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Analysis on Specific Molecular Marker Some Dendrobium Sw. Species in Thailand
Containing Bibenzyl Derivatives Using Inter-Simple Sequence Repeat (ISSR)

Technique
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Uthaiwan Sapkaew and Shermarl Wongchaochant’
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Department of Horticulture, Faculty of Agricultural, Kasetsart University, Chatuchak, Bangkok 10900, Thailand

*Corresponding author: Email: agrsmw@ku.ac.th

(Received: 13 November 2017; Accepted: 15 March 2018)

Abstract: Bibenzyl derivatives in Dendrobium Sw. are used as medicine composition for preventing and curing
several diseases. The genetic selection using specific molecular markers could reduce time and cost for
Dendrobium Sw. identification based on their main chemical constituents. The purpose of this study was to
examine the specific markers for some Dendrobium Sw. species in Thailand which contain bibenzyl derivatives
using ISSR technique. The specific fragments of 7 Dendrobium species in Thailand were analyzed with 96 ISSR
primers. The results revealed that 4 DNA fragments produced from 4 ISSR primers i.e. UBC-861, UBC-862,
UBC-881 and UBC-895 primers from 10 ISSR primers showed polymorphic bands patterns between
Dendrobium Sw. containing bibenzyl derivatives. Only the 350 bp DNA fragments amplified with UBC-895
primer were used for sequencing. The result of UBC-895_350 sequencing showed that DNA fragments length
was 289 base pairs. The sequence was identical to bibenzyl synthase-like of Dendrobium catenatum and
mRNA of D. catenatum in NCBI database. It was recommended that the results from this investigation could be
used as basic knowledge for developing the specific molecular markers to identify Dendrobium Sw. for further

research.

Keywords: Phytochemical, medicinal orchids, DNA marker, DNA sequences
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asAlsznaunan (Yang et al., 2006) fanenuRen mewumu (Dendrobium cretaceum) WaZ\A 84
miﬁnmmqﬁmmﬁﬁmwmmm@jm bibenzyl $19%19 (Dendrobium pulchellum) W& WL 3135
IALaN1Z4@19 moscatilin ﬁqm’émwﬁqmwummm’w ARMianIdn Aty fiasld m’%mﬁa’in@m:ﬁﬁﬁmmqq
e gw’%ﬁmmm’%mmmL‘f:m@ﬂu%mﬁq (antitumon)  sivemsindiinneiansdnAnyiAnldenasiesiaeened
qw%tﬁmmm’?ﬁm%wmmﬁm (anti-angiogenic) ABUIN94 NTAR Lﬁ@ﬂzﬁvﬂwm:mqﬁuqﬂﬁm’mﬂ
qwéﬁmmsé’mmu (anti-inflammation) qw“gﬁmmi wmﬁmvmm%wmﬂmma [TBNARANITdMNID
DU ABAT (antioxidant) (Liu et al., 2010; Kowitdamrong o8 TUszezINal waranfiuulunisanszing
et al., 2013; Tsai et al., 2010) arsdnAnylundeeliiananingld algedde uazae
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a t4 = = o o '3 > a
ﬂ"]ﬁ"}tﬂﬂxﬁ“’llﬂi'ﬂ\‘]“ﬂqﬂtﬂ LANAaNaN L‘quLQ'IEQQﬂ1.|ﬂﬂ'}ﬂl&lﬂqﬂ“qqﬂuﬂﬂ“ﬁuﬁﬂ»uﬂ‘izLVIﬁuLVlﬂ

ﬁﬁmsaqﬁ’uénéu Bibenzyl IneiinAtia Inter-Simple Sequence Repeat (ISSR)

(2560) $1ENTUNTTATITTANNANAUENNAUFN TN

'
¢ aAaa

aaenfaalddvdnamainafianan g inawas

-

OPFO01 uaz OPF06 #181303LANEUANANHUENIN
Wugnssuuazdnulianguatsiugndoslfignsaanidu
3 g ANANEEATUN UL ALAen a3 lHET
WuasAlsznataesdnen uazAaud i uinig
#gN9su Bhattacharyya et al. (2015a, b) lfnsasay
Lﬂ%wmﬂimaq@ﬁqmmﬁﬂ ISSR Tae 14 Insiuas
Favsin 13 InsiesTiansnsnlfinansuansing uazid
Tnsuieni paudaniug Tuansdnanylu Dendrodium
nobile walFnmanauitaminaanadaamaila
15SR TneilF nawia 7 Inawied Aiflannudusiusiuans
antioxidant activity T Dendrobium thyrsiflorum W, 61
FoyanslfietenaneTuanalundaganamna il
Anananlunisldidusyulnsaeslszmalnadaly
UNIVANe

91U94 ﬂﬂi\‘iu@ﬂﬂ] WA Inter simple
sequence repeat (ISSR) L‘IN AANHINTLA ifaw Hel
Tuanadamizianzasiundaelfianamnalutlszme
e Awuananga bibenzyl iladadanniat liiana
vaeiafisiinun s iU dUs e wnda
nen LL@:Lﬂufﬂ@H@ﬁ”ugm’lumiﬂ%uﬂgqﬁuﬁ v
Ausnndae liiidandranainssy uianisden
Tsiuninemsnsuaunam

o aa
adnsaluaglsns

gl lumsnaaas
néatldianavneinulutlssmeng s o
79lA AN 89U BIE WY (2558) ﬁwumiﬂ@'m
blbenzylﬂﬁuau 549 ”Lm LA Besgnaanud (D.
crystallinum) Lﬂ'amwmum (D. cretaceum) GLR
491419 (D. pulchellum) BREN (D. albosanguineum)
LaLIBadR (D. lindleyi) Lmzﬂéiqﬂiﬁﬁhiwum‘m@:u
bibenzyl a119% 2 18 a 18 uA Aaenenuzide (D.
hercoglossum) WaEWINNEN (D. findlayanum) wa e
n&aelfianananalutlszmAau aanseeIuaee Chen
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et al. (2012) ANUAIINGN bibenzyl 31191 198 A
1un D. officinale

MSANAALAULE

arma uAEueanadulus ausean &1l
anawanukaeia CTAB fifaudasainizzes Doyle
and Doyle (1987) Faimrnlugeusaesnag 0.2 nfu
Walulnsaumasuazualfiazi@enfaaings 1
faetineiuauialdvaenlulnsfiatinmg 1.5 aaans
anvhufinansazans CTAB buffer 15anms 1 finaans
(2% (wiv) CTAB, 1.4 M NaCl, 20 mM EDTA, 100
mMTris-HCI (pH 8.0), 0.2% (v/v) R-mercaptoethanol)
uﬂﬂuumamunu 65 asATalded 1unan 30 Wi
mqmﬂuumﬂuLﬂumm@mmwm LA RNase A
(Andinde 10 Daansusaliafans) 3uans 4
Tulnsans ﬁmﬁ"ammﬁ 37 asAmaided wiaan 30
2417 LB chloroform : |soamy| alcohol (24: 1) sum9
200 luTAsAms nAUNABATUALLLA Tuwdesd
qrun)iTiad faamnui3atlszanns 8,000 sevseud
unan 10w geresnadlagauinauuldnasn
sl AnmznauEat isopropanol AfiudnLBNAT 600
lutnsdng nauvaen tuL o felAgnanniivies 15
Wit sl eaanui3a 10,000 sausawnd iy
A1 10 WA q]mm\immim’quuuﬁzLﬁumm:mﬂ
wash buffer (70% ethanol N@NAL 10 mM ammonium
acetate) 1Bumg 1 DaRaMT NALUNA8A NN y 1
WA U R TaY WAL mmmmmmimmuuum
mﬂuumﬂmvnaummum‘meqmmmwm WAz
avaemznaUR B UeAed1Tazane TE buffer sums
50 lulAsams mavageuBunnfBuledaeitadning
Wit luaaaznnag (Aol nduwlafifus) At
ﬁmﬁmmmmnﬁuumﬁ“amm”h‘iﬂmmﬁrﬁmmmﬂ?ﬂlu
260 111 280 WTWINAT (A, /A, ) WALLTNEAIE LS
Bilgnunil 20 asAaifaa aundraziinun il
Sumausiol]
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MsAuATIETALRUIBAEmATiA ISSR

AFHNANIATANY T A dATIZ R 1 Ule
130109 25 lulAsams Tuvaeni@ensuunn 200
Tulnsdns lnafdoutlsznauuazaauidindugadina
LD AL T (DNA template) 50 ¥ ln5u,
10xTag15 buffer with (NH,),S0, 2.5 1ulnsams, 0.06
U Tagpolymerase, 4 mM MgCl,, 0.8 mM dNTP ka ¥
100 mM 284 ISSR primerimﬂlﬂwmmﬁfwm 9
Iwsias 9m UBC-801 D4 896 (University of British
Columbia, Canada) 14 g o417 lun19891m a7 <7
lsznavu@ag initiation denaturation ‘ﬁl 94 paATATELE
WAU10 U7 §U9U 1991 WaE denaturation 7 94
asATAEEg W1u 30 3wl annealing figanadl 50
AIANTALTEIE 14134 45 3T extension 7 72 89AN
wadaa Tneldinan 2 w1f a1uau 35 sau uaz final
extension i 72 89A TR IE8A U1 10 U1R NAIAIN
FunnaidiSwend A Swedisnenls 1'1ulnsans
Nmadaufaedtaaninsnidauueaaznilsa
(A udindiu 1 wesidus) Tuansazane 1XTBE buffer
flanlaaldamsaa@aau fae UV-transilluminator
'f?mm:ﬁgﬂLl,‘umml,m'uﬁLﬁumlﬁfaml,muﬁl,ﬁumﬁ
LAAIAIHNLANGNN (polymorphism) i:ud’]mq;\l‘ﬁlwu
uazlinuaisngy bibenzyl

NM9ALASIZRAIALILLATDILOLA LB UL TSN
\ngasiundaelianavanafiwuasnaa bibenzyl

FALOUA B LA LEAIAINNLANANSTD
n&aeldianananaing uazlinuansngs bicenzyl
wazdnARBUeeaNaNNaaazn1 198 1WNa1TazAYA
e lunmadeusaeitaianinsliauuaasznilsa
OB UT UL LA LI LEAIAIINS N ZIAN A
AN A LI s N B e
33 Sanger et al. (1977) ¥89aN IA A1ALLUA LA
PuBauieuAnNmaueaa ALILAT LA LW
au 7 Ine14 T sunsw Blast lug udieyanugnasy

National Center for Biotechnology Information (NCBI)
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NANTSANE

nsmsIasauAsasinalanarasnalellana
UNLANANA ISSR
a A o My A o P
AdueaNana i WetuAMAdaLAMN A
Lﬁum‘imﬂﬁ%mﬁmmmmﬂﬁuumﬁamﬂqi@mmﬁ
ANHENIARL 260 U 280 WA (Ase/A

mmmn@uu,m 1.6-1 96ﬂﬂﬂLﬂuLﬂW1®V}QMN®N®MﬂWW
Aaudin9A @m:rmwl,mum@umw”l,m”l.u NAANEUY

a
280) AN

smear band wigainsuienaesdisiiu uazanswe
augamlsAtinaanties uAnudnANdnduuen gy
RlE T By udieaszunns 315 urluniusie
Tulnsams

nNnNsATIagaLfag wsiues ISSR A1uau
96 lnswies 1 nsaaauiannzndagliifing lulszmne
Iner 7 aiin wudn i Inswe A aransofiniBunns uax
dsngunumduedaiai (major band) wazunumEY
l#ians (miner band) TaelFaamang “+” wungfanns
ﬂmngmfa«,mum@um WAZ " umﬂmmﬂuﬂamg
LmumL@uLmaLmumLﬂumwﬂmﬂ{]uummmuﬂn
m’mmnmmummﬂuwmm;-g’m (polymorphism)
Tun&ae/lfianavang W insies omn 10 Tnsied An
11104 Wesifud ansuanlnse svanuai 14
1Aun Twsiua$ UBC-830, UBC-834, UBC-861, UBC-
862, UBC-865, UBC-866, UBC-867, UBC-874, UBC-
881 LAz UBC-895 (13747 1) udnAaiden nsiuesh
aunsnf N BB el tn st alauuazdnmnz
L@W”ﬂQﬁUﬂ5Qﬂ1ﬁ@ﬂ@MQWF_ISLWJ‘I“’LV]ﬂVLV]F;IﬁIW‘LI@’]i
ﬂ@m b|benzyl s L@mmﬂmm (D crystallinum)
L@mmﬂmuu (D. cretaceum) Lﬂ'a\‘I“T]’N“LM'] (D
pulchellum) HNAEN (D. albosanguineum) LL@:L@@QN\?
(D. lindleyi) wazldnwuansngu bibenzyl lHun a4
AanNNYLL e (D. hercoglossum) k@ <N IIN N
(D. findlayanum) Fanus 4 Twswes TEun nawas
UBC-861 liiununifutaauin 600 iua lundaeld
m@mw‘?‘iwumamju bibenzy! w3 UBC-862 14
wouAEwenA 1,500 fiua lundaeliananeiil
WLANINEN bibenzyl Insined UBC-881 Miunumiduie
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Table 1. Polymorphic fragment profiles of two groups of Dendrobium Sw. using 10 ISSR primers

Primers Primer sequences Polymorphic bibenzyl presence No bibenzyl
5-3 fragment
length (D1) (D2) (D3) (D4) (D5) (De) (D7)
(bp)
UBC-830 TGTGTGTGTGTGTGTGG 500 + + - - - + +!
UBC-834 AGAGAGAGAGAGAGAGYT 700 + + + - - + +
300 + + + + - - -
UBC-861 ACCACCACCACCACCACC 600 + + + + + - -
UBC-862 AGCAGCAGCAGCAGCAGC 1,500 - - - - - + +
UBC-865 CCGCCGCCGCCGCCGCCG 900 + + + + + + -
UBC-866 CTCCTCCTCCTCCTCTCT 1,300 + - - - + + +
600 + - + + + - -
UBC-867 GGCGGCGGCGGCGGCGG 1,200 + + - + - - -
600 - + + - + + -
UBC-874 CCCTCCCTCCCTCCCT 400 - - - - - + -
UBC-881 GGGTGGGGTGGGGTG 400 + + + + - -
UBC-895 AGAGTTGGTAGCTCTTGATC 350 + + + + - -

" Appearance of DNA bands; -: The absence of DNA bands

D1: D. cretaceum; D2: D. crystallinum; D3: D. pulchellum; D4: D. albosanguineu; D5: D. lindleyi; D6: D. hercoglossum; D7: D. findlayanum

216 400 frud Tundoldiananananwuansngu
bibenzyl waswsias UBC-895 Miunumifuieauin
350 A Tundngldanamnaiwuansngs bibenzyl

dl o A fd‘ a @ d‘ ¥
(A 1) uazAadentnwswainUmnnguoun Buedili
AxuAnadatau Tiun Tnsiues UBC-862 wang

a @ ¥ ¥ dl 1 1
wouAdwesnglunfaglfianauneilinuaisngs
bibenzyl hazlnsiNe FUBC-895 LaAILnLALE ULD
danglunfonliianansnafinuaisngu bibenzyl
wnmaasuiundaeliianananendaunfinann
UszmeRn D. officinale Tefisrenuiniundaaliiana
weatinnuans bibenzyl WU uOLAEWRTLING
Jnaglunquinaaiundaeliianamnannuaisngu
bibenzyl Anwulutszmalne (1nd 2)

NM93LASIERAIALILLATAILOLA LB UL TSNS
Lnzasiundasliianavaneiwuasnaa bibenzyl

waUA Euefiaunn 350 Aiwa ildannie-
wes UBC-895 iluunuA S wiefianunsnarn fule
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aananaaeznsald Wenunmsageuiuiumis
BenAuA T AnuLAnsng LazAadindus
wuedFunniganesanisir lliwmsdansuia
HANNIRLATZRAIALLIAR IWNA 289 ALLIA ANALLLIA
ga9d1dueanilane 511 3 (AANH 3) Bun
WisnifeupaumileuressFuiarud B uedu
weilipnnafteiugwisellsiusiinlalugmieya
el T1lsunsa Blast T NCBI WUIRALLLATEULAL
ALfuLe UBCS95_350 RlE T Annumileudus sis
mMRNA uncharacterized (LOC110109128) transcript
variant X1 284 Dendrobium catenatum T@1 identities
75 w5 finaen 76 ALLA AN 101 ALUIA (NN
A4 uardaouwileusudfuiua bibenzyl
synthase-ike 4 @ 9  Dendrobium catenatum
(LOC110105791) & i1 identities 100 1@ 51d us #
ANET 11 ALUd ﬁﬁlwzudwﬁ AN IMH AU UNNg
LAPAIRBNTBIE bibenzyl synthase (m‘wﬁl 5)



A9415NEAT 34(3): 331 - 340 (2561)

Figure 1.

Figure 2.

M D1 D2 D3 D4 D5 D6 D7 M DI p2 D3 p4s D5 D6 D7

ISSR band profiles of Dendrobium Sw. obtained from using UBC-861 primer (a), UBC-862 primer
(b), UBC-881 primer (c), UBC-895 primer (d), (M: GeneRuler™ DNA Ladder; D1: D. cretaceum;
D2: D. crystallinum; D3: D. pulchellum; D4: D. albosanguineum; D5: D. lindleyi; D6:

D. Hercoglossum and D7: D. findlayanum)

M DI D2 D3 D4 D5 D81 D82 D& D7 M D1 D2 D3 D4 D5 D81 D82 D6 D7

ISSR band profiles of Dendrobium Sw. obtained from using UBC-862 primer (a) and UBC-895
primer (b). (M: GeneRuler™ DNA Ladder; D1: D. cretaceum; D2: D. crystallinum; D3:
D. pulchellum; D4: D. albosanguineum; D5: D. lindleyi; D81: D. officinale (tree); D82: D. officinale

(tissue culture); D6: D. hercoglossum and D7: D. findlayanum)

1 GGGGGCGATGCTACGGTCAGCAGCGGCGT TGCTGCGCGAGGAAGAGTTCC 50
51 GCTAGGATTGTGGCCGATCACGCTGT TGCTAGGGT TGAAACAGGTGGTTG 100
101 GGAGCTITTTTTTTTAAATCCCGTGTTCTAACTCACTGCTCTATTTITTGAA 150
151 GAAACACCAAGCCACCGTTTTCAACCTGATCAAAAACCCCGACTTCARAA 200
201 ATCCTAGCGGAACCCCCCCTCTITGCGCTGAACGCCCTCCTGATCTTATTIC 250
251 CCAATCCGCTCTTGCCGGGATCAAGAATCCCCACCTCTC

Figure 3. DNA sequences of UBC-895_350
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Dendrobium catenatum uncharacterized LOC110109128
mRNA Sequence ID: XM 020840059.1 Length:

variant X1,

Score = ©66.2 bits(72),

Gaps = 5/101(4%), Strand = Plus/Minus

Query 5

Sbjct 350

Query 65

Sbict 295

Expect = 4e-07,

(LOC110109128),
1675

transcript

Identities = 76/101(75%),

TACGGTCAGCAGCGGCGT TGCTGCGCGAGGAAGAGTTCCGCTAGGAT TGTGGCCGAT CAC

TAAGGTTGGCAGCGCCTCTGCTGCRAAGAGGAGGAGTTTCGA-—--ATTA-GGCTGAAGAC

GCTGTTGCTAGGGTTGAAACAGGTGGTTGGGAGCLLLLLLE
EERRRRRREE
GTTTTTGCTAGGGT TGAGACCGGTGGTTGGGAGGTTTTITT

64

296

105
[RERRE
255

Figure 4. Comparative sequencing of UBC-895_350 information to the database in genbank

Dendrobium catenatum bibenzyl synthase—like
Sequence ID: Query 153683 Length:

Score = 21.1 bits(22},
Gaps = 0/11(0%), Strand

144 GAAACACCAAG
R RRRRRE

GAAACACCAAG 528

Query 154

Shict 538

11

Expect = 0.95,
Plus/Minus

(LOC110105791)
73

Identities = 11/11(100%),

Figure 5. Comparative sequencing of UBC-895_350 information to the database in genbank

a L4
PRMENY))
2 2 a @ d' v a v
AN ue9REweR IE RSN utias
o o A o v = = P
Wanilagannnaqeldiarsinausannlss
(polysaccharide) 1 & & Tw aNuaa (polyphenol)
Ay o A = A A o

gnsazanei B Ranwausludenwilaauils 2dsodi
SEUINAT ARLEUBANTAINA NI AT UETIN19N1 191
a91au sl 51 g 18 wn ligase, polymerase bR ¥
nucleases (Barra et al., 2012) AR RCEIGINGL R
3% CTABAisauilasanniatuad Doyle and Doyle
(1987) WUAZENNITONTIEANAZNAUNINA
= Y& v 2 a @ =
a131Usvnauiuealdinin ANdinduaedLEuen
afnlddaldTunutios F9189 U3 1n19H AT
polyvinyl pyrrolidone (PVP) Tagias PVP azAaufiuans
Tnausaanlsfuazag luaniwliazaratinaunandu
aanN1 denaliinfulel AN u3gnanantau
(Porebski et al., 1997) wazdnfaan131i 15 A 18 ueN A
BUNUNINT I UF DA NLFH AT waziN 30l
Twlas nainBFuindnmesasdaaanainuvils
yaag13azas ludunaunisuenmiduiald (Salzman

et al., 1999)
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5185 ISSR NANNITDNNUFHIUR LWL
Tun&nalanawana i Lﬁ'aq'aﬁﬂvl,wsl,m%ﬁmzmﬁ
mmmmwmumqm@um Vidaflumiia l Immiwsmm
Avfienduatuun Suevanii danaeem S e i
Bunauld Lﬂumumgi:mwmmevl,u‘llmmwmw
lavi viga SSR 2 131nuneg] Indiu (§7un, 2552) s
a = ca = .

Walnanesia@u (polymorphism) iunannannlng
Wad U RLEaALLa AN udaNan1 1AL

a @ dl AI % ] 1 o
WAZAUNATDIA B TLAN TN WA T windu Taeay
o a A 1 I~ d‘ o 1
LARINA A NHELEN13RTe I T LD UALEUEN A WAL
519 ] NINNGINNTALUIWIATBIUALIA B WS LOLA
B 4 4o lunisueanANNwANAN9eInaas 13iia 2
nguladu uounldwendsnguisuaulidaiau
= v v A @ M o
WeasanAnudnduaesdid e A ut Uinndias
LAYINAARNAALNUA B UIRANaL N 19d1aaR1AR N3
Pilauanuaundueay vire BN Wwenanm
= v ' °

aananaznilsaaaniFuioiies annsanisunly
FATzAANALILA TWOUAEWeNIUIA 350 Aiua 7
Tdannlwswes UBC-895 luuwnum fuenaiusn
AiARBIeeanaNRaern 94 ls Hatinunmagey
WuawdaR gt uA1IwWALeR i ANLANFNG AN
v ¥ a @ = = 1 o a 's
WndunduedBunasneanasan1uinlddwmezs
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siniwauasniulnswesfiimnmaseuiundaglil
anavaneinululszmaaw lun D. officinale T4
ifmmudﬁLﬂuﬂﬁqaiﬁmwmmﬁmﬁwmﬁ bibenzyl
wusunUAEweinngSaeslunguiaaiungan il
m@mm‘ﬁwuma‘n@:u bibenzyl inwilutlsznalng Ag
wanuouA B wasinann i msiansuwe e
N199LAIEHRNALLLA HaWA 289 ALLA latinan
Whauifupnauwileuresdduuaiuaidued
WUFNRRLILaTEIUOLA e UBC895_350 1A
ANNIMNAUALAAULLIE MRNA 294 D. catenatum
LATANAULUA bibenzyl synthase-ike 184 D.
catenatum %dizud’]ﬁ AN AUALNNIUAAIBANTAY
g3 bibenzyl synthase wiag19lsAMINA1A L LG
fananaldanunsnssy s nduiuiinauaunis
LARIRANURN bibenzyl synthase Lﬁmmﬂdmmuﬁﬁu
wilFunannmaiia ISSR dunninlsunndisue
Tnedatunm Sueda B S ueiome aedl
dquﬁgmmmﬁ@ (translation) wazlsignuilasia uaz
wudrdnfuwalilasummmalaiinnsnszanasana
alun uaznsnszanssasaslulasuanmalaidaulung
o8 lurianuilail48u videdautisvaesd (non-
coding region) (zﬁuw%, 2552) Lmedﬁmdilfawuw
Tmmﬂ@ﬁlﬁl,muﬁLﬁummemwLLmﬂﬁhwmﬂé’Qfﬂﬁ
anavmefinuans waglinuaiangs bibenzyl s
VLMWM?QWW%%Lﬂumifammwummmmmm
fUNMIuansaan189E Ul AMLANNIINARA TN
bibenzyl fasaanauiwan e liduiieyailadiuly
nsthdsuwad i iuwanndueiemunauana
deldlumssuunngaeSianavanesiely

G
mﬂ%mmﬁﬂmrmmuLﬂ%wmﬂm@q@
Fmnzianzastundaglfianavany 7 2iin Anuly
dszwnalng faalnsnas ISSR auau 96 Twswad
anunslFlviamat0 nswes wazliunua s ued
uenANuansnsainundugulundaeliians
umafinuans uazlinuansnga bibenzyl 1 4 uay

338

AALALALEWAUIA 350 Aiud NlHanTnsiwes UBC-
895 NANTIAINZRAIALLLANTWIA 289 ALUA UM
arduanlal Al auiua1AUILA mRNA 199
D. catenatum WaLA 1AL LLA bibenzyl synthase-like
284 D. catenatum lugnudiaya NCBI Avaiuis0in
4 o o dl 6 ¥ b dy v o
fayaarsuwan i lfidudioyadiosfiuluntsbun

dl dl A o ¥ v
WuasasmnaBianaiield lunisauunnfosldans
wanesiall

naAnssNUsznA

1FFuyuganyunsinAanssndudinuas

aduayuni3iay dszinnyuiusindneiann
AINUADIENTINNNTS BwisTNRUsEAnT] 2560

laN/198194

Tgmrie quusnlamned neassns Adenn Tl tuding
waz 0ig1 wsnsal. 2560. N5AATIER
avAdszneavaesuaulnloe v uay
ANANRUENRugNIINTRInannFae 1l
419, ansanTnEms 33(3): 311-321.

gAY NAUNHUNIE. 2558, TATINNTIR LA WA U
n&atliiana Dendrobium A Anan Ty
ayulng. :1891unufinautintasenisil
2558. A01LIUANANTAIU NINAITINTINEAS,
NIUNIeL.

{7unf Dezlaaninna. 2552. wiTeavNE A Eue: a1
ﬁwuﬂﬁu@jm@ﬂszqﬂﬁ. GRRVERTRNEN]
NUINUNFENHATANAAT, NPUNNY. 269
i,

Barra, M., E. Salazar, M. Beltran and B. Sagredo.
2012. Simple and robust DNA extraction
method for the large-scale analysis of
genotypes containing high polyphenolic
content, such as landraces of Solanum
tuberosum and Zea mays. Ciencia e
Investigacion Agraria 39(3): 593-601.
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Annual Flower Bud Development of Vanda Manuvadee
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Abstract: Flowering behavior and histological studies on the development of Vanda Manuvadee flower buds
were investigated every 2 weeks interval during 2013-2014, to illustrate the periods of flower bud initiation,
differentiation and development, which related to environments. Flower buds initiated from mature axillary buds
were found almost the year under favorite environment as photoperiod of 9-12 hours/day, temperature range of
18-33°C and relative humidity of 60-96%. Apical shoot meristem of axillary bud changed its growth phase from
vegetative to reproductive characters. The leaf and floral primordia at each leaf axil formed while the apical
meristem grew, and those developed to bracteoles and florets located on elongated rachis with raceme type
inflorescence. Flower bud initiated about 4-6 weeks before emerged through leaf base with slow elongation prior
rapid one. It used about 12 weeks average from initiation to first flower opened. A few flower buds developed on
the same period, but one or two buds could reach to the flower open while the others wilted. The longevity of
inflorescence was average 2.8 weeks. In the period of blooming, new flower buds could occur and develop to
mature inflorescence. They reached blooming 3 times per year. The environmental factors during March to April

affected young inflorescence wilted, and absent of the flower bud development.

Keywords: Orchid, flower development, flowering, flower bud histology, environmental factors for flowering
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Three axillary buds above last inflorescence position look inactive in early June (Inf:

Figure 2. Longitudinal section of axillary bud of Vanda Manuvadee at the beginning observation in early

June showed prior to the flower bud with shoot apex located on base line of bud scales
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Figure 3. The developmental phases of Vanda Manuvadee inflorescence; A) buds in early

development, B) developing flower buds (FB) inside the enclosed leaves, C) very young

inflorescence emerged at leaf axil, D) rapid elongation of peduncle with enclosed florets, E)

young florets were seperated with rachis elongation, and colour appearing latter, and F) the

first flower open phase

Figure 4. The initial flower bud with developing at apical dome (A), and cells arrangement in apical

shoot meristem and leaf primordia formation (B)
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Figure 5. The flower bud differential and developmental phases of Vanda Manuvadee with growth curve

(A-F) longitudinal sections of flower buds after its initiation until emerging through leaf base;

A) prior to elongation of shoot apex, B) inflorescence axis was starting to elongate and

beginning of the leaf primordia formation, C) axis was bending up with the floral primordia

formation, D) inflorescence was elongating further and flower primordia appeared in young

leaf axils, E) a flower primordium, F) further axis elongation and florets development, G)

florets were closely in floral bracts, H) young inflorescence elongate with each floret ,

1) flower

bloomed, and J) the new flower bud had emerged during the flower opening. (LP: leaf

primordia, FP: flower primordia, YFR: young floret, BT: bracteole, FB: flower bud)
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temperatures (C), and relative humidity (D) measured in greenhouse during 2013-2014
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Figure 7. Flower blasting during January and February
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Funnanlfarazinanfausiaiannanaunsyinen
gR8ABNLINLINKIUNIINITA AU Md 2R a U
Hguisuiaiueneulszun 2-3 duUnnii uazieng
m@ﬂu’]uﬁyu (ﬂ’]‘W‘ﬁl 6-A) dnaziAgadiaaiy
anmuanfenluideunnadnisuiesunnauiidl
GUNYAABUNAINAUANAIBETTNT 1 18-25 BIAN
LsmFﬂﬂmmzﬁmm%yuﬁuﬁwﬁqq 60-89% (N7 6-A,
Cuay D) ﬁN@lﬁﬂﬁﬁ?ﬂﬁ%’]\ﬁflLﬂﬁﬁllﬁﬂ%:ﬂ@\‘lﬁﬂﬂﬂi
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Effects of Shading During Cultivation on Chlorophyll and 2-Acetyl-1-Pyrroline

Contents of Pandanus amaryllifolius Roxb. Leaves
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Abstract: This research was to study the effect of shading net on chlorophyll and 2-acetyl-1-pyrroline (2AP)
contents of pandan (Pandanus amaryllifolius Roxb.) leaves. The experiment was carried out based on
randomized complete block design (RCBD) at four different levels of shading net (0, 50, 60 and 70%), with 3
replications and the leaves were harvested 6 months after planted. The results showed that there were
significant differences in the chlorophyll and 2AP contents in leaves growing under different levels of shading
net. The chlorophyll contents of pandan leaves cultivated under 50, 60 and 70% of shading net were higher than
those exposed out of field. The chlorophyll contents were 0.56 + 0.06, 0.89 + 0.02, 0.77 + 0.03 and 0.84 + 0.12
mg/g fresh plant at shading net of 0, 50, 60 and 70%, respectively. The amount of 2AP of pandan leaves increased
as shading net decreased. The 2AP content were 5.40 + 0.01, 5.40 + 0.02 and 5.60 = 0.01 pg/ g fresh plant at
shading net of 70, 60 and 50% , respectively. However, when planted without shading net the 2AP content was

decreased to be 5.55 + 0.01 pg/ g fresh plant.

Keywords: Aroma compound, shading net, Pandanus amaryllifolius Roxb., chlorophyll, 2-acetyl-1-pyrroline
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UNARD: AR IE AN ATENATa s ILAse BN AR AR LazAns 2-acetyl-1-pyrroline (2AP) 124
Tuwemen TnannguaunmaseuUUgN uURINANYIAT AotIRNT18NUAIFNTUW 4 92AL (0, 50, 60 WAL 70%)
svfuaz 397 LL@ZLﬁ‘LILﬁf;l'ﬂ‘].lmf;lﬁﬂwﬁﬁ/\‘i@ﬁﬂﬂ@]ﬂ 6 (e mﬂmmmmwudqmﬁwmqLmemuma‘ﬂ@.ﬂﬁﬂmﬁi@
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60 Wax 70% %ﬁiﬁmmm@‘ﬂﬂaﬁqmdﬁLﬁ@ﬂ@gmmuiﬂwmmm Tnadifunnaespaslsfadivindy 0.56 + 0.06,
0.89 0,02, 0.7 + 0.03 WAz 0.84 + 0.12 AaAnFu/miuitaan maa sy lurniziBanuans 24P Wluimavaay
duilagnluaninzimmmauasanas e Memmeuamazsil 70, 60 uaz 50% e 2AP Wit 5.40 £ 0.01,
5.40 £ 0.02 uaz 5.60 + 0.01 lulAsnFunFuitaan mugiu athlsimudedgningliinsmaouas azdawalii
1Bu0uans 2AP anas InaidlAnwindu 5.55 +0.01 TulasnFu/niunaan

ANRIATY: ANTVAN ANTNANINUAY EvaN ARalIAR @3 2-acetyl-1-pyrroline

AN 299 BANTUA LazADLE (2558) NTINNNIaTAMENEN

fnerin wuesAtaznaumaadivan Ae 1-hexanol, 2-

weven Wufzayuinenauvenaiaviiedl  penten-1-ol uaz 2(5H)-furanone Tl 2P iuans s
pulneganiunniiuu Senineianidn  ndundniididty Tagiinimihans 24P arnumsen

Pandanus amarylifolius Roxo. 4 a8 ¢ 1w avd  lillsrgnd & luduusanauzasenng adunaiia
Pandanaceae WuNTARNDUANRALDLLB T8N AT $1ALAZANNNAINUAN AT UNALRANIINNTIN LA

TaLudunninle uafnusaudunndn 1d inavandu K SN LazAE (2560) ANHINNIETAGNT 2AP AN
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al o Y d” d‘ % oy dal ' a a o % v v dl o
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o '8 v 1 [~ o al o v % dl % A v aa
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2551) gnsnsoiiunes ol sctemilivasanntgn e uven1iiiudngene Gadedunisiingasid
6 oU (Nadaf and Zanan, 2012) wevandasmans  Winuluwewazdnouenddiunnnananuinly
Wuentngeinlaldigudu dosaanisnszmenin sl dsznalng
Wuenduilaanny uainulsawnmau (4uis, 2536) luweviend papillae iWuA ke Avazan
anuluny Hautimaneuun 1 lunnslsznauatng n @17 2AP @4 papillae HudauNaF19u1anidietiadu
i A agy ! = P . Ly o = P
2N e niduian i A luEesaesansh epidermis f1uunaluaaimavany Tanuqnd
Tiduaznaunennlaendtlidudunmesefislng  unwsnszarseginlinaenisly (Nadaf et al., 2006;
luweavendsznevllfonansdilan Nisandn  Wakte et al, 2007) aqiiudslinsudeyaineaiy
raalslad uazdlevdtlsznaumaaiivianeaiin teeyd nalnn1sdamzians 2AP Tumeavan Al seanu
LATADLY (2545) 918971914199 Wi nAuUaNuanli A3AnE ludinauengn 2AP painnizaneune luaes
lumeaven Aadns 2-acetyl-1-pyrroline (2AP) #1214 betaine aldehyde dehydrogenase2 gene 11141 L7 o
o 1 ] o Ao aaa o
Laksanalamai and llangantileke (1993) anA#171aN nsazantad A -pyrroline %uﬂumﬁwqﬂgmmﬂu

sempannlumedaias lume i lne 1835 nnsan nAqe methylglyoxal W& 317 AL U@ 2AP AU (Nadaf et
Tlaun wdaurlddasneddaawmaila gas al., 2014) InsgnunINLazI RN aasa TN TN

chromatography-mass spectrometry (GC-MS) W91 Tuag AUANHUENNRUENIINTINA AN W AA BN
Ha9Alsenaunan Ae 419 2AP WUWRLNALNNWIAY 1Y AU H AT TNI0UTN ATUNINALLAZ WS
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AusRINIETALIRA win19nT e 50% 13
AMUNINETLHANAR A Wmtinan Wiinuiie uas
BunniansdaAyunnndnlinseuas (Useeed uwaz
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Table 1. Chlorophyll content in Pandanus amaryllifolius Roxb. leaves growing under various shading nets

Shading net (%)

Chlorophyll content (mg/g fresh plant)

0 0.56 + 0.06°
50 0.89 + 0.02°
60 0.77 +0.03°
70 0.84 +0.12°
F-test *
CV (%) 18.98

Values are means of three replications + standard error

* Indicate significant at P<0.05. Values in the same column with the different letters are significantly different at P<0.05
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Figure 3. GC-MS chromatogram of extracts from pandan leaves growing under various shading net
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Table 2. 2AP content in Pandanus amaryllifolius Roxb. leaves growing under various shading nets

_ 2AP T™MP _ Amount of
Shading Ratio peak area
RT 2AP (ug/g
net (%) _ Peak area . Peak area (2AP/TMP)
(min) (min) fresh plant)
0 11.71 8974681 + 15275 15.60 30143619 +5773 0.2977 +0.00045°  5.55+0.01°
50 11.71 7735619 + 1154 15.60 23849840 + 5507 0.3243 £ 0.00012°  5.60 + 0.01°
60 11.71 5858471 + 10000 15.60 25122397 + 11547 0.2332 £0.00041°  5.40 £ 0.02°
70 11.71 6458990 + 5744 15.60 27888567 +5773 0.2316+0.00023°  5.40+0.01°
F-test * *
CV (%) 17.16 1.82

Values are means of three replications + standard error

* Indicate significant at P<0.05. Values in the same column with the different letters are significantly different at P<0.05
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Abstract: Gymnema inodorum Decne. is indigenous plant distributed widely in the northern and northeastern
regions of Thailand, also used for traditional Thai cuisines and healthy herbal product to prevent diabetics. Two
groups of G. inodorum; broad and narrow leaves were found and two months of stem cuttings were planted in
the natural condition at Huai Hong Khrai Royal Development Study Centre, Doi Saket, Chiang Mai province.
After six months, the plants were harvested their leaves at positions 4 to 6 form the apex in the mature stages
were collected for analysis. This research aims to compare the phenolic content using Folin-Ciocalteu
colorimetric assay and active ingredient, gymnemic acid content by high performance liquid chromatography
(HPLC) in G. inodorum. Results revealed that some nutritional values in G. inodorum leaves include protein, fat,
and fiber contents were found and the value did not show significant differences between the two leaf types,
whereas sugar content showed statistically significant difference (P<0.05) between broad and narrow leaves of
4,68 + 0.28 and 6.70 £ 0.81%, respectively. Moreover, total phenolic content was found that both the narrow
(18.18 + 0.04 mg GAE/g DW) and board leaves (17.09 + 0.77 mg GAE/g DW) showed similar values. While,
gymnemic acid content of narrow leaves (2.50 + 0.11 g/100g) and board leaves (2.44 + 0.02 g/100g) were not
significant different. Therefore, the leaves of two groups of G. inodorum showed phenolic content and some
bioactive compound that can control blood sugar levels by gymnemic acid, and both of two groups can be

developed as the healthy herbal products.

Keywords: Gymnema inodorum Decne., phenolic content, gymnemic acid, HPLC

363
Copyright @ Journal of Agriculture, Faculty of Agriculture, Chiang Mai University. All rights reserved.



AN5A5NHAS 34(3): 363 - 372 (2561)

s 1 = o d’j ¥ dl A o a A a A a '
unAnga: desanduiniuiinuluoumamiiauasniasziueenideaile tasldlsznauannseiagng o

=< q% a o e = o o & A =~ a MYy g Ay
st udninsiaguinsivedesriulsainma aannisdrsa luiunnudesnileg aeangu 1iud liendng
wazliBuau ldnfsindneng 2 weu Ugnausaunguddnsnisimuniiaodeclaiduilaswnainngsanis
anenasaziin Samdndaslud ndsandgnluutlamaasuuiu 6 neu Aufudiet9luszazmaainaeg
° ;A A o = ' Ao Ao - A a ~ a v aa
Awmedl 4 - 6 andansgenieiinAnesell \uadelidngUsrasdineFauinauliunniuedniaeis
Folin-Ciocalteu colorimetric assay uaznsnaniiin deiluansdndnynieg wlusiaeds HPLC anlu@eannyiages
NgN HANNIANHINLG N5atATziAmA e lnTuInistelud@eaiisaesnguldnuauuanseiuluda
snauzesiusnu lad wazninly enduunasimazesdass isuaumuldisanndnluliande Sesas 4.68 +
0.28 Uaz 6.70 + 0.81 ARUMINLHY ANANAL wazlfAuANAae el Tad Atyn19adia (P<0.05) Awsunis
AnmziinnuiueanluluTuay (18.18 + 0.04 mg GAE/g DW) uazl1iTn414 (17.09 + 0.77 mg GAE/g DW) &
o IngiAesiu douBununseanninuwlu@esnnulungalizuay (2,50 +0.11 g/100g) uazngnlizning
(2.44 +0.02 g/100g) @ lxiuaNs 19 UN9ARH Aeiulud@eaniaenguiifiuinuiueanuarnsnaniinna
dsrlamisionisaunuszautienaluaenidingniezdng asanunsnliideaanisaeanguimuniunansioeg
anulnaineqgun Il

o [ a = a a aa =
AdIATY: 1TENnN U3Nnaiuedn nenaniliin Tasuninnailuesmadanssnuzga

AN NaNsinEvisaAtuANITALTIANA luaen HinaLY
nazindlaeldnaayulng 1Hun 39 nvse neviaey
o & o | | a o o a Y =X gy =
dnfutinulnediulugleniinndszney una panAre waznan Wusiu aelfidunnaaeniu
= = = 4 a adaa o P P
anmnvirailuesesiAaaie B inamadndines  nisFnungidialsauivauusliinnmaaaulu
o v o , o v a oa A A o a v
g9ty fasandeslaafludiuamamieinaun  szdudfiesdjimnianetiudunanimaasuansas
T uazuIasping o) (@yde, 2552) dndiutie wananigadinieesudtansainaniaywlng
a o a = Y o a o 09/ A v % '
wangriadiassnanuiuigayulngliinelsa lu  vsrfiaainnsnanszavinmaluaenléa tHun lu
Aglsznavldfonarsdrdyvanaatia Taglaniy  geng UBITIAA FNUMNeATTI WINAN MEIUWIALNY
= 1 aa & 1 v 1 = =
arsngneadnguinaiueauaznanlaueemiily  wazvenlug) iusiu (39523, 2536; 81781 UAavALE,
avAlsznounan TdlnnianiRsafinueyyadasy  2551)
doefasiuuaranninideseeinisinlsasing o) 15 \Temn (Gymnema inodorum Decne.) 138
(WoadT Lazenyaun, 2545) 14w leamau Ay FanEaniuwialunienimuiienn fnlRsann 9191w
Tsawnmau uazlasdugasiuluduiaen usiu  Weaowd Ay dudni@aanidndusdduedn
Ingiannzlsauuau daquiulafinastindanusig o Nudinunneniamile (1Hy, 2544 ; Wiads uazeoy-
gasfanwlsgthifuayulng iy anedvduaeshn 1w, 2545) antinuliontiiseauarludeunisaan
Weanuinnaluaen Wesaininisaenures  g@eu o wiudssmulugidnan wietinntgeennns
avAn1saundalanlull w.e. 2560 d1lsawnua Iy 1% dnaananuawin wnelddanudic vise dalald
Wulsanfndudu 1 1w 10 e%rouseuavdady  Wubiu dnd@esandansusduldoniges lunedd
awmg i Wigaededdmduiiuaunin (WHO,  Weasudin 3unasd daneluuan gaulunan penidu
= PRy o A aay oA o \ A a & Aa = a A
2017) Bee i lunnsinunlsnaiia il lilieesnedy  deuus@sn naudeadiden naunandmaes naw
ANBIRINTgEiaa ULt ts AL MIUAS AR LY Hameg gUnanee A miunisAnsniang ey

364



msilFauiisupuamelnauinisuazlFuaisaangnane@anan

Tuwlindeamn

Tui@eannunsaasniinn (gymnemic acid) (m‘wﬁ' 1)
ViﬁiquﬁwimL@qmjixnm_lﬁfaﬁmiﬂizn@u”l,maém'a
Auans nealady uazansafnamrdsiuluiananes
tivmanglag 3endn glucuronic acid (Sugihara et
al., 2000) Lﬁ?‘lfamiﬂim@uﬁqn@'mL%m'mm’m an'b
lBnay mmmmem‘mmmmimmmﬁmma ganali
iwmmmmmmumm@m u@nmﬂumsmﬂmq

o 1

ﬂ\wamwmﬁmqu@u’mqwu daiflugefuwin
wfiafAsuausrAutIntaluiden 'l
(Shanmugasundaram et al., 1983) ﬁqﬂfuﬁm%mm
safluftniadendnafiavieiflasmmamdanan
?:ﬁuifﬁﬁﬁ@LL@:‘]J‘E‘/LIZWﬁ]@ﬁ”’]ﬁl’]@iuﬁﬂmﬁmﬁﬁﬂ')ﬂ
Tsawvanu AglaFuponuiionin ludeennnles
a3 N LAtadIAes wasimuTuEAR DN
peagulnafadmbedudukisesguo
faqiiuiinnslgnéindesniatinauninane
e/l Anilefagneuifiinanign deaannisise
WU AR e Tins oL ss Ann AT AeLLLd]
AIMAINUANEN NANIgLANen Wun Avunineees
01 penaaesly AnuEnare st iy uas
Noudi (WNE wWazAnLE, 2559) Taeiannzdnuoelud
Fanuunnsnaiuld aannisdmauasiiususu
TeAN 18919 UNg LazAMY (2556) WUF1ARIN
umﬂumﬂmmL%mmmmi“nwmvslul,m_imﬂum\m@'u
THun ﬂ@ﬂﬂﬁémwl,l,@”ﬂ@ﬂml,t,ﬂu wummumnm\i
ﬂum\iwuﬁm‘immaﬂwmmmmﬂ@uumﬂ Tunns
mm@muwjmmmnwuwumm‘tmmau@uﬂﬂmzmmi
Walunfiaedadlateuiiiesuiannnezsasai

OH

OH

HO

Figure 1.

OH

365

TPaNg R UANH LA WIILINHATNITNULLLIs LA
wui Fuidennfi drmauazeananli s i
wnnsniuasInguuiu wAgeldnunissenu
annuansdrfoyiin lnludeenvieaesnguil s
lmAseiadingUsrasdifednmuaziBeuiie
arsdnAny lulurea@asnn lnadaseinniAInig
s Bunasiluedn ezt funnnsaaaifinging
Tulu Ineldmatiatasun naNae A aNITNUEE
(high performance liquid chromatography, HPLC)
dwiududeyatszneuniafiudmAveesdesniun
1%1uﬂﬁiﬁmuﬁﬁiﬂﬂ@mLﬂumamﬁm%muimlﬁ@
qunwsialil

L4 aa
AUnstluazIENsg

NS eeanaeaaaenguunTngn i
Nadusivlusienyld 2 neu Astinasiuaslgnluulag
nAaeTavAudANINsR M uIinadaclaidu
\WAINIAINNILINTA TS B1NaARLAZLIA 3999
= 1 ¥ 1 1 2
dealud Mezazrnaszndnadiu 1X1 wns gua
geinesiulaelaielineuasuiionia iuna 5
wau Midnadaui|aduvized 200 nfusaniuilainiigns
15-15-15 A1 5 NTNARAU (WIFM1T LazAnie, 2559)

4 9y = = @ o ° |
\WHesiudennneng 6 wiew aufiusaesngluTuiwmis
1 4-6duainidanagen BINNIAINAZEIALAY
auwivlugfauninfaungningil 60 a9 EaLTL A
Wuan 72 dalug arniudnsagnalun tdiful3 e
LATBRAAINTY (desiccator) Nasansaasziisialil

Chemical structure of gymnemic acid



A9415NHAT 34(3): 363 - 372 (2561)

nsAnEAnEe LT ean
=3 = v d‘ v =2
Wulu@asarainfundgnlundne
anwuznanian naeslureangulizniteuazngu
Wiway Tnadnauialy lEwd mnundie manueng
LAZARMINAIULRIANNYNIFRAIINNGN (length and
width ratio)

ABNFANARIDENUAENILATANAIDEN
nsaragnsanludeaniaenldianisans
wL$eulne1¥93 soxhlet extraction Wia i 1&1Funny
mﬁﬂﬁtyzg\i‘ﬁ'zgm AINABN19aTTATEY Pandey and
Yadav (2010) IneiEuanntin L@ enanisnunnsatiLis
ALARZIBEAR22INTILA LAENUNNITUAILAZINTS
wad 20 Widunsauiatieandn 0.825 NadluAT
annifudasasnaly 41uau 1 nFu lalu celulose
thimble IANATazATELNNNUAAANENT WS REIaY 95
AT NImAT AUAU 50 HadanT Tuanafunan ann
wny adiundinng 30 wiiuaznsas U@ esand
naaslivinnsarminanaia thansazansasafiaials
U ANt fTnaTanEean ST eTEIYe
WLULIAAALNNAL (rotary evaporator) 1 @1saimueny
TuiFesen WelElunsiemzvisell
NNTATENANTAQ8819R283T acidic-basic
hydrolysis et BuNuNIANEan thansainvey
284970 A1UIU 1 NFU LANANTAZAILLNNIUBAAINK
Wnduwsesas 95 lnatsunmns 7K 50 Jadams Lay
wngnravarenundd@anlansenlofaanudindy
%ataz 11 et etfuing S1uau 1 Haaans
afauuLvadiaunduuny 1 420 salfiansaiad
gruundwiniuguugiiies Aumunsalalasaassn
Windu anuou 0.9 Radans anmuuuvadiaunduan
p¥aflunan 140l arntiuliudnanadlunsmsing
20981387 WR AT RN a9 wdaUFuEumsluaandn
FUM9UUNA 50 RARANT AILANTAZANLLNNIUEA
Audindiuteasy 50 TaatBuans ielilunts
AATzALRNnunIeANiinfoemaia HPLC fell

366

MEILATINANATNIATUINS
13B3manzin AN NN LR
¥ ¥ ! a o aa
pwia WGun Tussin lasiu uazninly ansddnisaes
Association of Official Analytical Chemists ( AOAC,
2000) LA BNNNANARINATUBY James (1995)

mMsaseilBunaiuaan

Vansartavenulu@esnnanuau 1 Jaanu
wazang luansazangiunuaanulindsesas 95
InetfFuIms auaU 1 Dadans lAnansazae Folin-
Ciocalteu’s phenol reagent a1 U241 1N AA A M T
naaanaand1wld 5 wifl inatrazana nin e
AFuemnANLESatas 7 Teninuinsatfunns
31191 10 TaRAMT LaziAningulTuans 13
ﬁ@ﬁﬁm nan i ugnsazaneniadaamu vy
anwiiile fammuﬂivmm 23 mmmmmm lu
1981 90 WA mﬂuummmfmmumﬂmeammmmi
@mn@uLLm (spectrophotometer) mmmmqmu 750
RIS ‘Em’l%ﬂimm@ﬁﬂmmgmﬁﬁmmﬁu%ﬁu
5-500 lulAsnfumeNadans [uALAUIAES AN
A8nN19999 Kim et al. (2003)

mMaaseviiununsaaniin

1 mAtiAnga Lﬂﬁ"lxﬁLLﬂﬂﬂ’]ﬁ‘N@N‘ﬁl'ﬂQﬂu
gnnzaauanlngfnulain1ndsaes Devi and Jain
(2014) LL@ Pandey and Yadav (2010) & fJ ¢l LA ?@ N|
HPLC (a e Shimadzu 14 SLC-10Avp) ey 71 LC-
10ADvp R IGE im Degasser (@u DGU-14A) hae
A309n9adATila Photo-diode array (314 SPD-
M10Avp) mmm’mﬁqam’wgn%mmmwuﬁmhﬁﬁ
(5@&@%"8\1?% SIL-10ADvp) mmzmmzqmmnim
ARANTTHA Kromasil C18 (2u1e 100x4.6 faAwWms 7
fuurinAuinans 3.5 lilaswas) wanediduuundy
nduld uazidensafunIsaRad Ul 1U1A 43
HaaLunsg ﬁammqﬁﬁm Tneldmapdeuidu
ANTATANENANTTNIN CH,CN:H,O Tudnsndau 80:20
Theinsaunms msuenansnneldssunildsamdiuaes
wanAeuTipa doesmsnsluamindy 0.5 Taaans



msilFauiisuamAnelaguinisuaslFauasaangnanedanin

Tuluideam

Aeu1f maadnlne 1 photodiode array detector
(PDA) AianuenaaaL 210 untuiuns Winan 15w
Tnefinsndndfinunsguiid avnuidiadu 5 - 500
lulnsnfuraladans Wudaiau@es

MSIATIZALAYAVINAD

nsdnmeideyauarinane ugluuuees
ARALLA :dwﬁmmummgm (mean + S.D.)
NAFOLIANLUANFANTRIARRL A TNNIETA T-test
fassumnudesibesas 95 (P<0.05) Tl Tl snaw
NNA0F SPSS (SPSS Inc., Chicago, IL)

NANISYIARDILAZIANTIL

nsAnENANEULlULTE RN
guaras U@ lussasINaa AN AN T Y

1 o 1 = v 1 = ﬂdl
uansinsiuesngnliTnnsuaznguliizuaL (Nwi 2)
TedpAundluanaatlufugssauazAaNN
gvluanguluiatanely nudnluresngulisnsng
FANNE192A8 11.17 £ 0.56 LTURLNAT LATAIIN
#M91@@n 15.70 + 0.20 Lruiwms douluaeangulis

P~ o = a
LALNAIINNGNRAE 9.10 + 0.49 IURLNAT WAZAIN
81918 18.07 + 0.12 lIURWAT A NTUSHINEIU
ANNENIFBAINNANIa9 lUIT AN WUINEAFIEIL

—
1em

Figure 2. Leaf characteristic of Gymnema inodorum Decne. (A: Broad leaf group; B: Narrow leaf group)
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Table 1. Nutritional analysis in two groups of Gymnema inodorum Decne. leaves

Leaf types Protein (%) Crude fat (%) Fiber (%) Total sugar (%)
Broad leaves 20.63 +1.08 3.88 £ 0.31 16.66 £ 0.98 468 +0.28b
Narrow leaves 21.52 +0.50 3.44 £ 0.56 16.58 £ 0.34 6.70£0.81 a

T-test ns ns ns *
CV (%) 4.24 13.00 3.99 21.70
Means in the same column followed by different letters are significantly difference (n = 3), * = significant (P<0.05),

ns = non-significant, CV = coefficient of variation

Table 2. Comparison of phenolic content in two groups of Gymnema inodorum Decne. leaves

Total phenolic content

Leaf types
(mg GAE/g DW)
Broad leaves 17.09+£0.77
Narrow leaves 18.18 + 0.04
T-test ns
CV (%) 5.14

GAE = equivalent gallic acid, means in the same column followed by different letters are significantly difference (n =

ns = non-significant, CV = coefficient of variation
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Figure 3. Representative HPLC-PDA chromatograms of gymnemic acid at 210 nanometers. (A:
Standard gymnemic acid at 100 ug/mL; B: Gymnema inodorum Decne. board leaves
extracted; C: Gymnema inodorum Decne. narrow leaves extracted)
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Table 3. Gymnemic acid content in Gymnema inodorum Decne. leaves detected by HPLC-PDA

Leaf types Gymnemic acid content (g/100g DW)
Broad leaves 2.44 +0.02
Narrow leaves 2.50 £0.11
T-test ns
CV (%) 3.86

Means in the same column followed by different letters are significantly difference (n = 3)

ns = Non-significant, CV = Coefficient of variation
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Antioxidant Capacity of Some Weed Crude Extracts
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Abstract: Utilization of weeds as medicinal plants is an alternative weed control and valued added. The
objectives of this study were to determine phytochemical contents and investigate antioxidant activity of crude
extracts from leaf of nine weed species including Bidens pilosa L., Eclipta prostrata L., Borreria laevis (Lam.)
Griseb, Tribulus cistoides L., Limnocharis flava (L.) Buchenau, Amaranthus spinosus L., Vernonia cinerea (L.)
Less, Cleome viscosa L. and Phyllanthus niruri L. Dry leaves were homogenized to powder and then extracted
with an agqueous comparing with ethanol (80%). Phytochemical contents viz. phenolics and flavonoids of sample
extracts were analyzed and antioxidant capabilities using 2,2-diphenyl-1-picryl-1-hydrazyl (DPPH), 2,2"-azino-
bis (3-ethylbenzothiazole-6-sulphonic acid (ABTS), phenazine methosulfate- nicotinamide adenine dinucleotide
(PMS-NADH) and nitric oxide radical scavengings were tested. The results showed that ethanolic extracts from
all weed species had greater phenolic and flavonoid contents than aqueous extracts. We found that ethanolic
extracts of B. laevis and P. niruri had higher in both phytochemical contents than the others. Moreover, ethanolic
extracts of B. laevis and P. niruri had greater inhibiting DPPH (IC,,= 58.69 and 89.90 ug/mL, respectively) and
ABTS radical scavenging (IC,,= 96.63 and 113.58 ug/mL, respectively) than the others. Furthermore, ethanolic
extract of B. laevis has similar activity to tocoperol (IC,,= 51.65 ug/mL) against DPPH radical scavenging. In
case of inhibiting PMS-NADH and nitric oxide scavengings, the effects of all leaf extracts from weeds were not
pronounced. However, further research on identification of chemical compounds from B. laevis and P. niruri

extracts should be conducted.

Keywords: Weed, phytochemical, antioxidant
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WirLeuiLenIues (80%) uivdinszitiutmuaisngniail liun ansUszneumnan phenolics Wag flavonoids
warnageulsz@nsnnnisiduansinueyyagase doudf)izen DPPH, ABTS, PMS-NADH Wa nitric oxide
radical scavengings WANNTNARBINLA ANsarindagianeaR NI nTiadi TR sa N NEAT NN
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LadARNT ANAIAL) WAz ABTS radical scavengings (IC,,Winfiu 96.63 LAY 113.58 ulnsnfuselanans
AINAIAL) ”memqmmﬂmmmmwm@uImﬂmmmﬂmmﬂLfamu@@mﬂmmmnmmmmmﬂgmm DPPH
radical scavenging 1 lxluAnsinensafifidenBonifiuniuasunmsgiu tocoperol (IC, winiu 51.65 lulasniu
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nitric oxide radical scavenging S nannmaaedlaisuannin atialafimuazyinnsAnETiaTeIANINg N
willuansaripaniansan uazgnlsilusialyl

AdATY: T WA FuevyaBasy

AN Lﬂun@imm?mﬁ?umﬂmu%ﬂﬂNmniuﬁmﬁu
WzANTaNTRATINALIaETanvant Taaennz
manalsadeldiiuresystiaimnunan famqmqmiumm U8 ABATT (Ghasemzadeh
nndenAnWINTad Teanueniietulianeuys et al, 2010) TvansdinueyyaBasTANNIEA LTl
Bast (free radical) MinpdumeluuazuansINET8S Lﬂu'&'quﬂi:ﬂ@uﬁammgiudwﬁiw | 12N
Nyl (Ames et al., 1993) 81 ABATTAINITOL piu 90 andu lu aen ua uazinda TneBnnizesansas
Warnuafis Afuyvd Aonsiatan pondutlas  Sunnsitedesduer fusiauaziugig n1sdanis
wdinszianiseanindaniefianunsaifinnisiuats  ulas aninuanden uaziznisaiagns (King and
ayyadasyls Tmﬂﬁ'mﬁ”uméaﬂ@%m:lﬁmﬁbul,ﬁa Young, 1999)
s1aneineandiaudin 1l i duasanszulsunm SN (weeds) Lﬂuﬁmﬁ'ﬁﬂmmuﬁmm 139

wazn1anialenlunyws (Percival, 1998) 19611 sl Fusqlidinfuaninuanden1En waziinig
BYAD AT (antioxidants) HumumMd1Atylunisreas penaRug lFauuInLazni3e Andudngive
sisedudannsid AU NTE oxidation 189D ABATE dnfayfiannnunsutaaden Wlunassydulaiy
284 oxygen (reactive oxygen species; ROS) flaziin Wetlgn @9NanIzNLAD1BUULAZANNHANARTEN
Ui lipid, protein 48z DNA lusnannasesnyed  Aadgnilanas valfinemsnsilfunuiindulunig
(Sharma et al., 2012) AMNUANITIRLNIA 11N 4T Annsdaiglunlasilgn (wede, 2540) Tunnanauiu
ENENIUIN AN NEAT (phytochemical) Gl Jangunsriagninan s temhiduansresymed

= aa I~ = a = a o & d”o/ = a o
aNANANTINTI RN N TUNT HgnEneTanmn uazdnd wenainidanavanesdadedsnaau
A1ty aflanatlaznaunan phenolics ua flavonoids asanAunITndTInaainisntin el uen
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axulng daatinau AuRnun (Tridax procumbens) §
esuINTriadiasnalunsuiisniay i
Teawwauau wazarnisnuiann i uennnse iy
pau3AnlH (Beck et al, 2018) 1 Zalke et al.
(2013) 918191191 Tannszaan (Cardiospermum
halicacabum) #1x1301 N il uendmiuanens
thaias Sneeinsladedniau ussmiennisszang
A = ; o n’; v s
wee uaziignaiduenan Awiunislddselamiann
JanrduratuanniuaenuialunisasunNITNg
e Y6 ¥ o =2
uazilunisadenali liduinemnsng aannisAne
& = o A U o A A A =
avAlsznauntaalludaie wudrdanavirenai
a1sWONEAR (phytochemicals) HINNNENHAMANLIR
Wuansfinueyyadase (antioxidants) (Tann, 2549) a4
a19lun @; N polyphenoalic, flavonoids, carotenoids,
tocopherols WA ascorbic acid Lﬂumawqm:rmﬁ nqx
Piaeadtlsz@ninmlunisfinueyyadaszann
714 (Sexena et al,2013) N1INAABIRAIH
o e =
TnnuszasAinadnedIunnianmgnenall uay
naaeUlssAvnInnIaluasiIue Ly aBATTI09aNs
afpvenuaInludang a1wiu 9 aila 1Hun finanann
nile lwuadn lannszqu matneg e dnlaumuiy
L% s d’j = 1%
nazeed INALUN wazgnlély

L4 as
AUnTluazIaNg

1. MSLATUNAIDENIITN

Fansnadrig 41w 9 1 TEud Audtana
(Bidens pilosa L.) n£\{4 (Eclipta prostrata L.) lAN9
va N (Borreria laevis (Lam.) Griseb) Tann gy ] U
(Tribulus cistoides L) Aa 1 m 201 # (Limnocharis
flava (L.) Buchenau) ¥ nTa 8w w1 d (Amaranthus
spinosus L.) inazaas (Vemonia cinerea (L.) Less)
AU (Cleome viscosa L) wazgn i lu
(Phyllanthus niruri L.) MR ﬁyu‘ﬁl ‘V°1I/’J RN ETSICITEN
WINLALNBAIAGAT INUNTANTUNILAL 99T A
uaslgu sidauzasludafia frairliazenn il
auuislufeuuwisuuuanfau grunn 50 8960

vialmea vlunan 48 Galue wdoua 9l ung
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UnaziBEnAdauTeBeiATaLn tndaatneTie
UAAZLRUALT IUFAINIATANE 091 1:10 (NFHAD
I0) FruFunsaiaganin mannsartalneAEnng
FalAen 111 20 WA NeednenszANHNIead Whatman
No.1 dauarinfioeienuea nnnsanafaeionisudn
(maceration) Iagiwd fqae 195 1N TUAaz LB e Ay
laN1UaA 80% FRIEIUFINEE 9B Y 9915
frungiiiod iunan 24 14 NRBRENIZANENIEY
Whatman No.1 #1&sannifusinansazanaanniasielyl
SR aTAEE e IATe evaporator finane
AruANgNYE 50°C M iluansaianany (crude

extract)

2. MsIATIERENUEITNGNLAS
2.1 Usutudns total phenolics
BRIENANTAZANEARRLNIANENNTATANEANT
afAMELANTTR At FTnaTaeineIeNIuen
80% Aaulindu 1,000 lulasnFuselanans
Az diunuuaas total phenolics tae'ld Folin-
Ciocalteau reagent , 14 2 T229 Kahkonen et al.
(1999) dsazanasiaatng 20 lulnsans aslu 96-well
plate Futin 50 lulasans vdsannduldy 50
lulmsans 1849 Folins-phenol reagent (8Ms1d91 1:1;
reagent: water) a8 < 80 lulpsams 1849 sodium
carbonate (7.5%) teinansazana 1iidinii tinluanald
ufiila udeann 30 wit i lldarn1sganAuuas
AvNENIAAY 725 unTuimas Whsu@ansunsw
N1M3311 U89 gallic acid (GAE) Lﬁl f y= 0.004x +
0.087 (R* = 0.994) fuuaenlu mg GAE/ g extract

2.2 dsunuanswan flavonoids

Az BuNne9 total flavonoids ANAD
194 Djeridane et al. (2006) inansazanafaagnad
seaumaulindu 1,000 lulasnfurelaaans
15u1m7 100 lulnsams nemaeli 96-well plate LAN
200 lulAsAMT 22941982818 aluminium chioride
(2%) faﬁ\i”l,fsmﬂmmnuu@q Lflumm 15 17 W lddmAn
msmmmuumm AINENIARY 430 w1 Tulu R
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WreLaLALNIMNNIRTFINTRY rutin (Ru) Bl y =
0.007x - 0.003 (R* = 0.999) N vuae1du mg RE/ g

extract

3. manegavlszAnimwmallussanuayys
BRI

31 NARALONEAIUAYYABATUIDIAITAN R
nelg17)5en DPPH radical scavenging

NNNINARBIANLIDUEY Boskou et al. (2006)

ImrENAanNTazatafaat19Aa N udu 10-500
lulmsnfusafiadans Bumns 500 tulasans ldaslu
AaN7arane 22-diphenyl-1-picrylhydrazyl (DPPH)
(Audindiv 0.5 Taalua) Bunms 200 Tulasans uas
sodium acetate buffer (pH 5.5) 4 3§ 1 ®m § 500
lulrsang dn U5 lufile fammwm funan 30
Tty qmmmmmﬂ@uumwmwmqmu 517 w1ty
P20 mmmﬂmwnummmummimmmgmmv
uReLenfUiwazionuen 80% tneld tert-butyl
hydroxytoluene (BHT) b @ ¢ tocoperol 11l 14 @ 1 9
mmﬁﬁuﬁdﬁ“ﬂ positive control

3.2 1/1maqu“ﬁfs’huagga%mzmmmmﬁ’m
Tnelg1zi5en ABTS radical scavenging
HANANTazane 22-azinobis (3-
ethylbenzothiazoline-6-sutfonic acid (ABTS) fill potassium
persulfate (mwﬁu%u 245 Tiaalua) vl BAile
iAo Lwalmnmﬂgmm oxidation 8814
anysnd 151w ABTS® ‘Mmmﬂuu 16 ﬂmim DRVER
mwmmmmmiqmn@uumm ANENIAAY 734 Wl
wimg 1l AN19aANAWLAS 0.700 +0.050 ldansarin
Faeninuaziavnuaaa et Ldaii 10-
500 Tulmsnfumeiadans 15ums 30 lulnsams aglu
a130vane ABTS® 13u1ms 1 Tadans 019157
grungRdies Wunan 6 win Ui ldinaAganauuas
uReLeuRUTuazianuea 80% lneld BHT uay
tocoperol Lﬂumimmﬁm (Hsu et al., 2011)
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33 NARALONEAIUIYYABATTUDIAITAN R
TneldijA5ea1 PMS-NADH system superoxide-
radical scavenging

WIENATHANTR nicotinamide adenine
dinucleotide-reduced (NADH) (A atdindiu 105 lu
Taslua) YSums 058 a8 M3 AU nitro blue
tetrazolium (NBT) (Aansiidindiv 66 luiasiua) 1Bunms
0.5 luTAsams avanelu phosphate buffer (AN
Waudu 0.1 Tua pH WAL 7.4) Laz@nsananann
Aaadad i gma Nl ndiv 10-500 lulasnTusia
f0dans U3nnms 01 0aaans vnlanelsa
qruvnfidies iWlunan 30 widl wasanuANans
phenazine methosulfate (PMS) (A HdNTU 30 Tulas
Tua) Bwnms 05 lulasans Aalifigmumnfities wiu
10 1 1 lLlinAmegenAuugsiaNEIAAL 560
unluins uBsufenfisinuazieniuens 80% el
BHT La ¥ tocoperol Wluansum 73U (Lau et al.,
2002)

34 VARAUVEEIUYYADATIIBIENIANA
Tmﬂ%’ﬂg‘jﬁ‘%m Nitric oxide radical scavenging
NAgeLUN1NALTTEN nitric oxide radical
scavening Aot Griess lllosvoy reaction ANNITUD4
Govindarajan et al. (2004) tin@nsuan 300 lulnsans
?ﬁ\iﬂi:ﬂﬂuﬁfm sodium nitroprusside (SNP) (10 mM,
200 134 Im 94d m 9) phosphate buffer saline (50
111A3AMT) wazdnTaiAanNTAIN L NE 10-500
Tulnsnsuseianans (50 ulnsams) ﬁ%ﬂi’ﬁﬁa‘mmﬁ
25°C 1 utaan 150 w1 WA sulfanilic acid reagent
(0.33% 11 acetic acid (20%)) wéaantiu 5 w17 14
N-(1-naphthy)
(NEDH) 15317m3 100 lulmsams mq”lf”aﬁqmmﬁ 25°C
Haran 30 Wit v lSaAnmapenAuLAsT AT

ethyenediamine  dihydrochloride

A1 540 wlums WReuFeusuiih taeld BHT uas
tocoperol Lﬂum@mmgﬁw‘%@ positive control

ATUIUAYINATNI TN N9 UYL AB AT
a1ni{jATen DPPH, ABTS, PMS-NADH LA ¢ nitric
oxide radical scavenging @ﬁﬂ@jmﬁ\‘i‘f}
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[(OD4 5~ OD ) OD GARILAR] X 100
4 o, = &
e 0D, A8 AINIIRANAULATDILIUAZIANI-
uaa 80%
ODjppny P8 AINITAANABUAITDIAIIATA

FnBtiNg LAy positive control

4. MTIATIZRIYANNEDH

PINUHNUNITNARDILL U completely
randomized design (CRD) 11214 6 i Anmziidaya
nean e ldsuns SPSS WrauauANNILANGN
19ANLRALA28ARU0S Duncan's new multiple range
test PeztiANTasT 99 ulasiFus

NANISANHILAEIANTO

1. mﬁms’mvﬁﬂ%mmmﬁquumﬁ
maquwmuqumwmnqwLﬂu
anstsrneumaadififiad unnusssnanAden 15 1u
AailudsrTondsaganinaywed (Hasler and
Blumberg, 1999) A1N3189MUNT3T8FA 7] uanali
Wi rvansiiadluwssiigauauysadlfanans

Aaueyyadasy Aaae191d 1 polyphenolics,
flavonoids, carotenoids, tocoperol a¥ ascorbic acid
(Saxena et al,, 2013) aMnuan19I AT R UTUIL
ma*wqmﬂu i LLﬂ phenolics Loz flavon0|ds [MNANT
mmumumﬂmm ONLEATBT TR O TR
(rmmwl 1) WU mmnmmm@mummmﬂimh
LAZINTANTLENNUET phenolics @W]ZQ@LLE]T‘IMN
aadAen Faueui i aiinm | PRIANNIAD
mmﬂmmﬂmmﬂ@.ﬂimh LAZANIAN ARILLENIUEEA
AMNAUANE19 ANAIAL d9ULTUIRIANTNAN
flavonoids aznL a1 38T ARQLLENIUEARNNANTLAN
NNNQA F89AINTAS ANTANARILIAN AR NEN AN
A ~ o | e A A A
NN wenannilil e Fauiausaee i inden
AINNIFANARILTNLAZLENIUEA WUIF 819289
o A A oy P a
FINTNATAAQELENIUBANLTHIULRIATNONEHAN
Wan phenolics Lag flavonoids NINNGINNTANTAR2IYN
ANAUANT A V098197U72NBUNIN phonolics LaE
flavonoids lugnsdszneviianuidudatunaneds
= va o o Ao o
49 Asanunsnazanglfaluiainaransndanindaga
09/ Y @ £ Ddd’j dl a
azagluinlfianiies wazaranalfintuiiagnmni
zﬂ;\‘i% 1 (Pokorny et al., 2001) G Fayaz et al. (2017)
9189141 Bdlusarinazataanslungu alkaloid uas
. va ] a a a dld
glycoside 187 dauen1ueaazllsz@nsniniia lu

Table 1. Total phenolic and flavonoids contents of crude extracts from nine weed species

Total phenolic content

Total flavonoid content

(GAE mg/g extract) (Ru mg/g extract)
Weed species
Ethanolic Aqueous Ethanolic
Aqueous extract
extract extract extract
Bidens pilosa L. 31.57+1.57 €' 5450+241¢c 7.58+0.76 f 87.82+8.87c
Eclipta prostrata L. 8.07+£0.09i 4417+0.19d 3.67+0.33f 7498+ 3.65d
Borreria laevis (Lam.) Griseb 3.79+0.36 9517+1.15a 0.29+0.29 f 171.79+£6.86 a
Tribulus cistoides L. 1252+ 0.54 h 29.57+155e 3.35+0.02f 5529+ 1.20e
Limnocharis flava (L.) Buchenau  14.12+0.36 gh  29.05+0.93 e 8.94+0.04 f 5195+ 274 ¢
Amaranthus spinosus L. 14.14£0.03gh 2521+£065f 6.00+0.88f 7517+£4.83d
Vernonia cinerea (L.) Less 16.12+0.11g 31.19+1.07e 0.77+£0.14f 76.00£7.08d
Cleome viscosa L. 23.36t1.27f 30.39+1.05e 421+£023f 68.86+2.88d
Phyllanthus niruri L. 78.98+0.14 b 96.64+4.10a 5513+3.04e 148.69+5.03 b

' The data represent the mean + SD of four determinations. Values with the same letter are not significantly different

(P=0.01) from each other
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Figure 2. The half maximal inhibitory concentration (IC,) of aqueous and ethanolic extracts of nine

weed species by DPPH (A) and ABTS (B) radical scavenging radicals
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Abstract: The application of seed treatment with microbial probiotics for plant growth promotion plays an
important role in optimizing the use of seeds for maximum benefit. The purposes of this experiment were to
evaluate seed treatment with microbial probiotics plant growth promotion of lettuce seeds, and tracking
germination and seedling growth and cultivation in soilless culture conditions. The experiment was carried out at
the Agriculture and Agri-Food Canada (AAFC), Canada. This study was divided into two experiments: The first
experiment was carried by selected two microorganisms: Pseudomonas fluorescens 31-12 and Bacillus subtilis.
Each type of microorganism was used for seed treatment consisting of soaking, coating, and pelleting, and then
the germination and seedling growth were examined. The laboratory results revealed that seed germination was
not significantly different. However, seed coating and pelleting with P. fluorescens 31-12 had the best shoot
length, at 41.16 and 41.23 mm, respectively, and seed pelleting with B. subtilis had the best root length of
124.26 mm. The greenhouse results revealed that seed coating and pelleting with P. fluorescens 31-12 had the
best shoot length of 60.10 and 57.85 mm, respectively, and had the best shoot fresh weight of 747.72 and
743.06 mg, respectively. The seed pelleting with P. fluorescens 31-12 had the best shoot dry weight of 28.83
mg and there was significantly different compared to untreated seed. The second experiment, selected coating
and seed pelleting with P. fluorescens 31-12 to cultivate in soilless culture conditions. The results showed that
seed coating and pelleting with P. fluorescens 31-12 had better leaf fresh weight, leaf dry weight, root fresh

weight, and root dry weight, and there were significantly different when compared to untreated seeds.
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seed treatment foaqAuyddadinninasy i uinsesn g lumdavufdnnianes uarinnIun1998n N9
winyiunaeasiungn uazniamnzignluszuunisdgniva 56 Tnempaes?i Agriculture and Agri-Food Canada
(AAFC) tszimuaunan uisaanidly 2 nsmaaed An N1IMAARTH 1 APIAANAAWYIIE 2 1A AD Pseudomonas
fluoresces 31-12 ua Bacilus subtils Teus azafiatinnvia seed treatment sznavufatazng us ARG
LARAULNAAN S Lm:wmmﬁmﬁuﬁmmfuﬁ’]mmq@mumwmﬂmema‘m?‘a;ﬁuimmﬁuﬂﬁq AINUANIT
pavagevuan niietfiRn1mmwudn Avusenveundanug Il ANuAnAiulumneatiA winisedeuLaznng
wanSATUgiaaiL P. fuorescens 31-12 Sanuenafudiiqn Ae 41.16 uaz 41.23 faAwms MUAFL uazns
wanAnsNY B. subtiis finrmenannafign Ae 124.26 fadmwns dounenmagerluaninBeunaseamydd
naARBLIAENINENNAAGAY P. fuorescens 31-12 A mEafiuATign (60.10 uaz 57.85 AaAAs ALAL)
LLm:ﬁﬁﬁuﬁﬂmmﬁﬁﬁuﬁﬁqm (747.72 uaz 743.06 HAANTH AINANAL) dauN1IWaNNARAL P. fluorescens 31-12
Sriminusiedniunnian Ae 28.83 Radniu wazuananaiuluneadndenBaudieuiumdad WlFrmnsin
seed treatment daun1anAaesi 2 ARAENTENaABaLLASNENINEAINTL P. fuorescens 31-12 Wmnzignlu
szuumsUgnitaBAu wuinnseaeuuaznwanudeugan . fuorescens 31-12 friwinaaly dhmings
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AdATY: INAMTLEENNAYEN seed treatments AAWYIEE ATUMWINAARLE

o

AN N19IA35Y 18451n (Oteino et al., 2015) LATANH U
@R31050] WATADLY, 2560) N1TAAANNLT WA YR
a A a o aAa ' v o A = o & a - a
AUNTINNTIneg FaNTUALNT & Tavzviinluiia wazanniafinlsnlung lnanisuan
AudAyuazinaadiastunasy R uTnsasnglu AR Lua B-1, 3-glucanase WAL pectinase NAAANIS
F1ua17819117 warn1sf1un1uselsaiinann #5n9nismagreamesn (Bloemberg and Lugtenberg,
\Ieqaurisdau o) isedazanarsienNes Ay (Bardi 2001; Turan et al., 2005)
and Malusa, 2012; Malusa and Vassilev, 2014; N1991 seed treatment Lflu?fﬁmi‘ﬂﬁﬁﬁﬁi@
a =l rdl e 1A < o & dll o [~3 o v a =
Vessey, 2003) Tnatanizqauvidiniilulselumiisai WRAWUFINDENITALATUNNNAANUE T A DI N
ANNTNAT19ENT 1NN A UN THDIN1TANT U AuanA N (Ba15mid, 2560) 1 AUl as
Tnaannzluana Azospirilum, Azotobacter, Bacillus, ~ SNHUENINNILNIN LATEIFINEUUNAARLE T
Pseudomonas U8y Serratia \{Iusiu AAWRTMA R fiu Taqiiudsnisnlifuanuiion ensesnadu nis
nalndAtyAe ansaiNn s AUInTesT  UTINAARUE NNFIARDLINAAN LS LATNITNENLNAR
Tnannsnange fiuungvzeaivayuliinamanuis Wug Wlubiu (Taylor et al, 1998) T93TN19AINAY
wazn1IgATNAINAuRINAlNAYg TRNIN Bnie anisndiudsndasusdasgunaniua g L
a A | e = o o o o A %
qauistwmagsaninsslulnsauluussainia winzandmiuin I inensmnzlgnls naawiy
(Lakshminarayana et al., 1992) N9¥HUN1TALANELUD AnniAnes (Lactuca sativa L.) Saiflunainilgniu
WaawnNliazanesin (Kundu and Gaur, 1980) N9 atawndnanalunilled@auazsialan (Kim et al.,
&apanziignslsznauann wan (Glick et al., 2007) 2016) WAILHaNAININAANUE NN ANENE LSS 210A
NNTNARNIADUNITENTAD LR U (IAA) 9T 381 AN LUW 1S wazinviniun asennsianiainazilgn
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ANANTDATLANANINLANARNANS 7 TiEdiasiunig
wIryresiilfiatnegniiesunneunazmaida agnelai
RN N19911 seed treatment HingUszasdaninig
|wzasrenIsUiulpanmindaiuguanetlsziny B4
Fansiinenlfludaqiu fe Fnsndeumdauay
NANLNAANUS Lﬁm@’mLﬂuﬁ'ﬁmimﬁuwumimﬁ:
n&inmavenifianaazaan $18 uaziilssavanm
44 TngdEn19iAReuLATNENINAARUE AN TN
@ﬁ?‘ﬂ‘ﬂﬂqw?;ﬁﬁmﬁ%‘i j fiflamddusensenuas
naseyiulaiRalUiuwaaiug e endaetinqgu
qauviTddudINNIaI AL InL0INT 516871903
anstlesiulsauazunad uazatspLANNITRIHAL TR
po9iv \usiu Tnaeniznisidenliqauriddausdu
naiasty AL Inaasi a1 iaifinysr@nanannis
wnzlgn LﬁmmﬂqauﬂﬂmLm'%umm?a;lﬁuimm
ArunundAtyaInmasalulngan nMsazaass
BTN LATANNINETNANIATLANNIFLATY LRI
yaafielé (Glick, 2012) ainfaaeiN4n193789114n19 1
12 48 WUF8 Pseudomonas i il uasianisdas
azaraNadIWg LaTHARAaF 1N (Cipriano et al.,
2016) 7if AMNANATYFaNTAETNNNIRI YA LIRS
NNNIANAN u@nmnﬁwonvera et al. (2016) 18971490
NIsRARUNAARUEE19a A soniY arbuscular
mycorrhiza WU A118190 Wupoududivaed
Wunaden (K) NNsdu (S) wazdanzd (zn) Jumu
AN uenANTIaE T AYLIANNTSAATIATINN
Wionag B unsiB A uinteaialy 1wy luns
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W1zl gn mungbean (Ramzan et al., 2016) W &
faq1TugIAIANA199189 1WA BN UNNg
UsegnaTl§35n19%1 seed treatment saniLqAUYTE
mma‘mf]ma‘mmu‘immwm

muummwummmﬂimmL‘w'aﬂm:m
35n19%1 seed treatment mmuq@umﬂ Tdadaunis
et u iR g wazRannuninlasunlasans
ANNeEN UaznIsas L Inesfiundndnniaves
naaAAuRARINNITIas A ulAlansIadaunig
wztlgninniavienluszuunisdgnive i Aniuua
Adl ¥ =2 u’/j dgj a dJ A d‘
nlfarnnisAnelunistiazilugnuilaniaaenive
HNITAUAUAINNAANUF Lazn1swizlgn
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Anniavanlussuunislgniva Bauwlilnandnuay
ADANWEN NI
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Pseudomonas fluorescens 31-12 W @ ¢ Bacillus
s Sy 2 ea .

subtilis e xwm@@\‘iwﬁmﬂgu F N7 Agriculture and
Agri-Food Canada, Saskatoon, Canada 1l 9% L% A
WALIAT AUNAAWUTINN1ANENWUE RUTLL 58-1
lAFuaoueyAeiain AnEana Aansuay
mATUIAE NN HAT NMIANLIR LT TUIARR1UUN
a9 WATNINM9IREITENTNN HUNU-FUINAN 2559

et iapandly 2 NImMeaa A9t

N1SNARRIN 1 N1SAALAANIBNI19% seed
treatment uAzITaqA UNIA T IMNzaNAans
WwsaAulpIRIRNNIANaN
1. MSETENRUNEE

P. fluorescens 31-12 WRY B. subtilis Layﬂﬂu
A TIA LTS 50 laFiEus trypticase soy broth
(TSB, Difco, Becton-Dickinson) Justataaiagin 150
s/l iuinan 96 dalus ﬁqm‘mﬁ 30 84A1
AT HE LATUFIAINATINER LKt LATE
spectrophotometer 17% M’mﬂ’mﬂgu 600 1111 A S
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WUINHLBINLLATF8Y P, fluorescens 31-12 WA
B. subtilis @ 1.534 way 0.631 cfu/ml FANAAU
2. N159" seed treatments
Nnasn1aneaesldwdaiuginnianes 10
mu Tmmﬁn’mmmmwuﬁ (seed soaking) luanung
L@mmﬂmmuﬂfmm L'Z\\EN P. fluorescens 31-12 LAY
B. subtilis W3n1ms 50 Naaans 1{unan 20 w1f
A9UNITIARBUINAAWUWS (seed coating) 14

carboxymethyl cellulose (CMC) 85191 0.1 taidus

(Sigma Aldrich) iluansiAR ey uazN INaNINAANUE
(seed pelleting) 14 CMC 8731 0.3 ilasidus 41usu
Wudanilszaiu uazld calcium sulfate 87197 250 niu
ufannen laeiisnane: 9 38ns A 4 37
Al 1 anniiiava 3 38ms snanmaadluanm
anmnAfieadum 24 Fala
3. NM19MSIAFAUAIINIANUDUNRANY G
HnnIAuAN

31N13ATIRARUAIINIAN IUANIN
ieedfjumnag

nsAIRdaLAfNMen lugndieaLiRng
MnlnegunAnRugurazisn1sauan 4 in 71 8% 10
Wan umageuanNeaningligunizasineen
(growth pouch bag) mmfuﬁﬂﬂi?’ﬂuﬁLWﬁ”mwm‘aﬂ
pauunfiady (12 4a%u9 20 faqmlfmuﬁm WAL 12
Falue 15 e9AnTaLdua AT UANNE 30-50
wWefidus) wavtnnyssilunanuIanmINuan
@na (ISTA, 2013)

Table 1. Method and formulation of seed treatments

3.2n17A A8 LANNNIBN TUANINITEU
NARDY

mqqmmfmmaﬂimmﬁuLuﬁmﬁuﬁ:‘ﬁlﬂm
NITUIUNTTN seed treatment WATIHAAAIL AN
Ve & 7 82 50 WAA NmMAgeLUANNeN U
nqu %ﬂ%ﬁmmmﬂuﬁmmﬁ:ﬁuﬂﬁﬁ wansziung
99807 4-7 $14 LAZNIATIAFALANNNIANE Y
szl R eai Ui LAsn1smsaaaau luanin
ieefjLiAnng (ISTA, 2013)
4. nspsamaunsilasunlaimsiasnyiauin
YBIAUNARNNANRDN

N19MIIRADLANNLNIFIU LATAIINENIIN
Usfinf 14 Tundaign VT”q‘lummwﬁmﬂflu“ﬁﬂmL@z
ANNETRUNAADY IAYTRTNNIMNIVRABLIAAT

4.1 mansaagevluganndiesdimnis

natdszifiuluanmiiesdjiRnisliguniy
ANN9EN HaLls2IT LAY NENIE ULAZAINNEN2IN
VA 4 41 7 a2 10 fiu Inen1smaadnmmeg
FuazinsausiBndauduauiislang daunanuenn
snazdafeurlausnauilanssn (NaALUR9)
PAIANNITAIIRTAATNLNIAULAZAINLNIIN WAI
vhdundliamagairiiminas wazinuinuises
Kundn Taein 491 7 az 10 Ku laanisdssidum
simidnuts naaaulufALANgUUYN 60 BIAN
maFea unan 72 4alus udaninldainingae
TN 3 St ()

Seed treatment Control  Coating  Pelleting Soaking Coating Pelleting
substance F1 F2 F3 F4 F5 F6 F7 F8 F9
Carboxymethyl cellulose - 0.1% 0.3% - - 0.1% 0.1% 0.3% 0.3%
P. fluorescens 31-12 - - - 50 ml - Tml - 1 ml -
B. subtilis - - - - 50 ml - 1 ml - 1 mi
Water - 99.9 ml 99.7 ml - - 98.9ml  98.9ml 98.7ml  98.7 ml

388



NAUBINSHN seed treatment SauNULLARFARIETNNSLAULALTR

PasNdAaANIaNLazNSLALATRIHNNNANAN

4.2 nansaages luan wEeunaae

nsdsziinluannBaunnaes azm AR WD
Biandeusiuiadanugn o 440 7 82 10 i
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nsNARasR 2 nasAnsnisiasAauinaas
anmavaslussuumsdgninglsnu

FAaLdannasadansiin seed treatments 713
NaduaTHARNITIRNUATNITATY AU T8
AnnaenfiARgARINNITNAREsT 110 2 N37N33
mnuumLLmaJmmammeﬂqﬂmiuﬂiymwmm
EUENUANETNAY 25 [IURLNAT AU 6 i neld
waflaviuazinaiinlari dnsndou 70:30 wlafidusd
pna1ay udanilan douansazaiesinanuisivg
wirenlneld 10 Wefidus aa9ansazans Hoagland's
solution Usznauldfae 2 M MgSO,.7H,0, 1 M
KHPO,, 1 M KH,PO, 1 M CaCl,2H,0, 0.02 M
FeCH,0,.H,0 HaN3INTLE1 81119984 6 TUA AD
CoCl,6H,0, HBO, MnClL4H,0, ZnSO,7H,0,
CuSO,5H,0 WA ¥ NaMoO,2H,0 a1 n 1wl
wzdgnlu growth chamber (grungiady 25/18
pernTaTua NaNeAWNANTTL; AETUALTINE 5515
wWasidus) iWunan 45 4w udafuindeya Tna
mqqmumﬂ,ﬂ@wuﬂmmma‘mLmu‘llm N33x3Daz 6
i mnuumumuﬂmh uaztiwinaasn ufiatinlyl
aufigninnil 60 asrnmadaa e 72 alus il
psLAmunt N Fesagau s uuaces
sminuitely wassiinuiiesndaa i sstonalion
3 Aunls 1iinug

MsAsERdays

qrgngimarnui 9l 994 (analysis of
variance) AN LHUNITNAABILU L completely
randomized design (CRD) wlasdiayailefidusiaau
senreaNdaufiiedinszineadntaa 1433
arcsine transformation 34A91 ¢l auRg LAY
upnansesAeatlunmaaedi 1 1neA% Duncan's
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multiple range test (DMRT) Taeldsunsuiimszsinig
77 SAS (Version 9.3) LALNNIMAREIN 2 WReLITe
ANUWANFANNIBITNTARELLAZNNINENNAA IR T
paired t-test InaillsinsuaiAsNLinnNania Statistix 10

NANISANBLAZAIANTO

N1SNARRIN 1 N1SAALEANIBNI19% seed
treatment uazi3aqAUNIEA MNIzaNA BT
wsgysAulpuaIRnMaAraN
1. WAURRAUVEEIAUATNMTas AL InTaINT
ABNS9ANUBINNNIANAN
luannitesljuRnisilesidudaaueen
PRINTNN seed treatment FALATNITUANFNTUNLIFN
Tdunnsnaiulunneads daunueafiunugn nns
WARLINARIINAL P. fluorescens 31-12 (F6) uaznng
WONNAATINAY P. fluorescens 31-12 (F8) NANNEING
ﬁumﬂ‘ﬁ'qm D 41.16 UAY 41.23 HARLNAT AMNANAL
SauBeufisuruganiunu daunianenafagauriy
B. subtilis (F9) §A21N81991NNINNI 1Y AAIL AN
(124.26 RARNAT) b6 HuANANAUALAENNINENNAR
Kau3snnsau TuaTAITNANINAATINAY
P. fluorescens 31-12 (F8) fiaminanfudunnndn
F1,F2, F4, F5 T T RT T Tt F1,F2, F6
Lﬁ@LﬁﬂULﬁﬂuﬁﬁ%miﬁ'uj WATHANLANANaTY
Tunnagnm (mmxﬁ'{ 2)

i afiansnuN33N199n seed priming WuAn
ANINENIFULATAINENITINNINNINNAATAAILAN
LazLANANAUIUN9AT A Inan1911 seed priming
WuAsnnsudwAnsandu P. fuorescens 31-12 LAy
B. subtilis \flwi9an 20 undi 3933n3sanananiali
qauvisdaunsanzAnlUiuiamanls (Ashraf and
Foolad, 2005) wsin19%1 seed priming SauiUqAwWYEe
HiiadninAe s2a2981N9UT LAz M) VAINIAA
mm%wmm“mﬁuﬁ: (Kasim et al., 2013) datlaseivans
asflnasiepaiiiinresanidnanllfumda ua
R ANTUNRANIINAABIMAININ seed priming
Roaqduridiaunumanwuginninvaninainli
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Table 2. Germination percentage, shoot length, root length, seedling fresh and dry weight after tested

under laboratory conditions

Treatments'  Germination Shoot length Root length Seedling Seedling
(%)2 (mm) (mm) fresh weight (mg) dry weight (mg)

F1 96 36.06 b’ 102.83 b 180.81d 10.83 ¢
F2 100 38.36 ab 104.76 ab 206.75 bcd 12.62 bc
F3 100 36.33 ab 113.26 ab 226.70 abc 16.66 abc
F4 100 40.63 ab 112.40 ab 203.63 cd 14.31 abc
F5 93 36.73 ab 112.03 ab 198.85 cd 13.84 abc
F6 100 41.16 a 113.70 ab 231.62 abc 12.60 bc
F7 100 36.36 ab 118.33 ab 22217 abc 19.54 abc
F8 100 41.23 a 120.33 ab 246.74 a 22.32a
F9 100 37.43 ab 124.26 a 243.19 ab 21.56 ab

F-test NS * * * *

CV(%) 4.35 6.76 8.92 9.45 9.89

* Kk,

ns,

: not significantly difference, significantly different at P<0.05 and P<0.01 respectively

" Fl:non-treated seed, F2: seed coating alone, F3: seed pelleting alone, F4: seed soaking + P. fluorescens 31-12, F5: seed soaking

+ B. subtilis, F6: seed coating + P. fluorescens 31-12, F7: seed coating + B. subtilis, F8: seed pelleting + P. fluorescens 31-12

and F9: seed pelleting + B. subtilis

? Data are transformed by the arcsine before statistical analysis and back transformed data are presented

® Means within a column with different letters are significantly different P<0.05 according to DMRT

ANENIAL ATINENITIN LATUINUNAATRIAUNEN

ANNIANANHINNIUNAARUFTAAILAN BANAINT

Bennett (1998) $1&911431 N3 seed priming $aurL
ﬂﬁuﬁfjfg\im@?umilﬂ?mLﬁuimmﬁmmmsmﬁ'u
mmmmmm“lumimﬂLL@v@ﬂwmymimmLmu‘im
mmwmwummummmm

LAzl afansARNNsIAALILAZ AN NG A

WUEWLIN UAINNTARDLUAZNNIWANINAATLE 1 H A
TnedBn1sg

o

TAU919A N TTUIUNTBNUBIUNAAN UG
WADLLAZNITWANINANWUESANAY P. fluorescens
3112 AN TDAUATH AN GIAUIDIAUNE
Annavexlinsnnndngarcunn g P. fuorescens
UNANUAUFAINITONAR IAA (Indole-3-acetic acid)
kA HCN (Hydrogen cyanide) #aanuaiildoutas
Tunssaidiunistinaenaaassunfidnnianes i
81195 (Cipriano et al., 2016) 4914ANE19INNLLN
Asnananwandaniy B. subtilis innaastyiuing
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NINNINYAAILAN INTIFATNINANNAARUT Hans
‘et annmnviediusen < iSawug vnlfiaanan
WANN B. subtilis waz P. fluorescens 31-12 Al L
wiauglEAuanndn WeuBeuiauiuianisud
WAA WAYNITIARALILNAA ANKANITNARDILAA LT
Windn Aannanenuan F8 uaz FO Annaiaanyduln
yeadnBuuazsnetedaan Raiiieenn B, subtiis
WAy P. fluorescens A1HNNT0A9LATIEH phytohormone
Tungu awdin A unumsanianezfunissansn
frf;mﬂmL@?uﬁwmmamﬂﬂ?mLﬁu‘ﬁmmmﬁuﬂéﬁq
(Glick, 2012) 1A AN S AEnNAvaN &
N19%1 seed treatment Faiilefiansunianismaey
uazmanNaAnL) a2 Famstivannisiidunoyua
fdryTivilewtu Ae mm@mmwmm@ﬂqmlﬂmm
Tfuwmdniuglé (Taylor et al., 1998; Pedrini et al.,
2017) IneEnsirdeumasiugiiunisiiniqaunisd
WinnlUiumdnkianedefiiteansindey 1eans
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WAaUTHA carboxymethyl cellulose 1] UATLAA AL
f—‘ll I 1Al e IS <3 =
weeg g ifluuiui duasiipnudaus uaziininig
AULUUNUN WAA1N170aza 81N M98 (Khorasani
and Shojaosadati, 2017) AMNLAEHAAINA1IAIH AT
o vaa & @ =< a a k4
N RENTAR D LINAAAINNTDE AN Z R UYL L
mzAnldAuwEaiug e Wwhsaiuiudsniswen
WRANUNa TR AWET R Al R UWRR us
Wasandsniananmaniilunissausaniuszningdan
wan 3anlsza1u uasanWug awinliqaunsd
Aoz lUiuansnanma g 1A lw Funoin
NUNNINITNITNN seed priming LASATNIIARDLILNAR
- > a A cddda o |
g Avdana L B0 AwisdNNTInAnTINeE)
MUNAAN UG IUER g9 LAaTAINITEUATNNT
Wiy A ulnaeei g liAn1nndnasn19M1 seed
freatment 35N1981 | INSI¥RZIUAENINENINARSIY
P. fluorescens 31-12 AU UNAAITNUANFAIILH B
maaaeaLluan et iRn13189ANENI6L AN
819970 Wandnanfiundn waztwinudiesiundng
wnndilenaueuiuNARTAAILAN

2. warRIyAUVsHAuaTNNsIasAuTauaIig
AANSLAs ULALTATIAUNANRNNIATEN

HeRansanluaniniteunaanssandlaing
ATNUANANAUIUNIAT A TBIANNIBNINA AN U]
LATNITAABULNAMAYY P. fluorescens 31-12 (F®)
WAZNNINBNLNARRLE P. fluorescens (F8) NAINENT
ﬁumﬂ‘ﬁ'qm A8 60.10 WAz 57.85 NARLHAT ANNANAL
LL@zLLmnﬁmﬁusLummﬁﬁLﬁfmnﬁﬂuﬁunnmmﬁ% (F1)
daun"amInasaLLinIngAG A UNLTN NaeAe
WARAE P. fluorescens 31-12 (F6) BAZ NINANLNAR
fael P. fluorescens 31-12 (F8) ﬁﬁﬁ%ﬁﬂamﬁ’]ﬁuﬁ
fige Fa 747.72 uaz 743.06 fiaAnFy AR uazd
psuAnFnaulunnead WenBaufeuiidanis
ﬁluj uazanMsiansi AL ma
NANHNARAIE P. fluorescens 31-12 (F8) ﬁﬁymﬁmﬁq
Sduaniige (28.83 Aaaniu) wazuansneiulumng
AR RLREURL F1 uas F5 (An997 3)

Table 3. Germination percentage, shoot length, shoot fresh and dry weight after tested under greenhouse

condition
Treatments' Germination Shoot length Shoot fresh weight Shoot dry weight
(%)° (mm) (mg) (mg)
F1 93 48.850° 548.75 cd 2127c¢
F2 96 49.35b 559.07 cd 23.81 abc
F3 100 5250b 624.43 bc 25.24 abc
F4 96 52.65b 601.13 bcd 24.60 abc
F5 96 47.85b 518.27d 23.44 bc
F6 97 60.10 a 74772 a 28.37 ab
F7 100 5220b 645.84 b 26.30 ab
F8 100 57.85a 743.06 a 28.83 a
F9 98 5456 b 539.59 cd 27.55 ab
F-test NS * * *
CV.(%) 4.83 5.46 7.59 10.30

ns, **: not significantly difference, significantly different at P<0.01 respectively.
' F1:non-treated seed, F2: seed coating alone, F3: seed pelleting alone, F4: seed soaking + P. fluorescens 31-12, F5: seed soaking
+ B. subtilis, F6: seed coating + P. fluorescens 31-12, F7: seed coating + B. subtilis, F8: seed pelleting + P. fluorescens 31-12

and F9: seed pelleting + B. subtilis

? Data are transformed by the arcsine before statistical analysis and back transformed data are presented
® Means within a column with different letters are significantly different P < 0.05 according to DMRT
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neaNTMAaed teudazinllnmageyuliy
anmiteumaassdaadinunisiAsuresaanueen
LﬁmﬁﬂuLﬁﬂuﬁ“umimm@mﬂummwﬁmﬂﬁuﬁm';‘
hay Lm@‘Wma‘mﬁmﬂﬂ@muﬂmmmmmmmu
dviinas wasivninuiiceesdundndnniavey Wi
1AER91 ABNTAARLILAZNANWAARIE P, fluorescens
31-12 (F6, F8) Aupaadsununiaiasnyiiulnunnndn
3501 ﬁ?%l w7 1m e Pseudomonas (Malboobi et al.,
2009) W& ¥ Bacilus (Sahin et al, 2004) & 14 &
Qmmuu"ﬁmmm@:mﬂw'amwmﬁﬁmwz\?’qﬁwi@mi
AUATNANAUINNTTR9INUATANFUTBINT IUszeZnEN
1% vanannilnnianiizes P. fuorescens f9anunsa
d491A 91729 ACC-deaminase, IAA, siderophores
(Gupta et al., 2005) waza1N1sadntNe a5 0
Funureldos 1y (Saravanakumar et al., 2007)
LAWY B. subtilis A1113043ANH IAA (Zaidi
et al., 2006) warilasiunisdnfiianaaeid a1y
(Cazoria et al, 2007) WANANNRNLIILIILA TN
Mi’iﬁi@dﬂ@?uﬂﬁiLﬁm wulnueaialnenisms
bluimil,fem‘lu Pseudomonas putida RCO6 Waz Bacillus
OSU-142 mmmmqumamammmqmmmw
wazdnun qumnmu (Cakmakci et al., 2007) ke
WLITIENUN TR NTUTBIAYNENIF L LAYANENT
PINVBIAUNRITNNIANBN UFININBNINAARUS
TURU Pseudomonas putida CC-R2-4 WAy B. subtilis
CC-pg104 (Rekha et al., 2007)

nMsNARaLR 2 nasAnsnIsiasaAulnaas

pnmanaslussuumsdgniglsnu
ANHAMINARESH 1 ANIDARAENAZNS

11 seed treatment 1 235019 Aa N19LARALLNAR

%

WUgAe P. fluorescens 31-12 (F6) WAZNIINBNLNAN
WUg#ae P. fluorescens 31-12 (F8) antiutin 2
ﬁﬁm@mmnmmmsmLmu‘im’Lu@uummiﬂ@ﬂwﬂimu
e AN MARaIATT
Hefiansnufaudfieusaninnaeuuas
WONWAAWUG A8 P. fluorescens 31-12 WLF1 N3
Waeulasesinminanuaztitminuiiely dawin
ALt TagediansliTl peuuansng
Auluniead (mwﬁ' 1) usilefiansounu Fauiey
EN19ARLINAATUNAAAILAN WLFINIS
wasuulassesinndnanly gaminuiialy uas
dnmiinudien Saauuansneiy wlinueany
uAnFnsTuluNsR A ansageunisiae e
J09UMINGAN T9aNEANNINARDILEALITLIN
ABNTIMARUINAATINAY P. fluorescens 31-12 §
viwinanly sinusnudisly dhingnsn uaziiwin
WA uanAL (WARARILAN) Aa 24.43,
21.68, 12.02 Laz 28.57 Waidum muanau (mfmﬁl
4) d9un1TH UM EUITNNINDNHAALALINA
ALIANNLIAN tminanly dhmtnudicly dhwinas
0 wastiinuiiean fanauenanaTlunaia
ANMUANAILANDENNT LAY il afiansninnanm

T1

Effect of seed treatment with microbial probiotic growth promotion on plant growth of lettuce.

Figure 1.

T2

T3

(T1) control; (T2) coated seed + Pseudomonas fluorescens 31-12 and (T3) pelleted seed +

P. fluorescens 31-12
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Table 4. Leaf fresh and dry weight, root fresh and dry weight at harvesting (45 days-old) of lettuce after

seed treatments with Pseudomonas fluorescens 31-12 grown under greenhouse condition

Parameters  Leaf fresh weight (g)  Leaf dry weight (g)  Root fresh weight (g) ~ Root dry weight (g)
Coating 11.61 1.01 2.05 0.18
Pelleting 12.22 1.15 2.16 0.21
T-test ns ns ns ns
Control 9.33 0.83 1.83 0.14
Coating 11.61 (+24.43) 1.01 (+21.68) 2.05 (+12.02) 0.18 (+28.57)
T-test * * ns *

Control 9.33 0.83 1.83 0.14
Pelleting 12.22 (+30.97) 1.15 (+38.55) 2.16 (+18.03) 0.21 (+50.00)
T_test ** ** * **

* kk.

ns,
WANFANGTBRENINENNAATINAL P, fluorescens 31-
12 UWATINAATAAILIAN NANTNARBILARI LTTLTWGN
Fannamenwantiimingaly damsnuiiely damin
4A31N UATINMTNUH TR LT Wan A (AR
AILIAN) AB 30.97, 38.55, 18.03 Ua¥ 50.00 tlafifus
ANNATAL ANNaNIAseasiKlfidnan 3annswany
LAZNITWANNAATINAL P. fluorescens 31-12 (ﬂﬂ‘wﬁl
1) ﬁma‘m’%ayﬁu‘[mLLmﬂﬁmmnﬁuﬁnmmmum‘uau
Lﬁ@qmﬂﬁ%'mil,ﬂﬁ@uudifawmLmﬁmﬁuﬁ:ﬁ%ﬁ Aa §
ANTARaLIeaN TA eI uR AN Bt
aunId iRl AuwmAnWugld uazannnis
WU e UITNITAA DL LATWANLNAANLIN N3
panadeUMawaslasiningaly taminuiey
vuiinansn uastininuiann lwuaLuAnsng
AUNINAD B (miwﬁ' 4) wazidiaRansuFaniew
FENIIARBL UATWANINARTINTLNAAAILAN N
U91n797 nsRABLLAENIINENINAAR NANAST
L‘]J?llﬂul,l,ﬂmmm?m WulnreainnianenmnInngn
INAAALANDE W AIAY
Fatiuannnnameaediugnsliiiug udaann
nigAgaadaUnNInasy R ulnTasfiulnnIavay
N991ABN19N seed treatment 3aNF Y P. fluorescens
31-12 Wil Fadn Trmdnanuaztituinudiely
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: ns: not significantly different; *: significantly different at P<0.05 and ** signiffi Cantly different at P<0.01 respectlvely

muunmmm:umummqmﬂquqwummﬁﬂmﬁﬂu
ALWNARTAAILAN Wikl P. fluorescens LGN
sInfgaslAguan AN AR FAan1949a3NNIg
Wiy uinuesiuinglén B nagunsadaLAE
sl uazdeaananmesedinudalTnd Wi
ﬁ@ﬂ@ﬁﬁﬂﬁ%ﬂﬁw (Mahanty et al., 2017) e
WansunsRstyiLinrasludnniaranataaduie
T sfingn P, fuorescens annnsnndmienleslly
Tmsamaiiedasdaufnglulnsaulidu
ansilsznavlugiaesuanTutlouazlumm (Herrera
et al., 2016) 34 1uln 1A dqud1Aysanig
wanAulnaasly wazansiu inliafu wazludad
Feadin AadudiudAnyyin s udnniananaunem
Funmeisnensliiunniu et lidnnianend]
naaRsy LA uin i z\;ﬁ”u (Kumar et al., 2016;
Mahanty et al., 2017) wanaNT P, fuorescens F14
AuaNRdudINNIdsAziuastoava lF vin i
A1 30 RN 3= ANBANNN9ETR CO, 15”1@\13{1& (Long
et al., 2006) meamiwmmmLmﬂﬂmuu@mq e
fansnnaniiminassn uasimiinuitesn 33ms
LPABLILATWANINAANUE A P. fluorescens 31-12 11
Iﬁﬁuﬁnmmamﬁmm?fyLﬁuimmmmmﬁluqﬁ”u

Inailsz@ndninang P. fuorescens AnalndnAty?
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s
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Organic Carbon in Soil Aggregates Induces Methane and Carbon Dioxide

Formation in Paddy Soils
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Abstract: The objective of this study was to determine organic carbon types and soil aggregate sizes Induce in
methane (CH,) and carbon dioxide (CO,) formation in paddy soils. Loam and sandy loam soil were studied.
Each soil was separated into 6 aggregate-size fractions : <4 mm (bulk soil), 4-2 mm (large macro-aggregate,
LMa), 2-1 mm (medium macro-aggregate, MMa), 1-0.25 mm (small macro-aggregate, SMa), 0.25-0.053 mm
(micro-aggregate, Mi) and <0.053 mm (fine micro-aggregate, FMi). Each aggregate fraction was uncrushed and
crushed. Soil organic carbon (SOC) and labile organic carbon (LOC) content as well as non-LOC:SOC ratio
were determined. Each soil-aggregate fraction (uncrushed and crushed) was anaerobically incubated for 14
days and measured for CH, and CO, production potential. The results found that LOC was more suitable source
of SOC induced for CH, and CO, production potential than non-LOC was. Average LOC contents of loam and
sandy loam were 0.78 mg/kg and 0.70 mg/kg, while average non-LOC:SOC ratio were 0.94 and 0.90,
respectively. LOC content and non-LOC:SOC ratio of loam were significantly more than those of sandy loam. In
loam soil, CH, formation locations were founded a lot in aggregate sizes of 2-1 mm followed by 1-0.25 mm and
4-2 mm, while in sandy loam soil was in 2-1 mm. CO, formation of loam soil was located more in aggregate size

of 2-1 mm, while of sandy loam soil were 2-1 mm, <0.053 mm and 1-0.25 mm.

Keywords: Soil organic carbon, methane, carbon dioxide, soil aggregate
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unAngia: 1ATeTiRiRgUsrasdiednmaiaredwiddasueuluAuuazauwadaauineHiRafed
(CH,) wazansuanlaaanlas (CO,) TuAw ‘Emmﬁﬁm'a‘ﬁm:mrTuﬁuému@xﬁuémﬂummﬁqnLmﬂ@@mﬂu 6 Ngx
AARY <4 Nal. (bulk soil), 4-2 N4 (large macroaggregate, LMa), 2-1 1. (medium macroaggregate, MMa),
1-0.25 4 d . (small macroaggregate SI\/Ia) 0.25-0.053 4 « . (m|croaggregate Mi) b a e <0.053 4 N . (fine
microaggregate, FMi) °INLL&]@”ﬂamﬂJmmuuNw\ﬂNmﬂum (uncrushed) LL@“’Vlmﬂ‘J_Im (crushed) fn\‘iLLNuﬂ’]iV}m@'ﬂ\i
iU Factorial in Completely Randomized Design (CRD) LLvau@mumz ANSUNAREY 11 3 *ﬂ’] AATIEALTNU
aunzedansuaulufy (SOC) BurdAniuauTidasaanedne (LOC) LazdadauAnsauTtatgaNEann (non-
LOC:SOC) uaainnistinauluaninBeandiau uim 14 34 uazimanzidsunmfing CH, uaz CO, NANTMAASY
wudrans LOC iuumssresdwidafueuivanzansemaudnfins CH, uaz CO, 11NN91@13 non-LOC faiflu
ansEwdidenaansenn AeaeiBnnns LOC seshusauiazausauunaadian 0.78 un/nn. uaz 0.70 un.nn.
LazilAneAadndan non-LOC:SOC 0.94 uay 0.90 Audsy TaediAusauiBunn LOC uazdngam non-
LOC:SOC NnN91289ausauLung e Aumiereanisiiaing CH, TuAusauRauniidaAuauin 2-1 ua. a
FaalaRuaun 1-0.25 N3, uaz 4-2 wn. douluAudtuilumarefg oH, ResnnidaAuauin 2-1 ua. i
nM9dAARIT CO, YRR AN TITRLINA 21 J. dougesRusaudunseRing Co, Apsnfidinnuaun
2-1 1. uAELdARLYUNA <0.053 WX, LAY 1-0.25 Ju.

o ar

ANEN 31} fuvirdansueulumu Jnu afuaulaeanlss Wanu

AU 15un dunrdarsuaui@aanadng (labile organic

carbon, LOC) 8% Inausar1lsd (Yang et al., 2017)

nstlaeeRTiEeunszanaINAUNEATNITN LazanIB U A STt aadansan (non labile
thunoufinauetiasiaiiaadenaliifinaninslaniou organic carbon, non-LOC) 8191 89874 (T1eyelNng waz
LL@ZﬂWiLﬂgﬂuLLﬂﬂ\‘i@ﬂﬂWgﬁ‘ﬂ’]ﬂ’]ﬁ (Smith et al., , 2560; Hobley et a/ 2016) U3u104 SOC Ay
2008) ANt eunszanidnfAny Ae 3wy (CH,) mu@ﬂnuﬂavmwmmm@mmm mummmmmmu
Asuanlaaanlds (CO,) uarluniaannlas (N,0) R wenanuLATeIfinAL (aggregate size) ?;I\‘i‘]_lx‘ﬂ]

Rng CH, Bdnaniwlunisialfidaniaslanteu  Seiumi (location) TasnarnifLawisdanuew e
1NN31 CO, 119 25 11 (Ali et al., 2015) Tudl A.a. dnRuRTanartuavazay SOC utRunusnaiy
2005 AN CH, Qﬂﬂ@mﬂd@ﬁﬂmm%q%‘lﬁmﬂizmm (Femandez et al., 2010; Helgason et al,, 2010) Ine
256 & sl (IPCC, 2007) Waid wazaniy (2558)  fiawieaz@uniuusliinfiazainodaiuaundnd

21eNUILINNUAT CH, wax CO, firlaesanndivuun L@e9 (stable microaggregates) 1n4zLA 821 W SOC
$IUHNIND 0.76 uaz 4.01 Fuarfueusanunimg  axgnindvegneludesuinlignindedlidiandy
1lgn TuAuilenanuiituuniuasradanuauialuegy

Audsznaufatl AR UIUIARIG 7 LAY (macroaggregate) (Puttaso et al., 2013) finl#i1u1
duvisedng lwAu awinvesdafuaziiufanmun el nAud BN naselBuiun s udunsd
Tnsesssvestesinaneluiy Tnaviallfwiloneny Asuau TuanzidAenii SOC Wuunasnuiinaasing
Azl Bunndurirdansuenluay (soil organic carbon, CH, uaz CO, (W3 uarAy, 2558; Ro et al., 2011)
SOC) fandnluduiieaziden (Mangalassery et al., LﬁmﬁuﬁqﬁummméWTty'aﬂ'NE'wi@mmﬁmLmzmi
2013) &4 S0C Uszneudnsduridansusudesnin aeafngiaunszanannay Mangalassery et al.
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(2013) sre9rudInsdaasfing CH uaz CO,
(emission) ’Lumw,u@@%@ﬂmvu@ﬂmﬂumumwmu
widnAuileaz@unasitiunn SOC unndafina
widuFufing CO, feaeneanannlufuideveniiu
wuinldeseentiinnmnnannandisivanalin)

SOC 1utlszneuding LOC uaz non-LOC i
31104984 SOC, LOC 4a¥ non-LOC A1AINUNALH
NARANIINARNIT CH, uaz CO, TuAuUI Tuanizd
%@H@Lﬁ'mﬁmmmmmLﬁmauﬁiﬁmnmﬂmﬂmju
madanusAeLFNIes SOC, LOC, non-LOC wag
nsuaRfing CH, uaz CO, Saildiayatioanin nisuan
naNaIAaRuAzin N URA MR INES
fing CH, uaz CO, Tuan luanzimasiulinudeys
s e A gafulsuinaes SOC, LOC uag non-
LOC wasifinRuaunasing q finadnfiuasiasiiums
uaztENIUNIINaRfNg CH, uaz CO, lumuuIzes
Uszmelne

atlafmulufulansialagdl soc, Loc
uaz non-LOC uesAtlszneves ?ﬁqafgmmﬁwmﬁq
RN ﬁqnﬁnLﬁmg’iwdwwmﬂﬁumﬁlul,ﬁm
Y meﬁgnﬁﬂLﬁumgjmﬂiuﬁmdwiwdwLﬁmau
lunrangunisun (crushing) Wl R wazi1 14
ﬁ?mmﬁuﬁﬁm%muzﬁquﬁ'qﬂﬁﬂLﬁmg’ﬁwdw
auymaruneludinfuuazdaufigniniiuesganely
dasdnszudnlinfnnanseanun i In& @ eeiy
IEHILIEEN ‘mﬂ'u'uLﬁmﬁu'ﬁ'um%ﬁﬂﬁﬂauﬂﬁ
asaiiindsuazldlselamiandurisdaiiueu
waniui andnfing CH, waz CO,lHdnady
auyAguresn1siiuauaznisuadinfwia lils
131114 SOC, LOC Ua¥ non-LOC #i19rius waezvinliisl
NARBLTNNUNNIHARTNNT CH, waz CO, AN Ay
ﬁﬂvl,ﬂzjmmL%ﬁ‘lmﬁ'mﬁumﬂ%msmmi (substrate)
fnzansianiandafg CH, uaz CO, FaruAsdies
NINITUENNANIUIALT AR YW (soil-aggregate-size
fraction) YiNMTUAIARUIBINGNUUIAFN ] LAZIIN
nsnsinAumaumuglUfunsneadanui i

Ao AR Ao A = a a A
VA INUIEUAIINA mflﬂiz@\?ﬂLW@ﬂﬂHWﬁuﬂm@Q@u‘Vﬁﬂ
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AFuaulumAusnnInguaadanunnaliifiafing
CH, uaz CO, Tuaum

L4 aa
AUnsluazIaNg

FageAuTiAnIuazMsusnngNuALinAY
AuRaed19Auuiiesusau (loam,
Ratchaburi soil series, Rb) WA 11199udunsny
(sandy loam, Ubon soil series, Ub) fulasunsmans
T anshaenuniy AANAn 0-15 gu. lufisuudn
FAUENUATINTIZIUNA 4 JA. ThawiaeaiiaRummin
ﬂ’]iLLEIﬂﬂ@;mJu’]m (aggregate size fraction) Tmﬂﬁiﬁﬁu
WA <4 W (bulk soil) AU 100 1. HIKENNGH
UM ARUALEAT dry sieving nald FABaLEIN WS,
Tyler RX-29-10 Ro-Tap Shaker 1,450 2R/ W 2
w17 uanaandungudafu lHun auin 4-2 w.
(LMa), 2-1 44. (MMa), 1-0.25 4 4. (SMa), 0.25-0.053
H. (Mi) Lay < 0.053 Wal. (FMi) (AnLilasann Demirel
and Scherer, 2013;
Puttaso et al., 2013; Zheng et al., 2007)
AHUNNMAResLIznaLfiag 2 NNIAaeY

2008; Mangalassery et al.,

daafufy 2 HesuAe Auiuaiuaulune Toe
wevwsiazALlENN LN NIl AR UNAN TR 7]
#laium (uncrushed) wazanuienfisinnstuamy
VRINFUILAFIN 7 ﬁqﬂum (crushed) Twsanri g
BHUNITNA QALY U factorial in completely
randomized design (CRD) NN13LNANTLAS 3 1 s
asnnamaaastiandl 12 AnFsuaL 36 190 T9RTaNTg
NAaRaETavLA 72 99

#91N193 AT AT RN LANBAZLAR
29371 1Hun ANMILLLIINTeaAY (bulk density)
(Baver et al., 1972) Wedu (soil texture) Im &3 §
Bouyoucos hydrometer ANNITUNTA-ANTRIAY (PH
1:5 H,0) 1n#13% pH meter (Mc Lean, 1982) 131104
AuvirdfAnFuenluf (soil organic carbon, SOC) Tagl
3% dichromate oxidation (Walkley and Black, 1934)
mmﬁimﬁLﬂm:ﬁmuﬁﬁmqmﬁm\uﬁmﬁumﬁmmm
BN ] u linsdianzimniiunm Soc,
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Bunrdanfuendiuitdesaansdny (labile organic
carbon, LOC) 1 & 7 5 permanganate oxidation
(Moody and Cong, 2008) 91131 uyizsdaiuen
douielaaaaneen (non labile organic carbon, non-
LOC) A1uatuann U3nnas SOC aumae3nnns LOC
LAZALIIMNARF9I184 non-LOC:SOC Ham el
Lgﬁﬂqﬁ?‘mmmm%um?‘ﬁm%muﬁgnﬁﬂLﬁu 8% SOC,
LOC uaz non-LOC TudnAuusiaznguawn aeinnig
TAseiTNnns SOC war LOC ludanunguauin
g ) A luAuAZTLA dautianns non-LOC Auans
ludmndau non-LOC:SOCaNnaNn1s =(SOC-
LOC)/SOC

MIUNAUUALNNSILATITIARENNE

ﬂ’j‘“qﬁq@ﬂ"}uﬁmﬁuuﬁi@:ﬂ@jwﬂum
senaufiag WARWIIN (<4 14, bulk soil) LaZEAAY
5 NANIUA finanin 25 n. adlugaauBansenaniil
RN ANENa9 0.04 31, 9 0.06 1. ANtia1AaN
laaau (DI) 3 N4. Lﬂﬂﬂmmm’mauﬁqmﬂdﬁ'm vertex
shaker 50 $aL/ANT 1471 30 31071 e lanlasannialy
arsazansnu sz aaiuldfnalulnsiau (N,
99.99%) la#a1neluaan e liies luannts
2aNTL1aU (anaerobic) Uatnanfasqnansuazden
UnmnfosecgiiiuAl Unsaeteansazanemnly
umﬂgummam@mmm@m 34 a9ATATEE WU
14 34

NM9IATILIAT CH, waz CO, L9t
Angiog syringe 111 1 14, Tnagasinatinganiely
7994914 (head space) 18929ALIN 11 13 iAs1zfin
Aaruduiuling CH, uay CO, AauaTeq gas
chromatograph (GC) (Shimadzu, GC-2014, Japan)
WAZATUINUUIANLNINNITHARA T CH, ez CO,
(production potential, E) lusidag un/nn.aw/14 Ju
Tne1438n192999 Saenjan et al. (2015) faedunIs E =
{C x Vb x (Mw/Mv) x 273.2/(273.2 + T)}x(1000/2.5)
e C = Audinduresfing CH, uax CO, @iliax
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viga Tulasiua/lug): Vb = 1Buinsuestasinalunan
U1 (AU.N.): Mw = dwinty \ana1ednng CH, 16.123
n./lua uaz CO,44.01 n./lua; Mv = innmsluiana
289711 CH, uaz CO, 22.41x10°aL.a.; T = gounqd
mealufiesiu (aernmadeas)

MEATERdays
P ° = [
wuuf 1 nsnFeunaunadeyaeang
[~3 a dJ o £ o dl A 1 [~3
Uainau Fanuualidludadsn 1 Ae 1. usda
At UAz 2. UAWIARY WATNIMUA IANGNIUI AT AR
uladed 2 Ae 1nvelinfy 6 NgNAWINaILED
o Y 2 a o a -
F19f1 BIan1TATILT LA ha A unI I NA LA
AN ul g 99uae3daya (analysis of variance,
ANOVA) weinluudaziiafy wazi/Fauieunqny
WANFNIYBNANLRRLANEAT least significant difference
(LSD) Tag/l4An P-value <0.05
4 . - L d

RULR 2 M FaU8uITUINaiany

Avualiduladei 1 Ae 1. Audau way 2. Audautu
o v < a o atl A

N8 warnuuainnsua AR wiluadan 2 Ae 1.
WeAun lus 2. WaRui um 99aLnNMAaeauLL
Factorial in CRD AsziiAnnuilstsquaasdaya
LULABINIY (a two-way ANOVA) kazilFeuiiey
ANLANFANALRALAET LSD Tnaldirn Pvalue
<0.05 WAANHANTLAPZATI WA

AANITNANRY

ANTANINRNALazLANUDIAY

ANTRUDIAUIIU AINUULUUIIN (BD) |
Fin 145 0 /ooy, Weausynan s sand, silt lag
clay 1A 48.42, 37.40 uaz14.18 iwefidusd muaau
pH fAn 5.28 BudAnsuauaL e luAy (SOC) 10.7
n./nN. AAUANTRIRIAUTIULUNTIY AITNUUILUL
993 A 1.50 n/aL gy, ieAuLlsznauEas sand, sit
LAY clay NAN 6542, 33.32 uas1.26 o fidus
ATNATAL pH HAN 5.23 wavi/3unas SOC 8.2 n/nn.
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ANEAIWNITSHARNITHNLNY (CH) Was
asuaulaaanlds (CO,)

TufusEINUNINERTNT CH, 1091dnRY
i iusilaieglugas 0.30-1.76 unJnn./14 S
unningeaipAuiiuated e L9 0.10-1.43 un./
nn.J/14 34 (mwﬁ' 1a) WATWUIINNINART CH, 184
Auf ldunfsannmnnludaAuaun 2-1 1.1-0.25
1. UaE 4-2 1, daudinRuiiuanufing CH, 1y
WARWIUIA 2-1 JH. uaY 1-0.25 uu.A9utFuninag
Anfing CH, luAuisuunmeseadinnuiiliuadie
ag/luia9 0.06-1.55 1n./nn./14 91 NINN912eRdARY
ﬁum%qﬁﬁhﬂghﬁﬁqq 0.05-0.33 4n./AN,/14 §1d (ATW0
1b) WATWLAINIAARNG CH, gefud el Funo
NN T AR UAUNA bulk soil (<4 NH.) kA 2-1 WA,
daudlaRuiiuany CH, unludiafuauin 1-0.25
N Uaz <0.053 Hul.

I0UANNIRART CO, ToeAuIT lrluad
AegluT99 1,863.2-3,876.3 1n./Nn./14 414 11Nn9D
m@mﬁmﬁuﬁum%qﬁmaﬂ;hﬁw 1,185.9-2,775.9 un./
n./14 Ju (m‘wﬁl 2a) WATWLANFNARNE CO, i
WnnuresiuibivadiBnamnnludnfiuaunn 2-1
1, At <0.053 1. WA 1-0.25 i, dawlaaui
uanufing CO, Nn’lu bulk soil, 2-1 4N, ua1-0.25
N daufFunainiaifianag CO, Tuausauluns e
Wapuiliuad Anagludas 1,193.4-2,668.8 1un /
nn.J/14 du mmdwﬂuﬁmﬁuﬁ'um%qﬁﬂ'mgﬂuﬂiw

1,488.2-2,572.8 1un./nn./14 71U (ﬂWW‘T/‘]I 2b) LATWLAN
nafiafng co, Wwlnnuseshuiliundiiunnmnn
ludaRuIUIA 2-1 13, <0.053 Uaz 1-0.25 NN, 491
WaAufiuanuRing COo, unluidnfuzuin 1-0.25
NN, 1Az <0.053 Wi, FHNuANT CH, uax CO, luiln
Auitlhiuauaziiuareshusauaziinnninzedusau
Uunsg (mmﬁ 1)

o

Fu1aaas SOC, LOC wazdn
luinmu

13104 SOC 1esdnsanlulafiud lsiundlen
ung 10.7-15.6 n/nn. uaztieandnludlafuiun
Henagflutag 22.5-28.9 n/nn. aeineilied

ANATYNY
#05 (" 3a) IneAFuns SOC i

91U non-LOC:SOC

2

=
g

)

Aufiliun
azilunludnfuauln <0.053 uay 2-1 1y, gaaulu
WasufiuaaznuBunm soc unnludadusuia
<0.053 11, Ua¥ 0.25-0.053 1. AnuefitFunns SOC

wosausut e ludafunlduadaesludog 3.8-

)}

8.2 n/nn. waztinendn s ARuRuA el GRGRIE LN
8.6-14.0 n./nn. (m‘w?i 3b) kaznwuinsuan SOC Tu
fnAuzaduR laiunasdiBunnmany bulk soil a1y
K0l <0.053 4al.UA 0.25-0.053 M. daulnAufiun
Azl SOC 1NN TUdARUIUNA 4-2 WA, ANNAQE 1-
0.25 3. UAY 0.25-0.053 1. 151Nl SOC luslamndi
WiupuasTiuaresiuniuasiinnndsesduiauly
N8 (A7 1)

Table 1. Soil organic carbon (SOC), labile organic carbon (LOC) content and non-LOC:SOC ratio in

uncrushed and crushed of loam and sandy loam soil

SOC (g/kg) LOC (g/kg) non-LOC: SOC ratio

Treatment Sandy Sandy
Loam Loam Sandy loam Loam
loam loam

Soil crushing
Uncrushed 134Ba 71Bb 0.78 Aa 0.70Ab 094Ba 090Bb
Crushed 251 Aa 10.8ADb 0.39Ba 0.38Ba 098Aa 096ADb
F_test *k *% *% *% * % *%

Mean with the different capital letters in a column indicate significant difference among soil crushing. Small letters in a row indicate

significant difference among soil texture. Each direction comparison was statistical difference by LSD at P<0.05, n = 18
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(a) Loam soil B Uncrushed

2.5

E Crushed

CH, production potential (mg/kg/14 d)

Aggregate sizes

Figure 1.

s (b) Sandy loam soil 5 yncrushed

M Crushed

CH, production potential (mg/kg/14 d)

Aggregate sizes

Methane production potential of individual soil aggregates (uncrushed and crushed) in (a)

loam and (b) sandy loam soil. Bars represent standard deviation, n = 3

(a) Loam soil

O Uncrushed

B Crushed

CO; production potential (mg/kg/14 d)

Aggregate sizes

5000 - (b) Sandy loam soil

O Uncrushed
B Crushed

CO, production potential (mg/kg/14 d)

Aggregate sizes

Figure 2. Carbon dioxide production potential of individual soil aggregates (uncrushed and crushed) in

(a) loam and (b) sandy loam soil. Bars represent standard deviation, n = 3

o Bunny LOC anspugaulusiafudilaiu
ﬁﬁh@ﬁuﬂiqq 0.72-0.88 n./nn. (mwﬁl 43) LazNINNgn
TudlnRufiunded Aregludas 0.37-0.41 nunn. Tned
Bunns LOC luilpAuaesiud lduanusinidasu
PR 4-2 NN, ANNALE 2-1 Nl WAz 1-0.25 1. daulu
WiadufiuaaznuBun LOC unnlulnfiuaun
<0.053 ua. A0 B LOC aesAwsau lumsely
WaauiliundAnegludae 060-0.80 nnn.
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(mwﬁ 4b) nazannguiaAuRLn %qﬁﬁﬁmﬂwﬁw
0.37-0.42 n/nn. 1Buau LOC luslaRuaasiniilaivn
NUNN T bulk soil AMNAE 2-1 NN, WAZ <0.053 NN,
nazdaus AR uTiLAz LB LOC unnludinfiuy
A <0.053 1y, 15l LOC lusiaauiilaivinuasi
uaresAusuiuasiiuanndngesFusulum e
(39 1)
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(a) Loam soil HUncrushed

B Crushed

SOC (g/kg)
B 8

[
o
L

Aggregate sizes

soc (g/kg)

(b) Sandy loam sail B Uncrushed

B Crushed

g

[
o
L

Aggregate sizes

Figure 3. Soil organic carbon (SOC) of individual soil aggregates (uncrushed and crushed) in (a) loam

and (b) sandy loam soil. Bars represent standard deviation, n = 3

(a) Loam soil B Uncrushed
B Crushed
&
L0
o
(=]
-
Aggregate sizes
Figure 4.

LOC (g/kg)

(b) Sandy loam soil 5 yncrushed

1.0 - B Crushed

Aggregate sizes

Labile organic carbon (LOC) of individual soil aggregates (uncrushed and crushed) in (a) loam

and (b) sandy loam soil. Bars represent standard deviation, n = 3.

#9891 non-LOC:SOC resansanlulamud
Tlunilenag lugae 0.90-0.95 (MW7 5a) uaztinandn
'luLﬁmﬁuﬁum%qﬁm@glwﬁm 0.98-0.99 Ineifidmngau
non-LOC:SOC lufiaduitlsiuaaznuunnlug nduy
WA <0.053 NN, AINAYE 2-1 1. LAz 0.25-0.053
. doudlpuiunaswUdAgaw non-LOC:SOC 110
Tudafuaun 0.25-0.053 Na. WAL <0.053 NN.
Tuufidagau non-LOC:SOC aapusautlunaely
Lﬁmﬁuﬁiﬂumﬁmﬂ@wﬁw 0.81-0.95 (W7t 5b) LAz
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ﬂ@mndﬂunﬁmﬁuﬁum%qﬁmaﬂﬂwﬁfm 0.95-0.97 kA
WA AdRd91 non-LOC:SOC Tuiadiui laiunasdl
NN ARUIUNA <0.053 NN. ATNALE 0.25-0.053
. UaY 1-0.25 Uy, doudnAuRUANLARHI non-
LOC:SOC tnnluldaRuaus 4-2 ual. §a&91 non-
LOC:SOC luinauit Il unuasivntasdusauTiasd]
NINNIURIAUTIULENIE (mﬂﬁi 1)

NNINARANTE CH, TudTnRui llusmeshusan
wazAudanunmewudnE dulsrAne anduiug )
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(a) Loam soil ElUncrushed

B Crushed

non LOC:SOC ratio

Aggregate sizes

(b) Sandy loam soil OUncrushed

B Crushed

non LOC:SOC ratio

Aggregate sizes

Figure 5. Non-LOC:SOC ratio of individual soil aggregates (uncrushed and crushed) in (a) loam and (b)

sandy loam soil. Bars represent standard deviation, n = 3.

ALUMAN189ATLBY (SOC, LOC and non-LOC:SOC)
Twdsuanid Anag luga 0.041 114 0.875 uazn1Tuas
fina CO, wuan TuAusauRdNLlsr v and s s
UanAuuna989Afueuet ludaq 0.154 0 0.601
! a ' a 2 A o a ;
dqususulunsenisuan fng Co, Nduszdns
anduiug ldaUi U SOC Wag non-LOC:SOC Wi
AulsrAvandunud aauaniu LOC

1504

asnnufing CH, uaz CO, ludlnaunliuni
NN ludeRui U WasanniFnnns LOC ludinf

Aluainnna lulafunua LOC iluansauvissd

m§‘u'aw,m:Lﬂumﬂ%uﬁfm@?mmmu 7 Heealn
ﬁuﬁﬁmmmﬁmi’i@ﬂLL@:”L%JQﬂﬂﬂifm (Tisdall and
Oades, 1982) Lﬁfammmﬁﬂﬁm@ﬁwﬁqmﬁwLfluﬁw
CH, uaz CO, uaasliitiuinfing CH, uaz CO, lumul
wasinEaNnann LOC luaulagnse s Bunn
Ra CH, uaz CO, lullnaufiuafanddauil
umi'ﬁ:l,ﬁmmﬂﬁmdqumm non-LOC:S0C TufinAndi
uaRuanndnluidiafuilduaiiues aslsyney
Auvieitessnn (non-LOC) muﬁqmiﬁf;ﬁn‘ﬁ'qnﬁﬂ
fivegneludaauduanfueuiieiasfigniniles
faanszuauniImsianduazniaainaludanu
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non-LOC Aailuanssadiuitliimnsansanisfiafi
CH, uaz CO, uansliiiudnislduauaznisuada
Auniliidnasasunainisnaniing CH, uaz CO,
fin9ri USNnufing CH, waz CO, 209AUsIuNAR 1A
wnndngesiugauLiunse esannBunas LoC lu
WIARUILIAFIN 7 TR9AUTIUNNINNTNTBIAUTIULIY
nagagnstaay et lafmuriaunn SOC uay
&nda1 non-LOC:SOC luiinfAuauIns1e - HA21x
pdnefuas i apuiliunf B ot s adiv
finm uaneliifiugn non-LOC usadilsznatmanaes
s0C Tudnu luaned LoC Wussdlsynetiseaussl
UNUMANATYFIaN1INARTNG CH, uaz CO, Vil
LE‘JJ’]MLL@”L“TNWWMQWWLL@”TIMLMW]’]Lﬂ P Ay
annnauBwEuL s Tudeaui liusehiugou
sunufing CH, Waldunludafuauin 4-2 (LMa),
2-1 (MMa) 1z 1-0.25 (SMa) 1. Tuaniefiuasfngau
tunaetBunufing CH, Naldunludafuawng 2-1
1. (SMa) nstilaasfing CO,aasRusaunulfnnTy
WARUTUNA 2-1 NN, UAY <0.053 NN, LASTRIALIIU
Hungranuuinludafuauin <0.053 1. d3unu
fint CH, waz CO, TudinRuithiuageshusuuaziu
saudunmelanduiusidsuaniuzunmiaes LOC
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Fertility Capability of Calcareous Soils in Thailand
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Abstract: Calcareous soil is an important soil resource for the production of cash crops in Thailand. Soil fertility
capability classification system can indicate fertility status and important limitations of the soil to provide
guidance for proper soil management. This study aims to analyze the soil properties and to classify the fertility
capability of 5 representative calcareous soils in Lop Buri and Nakhon Sawan provinces. The study consists of
describing morphology, soil physicochemical analyses based on standard methods, soil fertility evaluation, and
classifying fertility capability of soils. The results showed that most of soils are clayey soil, alkaline, and having
high cation exchangeable capacity, but low levels of available phosphorus and potassium, extractable zinc, and
copper which were major fertility limitations of these soils. The evaluation of fertility levels of soils found that
studied calcareous soils have a medium to high fertility level. Results of soil fertility capability classification
revealed that calcareous soils have significant limitations e.g. highly swelling clay minerals (v), alkaline reaction
(b), and low potassium reserve (k). Such alkaline reaction makes phosphorus and micronutrients especially zinc

less soluble and unavailable to plant which is first priority for fertility management of Thai calcareous soils.

Keywords: Soil chemical limitation, soil fertility evaluation, fertility capability, calcareous soils
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Profiles and field morphology of Thai calcareous soils
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Table 1. Some Identifying criteria for soil fertility capability classification version 4.0

Identifying criteria Symbol'
Fertility capability class
Surface soil texture (Type) SL,CO
Subsurface soil texture (Substrata type) SLCORR
Selected Identifying criteria modifiers
1 >60% Al saturation within 50 cm a
2 free CaCO, within 50 cm (fizzing with HCI) or pH>7.3 b
3 pH<3.5 after drying : jarosite mottles with 2.5Y or yellower and chroma 6 or more c
4 Ustic or xeric soil moisture regime ; dry>60 consecutive days/year d
5 <4 cmol /kg soil as ECEC , 7 cmol /kg soil by sum of cations at pH 7 e
6  Aquic soil moisture regime ; mottles <2 chroma within 50 cm for surface g
7 <10% weatherable minerals in silts and sand fraction with in 50cm, or siliceous mineralogy k
8  >15% saturation of ECEC within 50 cm ; most Solonetz n
9 >4 dS/m of saturated extract at 25 °C within 1 m s
10 >35% clay and 50% of 2:1 expanding clays %
11 Within 50 cm pH>10 (in 1M NaF) X
12 Where desirable place range in % slope %
13 <80% total organic C saturation in the topsoil compared with nearby undisturbed m

'Symbol; S = Sandly texture, L = loamy texture (<35 % clay but not loamy sand) C = clayey texture (>35% clay), O = organic soil (>12%

of organic carbon), R = rock or other hard root-restricting layer, R" = as R but layer can be ripped, plowed or blasted

Source: modified from Sanchez et al. (2003)
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Table 2. Environmental settings of Thai calcareous soil

Pedon Depth Drainage Permeability Elevation (m) Surrounding
Parent material
(cm) Runoff Slope (%) landform
Well moderate 108 Residuum derived
1 200+ Undulating
drained slow 2 from andesite
Well slow 36 Colluvium derived
2 200+ Undulating
drained slow 2 from basalt
Well rapid 90 Local alluvium from
3 200+ Undulating
drained slow 2 limestone
Well rapid 43 Local alluvium from
4 150+ Undulating
drained slow 2 limestone
Well moderate 68
5 200+ Undulating Alluvium over marl
drained moderate 2
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Figure 2. Particle size distributions of Thai calcareous soils
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Figure 3. Bulk density (a) and saturated hydraulic conductivity (Ksat) (b) of Thai calcareous soils
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Figure 4. Nutrient statuses of Thai calcareous soils
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Figure 5. Exchange properties of Thai calcareous soils
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Table 3. Semi-quantitative mineralogical of clay and silt fractions of Thai calcareous soil estimated by XRD

Pedon Horizon Clay fraction Silt fraction
/Depth Kao 1l Smec Vm Qtz Qtz Cal
Pedon 1 Btk2/50-75 X - XXXX - tr XX XXX
Pedon 2 Btck1/40-70 tr - XXXX - - X XXXX
Pedon 3 Bss1/50-75 tr - XXXX - - XXXX -
Pedon 4 Bck1/70-100 - - XXXX - tr XXX XXXX
Pedon 5 Bk2/45-70 - - XXXX - X XXX XXX
Remarks: xxxx = Dominant (> 60%), xxx = Large (40-60%), xx = Moderate (20-40%), x = Small (5-20%), tr = trace (< 5%), - = non-detectable,
Smec = smectite, Kao = kaolinite, Vm = vermiculite, Ill =illite, Qtz = quartz, Cal = calcite
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Table 4. Fertility level of Thai calcareous soils

o

Wud1edaiNiaggendn 7.3 (b) Auyninaus
Yeaniafdnd Ty A ﬁummumumﬁ@mmﬁqqq (v)
videiuAuAR usAumTenawn ndiduusisy uashu
dmunaidaudrsesnn (exchangeable K <0.2
Tneiannziinet 1 uaz 4 uananniiay
eyuiBunnueadunluugeinldfaaal
annaeesnInunadianazanmuiiul sz Taad
m@aﬁwﬂ‘wme%ﬂuaumdﬁﬁ% uazaNnMsAALL

daannanauilusnedn nlifauinaanaFanilu

cmol /kg) (k)

Soils Horizons oM’ Avail. P* Avail. K’ CEC’ PBS Total Fertility
(cm) (g/kg) (mg/kg) (mg/kg) (cmol /kg) (%) score level
Pedon 1 Topsoil®  22.43 (2) 2.76 (1) 71.06 (2) 44.6 (3) 42.27 (2) 10 medium
Subsoil” 7.7 (1) 0.9 (1) 30.1 (1) 22.9 (3) 4317 (2) 8 medium
Pedon 2 Topsoil 32.43 (2) 3.98 (1) 139.4 (3) 60.8 (3) 55.06 (2) 11 medium
Subsoil 18.56 (2) 1.97 (1) 35.61 (1) 30.1(3) 67.51 (2) 9 medium
Pedon 3 Topsoil 28.96(2) 12154(3)  301.5(3) 52.6 (3) 50.78 (2) 13 high
Subsoil 24.77 (2) 2.52 (1) 62.2 (2) 59.4 (3) 54.14 (2) 10 medium
Pedon 4 Topsoil 20.69 (2) 2.25 (1) 41.8 (1) 49.3 (3) 65.47 (2) 9 medium
Subsoil 11.38 (1) 1.06 (1) 30.8 (1) 40.4 (3) 56.78 (2) 8 medium
Pedon 5 Topsoil 18.27 (2) 113 (1) 112.4 (3) 49.3 (3) 62.00 (2) 11 medium
Subsoil 11.04 (1) 121 (1) 2075 (1) 4095 (3)  62.01(2) 8 medium

'OM = organic matter, “Avail P = available phosphorus by Olsen extractant, *Avail K = available potassium, “CEC = cation exchange capacity,

°PBS = base saturation percentage , “Topsoil = Ap, 'Subsoil =

base of Ap or from 20 to 60 cm. Scoring is used for the assessment of fertility level

(the score is presented in blanket within the table) where score < 7 = fertility level is low , 8-12 = fertility is medium , > 13 fertility level is high

Table 5. Fertility capability classification of calcareous soils in this study

Horizon' 2:1 expanding pH K reserve’ FCC
Pedon Texture 3
(cm) clay 1.1H0 (cmol /kg) unit
Pedon 1 Topsoil Clay >50% 7.9 0.18 CLvbk
Subsoil Clay loam >50% 8.4 0.08
Pedon 2 Topsoil Clay >50% 7.8 0.36 Cvb
Subsoil Clay >50% 7.8 0.10
Pedon 3 Topsoil Clay >50% 7.6 0.77 Cvb
Subsoil Clay >50% 7.7 0.16
Pedon 4 Topsoil Clay >50% 8.0 0.1 Cvbk
Subsoil Clay >50% 8.0 0.08
Pedon 5 Topsoil Silty Clay >50% 7.9 0.29 Cvb
Subsoil Clay >50% 8.1 0.05
"Topsoil = Ap or 0-20 cm , Subsoil = horizon under Ap or 20-50/60 cm depth interval,

’K reserve = exchangeable K were determined by ammonium acetate extraction (1 M NH,0Ac) at pH 7.0,
*FCC unit= fertility capability classification unit, C = Clayey, L = Loamy , b = free CaCO, within 50 cm (fizzing with HCI) or
pH >7.3, v = >35% clay and 50% of 2:1 expanding clays, k = exchangeable K < 0.20 cmol /kg
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Reclamation of Ban Pu Lignite Mine, Li District, Lamphun Province

sulla 81ney” guUns Aead 396 auIATNE uaz Wugan vnalna’

Thananiti Thichan", Soontorn Khamyong?®, Niwat Anongrak' and Panlop Huttagosol®

‘medmismaniuazlgiaans Ansinsmsaans wianenaedesTs 4. dealis 50200
1Depan‘ment of Plant and Soil Sciences, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand
TN AT AN NN TETTTIR ARKNIATANARS A TInEnaeFesiual 4. @ealual 50200
2Deparfment of Highland Agriculture and Natural Resources, Faculty of Agriculture, Chiang Mai University,
Chiang Mai 50200, Thailand
‘mARraAnssuwiesusussllinnden AnAmnsaumans awianenaendes i 2@l 50200
3Departmenz of Mining and Petroleum Engineering, Faculty of Engineering, Chiang Mai University,

Chiang Mai 50200, Thailand

*Corresponding author: Email: Thananiti61@gmail.com

(Received: 1 March 2018; Accepted: 1 June 2018)

Abstract: Soil properties of Ban Pu Lignite Mine were studied at three sites: natural forest, mine pit and plantation
forest, by making 7 soil pits and collecting samples along soil profiles at 0-5, 5-10, 20-40, 40-60, 60-80 and 80-
100 cm depth. Analysis of physicochemical properties of soil samples was taken in the laboratory. The physical
properties varied greatly with sites and soil depths, and not suitable for plant growth. The soils were the
weatherd rocks, gravels and fragmented rocks or clays. Bluk density was moderately, moderately low and low
caused by the type of material and rock gravel. Soil texture were sandy loam or loamy sand or clay loam. Soil
reaction in natural forest was almost neutral whereas those soils of bare site and plantation forest at the bottom
of mine pit were extremely acid. In contrast, the soil reaction of upper area of mine pit was neutral. In areas of
plantation forest 1 and 2, the reaction varied greatly along soil depths: neutral, slightly acid and very strongly
acid, while that of plantation forest 3 was ultra acid almost soil depth. Organic matter, carbon and nitrogen
contents were low in soils of both mining areas and natural forest; however, some layers of subsoils contained
the higher contents than surface soils as similar as variations of available phosphorus, extractable potassium,
calcium and magnesium. These caused by the dumping weatherd rocks, gravels and fragmented rocks or

subsoils on the surface soils.

Keywords: Land reclamation, lignite mine, mining land, plantation forest, soil properties
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(3) NuNAULLLeILeWi e (mine pit 3)
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3. thignineWuynunieeu eng 18 T tog
, & A
wigaanill 3 Wi
(1 ﬁuﬁﬂﬂﬂqﬂ 1 (plantation forest 1)
#iaiug Hindgn Ae lidnuazazion

Table 1. General characteristics of research sites

(2) Nunila an 2 (plantation forest 2)

uthgnlfidndou

& 1
I~ a

(3) Wunil1ign 3 (plantation forest 3)
Wuilgnlddnuaznsediunisd

2. MSANENANLTANNANNURLLANUIRIAY
YANQNAUNTIN 1.5 m WazAn 1 m AUIu 7
vaa 3 AiiAe Uhassuanf 1 wan reutemiles 3
G meﬂ’]ﬂqﬂﬁyuﬁﬁ”\iau 3 uqu usaetAuly
WA AZUaUTATILAN 0-5, 5-10, 10-20, 20-40, 40-60,
60-80 WAL 80-100 cm LAZILATIZWANaL19A 1Y
HagUfiRng e nmauTAnenann B (1)
AsuLLusan TaeiE core method AAMLARIANN
WaRUTTINAtend 2 mm (2) FNNUNTIALAZIL
TneAadaiinmiin (3) iWeaulaedsnisduia Anm
antimnaaR e (1) UfAsenAu (soil reaction, pH)
Tneld pH meter W8RG UAUA R 11 (2)
BunsadnguazA1fuauliaz wet oxidation 284
Walkley and Black (Nelson and Sommers, 1982) (3)
Tulnsiauianunld3a micro Kjeldahl method
(Bremner and Mulvaney, 1982) (4) Waanasaniiluy
1l9¢TermeTI%3% Bray Il wae colorimetric method (Olsen
and Sommers, 1982) (5) nuna@aufignunsoainld
EBnnsarinfaaasazane ammonium acetate 1 N,
pH7.0 LAaTE T UAAAY 1A3a4 flame photometer
(Knudsen et al,, 1982) (6) WARAIE SNLALUNNT e
gnansnana i 1R Sn1san nAaeansazae ammonium
acetate 1N, pH 7.0 LAZB 1WA H 28 \A3 84 atomic

absorption spectrophotometer (Lanyon and Heald, 1982)

Site Site characteristics

Dominant tree species

Natural forest Dry dipterocarp forest

Mine pit 1. Lower area

2. Lower area

3. Upper area
Plantation 1. Dumping area 1
forest (18 yrs)) 2. Dumping area 2

3. Dumping area 3

Dipterocarps

No reclamation

Teak, Azadirachta sp.
Teak, Leucaena sp.
Teak, Azadirachta sp.
Teak

Teak, Acacia sp.
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NANI52AE

NANNTAAeUIenNaUA28dNTRNIINEAIN
uaziaiaenusssneg savliawmiasuaztinlgn
NUNNIFL

1. ANUTANIIN1EATNURIA U (soil physical
properties)

A13197 2 LAASANITANIINIEATNUN S
dsrnsresinily 3 Wi

1.1 AMNRUILUUTINTDIAY (bulk density)

(1) thassutnm

ﬁuﬂmﬁﬁqﬁmmﬂﬁumwmﬂgﬂmmumﬂ
AN e HAuAsLmAeg (red-yellow soil) AL
ANNAN 0-40 cm ﬁmﬂwmuﬂuﬂﬂunmq (1.36-1.52
Mg/m ) Aiaudinamng aauan 4060 cm (1 20 Mg/m %)
UAANNNN LA LA (0.64-0.88 Mg/m’) 1iedann
nanmeluduiusnnuasinliiinaauties

2) RuRaainiaiuiias

Auitiawiiasduans 1 (mine pit 1) f?ﬁi@fyﬂ'
UL B us 090wl e Han sz iTuEng
i (Uewiles BP-2) Fedlidnsgnunituy Tng
Hanwouziluiiuyaesiiuiaau (mud stone) HAI1W
1auszdanludziuey Aufinauin 0-40 om &
mmuumﬂurﬁlq (0.95-1.11 Mg/m’) flAnAewudinasili
14 40-80 cm (1.23-1.25 Mg/m’) wadl Aanamun iy
pludo 80-100 cm (1.03 Mg/m %)

wuvm'amummumq 2 (mine pit 2) 1w
fufimeutiewilasktuanefidgnil"fuyeny 18 1
naan1z1lddn (Tectona grandis) WA A LA
(Azadirachta indica) Hluugaasiulaauginiiluang
AL LU UN AT ANAN 0-10 cm (1.42-
148 Mg/m°) Hanaminsiurendinesinfinanuan 10-
100 om (1.23-1.39 Mg/m)

Fudtiawdasduuy 3 (mine pit3)
AU AAINN1IHUIAU NFIANTIELATIAERUANL S
wilesnay Snsdgninlifumidun@i@es (green
belt) furuiigueuAe gauiindde fuliidens 18
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T FuuuiinenAeuinannuazanaslufuans Audu
0-20 om TAUNUAULLAN (0.94-1.16 Mg/m®) HAn
AR AIAN 20-40 WAZ 80-100 cm (1.22 LaL
1.30 Mg/m®) WAZANTIAANAN 40-80 om (1.17-1.19
Mg/m®)

(3) ﬂqﬂgnﬁyuﬁﬁiﬁu

HuRufiRd nshAu neaanse Ay fiow
ﬁuummwﬁumnmﬂﬂmuﬁﬂawﬁfaﬁ’]mﬁ@\mﬁ'mm
uwiugs mwﬂmnmu”l.wluﬂvmmﬂ 181 Aui
ﬂ@umqmuuuwumuum ANHUTAULAIRnFY
mmmmummmmaﬂgﬂmﬂmmwmmﬂimnmu
i g a7 UgnAd panauansnefuann ung
funlgnldidndau winanaiuiidgnuanszuinedn
AZLAN NIZDUDIA (Acacia auriculiformis) NTZ 14
¢§ini (Leucaena leucocephala)

ﬁyuﬁﬂgnﬂ’] 1 (plantation forest 1) tutln
Ugnlfidnuazazian RupuLETiATNEN 0-5
cm (1.18 Mg/m”) Uunanafiaau@n 5-40 om (1.43-
1.45 Mg/m®) ua¥ 40-100 cm HANAauHingsn (1.25-
1.29 Mg/mS)

Aud ﬂaﬂ‘ﬂ’] 2 (plantation forest 2) Lﬂuﬂ’l
Ugnlddnatinmandou & FuANMUMLLLLA AR AT
mmmn 100 cm (0.79-1.11 Mg/m”) N'L]“immnmmlu
Fupnn FeasinWiRuTiALALLLe

wu‘wﬂgnﬂ'l 3 (plantation forest 3) Wuflﬁ‘ﬁl
Ugnhe 4n nerliunisdd 1aan Wufiu Audiaoiu
WNULLANRANAN 0-5 cm (1.18 Mg/m®) Aiadinasin
ﬁmwﬁn 5-40 cm (1.34 Mg/m°) me‘iﬂuﬁuﬂ'w
(1.06-1.15 Mg/m°)

1.2 d3untunsaauazNaan U (gravel and soil
mass)

(1) thassutnm

AUV (0-40 cm) WnsaAsiaauan (1.79-
4.10% Toeinuin) unaunaeifisd wluduauiian
Al (19.89-54.55%) LaTHANLTNIUNIARUITUING
(67.86-302.55 kg/m/layer)



antdanmanwiaizasiuluiuimdiasusuazihdgnivanisiunnawmiiawsanlug
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Table 2. Some physical properties of soils in the natural forest, mining areas and plantation forest

Soil depth Bulk density Gravel Soil mass .
Type 3 2 Soil texture
(cm) (Mg/m®) (%) (kg/m*/layer)
0-5 1.36 £0.12M 410+ 1.13 67.86 Sandy loam
5-10 1.50 + 0.19M 1.79 +0.16 286.14 Sandy loam
10-20 1.51+0.12M 1.94+0.9 294.35 Sandy loam
Natural forest 20-40 1.52+0.04 M 2.09 + 0.01 302.55 Sandy loam
40-60 1.20 + 0.40 ML 19.89 + 1.22 272.58 Loamy sand
60-80 0.64 +0.04 L 54.55 +2.30 184.68 Loamy sand
80-100 0.88 +0.00 L 34.69 + 1.59 152.72 Loamy sand
0-5 0.95+0.02 L 10.87 + 2.34 47.30 Sandy loam
5-10 1.11+£0.09L 1.00 +2.13 205.52 Loamy sand
10-20 1.03+0.09L 222+1.72 205.58 Loamy sand
Mine pit 1 20-40 0.95+0.09 L 3.43 +1.31 205.64 Loamy sand
40-60 1.25 + 0.05 ML 1.21+£0.02 219.80 Loamy sand
60-80 1.23+0.14 ML 1.18 +1.31 248.24 Sandy loam
80-100 1.03+0.04 L 5.27 + 1.58 226.46 Sandy loam
0-5 1.42 + 0.08 M 6.36 + 2.55 70.85 Sandy loam
5-10 148 +0.15M 4.50 + 1.25 289.64 Sandy loam
10-20 1.39 + 0.08 ML 4.88 + 0.90 283.61 Sandy loam
Mine pit 2 20-40 1.30 + 0.07 ML 5.25+0.54 277.57 Loamy sand
40-60 1.23 £ 0.12 ML 10.19 + 4.18 252.46 Loamy sand
60-80 1.24 + 0.04 ML 6.51 +1.49 246.91 Loamy sand
80-100 1.32 + 0.03 ML 5.92 + 1.58 256.14 Loamy sand
0-5 0.94 +0.08 L 15.93 + 5.45 47.11 Loamy sand
5-10 1.10+0.03L 37.00 + 5.84 204.19 Loamy sand
10-20 1.16+0.09L 3215+ 7.16 218.04 Loamy sand
Mine pit 3 20-40 1.22 + 015 ML 27.29 + 8.47 231.89 Loamy sand
40-60 1.19+0.04L 14.20 + 6.14 240.43 Loamy sand
60-80 1.17+0.09L 14.77 + 0.11 235.16 Sandy loam
80-100 1.30+0.06 L 10.96 + 0.71 246.55 Sandy loam
0-5 1.18+0.12L 22.02 +2.38 58.87 Caly loam
5-10 1.43+£0.07M 12.66 + 5.22 261.00 Clay loam
10-20 144 +0.18 M 10.87 + 4.58 274.59 Clay loam
Plantation forest 1 20-40 145+ 0.28M 9.07+ 3.93 288.17 Clay loam
40-60 1.25+0.27 ML 7.89 +2.85 269.82 Loamy sand
60-80 1.29 + 0.10 ML 9.53+1.52 253.93 Loamy sand
80-100 1.28 + 0.20 ML 14.30 + 6.18 257.04 Loamy sand
0-5 0.96 + 0.11L 37.86 + 8.84 47.48 Caly loam
5-10 1.05+0.09L 26.90 + 3.17 201.10 Clay loam
10-20 1.03+0.10L 149.52 + 3.46 204.23 Clay loam
Plantation forest 2~ 20-40 1.02+0.11L 30.04+ 3.75 207.37 Clay loam
40-60 0.89+0.05L 37.97 + 4.64 190.54 Caly loam
60-80 0.79+0.17L 44.67 +21.90 167.37 Clay loam
80-100 1.11+0.08 L 16.47 + 2.96 190.23 Clay loam
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Table 2. Contd.

Soil depth Bulk density

Gravel Soil mass

Type (cm) (Mg/m®) (%) (kg/m*Nlayer) Soil texture
0-5 1.18+012L 17.42 + 2.39 59.08 Sandy loam
5-10 1.34 + 0.07 ML 8.03 + 3.50 252.25 Clay loam
10-20 1.34+ 0.11 ML 6.92 + 4.02 260.14 Clay loam
Plantation forest 3~ 20-40 1.34 + 0.14 ML 5.80 +4.54 268.02 Loamy sand
40-60 1.06 + 0.30 L 212+2.19 240.01 Loamy sand
60-80 1.15+0.05L 4.52 +4.36 221.04 Loamy sand
80-100 1.10+0.23 L 12.27 + 16.04 224.93 Loamy sand

Remarks: VL=very low, L=low, ML=moderately low, M=Medium (Soil Survey Division, 1993)

2) RuRaeniamiias

PauLiatuiaIAIUane 1 aulinmadieana
flaguan (1.00-10.87%) Minanfiuguasd
SuvitedRn AN PinnmaaRuil AN 47.30-248.24
kg/mZ/layer

AULBUNBIATUANE 2 NUNTIATiaeDa
faaunn (4.50-10.19%) Juaam uidunl s3z1919
70.85-289.64 kg/m’/layer

WBLLAUNRIAULY 3 ANTIALAZNINAY
Hunl 9921919 10.96-37.0% WAy 47.11-246.55
kg/m?/layer AMNANAL

(3) ﬂﬁﬂgnﬁyuﬁ'ﬁiiﬁu

Aulgniln 1 AuddFurninsan 7.69-
22.02% WATHIARU 58.87-288.17 kg/m?/layer

ﬁyuﬁ'ﬂgnﬂﬁ 2 AulnsaANIn (16.47-
44.67%) N uanuAaudineling (47.48-207.37
kg/m’/layer)

Fudtgnil 3 fnsaludududuuls
FYUGNY 2.12-17.42% WAzl uaah i 59.08-268.02
kg/m2/layer

1.3 Lﬁyﬂau (soil texture)

(1) thessnta

Autuuu (0-40 cm) Wlumusaulungne
(sandy loam) %uﬁ@ﬂﬁﬂmiﬂ WuRunseduiou
(loamy sand) %aﬁﬁnwmmﬂuﬁwﬁ”@umu

2) Rudreiniamiiag

wauLiamiaIduans 1 Aufiannudn 0-5
cm WluAusauune uARANAn 5-60 cm lufu
nenhusou funuitetanadiduausoutme

2211 aL BIE LA 2 FANAN 0-20
om fuAuiautunag wazduiieganasidduau
N9elus

aaulamiassuny 3 Auduu (0-60
cm) Lﬂuﬁummﬂuéqum%uﬁ@gjﬁﬂ@\ﬂﬂLfluﬁm'qu
tunag

(3) ﬂﬁﬂgnﬁyuﬁﬁiaau

ﬁyuﬁ'ﬂgnﬂﬁ 1 Fuduny (0-40 cm) U
$authuvilen (clay loam) Funeganasiilufunme
tugau

Fudtdgnil 2 fileAuduufusauly
WitnAeATUAIANTRIAY

Ruitrlgnih 3 fienwan 0-5 om uAusou
Uumang AANAN 5-20 cm iflufugau huviieouas
Fuedanadiifuiunmen sy

2. ANUAMILANURIAY (soil chemical properties)
A19197 3 wanaaNTANIaANIe9mululn
a & A , P , & A a
599MT7R NuNTaLLiamilasaziUgninuniee
2.1 1J)A5enmu (soil reaction)
(1) 1hassuanm
a d‘ =2 3 v
AUUUNAINNAN 0-5 cm lunsaLaniies
(slightly acid, pH = 6.3) FuRuneganasliilunang
(neutral)
(2) NuNnvauLiaLndag
YAUUBLUNDIAIUAG 1 AULUNANNAN
0-5cm Lﬂuﬂimul,mmﬂﬁzgm (ultra acid, pH = 3.3)
dununaganaluiimeanluilzluidunsnguus
17N (extremely acid) HAN pH EuuLlssemdng 3.6-4.1
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Table 3. Some chemical properties of soils in the natural forest, mining areas and plantation forest

Depth O.M. C N Extractable nutrients (mg/kg)
Type pH
(cm) (%) (%) (%) P K Ca Mg
0-5 6. SLA 238M 1.38 0.14L 4.85L 50.25 L 543.00L  57.65L
5-10 7 N 1.38ML 0.80 0.08VL 3.54L 111.20H 52250L  27.63VL
10-20 7 N 1.10ML 064 0.07VL 354L 83.2M 437.00L  23.78 VL
Natural forest 20-40 7 N 0.82L 0.48 0.06VL 3.54L 55.20 L 351.50 19.92 VL
40-60 7 N 0.78 L 045 0.05VL 3.10L 65.43 M 469.00L  38.70L
60-80 7 N 0.43 VL 0.25 0.03vL 2.57VL 67.23 M 308.75 15.65 VL
80-100 7 N 022VL 013 0.01VL 2.66VL 54.55 L 250.00 30.70 VL
0-5 3. UA 065L 0.38 0.04VL 564L 104.00H 462.70L  219.70M
5-10 3. EA 3.55H 206 021M 714ML 77.63M 316.40 143.70 M
10-20 3. EA 2.79M 162 017L 6.70 ML 67.55 M 304.90 128.85 M
Mine pit 1 20-40 3. EA 2.03 M 1.18 0.12L 6.26 ML 57.46 L 293.40 114.00 L
40-60 4 EA 1.30ML  0.75 0.07VL 6.70 ML 88.58 M 238.00 69.30 L
60-80 4. EA 1.51 M 0.88 0.06 VL 564L 170.10 247.30 72.55 L
80-100 3. EA 3.81H 221 022M  459L 59.90 L 502.00L  122.20 M
0-5 4. EA 1.30ML 0.75 0.08VL 521L 100.5H 1173.50 154.90 M
5-10 4 EA 1.219ML  0.70 0.07VL 3.98L 80.95M 555.00 L 4049 L
10-20 3. EA 1.06 ML 0.62 0.06VL 3.76L 78..25M 564.00 L 4795 L
Mine pit 2 20-40 3. EA 0.91L 0.53 0.05VL 354L 75.55 M 573.00L  55.40L
40-60 3. EA 1.08ML 0.63 0.05VL 5.03L 5410 L 543.50L 51.65L
60-80 3. EA 0.74 L 043 0.04VL 459L 59.78 L 602.00L  52.60L
80-100 3. EA 0.87 L 0.51 0.03VL 529L 68.90 M 625.00L  61.20L
0-5 6. SLA 2.16M 1.25 0.13M 8.89 ML 105.50H  556.00 L 23.15 VL
5-10 6. N 0.87 L 0.51 0.05VL 4.15L 65.93 M 530.50L  29.23VL
10-20 6. N 0.74 L 0.43 0.05VvL 3.72L 91.57 M 558.13 L 31.48 VL
Mine pit 3 20-40 6. N 0.61L 0.35 0.04VL 3.28L 117.20H 585.75L  33.73VL
40-60 6. N 0.87 L 0.51 0.03VL 2.93VL 175.10 753.75L  27.15VL
60-80 6. N 0.95L 0.55 0.05VL 3.28L 34.05L 827.00L  25.75VL
80-100 6. N 1.82 L 1.06  0.10L 3.54 L 83.45M 1039.00 36.563 L
0-5 6. N 1.04ML 0.60 0.06VL 3.71L 38.23 L 1270.00 28.69 VL
5-10 6. N 0.69 L 0.40 0.04VL 293VL 46.11 L 1558.00 44.06 L
10-20 5. SA 165ML 096 0.10L 11.39M 42.34 L 1676.25 43.73 L
Plantation forest 1 20-40 5. SA 2.60 151 0.15L 19.85 38.56 L 1794.50 43.39 L
40-60 4. VSA 3.16 1.83 0.18L 13.80 M 37.05L 2832.50 169.70 M
60-80 4. VSA 463VH 269 0.27M 12.05M 27.35VL 2519.50 221.00 M
80-100 4. VSA 048VL 0.28 0.02VvL 38.71H 28.35 VL 1668.50 165.10 M
0-5 6. SLA 216M 1.25 0.13L 15.29 114.30 H 1630.00 28.04 VL
5-10 6. N 1.73M 1.00 0.08VL 7.22ML 39.29 L 1929.50 57.70 L
10-20 6. N 1.15M 0.67 0.06 VL 6.79 ML 4314 L 1808.25 48.08 L
Plantation forest 2 20-40 6. N 0.56 L 0.33 0.03VL 6.35ML 46.98 L 1687.00 38.45 L
40-60 6. N 0.87L 0.51 0.04VL 4.77L 34.38 L 1560.50 38.15L
60-80 6. SLA 1.08ML 0.63 0.03VL 7.57ML 77.44 M 1898.00 54.25 L
80-100 4. VSA 125ML 0.73 0.03VL 10.64 M 7255 M 1875.00 206.50 M
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Table 3. Contd.

Type Depth oH O.M. Cc N Extractable nutrients (mg/kg)
(cm) (%) (%) (%) P K Ca Mg

0-5 4. VSA 281 163 0.16L  459L 66.30 M  1308.00  33.79 VL
5-10 3. EA 6.18VH 358 0.36M 3.89L 27.78VL  1136.50  67.40L
10-20 3. EA 575VH 384 038M 4.46L 31.121L 93250 L  46.40L

Plantation forest 3 20-40 3. UA 532VH 409 040M 503L 34.46 L 72850 L  25.40 VL
40-60 3. UA 18M 108 010L 968ML  11.03VL 72350L 26.44 VL
60-80 3. UA 666VH 386 035M 564L 12.92VL  758.00L  38.58L
80-100 3. UA 389VH 226 020M 740ML  41.90L 777501 56.45L

Remarks: UA=ultra acid, EA=extremely acid, VSA=very strongly acid, SA=strongly acid, SLA = slightly acid,

N=neutral, VL=very low, L=low, ML=moderately low, M=Medium, MH=moderately high, H=high, VH=very high
(Land Classsification Division, 1973; Soil Survey Division, 1993)

PAUUDUTDIAIUAN 2 HIUNIATULIINN
PaeATUALAN 1 m TnefAn pH Hilssemdng 3.5-4.2

wautawiiasduLy 3 finauan 0-5 cm
Audunsadiniies (pH =6.5) uarduiieganaslyidu
NaN (pH = 6.6-6.7)

(3) ﬂqﬂgnﬁyuﬁﬁiiﬁu

Rudilgnil 1 Auuufiaiu@n 0-10 om #
dfiseiunana (pH = 6.7-6.8) n3AdA (pH = 5.2-
5.5) RANAN 10-40 cm wAluNIASANNTIANLED
40-100 cm (pH = 4.8-4.9)

Rudilgnilt 2 Auuuiiaaw@n 0-5 om iy
NIALANIRE (pH =6.5) fiAuAN 560 om lunang
(pH = 6.6) WunsmEniiaafipauan 60-80 cm (oH =
6.4) Ll funsAsALNNTAAER 80-100 cm (pH=4.3)

ﬁyuﬁ'ﬂgnﬂﬁ 3 AUUY (0-5 cm) Wlungaam
1N (pH = 4.8) HlUNIATUUIINN (pH = 3.5-3.7) 0
ADINAN 5-20 cm LAz UNTATULIININ (pH = 3.2-
3.4) ”Lu%u‘ﬁ‘@giﬁﬂmiﬂ

22 Aunseing Amduauuazlulnsiaulufiu
(soil organic matter, carbon and nitrogen)

(1) 1hassudnm

Auuufinau@n 05 cm Aauwrdedaglau
NAaN (2.38%) ﬁifawﬁwﬁ'ﬁ‘ﬁ'mmﬁﬂ 5-20 cm Lmzrﬁlﬁa
srannluduiiaganasty (20100 cm) (0.22-0.82%)
AFuaURuuL TR tai U wiTadng Tulnsaud
ANANTIANEAN 0-5 om (0.14%) LLm%uauﬁfaﬂﬁnm
ToflAnmnann
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2) RuFaaiiawmiiag

mauuamummuma 1 ALy (0-5 cm) |
@ummmm (0.65%) AANAN 5-10 cm HAg9
(3.55%) & mﬂmﬂmqﬁ AATNAN 10-40 cm (2.03-
2.79%) AYNAN 40-60 cm FANADUENAN (1.30%)
AYTNAN 60-80 cm HAUNATT (1.51%) uaziiAngy
(381%) HAnuan 80-100 cm lulmsianlufui
wnlinuReniuaunsadng

AuFtiawiiasduans 2 fuitanuan o-
20 om fiawitadnnAewinein (1.06-1.30%) o
an 20-40 cm fiAnAn (0.91%) AN 40-60 om i1
Aoudinamn (1.08%) mummﬂmiﬂmmm (0.74-
0.87%) VLu‘Emmum mmmﬂm@mumu (0. 03 0.08%)

Ruitamiasdiuuy 3 Auuiinnuin
0-5 cm Hauvzedngunans (2.16%) %uﬁ@ﬁﬁﬂm
Mﬁﬁw‘{ﬁ (0.61-1.82%) VLuImmuﬁﬁwﬂmﬂmq
(0.13%) wmumwmﬂ 0-5cm ummwm (003-
0.05%) WdUAINLAN 5-80 cm wAAN (0.10%) wmm
#n 80-100 cm AnuevluALT I EiNE AT
aing

(3) ﬂ’]ﬂgnﬁyuﬁ'

ﬁyuﬁ'ﬂgnﬂ'] 1

(2
a

NIAY

a A

AuUNAIINAN 0-20 cm &
BurBeiAgATereudinmn (0.69-1.65%) Fuiesan
@qiﬂﬁﬁﬁﬁﬂu%ﬂqqqﬁmqqmﬁﬂ 20-60 cm (2.60-3.10%)
zgqmnﬁ'mmﬁﬂ 60-80 cm WAR ANANNANTIAYNAN
80-100 cm (0.48%) Tulpsiauil AN AN TiduAnNan
0-10 om (0.04-0.06%) FuiaganaslTArnnd
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11unanafiAINAn 10-80 cm (0.10-0.27%) WaTHAN
ANNINTARIINAN 80-100 cm (0.02%)

Wungnill 2 AuuuiiAIN@n 0-20 cm
Buredngiliunans (1.15-2.16%) duiaganadlild
ANAN (0.56-0.87%) NAIMNAN 20-60 cm uarAaudng
AN AAINAN 60-100 cm (1.08-1.25%) lulnsiauiiAn
A luduan@n 0-5 cm (0.13%) duiatianaslliian
FNAN (0.03-0.08%)

& & ' a Aa A o

Nunlgnil 3 A (0-5 cm) Nawvisadng
AaUdinega (2.81%) HANQININTAAIINAN 5-40 cm
(5.32-6.18% ) WALUIUNAN1NAIINAN 40-60 cm
(1.86%) W6l {1 A1ga09gININAAINEAN 60-100 cm
(3.89-6.66% ) lulnsiauil ANm1N A3 NAN 0-5cm
(0.16%) F AU 1 una19R AITNAN 540 cm (0.36-
0.40%) Funaganasli (40-60 cm) HA1A (0.10%)
WATTIAIINAN 60-100 cm HALNUNAN (0.20-0.35%)
ASURU AU L0 IR

23 8108 INITUANNAINITAAN A LA
(extractable macronutrients: P, K, Ca, Mg)

(1) tlhassngm

WaanaFanidulszlamidainneniunn
unadaniana i i ARl unane endunaANy
= dllzl 1 3; a dl 1R al OI =
an 5-10 cm NHA49 FuRunatanasliAAntalu

= a A A o Wya 1 o =& o
NAN WAALT LN LATLNNRITINNAT A LENANAND AN
NINFRDATURL

(2) NuNUaULIBLUNDS

AUNLDNNBIAIUAN 1 1A Waanasan
Wudeelagdduun g9 udwﬁwﬁmﬂu%wrﬁ’]
TWLmaLﬁﬁﬂwzﬁﬂmimummmmmn mesnﬂmzmm
BT AANE AN AAeATURY Lazun B auTiarn
AT AAnasLunan

AUNLDLUNDIATIWAN 2 Audnaanasan
Wudsrlaminnaandusu Wundidaunansa lidou
TnnyfiAnunans uradannazuuniideunana 153

\ = = o o = P
AhunaNANAN 0-5 cm dunietanadliliiAngn
AuNtamiaieiuuy 3 Weanasalumnud
L ¥ o o = o a4 = a1 o
AAaLEiNATIANEN 0-5 cm dunatanalUdAngn
= OI = dl o va =2
neAwn Inunadannaialddaniunanadegeunn
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ﬂﬂﬁuﬁmmﬁﬂ 60-80 cm HAAN WAAEaINT A1
NANAANNAN 0-5 cm LL@‘vmﬂumumﬁ@ﬂmiﬂ WAZ
NPT Al T A A Rs N Aae TR
@) ﬂqﬂgnwuwmmu
P g~ ' o o
wundlanil 1 weanedanidulslagilu
a a4 o =& o ~ = =
AuflArAndesimnfiAawan 0-10 cm 1unanana
ﬁ@umqm‘wmf]mn 10-80 cm LL@J&\WW’]Q’]N'Z\m 80-
100 cm TwumLsnmmaﬂmimummmmmnmmmu
Aunradeudiarnn WAL unaneiina@n 0-40 om
a dl =S dl =3
HANGINAINAN 40-80 cm uATLNUNANTAMNAN
al a dl o va °I ldl =
80-100 cm WA TELNN AT A LH N ANAININNAINAN
0-5 cm ANNANNAN 5-40 cm LAzl uNa1aiANNAN
60-100 cm
wunanil 2 eaneianidudlszlanily
a & . o ~ = A . o
AU ANAUiN9gaANEAN 0-5 cm TnadlAnAading
6 =2 o o = A ~
ANDNANTIAANINAN 5-80 cm kAT AL UNANTNI AN
an 80-100 cm InunadannainlidAngananuan
0-5 cm ANNAMNAN 5-60 cm KATUNUNANAANNAN
60-100 cm WA ENNAA A AN AL NUNAIRaRATAY
m A e e 4 - $ A
WD NN AT A M HANAININTAAINAN 0-5 cm A
ANAN 5-80 cm KATLNUNANAYINAN 80-100 cm
wuwﬂanﬂ'\ 3 aanaianiudsslamilu
iR eLE A AR AaeATANNAN I‘WLm@mﬂu

A o

FaralET AU unaneTinanE@n 0-5 om muwaaﬂmm
TURANANDINAININ wpaEaNAan A HNALWNAN9N
AYNNAN 0-10 cm ANNAANNAN 10-100 cm WNNTLEeIN

'
1o

A o vy = o M =

'V]@ﬂ@1@3\1ﬂqmqﬂqmqﬂqﬂmﬂﬂﬁmuﬁqqﬂﬂﬂ
a o
AU

ANUANWMENINARIAUALANNAINITLUNS
Tuaguasiuglith
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Tumu usiu (Fisher and Binkley, 2000) W41 Atln
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Sitophilus zeamais (Motschulsky)

Potential of Eucalyptus Essential Oil to Repel Maize Weeuvil

Sitophilus zeamais (Motschulsky)
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Abstract: The objective of this study was to compare the efficiency of 10 percent eucalyptus oil (Eucalyptus
camaldulensis) in 5 different solvents composed of hexane, xylene, acetone, propanol and methanol to repel
maize weevil, Sitophilus zeamais using alternative test method on a Petri dish with a lid. The result found that the
maize weevil was repelled by eucalyptus oil in all solvents ranged from 86.7 - 100.0 percent at 2 - 24 hours and
not a significant difference. The repellent efficacy of eucalyptus oil dissolved in acetone at the concentration of
10 percent was ranged from 95.0 - 100.0 percent from 2 - 24 hours. The contact toxicity of eucalyptus oil
dissolved in acetone determined by median lethal concentration (LC50 and LC99) at 6 hours was 26.08 and 36.74

percent (V/v).

Keywords: Repellent, eucalyptus essential oil, maize weevil
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Table 1. Percentage of repellency rate of eucalyptus oil on Sitophilus zeamais (Motschulsky) dissolved in

different solvents at 2-24 hours

Percentage of repellency rate (%) Mean + SD at 2 - 24 hours'

Solvents

4 6 8 10 12 24
Hexane 975+50° 975+50" 875496 975+50"° 975+50° 87.5+50% 95.0+10.0°
Xylene 100.0 £0.0° 100.0+0.0° 90.0+0.0® 925+50° 925+96° 87.5+96" 95.0x58°
Acetone 925+50° 925+50" 86.7+94° 87.5+126" 90.0+0.0° 93.3+94° 950+5.8°
Propanol  90.0+82° 975+50° 925+50™ 90.0+£82° 975+50° 100.0+0.0° 950+ 10.0°
Methanol  100.0+0.0° 100.0+0.0° 100.0+0.0° 925+5.0° 975%5.0° 97.5+50" 95.0+5.8°

' Means within column followed by the same letters are not significantly different according to DMRT test (P<0.05)
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Table 2. Percentage of repellency rate of eucalyptus oil dissolved in acetone on Sitophilus zeamais

(Motschulsky) at different concentrations at 2 - 24 hours

Concentration ,
Percentage of repellency rate (%) Mean + SD at 2 - 24 hours
(% VIV)
2 4 6 8 10 12 24

7 775+50° 77550 80.0+0.0° 750£100° 87.5+50° 925+50° 825+5.0
8 97550  825+50° 90.0+82° 90.0:82° 90.0:00° 925:50° 875126
9 100.0+0.0°  90.0+£10.0™ 925+76" 975+38° 975+38  1000+00°  90.0+50%
10 975+50 975+50°  975+50"° 100.0+0.0° 975+50"  100.0+0.0° 95.0+5.8"
11 925+5.0°  100.0£0.0°  100.0£0.0° 925+96°  950+58°  950%58° 95.0+5.8
12 85.0+129° 825+206° 825:+96  850+17.3"° 950+58° 925+50°  950%5.8
13 825+50°  87.5+126™ 825+17.1° 825+17.1%° 100.0£00° 975+50°  975+50°

' Means within column followed by the same letters are not significantly different according to DMRT test (P<0.05)
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Falua e LC,, A% LCy Wi 26.08 LAY 36.74
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3q150
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Table 3. Cumulative mortality (%) + SD of Sitophilus zeamais (Motschulsky) on 2 - 24 hours after
contacted to eucalyptus oil dissolved in acetone at the concentrations of 10, 20, 30, 40, 50

percent

Concentratio %Cumulative mortality £ SD at 2 - 24 hours'

n (% viV) 2 4 6 8 10 12 24
10 0.0+0.0° 0.0+0.0° 0.0+0.0° 0.0£00 0.0+0.0° 0.0£0.0° 0.0£0.0°
20 13+25° 1.3+25° 13+25  25%50° 25+5.0° 50+10.0°  10.0+20.0°
30 53.8+13.1° 625+132° 90.0+135° 98.8+25  988+25  100.0£0.0° 100.0+0.0°
40 78.8+48  913x48 97.5+2.9° 100.0£0.0° 100.0+0.0° 100.0%£0.0° 100.0+0.0°
50 875+29° 963+25  100.0+0.0° 100.0+0.0° 100.0+0.0° 100.0+0.0° 100.0+0.0°

' Means within column followed by the same letters are not significantly different according to DMRT test (P<0.05)
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Percentage of maize weevil mortality at 6 hours on various concentrations of eucalyptus oil
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Abstract: Oriental fruit fly, Bactrocera dorsalis (Hendel) and guava fruit fly, Bactrocera correcta (Bezzi) causes
significant damage to the fruit crops. The field efficacy of different neem extracts, concentrations, persistence
and photostability of neem extracts on oviposition deterrence were evaluated. Amongst the seven different
neem extracts tested at 20% concentration, ethyl acetate, methanol and hexane+ethyl acetate+methanol
extracts were most effective. However, the persistence of the neem extract was only one day under field
condition. The increase in concentration from 20 to 50% neither provided complete deterrence nor enhanced
the persistence of ethyl acetate or methanol neem extract. Moreover, the use of photostabilizer, 8-
hydroxyquinoline, and tert-butylhydroquinone although effective, did not enhance the persistence of 20% ethyl
acetate neem extract under field condition. The photo degradation of neem extracts remains a substantial

impediment to field efficacy.

Keywords: Bactrocera dorsalis, Bactrocera correcta, fruit fly, neem, oviposition deterrence

Introduction chemical control poses a serious threat to both

human and the environment. As complete fruit fly

Fruit flies (Tephritidae, Diptera) are an control was difficult, numerous research explored
economically important insect pest of over 4,000 plant bioactive on oviposition deterrence. In many in
species causing significant damage to the fruits and vitro studies, neem seed kernel extract (NSKE) was
vegetable crops. Amongst many fruit flies, the most effective in deterring oviposition compared
Bactrocera dorsalis (Hendel) and B. correcta (Bezzi) to other plant extracts (Areekul et al., 1988; Thakur
are one of the most widely distributed and and Gupta, 2013). It was also more effective than the
destructive pest to agriculture (Drew and Raghu, commercial neem as it contained other compounds

2002; Singh, 2003). It is highly polyphagous with besides azadirachtin (Silva et al., 2012; Singh and

multiple overlapping life cycles occurring in the Singh, 1998). Although the complete deterrence was
tropics and seasonal appearance in the temperate mostly achieved at 20% concentration, the efficiency
zones (Shi et al., 2005; Ye and Liu, 2005). This fruit varied with concentrations and extraction solvents
flies damage fruits by laying eggs inside the pulp used. The persistence of neem extract was only one
where the larva feeds and makes it completely to three days when exposed to direct sunlight

inconsumable or unmarketable. The damage ranges (Ahmed, 2015; Caboni et al., 2006) but its half-life of

from 57 to 92.5% in fruit crops (José et al., 2013) with azadirachtin could be retained for 30-44 days using

an estimated annual economic loss of about US$ 3- 8-hydroxyquinoline  and tert-butylhydroquinone
15 million (Vargas et al., 2008). stabilizers (Johnson et al., 2003).

Several control techniques were developed, Besides considerable results, all the studies
however, their use was limited because of the high suggested the need of investigating the neem
dispersal potential, multi-generation ability, dynamic extracts for field efficacy (Mahmoud and Shoeib,
population pattern and vast continental environment 2008; Silva et al., 2013), as the results may or may
(Chen and Ye, 2007; Chen et al., 2006; Shi et al., not translate the same way as achieved under
2005; Ye and Liu, 2005). Besides, the conventional laboratory assay. However, except for few studies on
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vegetable, no studies on oviposition deterrence of
fruit flies on fruit crops are available. In the absence,
the

unauthenticated for wide use in the field. Therefore,

efficacy of neem extracts remained
this study proposed to assess the field efficacy of
NSKE on oviposition deterrence of B. dorsalis and B.
correcta on guava. The study specifically evaluated
the effect of different neem extracts, concentrations,
persistence and effect of photostabilizers under field

condition.

Materials and Methods

Experimental site and design
All the experiments were conducted at a
(Kimchu field at

Kamphaeng Saen district, Nakhon Pathom province.

commercial guava cultivar)
In all the experiments, mature guava fruits selected
randomly were used as an experimental unit. The
study used randomized complete block design
(RCBD) for the assessment of different neem
extracts and persistence levels, 2x4 factorial in
RCBD to evaluate two neem extracts with four-
concentration levels and 3x4 factorial in RCBD for
three photostabilizers with four spray intervals on

oviposition deterrence.

Neem extraction procedures

The mature neem seeds were freshly
collected from the ground, grown around Kasetsart
University, Kamphaeng Saen Campus, de-pulped
manually, washed in tap water and dried in an
50 °C. Dried seeds were

decorticated manually and pulverized using an

electric  dryer at

electric blender.
The single neem extract from hexane, ethyl

acetate and methanol were performed by mixing

neem powder in their respective solvents in three

451

separate beakers. The quantity of neem powder and
solvent was dependent on the desired concentration
of neem extract used in each experiment. Each
mixture was stirred for 12 hours using electric stirrer
and equilibrated in ambient room temperature for 72
hours. The mixture was filtered using a fine muslin
cloth. The final neem extract was separated from the
hexane, ethyl acetate and methanol using rotary
evaporator at a reduced pressure and boiling
temperature of 69, 77 and 64.5 °C, respectively. The
combined neem extracts (e.g. hexane+methanol or
hexane+ethyl acetate+methanol) requiring two or
three solvents were extracted using the neem
residue (filtrate) from initial extraction by second or
third solvent with the same ratio of neem powder to
the solvent. Finally, the extracts were combined to
make the single extract. The combined extracts were
formulated into equivalent concentration as a single

extract for the actual field spray.

Field efficacy of different neem extracts

The seven NSKE; hexane, ethyl acetate,
methanol, hexane+ethyl acetate, hexane+methanol,
ethyl acetate+methanol and hexane+ethyl
acetate+methanol were sprayed on 120 mature
guava fruits to test the effect of different neem
extracts against an untreated control. A 150 mL
neem spray solution of each extract of 20% weight
by volume (w/v) concentration was prepared with 30
g of neem extract and 10% of Tween 80 surfactant
added with water until final volume was obtained.
Each guava fruit was sprayed with 5 mL using mist
hand sprayer to ensure uniform distribution of neem
spray. After 48 hours, all the fruits were harvested
and placed in the pupation box in the laboratory at a
constant temperature of 25 °C. The dimension of
pupation box was 27 x 19 x 11 cm transparent

plastic box. A circular opening (10 cm diameter)
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covered with nylon screen was made on the lid for
aeration. The pupation box was filled with 1-inch fine
sand as pupation medium and one fruit was placed
per box. After the pupation, the sand was sieved
through 1 mm diameter steel sieve to separate
pupae from sand and number of pupae per fruit was
recorded. Water was added when required to keep
pupation medium at the desired moisture level.

All the following experiments followed the
same procedure for pupation, oviposition rate
calculation and used the same amount of the neem

spray per fruit.

Persistence of neem extracts

The combined neem extract prepared from
hexane+ethyl acetate+methanol was used to test the
persistence for 1, 3, 5 and 7-days, respectively in
open field condition. A 600 mL neem spray solution
of 20% (w/v) concentration was prepared and
sprayed on 120 fruits on the first day. The treated
fruits were wrapped with plastic at 1, 3, 5 and 7-
days, respectively as per their spray interval. All the
fruits were harvested on the eighth day and placed in

the insect rearing cage for pupation.

Extract type and concentration of neem extracts

This experiment was conducted to evaluate
the efficacy of neem extract from ethyl acetate and
methanol at the different concentration of 20, 30, 40
and 50%. A 500 mL stock solution of 70% w/v neem
extracts was prepared with 350 g of neem extracts,
10% Tween 80 and water. Accordingly, the final
volume of 200 mL each with the concentration of 20,
30, 40 and 50% was prepared by diluting required
quantity from a stock solution in the water. On the
first day, 120 guava fruits were sprayed. All the fruits
were harvested after 48 hours and placed in

pupation box.
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Photostabilizer and persistence

This experiment compared 8-hydroxyquinoline
and tert-butylhydroquinone photostabilizer — with
normal surfactant (Tween 80) against the persistence
duration of 1, 3, 5 and 7-days, respectively. A 400
mL of 20% neem solution was prepared with 5% 8-
hydroxyquinoline (20 g), 5% Tween 80 and 80 g of
neem extracts added with water to final volume.
Similarly, 400 mL of 20% neem spray with 5% tert-
butylhydroquinone powder and 400 mL of 20%
neem spray with 10% Tween 80 were prepared. On
the first day, 180 fruits were sprayed with respective
neem spray. The treated fruits were harvested after

1-day, 3-days, 5-days and 7-days of spraying.

Statistical analysis

The analysis of the efficacy of different
neem extracts and persistence was subjected to
analysis of variance and mean comparison using
Duncan’s multiple range test and least significant
difference respectively. A factorial analysis of
variance was used to analyze the main effect and
interaction between type of extract, concentration,
type of photostabilizer and persistence on oviposition
deterrence. The number of pupae per fruit was
transformed  using  logarithmic  transformation
log,,(x+1) as described by Gomez and Gomez
(1984) to satisfy the homogeneity of variance. All the
analyses were based on 95% confidence level using

IBM SPSS version 20 software.

Results and Discussion

Field efficacy of different neem extracts

The study evaluated the efficacy of seven
different neem extracts on oviposition deterrence of
B. dorsalis and B. correcta. As shown in Table 1, all

the neem extracts had a significant effect on the
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Table 1. Effect of different neem extracts at 20% concentration on oviposition deterrence and fruit fly

emergence
Neem extracts Number of pupae/fruit (%) Number of adult/fruit
(Extraction solvents) (Mean) Oviposition  B. dorsalis B. correcta
deterrence  Mean + SD Mean £ SD
Untreated control 43.3" 0 2719 57.1+£41.6
Hexane 22.3° 48 19+23 19.8 £ 10.1
Hexane + Ethyl acetate 17.8° 59 14+0.9 14.0+8.7
Ethyl acetate + Methanol 15.0° 65 1.0 20.2+9.2
Hexane + Methanol 13.9° 68 14+£1.2 13674
Methanol 11.9° 72 1.0 21.1+10.1
Hexane + Ethyl acetate + Methanol 09.9° 80 1.0 146 +£7.1
Ethyl acetate 07.1° 83 1.0 11.6+6.6

Mean data were transformed using Log,(x+1) before analysis of variance

"Mean values followed by different lowercase superscript letters in the same column are significantly different (P<0.05)

oviposition deterrence as compared to untreated
The

acetate+methanol and methanol extract showed the

control. ethyl  acetate, hexane+ethyl
significant effect as compared to other extracts and
control treatment (P < 0.05). The mean number of
pupae per fruit was the lowest in ethyl acetate (7
pupae per fruit) and the highest average eggs laid
was in hexane extract treated fruits (22 pupae per
fruit). Hexane+ethyl acetate+methanol showed the
significant effect as compared to other combined
extracts. The ethyl acetate deterred the highest
oviposition (83%) while hexane extract was the
(48%).

emergence per fruit was higher for B. correcta (98%)

lowest The number of adult fruit fly
as compared to B. dorsalis (2%) in guava.

Although all neem extracts have shown a
significant effect, the efficacy differed with the
polarity of extraction solvents. The ethyl acetate (mid-
polar solvent) and methanol (polar) neem extract
showed higher efficacy, while hexane (non-polar)
was significantly lower. This may be due to the
extraction of higher limonoid compound from the

neem seed kernel by the ethyl acetate and methanol,
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which has both polar and non-polar

group.
Limonoids such as azadirachtin, nimbin and salannin
found in neem are considered a mid-polar
compound, which is more soluble in the mid-polar
and polar solvents (Melwita and Ju, 2010). This
finding corroborated with the study by Singh and
Singh (1998)

acetone, a mid-polar solvent, provided a complete

where the neem extracted with

deterrence against B. dorsalis and B. cucurbitae on
guava. This was also in conformity with finding where
polar ethanolic extract showed higher efficacy over
the non-polar hexane extract and neem oil at a lower
concentration (Singh and Singh, 1998). Similarly,
methanolic of dichloromethane Melia azedarach
extract was effective in deterring oviposition of B.
dorsalis on tomato fruits (Srinivasan et al., 2015).
Furthermore, ethanolic extract of neem reduced egg
laying by 93% in Bactrocera tau and by 93.6% in
Bactrocera cucurbitae as compared to other plant
extracts (Thakur and Gupta, 2013). Several studies
showed that crude neem extracts had higher
oviposition deterrence efficacy and attributed it to the

complimentary effect of salannin and nimbin beside
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azadirachtin in enhancing the efficacy (Chen et al.,
1996; Singh and Singh, 1998). This was also
emphasized in a study where they found that hexane
extract of Tephrosia vogelii herb which has rotenone
as active constituent significantly deterred the egg
laying by maize weevil, Sitophilus zeamais in stored
maize as compared to acetone extract, ethanol
extract and neem oil. They suggested that other
compounds besides rotenone are responsible for the
deterrence because hexane (non-polar) cannot
extract rotenone, which is highly soluble in polar
solvents (Koona et al., 2007). Therefore, in this study
salannin and nimbin may have contributed in
providing deterrence.

higher oviposition

Hexanetethyl  acetatetmethanol extract also
showed a similar effect as ethyl acetate or methanol,
which might be due to the presence of a larger
amount of the neem extracts. Nonetheless, ethyl
acetate or methanol may be suggested for the neem
extraction over hexane+ethyl acetate+methanol, as it
requires three solvents and more time for the
extraction.

The major fruit fly infesting guava was B.
correcta followed by B. dorsalis. Perhaps the B.
correcta may have oviposited earlier, which
prevented B. dorsalis to oviposit on the same fruit.
The female fruit flies usually release host-marking

pheromones after oviposition to reduce host

competition from other fruit flies, however, some fruit
flies tend to reuse the same site (Prokopy et al., 1999).
Similarly, in this study, B. dorsalis reused the same
site for oviposition because of limited fruits available,

which resulted in the emergence of both the fruit flies.

Persistence of neem extracts

The neem extracts have shown a significant
effect on the oviposition deterrence in the earlier
experiment. This study thus evaluated the
persistence of 20% ethyl acetate neem extract under
open field condition. There was a significant
difference in the mean number of pupae per fruit in
each spray interval (P<0.05). The mean oviposition
rate increased from zero pupa per fruit in the 1-day
interval to 67 pupae per fruit in the 7-days spray
interval. The efficacy of neem extract was only one
day under open field condition (Table 2).

The oviposition deterrence efficacy of 20%
neem significantly decreases when the number of
days exposed to external environment increases.
The efficacy of 20% neem on the guava fruit was
only one day, which was similar to the finding of
Ahmed (2015) where stability of neem extract on the
wheat seeds was also one day under direct sunlight
exposure. Although the oviposition rate for 3-days
was significantly lower than 5-days or 7-days interval,

it provided no benefit as single oviposition could

Table 2. Mean number of pupae per fruit at 20% concentration of hexane+ethyl acetate+methanol neem

extract at four different spray intervals

Spray Interval Number of pupae/fruit
(Number of days) (Mean)
1-day 0.0""?
3-days 19.6°
5-days 43.6°
7-days 67.2°

"Mean data were transformed using Log,,(x+1) before analysis of variance

*Mean values followed by different lowercase superscript letters in the same column are significantly different (P<0.05)
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damage the entire fruit. This corroborated with
Caboni (2006),

azadirachtin, salannin

et al where the residue of

and nimbin from both
commercial neem and crude extract became
significantly negligible after three days of spraying on
this

showed the reduced efficacy of neem extract under

strawberry.  Therefore, experiment  clearly
field condition due to photodegradation of neem

bioactive by sunlight.

Extract type and concentration of neem extracts
Although 20% neem extract showed a
significant effect for one day, it did not achieve
complete deterrence in 3-days or 5-days interval,
thus this experiment evaluated four levels of
concentrations (20, 30, 40 and 50%) extracted with
ethyl acetate and methanol solvent on the oviposition
deterrence at 48 hours interval. The factorial analysis
of variance indicated no interaction between the
types of solvents and concentrations on the
oviposition deterrence level (P>0.05). There was
significant main effect of different concentration
levels (P<0.05) and neem extract types (P<0.05).
The ethyl acetate extract (grand mean = 77.3, SD =
39.8) was significantly effective than the methanol

extract (grand mean = 108.9, SD = 37.5) in deterring

oviposition with the increase in concentration (Table
3). There was no significant difference in 20 and 30%
of ethyl acetate extract but significant effect was
observed in 40 and 50%. Similar efficacy trend was
observed in methanol extract but significantly lower.
The B. correcta showed a higher oviposition rate in
both the neem extracts (Table 3).

The ethyl acetate extract was significantly
effective in deterring oviposition with the increase in
concentration. This could be mainly due to the higher
potential of ethyl acetate in extracting required mid-
polar to polar compounds responsible for oviposition
deterrence, whereas methanol could mostly extract
compounds present in the polar state. The past
laboratory assay showed the increase in deterrence
efficiency with the increase in the concentration of
the neem extract (Chen et al., 1996; Singh and
Singh, 1998; Thakur and Gupta, 2013). A similar
trend also occurred under field condition, where the
efficacy of both the neem extracts showed the
significant effect as the concentration increased from
20 to 50%, but relatively higher concentration was
required in the field condition. The 10 and 20% neem
extracted with acetone and diethyl ether completely
deterred the oviposition of the B. dorsalis and B.

cucurbitae under the laboratory assay (Chen et al.,

Table 3. Effect of ethyl acetate and methanol at different concentration levels on oviposition deterrence

and emergence rate of Bactrocera dorsalis and B. correcta

Number of pupae/fruit

Number of adult emergence

Concentration Mean (Mean + SD)
Ethyl acetate Methanol Grand mean B. dorsalis B. correcta
20% 91 124 107.8*" 74456 50.8 + 27.8
30% 114 125 119.6° 17.2+11.2 81.7+329
40% 80 96 88.1° 7.9+59 451+ 196
50% 24 91 57.6° 42+53 30.7+ 214
Grand mean” 77.3" 108.9°

'Mean values followed by different lowercase superscript letters in the same column are significantly different (P<0.05)

*Mean values followed by different uppercase superscript letters in the same row are significantly different (P<0.05)
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1996; Singh and Singh, 1998). However, in this
study, the ethyl acetate extract did not achieve
complete deterrence even at 50% under field
condition. This indicates that higher concentration
may be required for greater efficacy in the field. The
oviposition occurring even at 50% concentration in
48 hours depicts the persistence of the neem
residue was reasonably low in the open environment.
Therefore, the stabilization of neem compounds
using synthetic photostabilizer was essential in spite
of increasing the concentration, which may not be
attainable (Johnson et al., 2003). As discussed
earlier, the B. correcta dominates the infestation of
guava fruit and the overall oviposition rate was

relatively higher in methanol treated fruits.

Photostabilizer and persistence

This experiment evaluated the efficacy of
different photostabilizer in enhancing the persistence
level of neem extract under field condition. The
factorial analysis of variance indicated the interaction
between Tween 80 and 8-hydroxyquinoline (P<0.05),
whereas there was no interaction with tert-
butylhydroguinone. There was significant difference
(P<0.05)

persistence duration (P<0.05). The number of pupae

between type of photostabilizer and

per fruit in neem extract with photostabilizer tert-
butylhydroquinone (M = 16.8) was significantly lower
than the neem extract with 8-hydroxyquinoline
(grand mean = 41.2) and Tween 80 (grand mean =
41.4). There was no oviposition in the 1-day interval,
while from 3-days onwards, the rate of oviposition
increased (Table 4).

In the earlier experiments, although the
ethyl acetate neem extract had a significant effect,
the efficacy was only one day even with increased
concentration. A study reported that the Emulsol N-
33 surfactant was found effective in recovering half-
life of azadirachtin for 93 minutes under the UV rays
(Johnson and Dureja, 2002). Another study showed
half-life of azadirachtin was about 59 minutes under
UV and 23 minutes under sunlight (Deota et al.,
2002). Among the several studies on enhancing the
persistence of neem extracts, the study by Johnson
et al. (2003) found that the half-life of azadirachtin
44 or

and

was retained for 36 days using 8-

hydroxyquinoline tert-butylhydroguinone
photostabilizer. However, in this study, both the
stabilizers provided persistence for only one day,
similar to normal surfactant Tween 80. The tert-
butylhydroquinone stabilizer showed higher efficacy

possibly due to its higher solubility in neem solution.

Table 4. Effect of 20% ethyl acetate neem extract with 5% 8-hydroxyquinoline, 5% tert-butylhydroquinone

and 10% Tween 80 on oviposition deterrence at different persistence duration

Persistence duration (spray interval)

Neem extracts with photostabilizer

Mean number of pupae/fruit

Grand mean

and surfactant

1-day 3-days 5-days 7-days
Tween 80 0.0° 51.7° 56.7° 57.2° 4147
8-hydroxyquinoline 0.0° 51.1° 45.4° 68.7° 41.3°
tert-butylhydroguinone 0.0° 11.1° 20.2° 413° 16.9°
Grand mean 0.00™ 37.9™ 40.8™ 57.5°

"Mean data were transformed using Log,,(x+1) before analysis of variance

*Mean values followed by different lowercase superscript letters in the same column are significantly different (P<0.05)

°Mean values followed by different uppercase superscript letters in the same row are significantly different (P<0.05)
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The option to increase the amount of tert-

butylhydroquinone above 5% to enhance the
persistence is not reasonable, as it showed sign of
phytotoxicity on guava fruits. The use of 8-
hydroxyquinoline is also not advisable, as it requires
alcohol or acetone to dissolve which is phytotoxic to
guava fruit. Until promising photostabilizer is studied
and identified, the oviposition deterrence of fruit fly
using neem extracts may not prove economical and
effective in area-wide fruit fy management.

The current study revealed that neem
extracts have a significant effect on the oviposition
deterrence under field condition. The ethyl acetate
neem extract showed higher efficacy as compared
to hexane or methanol extract on oviposition
deterrence of fruit flies. Despite the efficacy, the
persistence of neem extract was only one day with
the use of various surfactant or photostabilizer. Thus,
the use of neem extract as oviposition deterrence in
the open field condition is not advisable as this may
spraying
management and production cost. However, in view

necessitate  frequent and escalate
of its efficacy, it may be suitable for management of
pest and crops through other aspects of insecticidal

properties of neem extracts.
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Abstract: Beauveria bassiana and Metarhizium anisopliae are the entomopathogenic fungi of various insect
pests. The objective of this study was to evaluated the virulence of two isolates of B. bassiana isolated from
aphids (BA) and brown planthopper (BN) and one isolate of M. Anisopliae (M001) isolated from sugarcane
longhorn stem borer for virulence tests against Phenacoccus manihoti Matile-Ferrero and Planococcus lilacinus
(Cockerell). The experiments were conducted in laboratory including of five levels of conidia suspensions at 1 x
10%,1 x10% 1 x 10° 1 x 10" and 1 x 10° conidia/ml. with four replications and infected insects were checked
every day up to 7 days after application. The results found that B. bassiana (BA), B. bassiana (BN) and M.
anisopliae (M001) showed the highest percent mortality to P. manihoti at 1 x 10® conidia/ml. The average
percent mortalities were 75.83 + 2.89, 65.83 + 7.22 and 55.00 £ 6.61 percent, respectively while B. bassiana
(BA), B. bassiana (BN) and M. anisopliae (M001) showed the highest percent mortality to P. lilacinus at 1x10°
conidia / ml and the average percent mortalities were 74.17 £ 7.64, 70.83 + 3.82 and 61.67 + 7.22 percent,
respectively within 7 days. LC,, of B. bassiana (BA), B. bassiana (BN) and M. anisopliae (MO01) on P. manihoti
were 5.69 x 10°, 1.34 x 10° and 4.29 x 10° conidia/ml, and those on P. lilacinus were 1.34 x 10°,9.37 x 10° and

1.65 x 10° conidia/ml, respectively.

Keywords: Entomopathogenic fungi, LC_,, percent mortality
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UNARER: Lﬁﬂ?’]“m') Beauveria bassiana Wae Lﬂmﬁ"l &9 Metarhizium anisopliae Lﬂummﬂﬂaimm@mmw
mmmmn@‘lﬁmnuLLNmﬁmwﬂwmwum miﬂm:mﬂ;\ml,wwmm‘umqmumwmmmwm B. bassiana
§au 2 lalmian wazidesden M. anisopliae a1uau 1 laloian Iuma*mmmﬂLW@ﬂLLﬂquumﬂvummmw
Phenacoccus manihoti Matile-Ferrero LLZ\J LW@HLLﬂQuﬂﬂMu’] Planococcus lilacinus (Cockerell GL‘LLM@\T]J{]‘LI mﬂ’la‘
1oy nfaumammmu@@ﬂ‘iﬂummmmmwm B. bassiana MuenlFanninateay (BA) #9319 B, bassiana 7
Lmﬂ”l,mmnmemimmmm@ (BN) Loz FosTan M. anisopliae FFannvueudsmuaaeniang mmu@ﬂﬂ
(M001)mvmmmmmmu1 x 10%,1 x 10% 1 x 10°, 1% 10 uaz 1 x 10° TafliAesielanans m‘a‘mﬁ@ywm WA
NNINUANT 7 14 WU9E937177 B. bassiana ANNINALEaL (BA) #8319 B. bassiana anmagnstInndtinma
(BN) LL@ m@a‘mm M. anisopliae (I\/IOO1 ml‘mLW@HLLﬁquumﬂvmqmuw P. man/hot/NLﬂ@iLﬁﬁumm?m’mm
mm‘w 1x10 Imﬂmmmmimﬂm@ﬂ 7583 +2.89,65.83 + 7.22 Ua¥ 55.00 £ 6.61 wlafidust mummu L{’aiﬁ
977 B. bassiana AN WAL (BA) #9919 B. bassiana anmaLnsLInaRTNANg (BN) LaziEas@en M.
anisopliae (M001) i lfmdeuisiiaemin A, flacinus Ridefludmsmegefigawiniy 1x10° leilidesedadans
Tnefllefidudnismaiaie 74.17 + 7.64, 70.83 + 3.82 uaz 61.67 + 7.22 wlafidud mus sy meiluaan 7 5u
m@mmﬂmﬂuww LC, )maﬁ”@m B. bassiana AMNINA I8 (BA) 393117 B. bassiana ANinaENILInng
vimna (BN) LAy osden M anisopliae (M001) ﬂULW@mLﬂquumﬂmmmuw Winfiu 5.69 x 10°, 1.34 x 10°
LAz 4.29 x 10°TATlAE/TARANT ANANSL uasiuAsTstiaemin P, lilacinus Winf 1.34 x 10° ,9.37 x 10°uay
1.65 x 10° TATlAE/RARARNT ANAAL

AdAty: @enalsaiuunas LC,, wefifiusinisne

ATUN fanudenaanisszuataanaauladiudlenasd

Y 1w o a = P o
a1 un A9udauassadun Usauys aszuiio
wasul iduunasdngiand1Anae av@unn 1013 uazsreed (107199904 WATILIGAAN,
wsgiananeaiin masuwlaid Aty liun waeuls 2559) aviuiwaautleiaan P. liacinus wudniilu
Hudntends@auw Phenacoccus maninoti Matile-  uaIARINTINAATYR9tiaauI (Butani, 1976) uaz

Ferrero Waziwasiilatiasmun Planococcus lilacinus TinananeaiasouiaNaAE N Huns wazelse lu
(Cockerell) @aluda9f udl A.f. 1970 wA s wilasiy UszmABulAe (Mani, 1995) N19AILIANINALILITNN

o o a e a ° a a o vy ad aa A o a
AnlendsBany P. maninoti 1aitygninainenidng  aeriialiinlivaneds widslsesiuuaniuiing
Tdnlddauansnuazunsnszanalyl 25 dsemely  sledeusndennanisacuauunatdngialnedons 14
wan3nn maswleiuddend@auynanaiduunas AngssssnanAdwoni@esitnazinunliieasunx
AngsiudntznaandrAnyuasinliinanandudnlouds waswtdasanana ldun WWes1119 (Beauveria
Tunan3In1anas (Neuenschwander et al., 1988, bassiana (Balsamo) Vuillemin) L & SRR
1989, 1990; Nwanze, 1982) geludszmealnanunig (Metarhizium anisopliae (Metchnikoff) Sorokin) 7291
= o o o a & a g , o pRip o A
srunnresnAsulaiudlond@anylunnines Meaesriaduimesneleaiuunasninisldie
Aunndnslgniiudends Taelud 2559 1iimsin - AouANuNaIARInateTiin AREaUIBILNAINILIY

SLULANTARINAN T AARS e uIaRUN AT AN Bemisia (Wraight et al., 2000) ﬁwmﬁ”iﬁ Scolytus
@evranissrunreainaaulaiudnUsnasdaun lu scolytus (F.) (Doberski, 1981) ) miﬂﬂmumim
AARYIURBNRLITALATANARZTURAN WL NUNT NARBILINIT 231979 B. bassiana WA LI3 82113 87
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ﬂ'nu'guu‘N'll’mL%"a‘ﬂ‘ll’l'J Beauveria bassiana I,Lazl.%v'a'ﬂlﬁil’: Metarhizium anisopliae °lun’l'iﬁ'31.l@ul.waill,l.ﬂ~mu

ﬂ’lﬂzwﬁ'ﬁ‘nuwu Phenacoccus manihoti Matile-Ferrero waziwaswilatiaamun Planococcus lilacinus (Cockerell)

M. anisopliae 3naReLINSdTANEUAZAT WIS
sinaguleiudnlzddga P. maniot LL@"’L‘W@&I
ulstiaenni P, fiacinus WefiaZldin U fiienuna
g o a AN aa
wanulwivaesrdalnedaitsely

L aa
AUnTUUAzIaNg

& &
NNFNNSLRENLNA BT
o d’j QI d” o
NN A NN A e T u
Adends@any P. maninoti uazinazwiletias i
P. lilacinus TuieqUfiRn1sAutidaaLANARgNY
Tne@uvisd e nnAnane Nguiund 25+ 5 °C
AVTNTUGNWNNS 75 £5 %RH Inan 19w ntiag
t:l” da/ [ %3 1 v v ‘ﬂl 1 1
WNzasALLTaRINang Faannsldnainnesi ldun
7o Gaw Tagasy @eweusiugmasulusazatings
A A o Py o Py a
vunaRnnesnEsadl waziasauaniumasulenia
aulpeninlinnsuudunaslivia PVC saanaRnnad e
A A Py P R g o o o
wansmasuleriaau ineamaswlaiudnlenda
A1y P. manihoti uaziwasutTafinanin P. fiacinus
aulFannuisnneia b lunnmaaes

NM9INIELA 8L 891919 B, bassiana WAL a9
e M. an/sop//ae LW'ﬂ‘i’ﬂumiﬂmam

mmm’m’n B. baSSIal’)a mmwaﬂ@fau (BA)
L%”‘ﬂﬁ"ﬂl’m B. bassiana mmwaﬂmv‘llmmmmm@ (BN)
¥} melfum M. an/sop//ae (M001) mnuu@um\‘i
ummﬂmmvmmuaaﬁ wmuﬂﬂﬂmﬂﬂuumwﬁum
mmm‘uummi potato dextrose agar (PDA) LW@L‘WN
AU umﬁnm’mammu 25+5°C mw“ﬁuﬁuwm
75 + 5 %RH 1uaan 2 e el lunmanes
sall

mawsansnsuaauaasialiedasi 3 lalmnan

fdesia 3 leTaian eng 14-21 54 wiin
e nrauans laalif 1 unasresdausinans
(spatula) LULALRULAR (stainless steel) ‘ymiﬂﬁlﬁﬂﬁl
Aanfine i aid anan TN Aunas Trion X
AL 0.05% Tiigindoudaifiunms 5 Taaans
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wartluldindusqaase vortex Uszunns 1 w1
anuinldnseiuaudnduaeslntimadae
hemacytometer uazdFuaanudiudiunszsau 1 x 10%,
1x10° 1 x10°% 1 x 10" uaz 1 x 10° InfllAe/Aadans
o al al A d’l u’;
NNTFTENANTuUAee IATAE 1eT e 3 lala-
wniialdlunImaaed A9l N99NATN 1 UINAUNAN
Triton X AN dindis 0.05 % (control) N398R 2 B.
bassiana mmn%mmwam@u (BA) mmmmu
1x10° ITLAe/AaaAnNs N391A37 3 B. bassiana Auan
1Fanmansan (BA) Audindu 1 x 10° Talie/
AARAMINTTNATN 4 B. bassiana NuentFanninas
801 (BA) Aadtdindu 1 x 10°lalle/Nadang
N33NATN 5 B. bassiana Mueanlianmasaai (BA)
AHnd 1x10" Al e/Raaans NIsNATH 6 B.
bassiana NuanlFannasaai (BA) AnNindu 1 x
10° TatlR e/ A aRANT UINAUNEN Triton X A NENd 1
0.05 % (control) N354T 7 B. bassiana Auanl@ain
waenszlandninana (BN) manudisdiu 1 x 10* Tallide/
A aa aal A ., ~ P Py
JARAMT NIINITN 8 B. bassiana NuanlFaninwasl
n3elnndtinnna (BN) mansdindin 1 x 10° Iaflde/
A aa aal A ., ~ P Py
JAAAMT NFINITN 9 B. bassiana NuanlFaninwasl
n3elnnAtNmNa (BN) manudindis 1 x 10° Iaflide/
AAAAMT NIINATN 10 B. bassiana Nuentiannnwas
n3elnAAtNmNa (BN) manudindis 1 x 10" Iaflide/
A aa Al Al i ~ o Py
NaAAMT NIINATN 11 B. bassiana Nuanlianninas
n3eInAR1UIMAA (BN) A Ndindu 1 x 10°TafliAe/
TAaRAMNT UINAUNAN Triton X A28 E 1T W 0.05%
(control) N3INATN 12 M. anisopliae Nwenlfann
PUDUAIINUIAELIT (MOO1) AN LENEW 1 x 10°
IATlAE/AaAART N9INAEN 13 M. anisopliae Nuein’tH
ANMNUUBUAMUUIAENT (MOOT) ARNMEINTW 1 x 10°
PRRe/Aaaans NTINATN 14 M. anisopliae Nuen

0
ANMNUUBUAMUUIAENT (MOOT) ARNMEINTW 1 x 10°
IATlAE/AaAARAT N9INATN 15 M. anisopliae Nueinti
ANNUUAUANUUIALIY (MOOT) AN NTW 1 x 10
IATlAE/AaAARAT N9INATN 16 M. anisopliae NueintH
ANMNUUBUAMUUIAENT (MOOT) AN NTW 1 x 10°
TATLRe/NARART
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o

:; 3 a dgl o o a
ANUUNINTETaNN AL LT WA e nasa

a

WY P. manihoti WaziWABuTTNTasudn P. lilacinus 7
14lun19mmaas Tnailn water agar 0.7% aduuanu
WANARNNANT NI AEUEUANENAN 5 [UR AT
49 3 1uRMng madliBuin 1 wuiwng el
, & ] a g Ry

AYINTNTULA LN TR 32 A lan 14 Tunas
Nones saRautigundesa falumun i adudou
AREINAN 4.8 [HURIWAT e TluNToNIA MFLINGY
uth vl sasuwiuliined nasantiuiumwasuy
o o o al d” v v 3 a
Wudndendsdannuazimasudeliaaniing 2 1iin
wazlfdanenriuees 9 We 40 Aa/AUNAaeY IRt
AYNIINITH 4 91

mavussuzauaanlaliadasna 3 lalmnan
visaulseiunlal vial AR BN AsT0987s
wranaeslediiAesia 3 lalaan Saau 200 llasans
ihldvluaunasesiildnaguleusiazaiin el
AUNARBIAL 40 6 et 1 97 Wusveing 18.5
IURALNAST 49 13 LTUALNAT antiudarhanunaaes
tinlUaneiignuugdl 25 +5°C AaEuRYTE 75 + 5
%RH MNstiunnuanimaaesnduwiunan 7 5u
?ﬁﬂzﬂ@ﬁiﬁﬁﬂﬂ%ﬁmqmm’m;um\mmL%”fam (LC,)
LAYERINNNIANEIRUNAEUTTY N12ANUIIAN median

lethal concentration (LC,, ‘meﬁma‘mm Finney (1952)
mummmmimwamnLauiﬂmmmmmmmnm
u@ﬂﬁ']ﬁqL‘wﬁyﬂLLﬂqme’éf]mﬂ@%ﬂﬂﬂqmﬁqﬁq NN
neeelugaALANNINITAIUIILT LA T U6
NIRRT A3 (corrected mortality) #281 Abbott's
formula (Abbott, 1925)

N’Rﬂ’]iﬂﬂﬂ’ﬂ%t@%ﬁ@’]iﬂi

HANNINAREY WUFN 119319719 B. bassiana
AnmALEay (BA) {82197 B. bassiana ANNAL
nselandtinnna (BN) waidasden M. anisopliae
(M001) ﬁﬂﬁLwﬁyﬂuﬂqﬁuaﬁﬂwﬁﬁmw P. manihoti
fulefudnnsnegeiigad 1 x 10° lalldeiadans
Tnef§nsnismneLade 75.83 + 2.89, 65.83 + 7.22
4AZ 55.00 £ 6.61 wefidus Wmmmu (mfmw 1)
@991119 B bassiana mm‘waﬂmu (BA) mmwm
B. bassiana @WﬂLW@ﬂﬂi”Tmm@u’WI’m (BN) Loz Lﬂmﬁ
@eq M. anisopliae (M0O01) %11 13 AswTatiawin
P. liacinus iulefiiuimamegeiigadl 1 x 10° tailidtey
fiaaans IaeflsnsnnsAneeRe 74.17 + 7.64, 70.83
+3.82 WaT 61.67 + 7.22 1afifus mNanay (AN519
7 2) hAASLT LA WA 821911 B. Bassiana

Table 1. Percent mortality of Phenacoccus manihoti Matile-Ferrero when sprayed with three isolates of

fungi at five concentration levels

Isolate

Beauveria bassiana

Beauveria bassiana Metarhizium anisopliae

BA)" (BN)? (M001)®
Conentration %Mortality Y%Mortality Y%Mortality
(conidia/ml) (Mean +S.D.) (Mean +S.D.) (Mean +£S.D.)
1x10°* 55.83 +2.89 39.17+£5.20 35.83+10.10
1x10° 61.67 +1.44 48.17 £ 1.61 39.17+7.64
1x10° 63.33+ 1.44 53.560+5.29 4583+ 11.27
1x10’ 66.67 + 1.44 59.17 +5.77 4417 +15.28
1x10° 75.83+2.89 65.83+7.22 55.00 + 6.61
Control 0 0 0

" Beauveria bassiana isolated from aphids (BA)
¥ Beauveria bassiana isolated from brown planthopper (BN)

¥ Metarhizium anisopliae isolated from sugarcane longhorn stem borer (M001
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Table 2. Percent mortality of Planococcus lilacinus (Cockerell) when sprayed with three isolates of fungi

at five concentration levels

|solate

Beauveria bassiana Beauveria bassiana Metarhizium anisopliae

(BA)" (BN)” (Mo01)*
Conentration %Mortality Y%Mortality %Mortality
(conidia/ml) (Mean £S.D.) (Mean £S.D.) (Mean £S.D.)
1x10* 50.00 £ 7.50 3417 £7.22 40.83 £5.77
1x10° 55.83 + 12.33 50.83 + 8.04 45.00 + 4.33
1x10° 61.67 £ 14.22 53.33+5.77 52.50 £ 2.50
1x10’ 68.33 £8.78 65.00 £ 2.50 55.00 £ 4.33
1x10° 7417 £ 7.64 70.83 £ 3.82 61.67 £7.22
Control 0 0 0

" Beauveria bassiana isolated from aphids (BA)
? Beauveria bassiana isolated from brown planthopper (BN)

¥ Metarhizium anisopliae isolated from sugarcane longhorn stem borer (M001)

Table 3. Median lethal concentration (LC,,) of three isolates of fungi against Phenacoccus manihoti

Matile-Ferrero and Planococcus lilacinus (Cockerell)

Isolate

Median lethal concentration (conidia/ml)

Phenacoccus manihoti

Planococcus lilacinus

Beauveria bassiana (BA) 5.69 x 10° 1.34 x 10°
Beauveria bassiana (BN) 1.34 x 10° 9.37 x 10°
Metarhizium anisopliae (M001) 4.29 x 10° 1.65 x 10°

AnNALgaU (BA) Hilsz@nsn i1 inaeuTe
zﬁmmﬁmﬁLﬂﬂi’lfﬁuﬁm?mm@ﬂ%m Vestergaard et al.
(1995) Anmmarialsngeaidamiden M. an/sop//ae'ﬁl
Toiawm a”a W Frankiiniella occidentalis (Pergande)
W Faindereawanl F. occidentalis ilagnwi
Faendasdien M. anisopliae falefifudnnsmeating
fiat 94% Tutagiaan 79u i LG, 1 x 10" Tailiie/
AGLAIE

NAaATA2TN LT WA = (median lethal
concentration; LC, )ﬂI@QL:‘ﬁ”’ﬂi"] ‘W‘]_I"J"] 3021911 B,
baSSIana mmwamﬂu (BA) L‘H@a"m’m B. bassiana
annaEnszinadinaa BN) uazidesden M
anisopliae (M001) {1 LC,, Sumaguaugnlenda
A3y P. manihoti Ny 5.69 x 10°1.34 x 10° uaz
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4.29 x 106 ‘Eﬂﬁlﬁﬂ/ﬁ@ﬁam ANNANAL ‘lumm 74U
(ms’mm 3) LAY 0319719 B. bassiana mmwamau
(BA) Lﬁmmmw B. bassiana mmwmmvimmmm@
(BN) memﬁ Qe M. anisopliae (M001) T LC,,
Fumaautletioanin P, lilacinus Wini 1.34 x 10°,
9.37 x 10° uaz 1.65 x 10° IatlAe/NaAANT ANNAAL
(M13797 3) Feng and Johnson (1990) MeuiEe
31977 B. bassiana 6 lalmian sunsadinvnanemag
faudna@aFasie Diuraphis noxia (Mordvilko) 144
LC,, 0.57 x 10° Tafi i /A a@ A6 Butt et al. (1994)
NnsAnEANguLsslunadiinanafiaendngn
Psylliodes chrysocephala (L.) U ® 3 L%” 911219
B. bassiana Waziaaiden M. anisopliae WLdn AN
dWindugegareaden@an M. anisopliae #n1iaq
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windnAagaRen LC,, 10° Tatline/ladans Tunan
14 u

a7

Lﬁﬂﬁ"]‘ﬂfm B. baSS/ana mm‘waﬁ@@u (BA)
mfai'm'n B. bassiana aninagn=lnndtinma (BN)
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65.83 £ 7.22 Uz 55.00 £ 6.61 Lﬂ@ﬁ?lﬁ'ﬁuﬁ muﬁﬁﬁu
831179 B, bassiana mﬂm@ﬂfa@u (BA) Lﬁ’ﬂi‘”ﬂl’]')
B. bassiana 'ﬁ’mLW@ﬂﬂi”immmm@ (BN) taz mea‘m
\@e19 M. anisopliae (M001) N1 1% magulefioamn
P. liacinus Silefifufmemegeiigaf 1 x 10° aadl
weSdunsmneiade 74.17 + 7.64, 70.83 + 3.82
WAy 61.67 + 7.22 adidus aaua1au nalunan
79U

naf1A Ui e (LC,,) 18917851179
B. bassiana ANINALIEaL (BA) @291 B. bassiana
anmaanIzlnndiinna (BN) Lazidasniden
M. anisopliae (MOO1) &1 An LC,, Fuin@ e uwileslu
Anlenda@ansy P. maninoti winiu 5.69 x 10°, 1.34 x
10° uAz 4.29 x 10° TafliA o/Aiaaans fumas Ty
et P. filacinus Winfiu 1.34 x 10° 9.37 x 10° uaz
1.65 x 10° IalllAe/NaRanT ATNANAL

LANAITAIND

oi/ﬂji]’]’lﬁ‘ﬁ‘m Guﬂﬁu (153 b+ L‘]_IQ_,I@@DA LANNBINTII. 2559.
FLUVANAUMNALNAN1IAAAUlAkAZNT
o dy o o o a
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Species of Ants and Their Relationship with Green Scale Insects on Arabica
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Abstract: Ant species and their relationship with green scale insects Coccus viridis, on arabica coffee trees in
northern Thailand were carried out from three coffee plantations in different altitudes: 1) Ban Pa Miang (ca. 930
m a.s.l.), Doi Saket district, Chiang Mai province; 2) Ban Khun Lao (1,200 m a.s.l.), Wiang Papao district, Chiang
Rai province, and 3) Khun Chang Khian (1,350 m a.s.l.), Mueang district, Chiang Mai province. A total of 78
species, 27 genera in six subfamilies was found in the study areas. Among them, 51 species, 22 genera in six
subfamilies were collected from Ban Pa Miang; 45 species, 19 genera in five subfamilies from Ban Khun Lao;
and 33 species, 18 genera in five subfamilies from Khun Chang Khian. We found that ants as well as green
scale insects were abundant in rainy season then gradually decreased in dry season. The most dispersals of
green scale insect were found at Ban Pa Miang, while at least in Khun Chang Khian. The correlation between
ants and green scale insects was positive. A total of 48 ant species were found inhabiting on the same coffee
trees with green scale insects, among them, 12 ant species associated with green scale insects, which were
Dolichoderus butteli, Dolichoderus feae, Dolichoderus taprobanae, Dolichoderus thoracicus, Tapinoma
melanocephalum, Technomyrmex albipes, Technomyrmex modiglianii, Technomyrmex yamanei, Anoplolepis

gracilipes, Oecophylla smaragdina, Crematogaster rogenhoferi and Pheidole dugasi.

Keywords: Ants, green scale insect, arabica coffee, season, altitude
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Figure 2.

Diversity index (Shannon - Wiener’s index, H'), evenness index and species richness in each areg;

Pa Miang (PM), Khun Lao (KL) and Khun Chang Khian (KCK) during June 2016 - May 2017
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Table 1. Dominance index (D) of 5 dominance ant species collected in each area; Pa Miang (PM), Khun
Lao (KL) and Khun Chang Khian (KCK) during June 2016 - May 2017

PM KCK

Species D Species D Species D
Technomyrmex yamanei 30.517  Technomyrmex yamanei 5.874  Dolichoderus thoracicus 8.310
Technomyrmex modiglianii 1.912  Dolichoderus butteli 3.245  Crematogaster fraxtrix 4.519
Dolichoderus thoracicus 1.085  Dolichoderus thoracicus 2156  Crematogaster rogenhoferi 1.337
Dolichoderus feae 0.131  Dolichoderus taprobanae 1.442  Polyrhachis bicolor 0.375
Polyrhachis bicolor 0.072  Technomyrmex albipes 0.335  Anoplolepis gracilipes 0.140
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Figure 3. Population of green scale insect in each area; Pa Miang (PM), Khun Lao (KL) and Khun
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Figure 4. Regression analysis of ants and green scale insect in Pa Miang (PM), Khun Lao (KL) and

Khun Chang Khian (KCK) during June 2016 - May 2017
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Table 2. Ant species and green scale insect association found in coffee plantations; Pa Miang (PM),

Khun Lao (KL) and Khun Chang Khian (KCK) during June 2016 - May 2017
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Efficiency of Actinomycetes Isolated from Black Dwarf Honey Bee
(Apis andreniformis) in Controlling Root - Knot Nematode, Meloidogyne incognita

Causes Root Knot Disease of Chili in Greenhouse
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Abstract: A total of 33 actinomycete isolates obtained from black dwarf honey bee (Apis andreniformis) were
subjected to primary screening in vitro for their effects on Meloidogyne incognita by using their spore
suspensions. Eleven isolates showed high activity in decreasing egg hatch rate and increasing infective
second-stage juvenile mortality rate of M. incognita significantly. Streptomyces sp. isolate A038 reduced egg
hatch rate the most by 92.04% and isolate A027 increased the juvenile mortality rate by 51.31% compared to
the control. Then eleven isolates were subjected to secondary screening in vitro for their effects on hatching of
egg mass of M. incognita by using their spore suspension. Streptomyces sp. isolate A032 and A031 reduced
egg mass hatch rate the most by 69.51% and 69.43%, respectively. In pot experiment, strain A032 presented
the highest control efficacy in reducing root gall of chili by 50%. Additionally, this strain promoted chili growth by

increasing dry shoot weight.

Keywords: Meloidogyne incognita, biological control, actinomycetes, Apis andreniformis
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well plate insulannidaunuansunusetales
TugapauAN YNULLNINARBIUWLL CRD (completely
randomlzed design) NVNWJ@ 2 ﬂ?ﬂnﬁ nITNABAT 5
i UNRUNGHIUA 24 muuummmwm (30+
2°C) wWunan 7 54 mmuummuﬁ Fagauszesh 2
Vv uasueniLfagesvash 2 iene ANuansRa
nspeaedEatenazansIn1ainaesliineligns

SeaazanInisinaedla = 100 x Faeausyeazii 2/ (la

+ FERUITEL 2) UAY $0EAYEMIINTIANLURNFIED1L
=100 x Fa8auITazi 2 NANY/ ANUIUAIBD UL
2 YINUNA (Ruanpanun et al., 2011; Sun et al., 2006)
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3.23nedeLnazetieni wlndndsanns
Wnaesngwlal&imeulas M. incognita

vhidewenaluludndg Alfualunisansnan
nsnaesliLas NS AIINNIANEIRIFE aLIZELT 2
wl&ineudaasnilu M. incognita asineliadnAty
Tudia 3.1 unageuLlss@nsninlunisannisinaesld
‘171' 1 gelatinous matrix ‘19/] Nog TG ﬂ@;&lvl,‘li (egg mass)
Tnaunansuatuaaadilas 10° alaisalanans
1BuRAT 1 NaRanI Mmiumu 24 well plate ‘ﬁﬁﬂ@'u
laf 1 ﬂ@uhﬂﬂmwumu umfammwm (30 £ 2°C)
Wunan 7 44 Sanun 2 nsuds nasnAzay 549
s uIusaseuTedld A es e A WL e
muQuﬁ‘lmfwmfuﬁwhL%yfal,mummmu@@ﬂmﬂ@%

4. msnegaulszsAninmnwaanandluludndsna
nsAILAN lsasndanwsnluamwidaunnaas
vhuenatuli@ndamon 11 lelnaniliing
Tunnsassasnnsinaedli ez g s NI e
fodaunarnisinaesnguldvesldineulassiniu
M. incognita @ﬁhqﬁﬁﬂﬁﬁﬁaﬂu%ﬂﬁ‘ 3uIMAAaL
dsz@vsnmlunisaauanisasnduaesninluszau
Tsalsou Tmﬂﬁ’wmiLmu@@mﬂ@%mmﬂﬁuauﬁchu
An3theein@ audin 10° adad/mu 1 ngznng (15x10x15
iuRume) dgniundawinfiflany 3 dlandaslu
nsxons 815 R eurdaas nilussauszesi 2 lusui
finafundwinauadllindudnmlaumnanuau
1,000 Fastadins sptindias 1 Afafhunanviadn 45 §u
Whsnifeufugaeauaddldud funindnd (control
1) LLazﬁuw?nﬁﬂQﬂL@Wﬁ:%lﬁ@uﬂlﬂmﬁﬂﬂmﬂﬂ
(control 2) 3M9LHUNIINAABILUL CRD (completely
randomized design) e 3 N3TUAD N3TNATAL 5
i Uszifiutlsz@nsninnisasupnisalaeiuanuoau
nawla Uszifinszauniaifinluaessinanadenises
Ruanpanun and Chamswarng (2016) uazileziiung
ﬂm\iLsn@mmimmmmwmimmmmmmmmmuwsﬂ
Srminanduuazan ez areaduen
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5. NISIATITRNANITNARERY

qptneiiAa Nl 91 99U (analysis of
variance: ANOVA) Lazit eIt eiLIANL0A 1A az
TANIINA aa3lae 75209 Dancan’s new multiple
range test (DMRT) (P<0.05)

NANISANBILAZAIANTO

1. wanmsvagavdszananmaaadavanaluly
Fndnanisarunnldinaudas M. incognita lu
szAUN@Ilimng
AINN1INAABLAINAINIIDTUN1IALAN
%5 aulessiniu M. incognita 10413 auana tula
Fndvia 33 lalnian HuanlFannan iR anumn Tussay
HeeuimAnng Ingdszilinannisandnsinisinaes
T NsLRNERINNsANEIBIRAs aUsZEER 2 sanTlana
rﬁi@m?ﬂﬂ‘ﬂmﬂ@juwﬁﬁ gelatinous matrix {12t (egg
mass) Wud1 11 laloian dsznaudiag A010, AO13,
A020, A027, AD29, AD31, A032, A033, A034, A038
uaz A039 Winalunismauaul&ineulassindy m.
incognita WAetnailudn Ay idle feusugaaaun
Tnad 6'lalaian 1sznaufioe A029, AO31, AO32,
A033, A034 uaz A038 a1u13an1 13 kil emanisWn
anannNniInsenas 80 Inalalmian A038 aunsnan
snsnaainaaslinniigaiivienns 9204 e
wWisuieuduganouan wazd 2 lalaian
1sznandag A027 Ly A032 dNasfiNERINNIANE
aneasauszayh 2 uanndvsesas 45 Inelelgian
A027 fislERsNNSANETRIFRERsZEIT 2 mnﬁl@lmﬁq

$ataz 51.37 WoWHLNLYAAILAN HANNTNIAADLINA

wasuenfwluandsanisinaesnqulelénieudes M.
incognita wuinil 9 leltian Usznaufiae A010, AD13,
A020, A027, AD29, A031, A032, AO33 LL A ¥ A034
awnsnvinliinguladdnsnisinanassnnitsesas
60 Inglalmian A032 aunsnandnsn1sinaaIngs
lianniigailsenas 69.51 e Waufugamiua
(113197 1, it 1) ienBeufiauiunenunide
au 7 wenaluludndiuananandiualinalu
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Table 1. Effective of actinomycete isolates to egg hatching rate, juvenile mortality and egg mass

hatching rate of Meloidogyne incognita at 7 days

Isolate Egg hatching rate (%)’ Juvenile mortality (%)’ Egg mass hatching rate (%)’
A010 83.66 + 1.09 d 27.60 = 2.11 bc 30.23+5.93 a
A013 19.33+044 b 14.82 + 2.68 cde 2530+5.04 a
A020 33.83+9.49c¢c 27.86 + 2.73 bc 26.76 £ 7.79 a
AQ27 39.50+4.19¢c 5441 £ 2.64 a 28.69+9.20 a
A029 11.66 £ 1.16 ab 15.70 £ 0.51 cde 33.69+10.14 ab
A031 15.16 £ 1.66 ab 898 + 293 e 2457 £+9.50 a
A032 13.00£1.73 ab 51.36 + 10.15a 24.49 +4.98 a
A033 12.50 £ 1.04 ab 23.65+ 5.06 bcd 26.27 £+ 13.01a
A034 1250+ 1.04 b 12.68+ 2.82 de 33.63 + 13.91ab
A038 583 +0.44 a 3017+ 942 b 4485+585 b
A039 19.33+2.24b 13.37+ 235 de 70.73+7.69 ¢
Control 97.87 +0.52 ¢ 3.04 £+ 025 e 94.00+4.99 d

" Values with the same letter are not significantly different (P<0.05) according to Duncan’s test

100 pm

Figure 1. Egg mass and egg after treating with actinomycete isolates: Non-treated (A, C), treated with
Streptomyces sp. A032 (B, D)
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nsrauANl&neulessnlu M. incognita liaeinedl
UszAnBnngaile 33.33% Wabauiuwana wldnd
1 dl a 1 v A
ANunaaauand arnldeecléineudeslseunn
12.1% (Na et al., 2017) H I8 A ULAZAILANTLUD
& meulas ndudseunns 7.7% (Sun et al., 2006)
a N Ao 9
wazAusauTINNIN NNz Lnresldinauslassinyy
1323104 14.5% (Ruanpanun et al., 2010) viaiiiuly
THdwendwludndananléiedlnndnmuaniislu
v A ] dld 1 ¥ A
nn9a39aNIvizanalnaunvatna Nl nana &R audles
sty @79 Avnaunsnluntsnaneulallungu
polyketide synthase NiluFaLieTAnannsalunng
as19n AN (Inglis et al,1993; Promnuan et al.,
2009) F9arailuaneléineudes wazuanangns
nRunAaviuasaliuaziogdaussasi 2 1esldinau
tlagl M. incognita wngiadluasiangnlaidedl gelatinous
matrix vm'aﬂ ARNNe LaZAUE (2554) VLm’mmu
HAenduide Streptomyces PR-87 aansadugannsin
wa9lal LL@“"‘JJ’]E‘]'.)@@H‘;‘”EI”V] 2 98914 Lm’ﬂuﬁ]’aﬂﬂﬂﬂlﬂm
@mmﬂivmmmwmuummmnqmmmmmmmw
Aetangeseanunuenimadluszinannsmiziaes
UWBIUNT arginine glycerol mineral salt agar LRI
Wulllfdnenadueulsminasenisinuesddvize
Wuansieigrsdisisgauszasil 2 uazansdanana
I | o ] | 9 A A
anadenasialassainaasnguldaaclinaudesni
Tsfwmdueaddsznausieludau gelatinous matrix
waztuaealasnla (Bird and Bird, 2012) ninlsinnain
aeslaTunguliduanas An1sseuamaaging
nareldineudeusindy 819 avermectin LA
fevenulin (Dong and Zhang, 2006; Ruanpanun et al.,
2011) Tuaasz9 Palmieri et al. (2001) 97819471170
- o a - a v & e
wolasd protease naesfinduerianasnauny
uannliinnainaasnguldaecléinaulesanasdon
wiuiy wanddanunissesunani luludndana
= o e a \ =
Streptomyces R ERRPRE PR 7 H
ANAINTnluNTas 9w Ty protease LA T
. v 2 o .
chitinase 18 @il nalunissunaunisinaesldaes
Meloidogyne hapla wazinlifaaauninaanuilu
gan1rafasiTansenluanld (Mercer et al., 1992)
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:// d’l 1 1 ] ¥ A
anuansnaaesuaiainudnguldaasl&inaudas
s M. incognita H8m3N1sANaRAIRIN AN
Wuld1Fswenflulud@ndnausnansmanisinues

1 Idy v 6 o/ 1 v 1 @ a
ngulafiansnsaairaeulaifinanls adslsfinas
RN s@AneNaiunalnnsdinninane 1 navtlas
snduaaanans wlidndwaniuluauansall uaz

dl % 1 % v ¥ 09/1 R4
AINNANIINAADIN W NANNILEI TR VTR AR
Windnan liainaDadluivasreuani g ndns
dse@nsnmlunisrouauléinaulassniuanumas

d o o ao o a o Ao =
nile aneaudde i uauddausnninsAnw
sr@Avsnnreaneni lud@ndnuanliannan lEials
A" (A. andreniformis) lunsaauax & Beutlassnily

M. incognita

2. wansnadaulssansnwaasdanansluly
FndlunsaruanlsasnluninluGaunnaas
ANNMNAZBULTLANDNINUYDIUTALAN A 114
Tudndlunsaauanléineudeasinilu M. incognita
Tuannizeuneasslnsingsuauaesdlasuaimde
wanAluludndrgniuauncunstiesinmeudo uio
gnnénwinany 3 dn1f wienldigausyasi 2
raql&meudausniuadllauiusiuninign
& peudesdninanslnglifinsldalesvead@aweni
MWlnandasld (control 2) Tan1ldwens ldndaslu
a 1 d‘ ¥ A v o 1 d‘
funaunldinaudasaziiinniansudaanaih
WHNZANNINNIIN T wen A W lnandaslun3aniise
o Ay A ¥ o A \ a
naaani l@neuelasdinnianeNmiatinsld wans tu
Tudndluneunnluenmulu@nddnanlunnsdfusa
WidnAuaninuwndenluiudandanlunisaseans
- A Ao P Ny A A o o qguA A
ranalnaunluase & peudesvisedniin NG in
% 1 ¥ A ¥ o %
p B usialdmaulenlfvinlinseauaulsasn
dufldse@n5aanw8927 1 (Ruanpanun and
Chamswarng 2016; Tarkka and Hampp, 2008;
Tarkka et al., 2008) AMNKUANIINAABINLFWANH 11l
dndlalaian A032 arusnandanuaungule (egg
mass) HunNgaidFaaay 65.30 Walseiliunaann
° o = Y
A1UIUAIBausTys 2v09ld iR eulasniy
M. incognita TuAuwudvnlatianaisnsnanaiuau
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Tideudes lupulFednadivaddydledauiuge
AALAN (control 2) Tnafilelsan A032 aNu130an
SuaugeUszEER 2 Té’mn‘ﬁ'zgm’é@m: 32.327nN"3
dszifindsz@ninannisasuaulsanusn lalaian
A032 Hilsz@nanwlunisauaulsaliunniGenay
52.1 (NN 2, A9 2) TauAnFnaLANNTAREL
Tuszivdesulfiinasiilalaion A038 aansnangim
msnaeangulalFanniian lelaian A027 iugns
nsmeresiagauszezi 2 1edld iR audensniy
M. incognita annigaddsslulFd-lanan A038 uaz
A027 anansadinesnmiteiinalnafifiuasiantsinuas
nspneesilgeuluiesdimn susdsz@nsain
fansnazananiieatluaniazuindenluiy
(Ruanpanun et al., 2011) aginglsfia luaunansiallay
BsinmsAnmaniasfivanzansetlssdnanimang
deletmandenanileldadiiufwdednsnalndy
anfinnsaineanmAugfsiteieulnid i nadud
Tineudeaiioinlduwduuuslunsdaunnzians
dusuliaaunulideudessield wananiide
Usziflunaraueni wlndndsanaasiiuineediu
WENANANGIIRIE Y ATNE1931N mdnean
waztinninan wusuenA lludndRanunsndud
K eudessndulufies friineda 11 lalnan
m'\im@ﬂi:wurfi@milﬂ?mLﬁu‘ﬂmmﬁuﬁmﬁmﬁﬂuﬁu
gapuANEENLNG (control 1) (sl 2) Tududiu

dtpanufluldEduenituludndlelaan A032
gusnnsesen Wudanusiduiunisteeiu
wazAuANlsAsINLY w?ﬂ%uﬂuﬁmﬂwgﬁwm
UszmAlngld uazansiinsdnmnnsin s
o waresuenilulidndfnanoredliaandiiily
Uslzmfalun msegseniadszdninmasside
uenitul@ndilevin U lugnwulasese srazinan
Tunnsldueniluludnd Bumalesvasdad
wnzansalss@ninmnisacuanlsa saudenaln
nadiminang lEideudeeneiiie s lumigegaly
math sygnsldsiall

G

wani uludndlalaian A038 Nuanlfiain
o Nyt = o a a a o
anlianuaHUsz@nininlunisansmsnnisinaes
4 NIANENIINITABURIFIBAUIZELT 2 WATAR
dnanisinaesngulduesléinandensinily m.
i i ol o v A oa
incognita W angatunmesevlusyiutieafjiicinng
uay lalnian A032 Hilsz@nsnwlunisrouaulsnan
Unraswsnunfign Inaaunsnanauausasauszey
7 2 ap9l&Reudessnly M. incognita 1AL uazan
iy wend luandlalaansanainmqslisunis
Wannidwiadneiinenisasuanlsnnluaeaninly

auAmsall

Figure 2. Galling root of chili caused by Meloidogyne incognita :

control group with nematode (A),

control group without nematode (B), Adding spore actinomycetes isolate A032 and J2s at the

same time (C)
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Success in Implementation of Agricultural Activities of Young Farmer Project

in Sueksa Songkhro Chiang Mai School
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Abstract: This research aims to study implementation of agricultural activities and study success implementation
of agricultural activities of young farmer project in Sueksa Songkhro Chiang Mai School by using CIPP Model.
The Group sample was; 1) administrator for 5 people; 2) teacher responsible for the activity for 6 people; 3)
Student was registered this project for 100 people; 4) Parent of student for 100 people. The instrument used for
data collection were in-depth interview, questionnaire and test. Descriptive analysis was applying such as
frequency, average, percentage, mean, max and S.D. The result founded that implementation of activities has 9
process. Normally, context evaluation was related with mission and vision of school & = 4.60) and completed
with the purpose (x = 4.33); input evaluation has enough personality (x = 5.00) and school were support the
instrument or budget (; = 3.80); process evaluation was teacher responsible for the activity (>_< = 4.80) and
duration of the event was appropriate (;: 4.50) ; product evaluation was students agreed that the
implementation of agricultural activities of young farmer project made the student be positive towards the

activities. They had responsibility for themselves. They relied on themselves (x = 3.82).

Keywords: Success, CIPP model, young farmer project
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Table 1. The student's test scores on cognitive

n =100
Score range Number of students % Criterion
36-40 0 0
31-35 19 19 Passed
26-30 47 47 Passed
21-25 23 23 Fail
16-20 Fail
11-15 Fail
Lower -10
Total 100 100
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Financial Analysis of Pacific White Shrimp (Litopenaeus vannamei) Culture in

Earthen Pond: Case Study of Klongwan Models
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Abstract: The objectives of this study were to investigate the general information concerning production and a
financial analysis of Pacific white shrimp (Litopenaeus vannamei) culture in 1 Rai (1,600 m?) earthen ponds at
Klongwan Fisheries Research Station, Prachuap Khiri Khan province, during April 2014 to May 2016. Shrimps
were reared under 2 models, namely, Klongwan model 1 and Klongwan model 2, with eight crops per model.
Results showed that the body weight, survival rate, average daily growth (ADG), feed conversion ratio (FCR) and
production of shrimps reared under both models were not significantly different (P>0.05). The financial analysis of
investment found that the cost of shrimps reared under Klongwan model 1 and 2 were cover the cost according
to the net present value (NPV) were positive value equal 839,086.2 and 539,645.6 THB, the benefit cost ratio
(BCR) were 1.6 and 1.5 and the internal rate of return (IRR) were 79.8 and 67.1 %, respectively. But the investment
of shrimps reared under Klongwan model 2 had a relatively high risk due to the changes of cost and benefit of the
investments, i.e. both 20% increased in cost and 20% decreased in benefit. This study indicates that an alternative

option is to use Klongwan model 1 to shrimp production for small scale farming in the future.

Keywords: Pacific white shrimp (Litopenaeus vannamei), financial analysis, Klongwan models
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Table 1. Klongwan model for Pacific white shrimp culture in earthen pond, at a density of 100,000 shrimps/rai

Rearing period (days)

Feeding program

Water exchange program

1-5 not fed, used natural food in pond

not change

6-10 fed with shrimp feed No.2 at 1 kg per day,

1 time (7.00 am)

20% of the water volume was

changed once a week

11-20 fed with shrimp feed No.2 at 2 kg per day,
2 times (7.00 am and 5.00 pm)

21-30 fed with shrimp feed No.2 at 3 kg per day,
3 times (7.00 am, 12.00 pm and 5.00 pm)

31-60 fed with shrimp feed No.3 at 5% of body
weight per day (3 times)

61-100 fed with shrimp feed No.4S at 3% of body

weight per day (3 times)

20% of the water volume was

changed twice a week
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Table 2. General information, production, cost and benefit of Pacific white shrimp culture in ponds under

Klongwan models, crop year 2014-2016

Shrimp culture

ltems P-value
Klongwan model 1 Klongwan model 2
General information
Culture area (rai) 1 1 -
Density of shrimp (shrimps/m2) 62.5 62.5 -
Shrimp larva cost (THB/shrimp) 0.06 0.06 -
Seed cost (THB/Rai) 6,000 6,000 -
Shrimp feed cost (THB/kg) 42 42 -
Culture period (days) 100 90 -
Production
Yield (kg/rai) 627.6-1,164.3 (867.9 + 156.8) 530.6-975.9 (705.3 + 143.8) 0.051
Body weight (g) 8.5-15.7 (12.2 £ 2.3) 9.0-13.7 (10.5 £ 1.7) 0.123
Survival rate (%) 51.3-91.3 (71.7 £ 12.0) 42.8-83.0 (67.6 £ 13.80 0.529
Total feeding (kg) 1,223.6-1,456.0 (1,337.6 £ 81.0) 949.6-1,123.6 (1,036.2 + 60.7) 0.000*
FCR 1.05-2.32 (1.59 + 0.36) 1.04-2.01 (1.52 + 0.30) 0.667
ADG (g/day) 0.09-0.16 (0.12 £ 0.02) 0.10-0.15 (0.11 £ 0.01) 0.572
Cost (partial budget; seed and feed cost)
Total cost (THB/rai) 57,391-67,152 (62,181 + 3,402) 45,883-53,191 (49,521 + 2,550)  0.000*
Benefit
Sale price (THB/kg) 90-163 (127.2 £ 29.8) 100-152 (117.1 £ 20.4) 0.442
Total revenue (THB/rai) 70,335-186,288 (111,976 + 42,208) 67,150-141,506 (82,934 + 0.107
25,493)
Net cash return (THB/rai) 1,884-128,897 (50,795 + 44,508) 8,574-92,993 (33,412 + 25,841) 0.356

Note: 1 rai = 1,600 mz, an asterisk in the column of P-value denotes significantly different (P<0.05), n =8
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Table 3. Cost-benefit analysis of white shrimp culture in earthen ponds under Klongwan models

Shrimp culture

Items
Klongwan model 1 Klongwan model 2

Average cost per year (THB) 186,543 143,563
Average revenue per year (THB) 335,928 248,802
Average net cash return per year (THB) 149,385 100,239
Net present value (NPV) 839,086.2 539,645.6
Benefit cost ratio (BCR) 1.6 15
Internal rate of return (IRR) 79.8% 67.1%
Sensitivity analysis (switching value test, SVT)
1) 20% increased in cost

SVT, 30.9 21.8

SVT, 23.6 17.9
2) 20% decreased in benefit

SVT, 25.7 16.9

SVT, 20.4 14.5
3) Both 20% increased in cost and 20% decreased in benefit

SvT, 4.8 25

SVT 4.5 -2.6

B

Note: Both shrimp production at 3 crops per year
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Abstract: This study aims at investigating the chemical and physical properties of flour and starch from unripe
banana cultivar, Musa AA group ‘Kluai Khai’ (45 days after stabbing banana blossom) and sensory attributes of
flour and starch based Tong Muan products. Flour and starch from unripe bananas had a dry basis yield of
51.42% and 19.10% and amylose content of 31.45% and 38.98%, respectively. The chemical compositions of
unripe banana flour (UBF) (moisture, protein, lipid, ash and crude fiber contents) were higher than that of unripe
banana starch ( UBS) . The swelling power and the solubility of UBF and UBS increased by increasing
temperature. At temperatures above 75°C, the swelling power and the solubility of UBF were 11.38 g/g and
4.70% respectively, which were lower than that of UBS were 13.32 g/g and 5.45% respectively. The peak and
final viscosity of UBF (317 and 368 RVU, respectively) was lower than that of UBS ( 362 and 523 RVU,
respectively) and also the setback values of UBS (203 RVU) was higher than that of UBF (102 RVU). To utilise
the UBF and UBS, the Tong Muan flour mixtures were prepared by mixing rice flour and cassava starch at a
weight ratio of 50:50 (control), and the flour mixtures was substituted with the flour mixtures of UBF and UBS at
weight ratios of 50:50, 100:0 and 0:100. The result of sensory evaluation indicated that the Tong Muan products
made from the mixture of UBF and UBS at the ration of 0:100 had the highest acceptability with a score of 8.05
(9-point hedonic scale). The results showed that the colour values of Tong Muan products were lightness (L*) =
56.95, redness (a*) = 10.41 and yellowness (b*) = 19.94, respectively. The hardness values of Tong Muan
products made from the mixture flour between UBF and UBS had the highest hardness values (316.32 g force).
In addition, Tong Muan product of this recipe yielded higher crude fiber content (3.23 % dry basis), but lower
protein (0.34 % dry basis) and fat content (2.45 % dry basis) than that of the control (P<0.05). Therefore, it can
be concluded that the unripe banana flour and starch can be used as the ingredients in flour mixtures of Tong
Muan products.

Keywords: Kluai Khai, unripe banana flour, unripe banana starch, Tong Muan
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Figure 1. Images of flour (a) and starch (b) from unripe banana ‘Kluai Khai’
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Table 1. Chemical composition and colour parameters of unripe banana flour (UBF) and unripe banana

starch (UBS)

Unripe banana flour (UBF)

Unripe banana starch (UBS)

Components (% dry basis)

Moisture ™ 4.70+0.43 4.20+0.33
Ash 2.65°+0.18 0.30°+0.23
Protein 0.92°+0.03 0.61°+0.05
Lipid 0.05°+0.01 0.002°+0.001
Crude fiber 0.97°+0.03 0.14°+0.03
Carbohydrate ™ 90.28+0.43 97.84+0.35
Amylose 31.45°+0.14 38.98°+0.60
Colour parameters

L* 83.04°+0.26 94.50°+0.09
a* 1.35%+0.06 0.84°+0.00
b* 9.39°+0.06 3.97°+0.00
Whiteness index 80.56"+0.27 93.16°+0.07

Different letters in the same row mean significantly different (P<0.05)

"™ not significant different (P>0.05)

wreuguivwldindnuazuleiuddznaana
Bunuasiiladsaeay 25.073 uaz 21.255 (Imﬂifmﬁﬂ
L9) AINANAL (P<0.05) Wt Fuuesiilasi
LLmﬂﬁmﬁuﬁyuﬂgiﬁwmﬂﬂWﬂ \i atinegule e
Wug LL@zmqmiLﬁmﬁlm dusiu a1n9udde e
URng wazsede (2550) T1enuIuTadnaLEn (Hamann
stying) ulaiudleuas (wanandadudienas) J
Frunesilaasesaz 19.15 way 23.07 (Tmﬁﬁ”mﬁﬂ
WITN) ANNANAL ATUND LATATLY (2558) $1841131
Wansnane Ry (6-8 dUavinaaunsta) HiBuno
azNlagsasa 40 (‘Emm’imﬁml,ﬁq) douulandngla
vl Bannesd laaesswindiasay 24.7-37.5
(Tmﬂi‘i}mﬁﬂuﬁ\i) (Vatanasuchart et al., 2009)
é’nwmsgﬂéﬂwmlﬁmlﬂq
AaMNuan1Inaaadld Scanning electron
micrographs (SEM) Lﬁ@zﬁ'm@ﬁﬂwm:gﬂéwmuﬁm
wtla wudn fanasuazannssannnane AUl ansoe
sulirevannuans fe gLlirmsanas uazgu/lafiden
g9 W asinane (1A 2) Tdnwurafieiy
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Figure 2. Scanning electron micrographs of flour (a) and starch (b) from unripe banana ‘Kluai Khai’

(1000x, scale bar = 10 ym)
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Figure 3. Effect of temperature on swelling power (a) and solubility (b) of unripe banana flour (UBF),

unripe banana starch (UBS), rice flour (RF) and cassava starch (CS)
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Figure 4. RVA profiles of unripe banana flour (UBF), unripe banana starch

cassava starch (CS)
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Table 3. Colour and texture parameters of Tong Muan made from unripe banana flour (UBF) and unripe

banana starch (UBS)

Formulations Colour value Hardness ™ a,
L* a* "™ b* "™ (g force)
Control 59.92°+0.39 8.69+0.79 18.78+0.97 254.65+£34.18 0.31°+0.01
1 55.03%+2.42 9.25+0.51 16.86+£0.94 256.26+73.29 0.27°+0.01
2 52.32°+0.54 8.37+0.19 16.65+£0.47 332.27+19.02 0.25°+0.01
3 56.95°+1.16 10.41+1.14 19.94+1.14 316.32+11.64 0.32°+0.02

Different letters in the same column mean significantly different (P<0.05)

"™ not significant different (P>0.05)

Table 4. Sensory profile of Tong Muan made from unripe banana flour (UBF) and unripe banana starch

(UBS)
Formulations Appearance Colour Odour Crispiness Taste Overall
acceptance
Control 747%°1.20 7.43°41.09  7.63°+0.90  7.97°+0.73 7.78°+1.18  7.85°+0.80
1 7.20°41.23  6.98°+1.13  7.03°+1.44  7.75"+0.84  7.10°+1.37  7.33°+1.04
2 6.90°+1.35 6.8541.35  6.85°41.42  7.52°+1.11 6.70°+1.69  6.98°+1.36
3 7.82°£0.95 8.02°+0.75 7.78°+0.90 8.05°+0.93 6.98°+1.36 8.05°+0.72
Different letters in the same column mean significantly different (P<0.05)
Table 5. Chemical composition of Tong Muan products (% dry basis)
Formulations Moisture "™ Protein Crude fiber Ash™ Carbohydrate
Control 10.45+1.34 1.14°+0.05 5.51°£0.45 2.24°+0.16 0.44+0.13 80.22
3 7.8810.24 0.34°+0.05 2.45°+0.12 3.23°+£0.03 0.71£0.17 85.38

Different letters in the same column mean significantly different (P<0.05)

"™ not significant different (P>0.05)
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