﬁ?m
PCR cycle ﬁd“ﬁj 1) initial - denaturing 94 'C WU 4
U1 2) denaturing ﬁ 94°C 307U 3) annealing
7 50 °C 303U 4) extension i 72 °C 30 3 U7
(a1 35 781) (Tmﬂiu%umw 2 - 4598191 35
581) LAz 5) final extension 7l 72 °C 5 4T AU 1
99U AIVREALNART TN TaNT (PCR product) AaeRa
waddAlnslnT@a (gel electrophoresis) fiaznileg
lwaAINLITNd W 2 % nan RedSafe dye (INtRON
Biotechnology, USA) lu@nsazane 1X TBE buffer
w2 NRNuauN A A uFNadne 100 Taas
Wuaa1 30 UNT WAZATIAAALULOLALEULE
Aaldnasdansnlaledn (UV) Tuinuamas


https://jhscience.com/index.php?osCsid=5a61e1e1d9e732124131e4951bc02166
https://jhscience.com/index.php?osCsid=5a61e1e1d9e732124131e4951bc02166

NMsNAUINSINASANANAUNIZAINEY Cytochrome Oxidase | LiNans2a3dafe

WNRIIUUAS Zeugodacus cucurbitae (Coquillett) (Diptera: Tephritidae) 1NadaLd3un19d9aan

4 9 - .
wIpnenInaansanIdsunsudmezinan (Gel
documentation XR) g"u Universal Hood Il (Biorad,
USA) psaannansuianalelng lnadasiaasng
= o el o‘-ﬂl 9 o Y a ; o o

nARAUTI TN Ia Wi T u3gns wasunansy
HaralalnssaemTas ABI 3730 x 1 automated
sequencer (Applied Biosystems, Foster City, CA,
USA) ABI BigDye terminator chemistry ANNNITNAD
1891399 Macrogen Useindinua s

23 undayaansuiianalalnsaingu coxt
19N aITuna il HanNANININ1TIAIIEY 1ae

= o o a a &

wPauwauasufiaaaleng (sequence assembly)
faaldsungu Bioedit Sequence Alignment Editor
Version 7.2.5 (Hall, 1999) tiufindasaanduiianale-
elugtuuyva FASTA uagdnsvidayasnsiy
a = - P = o =
Jaralang lnewFouiiausedumaumilon

(% identity) WV U AN NAaIA A LTIAR TR ING

289uNATUNA A nuidaiidudeyannsy
HaralamAunasiuwms Z cucurbitae NHI18197%
Fl,ugﬁu‘i’fmal]@ GenBank (http:/Awww.ncbi.nlm.nih.gov/
genbank/) A28iN13 BLAST (https:/blast.ncbi.nim.nih.
gov/Blast.cgi?PAGE_TYPE=BlastSearch) ia \fi U
o = £ o o a = o v
Tuinfeyaarduiianalelndliluszuugau
ﬁ@g@mm GenBank slug‘ﬂl,n_l'i_l accession number
dl Ut e‘d‘d o 1
waldluniseenuuuinsuefANANInNIZFe
UWNRITULRN Z. cucurbitae

3. nsaanwuulnsuas A ausnizaa
WHNRIIULAS Z cucurbitae
Hrarsudandlelnsaeadiu cox? ann
wuasunalsAinanef nen (18 2) WATLNAITU-
ualdfaiiasing q Midudngioiniuaingiudeya
GenBank N1amanAUwaznIni1gasIadesingld
T 1nsa Chromas (version, 2.33, Technelysium Pty
Ltd., Australia) a2 BioEdit N aRIAvNAN R LTIaAR-
T MU uA T AN TNIZAB UL AT LAY Z
cucurbitae A ALABNATLNUY single - nucleotide
polymorphism (SNP) mm’lm‘wufﬁum@mum Z
cucurbitae Winti antfuaenuLL Insme A AL
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lanzad laaandallsunsu Vector NTI (Invitrogen)
Version 11.5.5 (https://www.thermofisher.com/th/en/
homel/life-science/cloning/vector-nti-software.html)
Tneidenanugtaeslnsiesffauin 18- 25
A waziiransuianalelndaadinsmesfiean
UULNNILATIEA dimer hairpin WLa¥ false priming sites
faeldsunsu Oligo (version 6.0) (DBA Oligo, Inc.,
UsA) wazulwsinesfaanuuuldundasnedf
ANATNNzIaNzaalaenng BLAST fua1suiiana-
Talnslugnudaya GenBank

4 nrsnadaulszAninnaadinanasi g
AMNINNIZABUNKIIULAN Z. cucurbitae
41nndeudszdnininveslnsines
‘1’7{53ﬂfn’mﬁ’]LW’]:ﬁifaLLu@\ﬁuLLm Z. cucurbitae U
wuasfunaldafiasiig q fldarnnisdimalu
sz lng
42nmgeudsr@nininaealnsues
AT ANS WA BN AITULAS Z. cucurbitae 11
szaznaRsty R In (ife stages) Ane 7 Tnemagay
FUF9E 190N AITUILAY Z, cucurbitae 71 1A 8194
Iuﬁ‘ﬂ\iﬂﬁﬁﬁmi‘ (laboratory samples) luszee 4
FAMUAU ANWALAZAALANIE
43nageuilsz@nsninaeslnsiue sl
AR NNIZFABUNAITULAN Z. cucurbitae AMNNGHN
Uszanesine)NA1an 7 (geographical populations)
ANFIDLNIUNAITULAS Z. cucurbitae TIALISILIN
NRNYHNAFN 7] 209tlszmalng
44npaautsrdnininzeslnsie

el A

N
ANNANNIZABLNAITULAN Z cucurbitae LAY
o % o . vl
pusunulwilenluig 0 wazualdAnuann
N1TgNMIIANN ualsl (intercepted samples) a1

P v a P |
W isunsafgninnsdeaan

45 HUTUAINYNABIBIA2DE 19N AN
Bunuaduesae g Inswesnasnuuulaanismn
nanA s ATas Wusgnsuaznsanianay
AamdalelnsAsaeaTes ABI 3730 x 1 automated
sequencer (Applied Biosystems, Foster City, CA,
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USA) ANNNTINTTU89UTHN Macrogen U sein

a v = = o [ % a a o o
nanald wasiwFauiauansy daralalnsdiu
g1udeya GenBank

NHANTTNANBILA 33@’]‘301

< s 1 a
1. MSNUSILSINAIDENNRITUNA b3l
AMFALTIUIINFIBE 1N AT BN A LT s s

AuandudandeussqansaeiniiaganoauazAaans

A1n 6 QiNA ldun n1ald nAnans narzduaan
mMAnzdusaniaaanile nnawile Lazn1ARzIu
Anaadlng Yndaetnaf ldunsuunadiaie 14l
ﬂﬁ?'ﬂ@ﬂLLUUVLW?LN@{‘WULLN@\?fﬁ/uNZ\]LLﬁ%\WNm 11
a8m 18 wA Bactrocera carambolae, B. correcta, B.
dorsalis, B. latifrons, B. umbrosa, D. longicornis,
Z. apicalis, Z. caudatus, Z. cilifera, Z. cucurbitae
Way Z. tau

2. MsAsaNAE e WNEnad i uarhune
A2ENANA PCR Lazmanauilanalalng
anMsaRPAE e uazinFuuA Ewe
saenaila PCR Iaaldwsmas LCO1490/HCO2198
ATy cox? @ansnia BINnA B ueLATATIade L
nnamSueldaun 650 - 700 Aua (Figure 2) dath

a o cala a O o a = &
nanA iR dansllnsadinmeiaisuiianatelng

Wiaumaunuwlefidusaauwieui 99 - 100 %
o K9 o o a = %
waztuiindeayaaiduiiondlelndlugiudeya
GenBank (Table1) uazaIndayangnaatradansy
Hapalanaaanann wanviNdanN1san AR LAULE

=l o % o a
Faoruwmuizana niu g annmdwialu
faasiqunasiuna il lfatal s @nsnan Aesiu
ANNIIDUNALEULDANNITNITAT AFINAIININAGAL
Fulwsinasnaanuuyule

3. nMsaanuuUlNsasA AT ABLNAITULA
Z. cucurbitae

aanuut NN A usNITs 8
LNAITUWAN Z. cucurbitae Tnan19u1aAy
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Hamdlendsauaestiu cox? annuuasiuuald
11 a8in léun Bactrocera carambolae, B. correcta,
B. dorsalis, B. latifrons, B. umbrosa, Dacus longicomis,
Zeugodacus apicalis, Z. caudatus, Z. cilifera, Z.
cucurbitae WaY Z. tau WATIIUTINAAL HaAA-
Talndunasiunaliuiediuaingrudeyaseq
GenBank N1AAANALULALATIANEA VLU U
single - nucleotide polymorphisms (SNPs) & 2 &
T4 7Un7U Vector NTI (Invitrogen) W1l B 1 Lmud
SNPs 71T L@ N 2 UN AT LAY 7. cucurbitae W11
wazidusumded o luunasiunaliafingu |
d1aanLluy forward prlmer LN reverse prlmer VL@
10 TnemugnsufianalenadsondifnumeGuiu
7 488 A1uqu 25 Auwa wazauudstdanalalng
Sudufi 580 411w 22 giua (Figure 3) eyl
TinzipuanRaeslnsmesiaallsunsu Oligo

cal WU wWefidus GC 189 forward LAY reverse
primers 11U 48 LAY 59 AMNANAL J A1 melting
temperature (Tm) @ iqll‘ﬁl aoUUNH 534az 60 C
(Table 2) Insiafieaaadullarunsa iy
dimer 18 #sda Forward LAz Reverse primers LAY
1udn (Zeugodacus cucurbitae Forward: Zcu-F1
wae Zeugodacus cucurbitae Reverse: Zcu-R1)
‘llm"l,mm'ai’ﬁjf:ﬁ\iLmq:ﬂﬁmmﬁmﬁLﬁummmm
lszaneu 83 Alud (Table 2) 71NN3Y Wz s e s
%ﬂ@@dLﬁ'uﬁQﬂIﬂiLmiN Primer map w141 nn
Twsa A Mot UUEN coxT TDIUNAITULAY Z.
cucurbitae Wit LATIE AR 19801 AIINS A INNE
wazaszesinames Tnelsunsu BLAST 299571
daya GenBank wuan Insimasniduil A umilen
71 99 - 100 % RUULAITULAY Z. cucurbitae AANE
cox1 (Table 3)

4. nrsnadaulsz@nsainaadlnsinasni
ANNAUNIZARLNRIVULAN Z cucurbitae
A« o el Y A
Watududlnswesfineenuuudul
1s2@ninn waza il easalaaninimagey
4 N3319%
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WNRIIUUAS Zeugodacus cucurbitae (Coquillett) (Diptera: Tephritidae) 1NadaLd3un19d9aan

10, 11 12

Figure 2. PCR results using the cox? (LCO1490/HCO2198) universal primer pair

Lane 1 = B. carambolae Lane 2 = B. dorsalis Lane 3 = B. latifrons

Lane 4 = B. umbrosa Lane 5 = B. correcta Lane 6 = D. longicornis

Table 1.

Lane 7 = Z. apicalis
Lane 10 = Z. tau

Lane 8 = Z. caudatus
Lane 11 = Negative (ddH20)

of fruit flies in Thailand used in this study

Lane 9 = Z. cilifera

Lane 12 = Positive (Z. cucurbitae)

Collection details (scientific name, accession number, number of specimens and voucher specimen)

Scientific name

Accession number

No of specimens

Voucher specimen

1 Bactrocera carambolae MWO052780 - 84 10 EMBT.L(SEM) 1301 - 1320
MW093419 - 23

2 Bactrocera correcta MWO067300 - 09 10 EMBTO0601.L(SEM) - 0620

3 Bactrocera dorsalis MWO052785 - 89 10 EMBT0701.L(SEM) - 0720
MW093424 - 28

4 Bactrocera latifrons MW136282 - 93 12 EMBT0901.L(SEM) - 0920

5 Bactrocera umbrosa MW376156 - 73 14 EMBT1301 - EMBT1320

6 Dacus longicornis MW376179 - 83 5 EMBT0201 - EMBT0209

7 Zeugodacus apicalis MW376174 - 77, 5 EMBT.0401 - EMBT0410

8 Zeugodacus caudatus MW376156 - 73 14 EMBT1501 - EMBT1520

9 Zeugodacus cilifera MW376133 - 41 9 EMBT2001 - EMBT2020

10 Zeugodacus cucurbitae MWO045505 - 14 20 EMBT1601.L(SEM) - 1620
MWO052790 - 94

11 Zeugodacus tau MWO052795 - 99 10 EMBT1901.L(SEM) - 1920

MW093429 - 33
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499
B_apicalis (478)
B_apicalis_1 (464)
B_apicalis_2 (463)
B celifera 1 (465)
B celifera 2 (466)
B celifera 5 (465)
B celifera 4 (466)
B cilifera JX266417 (498)
B_celifera 3 (466)
B_cilifera_l_other (471)
B_tau_l_other (457)
B_tau_JX266425 (498)
B tau JX266422 (498)
B_tau_JX266423 (498)
B tau JX266424 (498)
B tau other (466)
Z.cucurbitae JX266419 (498)

TTATTTGTETGAGCCGTAGTT|
TTATTTGTET CCGTAGTT]
TTATTTGTET CCGTAGTT]
TTATTTGTETGAGCCGTEGT!
TTATTTGTETGAGCCGTEGT!
TTATTTGTETGAGCCGTEGT,

{ACGGCCCTACTTTTATT]
{IACGGCCCTACTTTTATT]
{ACTGCCCTCCTTTTATT!
{ACTGCCCTCCTTTTATT
IACTGCCCTCCTTTTATT]
IACTGCCCTCCTTTTATT]
IACTGCCCTCCTTTTATT]

{ACTGCCCTCCTTTTATT]

{ACTGCCCTCCTTTTATT]

ACHGCHCTTCITTTABTTC

TTTACTT

ACGGCCCTICTTTTATT

TTATTTGTETGAGCCGTEGT,

TTATTTGTETGAGCCGTEGT,
TTATTTGTET CCGTEGT]
TTATTTGTETGAGCCGTEGT
TTATTCGTITGAGCTGTAGT.

RSN NENERERENENENERE]

TTATTCGT TTTACTT

TTATTEGT Zcu-F1 TTT

TTATTCGT TTTA

TTATTEGTETGAGCTGT GTIITI;CIGCICTTCTTTTA

TTATTCGTTTGAGCTGTAGTATTGACAGCTCTTCTTTTA

000000000000 QQ0Q00Q00Q0QQQQ0Q9QQ9

Z.cucurbitae THO0520A (477) TTATTCGTETGAGCTGTAGTATTGACAGCHCTTCTTTTAI
Z.cucurbitae_Jx266420 (498) TTATTEGTETGAGCTGTAGTATTGACAGCECTTCTTTT
Z.cucurbitae JX266421 (498) TTATTEGTETGAGCTGTAGTARTGACAGCECTTCTTTT
Z.cucurbitae TH0101 (477) TTATTEGT mluuuu-\GT 'TGACAGCECTTCTTTT
Z.cucurbitae THO0519 (477) TTATTEGT GCTGTAGTATTGACAGCECTTCTTTT.
Z.cucurbitae TH2410 (477) TTATTEGTETGAGCTGTAGTATTGACAGCECTTCTTTT
Z.cucurbitae TH2411 (477) TTRTTRGTRTGRGCTGT GTATTGACAGCECTTCTTTTA
Z.cucurbitae TH0102 (477) TTATTEGTETGAGCTGTAGTARTGACAGCECTTCTTTT
7.cucurbitae TH0103 (477) CETTATTEGTETGAGCTGTAGTATTGACAGCICTTCITTT
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Figure 3. Alignment of the nucleotide sequence regions of cox? gene on fruit flies. Consensus sequences

were used to design broad - spectrum primers for Zeugodacus cucurbitae. Nucleotide sequences of

ZcuF1 and ZcuR1 primers are highlighted

Table 2. Nucleotide of sequences and properties of broad - spectrum primer set used in Zeugodacus

cucurbitae screening in this study primer (primer name, sequences, position, no. of base pair,

temperature (Tm), % GC and size of PCR product)

No. of
Sequences Position m
base pair

Primer name

% Size of PCR

GC product

Zcu-F1 (Forward) TGAGCTGTAGTATTGACAGCTCTTC 518-542 25 53

Zcu-R1 (Reverse)  AGCCGGGTCGAAGAAAGAGGTG 580 - 601 22 60

48 83

59 83

296



NMsNAUINSINASANANAUNIZAINEY Cytochrome Oxidase | LiNans2a3dafe

WNRIIUUAS Zeugodacus cucurbitae (Coquillett) (Diptera: Tephritidae) 1NadaLd3un19d9aan

Table 3. Nucleotide sequence analysis of the 83 bp DNA fragments from 20 melon fly samples amplified by

species-specific primers compared with the GenBank database

Melon fly with Voucher Samples with %
No. Primer

Acc. no. in GenBank specimens Acc. No |dentity
1 MW363765 EMBT(SS)1601 Zcu - F1 KY615958.1 100 %
2 MW363766 EMBT(SS)1602 Zcu-R1 MF095182.1 100 %
3 MW363767 EMBT(SS)1603 Zcu - F1 MF095183.1 100 %
4 MW363768 EMBT(SS)1604 Zcu - R1 MG384735.1 99 %
5 MW363769 EMBT(SS)1605 Zcu - F1 MH667305.1 100 %
6 MW363770 EMBT(SS)1606 Zcu - R1 MH751503.1 100 %
7 MW363771 EMBT(SS)1607 Zcu - F1 MK296116.1 100 %
8 MW363772 EMBT(SS)1608 Zcu-R1 MNO016981.1 100 %
9 MW363773 EMBT(SS)1609 Zcu - F1 MN256073.1 100 %
10 MW363774 EMBT(SS)1610 Zcu - R1 MN256082.1 100 %
11 MW363775 EMBT(SS)1611 Zcu - F1 MN256083.1 100 %
12 MW363776 EMBT(SS)1612 Zcu - R1 MN256084.1 100 %
13 MW363777 EMBT(SS)1613 Zcu - F1 MN256090.1 100 %
14 MW363778 EMBT(SS)1614 Zcu-R1 MN256092.1 100 %
15 MW363779 EMBT(SS)1615 Zcu - F1 MN256098.1 100 %
16 MW363780 EMBT(SS)1616 Zcu - R1 MN256101.1 100 %
17 MW363781 EMBT(SS)1617 Zcu - F1 MN256102.1 100 %
18 MW363765 EMBT(SS)1618 Zcu - R1 MN256103.1 100 %
19 MW363766 EMBT(SS)1619 Zcu - F1 MT474907 .1 100 %
20 MW363767 EMBT(SS)1620 Zcu-R1 MT474908.1 100 %

4.1 nsnegaulss@nanmnaaslnsiuas
A AMUINIZADUNAISTULAS Z cucurbitae AL
wnaedunaliaingu

nmmagey nsefiumesnaunasiuna s
11 98m 1é A Bactrocera carambolae, B. correcta,
B. dorsalis, B. latifrons, B. umbrosa, D. longicornis,
Z. apicalis, Z. caudatus, Z. cilifera, Z. cucurbitae
ua Z. tau wudn \ievinfsen POR Aauelnsies
FRONULY LAZAIAFIATZHIUNATBINA RS DL
fFenfidunmzildanglnswes nuwnud e
210 83 AL fiANzReINaTULA Z. cucurbitae
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I |

egg larva pupa adult

Figure 4. Specificity testing of the Zcu-F/Zcu-R Zeugodacus cucurbitae-specific primer pair

Lane 1 = B. carambolae
Lane 5 = B. correcta

Lane 9 = Z. cilifera

Lane 2 = B. dorsalis
Lane 6 = D. longicornis Lane 7 = Z. apicalis

Lane 10 = Z. tau

Lane 3 = B. latifrons Lane 4 = B. umbrosa
Lane 8 = Z. caudatus

Lane 11-14 = Z. cucurbitae

Lane 15=Negative (ddH,0) Lane 16 = Positive (Z. cucurbitae)
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Faae19 990t UAUIY 300 A8EN LATATIAEaL
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NARS AT AT IE A NN i NS S L
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Aaat1MUNAITULAY Z cucurbitae A1n 6 RANA
ga4lne laun n1ald nnAnans nArzduasan
AARrdueeniaaaile nnawile waznim
ASTURAN NINIINARBLALAIDL INUNAITULAN Z.
cucurbitae HRN1AAL 50 A28 399 A 300
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ua i Aeenisdeeenlduadasnalsvimna a1y
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S uIBIUIALTZNI 83 fiud AINFaat 19UuaY
Anunsduilenludatdnenandeanisdanan’tl
UszmASINgE WazdInmasuaus (Figure 7) UAZ
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fivansAnenldenn wezlduasfavueutes
puaedunaldful dAnenradiand sfunan
(Boontop et al., 2020) ﬁq&u Tuni1smsaantiage
Angiafinuluntsdseanuienndadu nind
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srazinantszanns 11haw Fafusse
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Favueuite WALl usad usedufudeide
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Figure 5. DNA from all stages of Zeugodacus cucurbitae (eggs, larvae, pupae and adults) was amplified using

the Z. cucurbitae -specific primer pair Zcu - F1 and Zcu - R1. Negative control is ddH,O. Positive

control sample is Z. cucurbitae
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Figure 6. DNA of Zeugodacus cucurbitae from six Thai biogeographical regions (North, Central, South, West,
Northeast and East) was amplified using the Z. cucurbitae -specific primer pair Zcu-F1 and Zcu-R1.

Negative control is ddH,O. Positive control sample is Z. cucurbitae

Table 4. Detection of Zeugodacus cucurbitae intercepted using species-specific primer (ZcuF1 - ZcuR1). The
details of intercepted fruits, scientific name, destination country, number of samples, results and

scientific name of fruit fly were intercepted at plant quarantine, Suvarnabhumi Airport, Bangkok,

Thailand
Intercepted Destination No. of Scientific name
Scientific name Results
fruits country samples of fruit fly
1. Rose apple Syzygium samarangense (Blume) England 10 - B. correcta
2. Yardlongbean  Vigna unguiculata L. England 10 + Z. cucurbitae
3. Burmese grape  Baccaurea ramiflora Lour. Spain 10 - B. carambolae
4. Custard apple Annona reticulata L. China 10 - B. dorsalis
5. Mango Mangifera indica L. Switzerland 10 - B. correcta
6. Lychee Litchi chinensis Sonn. Switzerland 10 - B. dorsalis
7. Custard apple Annona reticulata L. Denmark 10 - B. dorsalis
8. Yard long bean Vigna unguiculata L. Switzerland 10 + Z. cucurbitae
Total 80
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Figure 7. DNA from unknown larvae species was amplified using the Zeugodacus cucurbitae - specific

primer pair Zcu - F1 and Zcu - R1

Lanes 1 - 8: Intercepted fruit fly larvae  Lane 9: Negative ddH,0 Lane 10: Positive (Z. cucurbitae)
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Broad-spectrum Antimicrobial Compounds from Streptomyces coerulescens NN91
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Abstract: This research aims to investigate the compounds from Streptomyces coerulescens isolate NN91
which showed the good activity against Candida albicans, Micrococcus luteus, and Staphylococcus aureus.
The cultivation of this strain in ISP2 in shake flask at room temperature (28 OC) showed the bioactive compound
activity at the maximum value at day 7 against test organisms and exhibited thermal stabilities at 100 C for
15 minutes. Following supernatant extraction, crude extract showed a minimal inhibitory concentration
(MIC) with M. luteus and S. aureus by 0.039 and 0.009 ug/ml, respectively. Molecular identification by
sequencing of 16S rRNA gene revealed that the actinomycete isolate NN91 was similarity to S. coerulescens
(AB184122) with 98.9 %. This result can be applied for drug development and broad - spectrum susceptible
treatment in near future.

Keywords: Streptomyces coerulescens, bioactive compound, MIC
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UNAREa: muﬁﬁa‘lum%@ﬁmﬁnmmﬁmﬁmiﬁmmmmmuﬁﬂ%w laldian NN91 %ﬁwufiﬁﬁmmmmm
1%ﬂ’1ﬁ‘£|‘UFJx1 Candida albicans, Micrococcus luteus LL@“’ Staphylococcus aureus 165 'ﬂ’mma‘L‘W’] LmNLﬂJ@
laTian i a1 unsma91ia ISP2 uas ummuwmmmuﬂuum (28 C)wum Lmﬂmmmwmﬂqmﬁ
qumwawm@umwmmu"lmgmmlmuw YTmﬁmi@ﬂnqmmqmmme HAINAINUG Y AN
100 °C iflwinan 15 unft gsafAnEILAINLA e sTIAT AN minimal inhibitory concentration (MIC) 58
M. luteus WAZ S. aureus 7 0.039 ua¥ 0.009 ulAsnFuAaaRAAT ANANAU N1TANHIAIAUILATD
£l 16S rRNA 109u0AR TusTadn Talmian NNOT wudn AanuAd eARiy S, coerulescens (AB184122) #
98.9% gnsfinanannlelsian NN91 annntsineianunsnsin T4y sl allunae o un e 1uie
maﬁmmsﬁmL%'”@Lmuumrm@ju”WLu@mm

AMRATY: Streptomyces coerulescens ANIRENOYENINTININ MIC

uUNU FoulsnldadailscAnEnan ndeannus
nsfunuedjTouzafinlug p naunn

waad e @nduuuai GﬂLLﬂiNUQﬂ‘ﬁlﬁ neomycin, cypemycin, grisemycin, bottromycins
anmuznITasywuUIduane (flamentous bacteria) LA e chloramphenicol Falefnatsuns uau
anunsanyldillusssumnd gu uauh snils wudn 203 vas8nUFFauzanassnanifildnag
Tugn versnfiinnsnindesves@uyEeanssing l AsunneIdildunann Streptomycetes umAN
(Niyomvong et al,, 2012) wa AR Iusdadnd unuin (Olano et al, 2009) uazandaya1es Antibiotic
drAtysieszuuiinalugusitesaaiadunsaans Literature Database (ABL) i’]ﬂ\i’]u'j’]’s’\i’]ﬁ"ﬂ'ﬂﬂﬂwé
aednafimnuansolunistiesganensdilsznay mﬁqmwﬁ'm%’qq‘ﬁmmauﬁﬂ‘%ﬁumndq 23,000

1998 un3edng 1y waglaa wiawiimaglaalu 1iin lduranueniludw@nluana Streptomyces
W 1wy naanniseeein AU 4199 M NN Wadu faat19a19UfTous mﬂumqmmﬂ,mmn

deflunandaszuuinAINE1199AY (Alexander, ana Streptomyces lun &1 chioramphenicol W@ #

1977) e Streptomyces venezuelae 11 aureomycin LAY
UANANUNUINTBIE e aeda 188 unIe tetracycline Wan1late Streptomyces aureofacien 811

ans uaAn luedndelunundAn luudaas neomycin Wanlne Streptomyces fradiae WAL 81

mwamma‘ﬂﬁ%quzﬁl"ﬁ’mqmsl,l,wmf U NG kanamycin W& 7 1A &l Streptomyces kanamyceticus

streptomycetes, actinoplanete L8 £ nocardioform s (Lazzarini et al., 2000)

(Okami and Hotta, 1988) Tnenanizana Streptomyces é’qrﬂ wignanenang M lddn1sAneuay

U AUNUINEATY NN ATNITN RAIUNTIN wmm‘uq‘vfﬁ‘ﬂqiﬁu{?\iqauw‘%‘ﬁﬁﬂim Wewinlania
waznisunneiiuag19un Inesendaenisiagny lun9AunY Streptomyces Aaruns0nanans
Wnaieansmani (secondary metabolites) fidu wmmuwuimqmwumﬂmw m@mfmmmu
msﬂﬁ%qu:muﬁqmuiﬁnﬁﬁm eeniiueniaas 1A lua wmwmﬁ?@@ﬂqmqumwwu

na8Tne (Maleki et al., 2013) a1 lfiAan131in 1 192RNBNINNINNINAN LW@miﬂﬂimnmﬁLﬂuLm
Y2 Tt N19N1TWN N B 1IN TN AL B9 b5 NNTWANE LA mwmnimm’fﬂiﬂ
1 A 1943 Vleﬁﬁu‘W‘l_lilﬁﬂgﬂ]qu streptomycin ma‘ﬂﬂmqmmmmmmmummm

ann Streptomyces griseus 1’] N an ﬁsluﬂ’]ﬁ‘ﬂ STEIN Streptomyces ‘1/]1@ ?Uﬂ’l’]ﬂuﬂﬂ’)ﬁﬂuﬂﬂ@ﬂ’]ﬁ‘@ﬂm
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=

(extraction) Taid um AR AN IE lun1suana1swa Y

Lﬁmmmﬂ’mimmmﬁmﬁmeﬁ LA HARNA DT

‘luumwmwmulm Funila Inefinialiufasia
AraNERMuNzaNaslUNARA TR Faenisata
Teamaaaasaioilonaniuarnanaifuans
ATANENAN LN TY (immiscible) @M UNA ILiL
ﬁ@qmmﬁmﬁ'mmﬂlewLgﬂwﬂm‘@mmwLﬁmj

Favinazanan 4 aunseisnszuaunisuanany sl

auldansidaanislutsuiundudusinnenan

agiuAnazae At liidudusiaenisssine
N o o Y o o

winunlndusellawldadnaisaiauauann

a o a d‘ 1 d‘ 1 a I3
waaR wdeanneg lugnwnivandanisiimazy

ixﬁmmﬂqw“ﬁrmﬁqmwiuﬁzgm %Q@’mi"]ﬂ\‘i’]u‘ﬁl
HauNanudInisananaelaaenaalaansada
Mmmﬁlmmmﬂ“u&wﬁuw?m’ﬁaimﬁLﬂuLmiu
UINBAZLNTNAIU mu%ﬁ@m’ﬁ@‘imiﬁummﬁm
i ansd fiauziildainansaianaauann
Actinomadura sp. A181WUg MJ502-77F8 & qw%ﬁlu
RELET 5 d Klebsialla pneumoniae, Micrococcus
luteus Escherichia coli, Pseudomonas aeruginosa,
Proteus vulgaris W& ¢ Salmonella typhymurium
(Sasaki et al., 1997) @419&NAVEINLAN Nocardiopsis
dassonvillei #7419 0 87U ;T\mwm?m;lmm Bacillus
subtilis 18 ® (Schumacher et al., 2001) ¥3BANIAT A

WHNLAN Streptosporangium @1&1RUE Sg 10 Hgnd

lunnssu €49 AuNIMAdaLAa Micrococcus luteus
WAL Mucor ramannianus \ W6 1 (Boudjella et al.,
2006)
oo > 3 a e o

uddnluniell Yameseuueni luldeudn
lalgian NNO1 Admnenlganfua lulssmealng
W uIAn®IN19ean B AUNTENAGa L
léun Escherichia coli ATCC 8739, Staphylococcus
aureus ATCC 25923 Lay Micrococcus luteus TISTR
884 Az AR MR8 Aa Candida albicans BCC
5390 wavia 4 lueI N7 a0 ISP2 LN e AN®A

Ay = = ool A

izﬂmmwmwmmfaﬂqwﬁqumwim ANgn
FINTIIAIMNASAIADAIINFRY WAZUIAT minimal
inhibitory concentration (MIC) a1n@1347 Ave 1L
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AR 290AIANHIRF UL AUDIT Y 16S rRNA LD

o o

panaiavadlalmansanang
4 a
aUnsaluazisnsg

msvnmauﬂex%m%mwmeé’ué”'ﬁﬁuw?szmau
apslalban NN91 naeRs agar - streak tests
Toloia9 NN9T AALenannauanly
ANUTAUATAITIA (15°56'14.8"N 99° 52 39. O"E)
A2e81119 starch casein agar u’uﬂ]’ﬂ‘i_lﬁ‘@‘ﬂﬁ
Wusnenliluaisazatandmasean 20 % wiuds
flgnuund -80°Caundnazlderu nrmmasay
132ANTNINA28AT agar- streak tests yinlneide
weARludednuuainisuds ISP2 ann (streak)
Wuwualdfiaarundne 0.63 ludms 112 7.5
IUR AT ﬁuﬁqmuqﬁﬁm 7 U neudnqaungel
nAdayu Aa E. coli ATCC 8739, Staphylococcus
aureus ATCC 25923, M. luteus TISTR 884 way
C. albicans BCC 5390 ann 1l ma1undng 0.63
HURLNAT ‘vmm 90 mﬂ’muumuﬂﬂmiumw
P39anan U andsainnisty 24 $aluq 7
founNNH 28 CIﬁﬂ@UiLQMHUEGWLﬂm‘IJui‘ZWJ’]\‘i
setdnTeduenh lulednuazqaunitnaany
(Lyons and Pridham, 1971) 1141191 3 51 1Tuitn
srarnnsfufauaz N AN AR

ﬁnmmm?mmmmaﬁuamﬁmmmanqwéma
Famwaadlaldian NN91 luanmsivad
Aesuaniluiadn Taloian NNOT g
81117 ISP3 1 uinan 7 3u lnegnadadaslu 1/4
ringer solution WuAa1UaUALaTAME hemacytometer
AeanslifisuouatesBFudumingy 10 adesse
Taaans BNAUATUIIUAREATUIN 1 HARART
(2 %) a9lua11191a9 ISP2 UTu1m3 50 Naaamg
Turangtaunauin 250 HaaaRN3 Uuvuueiedien
fiAanaiSasat 220 saudaund (rom) ﬁqm‘mﬁ
984 (30 C) wluaan 24 Falua el gy
(seed inoculum) drawadeduins 19aaans



M5@19NRAT 37(3): 305 - 315 (2564)

adlurangdanyaunm 250 Nafans fiflamns
wias ISP2 U3ums 50 Aadans nlitinuuweies
weinfiAanafasey 220 sausaund ‘ﬁqmuqﬁﬁm
msmdnuaduieluiui 1,2, 3,4,5,7,9, 11 uaz
13 284N19LIN Tmaﬂuuﬁmﬁqmmﬁﬁm fiAnnaga

981 5,000 72 UMW 1WA 30 BT wenEas

. e %L L4 % g
B8N ANTARHIHUNNAUBALT UM BTN AN
G ﬁwﬁm‘ﬁﬂmmﬂmau%muﬂﬁ 100 ‘C vl
L'Jm 2 fau mumumm\i (Sengupta et al., 2015)
B A S § 209 uA A T UNN AR LN TS LS
a@umﬂwmfau‘imm@ﬂmumwLaﬂmmmu‘l,u
811171 a9 NB (nutrient broth) 2148 & 613 2191
AINITLNA2 YM (yeast malt extract broth) L s Ly U
4 - L .

wenguuives iluan 24 49lue iy
AYTHNAUILUUTBLTAN LAENITTAAITNY U
(turbidimetric method) Aa8LATE spectrophotometer
Wi A1 OD. Windu 025 Aaan1sdAnIsnANaY
LAINAYINEI9AAY 600 B TuLNA T AN ld
o a o v 'ﬂy 1 &
dranutlanaldlaenimequitaduacuaesy
qaunsemaaaulaAududundsuldls inas
Wit ani1e1u1sude NA u3a YM asiane
AT paper disc mmmﬁumuﬁuﬂﬂmq 0.6
IURLNAT wuﬂmmmﬂwm@LL@ﬂmiuuﬂ@wﬂ?mm
10 luTATAMT 511 391 219aLURanEN01MNT
W ldungounnd 30 C ilunan 24 4alue dnidu
HugueinaeLBaduasii AT uNe U AT A

AndgIUNINENAILNIBIANTTAL

MAziaasneni i@ laloian NNOt
adu1e1117 1ISP2 iuan 79U anannlaladl
LURAMTNATUeMN A e WA ABIAANHIUTTBY
Wulswazadefdqundesqanssmiuuulduas
(light microscope) N&4U81el 500 i1 (500 X) e
deemaagnaainanumnzingnas lneldnnliidule
wavatlefueauand uladn@auiaainninmiay
alast
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msﬁnmmwmﬁ'fammmsa@nqwéwﬁﬁqnﬁwiu
dniasamasaadlaldan NNOt

YvnAemasTALWTR 1,2, 3,4, 5,7, 9,
11 U8 13 18901 st nnuLa g2l i alugnarin
ARLANAINYN 100 C 1luaan 15 w1dl JAsnei
mmmmmmmama’lummmwmmmuquu
mmL@mLemmmqu‘wmmmmwmmﬂnqm
mwamwimmmm arnnimasedluded 7 un
iinszezioanlunsmage AL AR AN
7 100°C Tneifinnannistiunana iy 30, 45,
60, 75, 90, 105 UA 120 U7 B1UNIA BT ATTIHAY
nstaufaiiinansiig y lnageududoniiaiy
29 AUNTEN AL REL LTI AR e T UTY
dudanisainyresqauridneagey vamileuiy
487 2 (NIANEIN9AT TR UTAE UAZHARANST
@@ﬂqm%rmﬁqmw)

NNSLASANFITRNARLILUARLNITUIAT minimum
inhibitory concentratlon (MIC)

LR Lm f fﬂ <1 5 14 (seed inoculum) 2 8 <
laTgiam NNO1 dneia i@ 01/Funms 1 Hadans avly
A1U7LUA9 ISP2 UTN1m9 50 ﬁaaﬁm'ﬁ'mmmﬂu
mmﬂmuwmmm 250 mmm L@m‘lumimmm
mumwmummmunw 220 79UFABUNT m@mmu
30°C iflunan 7 51 TumdssLaneagenn
UNNEN AR BTN ARST AN TUERINEI 1 1 118N
W Awdwnan 2 - 3u# Idnsauen (separatory
funnel) Wi LA Ue A e =T AN ULAQN supernatant
wnafntdatiafiaosdmnludadou 1: 110
AUl fiaasd AN KanuANTINAY T8N
L@ﬁ@m%mm@nﬁ’wLm?\lmnmmﬁmﬂ;ﬂmmﬁl
UL 40 'C AUnNA ihansartaveuild avans
15 DMSO finududy 10 fadnsusefiadans
YAU1A1 MIC #2825 macrodilution (Siddiqi et al.,
1993) 133 n19F9li A TN MADABINNT NB
130107 0.5 HARAMT AT1UIU 15 UADA ANATANA
PEU 0.5 HARART (BRT149% 1:1) adbunaanwsn
pan T iusae vortex mixermn&u@mmmau
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a dl v v o
ANNAB AN Nadlunaann 2 nanldidiw
o A 1 = o d’l dl X2
n1siReataduiR aaiuiilunaenin 309 1590
a1sazanglunaengnying Usuimns 0.5 Nadans
el U1 autopipette AN LTARLUIUADL WL AT L3l
nagau (Mealuanniswman NB lunan 24 4qlua

. o 4

wardfuAa N uN A NE19IARY 600 U1 TUINAT
W lawindy 025) Usuams 050 aaans avlu
PARANAADINT 15 NaaA N1 IHAINNITNT YD
@13ATANENUNARAN 109 10 Aa 5, 2.5, 1.25, 0.625,
0.312, 0.156, 0.078, 0.039, 0.019 La¥ 0.009 NAANTN
fadanans A Na1AU TnalganauANN Y
NABANANANITAA AN L (positive control) Wa ¥
ldiRnansaiavany (negative control) Uil uiian
24 SN ﬁfamunﬁ 28 'C MTIA@8LUNITIAITY 1A
m@ TnemsaagauAIIug Y (turbidity) 78 9M1 A8 A
wmLﬂwmmum@mmumwmmm@m Tnelu
m@mwwumwm (Figure 1) ﬂ’ﬂﬂﬁi‘ﬂ\iﬁﬂ’]ilﬂify
1999aunsENaaay lnaadnududunesaisides
4 doa e . o nya
nanluvaannqaunztmaasuliainisaasyls Ae
A1 MIC Hufinuanisdudaqaunsdnaasy tng
AunsuALLT N ansanan ey luvaeniii 7

N19ALATIEURIALLLAURIEY 16S rRNA
anAABUIeTaILaAR lu adn
A1NAB U0 Kieser ef al. (2000) Wi N TN 0L E U
uTiane 16S rRNA lnald Insiwas 27F (5'-
AGAGTTTGATCMTGGCTCAG-3, M = C:A) Ilay

Iwsinas 1525R (5’AAGGAGGTGWTCCARCC- ‘3,
W =AT uar R=AG) (Lane, 1991) ot PCR (Gene
Amp” PCR System 9700) NIuamnAus PCR 14
mamﬁm”mmmuma Bndnsuianalelnsdld
TuFaumeuiugiudesyares Genbank EMBL/
DDBJ Taeld BLASTN program ke e alignment
software (CLUSTAL W program package)

NANI52AE

ﬂi:aw“ﬁnqwn'\ié’l’u&qg?\uw?ﬁwmaaumm
laldian NN91 masids agar - streak tests

lolg1an NNOT a¥rasvasdudane
S. aureus ATCC 25923 ua e M. luteus TISTR 884
IAu1nn9n 50 fadlums @au C. albicans BCC 5390
flszardudan 36 Tadumns uslinunisdudase
E. coli ATCC 8739 Lua1m19lds

msm?cymmLmaﬁuazmswﬁmmsaanqw‘éma
Fanwaaslaldian NN91 luaimisiuan

wugn lelaian NN91 Buiinasiaseylu
81N IMAITENINTUT 2 AeTud 3 Tudastlane
m@wzmﬁ%ﬁmm’émLﬁ'ufmﬁnuﬁamnﬁ”u e
nstusfudgiud 4 fesufl 5 wudn Snnsiasey
909110 ADE19390159 AT adazell
wasuwlasnndnaufesuil 5 uazsud 7 udiile
ARETEELT Auludud 8 Usunnugadaz 3uanas

Figure 1. Example of minimum inhibitory concentration (MIC) assay of actinomycetes isolate NN91 against
Micrococcus luteus, tube No. 9 and 10 showed the growth of microbial test while tube No. 8 showed

the minimum inhibitory concentration
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£
o

athasialites Weihidsusagumageunisdud
5ie E. coli Wu3n BaAsmadlugas 3 - 13 Su il
UBnduddbitnnsatuegneiita g Ayneada
LLIE]ILL[imﬁﬁﬂ@ﬂﬁﬂﬁﬂﬂﬁﬁﬁmm%@aaﬁuiﬁLgﬂ\iLsn@@r
71 uaz 2 $u daunnsmageuniseiusse S. aureus
wum NN mmmmsmmmm"‘lmmmumm
ﬂumLermmwﬂu@mwuﬂmﬂmmmam Thetin
mmwmmn 1194 mmmmum"[mmnmm mu
nsffudasia M. luteus Wudn mimﬂumw
FTETIAN 5, 7 AT 13 ’Lwammummnmﬁm R
umnsneiuat el d1Aynieaifnuszazioan
N3RETaRaY | daunnsffuds C. albicans
WUFY N1SRETAETsE T80 7 Uz 11 THHa
msﬂ”u&qmﬂﬁzm Seunnsraiuatnefitodifoy
PNAARILIZEZIaN NN R ETAFAY ° (Table 1)

mwmﬁ’wmm'smnqw“ﬁ{mﬁqmw’luﬁméﬂq
viaauadlalbian NN91

dagamagaecuend luiadnleloian
NNOT S A9 uAssa i atiud 100 C ifluiaan 15

unit wednddsagadildandud 7 dadu
d“u‘ﬁ'wumsﬁu&qqmmiuﬁum?ﬁmmmunﬂmﬂm
ufiaa1nistin uiaan 30, 45, 60, 75, 90, 105
uaz 120wl wudn definsrazinanlunisty
mwni’wwmﬁmmﬁu&nﬁuw?ﬂ‘wM@‘u‘um
ddagatad Tuualdufianag (Table 2) Ta e
wugn pamaRaTnlunstudliuang1sediedl
ﬂ’mi"]ﬁ“mmmﬁﬁﬁ"uﬁuﬁymwm@‘muaﬂunﬂ
denaday

Augruinenaaslalaan NN91
nFanzinecuend ludedn leloan
NN91 a9Uua1n19 ISP2 1l Wi 7 91 wuan
dugiudneinisiaiy uuioe1nns ISP2 §
Tnlaidanandnsqautds wazidensagainndas
qangeAduuLEuae8IuAT NNA9TENE 500 L0
wudn Hgdsvadesaiinin@ns (spiral) A9LARS
Tu FigureZ?ﬁI\‘iL‘]ju@Vﬂ‘]:fmxL’aW’WﬂJ’a\iﬂﬂq@

Streptomyces

Table 1. Cell dry weight and antimicrobial activity of supernatant from actinomycetes isolate NN91

Inhibition zone diameter (mm)

Time (day) Cell dry weight (g)

E. coli S. aureus M. luteus C. albicans
1 0.033 +0.015 0.00 + 0.00° 1.66 +0.01' 0.00 + 0.00" 0.00 + 0.00'
2 0.039+0.010 4.66 +0.03° 3.67 +0.07° 3.33 +0.03° 0.00 + 0.00
3 0.042 +0.010 5.32 +0.02° 4.07 +0.12° 4.66 +0.01° 2.66 +0.01°
4 0.052 + 0.007 5.33 +0.02° 4.07 +0.06° 5.33+0.01° 3.65+0.01°
5 0.079 +0.002 5.33 + 0.08° 6.32 + 0.02° 9.66 +0.01°  4.66 + 0.02°
7 0.081+0.002 5.33 +0.01° 8.00+0.10°  9.66 £ 0.00° 533 +0.01°
9 0.067 + 0.002 5.29 + 0.08" 8.03+0.15° 9.34+0.01°  5.03+0.06"
11 0.054 +0.008 5.30 + 0.05° 8.33+0.01°  9.33+0.01°  5.33 £ 0.00°
13 0.040 + 0.004 5.30 + 0.06° 8.00+0.10°  9.66 +0.01°  5.00+0.10°

Mean + SE within the same column follow by different letters showed significantly different at p < 0.05 by Duncan’s multiple range test
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Table 2. Antimicrobial activity of actinomycetes isolate NN91 supernatant (7 - day cultivation) after boiling at

100 'C

Inhibition zone diameter by three replica (mm)

Boiling time (min)

E. coli S. aureus M. luteus C. albicans

0 5.33 + 0.01° 8.33 + 0.06° 9.66 + 0.01° 5.32 + 0.02°

15 5.33 + 0.01° 8.33 +0.01° 9.66 + 0.10° 5.33 + 0.01°
30 0.00 + 0.00° 5.50 + 0.10° 5.63 + 0.25° 3.00 + 0.00°
45 0.00 + 0.00° 5.80 + 0.10° 4.50 +0.20% 253 +0.15°
60 0.00 + 0.00° 5.13 + 0.06° 4.63 +0.06° 2.60 +0.00°
70 0.00 + 0.00° 4.33+0.15 4.60 + 0.00° 0.00 + 0.00°
90 0.00 + 0.00° 453 +0.25 4.30 + 0.10° 0.00 + 0.00°
105 0.00 + 0.00° 4.30+0.10° 4.53 +0.06° 0.00 + 0.00°
120 0.00 + 0.00° 3.60 + 0.20° 4.53 +0.06° 0.00 + 0.00°

Mean + SE within the same column follow by different letters showed significantly different at p < 0.05 by Duncan’s multiple range test

Figure 2. Morphology of Isolate Streptomyces coerulescens NN91

A) colony on ISP2, 7 days (scale bar 1 mm)

A1 minimum inhibitory concentration WAIRITANA
nenuuannlusadnlaldian NNO1

Na1e9N13 I aNatAneIUAIN N Nd W
10 Aadnfusaladans wuan §A1 MIC Aanisiasty
289 M. luteus Winriu 0.039 lulmsnsusefanans
dauAnpududuRiangaiianansnduds S. aureus
A 0.009 lulmsnsumelafans
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B) aerial mycelia (scale bar 10 um)

N9AATITURALILURTRSEY 16S rRNA

AINNI1TALAINEHANA U LU AR T U
16S rRNA L9894 (partial sequence) A1149U 720 A
wa (bp) Wuan lalaan NN9T HAqnuAd1eARa
AU Streptomyces coerulescens NBRC 12758'
(AB184122) 71 98.9% a4l3 097 Streptomyces
coerulescens lalman NN91
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q150d

laldian NN91 au130FA 1UNNTIA3 Y 289
C. albicans BCC 5390, M. luteus TISTR 884 way
S. aureus ATCC 25923 f4a 1 sudauazluenmns
a1 LANLNN U s £, coll ATCC 8739 11
ANMNINALYINETL 81T NI E AL AN AN 8
NM31R 8l IIFAILLL NSLAENLUENMNTMAT
ffemsnislfeinidag19as1ane anasinle
S. coerulescens lalmian NN91 g39anstneTiin 7ls
NAReanuIE oldaUueaM s IR Ea Ty
'f?f%u“ﬂﬁ'm‘quuw”Lc-ﬁ”anmqudf]miﬂﬁ%fmzLmu‘llﬂﬁa%u
(vancomycin) gﬂ@%’ﬂ@’]ﬂ Amycolatopsis orientalis
TuaniarlieniAmintu feiy eandaudady
ﬂwﬁ“ﬂuﬁqﬁ'ﬁm@ﬁiﬂﬂﬁam§nqaﬁi@@nqm'§@nﬂ
waAR luTa@n (Clark et al., 1995) Tl afiansun
nstasty luavsmannialdanasiu g wien
S. coerulescens lalaian NN91 G:Nﬁﬂ’]i‘lﬂ?‘tyﬁ‘:ﬂd’m
Fudi 2 fafui 3 Tmﬂma?m?fmﬂnmL%@@’Lﬂuiﬂ@ﬂw
41 ] mam‘lumaﬂmwmiv "uumﬂmmmu
umummqmﬂ%u mamwummummuw 4 m
Fuit 5wudn AN191e3 Y 1R TaR 0819990157 ox

uN191a3 0y LU exponential AMNWWUN NN LTAR.

?QT@"L;JLﬂa‘ﬂuuﬂmmﬂﬁﬂwﬁﬁuﬁ 5 uazdu 7
sn\'u,‘flum\i stahonary phase Gﬁ\‘mmuqum@@mam
LAz m'w LLmeamsmim dnuludud 81unm
meimmmfamqmmum mfam‘l,umq decline
phase iHeannungaa i GunLnag :aNaans
Al 0@ R azaNaINNILIUNNTUUNLDAT o

TWfnasanisiasny andeyanudn Winineas

42 ¥ I ATV S

MNNIW AuRusAuuT o ugannd19tu atnals
iy fRadenudinsdudaaurismaaanluunaiy
FANANIW A ntuazanaaantiasluiusen wu
S. aureus WAz C. albican Tudui 11 viza M. luteus 1
. d 2 T
FuR 13 a1l UNT1LaN19eN19a 8T 8 luA ST
Wunislieanniadaaazasaewuulaidginenl
PALIANY DU mslmmmwmmmmLﬂ@ﬂuuﬂm
i LﬂuﬂmﬂmmWﬂmmiﬂwwmmm@nqm
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W21 AU AT LB E AN ITNTNATENT 1
#17870091 1 18alun A smad A1nisdue
Avhiguius i wingadmunnugesteauysal
Fafludefidednmnsielyl

Hefiunainisiy supernatant‘ﬁl 100 C
wuman 30, 45, 60, 75, 90, 105 Lae 120 WA WU
fleinsrazinanlunnsty Anunderendinn
fudaqaunitmageuaasinaagad Suualis
fianas anuai v 1nanalédn Aaumsiasie
qmuqﬁm@qmi@@ﬂqm“ﬁ(mﬁqmwsluﬁwL?i”ﬂwm@f
U849 S. coeru/escens lalgian NN91 rfi'amm%uﬁl
100 C v ummmmmmmmwm nawile
Wity nudn Aaanudend 100 C luszay 1281 15
w1 mmmmmwmmmmma@@ﬂqmmq
Fanmsanisdudeqaunianagaunnanaiugls
w il el nszezinanidu 30 unil azidugoy e
AnuaNTA lunsduds £ coli'ld dauanianfly
ﬂ’]iﬁu&dﬁi@ S. aureus, M. luteus Wax C. albicans
Guanasedradiulddadienarlunislinanuiou
fnwlel 70, 45 uaz 70 WA ANANF TedenAdes
FUATER duNa T seeudn arefiuqduried
Wu'lu streptomyces a1 A Wuanslungu
wulal 1w lnf i (chitinase) aiflultlsfud e
mmwiﬁtﬁﬂthumw%"au@;uﬂuaw:wmum
(Narayana and Vijayalakshmi, 2009)

ﬁ’]mwﬁuiu‘ﬁ'ﬁwqmﬁmmmﬁu&a
M. luteus 84N3MARBIASEH WL 0,039 TuTAsniu
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EIGER Streptomyces sp. AZ-NIOFD1 lua1unsinan
LATANTARIIAN ANLILAILFAVINAZANE WLLT AT
MIC 2298135518 M. luteus Ty 15.6 lalasniy
safiadans &l Aruinndnaadelunield vie
Fa981991143 989949 Selvin et al. (2004) lA AALen
Streptomyces sp. (BTL7) a1n m‘iﬂ‘w e (Dendrilla
nigra) amiuandesluemavaliesiagiseen
qwaﬁrmﬁfam‘w anmlagld hexane dichloromethane
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Abstract: This research aimed to 1) study the trainees' knowledge participating in cricket raising training, 2)
compare the trainees' knowledge of cricket raising before and after training, and 3) explore the problems
and suggestions from the trainees. Data were collected through questionnaires from a sample group of
70 participants in cricket culture training in March 2019 in Chiang Klang district, Nan province. The data
were analyzed using frequency, percentage, arithmetic mean, maximum, minimum, standard deviation,
and paired t-test. The study results showed that most of the trainees were female aged between 31-45
years old, with primary education. They were farmers, and most of them raised house cricket species. The
trainees had 10 crickets cultured ponds and 3 -5 years of experience in cricket raising. Most trainees
were trained in cricket raising the first time and received knowledge and support from the district
agricultural office. Hypothesis testing results showed that the trainees' knowledge level of cricket culture
after training was higher than before. After training, the overall score of trainees was significantly different
from before training at 0.05. The trainees' problems indicated that the trainees did not have the knowledge
and new techniques in cricket culture management, crickets had diseases and pests, cricket eggs did
not hatch, and crickets grew in different stages and became smaller which caused the reduction of the
number of crickets. Besides, there were increasing cricket feed costs and cricket price was controlled by
the middleman. Regarding suggestions, related agencies should support management and disease
prevention in cricket culture. Including a group being formed to provide inexpensive inputs to its members.

Cricket price insurance schemes should also be provided for the group members or trainees.

317
Copyright @ Journal of Agriculture, Faculty of Agriculture, Chiang Mai University. All rights reserved.



M5ATNEAT 37(3): 317 - 326 (2564)

Keywords: Crickets raising, farmers, training, technology transfer

ar 1 =2 a o :‘/ d’jd o (3 dl =2 ¥ Y Y o d’l a’l =
unmAmea: ﬂ’??ﬂﬂ‘]ﬂ’]')@ﬂﬁ?\?uNQWQﬂixﬂﬂﬁL‘W'ﬂ 1) ANBIAINHFUBIHITITUNITAUTNNITLALIIUTA 2)
X v

= = a = ' o Y Y o =
wWisumeuaauilunismizidedRanianaulazudanisausnaadgidaiuniseusn uay 3) Anw
Jeynuardeauaunzaasdidriunisausuniaaesaain ldasunisfiususudeyaainnguaaetng
mdufdnsuntsausunismnzidesdaialugdneidsanans Aaudn iy Alidnfunnsausnaiuam 70 e
Tutounauduian w.a. 2562 Inglduuuasuninlunisfiusumudeya Jnszidayanaaa1aaud
Afatay ANaAY ANg9qn ANA4A doudauuunnsg iy uarldaia paired t-test HANITANEY WLGN
Y Y o ] 1 a = ! = = o = = =
giisuntseusudaulunjduwmeang e Ho1gsendng 31 -45 T aunsdnesedudszondnmg da1dn
naneeg doulun iaeRanTnaneiugarhae Huemiziaesasian 10 de Hdszaunisalniawiziass
Aawia 3 -5 1 doulug) ldFuniseusunismiziassasiaduassusn ldfuaaufuasnisaiuayuann
A1INNWNEATEIND NANITNARBLANNFAFIU WU s2AUANNFIUNISNNZIAENRIMTANAINI PO U TN
gandnneauausn fidniunisausnldazuuumndIniseusnuAnFIIaINnaun seL Nt WHTEA1ATynIa
atian 0.05 tywreeidniunisausy wudn fidrfuntseusuaiamanuiuazmeaiindanisiud < luniedanis
E N -y A wd A we o X 4 s s oy

nMamnziaeNasse assadulsauasiAnguaeaiin ldaaaluiinda [ausaasoymuinlinfendy
wazHauIALeIa1Ananas T lWl3uiaesuananf laanad uanaInt S9N AUNBEINIITBIRINTA
H31AG9T KWAENITAINUILRINTAGNNATIANAINNBAIAUNAN daudaiauaunshandslindaaeun
Wnaadaadiuninisativayuinaaiunisdnnig uaznisfesiulsalunismnziaesasse sauneinngsu
nguiuiiedamifadenisu@nndsaignanuiiaunanidn wazatsiinnsdseiusasudeacaniinun
an@n/gidrfunnseusy

[J o e dy : = & 1 =
ANANATY: NITINICLAENANUTA LNBRATNT nsenausy nistnanasnalulag

¥

| =2 1 o 1 dl v
* dayaangnimiudeasiiannsainauedluaaae

AN $9A159 N3 LA e U N T wa1u19a 9

Wuwuanieiazdsaanilgyuinisanauaay

anntlyvrdszanslanniinduuas avslueuAnaziinluladnaae (Wongsir,
an1ozlanieu nudn Taquiuni1sa1aunay 1983)

= % 2 o o & = AN Yo a

avnsveslanduuaiduguusstu Adszans laqiiuaswzaduunasnlasuanuiion

Ne1AuAaBEINIINGY 850 A1UAY AN g9 ilesarnmiziaesladie liuandanuan &

aruqutdszainslaniavium 7,000 A 1UA U an31n199191149 LaTHAIAININEINNT49 LAY

(Suwannakoot, 2017) 84ANITRINITLALLN AT mmm‘ﬁhmLLﬂigﬂLﬂumamﬁmﬂﬁmwﬂizmw
wsdaudsza1a18 (Food and Agriculture (Jamjanya and Tavorn-anukulkit, 2005) %193 1szine
Organization of the United Nations %138 FAO) e fumizidesaaninegdszunns 20,000

AvdnaevunuduaIn unandueiuns  wisAnandnsandszunn 7,500 Ausiel s
Tan wWesannunasigniAInaelnguinisgs  §aAIN91 900 §14UN (Jamianya, 2012) ta e
19333 du anunsnrisuaziiiatuanls  anedugRanIandninaesludssmalnauas

318



HRUBINITAUTNNTINZIRENRINTARBANNG
2BIITNSUNSAUSHIE LT EINA1 AUIAUIY

ndl U = a U 1 : =

WuAmean1saednanai 398a taun 39u7e
NBIAN AIUTANDILAY WAZAIUFALIU WU2BINU
nafglaadidnauninsgIuduAnEnsuas
AMMITWUNTENR (NNBT.) N
"I,mLa‘uﬂ?”mﬂhmmﬁmmsﬂgummqmimwm
mmmmuﬂwmwm (NN T, 8202 - 2560)‘143@
GAP 15l a5 28 WO AANIEU WA 2560 VN @
imiummm‘mummﬁﬁm\lqiuLammm‘m
(National Bureau of Agricultural Commodity and
Food Standards, 2017)

AINNTAUAULATIIUTINT DY A WL
o o o o 2 A &
FanTaU U WU NN NN nsnsa e
2 a4 . - - &
AINTANANITATLAZNNTUTINA AN1TLARNA
at19falaanara1uIuna il aulsray
ANAFag NI NanIALLels Andadalea
Funi1suaNsuUaAINNeANTUTeAINTANANY
sralunimuile wazldfunisAaaanann
NUIHITUR S ) Tuni1sda i uunasdnmn
= EX% Y oo Qldl dy QE/ = = U 1
Fouiliiugnaulamestanindnaon aenals
ARTN WA INNEAINIATHN1TINITIAL9R9UTA
LT UIA U FINLIT INHATNILINIEEIT A
AR UgunanduduFunismziaesRaiEn
il dsz@nsnan Idguninuazninsgiuaau
aandy dviufidoasiaonaulanazdnum
Wansudinisausnidonlunisiunouiuay
Wi funtseusuetls fidnfuniseusu
=l v v d‘ o a o
Aifymnazdaguauuslating iauwanisiqe
Al 1l 1 wusanialunswm uin1sdaasu el

S 2 a4 vl A
NEATNIALNAIVTAN IR UFHIUR NN i e e
HAnAMINa1391119 wazlaeaiaAe fNARLAY
uFlne

L4 aa
AUnsaluaziang

Uszansn It lun1sAn®13e A5 Aa
£

FN5UN19UINNI TN ZIA R anT A lue 1IN
WWeanana a9udauau lul w.a. 2562 a119u

ul‘_’

33

NNUNA 85 71¢

NIENIWINHATUATAUNTOL

319

NFEUIUNITINE
Hadanivunauianguaqetialae
n1gsAuaulaeldgnsa9 Yamane (1973) feei
Hag1Anyneadn 0.0S%qﬁﬁmmmuMﬂ@:u
fatinei 4 luntsdneld 70 e fszfuaan
e 95% gadaiivsusendeyalnalduyy
seunindsznavllaumeud 1 @Tﬂwmx‘ﬁuﬁm
dauyAnalAsEgnaLazdeau AauRl 2 nAdeL
mmflumuwwﬁm%w?m Laz nauf 3
Tryviuazdeauaunzaresdidifunisausy
NamnziaEea v TdRTadauaaugnies
Tneiuunaeuninlliineamnssunisfiine
Lﬁ'@msfmmummqﬂﬁ@wa\uf‘:@m (content
validity) wazvinnsur lalianysal diwuusaeuniw
lnegeuiugdnsunisausunsmzassawie
lugnedisanane S daiu laildngusanting
47U 20 918 mﬂuu duuumaaauaanuglu
NITNNZIAE9AIWTA WA IATIZUMNSAD AT e
1A reliability coefficient M1NATY89 Cronbach
(Vanichbuncha, 2018) Tae/ld Tl sunsnanAdifagy
Lﬁ@mﬁﬁﬂmuﬁ’muﬂmm‘r?ﬁqm@ﬂmﬂgdwﬁm
fuls=Avasann (Cronbach’s alpha) winfiu 0.809

nsiiusiusantaya
M’%ﬂgazﬁ”ﬂwmzﬁugﬂumuuﬂﬂ@
\AsHgRa wazdaaN Ysznaudas i a1g n13AnEI
AT N ANETUEA IR Aquaulie dszaunisel
S RDPTITE AT PYTPeY LL@”MﬂQEQW%ﬁIﬁﬂQWN%
wazaduayu wazldununaaaunainglu
NN LA B9A 93RS uau 21 98 uanannil
Idanduninfivsusndeyanisidaay ludas
wauduian w.A. 2562 Tnadinisiiusmusndeys
AMNULUABUDIN WATHNIITMAADUAINTIB
WFaNeUINIEUN198LINIAZUAINI TR LITN

NSIATIENL YN
Jsneddayaainuuudaauniud ba
Winsausanaingidifuniseusunianag



M5ATNEAT 37(3): 317 - 326 (2564)

B eaania W etnauitlsruaalne 4 Tlsun sy
SPSS/PC for Windows 3483 #7 14110133 1A51 297
A uA 4051 T9nsIU U (descriptive statistics)
Weesuradnemraesdaya WWud Arpanud
(frequency) AN5atay (percentage) A 123
(arithmetic mean) A1gagA (maximum) ﬁ"]ﬁ%’lqm
(minimum) LL@:Zﬁ'QuLﬁmmuu’]m‘ﬂ’m (standard
deviation) Waz&NRATIEN984 (inferential statistics)
ieldd s auiauaanadlunismiziass
?;w?‘m@umwﬁammmmmQ’L‘ﬂ’ﬁmWi@mu
Tenadesnans aandnunu Inaldadf paired
t-test

nsulana
HuuugaaunInnai N unNdngLsrass
7191 21 98 BaiudaA10 NN ANUNIETEIL9N
16 42 tmaudn “gnaas” Wazuuuidy 1 dameudn
Mo % 9.y v o Ao
lignsae Wazuuuwidu ouazdaminiund
ANNUNNEITIAL 5 98 A 98 2, 3, 6, 13, 17 ANABLIN
v v v 1 1 v v
“‘gnaee” Wazuuudu 0 dmeudn “lignses i

AL 1

MAnpzunuiilAnaaus 0-21 taefianson
AINNITULARATTALATUUBAIINFUL LB N T
284 Bloom (1968) maugniasas 80- 100 ¢ lu
sAUge naugniesay 60 - 79 ot lusrAulunang
wazmaugniesndtfesay 60 @fﬂuizﬁwﬁ"’] dau
NI EUATIUY 1R ITAUATLUY 16.60-21.00
wue o lusyAUge sTAUATILLY 12.60-16.59
wnede ag luseduliunane uavszduazuu
farndn 12.60 e et luss iy

NANTSANEN

12
o =1

ANHUENUFIUAIULYAAR LATHFNA ULAZAIANTDY
gdj'uii'ﬂ%'umifamum'a‘l.gﬂﬁyw?m
fidnsunisevsndaulunjidunwande Hong
3291914 31 - 45 T auNsAnENsAUANINTaaNANE
132nauanTnNIaNI e R zq'fm‘l,m&il,gm'f??w?mm
Wuﬁma”q flamnzAeeaaviaa 10 Lie Hilszaunnsal
NsINzBeRwEn 3- 51 doulunldsuntseusy
nsnzaeRwvEaduaiousn wazlasumnuiuas
NIATLAUANAIUNIUINEATALNE (Table 1)

Table 1. Characteristics of cricket culture trainees
n=70
Characteristics Numbers Percentage
Genders
Male 30 42.9
Female 40 57.1
Age groups
23-30 years old 3 4.3
31-45 years old 37 52.9
Over 46 years old 30 42.9
Education levels
Primary education 28 40.0
Secondary education 19 271
Bachelor's degree 17 24.3
Master's degree 6 8.6
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Table 1. Continued

n=70
Characteristics Numbers Percentage
Occupations
Farmers 36 514
Personal business 25 35.7
Government agencies 7 10.0
Private sector employees 1 1.4
Store employees 1 14
Cricket species
House crickets 42 60.0
Golden crickets 21 30.0
Copper crickets 7 10.0
Number of ponds
2 15 214
8 3 43
10 39 55.7
12 8 114
20 5 71
Average: 9.14 ponds
Maximum: 20 ponds
Minimum: 2 ponds
Experience
No experience 24 34.3
1-2years 13 18.6
3-5years 24 34.3
Over 6 years 9 12.8
Numbers of training sessions
First time 15 214
1-2times 55 78.6
Education and support agencies
Sub - district agricultural office 27 38.6
Chiang Mai University 17 24.3
Department of Agricultural Extension 1" 16.7
Provincial and district livestock offices 15 214
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Table 2. The knowledge comparation of cricket culture before and after training

Pre-test/ Correct _
No. Subject matters X S.D. t Sig.
Post-test  answers
1. GAP s farm standard Pre-test 69 099 0.120 -1.000 0.321
Post-test 70 1.00  0.000
2. Operators seeking farm certification Pre-test 49 0.70 0462 -3.169 0.002**
are not required GAP Post-test 62 0.89 0.320
3. Operators’ farm animal standard Pre-test 19 027 0448 -1.922 0.059
certification must only apply at the Post-test 27 0.39 0490
provincial livestock office’s farm
4.  The provincial livestock office selects  Pre-test 65 0.93 0259 -2.304 0.024*
an assessor to audit the farm Post-test 70 1.00  0.000
5. The provincial livestock office makes  Pre-test 61 0.87 0337 -3.191 0.002**
an inspectional report to submit to the  Post-test 70 1.00  0.000
certification committee
6. The district livestock office issues a Pre-test 28 040 0493 -4.288 0.000*
farm standard certificate to the Post-test 46 066 0478
operators once per 5 years
7. Farmers certified to farm standards Pre-test 67 0.96 0204 -1.000 0.321
must comply by the department of Post-test 69 0.99 0.120

livestock development
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Table 2. Continued

] Pre-test/  Correct _ .
No. Subject matters x S.D. t Sig.
Post-test  answers

8.  Major nonconformity does not meet  Pre-test 62 0.89 0.320 -1.425 0.159
the requirements of GAP Post-test 66 094 0.234

9.  The operator can correct the defect  Pre-test 54 0.77 0423 -2601 0.011*
2 times for 3 months Post-test 64 0.91 0.282

10. The renewal of the certificate is Pre-test 58 0.83 0.380 -3.778 0.000**
done every 3 years Post-test 70 1.00 0.000

11.  No certification for 3 years without Pre-test 60 0.86 0.352 -0.705 0.483
certified conditions Post-test 62 0.89 0.320

12.  Beta agonist, nitrofurans, Pre-test 56 0.80 0403 -2.800 0.007*
nitroimidazoles, and Post-test 66 0.94 0.234

chloramphenicol are prohibited

13.  The animal owner must notify a Pre-test 21 0.30 0462 -2.716 0.008*
veterinarian within 24 hours Post-test 34 0.49 0.503

14. Personnel performing standard Pre-test 59 0.84 0.369 -2.580 0.006**
farm have a medical certificate Post-test 67 0.97 0.169

15.  The water quality analysis is for Pre-test 62 0.89 0.320 -1.934 0.057
animal husbandry in microbiology Post-test 68 0.97 0.168

16. The standard farm should be at Pre-test 64 091 0282 -1425 0.159
least 5 km from the animal source Post-test 68 0.97 0.168

17. If there is disinfection no need to Pre-test 45 0.64 0483 -2.245 0.028*
record anything Post-test 54 0.77 0423

18. Use of standard farm animal drugs  Pre-test 66 0.94 0.234 -2.045 0.045*
must comply with TAS 9032 Post-test 70 1.00 0.000

19. Standard farms need to record farm  Pre-test 67 0.96 0.204 -0.445 0.658
and product management and keep  Post-test 68 0.97 0.168
the data for at least 3 years

20. For destruction, animal carcasses Pre-test 60 0.86 0.352 -2.984  0.004**
shall be buried. Post-test 68 0.97 0.168

21.  The animal farm requires a license Pre-test 63 0.90 0.302 -1.000 0.321
to operate an unhealthy business Post-test 66 094 0.234

Total -6.358 0.000**

* The difference was statistically significant at the 0.05 level

** There was a statistically significant difference at the 0.01 level
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Abstract: The objectives of this research were to study 1) Socio -economic background of farmers 2) Strawberry
cultivation management according to academic requirements 3) Sustainability in strawberry cultivation needs of
farmers and 4) Factors related to growers’ need for sustainable strawberry cultivation. The target population
consisted of 541 strawberry growers in Chiang Mai, and 230 samples were selected by stratified random
sampling. The interview form was used as a tool for data collection. The data were analyzed by using
descriptive statistics and their relationship were determined using multiple regression. The results showed that
1) 74.78 % of strawberry farmers were male, average age at 45.73 years old, 39.57 % of farmers completed
primary school education level, average number of household members at 4.69 people, average number of
strawberry planting labors at 3.42 people, average size of strawberry planting area at 3.04 rai, average
strawberry yield at 2,010.72 kg/rai, cost of strawberry cultivation averaged at 37,994.20 baht/rai and income
from strawberry cultivation averaged at 66,836.72 baht/rai. 2) The farmers managed the strawberry cultivation
according to academic requirements at the level of sometimes in overall. 3) In terms of need for sustainable
strawberry cultivation, the results revealed high levels in overall, while the environment and the economic sides
showed the highest levels. and 4) The factors related to growers’ need for sustainable strawberry cultivation
were the labor force, group/cooperative membership, and planting management according to the academic

requirements for applying the results.
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Table 1. Strawberry planting management according to academic requirements
ltems x SD Management level
Plan (P) 0.88 0.33 Sometimes
Do (D) 1.06 0.37 Sometimes
Check (C) 0.93 0.39 Sometimes
Act (A) 0.90 0.39 Sometimes
Overall 0.97 0.32 Sometimes
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Table 2. Growers’ need for sustainable strawberry cultivation

ltems x SD Needs level
Economics 4.23 0.43 Highest
Social 3.90 0.63 High
Environment 4.25 0.51 Highest
Overall 413 0.47 High
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Table 3. Factors related to need for sustainable strawberry cultivation

Need for sustainable strawberry cultivation

Independent variables

B t P - value
Constant 105.326 17173 0.000
Gender 0.055 0.885 0.377
Age -0.030 -0.382 0.703
Educational level 0.072 0.956 0.340
Number of household member -0.059 -0.905 0.366
Number of labors -0.156 -2.094 0.037*
Size of strawberry planting area -0.023 -0.312 0.755
Membership in group or cooperative 0.237 3.116 0.002**
Strawberry yield -0.040 -0.575 0.566
Cost of planting strawberry 0.103 1.103 0.271
Income from strawberry cultivation 0.173 1.712 0.088
Strawberry production standard certification 0.101 1.395 0.165
Strawberry cultivation management according to 0.016 0.172 0.864
academic planning requirements (Plan)
Strawberry cultivation management according to -0.055 -0.595 0.553
academic operating requirements (Do)
Strawberry cultivation management according to -0.104 -1.212 0.227
academic inspecting requirements (Check)
Strawberry cultivation management according to -0.261 -2.790 0.006™*

academic applying the results requirements (Act)

R°=0.251 SEE=9.718 F=3.699 P-value =0.000

* ** Significant at P < 0.05 and P < 0.01, respectively
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Abstract: Coconut is an important economic crop in Thailand. In addition to the soil organic matter,
microorganisms living in soil also play an important role in plant growth promotion by enhancing mineral
absorption and controlling plant - pathogenic microorganisms. The aims of this study were to isolate
actinobacteria from aromatic (Nam - Hom) coconut plantation soil and investigated their plant growth promotion
properties. The results showed that a total of 38 actinobacteria were obtained from the coconut plantation
soil of Pran Buri, Prachuap Khiri Khan (20 isolates) and Bang Khonthi, Samut Songkhram (18 isolates). All
isolates were screened for plant growth promotion properties. The results revealed that 10 isolates were
found to solubilize phosphate, 25 and 17 isolates showed siderophore and indole acetic acid production,
respectively. Furthermore, actinobacteria 18 and 19 isolates could produce enzyme degrade cellulose and
chitin on tested - medium, respectively. Isolates R17 - 116, R17 - 210 and R17 - 208 showed high potentials
of plant growth promotion features. They could convert insoluble phosphorus into soluble forms that can
easily be assimilated by plants. Furthermore, they could produce siderophore which is an iron - bound
substance capturing iron from soil and could produce indole acetic acid, plant hormone of auxin class.

These 3 isolates will be selected for further study and for application in agriculture.

Keywords: Actinobacteria, plant growth promotion, coconut plantation soil
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adnsaluaglsns

1. NMSNUALNLALIATIZ AL
Fudrat19RuanngaaunEning 2 A ud
Ae asunzniatives a1y S9udn
1szanuATTus (12.381320, 99.940832) & avinutlas
ﬂ@lmmuﬁyumu (Figure 1a) ﬁuﬁ@“ﬂwmzéquﬁ;ﬂ
Fimasen uavasuuzniiven saneteaud
FINTAFYNIRIATIN (13.491559, 100.015436) R
niudasdgnuuuenses (Figure 1b) AUNANE UL
wilen Bbimnaduienn WufetaRuiuiias
10 40 thafiamhAudiuesn yeRufiszianain
lsiifu 15 wuRwns ddaetsRuis 10 ANINAN
Wil uiledaaiu felfustaludisu uman 1

AUm1 e nuwleAaesingA Y 500 NN @99LATIEI

AUNINIEAINLATNIBARTN1AT 1L g TN

ADUZLNT AT NILNILAL NUIANUIA N ATANVARN ST

INYNIANUNIUAN NTAUATUTH

2. NFANBIUTNIULUAN T ENIUNA LU A ULAL
NNSUENLAAR LULLATILSE

o o 4 a A 4 sa A

1A 19A UNENUN TR N TN 1T
a1 14Ul ureeanemaginaulanndalii
' & Y 3= 5
A1ANINIARANIWNAL 107 D19 10° gRansuaauaes
AuluniarAinuiaaansdsuams 100 uinsdams
INAYAILUAIUAINIT nutrient agar LNA1URINT
Wuman 394 Juanuqulalafivuai Fasianuai
AT UUAIUNT NTULNUEAR IULLAT Y INAE
ANRe19AWLURINLID1MT starch - casein (SC)
agar (Kuster and Williams, 1964) MAN81U JFouz
nalidixic acid 25 11 lAsNSNA N ARAMT LAY
ketoconazole 100 INIATNSNAONARAMT UNANY
WIzmeNguund 30 Cilunan 14 34 ngaag
naasyaesialativemi TuuuAf Fandd i
d74u Lﬂﬂiﬂi@mmﬂm‘iuumwLiﬂmwﬂ‘wmmwﬁ
UUBIUT International Streptomyces Project (ISP)
- 2 (Shirling and Gottlieb, 1966) 1m833 cross streak
= o o a v 1 al o al
Anwidnsuzniednig uinen tdun datles 4

= o s o  a San o

Wulaanuis uas@seadng umeusgnan liuu
8111IRBEN ISP - 2 Ngnuun e uazifivaleas
wazdulaluansazany 20 % (w/v) namasea
fruNNH -20 'C A msunisiuinmsvevenn

3. nMgANEAMNEINITlUNTaz A aNadNR
AeauanRluLUAT Bauuevnsude ISP - 2
ﬁuﬁlqmuqﬁ 30°C ifluwan 7 44 avniuld cork
borer W UE1UAUENAS 0.5 LIuFINRAT 1AzIATa-
HuamrR luuuA? T8 UIN119LURINIINAGE L

Figure 1. Coconut plantation at Pran Buri, Prachuap Khiri Khan (a) and Bang Khonthi, Samut Songkhram (b)
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Pikovskaya’'s (PVK) medium (Pikovskaya, 1948) 911
ANINAADY 2 11 UNA1Wa U1 uNH e Wunan 14
o a Aa aa a |
Ju woamluuuANEFaNnNelaseulalatuangdn
ganrnazatanagnle Tunnualaadaduniu
Augnatglaiunauiuruismduluaugnans
TalatilunnaNaaiums

4. MENARALANNANNS lUMsEs s aasisnas

AL ARTULLIAT BeLuaM 2T ISP - 2
ﬁmﬁgmuqﬁ 30 °C lui9an 7 anntiuld cork
borer UNIUAUETNANG 0.5 LIURLNAT LRITAILIY
Talafluemd luuaiiFe dnldaneuue vimegey
chrome azurol sulfonate (CAS) agar (Schwyn and
Neilands, 1987) 1N 19MAA8S 2 91 ﬂuﬁqmmﬁ
30°C il unan 550 weAdlunn A Gafadig
Tnmasisneslaaziinlauddusenialal nsaana
Tran1sdnaumducuaugnatelaudulumias
UAALNAT

5. Msds NI UlAaazdan

da‘ a a a <1

AENLeAR LA Fauua1n1sude ISP - 2
wWunan 7 51 anniuld cork borer 111 A& UH U
AREMNA 0.5 ukmmg lanzlalativens uuuai G
119U 2 Tuldvaennnaesnde1u1swan glucose
yeast extract (GYE) U3u1m3 5 Raddans Naunsd
T 0.2 % (w/v) Uasuuen i Aauda 150
saUAaWY gruugi 30 C lwnan 7 Ju ifiusaeting
Yasaras 11 lTuwReen Aui3q 8,000 saUse
W WU 10 WA gadaulasuuuFanms 2 1aaans
NANAUAN98LA"e Salkowski’'s reagent (Gordon and
Weber, 1951) U511m3 1 Hadans Uuguugivies
duwaan 30 uadl Wndiame il §Asen wan

= = \a o

ansazarsilasuiudrunuansdndnisainene
- am o e J4 4 -
fulnaas@nn Unfnat19ansazaraiilasudug
#u lTR AN ANALUAY TAINE19AAY 530
T s AaeATasdalTuaunisganauLEs
(spectrophotometer) AMTUAU AN LT NI ULRINTA
aulpaev@nn InefFauaudunsnaisazans
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NN IULLINIABUIRARLEAN ANENDW 0.5 - 50
lulasnfusiediafans

6. MsNAdaLANNAINNTDIUNsEatlARY
nageunisdeelniulngideuenilu
WUATFE UWBI1NT chitin agar (Sato et al., 2009)
1n ﬂ’l,%mﬂﬁﬂmifim%@ (point inoculation) LNa1w
mmmmmuﬁqmmﬁ 30 'C Um0 14 Ju n9ag
mafnlaulaseulaladl uansdraiunmdeslafiu
18 dhauaduninuguinansaesialatiuaziduninu
Augnatelnula LarA1uInuAN hydrolysis capacity
(HC) Fuflugmsdauszwinadurinuguinanatla
sarunduduAugnanelalail

Wuriuguenanalnula
Wurinudueinalalatl

Hydrolysis capacity (HC) =

NANISANEILAZAIANTL

1. NMSIALATIERAY
HANITALATIZHAUNIINILNTWUAZNI
WH WU Auainaaunznig anelsnns dandn
UszanuaTdus feiulaslgnuuuiumy Sdnwoe
WuRuwilaadunaauds An pH idusnedunans
(8.28) Hildunnudunzadng luszAulunany uasd
UInrureanafa Inuna ey uaadan uas
unnBifenlulEannga - gaunn Aanaain izes
Ay (EC) winfiu 4.76 ?ﬁlﬁmgﬂmxﬁmﬁmﬂmﬂmq
T T AuAIUNEN L N8 UNIANT 49uda
ANNTAIATNN %uﬂuuﬂmﬂ@mmwﬂém finaen
T Aududwuilen 1A pH duAantas (7.49)
HiFuudurzedag luRugendauainasunznig
SruneummL s Banuneavesa unaden
waaLE AU TT AN TuTNUE - gaNan A0
sy 6.11 GeSmer lusziufnunans
(Table 1) Arnnain i esduduaiiAeadeeiy
Yiunannaefavansld (soluble salts) LAy 111
waAdeN (Ca®") THRen (Na') wazunnildas (Mg®)
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Niauantslunmsduasumsiasaaulnrasng

Auannulaslgnuuuanses Tedundeiassanaant
i dutas lunNasan e azNITNGNITANLUBNAD
(Yan et al., 2015) aaflpan1 WAUN ANANNE N U8
o A v . a X
naenazaslagandifuanulasgnuuuivusiy

2. MFANENUTNIULLATIITELAZNNTUENLAAR L1
LUAYILEE
= aa 1% \ a
ANNNTIANEIUTHI UL AN B A REN9R 1
v ° o o o Ao o &
AMUNENT? anelmays SandadsrasuaTdus
WAY ENNBUNAUN AINTAAYNIAIATIN WL |
RNUAUNLIANFEIWINTU 5.4 x 10° CFURANSH 1ay 7.7 x
o o

10° CFUR@NTN AMNAIAL AN NN WL
auouuAnFanuluAudowlun S aneg lugog

14
o

244 x 10° 19 2.14 x 10’ CFUsl @ N §u (Zhao et al,
2018) WanlFaumsuauauLuAf Falui uis 2
WHAY WUG1 Auannaounzniianiiulaslgnuuy
angoul 1 BannBurEadnggeandusnugn Ha1uau
Aa v LA a

wuaiBedeandn WesanAuanuilaslgnuuuen
jeallanwaividufumiien (Heyniadumidan
60.16 % WazauNIANIIRILTTN 26.99 %) Hurviandalu
Y o g val N a o

Vassasnaant i Buuesndauluauawas

danasalFunsunuaii e luay (Eccles et al., 1990)
aandlauaduaanszuaun1sunelassAumaaaag
wuAT 38 il uwiauBnansausagaees
nsvLuevnelauLLdaendiay uananni Annsi
W a99R1 (EC) del nasaanuiuwuaf Falumn
mummnu mmqmwuwmmu‘wumma‘miﬂﬁq
A (mumﬂuﬂmﬂ@ummuwumu) WUANWIUULIATFE
gandnAuiildnnsinlnings Fuanudaslgn
LUUEINTAN) feannndaetLNNUASETa9 Ghorbani-
Nasrabadi et al. (2013) W11 Iuﬁuvjwaj%?:mzﬁ’m’
Gafl Arnasin i naeeRy (17.5 dS/m) gandnfu
Rianufiflthumngn (7.1 dS/m) Ruwnzign (1.5 dS/m)
warAul (1.2 dS/m) nuauaukuAf e luAules
n41 Wiy 0.7, 1.58, 2.87 Lax 2.08 x 10° CFUsI @
NFN ATNAAL) Lﬁ"aﬂ'ﬁﬂﬁiﬁﬂﬂ/\lﬁwmﬁuqﬁuﬁmqu
wuafiFeluiuazanas Tnanznguuuai Beils
saanududuindegs Auiilliundefiazans
1991125]\‘1 azm liAusarueaalnda (osmotic pressure)
pegtin AR NT Y dena AN luay (water
potential) anas il uasinlsiinlugadyniveanuaz
maasuuaiiFanie (Yan et al., 2015)

Table 1. Analysis of the physical and chemical properties of soil
Sample*
Analysis

Soil A Soil B

Texture Silty Clay Clay
(Sand; %) 12.41 12.85
(Silt; %) 46.37 26.99
(Clay; %) 41.22 60.16

pH (Soil:H,0 (1:1)) 8.28 7.49
Electrical conductivity (dS/m) 476 6.11
Organic matter (%) 2.21 5.09
Available phosphorus (mg/kg) 555.99 311.63
Exchangeable potassium (mg/kg) 496.82 884.88
Exchangeable calcium (mg/kg) 2,220.36 4,118.44
Exchangeable magnesium (mg/kg) 1,032.83 1,5621.91

" Soil A: collected from Pran Buri, Prachuap Khiri Khan; Soil B: collected from Bang Khonthi, Samut Songkhram
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o \a A - _4 -
Fnae19ANNANIREA19 10 1HIWANNIAS
A mNnzanlunsuenLaziua L ARt
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] dy v a g 1 al % a
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AdnauautsuuRaudalalall (Figure 2) iNnnsuen
a a a dld [ 3 = 1 o v
warRluwuAN Fandanwazlalafiunnmnedula
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21191 20 lalaiam 199 ai@a RM17 - 101 D19
RM17 - 121 WAZANNAUAIUNZNE2 21naL19AUi
Fmdnaynsasnsn aruou 18 lalaian Mswaie
RM17 - 201 §14 RM17 - 222 a1nua AR luLAfiiae 38
Talaan a1unsndnnguandalasuueiuis ISP - 2
Iivi9du 5 ngudaulugafreales@ann (36.8 %)
7R9A4NTARALNN (26.3 %) Ardulaaunsdaulng)
Wudnaes - nmna (73.7 %) Suiies 11 lelaian
(28.9 %) #51939A4ENALNRD (Table 2)

3. MSANHIAMANT AR UFINNISIAs AU TR
URING
3.1 ANEINNga luNsacaanagiim

NagaLANAINIIn lunTazataadLne
Lievns PVK Tilefuvieeam oI lugLrequna Hen-
weailn (Ca,(PO,),) ) 7 lsiazanenin wudn anuenfly
LA Besianun 38 lelsiamivinannagen Hiftes 9
Talaiam (23.6 %) TAnuaunsnlunnsazananadine
wasugeiurideamsiaiug il liazaneii 1
ag/Tugt/lauasTuTuw@neaws (HPO, uaz H,PO,)
fiRgarunsngednluidld dunaldainnimisia
19lareuTalall (Figure 3a) annn1snAaaInL 3N
lalman RV17-220 azanavlaama l4ange faun
AuNd19slawindy 1.5 Nad AT 10909817
lalian R17 - 208 (8.5 QJ@@LNM‘E) way R17-116 (7.5
NaaWAT) ANANAL 91980 nan1sazatanNadim
m@uvamm‘l}uumwLimnLmﬂimfam@q‘mimuiﬂqq
e BaudieufaiAdues Chaiham et al (2018)
&% nisuenuuai Bouazueniluuuaf Gofis
AuantF lunsazatsaamaauu 320 lalaan
ANAUTALIINATINLIN Hanundeaenslauuatms
PVK 13.3 - 63 fiadiuns uuafl Feiifl gouaniialy
mMaazanenesmaidaudaefinBunnueane sai
Dhalseniluauligdu awilfBunnmeareda
‘*‘71'Lﬂu'ﬂiszu“lummzmﬂﬁu@gjhmq 0.031- 3.1

Figure 2. Actinobacterial colonies growing on starch casein agar, supplemented with ketoconazole (100 pg/ml)
and nalidixic acid (25 pg/ml) and incubated at 30 'C for 14 days
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Table 2. Color grouping of actinobacteria isolated from coconut plantation soils on ISP - 2 medium at 30 'C for

14 days
Color of Color of substrate Diffusible Number of
Isolates
spore mycelium pigments isolates
Gray Yellowish brown ND 4 R17-101,R17-108, R17-116, R17-207
Yellowish brown Yellow 3 R17-110, R17-201, R17-221
Yellow Yellow 1 R17-220
Yellow ND 2 R17-118, R17-217
Yellow Yellow ND 5 R17-109, R17-119, R17-203, R17-210, R17-222
Yellow Yellow 1 R17-203
White Yellow ND 6 R17-102, R17-105, R17-114, R17-121,
R17-202, R17-209
Yellow Yellow 5 R17-205, R17-208, R17-211, R17-215, R17-216
Blackish violet ND 1 R17-111
Brown ND 1 R17-218
Cream ND 1 R17-117
Orange Orange ND 4 R17-103, R17-120, R17-206, R17-213
Brown Brown Yellow 1 R17-113
Brown ND 2 R17-104,R17-107
Yellow ND 1 R17-106

"ND : Not detectable

Figure 3. Phosphate solubilizing (isolate R17 - 118) (a), siderophore producing (b) and chitin degradation (c) of
actinobacteria
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LaansuFaamng (Syers et al., 2008) AMNNNTIUATIZH

Usnrueanesad il ulselaniluaui 2
WA wudn JenetlusrAuge - gannn (555.99
LAy 311.63 ﬁ@ﬁn%uﬁiﬂﬁiaﬂm)%qﬁ@mw
nsazatgnegwndagrursanula luuuaii e
nguauildldueniluuaii e naanizana
Bacillus, Pseudomonas, Enterobacter, Azotobacter
Wae Rhizobium (Alori et al., 2017)

nalnlunindsugrlaginnlieylugld
WutlszTamiiuig faanqdunseadensngurael
(organic acid) 1iAR4 | iU NIARBNTIAN (oxalic
acid) N3ANTAN (malic acid) n3anglaiin (gluconic
acid) N9ATATN (citric acid) nTAdATUN (succinic
acid) waziaultiinean1ma (phosphatase) (Vyas
and Gulati, 2009) azaneinaeweawln unsdfis
aanefafidudssloniuaciaarunsogaialyl
4R S 9T (Alori et al, 2017) Waavasaidusg
mmwz{n'ﬁ'Lﬁm’i’a\ﬁmm@?mLﬁu‘immmwﬁwm
2090t UnNTIanedanesaazyinlFiATzunTI uaz
NILA3EUUE ATEIN LOAR ILLLAT ﬁ?ﬂﬁﬁﬁmmmﬁh
mm"mwlfamw mmmmuﬂﬂhmumsmwm P\
mmﬁummﬁmeqmamumﬁqmaLL@”qumimmu
81881117 (Jog et al., 2014) LL@vLmﬂrymmummﬁ’wl
Waanasals (Sharma et al., 2013)

3.2 msasalainasisnas

AINN1INAFaLNIIa519lanasisnas

UUDINIT CAS WUF1 HUaAR MLLAT F8R11491
25 lalgiam (658 %) iialdudduseauinladl

AAanaAI Nd N1 lunisaielaimasisnas

(Figure 3b) Lﬁ:ﬂ%mumL&’uﬂm@uﬂ’nmaifﬂu
wudn afedsunalidann Tnelaunaduednue e
Trwld Ay 10 Hadwas windu lelnaniiaing
lainasesuniige Aa R17-118 uaz R17-211 &
gunaTrundamniu 10 Haswns WewFauiey
ALNNUAREURY Himaman et al. (2016) Lanwa AR b
koA Faanuaw 477 laltan aanfaee19au wudn
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Aduseulnlafifauimnmeiundiananngn 20
UAALNGAT
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Au M Usuus s manlufuandaaas a1

a a 6 =l Adl 1 a v a

qaunsdnalsananey luuFnalndiaasrinann
wan v ldldanunrawigyuazialsals (Hopkinson
and Morel, 2009)
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A o a aa o

WetiweaR luwuafGade 38 lalaian
NINARAUAIINAINTTD IUN1Ta519nsnauing

aa 1 al dl al
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LAAR MLUAN FUNUAR A g 1N 0 dd9iaTy
nasyduiaie Tnenaqdesiunisenaasudn
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UAZNN9LA3TYRIIN Goudial et al. (2013) 3189I1UI1
IAA Raraldann Streptomyces TAAUATNNINAN
PRIUNAANZT DN ALAZNTEALNITRIN

3.4 masadlany

¥uend luuyad G 38 leToian 10
nagauANannnlunisteslaf uuuaiunsuds
chitin agar azwudnlanuau 19 lalaiam (50 %) in
Taulaseninlall (Figure 3c) LAMNIIAINITOAFNS
ulmadlaRiug (chitinase) deglARuuuanmmagay
18 meoanalaanisdnduniugudnanclanlawas
Wuruauenanslatat wudn lalsian R17 - 208 tion
auldAfige Senmdanszadradutuguinans
Tsnulmﬁi@Lﬁuwﬁuquﬂ’ﬂmﬂm‘f@ﬁqaﬁm winiy
1.90 sasaannAalaldian R17 - 217 uaz R17 - 211
(1.78 WA 1.72 AMNAAL) TRl une A ey
dnlusssnamiduduivdessesanaaglas
TnanwuiueasAdsenauuanlulanseaiigans
Al iananasiin wu ludenves fe 1 saudl
waenaaunas sandadulasafranananauils
TR0 W11 LeAR uLLAT BeTianunates
Taauldgninunldiduansasununisdann deeiv
wazindademarmglsafald andaetdu
Streptomyces AC4 ua s ACT7 e nanniavadn
181 Faoruarunsalunisu@niaulad chitinase

La ¥ chitosanase La¥A181508 U 5\1 Rhizoctonia
solani Wag Fusarium oxysporum %QLﬂ wsnalsAfia
o (Gonzalez-Franco et al., 2017)
@’mn’mﬁﬂwﬁ@mmuﬁﬁ‘ﬁ'ﬁfmzﬁum?u
nra@y A ineasig wudi Juemd luwuai e
Weaslelaamifan Ae RI7-116 R AN a N1 R
mm?umm?fyLﬁu‘imﬁmmuﬁ"\i 4 1ipTinadey
Aanisavanaaainm n1ras1elmneslsnesuay
nsnaulnez@sn uazn1rdeslaiu 6 lalaian
fanauTAfdonduaiuninady iulaie 3
afninndey Ae loloan R17 - 208 uaz RI7 -
211 ansnazataedinm as19lmimasisnes
wazeaalamuls wilindnnsndulnaesdsn
1@Im@m R17-112, R17-207, R17-217 way R17-221
g1un3n wanlainesisnes nendulnanzd@sn
wartiasdate Ay i llazaranegnm (Table 3)
LeAfTuLLAf Fauanmileannd (789 %) 1
A ANTRAwEIuN sy B uTnaef i e 2
sliafinagauvietanndn uazillaloan R17-121
lduanenmuantdlunisdaasunisasoyiuln
gesitainagen wonRluLL AT Favs 7 lelnan
'ﬁlﬁammﬂﬁﬁmmﬁ (Table 3)@:qnﬁm§@mﬁ@
nllAnsauanflunisdussunisasoyduls
vasiituazszysinesdelusziuanasely

Table 3. Characteristics of selected actinomycete active isolates based on plant growth promotion traits

Diameter of zone around colony (mm.)

IAA production Chitin degradation

Isolates phosphate siderophore

solubilization production (hg/mi)) (HC)"
R17-112 - 7.0 3.27 1.2
R17-116 7.5 8.0 3.20 1.5
R17-207 - 7.0 1.22 1.4
R17-208 8.5 7.0 - 2.5
R17-211 55 10.0 - 1.7
R17-217 - 7.0 1.04 1.8
R17-221 - 7.0 1.47 14

"HC: Hydrolysis capacity
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Effect of Calcium - Boron Fertilizer Application on Quality of Melon Fruit

Seans AaTu’ Dan 190U AUHN NN waz AUnsiAey denena
Teerayut Klumchaun , Niyom Buaban, Pantipa Limsanguan and Chanpen Chaimongkol
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Faculty of Agricultural Technology, Rajamangala University of Technology Thanyaburi, Pathum Thani 12130, Thailand

*Corresponding author: Email: Teerayut_k@rmutt.ac.th

(Received: 8 April 2021; Accepted.: 19 July 2021)

Abstract: This study aimed to investigate the effect of calcium - boron fertilizer application on growth and
yield of melon (cv. Inthanon) by spraying 0, 250, 500, 750 and 1,000 ppm of calcium - boron. The experimental
design was RCBD with 5 treatments, which each treatment consisted of 3 replications (10 trees / replication).
The study revealed that 750 ppm calcium - boron gave the highest average height at the second - fourth
week (28.71, 76.32 and 141.44 cm) and the leaves number in the second and the third weeks (10.20 and
19.77 leaves). While, 1,000 ppm calcium - boron treatment showed the highest nodes number (25.57
nodes), however, it was not significantly different from 250 and 750 ppm. Calcium-Boron spraying at all
concentrations, the yield of fresh weight, width circumference, length circumference and firmness were
not significant. However, there was significantly different affected sweetness. The highest brix of melon
fruit was obtained from 250 ppm calcium - boron (15.25 °Brix). The lowest of sweetest was obtained from
the control (13.00 °Brix). The data of this study demonstrated that in the production of good quality melon,
it should be sprayed with 250 ppm calcium - boron fertilizer. The concentration is suitable for the growth

and yield of melon.

Keywords: Foliar fertilizer, yield, TSS
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PaaaauaAItRuTa ULy Tnanuiaadan - lusauaaudud 0, 250, 500, 750 waz 1,000 ppm 3190
nimaaeluuguaNysalluudan randomized complete block design (RCBD) A11491 3 1 782 10 léTu
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AdAty: ey wands sesudvisauaiiazaneunls
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AUN muﬁ”mmmwmwamﬁm U ANU9U s

Getladafid Ay sanisnasyiuls WAZAININ

wideu (melon) S1eAnenmansdn Cucumis  uakd mmLuzi@mi”uﬁﬁ@mﬁmmiﬁmmmiﬁﬁm

melo L. Apatj 1A Cucurbitaceae warfldudnila ld5u Tneannzsnuaadasuazliusau DERE
ludlsemaBuife (Khamudom, 1988) waauidy  HAMNE 1A AaNANRALATAIATNNANAR
miﬁ‘ﬁ'ﬁm’mzﬁﬁﬁtysluﬁqmiﬁﬂuumwizmﬂ (Thongjoo et al., 2016) Feuaaidesuedtszney
U anfgewsni lngin merfindunes gpandamad duaseiiedenainudausiaes
LALIATIF NI (Villanueva et al., 2004) HAUD wifvmad daadnlfnaiinornuduiionay
wasuaanllfoedndulenacd U F - ATHNTBLNINTY Tusr N sWALUNTBING WLGY
wAlsfu (Laur and Tian, 2011) wazde@1u1309 98 m&;LLML%Nﬁwﬁhﬁmuqmmww’twmﬁm
@mmwmﬂwmiimmmm (Naito et al., 2005) ahreinmnauazuils S PEIEN RTINS oY
mmLﬂumﬂﬂivmmmmmmimvmﬁm LAY Iunqi@m%uﬁmmmﬁu 7 Inzanazlulnsiau
@mqquﬂumqmﬂ (Paris et al., 2012) LA D (Feungchan, 1995; Suksawat, 2001; Suthipradit, 1993)
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Provincial Agriculture and Cooperatives Office (2017) 29971 Aa 50 nsumanlansy TuwAazdlduad
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aoulvnjdszavilyvinanaaiu iy lTALazLNag arunsngaTnuAn N uasdunuanie uly

350



NAURINT L guaaiden - TusausaAMAINIBINALNADY

nisdaAszdazafisanany sl liulaaag

Lmzm?{ﬂuﬂ”wﬁmm (Osotsapar, 2003) agi19ls
An1unnsmluseulusyaziagoy Wig (reproductive
stage) NHANTENUABN1TAAAIVRINANA MDE
w10 fiesanniluai@asaniseannan n1sAAna
LAZNIIWEN WITRILNA A (Noppakoonwong et al.,
1997 Srivastava et al., 1997) u’aﬂfﬂﬁﬂui‘u TAUEL
Rt eafunIsi iR 99 a 81 L TuLF 0L
AasniinliinnsgaduleasunedsnneInasiige
wWuldlsasnetnf (Osotsapar, 2003) wazi 18911
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Tadfydanneada Taanisnuileunamen-
TusauANdndu 750 ppm A ngeresuaeuly
FUn T 2, 3uay 4 @;qﬁlzgm (28.71, 76.32 LA ¥
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mwrﬂ”m?u 500 waz 1,000 ppm (Table 2) 104z <7
Sruamdaiade wum Tudilanei@ 4 (28 QHM@\?EI’]‘EI
gn) & ummum@m@mLLmﬂmﬂu@mmummmm
neans nanienuiloueraian-Tusauaauidndy
1,000 ppm Wﬁfmquﬁ’ﬂmﬁﬂmﬁmﬁﬂ 2557 44
(Table 3) mmﬁumumummmmu u’muﬂm
AL ANNEIHALAYANNENIHA LR E
PaiNann Wudn luynszaznisiasaiulnlud il
ATNUANFNNAUNNAT R (Table 4, 5; Figure 1) L6

A1UAYINMAT RN AU WU nasnuile
waadeanlusaudanaliaciuvourediaaui
ponHuANFNaTue el g Ay Baneadi nande
nsnuilouaaimen - lusaua gy 250 ppm
WAaumaugefigaie 1525 asruisndg us'll
WANANNAINNITNRLART 8N - [uTaUAN NI N T
750 wa 1,000 ppm Apd AN sl nuLAALT 8y -
‘llm@um'qm@’lﬁ’mmmf]wﬂmmd@uﬁ?qﬁzgm 13.00
A9ANLTN (Table 5)

Table 1. Effect of calcium - boron fertilizer application on plant height of melons at 1, 2, 3 and 4 weeks
(7, 14, 21 and 28 Days after transplanted; DAT)

Plant height (cm)
Treatments

Week1 Week 2 Week 3 Week 4
No calcium - boron 9.89 23.69" 63.09° 127.67°
Calcium - boron, 250 ppm 10.27 24.93% 69.55 136.20
Calcium - boron, 500 ppm 10.64 23.09" 65.46" 131.62°°
Calcium - boron, 750 ppm 11.52 28.71° 76.32° 141.44°
Calcium - boron, 1,000 ppm 10.69 25.32% 70.69% 141.11°
CV (%) 23.95 24.27 22.27 11.40
F - test ns > * >

" not significant **significant at P < 0.01

Means in a column followed by the same lowercase letter are not significantly different according to DMRT

Table 2. Effect of calcium - boron fertilizer application on number of leaves of melons at 1, 2, 3 and 4 weeks
(7, 14, 21 and 28 Days after transplanted; DAT)

Number of leaves

Treatments
Week 1 Week 2 Week 3 Week 4

No calcium - boron 5.45 8.97° 16.80° 26.90
Calcium - boron, 250 ppm 5.70 8.73° 18.60%° 28.13
Calcium - boron, 500 ppm 5.80 9.43% 17.33%° 26.27
Calcium - boron, 750 ppm 5.97 10.20° 19.77° 27.40
Calcium - boron, 1,000 ppm 5.60 9.57% 17.80%° 28.13
CV (%) 13.62 18.57 21.04 14.07
F - test ns > * ns

" not significant **significant at P < 0.01

Means in a column followed by the same lowercase letter are not significantly different according to DMRT
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Table 3. Effect of calcium - boron fertilizer application on number of nodes of melons at 1, 2, 3 and 4 weeks
(7, 14, 21 and 28 Days after transplanted; DAT)

Number of nodes

Treatments

Week 1 Week 2 Week 3 Week 4
No calcium - boron 2.63 7.53 15.33 24.10%
Calcium - boron, 250 ppm 2.73 7.80 16.17 25.03%
Calcium - boron, 500 ppm 2.73 7.90 15.77 23.80"
Calcium - boron, 750 ppm 2.93 8.50 16.97 24.97%°
Calcium - boron, 1,000 ppm 2.83 7.97 16.67 25.57°
CV (%) 24.15 20.12 15.80 8.31
F - test ns ns ns >

"™ not significant **significant at P < 0.01

Means in a column followed by the same lowercase letter are not significantly different according to DMRT

Table 4. Effect of calcium - boron fertilizer application on stem diameter of melons at 1, 2, 3 and 4 weeks
(7, 14, 21 and 28 Days after transplanted; DAT)

Stem diameter (cm)

Treatments
Week 1 Week 2 Week 3 Week 4

No calcium - boron 0.39 0.59 0.74 0.99
Calcium - boron, 250 ppm 0.39 0.61 0.78 0.99
Calcium - boron, 500 ppm 0.39 0.60 0.73 1.00
Calcium - boron, 750 ppm 0.40 0.59 0.76 0.97
Calcium - boron, 1,000 ppm 0.39 0.62 0.75 0.99
CV % 13.67 11.23 9.18 8.86
F - test ns ns ns ns

" not significant **significant at P < 0.01

Means in a column followed by the same lowercase letter are not significantly different according to DMRT
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Table 5. Effect of calcium - boron fertilizer application on Fresh weight, firmness, width circumference, length

circumference and sweetness of melon at 90 DAT

Yield quality
Treatments Fresh Firmness Width circumfe- Length circumfe- ~ Sweetness

weight (kg) (kg/cm3) rence (cm) rence (cm) (°Brix)
No calcium - boron 1.22 1.79 41.08 44.00 13.00°
Calcium - boron, 250 ppm 1.34 1.69 41.71 45.24 15.25°
Calcium - boron, 500 ppm 1.22 1.79 41.02 44.25 13.87"
Calcium - boron, 750 ppm 1.27 1.72 40.47 44.55 14.73%
Calcium - boron, 1,000 ppm 1.28 1.73 41.93 44.40 14.36%
CV (%) 16.67 13.08 6.04 11.20 13.80
F - test ns ns ns ns *

" not significant **significant at P < 0.01

Means in a column followed by the same lowercase letter are not significantly different according to DMRT

Figure 1. Effect of calcium - boron levels on melon fruit at 90 DAT A. No calcium - boron B. Calcium - boron

250 ppm C. Calcium - boron 500 ppm D. Calcium - boron 750 ppm E. Calcium - boron 1,000 ppm
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Abstract: Forest areas have tentatively decreased and transformed to other uses. There is less research which
focuses on integrating technology and participation to increase forest areas and land use efficiency in small
watershed. This paper proposes to integrate geo - informatics system with community participatory process to
raise up the land use efficiency of a community in Yang watershed, Nan Province. The procedure was
conducted during 4 years (2016 - 2019) using geo-informatics technology to analyze spatial data of land use in
2016, and generate people awareness including selective land use design collaboratively with the 17 pilot
households and 2 alternative careers i.e. (1) land development with the principle of agroforestry by mixed -
economic trees, and (2) farming development of vicinity areas with the production of organic vegetable and
fishery. A set of data was spatially analyzed to monitor land use in the watershed. It was found that in 2019 forest
areas had obviously increased by 2,047.1 rais, (from 14,922.7 rais to 16,969.9 rais). The decreased proportion
of land use consists of maize areas (A202) and rice paddy (A101) decreased by 43.7 and 6.3 %. The increased
proportion of land use consists of forest areas (F), mixed perennial or orchard areas (A301/A401), abandoned
field crop areas (A200), water body areas (W), urban and built-up area (U) increased by 31.3,11.9,5.1,1.6
and 0.1 %, respectively. This research can be a prototype in the generation of selective occupation to increase

land use efficiency and applied to other small watersheds later on.

Keywords: Geo-informatics technology, community participation, forest area, land use change

359
Copyright @ Journal of Agriculture, Faculty of Agriculture, Chiang Mai University. All rights reserved.



M5A19NRAT 37(3): 359 - 369 (2564)

undngia: tuiit 1T i iuanasuasd o dsuuladifunts s lonfautlssinnay fansfinmen
EﬁﬂfﬁﬁmuﬁﬂﬂﬁLﬁuma‘mmfmﬁﬂmiu‘mﬁmemsﬁmmquL‘ﬁ'@Lﬁ'u‘ﬁu‘ﬁ'ﬂﬁiﬁu@:ﬂa‘:aw%mwnﬁﬁ
ﬂix‘ﬂmﬂﬁﬁuﬁuﬁ@juﬁwmmﬁn ‘mnmqﬁ@"ﬂﬁﬁ%qﬂixmmﬂﬁ@mmqm?mmhi@ﬁqﬁmmumm‘quﬁu
ﬂizmumiﬁzﬁ'quéqum@mmwﬁ@Lﬁmﬂizﬁm%mwmﬂ%ﬂiziﬂmﬂﬁﬁummmuiuzﬁuﬁww WUTAUIY
ALl uta99an 4 T (W.A. 2559 - 2562) ‘Emﬂ%a:uuqﬁmmummLW@ELM']W‘%’@H@L%q‘ﬁuﬁmﬂ%
UseTeneiAamulu w.a. 2559 uaz m”wm’mmmﬁn?muﬁw’qmﬂﬂLLuu‘vmLﬁfﬂﬂmﬂ%ﬂiﬁmﬁauéw
U 17 Af2iFautnges fu 2 e7dnn1aaen taun (1) mi‘wrmm‘wu'wLLﬂmﬂ@ﬂmrﬂwm@ﬂmmmeﬂu \ATEFNA
NANNATUANNUANIUIN AT LA 2 m?‘wfmmwuwmwﬂﬂ@mumﬂmamm‘wmmﬂﬂ@ﬂmma‘wmmvmmm
ilan mﬂﬁmqﬂ@@qﬁuﬁqnﬁ Lmﬁzﬁm@mmmumﬂmﬂiximuwmuluqum wudn T w.a. 2562 Wit s
asied AL 4111 2,047.1 1 (aan 14,9227 15 111 16,969.9 1) TnaafianisldUss la i aun i dndou
anas Usznausiae ﬁuﬁﬂqmﬁ’miwmgmﬁm’(A202) waziuiundng (A101) anasianaz 43.7 uas 6.3
AANEIRY 1N sl TR A uR A AR daudnau Usznendas Audel (F) AP lEugunguvie
lafuanan (A301/A401) Fuledng (A200) A uvaanin (W) LL@xﬁu%mmuLLazéﬁﬂqﬂm%’w (V) Auaudesay
313,11.9,5.1, 1.6 Uax 0.1 ANA"SU AfeRamsaifluduislunsainednmadenifematss@vanm
mﬂ%ﬂix‘fﬁmﬁ'ﬁumzﬂ%qnmﬂ%ﬁmjuﬁwmmL@“ﬂﬁlu 7 lasialy

AdAny: waluladniatsauna nsidousonzasgumy Wil nawlasuulasmislddsylaminau

P2

o o A lﬂ‘ QI A dl
A1 29N TUIUNNIBANULUNIVABNNANI TN NN U
1Y
nsldmalulatiglatsaumadnmn n7xUaUN19H U9 (participation) 4114
4 R JU 4 . .

Andasuudaesn w1l wudn Aundqldlu NITUIUNIIABANTTRYAADININTTUINNYAAR
dszimalnoanassvus O wa. 2543 uazandfinull  ngugnow vveesdns lunisaiuianssunils
a89FaLied AnNAINNARINITHARS uaTantn yisanaiafanssNtaniunienisuas i iduniannsg
LL@Zﬁi‘ﬁ“]VI’Nﬂ’]?LﬂHM?ﬁ WA (Trisurat et al., 2019) Tmmﬁﬂmmm’quﬁmmn@ju WAL WNNTLETNASNS
% aad A, v o o f v o o P o a .
dayaadfnunUqlddaudnurulaansuiald ANATTAR AdNEANTaNTURATO L (Namburi,
(Royal Forest Department, 2019) 912197114497 Tt w.A. 2019) TalUA9UURINTLUIUNITR A IUFINUD
2543 A9ndnuu Anunaldauou 55784563  quauluniswmuigunindin azifialezload
15 Anduiesay 77.8 vaeundwudn sesnd we.  degfunanisimuiisinenssuazlnaden sauds

2547 ALMARAIWIY 5,310,800.0 13 AnduFerar  nianszanelsslugiigguau (Ratchathawan et al.,
74.1 909N uNA9dn wazlusaauaivanysol 2018) N19aanuwuun1Baanlunisldlsslominmu

Tasenisdnvindayaaniniun Ul d we.  ededdss@ninindanduguaudunuanianile
2559 - 2560 Nun L lddaudnuiuaandeauan  Mdunisadeanszuauniafidausan Tunisuidoym
4,653,943.2 19 Ao uieuay 614 vaafiundswdn  Aunthliluguuhauisanls

(Royal Forest Department, 2018) ansnanuaziile AU quUI9 Auatl1LaInans 81108
L&A vl > | | & o a o o .8 ¢ o & A
danunt iR uweliuanasetrann ednlsfinnn dufige Smdnuan duguuiauadniiiienison
nsamatulatnfiatsaumadiundmaesiiun  29,259.9 13 quautlgndainadasdndidanen
thlfresdmdmim ddlifimaysannsnisiidouion iuissegiandninanisdaununtald

360



nsysINSNAlUIAENNRITRUNALAZNISHAIUSINUBITNTY

Nduasansintvrasiunthld nsdld@nmguiens Aaminuiu

1 1 1 ‘ﬂl £ b‘d‘Q o
UNAIUeEN9FARLIee N9l Uselamnaunnisinems
Fam el usy ﬁvmmmuﬁﬂﬁ’amﬁﬂmmmw
mmmﬂwumﬂﬂm K ANTasIAN TN HANA R
AR mmnmmqummﬂimmL‘W@Jmmqma
walulafiglatsaumasoniunszuounis il
AIUTINVRITNTY LUNITAARINLATEBN LU L

o o o 4 2 X dans
TN NIGaen INA Nz e R NN W U1
Tnaguauuazieniuannsniin U jumls

L4 aa
adnsaluaglsns

nisysuInismauladnlatsaumana
st dausan ey Ailkaden st ue i
17187 &4l Figure 1 wa@menszLaunsh ldsnfiunis
‘Luﬁ”uﬁ@juﬁﬂm AUaYIuAINA B nNeduFga
Fmdnuu dsznavdae

NUNARUNNFIAE

quinEn9 st uaInas a1neduRge
A9UTAUNY (Figure 2) 393 efiszunny 29,260 15
(46.8 M1919R AN A 9) Adiiunslugagnan 4 1
(W.A1. 2559 - 2562) Hileywinisinananinannatlnlad
mﬂma‘ﬂQﬂ%qiwmgmzﬁ“mﬁm:ﬁﬁu | LU
gududnwaiznuiialau
NNSATNNTELIUNTHAIUTINUDITNTY
N19a519N9EUIUNITR AIUTINTRIYNTY
AEWMANANNIINYLTIA1994 (survey research) e
AugIUMNTayaANAAWIY Lardalaua LWTYY
Jeraraulun @: U (Center for Conflict Studies and
Cultural Diversity, 2019) Ingn13idausqn 5 326U A
nsidausanlunisaiau nsaiunanssn nnsld
deeTaad nnesanfunalszland waznislsziduma
(Ratchathawan et al., 2018) A1 UNITAENANTTH

i— ..................................................... : : ______________________________ _é
! Geo-informatics system process I PAR Process ;
1 t. .
; g E
1 - .
i THEOS ! Current situation & !
i _ RS, GPS and GIS ‘_:"’ . ;
; satellite images ) . ! Planning !
. H I 1
! 2016 [ i
! ¥ !
, v i :
; [Forest and other land use areas]' i v i
! T i
; o Utilization i
i : !
i : i
i ; Benefit Sharing !
i ! i
é | :
i ! 2016 i
i ! i
. 1 1
E i :
i GeoEye-1 ; :
] . -
i | satellite images : 4 !
i !
i 2019 b | RS, GPS and GIS _,:b Evaluation :
! UAV Aerial | [ . P
1 | |
i Imaging 2019 | :
1 / |
USSR A :
Changes in forest and other land use areas 2019
+ New careers

Figure 1. Research framework of Yang watershed, Pa Laew Luang sub - district, Santi Suk district, Nan province
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Figure 2. Yang watershed, Pa Laew Luang sub - district, Santi Suk district, Nan province
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sum 4,935.2 15 Wuiundna (A101) Swuan 3,385.7
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AR unaann (W) a11491 2985 19 LazuTli%
(A200) anuaw 141.7 19 A ufesas 51.0, 17.0,
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ANAA L (Figure 3) wazlull w.A. 2562 ﬁuﬁ@juﬁﬁ
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m@qﬁyu?{q;ﬁww MANAAL (Figure 4)

Table 1. Land use classification of Yang watershed, Pa Laew Luang sub - district, Santi Suk district, Nan
province in 2016 and 2019
Land use types Area in 2016 Area in 2019
rai % rai %

Rice paddy (A101) 3,385.7 11.6 2,975.8 10.2
Abandoned field crop (A200) 141.7 0.5 476.4 1.6
Maize (A202) 4,966.4 17.0 2,107.6 7.2
Mixed perennial or orchard (A301/A401) 4,935.2 16.9 5,712.4 19.5
Forest (F) 14,922.8 51.0 16,969.9 58.0
Urban and Built - up (U) 609.6 2.1 612.9 2.1
Water body (W) 298.5 1.0 404.9 1.4

Total 29,259.9 100.0 29,259.9 100.0
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Figure 3. Land use map of Yang watershed, Pa Laew Luang sub - district, Santi Suk district, Nan province in

2016 classified by remote sensing technique
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Figure 4. Land use map of Yang watershed, Pa Laew Luang sub - district, Santi Suk district, Nan province in

2019 classified by remote sensing technique
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Table 2. Accuracy statistics of the classified land use of Yang watershed, Pa Laew Luang sub - district,
Santi Suk district, Nan province in 2016

Classified data Ground truth
UA %
2016 A101  A200 A202 A301/A401 F u W Total
A101 a7 0 3 0 0 3 0 53 88.7
A200 0 13 0 0 0 0 0 13 100.0
.é A202 3 1 46 0 0 0 0 50 92.0
9;5; A301/A401 0 1 0 60 4 0 0 65 92.3
8 F 0 0 1 0 85 0 0 36 97.2
U 0 0 0 0 0 27 0 27 100.0
W 0 0 0 0 1 0 25 26 96.2
Total 50 15 50 60 40 30 25 270 Overall accuracy = 93.7 %
PA % 94.0 86.7 92.0 100.0 875 90.0 100.0 Overall Kappa Statistics = 92.4 %

A101 : Rice paddy, A200 : Abandoned field crop, A202 : Maize, A301/A401 : Mixed perennial or orchard, F : Forest, U : Urban and
Built - up, W : Water body

Table 3. Accuracy statistics of the classified land use of Yang watershed, Pa Laew Luang sub - district,

Santi Suk district, Nan province in 2019

Classified data Ground truth
UA %
2019 A101  A200 A202 A301/A401 F U w Total
A101 48 0 0 0 0 0 2 50 96.0
A200 0 13 1 0 1 0 0 15 86.7
_é A202 2 1 47 1 0 0 0 51 92.2
% A301/A401 0 1 2 59 1 2 0 65 90.8
S F 0 0 0 0 38 0 0 38 100.0
u 0 0 0 0 0 28 0 28 100.0
w 0 0 0 0 0 0 23 23 100.0
Total 50 15 50 60 40 30 25 270 Overall accuracy = 94.8 %
PA % 960 867 940 98.3 950 933 920 Overall Kappa Statistics = 93.8 %

A101 : Rice paddy, A200 : Abandoned field crop, A202 : Maize, A301/A401 : Mixed perennial or orchard, F : Forest, U : Urban and
Built - up, W: Water body
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A9 (A202) anuqu 1,974.4 15 AR AN Ve
T uanan (A301/A401) S1u9u 147.6'15 Nuitlsdns
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atnslafimunanisiiasmzinisaeuuas
mﬂ%ﬂiximﬁﬁ5um@q@juﬁww Minldngulaan
Nufinnsldds=loaninaui i f ansuldsunilag
Tusendnall w.A. 2559 uaz w.A. 2562 Usznausae
Fudiel ey (F) a9 14,704.0 13 AuRldEudy
nanvseldnanan (A301/A401) a1uau 4,166.7 13
fuflundne (A101) Sruau 2789515 Auditlgn
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guauuazAadgnaing (U) s1uan 496.0 15 fud
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Table 4. Land use change transition matrix of Yang watershed, Pa Laew Luang sub - district, Santi Suk

district, Nan province in 2016 and 2019

LU classes in 2019 (rai)
A301/ Total 2016
LU classes in 2016 A101 A200 A202 U W

A401 rai (%)
A101 2,789.5 - 142.4 324.0 14.0 61.0 54.9 3,385.7 (11.6)
A200 - 2.9 14.2 21.8 102.3 0.2 0.3 1417 (0.5)
A202 255 400.7 1,531.3 1,010.8 1,974.4 4.3 195 4,966.4 (17.0)
A301/A401 100.4 30.1 380.7 4,166.7 147.6 49.3 60.4 4,935.2 (16.9)
F 7.2 39.3 29.9 1064  14,704.0 15 345 14,922.8 (51.0)
u 36.1 1.9 6.8 62.0 6.4 496.0 04 609.6 (2.1)
W 171 15 24 20.8 212 0.6 234.9 2985 (1.0
Total 2019 rai 2,975.8 476.4 2,107.6 57124  16,969.9 612.9 404.9

29,259.9 (100.0)

(%) 10.2 1.6 7.2 19.5 58.0 2.1 1.4
Area changes 2016 to 2019 -409.9 +334.7 -2,858.8 +7772 +2,0471 +33 +106.4 6,537.4
% changes 2016 to 2019 -6.3 +5.1 -43.7 +11.9 +31.3 +0.1 +1.6 100.0

A101 : Rice paddy, A200 : Abandoned field crop, A202 : Maize, A301 / A401 : Mixed perennial or orchard, F : Forest, U : Urban and

Built - up, W : Water body
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Figure 6. Land use change of Yang watershed, Pa Laew Luang sub - district, Santi Suk district, Nan Province in 2019
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Responses of Khao Dawk Mali 105 Rice to
Zinc and Copper Fertilizers in Different Paddy Soils
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Abstract: Representative paddy soils in Thung Kula Ronghai, namely, Tha Tum, Roi-et and Ubon soils series
were selected for greenhouse study on the response of Khao Dawk Mali 105 (KDML 105) rice to different rates
of zinc (Zn) (0, 0.5, 1, 2 and 4 mg/kg of Zn) and copper (Cu) (0, 0.3, 0.6, 1.2 and 2.4 mg/kg of Cu). Results
revealed that the application of Zn or Cu had no effect on straw dry weight and grain weight. Zinc significantly
stimulated panicle initiation and rice height of which the addition of Zn at all rates increased plant height in
Ubon soil series and the greatest height was from the pot added with 1 mg/kg of Zn while the rates of 2 and
4 mg/kg induced similar result in Roi-et soil series (162 - 165 cm). In these two soils, the rice initiated the
panicle earliest only 79.3 and 83.7 days after transplanting when applied with 4 mg/kg. Copper decreased
plant height except in Tha Tum soil series that all rates of applied Cu, with the exception of 1.2 mg/kg of Cu,
similarly promoted the values of plant height (162 - 167 cm) and number of filled-grain (76.3 - 80.0 %).
Moreover, Cu applied at rate 2.4 mg/kg significantly increased number of filled-grain in Ubon soil series
(81.7 %) which increased the panicle number of rice in Roi-et soil series similarly to that applied with the rate
of 0.3 mg/kg (12.33 - 11.30 panicle/pot).

Keywords: Micronutrient, plant nutrient management, sodic soils, medium texture soils, jasmine rice
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Table 1. Property of Tha Tum (Tt), Roi-et (Re) and Ubon (Ub) soil series prior to conducting the experiment

Soil Properties Tt Re Ub
Texture class Silt loam Sandy loam Sandy loam
Soil pH (1: 1 H,0) 5.54 4.48 6.35
ECe' (dS/m) 0.19 0.97 0.27
CEC? (cmol,/kg) 1.75 3.58 1.25
SAR’® 20.8 34.0 12.0
Organic matter” (g/kg) 9.6 5.49 6.18
Available P° (mg/ kg) 4.00 2.88 5.38
Exchangeable K° (mg/kg) 49.1 65.9 24.6
Exchangeable Ca® (mg/kg) 475 378 265
Exchangeable Mg® (mg/kg) 34.6 39.7 37.9
Exchangeable Na® (mg/kg) 85.8 112 98.8
Extractable Zn"® (mg/kg) 0.18 0.22 0.76
Extractable Cu”® (mg/kg) 0.79 0.35 0.38

'ECe = electrical conductivity (saturated plate method); ’CEC = cation exchange capacity (1M NH,OAc at pH 7.0 method); ’SAR =
sodium adsorption ratio; 4Walkley and Black; 5Bray Il; 1M NH,OAc at pH 7.0 extraction; 'DTPA extraction; *Critical levels of DTPA
extracted Zn and Cu in soils are 0.83 (Cox and Wear, 1977) and 0.2 mg kg'1 (Takker and Randhawa, 1978), respectively

Table 2. Application of fertilizer forms and rates into the pot experiment of KMDL 105 rice

Application rate (mg element/kg)

Element Fertilizer Zn experiment (mg Zn /kg) Cu experiment (mg Cu /kg)

0 0.5 1.0 2.0 4.0 0 0.3 0.6 1.2 24
N NH,.CI 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42
P DAP 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39
K KClI 1.49 1.49 1.49 1.49 1.49 1.49 1.49 1.49 1.49 1.49
Ca CaCl,.2H,0 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
Mg MgCl,.6H,0O 2.21 2.21 2.21 2.21 2.21 2.21 2.21 2.21 2.21 2.21
S K,SO, 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49
Fe FeCl,.6H,0 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27
Mn  MnCl,.4H,0 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Zn  ZnCl, 0.00 0.01 0.02 0.04 0.08 0.03 0.03 0.03 0.03 0.03
Cu  CuCl,.2H,0 0.02 0.02 0.02 0.02 0.02 0.00 0.01 0.02 0.03 0.06
B H,BO, 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07

Mo  (NH)Mo,0,,4H,0 002 002 002 002 002 002 002 002 002 002
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Table 3. Effect of Zn fertilizer rates on yield and yield components of KDML 105 rice grown in Tha Tum (Tt),

Roi-et (Re) and Ubon (Ub) soil series

Tt Re Ub Tt Re Ub Tt Re Ub T Re Ub
Znrate
50% Flowering day Plant height Dry straw wt. Grain yield
(mg/kg)
(DAT) (cm) (9/pot) (g/pot)
0 80.3 82.0°  90.0° 163 155° 125° 409 328 306 243 179 118
0.5 80.7  797° 833 165 155" 126° 355 353 294 174 142 124
1.0 80.7 823" 857" 162 156 134° 392 350 315 190 159 16.1
2.0 823  830° 877" 159 162" 132" 389 365 301 207 17.7 148
4.0 84.7 793° 837 161 162" 129” 400 332 325 198 148 168
F-test ns * * ns * * ns ns ns ns ns ns
% CV 4.1 1.6 2.8 1.9 1.7 1.8 132 6.2 6.5 195 109 20.1
Filled grain 100-grain wt. Panicle
(%) (9 (Panicle/pot)

0 76.7 75.0 75.7 148 143 1.74 107 867 10.0

05 78.3 76.0 78.3 1.36 1.33 1.73 933  11.0 9.33

1.0 80.7 71.0 79.0 1.54 1.19 1.55 867 867 10.3

2.0 7.7 72.7 75.7 1.39 1.64 1.82 933 933 8.00

4.0 73.7 7.7 79.3 1.54 155  1.83 107 107 9.33

F-test ns ns ns ns ns ns ns ns ns

% CV 53 11.7 7.9 18.6 21.3 216 36.0 373 17.2

ns = non-significant; *,** significant at P < 0.05 and 0.01 respectively, different lowercase letters within column in the same soil series

are significant difference at P < 0.05

padawiia (28.7 - 43.8 NSNABNTZNNN) Bminuge
ﬁmm%ué"@m: 14 (14.4 - 26.1 NFUFABNTZNNN) W6
NS AR ALATduaT NN s AL Ta 9 f 1L
ANNGILAZANUIUIINTBEY (Table 4) Taai iiNe
n19l@NadLAYEnIn 0.3 ey 2.4 daaniusanlaniu
ﬁﬁw‘lﬁﬁi’f]mmqwm%’wauﬁmaui”amﬁmLﬁm‘*ﬁuiﬂ
wansenulagliA1indy 12.33 waz 11.3 39960
9079 MNANAL BT LRI AR T AN
FNFUAYLAN (8.00 - 8.67 WEtLWIBLIAY 10.67 9360
nsznw) adwlsfinunisldnesuasinliaaugeues
I lUTARUGLA (124 - 126 LIURINAT) ATTaELEn
(155 - 159 LIUBILNAT) ﬁ‘i’ﬂnfiﬂﬁ?ﬁumummmﬁﬁ

(129 uaz 163 L1uswng) lnadAangailelaludng
1.2 uaz 2.4 Aaansusenianiu nuansy andulu
. A a i an o das ’
8191 0.3 Haaniusanianiy NliaAnugeaesdinly
1ARugUAZINgAWNAL 137 Faaniusanilanin
winslaneunslunndnavinliaanuga (162 - 167
WURNAT) LAZANUIMNAAR (Fa8aY 76.3 - 80.0)
299919 g AR g NTUgIg A Il LAN N
% o a a o’ J a o’ tdl v ]
aniduludne 1.2 Hadniuseilaniu nlinaly
WANFNANNANFUAILANTIN AN AN QAWINAL 155 -
156 LURWAT LAY §a8ay 66 - 70 ATNAIAL |
Wweaenislanasunsludne 2.4 Hadnfuseilaniy
Pl uumana lugnauguagegawinnuieaas
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81.7 dauludmaimaa A ld uans19ansnsy
PAUAN (Faeiaz 64.0 - 69.3) e N3 A Funasuns
Taliieanaazlualfuandnatle (Dobermann and
Fairhurst, 2000; Fageria, 2014)
pgnInsaNdIoa19nanusa 105
AAUAUAIABAINLATALRUNIINAILAS 1T NS
damPABIi L Siddika et al. (2016) AWwU31 Fanc@d
dl v a 3 QI dg/ val 1
Wuqasiannanaadraimnaulanndnqanis
4 d e e Cd e
au ) neanizillelddandunesuns usiiiald
wanNRanazluseusaNsanauN M NaNand 19
ARAY DILNINFINZRLATNDILANATINEQT IR Y
n17as19maalsNas lunszuIun1sduATIZing
ARNEAAITY WAFINAazdIaI N8R IIe

Tsmu Jununlunsudasasiazn1srenedetlaes
(Hafeez et al., 2013) d1aslnSatwile g sudansd
W eane %ﬁwﬁmmzmm?umm?mLﬁu‘imm
doudinnanandtn 8 llidniaud diaaandesty
Slation et al. (2005) AWU41 9T UG ana
waanandand 10l lfidunaniainnisldqanin
anvnsiiesanndanzauasnesundlufuazazans
panuiulsyla sl of i u3 udan s daann
An3faLn UAnsAYANtATAnadEl aTzaZIIANN 1
ﬁﬂmmﬁu%mﬁmmnqﬂm?\ar‘fuwmmﬁuﬁ@
sousafuleneulufufaflugansszneufivaly
ﬁﬂsimmmqmiﬂﬁ (Kabata-Pendias and Pendias,
2001)

Table 4. Effect of Cu fertilizer rates on yield and yield components of KDML 105 rice grown in Tha Tum (Tt),

Roi-et (Re) and Ubon (Ub) soil series

Tt Re Ub Tt Re Ub Tt Re Ub Tt Re Ub
Curate

50% Flowering day Plant height Dry straw wt. Grain yield
(mg/kg)

(DAT) (cm) (g/pot) (g/pot)
0 82.0 81.3 85.3 156" 163° 129° 373 347 299 231 164 144
0.3 80.7 84.3 87.7 162° 165" 137° 438 384 320 261 190 157
0.6 82.0 82.3 89.0 165° 1620 126 421 362 295 212 189 147
1.2 80.7 83.3 86.7 155" 159"  124° 388 375 309 242 196 157
24 82.3 84.0 86.0 167° 155°  126™ 409 367 287 238 171 154
F-test ns ns ns * * > ns ns ns ns ns ns
% CV 33 2.0 3.8 16 2.1 22 102 37 133 165 127 114
Filled grain 100-grain wt. Panicle
(%) (9) (Panicle/pot)

0 700° 753  64.0° 186 098 164 767 1070 867
0.3 76.3° 76.3 68.3" 1.69 125 1.92 9.00 123 967
0.6 79.0° 83.0 69.3” 1.76 1.96 2.05 867 87 9.67
1.2 66.0° 75.0 66.7° 1.89 1.44 2.29 113 80 9.00
24 80.0° 74.0 81.7° 1.88 144  1.86 107 113" 7.00
F-test * ns > ns ns ns ns * ns
% CV 4.4 6.6 6.5 17.8 34.8 1.6 15.0 8.1 24.4

ns = non - significant; *,** significant at P < 0.05 and 0.01 respectively, different lowercase letters within column in the same soil

series are significant difference at P < 0.05
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2. AN NTUUAZNNTAA MBI AIUITUANT DY
11UIABNNLR 105
nsldi]edenz@nalidandgnlufudon
Innjazansinamsuaniiuauanisudnanlgnlu
TaRugNLATgUAN A N19azanIwunadanly
nadad1anIndIfnfuAILANN1ean s daunsld
naunslunndnaliinadenoinduduases
8192191 INANTNAA D19 wAvinlideazansan
aNuIan lumadIt1aunns19i W (Figure 1) a1n
= Ay o Y @
pan1sAnEIN lAwanslfivindananusleu
199A2 N NTuTaesIs e ImanTuillaitiadan
analdldidunaniainnasladanzduaznauna
‘ﬂl 1 o & o o + a A
Wasannlunuaoudniusiudniladanzdvie

PRy 5 v v
naunan ldlun1maans uananiaaududy
2998165119 ) Nanaslidnasanisafaudasin
21919 INAIUIINFAN B AL

nslddanz@denasianisgnlisnneinis
wanzasd1adniauninnainislanasuaaiiiosann
N A 91 = Py a .
Aineenegaldinunadanaesiialuganuguan
Tdwuaauuanstsmsaiflaldsudenzaludnem
unnsineiu (Table 5) nslddsnz@daulunvin 1
N y o
dragaldsiseainauendunisgalduingau
et lugaRuianifin (65.9 - 83.1 Haaniusie
nszne) uaznisgaldinunadonaasdiolugamiv
WnBu (162-258 Aaansusanszn) NHAAINI
ANFUAILANTNINATA (90.4 LAY 385 HaANTNse

N concentration

o instraw

B in grain

0 03061224/ 0 030612240 03061224
Tt Ub

P concentration

K concentration

Rate (mg Zn/kg)/Soil series

0 030612240 03061224/ 0 03061224

Rate (mg Cu/kg)/Soil series

Figure 1. Primary nutrient concentrations in different plant parts of KDML 105 rice grown on Tha Tum
(Tt), Roi-et (Re) and and Ubon (Ub) soil series as affected by Zn and Cu fertilizers. Different
lowercase letters within the same bars grouped within the same soil are significant difference at

P <0.05



NIABLAUBIIDITNIINIABNNER 105 fid
ladanzAuaznasunslufiuuisinein

n3en4) LLmﬁﬁﬁﬁqmﬁfﬂwﬁqmmuﬁmw 1 LAY
0.5 {adnsusenlanin mua1AL mm:ﬁ*ﬁ’m;mau
Soodagaldinunadunfindunusnanesdonsa
‘1'7{Lﬁu%ummﬁmmﬂﬁ’m’mﬂﬂuﬁﬁﬁ 403 -572
Weuifieu iy 369 fadnsumenszane uenannil
nsladany@ludms 1 uay 2 Faansusianlaniy
ﬁﬂﬁ{hﬂuﬁu‘f‘:@m’L%W@@WﬁMmmMm'wri”u
agf Ui d 110 - 114 Fadnfusensenis daudna
171|mﬁfalﬁwaiﬂLLmrwiwmr]muqu (471 -57.2
Haanfusansznne) naslddanz@ludnansing o
vinlidalugeRuinguuazgpfuguanaldiulnsian
(55.5 - 134 uaz 116 - 118 TaANTUABNIZON) UAT
Weaanada (60.0 -86.1 uaz 71.4 -63.7 Hadniu
FANITDN) Lﬁuﬁumﬂﬁ?’]i”umuqmnm”u‘lm'ﬁaﬂxﬁ
1 2 uay 1 adniuseflaniu Avildnisga
M lulnsanaasdralugpfuingu (40.8 Hadnin
fansznd) warn1ena ldneanaiadinluganugua
(63.7 HAANFNABNIZTNNY) AAAIAUT ﬁw‘iﬂﬁzgm
ANENTY nsfidagaldeagenmmdnifind
\desandang@fiunumdanisa¥isnaelailadd
T lunnsdaunssiiasasgaasnlinggald ulnga
Lﬁlmﬁu (Hafeez et al., 2013; Mortvedt et al., 1972)
pnugidansAuazrlaanesafllfduiusidelfing
siafu Aangaldraarafannaslupuiiddon:d
44 (Verma and Minhas, 1987) WA A UN AT 18T
Ausiandn 5.0 mslddens@naudaaiuliigald
Woanasaifaau (Saleque et al., 2001) feannndng
funaniImaaesiilinil
nslanasuaslunndnaialvidneluganu
Arpuaaldlulnnausingda (33.3 -60.8 Haaniu
AanIznd) wennldweanada (73.0 - 83.5 Haansw
Flanszng) galiuansngaInafuALANN AT
andunisldlugnem 2.4 Saaniusienlansu 7l
ma‘m’l‘ﬁﬂ@@ﬂm’*@mmimﬁﬁﬁzgmwiﬁﬂﬁ’ﬁm@m
4 ulnsiaugegalaluand1sainaauny il
Weanslanasunsludna 0.6 uay 1.2 Faaniusie
nlansu ﬁﬁﬂﬁ’%’w‘lumﬁu@um@ml*ﬁ’iuimmu
(100 - 124 {aanfusensznn) wazd1qlugany
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foufnnaldvoaneda (83.3 - 129 Hadninse
NTYNI9) g4N9IAIFUAILANNINATA kAaTN1TLEd
naaunsludnsn 0.3 uaz 0.6 Haanfusanlaniy
dusmoiin i lugeauiendagaldlulnsiay
(118 Aadniusianszn) wazdnlugasuguagald
Waanasda (117 Ha@aninsansznng) gandanisy
AaLANANEFLT el A gegae el T Aoynag
a0A (Table 5)

3. TnuIN19229112229119219ABNNER 105
Bunumanuazdanzdluand1ondesdn
Lﬂu@mmwL%qimmmﬂmﬁ’wLﬁmmﬂmﬁlﬁ”mm
ﬁummmm'@mxmumimmua‘ﬁ%mmuwwﬁ'
Taunannisuitnasydalaamselag FAO/WHO
(2000) $184NUANNABINITIMAN LAz ANz AU
ALlneWNAL 10 uaz 15 NaaNTuARdW A1UFLINA
T8l WAL 15 LAy 12 HadniuAadu 1 uiumaAna
panasu nslafadenzavsanasunaliinanig
gisanNdNTuresdanzdlumand1inanalu
fonuninau a9 lafinunislailedansdazdadin
Tnaunnisesdnnlddndinisldnesunalnaazifia
AN T ureawmAn A AN IANIdNTwteedand
Tnsanzlugaiuguafinudy anudadureamndn
Tundadiandefing unudnaesdansanld
aei el dud ATy n19anA (68.8 -69.5 NaANnTuse
Alansu) anuefidifeennslddanz@lusnan 0.5 uax 2
daanfudanlaniu lugaRuingu (152 uaz 94.4
gaansuAanlaniy) wazamns 1.0 Haansuse
Alaniu lugasrufesidn (70.2 Haaniusanilaniy)
fl¥Anududureandnlumdndrandesgandn
ANFUAILANNINATIA (69 WAY 51.8 NaANFNAe
Alanii) Wwwheafuaududuesdansdluman
f1andeslugnnuiesidn (3.34 - 19.6 HaanFusie
Alaniu) uazgua (37.0 - 46.2 Hadnsusanlaniy)
fiAAndsuAILAL (25.6 Waz 63 Hadniuse
Alansy) andunislddancdludmnan 0.5 waz 4
ﬁaamﬁlﬁi@ﬁi@ﬂa‘“uﬁiﬁmgqﬁqmmmi’ﬁc-ﬁ“uwhﬁu
29.8 WAy 84 Naansusanlaniu (Figure 2) @il
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Table 5. Effect of Zn and Cu fertilizer rates on primary nutrient taken by KDML 105 rice grown on Tha Tum
(Tt), Roi-et (Re) and Ubon (Ub) soil series

Rate N uptake (mg/pot) P uptake (mg/pot) K uptake (mg/pot)
Element
(mgkg) Tt Re Ub Tt Re Ub Tt Re Ub
Zn 0 46.6™ 90.4° 66.8° 44.1° 47.1° 74.8" 385" 369° 390
0.5 134° 83.1% 116° 60.0° 57.2° 71.4% 162° 4533 397
1.0 62.2° 65.9° 63.0° 72.9° 110° 63.7° 230" 403” 445
2.0 40.8° 84.0° 63.3° 86.1° 17° 81.0° 258° 472" 437
4.0 55.5™ 715" 118° 70.2° 56.5° 89.5° 429° 527° 327
F _ test Kk *k *k *k *k * Kk * ns
%CV 146 8.6 16.7 10.0 12.0 10.7 9.2 111 15.2
Cu 0 84.4° 85.0° 83.8% 82.7° 65.9” 87.9° 374 473 250
0.3 455° 118 55.5° 75.1° 52.8° 94.9° 387 308 405
0.6 33.3° 89.8° 100 835° 83.3° 1M7° 453 455 372
1.2 60.8° 54.5° 124° 73.0° 129° 70.1° 355 492 294
2.4 85.0" 83.3° 82.1% 49.4° 51.4° 84.7° 432 395 282
F - tost " . . . . . ns s ns
% CV 8.0 10.6 10.3 12.8 14.1 7.7 10.8 165 20.8

ns = non - significant; *,** significant at P < 0.05 and 0.01 respectively, different lowercase letters within column in the same soil

series are significant difference at P < 0.05

150

160 a a
s 120
Ea 120 90 ab @ b b, a
8= e c
80
gg ab bc zs c c c ¢ c ¢
: H T ﬂ AL 0
w
. m o []
0 05 1 0 05 1 0 05 1 0 03061224/ 0 030612240 030612 24
Tt Re Ub Tt Re ub
100 40
al
g % b
E5 o 2 aa .
§éa 40 18 b
8= 8
s TWTHW F ]
. (15 |—| 0
0 05 1 0 05 1 0 05 0 03061224(0 03061224/ 0 03061224
Tt Re Ub Tt Re Ub
Rate (mg Zn/kg)/Soil series Rate (mg Cu/kg)/ Soil series

Figure 2. Fe and Zn concentrations in bran rice of KDML 105 rice grown on Tha Tum (Tt), Roi-et (Re)
and Ubon (Ub) soil series as affected by Zn and Cu fertilizers. Different lowercase letters on
bars grouped within the same soil are significant difference at P < 0.05
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s1e9 uINTTlaFudansd ld i eanaaslnana 1y
AMAINLBUNAATI9aAAIALANIENINATU
Tn4u1N19 (Cakmak, 2008; Muthukumararaja and
Sriramachandrasekharan, 2012)
nnsldnasuasiuusluaninauinises
P o v o = @ v a
f1alesanlidensdlunandrondesluganu
fauidngeliumnsieannacuaN (17.6 - 19.4
Faansupanlansy) anun1sldaneaknaludnsn
1.2 dadanfusanlaniu 1WA a1 Mgn (10.4
Jaansudanlansy) wanaun 1 l¥dTunasmanly
wand1andesluganuietdn (72.8 - 124 HaANTH
AeflanTu) LazIAAUYINRN (57.8 - 83.4 Haaniu
fanlansu) WNAuneadfileldaneannalusmna
0.6 019 2.4 Haanfusanlanin uazaziAngeqaie
ldludha 1.2 Faaniusienianin v lugnhugua
Ffeansldneannaludmi 0.3 Naaniusenlaniy
d‘ v < [~ £ v 1 o [
nlimanTumand19naasgendinnsuAILAN (81.4
way 66.0 Naaniufenlaniy) dauludnnwae
TiAanngaliunnsinaiu (37.1 - 48.4 Hadniusie
Alaniw) (Figure 2) 1asannesunutsdulunisgm
o o - vl 1 o o o 2 Aa o
Fufusniglnandndansd serlu Tuaniwiaui

¥ ¥ I~ =3 Y o al
AN uduIeanedunegaiga g nlddansd
anas (Alloway, 2008) n19tAdeUE18AINd9UIIN
gdausing o sinsresigaateaasninlldae

4. gudauNusssindansAuasnasuasluiiaie
NouaraInlssnaunapAnuaItin

A uduaesdanzdlunadadnal
andunusad v ldag 1Ay nINad At UNand
WARA (r=0.82") IMULALIAINNITNTUIRINBILAY
lumadedroflandunused 198 o d 1Ay n19ana
ALUNANARNAR (r=0.73) LAzt LR e
FNE (r = 066 (Table 6) Ha% Lﬁmmnf«g@ﬁm
wagaaflunumsefiaadraadetulunisaing
paalsfladii aldlunszuaunisdaiasniuas
uaziduasfilaznavluewlaiwanssiiafinszdu
nsNaNINasuazljautuarnszuiuniseen
PBILHA A (Fageria, 2014; Hafeez et al.,, 2013
Mortvedt et al, 1972) waaslfifiudansiia Ay
mmmmwmmmmimmﬂummﬂ@wmm
dugunisairenanandnaldlusysumile

Table 6. Correlation coefficients (r) for linear relationships between Zn and Cu concentration in different plant

parts and yield components of KDML 105 rice

Correlation coefficients (r)

Nutrient
Plant part Relative
concentration Plant height ~ Panicle No. Panicle day Filled grain
Grainyield  Straw dry wt.
Zn Grain -0.65 -0.48 -0.75* -0.08 0.61 -0.32
Straw 0.79% 0.66 0.58 -0.22 0.72¢ -0.04
Cu Grain 0.06 0.37 0.73* -0.08 0.61 -0.32
Straw 0.71* 0.84* 0.69* -0.36 -0.33 0.32

*** = correlation are significant at P < 0.05 and 0.01, respectively

381



M5A1TNAT 37(3): 371 - 383 (2564)

GE

119919m8NNER 105 ﬁﬂ@ﬂ‘luﬁumﬁa
uNUeNF RN AR U1 NATADLABBUTIUING D
fladenzddaaundnilanasunslnadencanala
dRsny A ulnLazann PBNI3IT Y T9uv9d aET
’Lﬁ%’mmmuLL@:@mHﬁmmmwﬁmﬁN%u
YU NBILAAZLRA HA N LIUTIUR TR UL A 7
Pa9d19ua Il A nasaa N uduIa957m 0 U0 e
wanlwnand1auardsinlidagaldwunaden
anag n19laflodanz@daaiulnguinisang
Fraed1edaauusaziinaududuaeandn
Tuwandiansaslanndipoududuaasdensd
deldlugnm 0.5 -1 dadnfudenzdnenlaniy
dountsldnesunsdeudaziiunsnduduses
manldileldlugns 1.2 fadnsusieilaniy
wanau IWdTurudenzdluwdndiandag
anadagrin g widsinauinisaesdinanas
Tusyiunile feuddnnslddensduaznisld
neaundlid nasen i nnanAAT19UE HaNAR
wankaraadydIanuanduwus i meuaniy
Au T udTuaasdanzduaznasunslunadedin
LL@m‘LﬁLﬁudw@mﬁl%mmmm?umm%’w
nanAR sz AU ednelsfimu Aasinmagey
LﬁuLﬁmﬁﬂm@”mﬁﬂﬁiWﬂmﬁ”\mz%LLa:meLm
fumnzanluaninliun Welilddoyaiiinaw
wlugfianansnldtienesudinemsnsdigndiaang
AANNZA 105 Aalll

naAngsNlsznA

uidelun el ld suntsaduayuy
AMNA1TNIMUN B UINIFAINENITINE AT (RIANTT
WUNTU) (A90) WAZANI1TUIE LA SN WIS
WMINYVRLLNBATAVART (AW, 1N.)

LANANTAN9DY

Alloway, B.J. 2008. Zinc in Soils and Crop Nutrition. 2
ed. Intemational Zinc Association, Brussels.

Cakmak, |. 2008. Enrichment of cereal grains with
zinc: Agronomic or genetic biofortification?
Plant and Soil 302 (1): 1-17.

Cox, F.R. and J.I. Wear. 1977. Diagnosis and
Correction of Zinc Problems in Corn and
Rice Production. Southern Cooperative
Series Bulletin 222 Raleigh, North Carolina
State University, Raleigh.

Dobermann, A. and T. Fairhurst. 2000. Rice: Nutrient
Disorders and Nutrient Management.
Oxford Graphic Printers, Singapore.

Fageria, N.K. 2014. Mineral Nutrition of Rice. CRC
Press, Boca Ration.

FAOMWHO.  2000. Preliminary  report  on
recommended nutrient intakes. Report of a
Joint FAO/WHO Expert Consultation on
Human Vitamin and Mineral Requirements.
Bangkok, Thailand.

Haefele, S.M., K. Naklang, D. Harnpichitvitaya,
S. Jearakongman, E. Skulkhu, P. Romyen,
S. Phasopa, S. Tabtim, D. Suriya-arunroj,
S. Khunthasuvon, D. Kraisorakul, P.
Youngsuk, S.T. Amarante and L.J. Wade.
2006. Factors affecting rice yield and
fertilizer response in rainfed lowlands of
northeast Thailand. Field Crops Research
98(1): 39-51.

Hafeez, B., Y.M. Khanif and M. Saleem. 2013. Role
of zinc in plant nutrition- a review. American
Journal of Experimental Agriculture 3(2):
374-391.

Kabata-Pendias, A. and H. Pendias. 2001. Trace
Elements in Soils and Plants, 3“ ed. CRC

Press, Boca Ration.

382



NIABLAUBIIDITNIINIABNNER 105 fid
ladanzAuaznasunslufiuuisinein

Kunlanit, B., C. Wangpoomyai, M. Vongsavas, T.
Siritrakulsak, K. Maneepradid and P.
Vityakon. 2019. Effects of zinc and silicon
on growth and yield of rice cv. Khao Dawk
Mali 105. Khon Kaen Agriculture Journal
47(4): 839-850. (in Thai)

Mortvedt, J.J., P.M. Giordano. and W.L. Lindsay.
1972. Micronutrients in  Agriculture. Soil
Science Society of America, Madison,
Wisconsin.

Muthukumararaja, T.M. and M.V.

Sriramachandrasekharan. 2012. Effect of

zinc on vyield, zinc nutrition and zinc use

efficiency of lowland rice. Journal of
Agricultural Technology 8(2): 551-561.

Norasing, U., S. Thanachit, S. Anusonpornperm and

I. Kheoruenromne. 2017. Variability and

potential of jasmine rice growing soils in

northeast Thailand. Khon Kaen Agriculture

Journal 45(1): 121-132. (in Thai)

N., G.C. Pathak and C.P. Sharma. 2006.

Zinc is critically required for pollen function

Pandey,

and fertilization in lentil. Journal of Trace
Elements in Medicine and Biology 20(2):
89-96.

M.A., M.J. Abedin, Z.U. Ahmed, M. Hasan
and G.M. Panaullah. 2001. Influences of

phosphorus deficiency on the uptake of

Saleque,

nitrogen, potassium, calcium, magnesium,
sulfur, and zinc in lowland rice varieties.
Journal of Plant Nutriton 24(10): 1621-
1632.

M.A., M.J.A. Mian, T.S. Hoque, M.A. Hanif
and P.C. Ray. 2016. Effect of different
micronutrients on growth and vyield of rice.
of Plant and Soil

Siddika,

International Journal

Science 12(6): 1-8.

Slation, N.A., E.E. Gbur, C.E. Wilson and R.J.
Norman. 2005. Rice response to granular
zinc sources varying in water-soluble zinc.
Soil Science Society of America Journal
69(2): 443-452.

Sukyankij, S., S. Thanachit, S. Anusontpornperm
and |. Kheoruenromne. 2020. Assessment
of soil Zn availability for Khao Dawk Mali
105 rice: a case study in Thailand. Journal

of Crop Science and Biotechnology 23(2):

181-190.
Takkar, P.N. and N.S. Randhawa. 1978.
Micronutrients  in  Indian  agriculture.

Fertilizer News. 23(8): 3-26.

Verma, T.S. and R.S. Minhas. 1987. Zinc and

phosphorus interaction in wheat-maize
cropping system. Fertilizer Research 13(1):
77-86.

Yoshida, S., D.A. Forno, J.H. Cock and K.A. Gomez.
1976. Laboratory Manual for Physiological

Studies of Rice. 3“ ed. IRRI, Los Bafios,

Laguna.

Yoshihashi, T., N. Kabaki, T.T.H. Nguyen and H.
Inatomi.  2002. Formation of flavor
compound in aromatic rice and its

fluctuations with drought stress. JIRCAS
Research Highlights 2002: 32-33.

Zayed, B.A., AKM. Salem and HM.E. Sharkawy.
2011. Effect of different

treatments on rice (Oryza sativa L.) growth

micronutrient

and vyield under saline soil conditions.
World Journal of Agricultural Research
7(2): 179-184.

383






ANHUSNNAUFIUINENVRIABNLAEATUTEIRUNUGNTTN

1BIANIERIBLNINUA BN UG HaLNTAE AT AR5 IANA

Floral Morphology and Genotypic Evaluation of

American Marigold Parental Lines using RAPD Technique
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Abstract: Marigold (Tagetes erecta L.) is an ornamental plant in Asteraceae (Compositae) family. Marigold
flowers are popularly used as an ornamental plant, cut flowers for making lei, and spiritual flowers. It
can be grown all over the regions. However, information on research and improvement of marigolds in
Thailand is limited. Twelve parental lines were studied using the morphological description of Supa (1991).
The result showed that these parental lines could be divided according to 2 flower morphological
characters 1) flower color: yellow and golden yellow and 2) flower form: fully double flower, single flower,
and apetalous). RAPD banding pattern was employed to evaluate the genetic relationships of these
parental lines. Twenty primers were used, and only six primers could yield polymorphic bands. Similarity
coefficients were calculated, and a dendrogram was constructed by UPGMA using NTSYS (version 2.2).
The results showed that the similarity index of 3 primer, OPA-02, OPD-11, and OPD-19 was 0.41-1.00,
which could differentiate sterile female parents from male parents. Dendrogram of 6 primer products,
OPA-02, OPA-04, OPD-05, OPD-07, OPD-011, and OPD-19, showed similarity coefficient ranging from
0.42 to 0.82, which could distinguish these parental lines into three groups according to flower form;

fully double flower, single flower, and apetalous as found in the morphological study.

Keywords: Tagetes erecta L., floral morphology, RAPD technique, male sterility, apetalous
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1. 8vevnan wiaiu 2nqu Ao &1MAa3
Fa1u91 4 f29819 A2 FY1502AP (Ruednaunan
ﬂ'@ﬂ%ulu), FY1502, MY1501 La e MY1502 lLa e
NENAWMABINDI HA1U9 8 29819 A MG1503,
MG1504, MG1505, MG1506, MG1507, MG1508,
MG1509 lag MG1510

2. anwuznan wiauiu 3ngu Ao nani
lifinaunen (apetalous flower) T WA FY1502AP
mandai (fully double flower) lAun FY1502 ua
AanduLR e (single flower) @a1aWugwa 1o wn
MY1501, MY1502, MG1503, MG1504, MG1505,
MG1506, MG1507, MG1508, MG1509 Llaz MG1510

@Tﬂwmzquﬁ”mgm%mm@nzﬁqu%"wm
m&ﬁuﬁw’mmﬁq 12 mﬂﬁuﬁﬁuﬂé’ﬁmﬁqﬁu
Tnegunssnduaendunendaulvnfdnenizglla
danadraniieunay (ovoid) &N L3 1 MY1502 LA
MG1505 ﬁﬁﬂwm:gﬂmmm?{w (conical) Uan
nauaaniansuzlAwdfy (collared with neck)
TAUNAUABN Y (entire) 4nL3 1w MG1506 LAy
MG1509 TAuNAUN Y 2 1 (2 collared with neck)
wazdoulvnifinendeadulusuialug (arge
tubulate) g1 FY1502AP WAz FY1502 Haant ot
Fuluaunadn (Table 1, Figure 1)

Table 1. Flower morphology of 12 marigold parental lines

ltem Accession Ray floret:  Ray floret: Shape of Ray floret: Shape of Ray floret: Disc floret:  Flower Flower

No. Shape the apex the base Longitudinal axis Shape type  color
1 FY1502AP absent absent absent absent tiny tubulate AP Y
2 FY1502 Fully ovoid concave entire undulate tiny tubulate ~ FD Y
3 MY 1501 ovoid collared with neck entire undulate tiny tubulate SF Y
4 MY 1502 conical collared with neck entire undulate large tubulate  SF Y
5 MG 1503 ovoid collared with neck entire undulate large tubulate  SF GY
6 MG 1504 ovoid collared with neck entire undulate tiny tubulate ~ SF GY
7 MG 1505 conical collared with neck entire undulate large tubulate  SF GY
8 MG 1506 ovoid collared with neck 2 collared with neck undulate tiny tubulate ~ SF GY
9 MG 1507 ovoid collared with neck entire undulate large tubulate  SF GY
10 MG 1508 ovoid collared with neck entire dentate large tubulate  SF GY
11 MG 1509 ovoid collared with neck 2 collared with neck undulate large tubulate  SF GY
12 MG 1510 ovoid collared with neck entire undulate large tubulate  SF GY

AP = apetalous flower, FD = fully double flower, SF = single flower, Y = yellow, GY = golden - yellow
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Figure 1. Flower, petals, and plant characters of 12 marigold parental line A) Female line FY1502, B) Female
line FY1502AP, C) Male line MY1501, D) Male line MY1502, E) Male line MG1503, F) Male line
MG1504, G) Male line MG1505, H) Male line MG1506, 1) Male line MG1507, J) Male line MG1508,
K) Male line MG1509, L) Male line MG1510
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a a @ v a N
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OPA - 02 T asidus polymorphism @1\1‘7{2161 Ae
100 % (Table 2)
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AILTRY
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WLU UPGMA w131 AN9(384 12 a18Wug 419190
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wAadidundu 2a189Wug Ae FY1502AP uae
FY1502 i Anfafiaanu il auag @l 086 %1%
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SRLER Lﬁmmﬂmﬂﬁuﬁuﬂ FY1502AP W11
NIAINAIBRBTUN FY1502 InedTnisnasndy
5 A%s muﬂ@'ﬁi 2 dsznaudng aanugweInas
weagdnd 10 mmﬁuﬁf(Figurez)Tmmjuﬁ 2
aunmnudseanldidudn 2 ngudan Wefiansmn
AnFaiaannmileud 0.66 ldun ngui 2.1
dsznaudon areWugne 7 a1aWug Ae MY1501,
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Laz MG1510 fAfadaaiuwmilauag# 068
049082 m’qumjuﬂ'faﬂﬂq’uﬁ' 22 Usznausae
araWugne 3a1aWug Liun MY1502, MG1503
uaz MG1506 & Asainatumilauas 072 i
0.86 waziiawlFauiauAafaiaaumiieu
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Table 2. Nucleotide sequence of primer and number of total bands, number of polymorphic bands, and

number of monomorphic bands of 12 marigold parental lines

Primer Primer sequence Total Polymorphic Monomorphic Polymorphism
55— 3 bands bands bands (%)

OPA - 02 5-TGCCGAGCTG-3' 8 8 0 100 %
OPA - 04 5-AATCGGGCTG-3' 10 7 3 70 %
OPD-05 5-TGAGCGGACA-3' 12 11 1 M %
OPD-07 5-TTGGCACGGG-3' 10 8 2 80 %
OPD - 11 5-AGCGCCATTG-3' 11 7 4 63 %
OPD-19 5'-CTGGGGACTT-3' 10 9 1 90 %
Total 61 50 11 -
Average 10.16 8.33 1.83 82.3%
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Figure 2. Dendrogram of 2 female and 10 male marigold parental lines from 3 primers OPA - 02, OPD - 11
and OPD - 19 by UPGMA

Table 3. Similarity coefficients of 12 marigold parental lines generated by RAPD - PCR using 3 primers,
OPA - 02 OPD - 11, and OPD - 19

Inbred line  FY1502 FY1502AP MY1501 MY1502 MG1503 MG1504 MG1505 MG1506 MG1507 MG1508 MG1509 MG1510

FY1502 1.00

FY1502AP  0.86 1.00

MY1501 0.79 0.72 1.00

MY1502 0.51 0.52 0.65 1.00

MG1503 0.45 0.45 0.58 0.86 1.00

MG1504 0.68 0.69 0.75 0.62 0.69 1.00

MG1505 0.65 0.65 0.72 0.72 0.65 0.75 1.00

MG1506 0.41 0.41 0.55 0.69 0.75 0.58 0.62 1.00

MG1507 0.62 0.55 0.76 0.62 0.55 0.65 0.69 0.65 1.00

MG1508 0.62 0.55 0.76 0.68 0.68 0.79 0.69 0.79 0.72 1.00

MG1509 0.62 0.55 0.69 0.75 0.68 0.72 0.82 0.65 0.72 0.72 1.00

MG1510 0.69 0.55 0.82 0.75 0.68 0.65 0.75 0.65 0.65 0.72 0.65 1.00
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Table 4. Similarity coefficients of 12 marigold parental lines generated by RAPD - PCR using 6 primers,
OPA - 02, OPA - 04, OPD - 05, OPD - 07, OPD - 11, and OPD - 19

Inbred line  FY1502 FY1502AP MY1501 MY1502 MG1503 MG1504 MG1505 MG1506 MG1507 MG1508 MG1509 MG1510

FY1502 1.00

FY1502AP  0.51 1.00

MY1501 0.64 0.50 1.00

MY1502 0.45 0.40 0.68 1.00

MG1503 0.48 0.38 0.60 0.82 1.00

MG1504 0.56 0.48 0.70 0.67 0.71 1.00

MG1505 0.55 0.47 0.65 0.70 0.70 0.76 1.00

MG1506 0.47 0.37 0.55 0.60 0.71 0.56 0.58 1.00

MG1507 0.56 0.38 0.59 0.56 0.57 0.62 0.61 0.59 1.00

MG1508 0.58 0.47 0.68 0.65 0.70 0.75 0.70 0.71 0.64 1.00

MG1509 0.46 0.35 0.56 0.66 0.63 0.73 0.72 0.54 0.61 0.67 1.00

MG1510 0.62 0.36 0.60 0.61 0.62 0.57 0.63 0.54 0.64 0.62 0.55 1.00

1.1 FY1502AP

MY1501

MY 1502

| MG1503

MG1504

MG1505

MG1508

MG1509

1.2

MG1506

MG1507

MG1510

2 FY1502

0.42 0.52 0.|62 0.72 ‘ 0.82
Coefficent

Figure 3. Dendrogram of 2 female and 10 male marigold parental lines from six primer, OPA - 02, OPA - 04,
OPD - 05, OPD - 07, OPD - 11 and OPD - 19, by UPGMA
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