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Efficacy of Lantana (Lantana camara L.) Extract on Induction of Off-seasonal Adult

Bamboo Borer (Omphisa fuscidentalis Hampson)
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Abstract: The bamboo borer is the larva of the moth Omphisa fuscidentalis Hampson. This insect undergoes
complete metamorphosis with four stages in its life cycle: egg, larva, pupa, and adult. The duration of the life
cycle of O. fuscidentalis is 1 year. The final (fifth) instar larvae are maintained in the larval diapause stage for 9
months, and adult females lay eggs once a year. However, application of the juvenile hormone analogue (JHA)
to the final (fifth) instar larvae induces pupation and consequently adulthood. Application of JHA to induce the
formation of non-seasonal adults has great potential, but not without environmental concern. Plant extracts can
be an alternative source of chemical hormones. The aims of this study were to evaluate the efficacy of Lantana
camara L. extract, which exhibits juvenoid activity, and to study the effects of this extract on the growth and
development of larval, pupal, and adult gonads. Main stems and branches of L. camara were extracted using a
reflux extraction method and acetone as a solvent. Three concentrations (0.01, 0.1, and 1 pug/ul) of the extracts
were prepared and directly applied to the final instar larvae. Pupation and changes in gonads at the different
stages of development (larva, pupa, and adult) were recorded. The results indicated that the extracts could
induce pupation at each dose tested and the percentage of pupation did not differ significantly among the
doses. The concentrations 0.01 and 0.1 pg/ul resulted in 95.85% and 98.81% pupation, respectively, while
treatment with 1.0 pg/ul of the extract resulted in 93.77% pupation within 38.93 + 0.73 days (P<0.05). In addition,
the application of 1 pg/pl of the extract did not affect the morphology of the testis and ovary compared with the
control. Extract treatment significantly reduced the number of sperm in the adult testis but did not significantly
affect the number of mature eggs compared with the control (P<0.05). There were no significant differences in
protein accumulation in the adult ovary in the different groups.

Keywords: Lantana camara, Omphisa fuscidentalis, extract
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Wusnud lidndnng aeiisneniudinisliiaesiuug

Auddupzindudu 0.5 lulasnsusalulnsanstiu

NUBUNT ::‘f(l; Spodoptera littoralis Boisduval L 8 &
S. frugiverda Smith M Hsavuad AN UAEIN9N
1In# 73U (E-Sheikh et al., 2016) UanaNUuaas iy
9 ludduAs g anan LIz LA URUTIRIUNAAY

v = = g v o~ a &
weii{uazinadle TnadseauinnisliaeiTungd lud
danmnzfdindu 1 unlunfusae 5 lulnsansiusa
NUAUIBIN LA D N (Bombyx mori Linnaeus) N1
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v @ a S ' . . .
FaRsYavuauLtiale (Omphisa fuscidentalis Hampson) WangANIA

FLETIA pRlagatiatas (izzetoglu et al., 2018) vt
wudinislitaeiluugdluddaumsziidiadu 6o
Lilnsniusielulasansiusaveuedd devueunsy]
(S. litura) v‘h‘lﬁLmﬁLﬁy@ﬁ'ﬁqmﬁLﬂjmmmemﬂﬁmfu
AadA9Y (Xu et al, 2015) NI AN FD TN U lud
dumAgnediduduy 0.02 aauluaudau (ppm) THny
BT IRIAIMUAUYDIE LA DN AR Y Plodia
interpunctella Hubner nlislaesEidanansAvaii
A nsazanTlsmuluidlianas (Ghasemi et al.,
2010) iiiesannaeshiugs uddaunmzituasianiadn
dudnusuariuasiessuudunugasgnin i
A13AUANNNTAI Y AL TRIBILNAY (insect growth
regulators) (Staal, 1975) wr a g 14lsAin1un1314
ga5luugd luddunsvilunisaouauunasenari i
Aagnsannslufauanden (Siddal, 1976) aeiinns
fierasaiaanfiafieangnsidsuunaesluy
3 Vinaunu Afivinan Vnewm Bud Seemiy
(Annona squamosa Linnaeus) NN1N984 (Lantana
camara Linnaeus) AN zan (Clerodendrum inerme
Linnaeus) A ¥ (Cassia fistula Linnaeus) & ¢ LA N
(Azadirachta indica A. Juss) @ 8 N §n (Calotropis
procera Ait.) §n (Tectona grandis Linnaeus) kaze{i
( Vitis vinifera Linnaeus) ( Deka and Singh, 2005;
Dwivedi and Garg, 2003; Khyade et al., 2012)

N5 AN TN ARNNHNINTBIN LA UD UL
wuaann Wisaruewian1raenATILRAUN AL A
RN LA AT LA AT09UN ATLAZATY
Fuduresansaia diengauansaiaainanInIe
soufudin e W uaunsf Ui euIei e
d194a19 (Corcyra cephalonica Stainton) W91 6 2
smpuddudnudliinndnung TuegfunBunnians
aFPTE uinueuenalEmemnnvueuAuiinTinax
d13anAANUNINTB lLTNNUL 1.5 nFuRAad19413 20
N5 (Morya et al., 2010) Tanuefinslignsaiaann
un1ngasdindy 1 daanfusaladansiumAgayl
£981¢ (Aedes aegypti Linnaeus) WALE4TIATY
(Culex quinquefasciatus Say) #1191 A 2881 9ATE
N84 1 5% (Kumar and Maneemegalai, 2008) N7

Warsanpannuninsadudu 0.05 nSusia 100
LadanT NUAEAUNINLASENY (Dysdercus koenigii
Fabricius) M MiFaaauaanATIURALNR A8 a1as
madnliansainANdndugendn 10 nfusie 100
Ladang (Kayesth and Gupta, 2018) UANANANTATA
AMNNNINTBIR AT UNNTaeNATILLEL N5 lHiansaris
AnEnINsasALLNA N sz uLALMugRaUNRfae
Fan s wIn nslansanmannuninseadingy 1.25
LAY 2.5 NTNFR 100 HARAMT NUNIULASHaN 1A
WademAdaaieldanadbenas 30 uaz 40 (Kayesth
et al., 2017) atinglsf manAsed asdunudnna sl
aaapmnunnsassatiie eisugadineyinlHid
Wusnudld Tnaldnanlunisaenasmudusnus
wAnFsRAuTIAN LR AN AR

iAseTA e st aanA B ULz
urvasHnNIasmE Al TuvLeE o liudaA nEua
ﬁf@ﬂ’]iLﬂﬁlﬂugﬂiN (metamorphosis) LaEHARATLLIL
z’%uﬁuﬁmmvﬁ 2 A unns A sannaInuNINTes
venldifuvueudie liudafuueudindnuéfianunsn
wieysieldiufafindoded anuany salaeszuy
duug enatimanisdnenitlidluguuancluns
memsmumﬂwqz@”ﬂwu@u@'fa"l,r:ju@ﬂq@m@‘lu
AUNAR

o aa
AUnsaluazIang

nsiesaNuuauLEiall

< T

Wusauanvuaudaledai 5 (VEFANE)
ANN59TNENR 8. U9 A @ eelud IheuNnsAN
WA, 2567 laeslunaaanaafinaunn 12x14x8
wiuFLNms N8 luAguAeNTTANEATgN TN TN T
wasluaninzAIuAN QoINgH 25 evraaiias 1
paan 24 G2l (Singtripop et al.,1999)

NSLATENFNTRNAKNINGDY
NUAaeE19NNINTasannyNassugmne
ALSTANE AN ALAYEINAUINNNTNEATLN L 9. 11D

a

a. e lvd TutnaRat §1anAN W.A. 2560 LaaNgnL
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S wazAaun (Knyade et al., 2012) &19M1A21N
avens faudluFoudn “ DUAUUTY LA liiaziBen afn
Faeddanmauuylnatiounay (reflux) Ineldezdinu
(acetone) [ ufN1aza18A1NITURY Khyade et al.
(2012) W'wmmnmmmu@m,ﬂmm 8 Fala a8 N
s TN A AN BN AR M LULILI
(rotary evaporator) AUAAN AL AN TTIULUNA LA
Snunansaraf FFuTigniugil 20 esrniaidus

NAFALNATRIRITAN AANKNINTRIAANSALLA
YagruauLeale

PNR1ATAALANEAITIRANIANA LT
(dilute series) Tuasa@ InuliilfAaudindy 0.01, 0.1
way 1 lulpsnsuselulnsang LasnaARIIANARN
wunaesagesueuiEialiifaa 5 lulasans anuau

¥ v o o O’j 1 v v

AN NTUAY 30 A A1uIU 3 d1Aam Nl N
WauiunguAILAN AEIuauEia AN T8
Singtripop et al. (1999) TuAnn1sane Suidindu
anud gunuAnus Juneandusafinde uaziunso
LANI IR

NARAUNATRIRITHNAAINKNNINTDIAADILIL
Aunugramuawdal
finmeduununeidielidu 2 ngu Aawal
LAZINALEE ATUINARE 50 Fia ANIBUR Singtripop
et al. (1999) nep@san AR NGw 1 TulasnFuse
Tulasans auuuananafagesruaudelifoas
5 131A9A M7 B EMANLAR TR Singtripop et al. (1999)
AR inFamuesums luau i uasarinuin

730 lusnusiens 40 Tu uaAANTEeE 39U
AMUIUTZLZAY 10 BTUNG AMFUAUANTE NINN9R99A
Hudnuiuegaanaeaunadluguiueda (seminal
vesicle) WATTAAINNENITBIBFA TudanuagnLi e
rnasprunAslEannsaueL SNl LasiLENseR
HengwindiumAgauauszazas 10 59l vinamaas
JusnuanldannsaetreieldffindeuasinEunn
Tlsruiazanlusslinuaazes Bradford (1976) ag
nsAnstenn e e nieufunguasuay

(control)

MEFIATIERLAYAN AR

tindayaf A sianuuanaamead i
faannsnsaaeuAINuulsUs9uR283F one-way
ANOVA LAEUIANNLANANNITMI19ngulne s
Tukey's range test (P<0.05)

NANISANBILAZAANTD

NAURIRISAN AANNUNINTAIADNITENUN LN UDY
e laNAnLA

Msliansant naNnHNINgasiUMLaLLE R L[ SE

% [ v v o vy v o v v

aafineiliidndusnusls Tneansainacndindy
0.1 lulasnFusielulasans inlidindludnusligega
Al uganay 98.81 + 1.19 789A9NABAINN A NT U
0.01 lulasnsumalulansans v k@i usnws 1@

Sa8ay 95.85 + 2.24 hazA N ndy 1 Wlasniuse

Tulmsans M lidndusnus ldsesay 93.77 + 4.51
(Table 1) Anudaasvueidie leiiduuuy obtect pupa

Table 1. Percentage of pupae and adults obtained from Omphisa fuscidentalis larvae in response to Lantana

camara extract within 60 days of treatment

Treatments Pupation (%)
Adults (%)
(ug/ul) Complete pupae Incomplete pupae
Control 100° 0° 100°
0.01 95.85 + 2.24° 415 +2.24° 34.13 +9.42°
0.1 98.81 + 1.19° 119 + 1.19° 38.78 £ 6.12°
1 93.77 + 4.51° 6.23 + 4.51° 37.20 + 6.09°

Means followed by the same letter in a column are not significantly different at P<0.05. (One way ANOVA followed by Tukey's range
test). The values are mean + SE of 3 replicates. In each replicate 30 larvae were used
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FavanTauuauLtiale (Omphisa fuscidentalis Hampson) UanqaNIA

ABTENIAIINNNE U 28N9ATN TN YR AZEHNRAL
a6 N5lasanimaNnNnINgeIni e aleidin
Wuanudls 2 wu Ae Anudnanysnl (complete
pupa) wazanuifldanysnl (incomplete pupa)
(Figure 1) TnaidnuAN ANy snINANHITILIL obtect
pupa (Figure 1b) &ruFuAnUATN Iany snlutilaiu
2 LU A9l LUUTA 1 ANBAASINNTNAFLAARNATIL
ineenliviug (Figure 1¢) WAZUULT 2 ANLARE1961T
andnlTaeeg 16 uisandaaessonuan udanuws sl
gunsaenAILAN A Anwdasianealusavuey
1 o O o dl al @ O o
wiRaanfean ez asuliduiueaniieansaaes
ANWA (Figure 1d) n13lii@a1san mannunINsasniu
dl 1 v o £ v o v v A o/
nuawiEe kg luueudndusnus i wieusu
nsliiaeiiuugd uddanseitiu enadlullfianans
ANARINUNINTRIN AN VT IR uULL ARSI
= s A Aad v o o -

i ludiizadiansiinaadesnunszuaunsaineaeiiuu
97 luda99una3 (Dwivedi and Garg, 2003; Kayesth
et al., 2017; Khyade et al., 2012; More et al., 2010)
= , P a v °

Fanawantienalinsyfusionlilsvausn@nnidaniia
WirenlmausnGnuasaeiinuenlalousanuiwin
TUfinasiaAafiAa189uaiRIEaR"Y | T89i9UUaU
i liinueuaanasuidusnui n1seengnizesans

(b)

s o

Figure 1.

fananaenndesemidaieuwtintues Singtripop
et al. (ZOOO)ﬁmﬂmuduﬁi@uﬂmmﬁuuﬁiuﬁ
Famsienlowiu (methoprene) Wsumuawel
Anliinuewdeliasnasuiusnud 1y wWesianas
nradaFunuaefluwen lalow v u-auflaasiuay
nauaanamuidusnuanudnaesiuuienlaloul
trnmugeiuilen Buufouiumewiti ¥usesiug
wanannifuualull 2008 Singtripop et al. l§n1ns
naaaslaenmengeiiuugd udiummewdeld
ansfusinfaendenTimausndneanainuueusa
aanaalidgnangliifuuuendnsda uanimaaeg
Wudwu@uﬁqﬁiﬁumaﬂqndmﬁi@uiﬂimmwﬂ?ﬂﬂ
grunrnaanAsudindusnud 18 suRdasanaaag
wansliiviudnaesuugd ludasnsaldnsefuliisen
WmeusndnudsaesluuenlnlsulFuazinllgnng
sanpoudlusnud i luiige venaniudedineay
ransafinanunnIesdansuneaiafidaBliusas
Wwrty I A W neadluia@n (linoleic acid) (Kayesth
and Gupta, 2018) i@ fauuauae Faanaide
(Creatonotus gangis Linnaeus) AUANMNTANANNIAG
TwaaniBunns 0.15 niu N lisavuawdniusnud
F5anaz 56.7 uAnsiniuNguAILANEtNHIANATY

()

Pupal formation in Omphisa fuscidentalis larvae induced by treatment with Lantana camara extract.

(a) Complete pupation in the control group. (b) Complete pupation in the experimental groups.

(c, d) Incomplete pupation in the experimental groups. (e) Adult from the control group. (f) Adult

from the treatment group
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(Mondal and Chakraborty, 2017) Tngiunasaziinnsna
Tuaan il uansfiafinlunisas1eane Weanelng
(lipid phosphatides) 9l Haman1saanAs1L
(Kantaratanakul, 1992) @4la s uad aila i u
asAtsznevreniuradiazaainiuadeu 7 Ine
WUINFINUAULALAN LA UBILN AT VN A LTI eI 1
(Ceratitis capitate Wiedemann) HU3u1uae9nsa
alumanuield%euay 3.1 s¥ud194n19880 AL
(Sousa et al,, 1971) AAUNNT A3 ARINKNINTEY
ﬁI = a a s 1 d‘ ]
T98n3ma e niduesAlsznauwiueuitialiena
WulllfdnanRlunn 198 nmesiawmad (epidermal
cells) 1aanuaLLE e N ANITULTAR A519019A 59
v o v v
wazdnusnus 16

NATRIRITHNANKNINTDIADNITLAS UUAZNNG
WAIUUDINUDULED LR
lﬂl 1o % v a

wuawile lidagaiinaldnailunisiasy
1333104 270 51 A udusnud winnsliiansanimnann
unnsasiuvuewEe livinliidanusuang duauay
v o vNY @ dy n’/’ dyd” o v v
W uanwd 615931 BatdutuAnudnduaesans
aim nnldansanmaandindu 0.01 w3ae 0.1
Tulasnsusalulnsans vuauldnanlunisdingy
sinud ldwmansn9ny (P<0.05) Tne 1 naieas 46.54
014 46.90 1 aqdindusnud winnlda1sainaas
v v o 1 a v o %
Windu 1 lulasnsusielulansans vuauazdndusnug
1Hnnelu 38.93 + 0.73 U (Table 2) A nFung s

M v v v v A o
pouANulidnsdndusnui lussazinaiiianig

P ' = o ' o
NAaed WeLHaaesallan 90 S1 wuduuewdngu
anudlélugovmaniunnwusnufiniasgyeslunssuen

|
v a

B leilutlassami snudfifsduannmsintinlaeans
ann Hang ldupnsineiunguaturnat el s Aty
9aliA (P<0.05) An Hang 45 41 Aseanilusasinde
fainseflAatuannynacudindiuresansariadlent
Eﬁ%&ﬂ'ﬁﬂﬂdNﬂ%U@N@ﬂNﬁﬁmﬁﬁﬁﬂg TneansarinAa
dindin 001 IlasnFusalulansdng dowindaieny
3.50 + 0.22 31 panadindiu 0.1 TulasnFusalulasdms
Fafinduieny 3.80 £ 0.25 4w uazAudindu 1
TulasnFusielulnsdng Aaindadian 4.10 + 0.28 Ju
Tuanizfisaiudtlungueauauiiant 6.30 + 021 5u
(Table 2) u@ﬂmﬂﬁQLﬁuﬁﬂﬁmqa:mLﬁqﬂﬂ&nm&Tmﬁu
FefidnunusAndnfideneudeuunguaua Tne
WudEesaz 70 vessainsefife indu Uaedn
Ta T ainnasud (Figure 1f) n1sl¥iansarinann
mmmmﬁwu@wﬁ@iﬁLLﬁqﬁﬂﬁrﬁTfJLﬁMﬂﬁﬁqu{u
araiflunntasansiieanyideuuLLaeiTuug - lus
wbaansiReadastunssuauneaseae g Tiug
PRUNAIA IR Elue =N (S. litura) 31NN3
ELﬁafaﬁuu@ﬁ"Luﬁzﬁ“\iLm%ﬁﬁw’ﬁu 100 lulasnFusia
Tulnsansunsafinsefiieaenasy (newly emerged
adutt) m‘lm"qLﬁmﬂummummwumqmmmﬂ
mnnqumuau (Xu et al., 2015) mi‘wmmn A_N
nnnsadluRnarnlffaduseremuenie i ting
wry W uAdnindnd anadulylfidnansainann
HNN2ReNANTUNeTHn WU nsadaladn wazlimnfiug
(Vitamin E) (Kayesth and Gupta, 2018) 1w u i
s1891ud i efagaunenulaw A mesisidlon
(Ephestia kuehniella Zeller) ﬁummiﬁﬁmummm
neadluedn uazloadudiBuin 05 Jadaniusie

Table 2. Effect of Lantana camara extract on the developmental period of Omphisa fuscidentalis

Treatment Life cycle (days)
(ug/ul) Larval period Pupal period Adult period
Control 270° 45° 6.30 £0.21°
0.01 46.54 +0.79° 44,00 +1.27° 350 +0.22°
0.1 46.90 +0.77° 4364 +1.28° 3.80 £ 0.25°
1 38.93+0.73° 4521 151 410+0.28

Means followed by the same letter in a column are not significantly different at P<0.05. (One way ANOVA followed by Tukey's range

test). The values are mean + SE of 3 replicates. In each replicate 30 larvae were used.
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819119 1 NN FadindaayidnfiiaUng (Fraenkel and
Blewett, 1946) Wana nuNLUI1N13 M 21119598
AvuHANIRNIRA TWAaNUENINL 5 HaANTuFaaY1e
1 nfufugewsinuanluana Schistocerca M AY
WrdeNdnlaUnAsesas 86 (Dadd, 1960) WBNANN
a19714 2 1At AN UzaasTinuda feilaneeuin
nsliigailuugd luddamsziamnsdudanisasny
wetjutnlilnennsliaesTuugd uddamaiidadu
1 ulnandu Ausauuendaqavinaaesiide buckeye
Azl ndnidnuazeuds
e v I‘ﬁgl o v ¥ X dl A
nsasadutln wiauiuandinduaesaaiiuunli
1 ¥ v 4 b o I v U
wi B liponidindiv 0.001 Tulasniu sisetieandias
Tfiuarunisstyaestlutin (Miner et al., 2000)

(Precis coenia Hubner)

NRURIANTAN AATNHNINFRIAanN1Tl aaunlag
URID N
He9a1nn13 a8 AANNNNINTBIAIN
¥ v o a o 4' | o o
Wndu 1 lulasnsuselulasansiunuewtialinali
v o v Y @ dl =& o o’
wuaudndusnuslfiFongnasingansainain
v v dg/ £ d‘ ] v oa
unnsaPnKdndui U1 meuiEe udaRaniunng
wWasuulasresedunsAunugig 2 maludonueu
ANLALATFHNANTE IALNUINIDUNTIDIFINUDYU
FNWA wasAsNdaianeaizAsuan i uanmA19ann

Larva

Control

Treatment

NANAILAN (Figure 2) ANNNTDAT UL AN U TUDY
SoumeAnUE T Faveniisnme 1 A (Figure 2a, d
mmﬂmwmmmﬂ@mmm (abdominal segment) ‘Vl 5
Lu@mwuﬂumamLﬂummmwmmmﬁmvm 24U
saufuilufiaunan &waas 1 fiau (Figure 2b, e)
mmumm@m%@mﬂ@mwmw 5-6 FNALINIUNAT
finsaeuulaessumsmileweuidie s 1y
YUAUNBR 8 (Diatraca saccharalis Fabricius) (Bilha
et al., 2012) nuaugaulun 1w (Leucoptera coffeella
Guérin-Méneville) (Alves et al., 2006) & 1@ il <
(Galleria mellonella Linnaeus) (Polanska, 2005) LLa ¥
ﬁﬁyfaiummu (Manduca sexta Linnaeus) (Reinecke
et al., 1983) Lﬂumu mmuammvmmmmmﬂm
SnenEnauNiuLA R Ee (Figure 2c, ) e
TAANNNANLAZIAAINENITBA TN U NNIT
winyreauawd el i FuansatauaznguenLA
WY é”mmﬁm’mn%qqLﬁﬁammmilﬁaglﬁuimm
HAnueanas (Figure 3) Srunzaesuueulungu
pauAnipnEstiesTign usmzIasinuR LAy
AalAndai auningliuanssiueeeldad Aty
NNATR (P<0.05) éﬁﬂ%ﬂﬁmm:mmﬂ@iuﬁiﬁumi
afip wudn dnumzaessaiuauil Anungneiaanda
funzrasanuiuaziafudaadal dad Aty

Pupa Adult

Figure 2. Morphological changes in the testis of Omphisa fuscidentalis at different stages of development in

the control (a-c) and treatment (d-f) groups. Large and small arrows indicate the testes and

seminal vesicles, respectively
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WA UMERIAANT BN ANNA TR NIN B U TR
AnuAeaenalladnAty (P<0.05) dleuRBuuieanany
n’dwnmﬁmmmmn@mmmmLmzﬂ@:uﬁ%%mmﬁm
WUV UNLUVBIF INUBULATA WA T A NNE9ld
WANFANAY WS NIRRT BN AINNAUANFNG
mnn@immuqujwﬁﬁmﬁﬁﬁm (P<0.05) daumany
g1nres ine lduansneiu mm?‘ayumé”mmzﬁ
zﬁ”uﬁuﬁ“ﬁuaﬁ:ﬂxmm?éty?:wuimum@uﬁtﬁ”@ﬂmqﬁu
NALTUA WU nuaUnades (D. saccharalis) (Bilha
et al., 2012) ua ¥i Layfablm;l’]zgu (M. sexta) (Reinecke
et al., 1983)

(b)

Tewtin width (mm)

Larve My Abas

Stage of devebapaent

(d)

Tusthe witeh (mem)

Lava Pam Adat

Seage o develeprmens

Tinths hempth (i)

Testls bengeh (mum)

'
o

WHarlawIueqaTesafindaniinaInans

'
¥ 1

anANLId[UI 72.00 + 6.82 A3 Tetiaandngu
AILAN (P<0.05) (Table 3) uanaliiwiudnansainain
a J ° a d“l Y o o

unnsasinasiaaunega deanalulllfdnasain
ANENINges Il ugIN194519043 Hevainansanin
AINUNINIEINANINeangBIREuLLLEe T W lud

A al' al' 2 o v I'X a &
Wraansinandasiunszuaunsaseaasiuug lug
2RIHN AN (Dwivedi and Garg, 2003; Kayesth et al.,
2017; Khyade et al., 2012; More et al., 2010) a4 i@
wilaunsliigeiluugd luddunmsilagliduase
NITUIUNIIATINBEA (spermatogenesis) TINUIN

w0
S & D Control
. Trestment

Mape of devebaprment

Staggy of develigmest

Figure 3. Effect of Lantana camara extracts on the size of testes at different stages of development. (a, b)

Testes width and length in the control group. (c, d) Testes width and length in the extract-treated

group. Width and length represent an average of 10 testes in each stage. Means with the same

letter are not significantly different (P<0.05)

Table 3. Number of eggs and sperms in Omphisa fuscidentalis adults

Male Female
Number of Length Number of Number of Protein accumulation
sperm mature eggs immature eggs (mg/ml)
Control 129.60+8.12°  126+0.01° 296.20 + 4.28" 164.80 + 6.66° 38.42 £ 0.97°
Treatment 72.00 + 6.82° 125+0.02° 288.60 + 2.54° 137.60 +7.13° 37.19 + 0.60°

Means followed by the same letter in a column are not significantly different at P<0.05. (One way ANOVA). The values are mean+SE

of 5 replicates. In each replicate 5 adults were used
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Savandanuautiald (Omphisa fuscidentalis Hampson) uangaNIa

nsanaefluugl uddauamziidndu 0.1 lulasniusie

Faaans Winuanluuden 5 aznildduncimas

aldafuniin (spermatids) Laziaagaailaiulindga
(spermatozoa) AARNUIUAIZRLAY 3 WANAINTEINA
Wdunelimad insus awlesuninlas (primary
spermatocyte) anassatas 17 (Kajiura et al., 1993)
Faadiia 3 slathifumadAinUlunsyUaUNaENs
LR mivmmemzimiuam‘ﬂuu@qiu@mLmﬁxml,mu
AR AN HAN AN ANAINATINA TUIDAANAZYNAT
va o v % a :/’ = 1
aanun A uautieanudion ansialiseeundnnig
ligeiuuadluddunseiidindu 1 urlunfusae 5
TuTasans Auuauluw (B. mon) Jugadinauia
Aannunisidasundasreatasnialudunefoe
mAlAn1sAuiaEiadnen (histology) wuannasli
ge3luuqgd lusdunmsinnlimsdanladunnindas
(spermatogonium) e M erua Ui I 1 UIUTIeLA
A 9 v v | e P - -
uazadndusnuinudnaunsiiaaalaiuninin
~ . & | = g -
LUgl (spermatogonia) ma@@aﬂmnﬁuﬁmmﬂuﬂm
srazgafinuneaunazilasusolueganasoyiug
(mature sperm) waR LA i nd1aaiTuuqdlud
Funrefldinarenndswaasaidafunnlnidly
Tiasoysiallifluegdls Anuiuegaasitiesniuly
fngl (izzetoBlu et al., 2018)
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lainag Indnuvienlaidiuding (lateral oviduct) lwlan
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[~3 o o 1 v A o o v 1 |AdI a
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WWIYLANT (mature eggs) IaelafaneuzAauding
wuu Awdesdy FevfeuiuegiBnidiufiues
naamNAn 1 uazviatin li@1uding (Figure 4c, f) Watin
Faldvaeiven ANuA LasFfndeNiinanansaria
WATNENAGLANNITATLIA WL FanuauiiFldawns

Pupa Adult

Figure 4. Morphological changes in the ovaries of Omphisa fuscidentalis at different stages of development

in the control (a-c) and treatment (d-f) groups. Large arrows, asterisks, and small arrows indicate

ovaries, ovarioles, and lateral oviducts, respectively



AN9419N1=AT 36(1): 1 - 13 (2563)

AnfiqaulenBeudleuiuivnesinuitesaiade
v%qluﬂ@:mmu@uLLmn@:ummm@m (Figure 5) Ini3s
ldpassanvanuazanud JAuniiaazAINeng
LLmﬁmmjwﬁﬁmﬁf]ﬁzyﬁm@:umu@u (P<0.05) WHl
nuinFafinfeRfdliaunndundnle flafungs
ALAA (Figure 5)

Fleduduaula o finfiuasla il
W lusausinde wudn fafindeiinnanasaringld
oy iuAnseTUnguAILAN WinALE S AL
193y sl uiitieandnedeilfudn Ay (P<0.05)
(Table 3) ‘EmﬂﬁfaLﬁmiﬂﬁéﬂuqﬂm@?ﬁyﬁuﬁ 137.60 +
7.13 viee Waniidauinderesnguatunuilltieiey
T 16480 + 6.66 Wae Bnwanudnieldd tusiiy
azanlluansn9i TnenmadaiBunnldsnulugld
2R9NGHAILANLA 38.42 + 0.97 HAANTuFaNaAANT
TuanusAinuisiulusdlianngunaaasdion 37.19 +
0.60 HaanFusiaNadans (Table 3)
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100 -
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a e o A \ - a -
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gafluuiArupunisaiellsiulomalaaii
(vitellogenin) TailuldsAussfudmiunisinluasna
Tdsauldung (yolk) WaTNANA (hemolymph) N33
o a T v v v 1% '
gailuuqdluddunmeiidndn 10 lulasniuse
luTasansniuii@eunenanzdndnaing (Helicoverpa
zea Boddie) Ineiilatliae i susesuulusuusniiasn
AMNATIL NUINENNTLARsRaNYaE L apovitellogenins
(ApoVg-) nnnnanfided ladliFuaesiuu unduiazi
Aﬂl = d’l Yo %

nsuansaanggaieiiae i fuaeiiuulludouu 2
444 (Satyanarayana et al., 1992) n1sH3unaulysin
1R luETNANgeR i WianansntinTusAusiinitll
Vas19lsmuldunaldunnau nsaseldaadullls
AadAnas (Polygonia c-aureum Linnaeus) Neanain
o % % o 1 o < o dl Yo % v 4
ANLALED 2 Tu nudFAnden 1B Fugesluudindu
50 TulmsnFusialulasans 1l luseldsaus 5 Sunas
IAfuaesluy uazuasanliFuaasluw 10 Ju AR
Bandaadineudnnisliiaeiuugdluddunsed

¥
o =

Windu 5 waz 50 ulasnsusalulansans Audi@etlnin

%00 D Control
- . . Treatment

e Mga A

Stage of fesebapannt

Lara Paza Adub

Staze of des rhag et

Figure 5. Effect of Lantana camara extract on the size of the ovary at different stages of development.

(a, b) Ovarian width and length in the control group. (¢, d) Ovarian width and length in the

extract-treated group. Width and length represent an average of 10 ovaries in each stage.

Means with the same letter are not significantly different (P<0.05)

10



UssANBNNARIRNTANAANNKNINGRY (Lantana camara L.) Aan1sEninluiia

Savandauuautiald (Omphisa fuscidentalis Hampson) uanganIa
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Al 8nsa%s19la (Hiroyoshi et al., 2017) Tu
sz aiunud s liiaesluuqd luddanseinu
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sonndesT LG T A AN TaR PR NN IR
il 4 uanldas wananniinasliiansadnann
NNNTRIALINIWLANENE (D. koenigi) TaaIN191IWAR
fhequluansanndindubenas 1.2 waz 2.5 udainly
Wuouunsfnesed 5 Aunudn Aadudemaded
Snuulafinnatiasng (Kayesth et al., 2017) usinggls
Amunslifansanalilgvinlfmdadenuewt ol
unuldsiuazanlufdlddesaaunlaudunis
T aesluugdluddunszd fuddenaniy
(P. Interpunctelia) Wil efadaufue gy
gailuugd luddunseiidindu 0.02,0.04,0.08,0.16
uaz 0.3 danlududau nnliAfndeiBunnullsmu
azanluislitenaslneiueguaaudinduses
705l (Ghasemi et al,, 2010)

G
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45 FuAseenidlusafi e usaiens dadunin
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Potential of Entomopathogenic Fungi Isolated from Soils in Uttaradit Province for
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Abstract: Diamondback moth, Plutella xylostella L. (Lepidoptera: Plutellidae), is a serious pest of cruciferae
worldwide. Therefore, this study aims to find and screen the effectively entomopathogenic fungi to control
diamondback moth from forest soil in Uttaradit province. The total of 36 soil samples from five districts was
collected and brought back to the laboratory. Metarhizium anisopliae at the amount of 28 isolates was identified
and coded the numbers and their sources. The efficacy of those was determined by dipping the 3" instar larva
of diamondback moth in each spore suspension of fungal isolate at the concentration of 10° conidia/ml. The
experiment was based on a completely randomized design (CRD) with 3 replications. The result showed that
four isolates of M. anisopliae; U-NM02, U-LM01, U-PM0O1 and U-NMO05; were high efficacy to control
diamondback moth larva with 100% mortality in 4 days after dipping and LT,, were 1.80, 2.08, 2.12 and 2.23
days, respectively.

Keywords: Metarhizium anisopliae, diamondback moth, control
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unAnta: uuallain Plutelia xylostella L. (Lepidoptera: Plutellidae) Lﬂmmmﬁmﬁﬁﬁﬁmme%wmmtﬁwm
Wiuriednlussdnzuavialan sl,umiﬁm:mﬂ%ﬂﬁﬁqﬁf?ﬁlqﬂimﬁ eAuuazAR Lﬁ@ﬂL%”@'a"]mw!ri@‘imiuuumﬁ
ﬁﬂa‘xaw%mwiumamuﬂwuau’lﬂﬁﬂ@’]ﬂﬁuﬂﬂuﬁqw‘fqum?\mﬁ%I\i”l.ﬁﬁ’mfmﬁuﬁ%m"mauﬁmu 36 singting
AN 5 81118 WLIA 837 Metarhizium anisopliae 4119t 28 lalmian Finnsusndnunse uazldmialuusiasletnan
ageLUszAvEa s denusaslelman ‘Emﬂfiwu@ulﬂﬁﬂf’fﬁﬁ 3 aelumnsuanuaesaLesidaniinudaiu
10° Tl usialadans unun1maaeuuLuuguanysal (CRD) 414U 3 1 Han1sANEINLINT a9
M. anisopliae a1 4 lalgian Aa U-NM02, U-LMO1, U-PM01 uaz U-NMO5 vin liviuanladnmaneesas 100 Tu
i 4 waINIqNInedAn LT, winiu 1.80, 2.08, 2.12 Uz 2.23 $1 mNAAL

AMRNATY: Metarhizium anisopliae vuaulain AILIAN

AN TuTaqiiudnisdadinnisannisliansiail

2 UHARENNT LI NUAZIUETNNT A AW

vuauledn (Plutella xylostella L.) Lﬂmmmm nanEAMALMLEE1seLies e Metarhizium
dnfryresiimaednzuaniolan Madisdunesiifing  anisopliae ilunilelu L%”’ﬂ"’g Swniddfdanlilunis

1lgniin Aliiuaeinnessun s Latinemn G uas ALANULNAIAIETHA Nguyen and Vo (2007) kay
TULTININ Aa N AANEaUNTaB 1N LAY Dong et al. (2016) linn1maaeulss@nsninaes

Annnaasinifieniniilnauazdsean nsaauau 1831 M. anisopliae Twnadininanevenlednnuan
fenlianssinuuaaiuvan uinisldanmiuaedne @andnaaaunmadninanameulednldedned
sariauiulszdndnarialHunasdansiunuse sz@nsnn my\‘iu”mymwumummwmwuimm”lﬂ LL@WN
anTsiuAazAINTaiEneARNE LT Tasumsunylelnan I Muduetnaneiies
N9 ugnasngqnuanuls (Chawanapong et al, Lacey et al. (2015) Wmeaumsiunuidenluang
2002; Furlong et al., 2013; Rowell et al., 2005; Shen N 1 m@wummmn@ Metarhizium Mmmjum !
et al., 2017; Sripontan, 2016) Tudszwmealnalil  weWinili seawmside uazanigewisng Fanefinimn
nsAneuaTesEsEuNasdatuvueulednly @emaialel l fifhlar@vanmluniadivinasuas
fufidmdann Wenylan syl grasmg uay mmmmimimﬂmmmﬂmmﬁmnmu Lﬂmmuﬂwu
uAIA9IA tneddwdndaslud wazuunisiduunas AT AN TR AR m@mmmnuumu
Waniflay wud anssiuuasiuasievueulodn  UszmAnaziidanugauauugaldeudineun
wansnglupuusauRan A (Thongcharoen et al., (Department of Mineral Resources, 2008) 48AA&8
2009) uaNATNT Shelton ef al. (1993) Weeudn  funamsdanresdeqawid sanidenielsai
mselednunanguipnudunusedeuuafies  unaq ednelsfinim nisdrmakumid esnelsaiy
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Table 1. Locations, number of isolates and isolate codes of Metarhizium anisopliae found from forest soil

collected from Uttaradit province

) Geographic coordinate Number of
Location . Isolate code
N E isolates

Fak Tha district 17°52'03.70” 100°47'20.90” - -

Song Hong subdistrict 17°52'03.50” 100°47'20.30" - -
17°52'03.00” 100°47'28.20" - -

Ban Siao subdistrict 17°55'26.78” 100°48'58.55" - -
17°55'27.53" 100°48'58.06" - -
17°55'28.75” 100°48'56.90” - -

Laplae district 17°37'43.10” 100°02'17.64” - -

Chai Chumphon subdistrict 17°36'44.45” 100°02'28.19” - -
17°36'17.64" 100°02'40.89” - -

Mae Phun subdistrict 17°43'47.65" 99°58'37.98” - -
17°43'47.27" 99°58'38.45” - -
17°58'45.72" 99°58'39.81” 1 U-LMO1

Nam Pat district 17°36'12.92” 100°31'16.76" 3 U-NMO01 - 03

Nam Khrai subdistrict 17°36'12.99” 100°31'16.28”" - -
17°36'12.56" 100°31'16.22" 2 U-NMO04 - 05
17°37°31.08” 100°32'26.84" - -
17°37'31.41” 100°32'26.48” 1 U-NMO06
17°37°30.94” 100°32'26.68”" 3 U-NMO7 - 09

Den Lek subdistrict 17°49'08.00” 100°45'47.60" 1 U-NM10
17°49°00.80” 100°45'47.16” 3 U-NM11-13
17°49'07.60” 100°45'47.90” 2 U-NM14 - 15

Phichai district 17°14'25.25” 100°01'16.30” - -

Tha Mafueang subdistrict 17°14'26.84" 100.01"12.55” - -
17°14'26.53” 100°01'13.34” 1 U-PMO1
17°12'55.79” 100°2'48.80” 5 U-PMO2 - 06
17°12'564.42” 100°2'51.36” 2 U-PMO7 - 08
17°12'48.81” 100°2'51.46” 1 U-PM09

Na Yang subdistrict 17°16'02.30" 100°11.56.29” - -
17°16'02.28” 100°11'57.16” - -
17°16'01.85" 100°11'57.78” - -

Tha Pla district 17°44'18.50” 100°26'31.32” - -

Pha Lueat subdistrict 17°44'18.22" 100.26'31.43" 1 U-TMO1
17°44'17.90” 100°26'30.57” - -
17°43'16.51” 100°22'40.65" - -
17°43'17.01” 100°22'38.16”" 2 U-TMO2 - 03
17°43'16.92” 100°22'38.57" - -

Remarks: F = Fak Tha, L = Laplae, M = M. anisopliae, N = Nam Pat, P = Phichai, T = Tha Pla, U = Uttaradit
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Table 2. Average of mortality percentage and LT, of 3™ instar larva of diamondback moth after

contacting 28 isolates of Metarhizium anisopliae at concentration of 10° conidia/ml

solat Mortality percentage of 3" instar larva' LT,, within
Solate
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 4 days

U-LMO1 16.67"  36.67% 70% 100° 100° 100° 2.08
U-NMO1 13.33%°  26.67°  53.33°  73.33" 80° 100° 2.63
U-NM02 20° 46.67° 80° 100° 100° 100° 1.80
U-NMO03 6.67" 13.33° 36.67° 56.67° 80° 100° 3.45
U-NMO04 6.67" 23.33% 36.67° 56.67° 80° 100° 3.12
U-NMO5 10°%° 36.67% 80° 100° 100° 100° 2.23
U-NMO6 3.33° 13.33° 40° 66.67°  86.67™ 100° 2.70
U-NMO7 6.67™ 26.67" 40° 66.67°  86.67™ 100° 2.99
U-NMO8 16.67"  26.67  53.33" 76.67° 90*° 100° 2.58
U-NM09 13.33%°  23.33" 43.33° 66.67°  86.67™ 100° 2.74
U-NM10 10°%° 23.33" 46.67° 73.33%°  86.67™ 100° 2.40
U-NM11 13.33%°  23.33" 43.33° 66.67°  83.33% 100° 2.62
U-NM12 13.33%°  23.33" 46.67° 66.67°  83.33% 100° 2.49
U-NM13 13.33%° 2333 5333 70*° 86.67" 100° 257
U-NM14 13.33%°  26.67" 50° 66.67°  83.33% 100° 243
U-NM15 3.33° 16.67° 43.33° 70" 86.67"° 100° 2.47
U-PMO1 16.67"°  36.67™ 73.33° 100° 100° 100° 2.12
U-PM02 3.33° 13.33° 36.67° 63.33" 90™° 100° 2.64
U-PM03 6.67 20" 46.67° 70%° 83.33" 100° 2.61
U-PM04 6.67%° 26.67%° 46.67° 73.33%°  93.33% 100° 248
U-PM05 3.33° 36.67%° 40° 66.67°  83.33% 100° 2.42
U-PM06 10°%° 26.67°  53.33°  66.67°  83.33" 100° 2.48
U-PMO7 6.67 26.67" 43.33° 70*° 83.33" 100° 2.65
U-PM08 6.67" 16.67° 40° 63.33% 80° 100° 2.48
U-PM09 6.67 30™ 46.67° 66.67°  83.33% 100° 2.59
U-TMO1 6.67 23.33" 40° 60 80° 100° 3.08
U-TM02 16.67% 20" 43.33° 63.33°  83.33™ 100° 2.66
U-TM03 13.33%°  26.67°  53.33°  73.33" 90°*° 100° 2.44

"Means within the same column followed by different letters showed significant difference between treatments by DMRT (P<0.05)
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Farmer Participation in Implementation of Metarhizium anisopliae NU 048 to
Control Brown Planthopper in Irrigated Rice Field: Case Study of Rang Nok

Subdistrict, Sam Nagm District, Pichit Province
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Abstract: The purpose of this research was to study on the implement of Metarhizium anisopliae NU 048 to
control brown planthopper in irrigated rice field and transferred to farmers at Rang Nok subdistrict, Sam Ngam
district, Phichit province using training program integrated with demonstration trials. The result reveled that
farmers grained more knowledge and understanding on the use of M. anisopliae (NU 048) to control brown
planthopper including the monitoring insect pests and natural enemies, the use of natural enemies in rice paddy
field, mass culture of NU 048, and cost-profit analysis of using natural enemies to control brown planthpper
comparing to insecticides. The satisfactory of farmer on the use of NU 048 to control brown planthopper was

significantly depended on education, areas used to apply microorganisms to control pests, and age of farmers.

Keywords: Metarhizium anisopliae, technology transfer, demonstration field, brown planthopper
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Figure 2. Spider chart presents the preferable score of farmers on 6 technology transfer methods to

introduce the use of Metarhizium anisopliae NU 048 to control brown planthopper
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Figure 3. Spider chart presents the preferable score of farmers on 7 topics of the process to use

Metarhizium anisopliae NU 048 to control brown planthopper

Figure 4. Spider chart presents the preferable score of farmers on 5 topics of the satisfactory on the

control result after using Metarhizium anisopliae NU 048 to control brown planthopper
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Table 1. The average score of evaluation result on the knowledge of farmers before and after training

program
Knowledge
Content Before After
training training
1 Know the BPH and the symptom on rice damaged by BPH? 1 1
2 Know natural enemies?
2.1 Know the predators: lady beetles, mirid bugs? 0.275 1
2.2 Know the parasitoids: egg parasitoids and larval parasitoids? 0.05 1
2.3 Know the antagonistic microorganisms: Metarhizium spp., Beauveria spp. and 06 1

Trichoderma spp.?

3 Survey the amount and species of insect in field?
3.1 Survey by sweep net? 0.175 0.325
3.2 Survey by check directly from the rice tillage? 0.725 0.975

4 Can identify the species of rice pests and natural enemies? 0.175 1

5 Know the economic threshold level of BPH? 0.1 1

6 Know how to use the entomopathogenic fungi? 0.55 1

7 Know how to prepare haft cooking rice media for mass culture of M. anisopliae NU 0.275 1

0487
8 Know how to prepare the mass culture of M. anisopliae NU 048 from the 0.15 1

concentrated M. anisopliae NU 048 and half cooking rice?

9 Know the application rate of fresh M. anisopliae NU 048 to control BPH? 0.575 1

10 Know the M. anisopliae NU 048 can be used to control rice hoppers? 0.85 1

11 M. anisopliae NU 048 can be mixed with insecticides when applied on the field? 0.525 1

12 Concentrated M. anisopliae NU 048 can be stored in the refrigerator for 1 year? 0.15 1

13 Fresh M. anisopliae NU 048 in half cooking rice can be stored in the refrigerator for 0.1 1
1 month?

14 Incubation period for complete growth of M. anisopliae NU 048 in half cooking rice 03 1

till ready to use to control BPH is 7 days

15 M. anisopliae NU 048 can be applied on the rice at the seedling stage until 0.325 1
flowering stage or every 7 days to control brown planthopper?

16 The appropriate application time of M. anisopliae NU 048 is in the morning or 0.975 1

evening?
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Abstract: Ten well-known varieties of cassava; (Rayong 5, 7, 9, 11, 13, 72 and 90, KU 50, Huay Bong 60 and 80)
were tested on root-knot nematode Meloidogyne incognita ( RKN) infection in greenhouse condition. The
cassava plant was grown in the pot (& 15 cm), until 21 days after planting, the nematode egg suspension (3,000
eggs) was infested in the pot per plant. After 45 days of inoculation, the quantitative nematode parameters
(number of gall/root system, number of eggs/g root, and number of female adults/g root) and also growth
parameters, (shoot height, shoot and root fresh weight and root fresh weight) , were evaluated. The result
showed that Rayong 9 was the most susceptible variety to RKN. For the efficiency of 4 commercial products of
antagonistic fungi (Beauveria bassiana, Paecilomyces lilacinus, Metarhizium anisopliae and Trichoderma
harzianum) on control RKN of cassava variety Rayong 9 was investigated under greenhouse condition in
comparison to using nematicide ( carbosulfan) and control 1 (no use of the products or nematicide and
inoculation with RKN egg suspension) and untreated cassava ( control 2) . The commercial products were
applied using recommendation rates to the cassava plants in pots. After 7, 5, 3 and 0 days of fungal application,
the RKN egg suspension was inoculated in the soil. The experiments were carried out in a greenhouse
comprised 19 treatments, 4 replications in CRD. After 45 days of RKN inoculation, cassava plants were
determined and evaluated on RKN and growth parameters. The result of the experiment (March 16" - May 1%,2018)
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demonstrated that the 4 antagonistic products and carbosulfan were (P<0.05) effective on control RKN showing
60.35 - 276.80 egg masses/root system with gall reduction of 60.28 - 91.34% and better than control treatment
(696.96 egg masses), even though on the application of 7, 5, 3 or 0 day before RKN inoculation. Especially,
using T. harzianum at 7 days before RKN inoculation, gave rise to the lowest number of RKN parameters,

compared to other treatments treated with RKN and showing the most reduction of gall 91.34%.

Keywords: Commercial product, antagonistic fungi, control, root-knot nematode, Meloidogyne incognita,

cassava variety
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Number of galls/root system, number of eggs/g root, number of female adults/g root, shoot height,

shoot and root fresh weight and root fresh weight of different cassava varieties inoculated with root-

knot nematode Meloidogyne incognita

Cassava Galls/root system Eggs/g root Female adults/g root Shoot height (cm) Shoot and root fresh weight (g) Root fresh weight (g)

varieties Control  Inoculation  Control  Inoculation ~ Control  Inoculation Control Inoculation Control Inoculation Control Inoculation
Rayong 5 od 159.67 ab od 34.88a od 82.66a 50.33a 38.67 bed 126.60a 80.10 cde 749 bed 6.92 bed
Rayong 7 od 91.33bc od 1321¢c od 60.66abc  39.83 bed 32.5def 9930 ab 40.80h 7.21 bed 7.33 bed
Rayong 9 od 168.33a od 26.57 ab od 83.00a 4867 a 4523 ab 67.70 def 83.20 bede 6.55 bed 711 bed
Rayong 11 od 117.00abc  0d 15.72bc od 5400abc 5067 a 45.00 abc 126.20a 107.80 ab 11.28a 832b
Rayong 13 od 53.66 cd od 11.34c od 46.33bc 38.17 bed 36.17 de 63.20 efg 67.30 ef 483d 5.76 bed
Rayong 72 od 142.00 ab od 18.13bc od 71.00 ab 37.00cd 38.27 bed 95.60 bc 83.60 bcde 6.41 bed 8.05bc
Rayong 90 od 60.00 cd od 14.62c¢c od 44.66 bc 35.27 de 27.03f 53.30 fgh 46.80gh 6.31 bed 5.36 cd
Kasetsart 50 od 59.33 cd od 1220c¢c od 36.33¢ 40.03 bed 35.00 def 80.80 cde 65.80 efg 6.69 bed 6.25 bed
Huay Bong 60 od 10400abc  0d 1431¢c od 55.00abc  38.33 bed 34.30 def 69.90 efg 64.30 efg 793bc 6.12bcd
Huay Bong 80 od 62.66 cd od 10.59 cd od 52.00 bc 28.27 ef 32.87 def 9740 bc 88.50 bc 5.54 bed 5.73 bcd

F-test
CV. (%) 46.99 41.39 33.66 6.7 10.02 13.72

Means followed by the same letter(s) in the columns of control and inoculation are not significantly different (P>0.05, DMRT)
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Table 2. Efficiency of commercial products of antagonistic fungi on infection of root-knot nematode

Meloidogyne incognita and growth parameters of cassava plants tested in warm season (March

16" - May 1%, 2018)

Egg Eggs/g Female Shoot Shoot and Root fresh Reduction
masses/root root adults height root fresh weight (g) of egg
Treatment
system /g root (cm) weight (g) masses

(egg mass) (%)'
1. Product 1(7 days) + RKN eggs 179.60 be 27.60b 11.63 cde 22.03¢ 133.80 abc 2220 abc 7423
2. Product 2 (7 days) + RKN eggs 194.46 be 10.46 bed 7.88efgh  23.80abc 149.06 abc 29.47 abc 72.10
3. Product 3 (7 days) + RKN eggs 195.62 be 18.62 bed 8.00defgh 27.00a 174.92 ab 26.82 abc 71.93
4. Product 4 (7 days) + RKN eggs 60.35 cd 5.54 cd 413h 23.50 be 135.43 abc 24.33 abc 91.34
5. Product 1 (5 days) + RKN eggs 154.90 bc 8.91 bed 9.63 cdef 25.75ab 177.77 a 27.89 abc e
6. Product 2 (5 days) + RKN eggs 250.55 b 17.49 bed 16.50 b 23.50 be 144.49 abc 25.04 abc 64.05
7. Product 3 (5 days) + RKN eggs 211.40 be 8.03 cd 6.00 fgh 24.73 abc 179.72a 35.05a 69.67
8. Product 4 (5 days) + RKN eggs 154.02 be 23.08 bc 12.00 cde 23.13 bc 125.47 abc 18.013 ¢ 77.90
9. Product 1 (3 days) + RKN eggs 276.80 b 15.92 bed 13.13 be 2213¢ 146.46 abc 29.10 abc 60.28
10. Product 2 (3 days) + RKN eggs 197.84 be 2091 b 12.50 bed 22,50 be 135.98 abc 20.04 be 71.61
11. Product 3 (3 days) + RKN eggs 185.03 be 6.96 cd 10.75 cde 25.00 abc 161.68 abc 34.14 ab 73.45
12. Product 4 (3 days) + RKN eggs 177.68 be 2129 be 10.88 cde 24.25 abc 136.08 abc 20.67 abc 7450
13. Product 1 (0 day) + RKN eggs 171.77 be 19.58 be 8.63cdefg  23.75abc 129.77 abc 20.95 abc 75.35
14. Product 2 (0 day) + RKN eggs 163.05 b 19.95 be 950cdef  2210c 129.62 abc 20.99 abc 76.61
15. Product 3 (0 day) + RKN eggs 175.35 be 12.13 bed 763efgh  23.38bc 147.95 abc 25.49 abc 74.84
16. Product 4 (0 day) + RKN eggs 238.32b 10.04 bed 7.75efgh  24.50 abc 159.92 abc 32.09 abc 65.81
17. Nematicide (carbosulfan) (0 day) 76.37 cd 12.74 bed 4.75gh 23.25bc 104.34 ¢ 1792 ¢ 89.04
18. Control 1 + RKN eggs 696.96 a 9224 a 39.75a 18.75d 116.89 bc 19.23¢ 0
19. Control 2 (No RKN eggs) 0.00d 0.00d 0.00i 22.25bc 134.03 abc 22.56 abc -
Ftest - . - . o o
C.V. (%) 46.40 60.46 2578 8.85 24.02 3455

Means followed by the same letter(s) in the same column are not significantly different (P>0.05, DMRT).

RKN eggs = inoculation with root-knot nematode eggs, Product 1 = Beauveria bassiana, Product 2 = Paecilomyces lilacinus,

Product 3 = Metarhizium anisopliae, Product 4 = Trichoderma harzianum

'Reduction of egg masses = No. egg masses from control 1 - No. egg masses from treatment) x 100

No. egg masses from control 1
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Crossability and In Vitro Seed Germination of Some Terrestrial Orchid Species of
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Abstract: Habenaria and Pecteilis are terrestrial orchids in subfamily Orchidoideae. Flowers are various in colors
and shapes, have long blooming period and some species have fragrance. All of these characteristics are
suitable for breeding program. This research was conducted to study crossability of nine species, H. dentata,
H. erichmichaelii, H. lucida, H. marginata, H. myriotricha, H. rhodocheila (orange and red color), H. rostellifera,
P. hawkesiana and P. susannae. They were employed for selfed, interspecific hybridization and intergeneric
hybridization. It was found that number of fruit set of selfed was 60-100%, H. dentata had the greatest seed
viable at 55.80%. Number of fruit set of interspecific hybridization was 0-100%, H. marginata x H. rostellifera
had the greatest seed viable at 92.60%. Number of fruit set of intergeneric hybridization was 0-100%,
P. hawkesiana x H. myriotricha had the greatest seed viable at 65.43%. In vitro seed culture was done using
MS basal medium for seed germination. It was found that seed of selfed H. erichmichaelii could germinate
within 99 days at 36.60% germination. Interspecific hybridization seed of H. erichmichaelii x H. rhodocheila
(red) had the greatest germination at 98.00% within 154 days and intergeneric hybridization seed of H. dentata
x P. hawkesiana had the greatest germination at 50.00% within 95 days. Species that were suitable for maternal

plant for interspecific crosses were H. erichmichaelii and H. dentata.

Keywords: Interspecific hybridization, intergeneric hybridization, terrestrial orchid
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Figure 1.

Seven species of Habenaria and two species of Pecteilis used in crossability study (A) H. dentata;

(B) H. erichmichaelii; (C) H. lucida; (D) H. marginata; (E) H. myriotricha; (F) H. rhodocheila (orange);
(G) H. rhodocheila (red); (H) H. rostellifera; (1) P. hawkesiana and (J) P. susannae (bar = 2 cm)
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Figure 3. Seed viability of selfed, interspecific hybridization and intergeneric hybridization of Habenaria and
Pecteilis (A) H. dentata (40X); (B) H. marginata x H. rostellifera (40X); (C) P. hawkesiana x H.
myriotricha (40X) and (D) seeds (100X). V = viable seed; NV= non-viable seed
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Table 1. Percentage of interspecific hybridization in terms of fruit set, seed viability, seed germination and

time from sowing to germination between Habenaria and Pecteilis

Mother plant Father plant Fruit Seed Seed Time from
set viability =~ germination sowing to
(%) (%) (%) germination
(days)
H. dentata H. erichmichaelii 80 59.81 90.00 95
H. dentata H. lucida 100 46.88 ng -
H. dentata H. marginata 100 52.07 ng -
H. dentata H. myriotricha 100 51.16 ng -
H. dentata H. rhodocheila (orange) 80 4317 C -
H. dentata H. rhodocheila (red) 100 48.28 45.00 82
H. dentata H. rostellifera 0 - - -
H. erichmichaelii H. dentata 0 - - -
H. erichmichaelii H. lucida 100 43.10 16.00 185
H. erichmichaelii H. marginata 100 69.33 C -
H. erichmichaelii H. myriotricha 0 - - -
H. erichmichaelii H. rhodocheila (orange) 80 70.43 36.60 133
H. erichmichaelii H. rhodocheila (red) 100 57.82 98.00 154
H. erichmichaelii H. rostellifera 60 32.63 1.00 122
H. lucida H. dentata 100 58.85 C -
H. lucida H. erichmichaelii 80 14.47 - -
H. lucida H. marginata 0 - - -
H. lucida H. myriotricha 0 - - -
H. lucida H. rhodocheila (orange) 60 13.49 c -
H. lucida H. rhodocheila (red) 100 19.77 c -
H. lucida H. rostellifera nf - - -
H. marginata H. dentata 100 9.26 ng -
H. marginata H. erichmichaelii 80 36.00 3.00 85
H. marginata H. lucida 20 21.67 c -
H. marginata H. myriotricha 0 - - -
H. marginata H. rhodocheila (orange) 0 - - -
H. marginata H. rhodocheila (red) 100 9.71 c -
H. marginata H. rostellifera 80 92.60 ng -
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Table 1. Continued

Mother plant Father plant Fruit Seed Seed Time from
set viability germination sowing to
(%) (%) (%) germination
(days)
H. myriotricha H. dentata 0 - - -
H. myriotricha H. erichmichaelii 100 20.00 ng -
H. myriotricha H. lucida 0 - - -
H. myriotricha H. marginata 0 - - -
H. myriotricha H. rhodocheila (orange) 0 - - -
H. myriotricha H. rhodocheila (red) 100 20.88 ng -
H. myriotricha H. rostellifera 80 60.60 ng -
H. rhodocheila (orange)  H. dentata 20 39.45 c -
H. rhodocheila (orange)  H. erichmichaelii 80 51.71 31.00 95
H. rhodocheila (orange)  H. lucida 0 - - -
H. rhodocheila (orange)  H. marginata 100 35.16 ng -
H. rhodocheila (orange)  H. myriotricha 40 0 - -
H. rhodocheila (orange)  H. rhodocheila (red) 80 68.91 C -
H. rhodocheila (orange)  H. rostellifera 80 38.87 ng -
H. rhodocheila (red) H. dentata 0 - - -
H. rhodocheila (red) H. erichmichaelii 100 44.70 - -
H. rhodocheila (red) H. lucida 0 - - -
H. rhodocheila (red) H. marginata 100 76.20 - -
H. rhodocheila (red) H. myriotricha 60 sl - -
H. rhodocheila (red) H. rhodocheila (orange) 100 73.41 80.00 144
H. rhodocheila (red) H. rostellifera 0 - - -
H. rostellifera H. dentata 0 - - -
H. rostellifera H. erichmichaelii 40 10.00 C -
H. rostellifera H. lucida 20 10.07 C -
H. rostellifera H. marginata - - -
H. rostellifera H. myriotricha 100 14.29 C -
H. rostellifera H. rhodocheila (orange) - - -
H. rostellifera H. rhodocheila (red) - - -
P. susannae P. hawkesiana 20 38.62 10.00 156
P. hawkesiana P. susannae 80 1.00 C -

¢: no germination due to contamination after culture, ng: no germination was found within 365 days, sl: seedless
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Table 2. Percentage of intergeneric hybridization in terms of fruit set, seed viability, seed germination and

time from sowing to germination between Habenaria and Pecteilis

Mother plant Father plant Fruit Seed Seed Time from
set viability germination sowing to
(%) (%) (%) germination
(days)
H. dentata P. hawkesiana 100 30.85 50.00 95
H. dentata P. susannae 100 51.25 25.00 91
H. erichmichaelii P. hawkesiana 80 53.56 ng -
H. erichmichaelii P. susannae 60 64.00 C -
H. lucida P. hawkesiana 100 28.67 ng -
H. lucida P. susannae 100 36.18 C -
H. marginata P. hawkesiana 100 12.81 ng -
H. marginata P. susannae 0 - - -
H. myriotricha P. hawkesiana 0 - - -
H. myriotricha P. susannae 0 - - -
H. rhodocheila (orange)  P. hawkesiana 0 - - -
H. rhodocheila (orange)  P. susannae 20 sl - -
H. rhodocheila (red) P. hawkesiana 80 40.60 ng -
H. rhodocheila (red) P. susannae 0 - - -
P. hawkesiana H. dentata 100 1.1 C -
P. hawkesiana H. erichmichaelii 0 - - -
P. hawkesiana H. lucida 0 - - -
P. hawkesiana H. marginata 0 - - -
P. hawkesiana H. myriotricha 100 65.43 C -
P. hawkesiana H. rhodocheila (orange) 80 513 c -
P. hawkesiana H. rhodocheila (red) 20 0.50 c -
P. hawkesiana H. rostellifera 0 - - -
P. susannae H. dentata 80 6.50 18.00 110
P. susannae H. erichmichaelii 80 61.95 c -
P. susannae H. lucida 50 sl - -
P. susannae H. marginata 100 6.30 C -
P. susannae H. myriotricha 100 40.34 12.00 88
P. susannae H. rhodocheila (orange) 0 - - -
P. susannae H. rhodocheila (red) 20 sl - -
P. susannae H. rostellifera 0 - - -

¢: no germination due to contamination after culture, ng: no germination was found within 365 days, sl: seedless
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Figure 4.

In vitro culture of seeding on MS basal medium. (A) seed germination (bar = 1 cm); (B) seed

germination derived from selfed H. erichmichaelii; (C) seed germination derived from cross
H. erichmichaelii x H. rhodocheila (red); (D) H. dentata x H. erichmichaelii; (E) H. dentata x
P. hawkesiana; (F) H. dentata x P. susannae; (G) seed sowing on the same day had different

stages of development and (H) necrotic protocorm of H. erichmichaelii x H. lucida; bottle diameter

= 5.5 cm; P = protocorm; H = hair; NP = necrotic protocorm
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Effects of Chitosan and Methyl Jasmonate on Phenylalanine Ammonia Lyase (PAL)
Gene Expression and Phenolic Compound Production

in In Vitro Plantlets of Stemona collinsae Craib.
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Abstract: The effect of chitosan and methyl jasmonate on the induction of phenylalanine ammonia lyase (PAL)
and phenolic compound content in Stemona collinsae Craib. was conducted in this study. /n vitro S. collinsae
plantlets were stimulated for one and two weeks with various concentrations of elicitors. The observation found
that PAL gene expression in root and shoot part of S. collinsae plantlets responded to elicitors depending on the
concentration of stimulants, stimulation period and stage of plant growth. The shoot part of the 12 month-old S.
collinsae plantlets stimulated with 100 mg/l chitosan showed the highest expression of PAL which was 3.93 fold
higher than those determined in control and root part of stimulated plant. In addition, amount of total phenolic
compound was 73.01 mg GAE/100g fresh weight which was 1.2 fold compared with the control. The 0.3 pM
methyl jasmonate stimulation for one week increased the PAL gene expression at the highest level in the root
part by 8.66 times, resulting an increase of the total phenolic content at 88.37 mg gallic acid per 100 g fresh
weight which was 1.2 times higher than control. Comparing the effect of stimulation on stage of growth between
6 month-old and 12 month-old S. collinsae plantlets by adding 100 mg/l chitosan and 0.3 uM methyl jasmonate
for one week, it was found that the amount of phenolic compounds obtained from all conditions were not

significant different (P> 0.05) when compared to control.

Keywords: Phenylalanine ammonia lyase, phenolic compound, elicitors, Stemona collinsae
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mulfemnguaefiuuits fetagulalimuuar  nszuaunidafy nelfiAanisdaun sy
wiadaluin dnagldfuauieuieminiiany  ansdezneufuednlufauanune @y flavonol
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WiRnmsairmpuniifsduluitagulvmainang dihydroflavonol & ¢ stilbenoid (Roupe et al., 2006)
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Figure 1.

supplemented with elicitors (B)
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CDNA #1Eannnnsdainmezineunting 1 lulnsans
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The in vitro 12 month-old Stemona collinsae Craib. plantlet (A) and plantlet in 1/2 MS
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Table 1. Primers used for PAL gene expression analysis by Real-Time PCR

Gene Primer sequence Annealing temp. Product size
(Accession no.) (5-3) (°C) (bp)
PAL F: CTg CAT gCT TCC ACT TCT TTg 68.88 107
(MK490962) R: gAC AAC ggT gAC AAg gAg AA 68.25
GAPDH F: ggC ATT gTT gAg ggT TTg ATg 68.88 129
(MK490963) R: ggT gCT gCT Agg AAT gAT gT 68.25

'
a

1 finaans fals 90 wniliguumgiities undadans
@mﬂﬁuumﬁmmmfmﬁu 760 W TURAT ANUATY
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wvingm
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NAABILLUNANY DL (CRD) NN197999 390 1
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AleAgsEAuNIsuansannaesiulneds Duncan's
multiple range test (DMRT) tag 15T sunsupaniamad
Statistical Science for

Windows (SPSS)

Package for the Social

NANISANHILAZIANTO

uaradlalnguiiiinanisudnsaanaasdiu PAL
uaz sunugrsilsznauWuaanlunuaunns
uenn

Fuvaumemeniiinunienaziudalala
g4 wandu 2 deu Ae da1re99n wazdoutesdiuly
Aty s A mseinnsuansaanaesiiy PAL Bae
LA%8 9 Realtime PCR #auda <lu Figure 2411
msAnemud nsuanseeentulusniingdly
anznisnssiiudianlalnguacudisdu 25, 50 uas
75 Aaanfusedns n1sudneaneeady PAL Tusn
g9qn 7.96 Wi Wegnnsziudiaglalnmunaudiu
50 finAnsusieans luszevionn 1 ddenet eleui

63

FAALAN UANANAINNINIZUR AN lalngnw
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vasiiu PAL lubugs 3.93 win dlafieuiugaannunu
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Aoudlu 1.2 97 way nasnsiudaglalngnuiiaay
dudn 100 fadnFusedns ludlanvid 2 dened
Lﬁm’]mmﬁ\luﬂﬁﬂﬁz\mumzﬁ;\mfi’mwmzﬁumm:ﬁu
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Figure 2. Effects of chitosan dosage on the expression of PAL gene in 12 month-old Stemona collinsae

Craib. plantlet for 1- and 2-week treatment (A) and total phenolic contents (B). R1 and R2 indicate

the PAL gene expression from root part at 1 and 2 weeks. S1 and S2 indicate expression level

from shoot part at 1 and 2 weeks. (Different letters on the bar indicate the significant difference at

P<0.05)
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(Zhang and Liu, 2015)
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Figure 3.

Effects of methyl jasmonate dosage on the expression of PAL gene in 12 month-old Stemona

collinsae Craib. plantlet for 1- and 2-week treatment (A) and total phenolic contents (B). R1 and R2

indicate the PAL gene expression from root part at 1 and 2 weeks. S1 and S2 indicate expression

level from shoot part at 1 and 2 weeks. ( Different letters on the bar indicate the significant

difference at P<0.05)

AINNANIINAADIANIIENIINTLH WA
wiadaluium Sl easeiuanudiniud 03 ulas
Tuans asnsansziunanseantesti PAL iRnaul
uidelidana iR unnansivnefiueanifingiin
Luﬂﬂﬁmmni:ﬁumim:rﬁuﬁlumﬂﬁn WU AT
nnsnaaaslunaayulnsaes Jirapongpattana et al.
(2017) TN IR 898 0n 281918 W Dioscorea
birmanica Prain & Burkill Uu'ﬂﬂw’]i‘ﬁl GEY jasmonic
acid (JA) aaudiudu 50 waz 100 Tulasiuans lu
a1 4 dUand nudndiunnansdsznauiuedn
yavma i AN ALY Ig R e Beifen iy
TAATLAN

65

ANMNFNRUSTEMIDNENITIAT AT AN YD
AUNUAURAILNENNARRNIIENTNTTEY
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Effects of 100 mg/l chitosan and 0.3 yM methyl jasmonate on the expression of PAL gene in 6

and 12 month-old Stemona collinsae Craib. plantlet for 1 week period (A) and total phenolic

contents (B). R6 and R12 indicate the PAL gene expression from root part of 6 and 12 month-old.

S6 and S12 indicate expression from shoot part of 6 and 12 month-old. (Different letters on the

bar indicate the significant difference at P<0.05)
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Effects of Biochar Amendment on Soil Properties and Carbon Sequestration in
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Abstract: The effect of biochar amendment on soil properties and carbon sequestration were evaluated using
soil samples which were collected from Pang Mapha district, Mae Hong Son province. The study was
conducted at the Faculty of Agriculture, Chiang Mai University. This study was divided into two experiments,
using completely randomized design (CRD) with 4 replications. Firstly, the effects of biochar amendment on soil
properties were evaluated. Three different sizes of biochar (2-5, 1-2 and < 1 mm) were mixed with soil sample at
the rates of 0.1, 1.0 and 3.0% (w/w). Soil moisture content were adjusted to the maximum water holding capacity
(MWHC), then left to dry at room temperature. After that soil properties were analyzed. For the second
experiment, effects of biochar on soil carbon sequestration were determined by mixing different rates of biochar
with soil sample. The soil moisture content were maintained at 50% MWHC and then incubated at room
temperature. After incubation, soil carbon content was analyzed. In addition, soil added with corn stubble (2
tons/rai) and soil without biochar were used for comparison. The results showed that addition of biochar >1.0%
(w/w) reduced soil bulk density while MWHC, pH, EC, OM, available phosphorus and exchange potassium were
significantly increased. In addition, carbon loss was found in the range of 0.16-0.26% with biochar treatment.
However, it was not significantly different when compared to the control soil (0.17%). In contrast to the biochar
treatments, corn stubble treatment showed significantly higher carbon loss (0.44%) than other treatments. These
results suggested that biochar application as soil amendment was an alternative way to increase soil fertility and

could lead to increased carbon sequestration in soil, 45% of carbon were captured.

Keywords: Biochar, soil properties, carbon sequestration
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Table 1. Effect of biochar applications on bulk density (Db), maximum water holding capacity (MWHC), pH

electrical conductivity (EC), organic matter (OM), available phosphorus (avail. P) and exchangeable

potassium (exch. K) of soil collected from highland, Pang Mapha district, Mea Hong Son province

Treatment Soil properties
Db MWHC' pH EC oM Avail. P Exch. K
(g/ml) (%) (uS/cm) (%) (mg/kg) (mg/kg)
1. MHS: Control 099a° 5563e 520f 39.27f 446 ¢ 7.54 ef 139i
2. MHS:S<1,P0.1% 099a 5740de  534f 5147ef 453bc  826ef 258 e
3. MHS: S<1,P 1.0% 094c 60.10d 560e 96.00e 489a 1537 ¢ 261e
4. MHS: S<1,P 3.0% 0.84e 6986Db 6.58b 350 ¢ 480a 3887a 588 b
5. MHS: S1-2,P0.1% 097b 5828df 599d 61.80ef 449c 8.45 ef 196 g
6. MHS:S1-2,P 1.0% 092d 6347c 6.38¢c 188d 479a 13.35cd 221 f
7. MHS:S1-2,P 3.0% 0.82f 7285a 746a 514 b 489a 36.20Db 673 a
8. MHS: S2-5,P 0.1% 099a 57.76de 6.28c 42.70ef 4.48¢c 6.50 f 162 h
9. MHS:S2-5,P 1.0% 094c 5767de 666D 218d 460b 9.03e 312d
10. MHS: S2-5, P 3.0% 084e 649D 744 a 602 a 482a 11.76d 523 ¢
LSD (0.05) 0.01 0.77 0.17 38.29 0.10 2.04 4.61
CV (%) 0.94 0.87 1.82 12.25 1.52 9.10 0.96

1 . .
zero day after water immerging

? Means in each column followed by different letter indicate significant difference using least significant difference (LSD) at 5%

probability level

Lmzﬁﬁnqmﬁ@qndﬂ 1.8 NFU/QNUATIUR AT AT
Tarrnenisreulsuaznimdannaasitalsia o
(Panomtaranichagul, 1987) N19Aa A AU AIAINH
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fededududanmadldlufuiifaoueauauyanl
mm‘mﬂmmmqwmuummmmm inpnaglu
miaqum (Atkinson et al., 2010)
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3.0 weSidus (wiv) aziinlitAnpaimaradugega
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Wadunniigawiniu 72.85 weiiud wedlausy
NesNATALAN (55.63 Wafiius) aanadesiy
UITEUR Hemwong (2013) ) AlERN ANty
mmwm‘lumuwﬂmmm‘l}wmmm WU ANAIINY
mwmummmmmuw CE Gt TG T Falat! mmﬁmuwiu
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il lunnFudgeaulnesialud
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ABINITLNN (Lehmann, 2007) zﬁﬁﬁumiﬁnmwm@mﬁ
¥ dFanniinanannatain e Tneignuunanng
wNLl9Tanee 400 aeAtadea HANANNTUNTA AN
Wiy 8.90 ilaifndnu@a e LA uasin e
AmTungs AnstesRRAE AN BTN
AFnadll TaanaindnEan nanna 1-2 Haaiuns
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Tusma 3.0 Wasdus (ww) nnlsiaraudunse Ang
UDIAL NNNINTNGARD 7.46 WATNFFHNANUTINNN
1A TUERIFAIWA 1.0-3.0 Llafidus (ww) N1 1%an
Auilunga ArsresAui nTued1eldadATynI
A0A WaWauiunssuisAuAN nduae/lutag 5.60-
7.46 NMIANTULR9AANNTLNTA AN9TRIRUARNNS
WA En W uaN1aInAIANITNNIA ANg LR
' = Aa = ' | = '

2RI0NUTINNA R AGS VT oat ludaeidusng

dydy v dl 1 1 = .
UANANHALAN (ash) Nog lunruzaninlugy oxides,
hydroxides Wag carbonate 189 Ca, Mg, K ilag Na GR
NAAINNTZLAUNNT pyrolysis Huana lfdudanIngin
uihfadouu awnsnin 1% lunalfuaniwana
wWunsmaeedu (iming agent) 18 nA 28 g uiy
(Houben et al., 2013)

msvr W asmu

a 1 = a = 3 v o

AgRNAIRTINNAS WA RERaN AN S
Wi (EC) Tumiinduas weildadAtymuifinnn
WATIUIALDITNUTNINTLAN A TINLGINITAN
f1UTaNNaUIA 2-5 NadlNng lena 3.0 Wefidust
(wiw) galiiAnstin i nveshuliAngeiigana 602
pS/em WNTUAINNIINITALANL szHI 20 Win
(39.27 pS/cm) UBNANT AUNATBIEUTANNETIFINA
AaAT EC Anauna1e9t1uian Wi unjauazdenali

! o a A < , Adla a

AN W19 WE AN T 11 TunsssR SN RN
audan nlugmns 3.0 wWasifusd (ww) A1ni3ein
IlWaa9h Ul ANy 350, 514 WAz 602 pS/cm
A1UTUDIUTININIUIALBENIN 1, 1-2, WAL 2-5
AARNAT MINAFL NI9RNTLLRIAN TN I8
Aududlunaniann cation 1 Ca, Mg, K wag Na
@thm%amwﬁmmum (Houben et al., 2013)

AunFaing lunu

- 4 4 -

AR NE I UTIA NI aA N YT N
Buvizadng (OM) TuAu wudn Bunndwisedeglu
Aulnaindves1eldadnAty auliuiuaesnu
- da C oA a da oA
TFoniinasly IneanizeseBaRuRinNaRNa1Y
Fon1nludna uInngn 0.1 wesidus (wiw) 11119
Burudunsadngiinluniag lutag 4.60-4.89

T @ o dll = o a = o a

wafifus WanFauiauiufunnduidadng luiu
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AILIAN TINAINAL 4.46 iefidus uazuanaini
-ﬂl ] o 1 1 = -ﬂld [~ = £
Wunur&anmdn anuganninauaan i linay
, J 4
dogivnEunnpwiedng luauldigandntiudianng

a 1 1 o/ ﬂ/d‘ 1 o’ dJ [~3 v 1
fawalugndn ldmsn s8R windu Tadiulfesna
Faaulugnanis a1 uEan1nd 1.0 wWefidus (wiw)
ANFRNTNUTANINIUIATIAENGN 1 RABNAT eI
duvsadngluAnligeangn Ae 4.89 wlafidus e
Weudun s a1uEaninawnn 1-2 IaANAT LAY 2-5
Hadwns 29N liAulaunsadng 4.79 uaz 4.60
wasidus suandl Mainavaesn B uizedag
‘ﬂl F7N = dld [~ :// d’l d‘
Walda 1 uTan nnNauiman Haie1aiiednnann
ax a ca A o gy =2 o &
Jannsiinsiawizedng i lunnsAnenluadell i
nsAsEiiIAffuaungnaand ladlé (oxidized
carbon) ANHNNTINATUD Walkley and Black (Siwasilp,
1984) udnasArunulu Bunnduvizadng lunisld
| A A 4 e 4 A pRpm @
A1 EA N NN WA BT AN R AN
1 dda/ t:lla 1 1 = ‘ﬂld ] 1
narazlnUN NNt uian W daualuaingn
=< v o aaa o a v al 1 1
asannsadinindfieniuanseandlad finndndu
= A A ¥ o o =
FanwnNauralun [39uuualdunliiTunn
a = o a 1 F7N = dld dl
auriredng lwhugandinislidiudannidauiai
lunjnan
vaavadamilulszlaad
ama agy A
ANTRAUN I lN1IMAa89 NANANNTUNTA
N4 (pH) 5.20 A1N131 TR 39.27 pSicm 3w
Burisedng 4.46 wWeiiud Weaneianduilselamnd
7.54 Raansu/nlaniy wazinumamsuiuanaswls
139 Raanfu/Alansy Wamnaiudonin ludmns
11NN31 1.0 Wefdus (ww) wuqn Bununeanesa
A - . a a & | Ao 0 o
NifludlseTomd (avail. P) TuRuiNTuat N9l Tud1ATY
NWNADA IUNITFNAIUTININNUUIATIBENG 1
Faawng 8,31 3 efidus (ww) denaldidsunn
WaanaFanidulscloniiiAgagan 38.87 Haaniwy/
a o A ~ o a aa o
Alanfu Wauraumauiuanlunssuisaruaun
Buruneanefandudsslaaid 754 Raansu/
Alanfu advlafiniu nalfdwian i daunalvey
FuardenalifBunnneanefandulsclosiianag
P \ = A Vo A Aa
Wasanndudanwidawavojiu Anunaalunng
AAdU (sorption capacity) HesndntrugdanIni
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[~3 a :j o a o dl dl 1 A QI d’l
PUIALAN NN TR A UNFINAR BN TN UUD
ANIUNgA ANe9RUE N liin1snadunlaana s
ARRY LHadA N ALIEANN9 WA (electrostatic
repulsion) LA UR898YN1ARY N LHiN199Ad Y
Waanaiaanas (Chen et al., 2018)

Twwnadannuwanilasula

a 1 = a ] v

NNFANTIUTININAS LA UAIEa 1T 1N

unaideunuwandasuls (exch. K) JUBuNNan
o d 4 - .

ANNIFNI A UT NN TANAS L TnNTRNE N
Fan1maunm 1-2 Haawung luensn 3.0 wesidus
(wiw) doeinEaununadasnwanaauliigeda
673 Haan3u/Alaniu Tusnesulunssaisacunn &
PBuraununadannuandaguld 139 Faansu/
Alansu wanaliiiud NI BAN I WTAININT 8N
B lnunadauinduls o milunulsdseunn
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NANITANBINATRINIS LT a1 UTININAENIAN
WuASUaY (carbon sequestration) lumu
nsAnEnsAniuAFueuluAL Inannsiin
fudannaune 1-2 Jaawmns uanadllluaulugnm
AuAnsinariu faud 0.1-3.0 oS (wiw) WBeiuiey
FUAURANRedingTng 679 2 fw/ls waznssuda
pauAn (A lEinadadudanm) wdatihfaeding
AUUALATTINL BN nAN LAY fauRiazinnn 9Ly
WUI1 PTANENUTEINWRN ML BN AN fuanluA
Widuann 3.42 wefidus Tunssudsarunnilu 3,53,
4.00 uaz 5.13 wefifus lupun Lﬁudm’}mmwﬁmm
0.1, 1.0 uaz 3.0 Wafidus (wiw) mumm‘u yanANT
Bunnnnsueulupuiif Lmumufmmwuummmmu
fipunedeinnalugmnm 2 fvls udaanninnislsy
AT UTBIAUT 50 1wl oFidus MWHC waztu s
grungidiaailuszazioan 1 new udanfaet19Au
Wz iueumaent TWAW I A
fiiunedeiinatnaludnem 2 du/ls fnnegoy e
AN518U (carbon loss) N1NNTINTINARAUA 193]
Wed1Atyn1eana Ae 0.44 wWesifus viseAmtlu 1.63
n¥N CO,/100 NFN Tusueiinud BNDWTNNYN
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dn91 An1egryiduaiiuenatludas 0.16-0.26
wWafidus Telduanseainnasudsasupuatind
WedATYNana uansliiiuindwridafueuiioy
Tududan ey lugilnAeudraatasnuniusanis
tiagaansineqauvisduInnInauist A fuaunat u
padadinalng T9a1NN13AN U89 Schweikle et al.
d e e o~ d oy
(2016) MNeNFUANITRANIUARURITIUTAN NN AR LS
Angedinnlng Inansngung 400 asrnisaiiea
1 1 = dl a v aa a [ 3
wudngudananinan i 8 unsadng 10.14
wlasidus viseAsndudwisda15ueu 5.80 wasidust
@wnsziduisadng ludumion nsiaeds Walkley and
Black) dvaztiiulddnduridansusungnaand lndlé
TuanudanmAunnaeudinemn (5.80 Wesidus) A
Wu 7.44 wWefifud Weameududiurnidunsed
Aduauianualugu@anan (78 wlefidus) deya
=S d” Y @ 1 1 = v
AINNNTANET WA WIUGN audanndsenaulusias
BurtAniuauaeIdu RedIunaINIIgneent ind
% dJ 'S 1 Y 1 dl 1 = o
15 Fedupniueudoutias uazdoun ligneantdlad
= a % d‘ I'e ] ]
viragneand lad lfann Feduarsuaudaulgjaeg
o o  we A e
dnudanwiizaananannlfidndunniueunag lugln
= v o A Vo a a
e seduieldarudoninasldlumu nnsg
wanuulasmesandueuluavasldunnsnaiufug e
muau@ﬂ'ﬂaﬁﬁﬂéﬁ AN NAD A TuanieinaRunads
dnTwauiieadliumu vzt A fUauanaILANF 9N
naRNa I et el dad1Atyn1eatf el
P o v Y da aAe & T
Wasann lumedsdinalnauielaunsadaniuauludaun
\ v \ o =
awnsngeaganslFRiFuugandTugwmionw G
AMNHANITIATIZFB LT AN UAUN AN TDEI R RANE]
15l 9 aunse (biodegradable organic carbon,
BOC) Tumadadinqiwauitentinun 1 lunns@nm luass
1 Tnelmatia pyrolysis AaeLATas muli EA® 4000,
Analytik Jena (Analytik Jena AG, 2017; Jezierski,
2015 ) WUINRN3uN0L 34.43 wlesidus viseAndy
79.15 1lafidus aasauvizeaniuaniavin e lunada
frntwauiie (43,5 wledidius) luaneniaiuenlugl
Manas 7.24 wefdus visaanidu 20.85 Wasudus
a a 6 I's Q&; o ¥ v K o 2
9098UTET A T LRI A Lumadading Twaudie aein1d
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a aa a o ¥ v = a Ae
AUNNNIRNAadITiatina lng In1anasuesauyise
PNFTLAUAINAA
mevinliludonadatina lwanasanniiuimen
HaNAALAAnAnUIniinuisat Tuda 700-1,500
Alaniu/ls Tuat Auiuginatne HgNa wavszazilgn
o v o P = o & da Ao
padadininanunun M lunnsAnen luaFal Naunse
AFURL 43.5 Wafidus Anlu Bunaduiadaniuey
ot lupadedinatnawiniy 305-653 Alaniu/ls Wari
AagetIalnaiauNaNINan Il ua 1IN N Tas
HIUUNANINNBE 51319 400-500 DIATALTEA AT
Mdutanan 25 wWefdudassiiminuieingfu
(Schweikle et al., 2016) Gaal@a1uTnIW 175-375
Alansu/ls dudanninanldiauisdaniuau 78
wefifus viseralua iz A15UaWAIUNA 137-293
a o L oA o = \ a
Alansu/l3 Wetdrudaninldacldlusmu ua
= Shy @ 4 = a e a
N9ANENT ITWiudn Annsgryidaaniuauainaligl
AgAnsueulnaanlasiiiedainnssuaunistasaans
Tneq@uvieitioannn TiuwsnswainaugaasuAxNeng
rladnAtynnead @ asanananaliian duvsdanfuau
Tududannisnun (137-293 Alania/ls) aglugin
whasuwargniiul3luau viseAalunafiuinasuay

Manas 3 luaulfng 45 Wasdusd daa1urnsliann
Furndunsdarfuauiannalugudonin (137
Alansu/l3) usdaeiunadwisdasuauiannnlu
padadinalnn (305 Atanfu/ls) grudan 100;
((137/305) x 100 = 45 1@ 5idusl) Tuasin1sen
NIAEAaTIT 1 INATINNA BUTIFTASUABN AL
wannnazgnulasuidufngsivlugleafuaunau
aanltduarariuaulanaantadguesainia @
ABAARBIALNNTINENIUYBS Lehmann et al. (2006) #i
NUINNITAALEINN A AR UNTTANTURUIN S 3
woafidus wintssnudanuuulilEaudon wine
i iiludaniingaiu awnsawaesnfueulugingd
ANLAD 8T lUAUIADY 50 Wefidus Agtil anuEan
AalunAnA eI Hlszansanluwdeeenisiniy
- P p P Al =

AFUAU HasRnN s Usznaun AN AR AN T
= 's I a v =X 3 v
HiENuATUaUge wazAsuag luAuliuu Al
AUNANT1WTnINHNsUandaesRmAnfuanla
aenlad A ndAuniRnasBwisdtiadu o) 1 10
= + = + % + =2 1 a
Wi fJantan Javdn warilanan Aatiaanninia
annazizeunszantd (Table 2)

Table 2. Effect of biochar application on carbon sequestration in highland soil of Pang Mapha district,

Mea Hong Son province

%TC Carbon loss
Treatments
Before incubation After incubation (%) (g CO,/100g)

1.Control (Soil) 342d' 325¢ 0.17b 0.63
2.Soil+Biochar 0.1% 3.53d 3.30¢c 0.23b 0.85
3.Soil+Biochar 1.0% 4.00 b 3.74b 0.26b 0.95
4.Soil+Biochar 3.0% 513a 497a 0.16 b 0.58
5.S0il+Corn stubble 2 tons/rai 380c 3.36¢ 044 a 1.63
LSD (0.05) 0.13 0.11 0.16

CV (%) 214 1.92 41.35

' Means in each column followed by different letters indicate significant difference using least significant difference (LSD) at 5%

probability level
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Abilities of Nitrogen Fixing Bacteria in Enhancing Growth of Arabica Coffee Seedling
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Abstract: Nitrogen is an important element for coffee production since it is the component of caffeine. The use of
chemical nitrogen fertilizer poses a high risk to environmental pollution. The application of N, fixing bacteria is
an alternative to reduce the use of chemical fertilizer. Therefore, in the present study, bacteria were isolated from
rhizosphere soils and rhizoplane of coffee grown in two site plantations. Sixty-five isolates of N, fixing bacteria
were obtained, accounting for 41.9 % of the total isolates (155 isolates). There were only 23 isolates of N, fixing
bacteria that showed dual abilities in phosphate and potassium solubilization. These isolates could release
phosphate both from Ca,(PO,), and AIPO, with values of 103.58-406.11 and 8.86-183.82 mg P/L, respectively.
The value of solubilized potassium was 23.41-44.67 mg K/L. Isolate S2-4a1 and S1-2a4 showed highest ability
in solubilizing two phosphate sources, and potassium, respectively. All the N, fixing bacterial isolates were able
to produce Indole 3-acetic acid (IAA) (0.58-22.80 mg IAA/L). Eight isolates that showed different potential in
phosphate and potassium solubilization, and IAA production were selected to test their effectiveness with coffee
seedlings. The results indicated that isolate S2-4a1 gave significantly higher root and leaves growth, and
nutrients uptake than the control. This isolate also exhibited 76, 211 and 252 % higher N, P and K uptake than

the control, respectively.

Keywords: Arabica coffee, N, fixing bacteria, phosphate solubilization, potassium solubilization

79
Copyright @ Journal of Agriculture, Faculty of Agriculture, Chiang Mai University. All rights reserved.



N5A5NBAS 36(1): 79 - 91 (2563)

unanda: ulnsaudusignianudranuinlunisudaniu Wesainiduesdlscnausesannan nsldilond
Tulnsiau uuiungeiaiuumasdnniudaudasmin i ausiesednaion Mslfuuaiizasielulnsauas
= o+ = o = Y o A a & A a
Wunaidenlunsaanisldilanil nsmaassaistiagliiinisusnuueiEaainsusausnuaziiaitiaiasnnium
anfuilgnniu 2 wun iHuueiGessalulnsian 65 lalman Anlu 41.9 % veslalnanisunn (155 lalian)
aa =3 -ﬂld :/l = yva A 1 :; d” 1

wuanFasasluinsaunianamsnrisasaeaams uas wunaden FHmes 23 Talnan winii lnedengu
fannnsnilanilaeanaainainiia Ca,(PO,), uaz AIPO, 5 103.58-406.11 uaz 8.86-183.82 mg PIL mummu
daunsazanetunaduniAn 23.41-44.67 mg KL Taefilalman s2-4a1 Spanuansnsnazaneveaminanni
soaunasligeiian luansil 51-2a4 SaruaunsnazasunadenlFgeiian waiitessdhidanaunnleloan
AAua1N190l1n134519 Indole 3-acetic acid (IAA) 14 (0.58-22.80 mg IAAL) LHaAR@aNLUAT FEARANLAIN
Tunsazaanaas Inunadan wazn19a519 IAA Neineiu 8 lalmian unegaulss@vinwiudundniun
wudn lalaian s2-4a1 WiAmawsnyidninessnuayluge sasianisgaldsnsenmegandi nesuisaAruANesng
HirdnAtyneanial Tnelii N, P waz K uptake g9nd1nsssisamuRN 76, 211 Waz 252% ATNANAL

AdA: nMuazaing uwAnEasslulnnen Medeaszaaneanaia nistesazanalwunalde

AN trsnoud]efildfens luseAufi gendnszduwanza
Tmﬂmﬂdﬂﬂu‘immumﬂuLLﬂmﬂqnmLW\I@ﬁ”u@ﬂu’

nuriuit a7 egluaed Rubiaceae @il Mungniun SaBannumsldsiust 36-180 Alaniusie

1szanny 650 ana uazNINNg1 13,000 116 (Delprete  lssiaTl (Angkasith and Yimyam, 2000) Fainwmansels
and Jardim, 2012) nunfignifuedasunswanely  manauganadnlalunsliis vlidanaiad

Uszinalng Aa nrunazaniing (Coffea arabical)  tesfiununisuan waznanand fiaomanugallu
waz nunistann (Coffea canephora var. robusta) sveA LA (Suwanwisolkit, 2011)

nunazadnliFuaantiausinndnlstan uayli fafuqduwidasalulnniau Aanansagen
H@ﬁﬂﬁ@jdﬂdﬂﬂﬁdLﬂﬁ‘Hﬂﬁ@ desnBumemla azaneWeaneda uaztwunaden maiidsaeslu
289 azsdnfitienndnlndan anvanunezsndnn e i nandulna-3-uedfin (ndole-3-acetic acid:
galimnuganasiatszamdnia Heamsn finauvex IAR) ﬁqﬁ ANAIATY et eNANsianIslgnnIunLy
Qﬁﬂizmﬂ‘ﬁ'mmmuéﬂﬁumiﬂgﬂmwalazi’]ﬁm ‘Wuwm Lummﬂfmmmmﬂmﬂﬂmu uaTannIs
Feaflsziunnuge wiessiutiman 700 wasiull  duidleusesansiafigdonndents nededanan
Avazililanunamuning vinliunasdgnaes  Auulunisudsinliiinemsnsansnsaléinnlsannnis
mwalfazmﬁﬂ’m'fmslmg'ffmﬂfaisluﬁyuﬁmmuﬁ@mm HARNANG 14 Wedhastri ef al 2012) linaaneld e
Uszma nuezaniiniifaqiiui meﬂqﬂﬁz@wﬁm ¢ ﬂauﬁfﬁl uenlFanniinnseumnniulumaiiinig
Tusamdnd@eslvd @evme uas uddasdaun wazhng 1R tyALTRassundnu widn Achromobacter sp.,
ﬁﬂ‘j:rmmmﬁyuﬁ%qﬁmwm atuganslailelugtlues Stenotrophomonas maltophilia Was Leifsonia aquatica

{enai ndsnasedouandenluszazens W ians  Auenliiiunseunnniuiiacuaiansaluniesis
ﬂuﬁ@uzﬁ%mmmé’@mn%ﬁmﬂuau dwasiansandeey  Tulnsauld uasdosdudinnmastyidninaessiungn
fnururesesieiliialufuazszuninasina 1l nuezmiinifidgnlulsedeunnninnislilade
A mnmﬁ@"ﬂﬂizﬁw%mwmmﬁmmLW\quﬁ”u‘V{qq Yiam-on et al. (2012) WuduLATFe 4 lelmanfiAs
Tunmawilevestlsanalnadonudn dadanaudn du  wenlfandesiaanuainnsalunisazarananmega

80



ANuNdanTaaaLuaiiressdlulnsaulunsdasiunisiasaiuia

ke ¥ a
AAIAUNAININBESILNN

(179-196 mg P/L) uaznisdgndealaalduuai e
sandumslaijeiiuneama N liigasinnasoyiuln
Tuyninuuazinisazansinneanaialuandinganda
fasmAnILANDENTEAATYN194TA Huangmee
et al. (2016) wud TN S @ auL AT Baazans
wunade (potassium solubilizing bacteria: KSB) ﬁ
AAABNAINALLEMIINENR fanduuslunignngmg
azaawunaimaneanin1igeqa (126.15 mg/kg) N3
14130 KSB souuuslunt luAuasaunsataeiiy
Anudsslatiaesinunadanluauls Hartono
et al. (2016) wudanslddenuaiGe Auanldann
13nasausndntne 398 Annuanunsalunissis
Tulnsiaw nanaasluuig indole-3-acetic acid (IAA)
uazazananean 1y daadadiunisainAuinues
dq154

v v
v a R Ao

N3ANEIA8ATIH Al I sradinann
NNSUENLAZAANTASLLAT Y AMNAULEINIEALIIN
(rhizosphere soils: RS soils) hazan WL an31n
(rhizoplane: RP) 2124n1uazsdni ARANNEINITE
Tunssisalulngian waRINNIMAsaLANEN WA

Na A = P . a
wuafZefaiclulnseulélunisdaaiunag

a a Ay oA PV

wanyiAuinaesi g uay 1Bun n1sazatanaams
uazTwunaldan Lazn 194519 IAA LRIR9YIINS
Anaanlalaian nEANanngelunisdaasunis
wany i uinaesialineaeulss@nsninluniain
maasyiulnrassiundaniunazaiing uwenEeni
UsgAnBnngaanunsatinliiszgnsldlunisdadss

a a o+ P~ & A
nss i ulauazaanisldiandaasniuuuinug
gesialil

L4 as
AUnTUAzIENNS

NUNWAZNSAUAIDLENNAULAZEIN
& A A AWy o A A o
Auntlgnniunazsinnladndaniveniy
FnatiNaAuLaYIINIeINNeazdni J 2 Wuh Eun
AunUgnniuntaelieduid-Toniw waw fuilewnd
n9m 16-20-0 (dndau 2:1 viv) tneldnauilgndnan 1
kg/tree angifiununiade 12 T (sitel: S1) N 18°92:32
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N 99° 3281 E uaz Auiilgnniuniilaesiiania
sesuand tne ldinnslaflasnnanngn 17 1 angbiu
muﬂm@m 20 T (site 2: 52) 18° 9237 N 99° 32’78 E
@mwumﬂummmmmmmm BUNDABLAZLAA
anipigen v
nMaiLARLazsINaInFunIwd $leansyn
AULBMIIN TINS5 FY Gie i fuaz 3
1 udanimnsantul 1 fresnasiedi idaeengd
‘Luﬂdmﬁm‘mﬁ”ﬁﬁq udarmuenAuuazsInly
VESTRHETIRE Vnnsusn @ auLATi Beannfusensn
uay ndles dndudiuivaesin s Bunsiese
guriAnnandl

msAauendalslauuaii3aanniasnnium

FauanidelslouuaiiGaanfinsinnium
(Rhizoplane) (Yupa, 2017) tnemnnssinsaatingtans
ﬁ"mﬂ’m 1 mm 1411 m|crocentr|fuge tube (1 5 mL)
Fntiangu 30 pLhumu,ﬂfmmumimm'aummﬂ
STy Huauian root suspension AAUAILLYINKN
Aaiduung (streak) Juanuweung tryptic soy agar
(TSA) MN"9Lin (mcubate) mummﬂqwammuum
fhanan 7 5u dlensuinmun mﬂmmmfﬁfaumm@ﬂ
AFalnaAT streak plate U lUB 19119 TSA oR
lszneufae (glL); 3 g glucose, K,HPO,2.5g, NaCl
59, Soy 3 g, trypton 7g Uax Ju (agar) 15 g 15U pH
flu7.0+02

NSAALENULANIITEAINADENNAULFLIUTAL
SN

AALENLLATI TERANA2BEN9ALLTIIIIaL
79NN (Rhizosphere) (Yupa, 2017) Imﬂﬁﬂma‘ﬁ”\i
AULITIIUIALIINAUN (rhizosphere soil) AaaeiN9aY
10 nfu vl gpansazansRu@Eaaaud 107 i
10° udaueniy 10° 10* uaz 10° ﬂ?mm 0.1 mL
VEAAILILAMNT TSA WialHusiaukiod mumimﬁmﬂ
nAeliaumnzde Imﬂmmmwmu@” 30 91
RQESIEY VLQV]@MMﬂN‘WﬂQLﬂuLQ@W 7 §uilensuivun
V]’wma‘l,mmfmmmﬂumm@ TSA 1mei3 streak plate
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MSAATENFARLAY

nnsARzantiRau 1Hun Audung
A9 (pH) Taeil4 pH meter BunTadeg (organic
matter: OM) Tnei3® Walkley & Black Woanasaniflu
3= le91d (available phosphorus: Available P) pE
Bray I uasTnuna@eniuanu aouls (exchangeable
potassium: Extractable K) Tne/l4 NH,0Ac i
@nm (Land Development Department, 2010)

MIAANTRIANNEINNTD IUNTRselulngiau
fnde13qnanuenlFanuanin9d e
nrasmaatnTalunssluingau (Weaver and
Danso, 1994) Tagila g3 2 l1e1%131189 tryptic sol
broth (TSB) wdanstndeld 3 u L%”@%ﬁmwsqu
4940 (Yupa, 2017) S aydiad sniamsven
aaunemafilsAantulnsiau Ae Buks N free
medium @413z e (g/L); glucose 10 g, KH,PO,
0.41 g, K,HPO, 0.52 g, Na,SO, 0.05 g, CaCl,0.2 g,
MgSO, 7H, O 0.1 g, FeSO, 7H,0 0005 g,
Na,MoO,-2H,0 0.0025 g 4a¥ agar 15 g 15U pH
Wl 72+02 Imav‘hﬂwuﬂmiﬂ‘ﬂm@mv 3 VEIARRAU
21917 Fnmsvenas 0.02 mL uummuﬂu 28-30 °C
Wunan 7 94 Lmeﬂm@@nmwmmmmmuu

819113 Burks N free medium 'l l¥innnsnaaayudis
piall

nsdsziiuanuansaidRunnlunsazans
Wagine

dndeuuail 3euigniianizlalaani
A1N1T0LAT UUBINNT Burk's N free medium 11
NARBLAIMNAINITD IUNITazA 18N dw A (Gaur,
1990) ‘Emﬂﬁ’wﬁy@mmﬁm‘%mlﬁuﬁ'hmmi TSB 0.02
mL UEAAILUBIUNT Pikovskaya agar medium (PVKA)
dailsznaudag (g/L); glucose 10 g, CaHPO, 5 g,
(NH,),SO, 0.5 g, NaCl 0.2 g, MgSO.7H,0 0.1 g, KCI
0.2 g, yeast extract 0.5 g, MnSO, . H,O0 0.002 g,
FeSO,.7H,0 0.002 g Taeifl AIPO, ¥iza Ca,(PO,), 1l
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wasWaaws Tnedsfu pHaunsidu 4.8 wag 7.0
FNNANAL LNNgaMH 28-30 °C 1luinan 7 41

msdsziiumnuainisadeadiunalunisazane
Wagine
vnsdm@eniennzlelnaniaunsosiy
1EALU PVKA 419110151 22 0 WA NAIN 170 LT 9
Furulunisazaraaamaluarvisivan
Pikovskaya broth (PVKB) 25 mL #1uv e Alugyl
Ca,(PO,), ¥ita AIPO, 5 g/L Taeingaaruianilaifinng
Fudauuaiiie finn1maand 391 U llwdndae
A iEa 125 sauseund igumniieadung 3 u
LLﬂﬂL'ﬂW’]m'Qu‘L@ (supernatant) Imﬁumémﬁl 4,500
i@um@m‘m 10 W19 qu@zﬁWmMu supernatant Ingl
%1% 'a“m spectrophotometer ‘Vl wavelength 820 nm
(APLLla9a1n3B U89 Gaur, 1990) NIN19AUAIRANAL
UWANTBNTARILIANAINYNFARBENANBUNNTA I

nsisziiuanuansadsanmwlunisazane
Tnunavdes
v‘hmaﬁmLfﬁfaﬂmwwﬂe‘lﬁéﬁmwﬁmmsm@?m
1HALWaMNT PVKA (AIPO, uaz Ca,(PO,) ‘Emﬂmwj@
waaB i luans TSB wvmsvaadewan
0.02 mL laTHianay 3 wen asuuanusudy silicate
bacteria agar medium (SBA) datlsznaudae (g/L);
Na,HPO, 2 g, CaCO, 5 g, MnS0O,.7H,0 0.5 g, yeast
extract 0.5 g, FeCl,H,0 0.005 g, 13 feldspar 5.88 g
pH7+02 ﬂu%mmﬁ 28-30 °C ifluan 7 4u

nsdsziiumnusiunsaidsdsunalunisazanse
Tnungide
vnsdm@enienizlelnanianunsosiy
IRALUR1NT SBA H1MNN19UTRY ANNANNTN TS
uralunisazare wunadauannus feldspar
(FAwlasaniannsuea Hebei Academic of Sciences
(1996)) BeedaluaNvnTvan 25 mL ATnnRuud
feldspar Wuumas i wunaid@es (0.15 g/L) wazingn
pruau e lifinndudauuafide vnnmeaes 3



ANugNITnaanLAFessslulasiaulunsdusiunsasaiule

¥ ¥ a
PagpUNaIMLNazsIiing

0 1@ e lihinfinanuse 125 senandt Wussezion
35U Sapnnudndinaesnunadonfiazane il
supematant 1@ ¢11% atomic absorption spectrophotometer
‘171' wavelength 766.5 nm Vlo’lﬂ’]ﬁ‘ﬂuﬁ’]@jmﬂaulmﬁlm
AAILANANYNFBE WABUNTATUI

nnsdsziiuAMNAINITalUKAR Indole 3-acetic
acid (IAA)

fiannsAmaanianizuuai aelelmand
arunanEsy IR AUReIMNTud e PVKA Laz SBA 10
UszlUAMNAINTD INTHAR |AA (oﬁ”ml,ﬂmmnﬁ%
23 Gordon and Weber, 1951) Imm@mmfﬂumma
NB 25 mL 1/1 LA W L-tryptophan 0.2 g/L mqmﬂuu
W ldwenfaeminuida 125 seusieun? TaTunn
IAA ARG UvdaannLinlusrazioan 3 S F9aziin
nneda PATAAE Ul supernatant 1a & 4

spectrophotometer # wavelength 530 nm

NsNAFaLUsEAaNENINURILLANLTLADNS
s LALTRIRIAUNAIN LW
o & A agy A o '
wugnunazsdnnlineaeunae @asluy
80 TneAeuNIANTINZINAR NI TRN RINAR IR
wiluasazane 3% hydrogen peroxide Lﬂumm 3
W7 udadneBaeninnduginge 3 Ak udsantiuin
AU UNsEaud LN susnmeing
A3sn@e Wusreziaan 11Hew “a9ann AL 1 1Hew
Andanfundnnas AL indausnuazdaulumingi
o o aay A o
WvNIeaes iann ldgnae Janlgnuanmanaly
gn9daU 1:1 (FanLgn wiv: QanEN319 70.5% Uil
w3 2.5% tlemain 15% yaf19A1 0.5% asla 1.5%
- o o Aa gy
Inaznan g 10%) A uFunuaiizen b lun1measg
IAAnRananuuAN Ben N Anan wlunsdedEunng
wanyLAulnaasiasneiu uneagaulss@nininlu
nissy i uinaassiundniun Nanimaanslu
nszaneuIAEUENAUTNAI9 10 cm NITNADAL 3 40
ANBNUNITNANBILUL randomized complete block
design (RCBD) waZllaATL 1 1AW NN191AL9Te
aa édl o =l > v dy
wuaRZanAmaanlua unawan NB i lEBunnae
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494m (10° cfu/g) iR eansdastinguiisindauda
731 1:50 (viv ) ldasludiundnnuniaaiaen i duas
1 mL sl defisfuaz 1 mL AunssaAznn 1
ew dlensy 6 e TufinmaoyFvinvesdiungn
nunl IneIN199m A INEIAE AINNEN9TN it
Wil Svinudiesn uasinnsAmyiaanL il
299577 AL (% total N) Tneid s mixed Kjeldahl
catalyst (Bremner, 1965) WaanWasia (% total P) LAy
AT eIN (%total K) (Land Development Department,
2010) WanaldAruanuinisgaldssetvisluly
AU A9dNNNT (ﬁ”ﬂuﬁnlml,ﬁq x AHEINd L9957
A1%19)/100

MSIATIENTAYAN AT
dnfayafifuufinuidinsziaany
wilstl39u TneAT analysis of variance (ANOVA)LA Y
R UAMNUANANIAN 9 AL 189N IIFTNARES
1ne1143% least significant difference (LSD) ‘ﬁlﬂ'mmu
@ asTu 95% TaeldTisunsu statistic for window

version 8
NANITNANRAY

HANSILATIEAUNLNANNNUNANEN

NAN19IATzRaNTRIaIR uluN u ulag
munazaniing ARnsldisie@uisduasilaindl (site
1) A1 pH 1@de 4.98 InedlAanudlunsasuinndnmlu
& A A = a = \
‘Wuwﬂ@ﬂmwalwﬂaaﬂmmuﬁiiummimﬂiuumﬂ@
fle1uu (site 2) T9X AN pH LAY 5.93 (Table 1)

& a =l o ua/l dl” dl 1 1

wWaeiidiuduvizadng (OM) 1eisaasiui lduansing
Aunndn site 1 ABUNIadRn 0.7% @9 site 2 J
Burzedng 0.8% Auiumanuidinduaes avaiable P
YBIAUNLIN site 1 NALRAE 220.64 mg/kg A9UAY
WA site 2 AAede 12.11 mg/kg TWANFANAILNIN
ey 20 W1 dauaudindiuaed extractable K site 1
H1a@e (174.57 mg/kg) T949N91A984 site 2 HINNF
2 111 (71.60 mg/kg)
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nMsuanuuAiZaanNauLazsINnIun

ANIUEN 1A DUL AT B EA N AL 08U
(rhizosphere soils: RS soils) Lazann dedafian
(rhizoplane: RP) 29INTWNITUIL 2 W”u‘ﬁl ANNITOLEN
wuAf ZelEvanun 155 lelman (Table 2) wenuule
Tanann RS soils 184 site1 AT 2 41431 70 LAY 25
Talmannuansy wazidulalbanann RP 104 site 1
Uaz 2 Auau 41 uaz 19 lelaanmuaisu

NNSARNTRIANNAINITalUNNTAI b UIATIANRY
sTauupnideluaninis Burk's N-free media
anNMmaaeatnudn lalmanfanunsniasy
T3 Burk's N-free media Hanusiavum 65 lalman
a0 155 lalaanNAnuanlfann RS soils way RP G4
A Aa A = o A
feddunuaiBenainnsassaluingaulfiiiasann

Table 1. Chemical properties of the soil samples

anunsaaty lHuuamsfidedannlulngiau iy
site 1 lHuupiBassalulnsauanuau 28 lalhan ann
anua 111 lalaan Anlu 252 % aadlalaan
o Ao P . % s =
FannenAauen 1y g9 site 2 HuuaniFesselulngan
1101 37 lalman annvianum 44 lelsan Andlu 84
% vadlalmaniauanAnuenls (Table 2, 3)

n1sAANsaauNIdazatanasinauas
TnunaLdean

vilelnianiiansnsniasoyLnens Burk's N-
free media 14 (N, fixing isolates) ﬁduum 65 laldan
linagauainuaiuisnlunisiasyuuanmng PVK
wugn lelnianfianunsniaiy uueIns PVK+
Ca,(PO,), fvamnn 42 lelnan uanifdulelnanann
RS soils waz RP 19 uaz 23 lalaian muasy uaz

Site' Agricultural practice pH? om? Available P° Extractable K
(%) (mg/kg) (mg/kg)
1 Compost + Bio-organic 49+0.2° 0.7+0.2 220.6+4.5 1745+ 15.8
fertilizer + Chemical fertilizer
2 No fertilization for > 17 years 59101 0.8+0.2 121+ 2.1 716+£74

' Site 1 = Coffee plantation with the application of compost and bio-organic fertilizer; Site 2 = Abandoned coffee plantations

without fertilization more than 17 years
% Mean from 5 replications
° Standard deviation (SD)

Table 2. Number of bacteria isolated from rhizosphere soil and coffee root

Number of bacterial Isolates

Coffee Tree Rhizosphere soil samples Root samples
Site 1 Site 2 Site 1 Site 2

Tree 1 19 6 7 6
Tree 2 20 2 6 5
Tree 3 15 9 12 2
Tree 4 12 4 9 3
Tree 5 4 4 7 3

70 25 41 19
Total 95 60

Site 1 = Coffee plantation with the application of compost and bio-organic fertilizer; Site 2 = Abandoned coffee plantations without

fertilization more than 17 years

84



ANuAINITnIasnLAfFesslulnsianlunsdusinnsasaiula

¥ ¥ a
PagpUNaIMLNazsIiing

lalnianT i3 oy uua 13 PVK+AIPO, fiiastsin 28
Talman uwendulelianain RS soils waz RP 18 uaz
10 leTmian Mus FL (Table 3) iatin v 65 'lalman
umaganlngl¥ e usmadalnsiduungs
Tunadesmudnd 23 lelaan Aianunsowsoy vy
anstnunad@en wendulaloianann RS soils 16 1o
Tnanuazain RP 7 lalmian anuanismaaedis 23
lelnaniiansunsnissey i luynems? inaaeyas
B amaenlivinnmaaesduseld
m@mﬁnmfam%\aﬁyﬂ”nwudﬁmqmm N,
fixing bacteria 7 e 1§20 RS soils LAz RP 7141
AINAINITnluNITaTauaInHeanafauas
Tunad@enluemsudell Auuansneiu (Table 3)
Tnemudn wwefiBefiuenliann RS sois wWiry l§ALY
81913 PVK+AIPO, (51.4% gaslalnianiananann RS
soils) NNNduLAT BaRuanlEann RP (33.3% 184
almanitaviunann RP) lu¥inuedifenfunuaT Bed
ueinliann RS soils a3ty lfLwamng silicate bacteria
medium (45.7% 284%alg L@VWT”WMMW RS soils)
WnnduuATBefuen1Eann RP (23.3% vadlamian
yanunann RP) lumanduiunudn wadiBefiuanls
a7 RP @3ty 1A ALINaN1MNs PVK+ Ca,(PO,), (76.7%
gaslalmiamianunann RP) innnduuATiBediuan’s
91N RS soils (54.2% m@qiﬂi«m@wmummﬂ RS soils)

nanTlsziliuauams@siuanlinig
giaeazanenenm 1a4 N, fixing isolates fifmenan
23 lalaian wudn Nnlelaanauisntesazans
Woawlaldanieanunas (Ca,(PO,), waz AIPO,)
IneAIN19aLAN8 U84 Ca,(PO,), 2 luta9 1017 -
406.1 mgP/L #91AIN19azAN8284 AIPO, 2t ludas
8.9-183.8 mgPIL ol L@mwm’]ma‘nmﬂw'aml,wg]”l.mm
‘wamm@’m Ca,(PO,), Az Al(PO,) Lﬂum@mmnum@
S2-4a1 (40611 ua ¥ 183.82 mgP/L AN AN A U )
(Figure 1) Immﬁ'ﬁiﬁﬂ’]a@xmﬂ?jzgqndﬂfaiénLmn%'u y
adelWad 1Ay n1eaia daufuA1nisazany
Ca,(PO,), uaz AI(PO,), Anfigaldannlalsian R1-1at
(101.7 mgP/L) uay R2-3b1 (8.9 mgP/L) ANNANAL

daunnnuauntalunsazans wungdide
vavdafmiden wuin aflugas 23.41-44.67 mg KIL
lelnanfianunsnazarenunadenlfgeiigaie s1-
2a4 Winfu 44.67 mg/L 30989 AT AIINENLN IO D)
azanalnunad@anlflindimeedu lHun R1-1a3, R1-
3b2, R2-4a2, S1-1b1 uaz S1-1a5 lnadunsnazans
nunaideanls 44.3,43.41, 42.28, 41.93 uaz 41.77
mg KIL pssns ua lelmanfinsanaTnuna@es 1y
ﬁ@ﬂﬁqmﬁfa $1-4b7 (23.41 mg KIL) (Figure 2)

Table 3. Number of N, fixing isolates’ that exhibited phosphate and potassium solubilizing abilities

Number of isolates

Isolated from soil sample (rhizosphere)

Isolated from root sample (rhizoplane)

Site” Total Phosphate Potassium Total Phosphate Potassium
tested solubilizing ability solubilizing  tested solubilizing ability solubilizing
isolates’  Ca,(PO,),  AIPO, ability isolates’  Ca,(PO,),  AIPO, ability
1 15 10 (66.7)4 7 (46.7) 13(86.7) 13 8 (61.5) 8 (61.5) 4(30.8)
2 20 9 (45.0) 1(55.0) 3(15.0) 17 15(88.2) 2(11.8) 3(33.3)
Total 35 19(54.3) 18(51.4) 16 (45.7) 30 23(76.7) 10(33.3) 7(33.3)

" Isolates that could grow on Burk's N-free media
2

plantations without fertilization more than 17 years

Site; 1 = Coffee plantation with the application of chemical fertilizer, compost and bio-organic fertilizer; Site 2 = Abandoned coffee

¢ Nitrogen fixing isolates; 35 isolates from rhizosphere soils and 65 isolates from rhizoplane

“ Percent of total tested isolates
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Figure 1. Phosphate solubilizing ability of selected nitrogen fixing bacteria
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Figure 2. Potassium solubilizing ability of selected nitrogen fixing bacteria
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A ANA NN WL eI Ta 9T
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Selected bacterial isolates
Figure 3. The amount of IAA produced by selected nitrogen fixing bacteria

R2-3b1

S1-1a7

R1-1a3 R2-2c1

Figure 4S1S1e?gcted bacterial isolates from rhizosphere soil and rhizoplane for coffee seedling experiment

R1-1a3 a o
n1snAdaulszaNEnIwaaILLAT IFEAanNS

mzymuﬁmmnmmuwmemfa‘mmﬁmmmms

N@miﬂivmuﬂimmmwmm N, fixing
isolates ‘Vl ApLaan wudnnisld N, fixing isolates #
ﬂm@ﬂﬂwﬂum?mmLmuimmmunmmLW\ILmeﬂ
uAneieiuNgsABAUAN atinstalay Tnaaniy T2
(S2-4a1) uaz T5 (R2-3b1) (Figure 5) uaziilavnnnain
Nyl uIRaasfund N udwuanigla i
wuA BaARAaN vva@Tsmw Tneindaudn ’Lummm
£1991N AIINGY viuiinudis aessnuazly sasianns
analEs1na11s Tulnsiau (N uptake) Waanasa (P
uptake) uaz Twunaifen (K uptake) 4n91N99nas
PuA sl |dida (Table 4)
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sl S2-4a1 lfifn AmEnasIn AN
49 damiinudic ae9s1n war lu qeiign tnedl
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1An&Aeaiuiy R2-3b1 LL@vmmqﬂﬁmﬁmumm
hﬂfdlﬂm fﬂmwummmmmnm (Table 4) u@nmnu
S2-4a1 way R2-3b1 g4l#iAn N uptake (226.9 wa s
198.4 mg N/3 plants, ATNAA L) zgqndﬂ”lﬂieﬁmwﬁlu
WAT4IN3INTINATAILANDEL N UTEA1ATYNNATA
w5 P uptake lelmian S2-4a1 Wikngeiign (15.46
mg P/3 plants) $8983N1 1Aun s1-1a5 (14.28 mg P/3
plants) N34 FouuafiBadn wanynlalaian dedana
19 K uptake 2896 un 81NN 49n3N35835AILAN
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Figure 5. Coffee seedlings inoculated with selected N, fixing isolates; control = no inoculation; T1 = S1-1a5;
T2= S2-4a1; T3= S1-2a4; T4= R1-1a1; T5=R2--3b1; T6=S1-1a7; T7= R1-1a3 and T8= R2-2c1

Table 4. Effect of bacterial inoculation on growth and nutrients content of coffee seedling

Treatment Root Plant Dry weight Nutrient uptake

length height (g/plant) (mg/plant)

(cm) (cm) Root Shoot N P K
Control 9.16¢ 6.16¢C 1.94de 1.71c 112.5d 4.97d 28.46f
S1-1a5 13.83ab 11.66ab 2.16bc 3.92a 191.8abc 14.28ab  114.07a
S2-4a1 14.5 ab 13.0 a 2.37a 3.83a 198.4ab 15.46a 100.25ab
S1-2a4 10.0 bc 9.0 bc 2.11bcd 2.71b 167.0bc 9.77c 74.84cd
R1-1a1 12.83abc  10.0 abc  1.95de 2.35bc 146.8cd 8.10cd 82.82bcd
R2-3b1 14.83a 13.0 a 2.27ab 3.52a 226.9a 8.62cd 94.22abc
R1-1a7 12.0 abc 8.0 bc 1.91e 2.25bc 169.9bc 9.80c 84.55bc
R1-1a3 10.0 bc 7.66 ¢ 2.03cde 2.27bc 146.0cd 10.50bc 62.62de
R2-2c1 14.0 a 8.0 bc 1.99cde 2.29bc 161.6bc 10.10bc 50.15e
Average 12.35 9.65 2.08 2.76 168.98 10.17 76.88
F-test * * * * * * *
CV (%) 21.46 23.59 4.75 14.49 15.87 24.53 10.16

' Means within the same column follow by different letters showed significantly difference between treatment by LSD test at P<0.05
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Effects of Rate and Frequency of Foliar Fertilizer Application on Growth and

Development of Vanda Orchid ‘Pat Delight’
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Abstract: For Vanda production, fertilizer application was one of the factors which affected plant quality. This
research was aimed to study the effects of fertilizer application methods on growth and development of Vanda.
Five year olds of Vanda ‘Pat Delight’ plants were selected for experiment. Plants were supplied with 21-21-21
fertilizer solution by 2 factors i.e. Factor 1: fertilizer concentration rates i.e. 1) at 20 g/20 L 2) at 40 g/20 L and 3)
at 60 g/20 L; Factor 2: two frequency of applications i.e. 1) once a week and 2) twice a week were supplied to
plant with 100 mL/plant. The experimental design was factorial in completely randomized design with 3x2
treatments plus 1 treatments as control with 10 replications. Growth and development were recorded within 12
months i.e. stem height (measured from base of stem to terminal point), leaf greenness (SPAD unit), number of
flowers/plant, flower diameter, inflorescence length, and nitrogen (N), phosphorus (P) and potassium (K)
contents in leave, root and stem samples. The results found that using 40 g/20 L once a week (treatment 2)
could promote the best growth and development and flower quality but not significant difference from managing
with maximum fertilizer application treatment (treatment 6: 60 g/20 L twice a week). However plant nutrient
contents in roots and stems were lower than treatment 6: 60 g/20 L twice a week. However, plant nutrient

contents in leaves were not significant difference from treatment 6: 60 g/20 L twice a week.

Keywords: Vanda orchid, flower quality, plant nutrition, fertilizer rate
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pdinlafedufadenduaseniawsydivlanes winnvansenisgnidasuauaidaiiadiideyatias
> > vy = o P & o < S o Ha Ao e =

néneldl Inaeniziladeiudsaedon Hud uas - 100 Al AseRAdpnUssadeAn s naTes

WATARNTY NTTNENeNIA AU uazsmems  sonisillesienasyiulnresuauangnuan wald
dJ = o o 1 a a 1% ¥ v

TR ANAATYFRANINNEANER (Potapohn, 2005)  uuuannelunisuaandaslduauanlidgninn
Tnaviald flenwmanzanlunislgniaasnionlidnes  sall

Tudaassryfvisnizanndsavaanaen Bur {lensaane
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Anmanndaeliduauagnuanwin alasi (Pat
Delight) 81¢) 5 T N aunlndiAeeiu dgniaasly
ToalaunINaUae 50% Ngunug i ade 26 831

= dly o o o dl ¥ dl
At ANNTUANTNS LAY 70% Anadinuaded
55.46 lulasTuasian1919mAIAa3 uIA ALTEUNNS
noaaodlaaliinglisuilaindaazanen insm 21-21-21
WiiaissiuBumsIaae 100 Hadanssofu Lanans
qU11(0.1% Tween 20) 10 Hadanssaasazane 10
ans Uiumudunsasnszasansazanei]eliifien 6.0
WA NNINAD AINNTINADNARBIAIH a7 1
dnmandindnaesila 3 szau Mun 1) Witle 20 n3w
et 20 ams 2) Wiile 40 N fatin 20 ARs uaz 3)
Wil 60 N3 sievin 20 @me taded 2 Aaudlunnsli
fer 2 wun Bun 1) Widle 1 a5 dediaf uaz 2) 1
{le1 2 A3 ediandd Wluszezinan 12 Hau Ausihau
WEAANIEU WA, 2560 TUABUAAIAN W.A. 2561 919
wnmaaetuuLTadtsanluguanysad (factorial in
completely randomized design) A1UIUW (3x2)+ 1
N33330 (N9IABAILIAN) AU 10 T WReudey
o aa v vy o .
AunssndsrauanIaan slingl# Fuin deionized

= 1 = Qdd‘
WNeNBENILAEN (N991AT7 7)

Hundayanisasnyiuls Inaguiiunn
finyanssuisay 10 Au WuszazinaIuIu 12 1hou
Tun Anugeassarfiulnadnaniausiuilaasen
(euRes) Anunnaan Hun Auusensate(@an)
WWHNAUENANTBIADN (VIWALNAST) LAZAINENTD
BN (UF AT TuFinAANEsn1e9ly Baeimee
Chlorophyll meter (dﬁ@ Konica Minolta g"u SPAD-502
Plus)

N3 eiInaieIne s lnegs
Faednsiaileszazingn 12 ReundanGunis
NAADY F19RNANazanARAeiand L a1ntiuii
satnitelenudisigumgfl 60 asaeadaa u
a0 1 filasiaunssisrinminudieldiasuulasa
inlluelfazidoniewieuinmeiiiumes
11 fing 7 W 1) ulasauienun Taeddnis
Kieldahl method wa =% 1 1% 1A A @ & 28 modified
indolphenol (Ohyama et al., 1991) 2) WaaWaia lne
A% 019 ammonium molybdate (Davidescu and
Davidescu, 1972) waz 3) Inuna@an Inadsnnsg
atomic absorption spectrophotometry (Mizukoshi
et al., 1994)

Anazsinananfaoalilaungu Statistic 8
(SXW Tallahassee, FL, USA) Wazii/3e1 euaau
wanswesdeyalneldan least significant difference
(LSD) fiszfuinnuiEasiv 95% (Table 1)

Table 1. The amount of applied nutrients and fertilizer costs of Vanda ‘Pat Delight’ after 12 months of fertilizer

application
Treatment Fertilizer Frequency of Amount of applied nutrients Fertilizer costs
concentration fertilizer application (g/plant/year) (baht/plant/year)
N P K

1 21-21-21 20g/20L once a week 1.09 0.48 0.91 10.4
2 21-21-21 40 g/20L  once a week 2.18 0.95 1.82 20.8
3 21-21-21 60 g/20L once a week 3.28 1.43 2.72 31.2
4 21-21-21 20 g/20 L  twice a week 2.18 0.95 1.82 20.8
5 21-21-21 40 g/20 L  twice a week 4.37 1.91 3.64 41.6
6 21-21-21 60 g/20 L  twice a week 6.55 2.86 5.43 62.4
7 only water supply once a week 0 0 0 0
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NHANTTNANBILA 33@’]‘302

msLasauLiule
madnANgesiuaasndalfiuaunwiguin
Alavt wAS1ATLUN9IATAIL 12 1hau WU §RPIAIN
dadiuresils wazaaud lunsliils finasemna
qereadiu uiidleu ReufuiunssaiapunaAens
Trushflesetnaien wudn nslisuilelunssiay
4-6 §4Lﬂuﬂﬁﬁiﬁﬂﬂ 2 p¥asiada et i lHuaunndl
ANgaBaRY 33.6-34.8 Teunnndnndae iy
difesataien a1l B ATYNNATA (NT907D
| 7) (Table 2) AAAARINLNITNAABIUB Panjama
et al. (2017) Fwudn niiaunessziung hilnsiay
Tifinasianngeresanfiu usinsli il o liing
fanngeressfufiasndinanisueteiiludeny
NNAD A

1 = % v [ '8

AAMITanasly 1eandaeliioun g
WY 7 1a% UA9lEFUNTINATATY 12 1AL WIS
o v v + dl Y+ o v
ang1AnNdnduesily uazaaunlunisliide vinli
ANANLAIE 29 URALANFANATUN AT A LAzt

al o aal 1 Yo +
WrsumauAunssasAauAN wudn nstiFuilely
ax A o va 4 = dl
N33:397 2-6 nane I HAANANE 99 URAS
. el and _ wve ¥

UINNIINIINIDN 1 Az n23u389 7 (LAFUTNN e
agnune9) a9l dadAyn1eans TnadAiAanu
@enuaaly 74.57-79.80 SPAD unit Tuainueingssnaan
TuaznssudsacuAN (IHFutiasetaned) J a0
AN 189 IR N AN AN UNN9ED 5 Inal AN
ANl EquealuRAe 62.00 SPAD unit waz 56.97
SPAD unit AMNAAL (Table 2) mummummnm@
1@?Uﬂﬂ1uﬂ?iNQﬁ% 18791 20 nFuratin 20 37 1
pfastadilandt vnliRelE s uinsaudian @l fein
WiArpn@earealundnld Andinssudsyn 2-6 4
Tulnsauidusinesslsznaundndryaesidsiiu
nsmasiili nemfinAdan wazaaalsad (Ruamrungsri
et al., 2008)

Table 2. Effects of fertilizer application on stem height and leaf greenness of Vanda ‘Pat Delight after

12 months of fertilizer application

Treatment  Fertilizer concentration Frequency of Stem height’ Leaf greenness'
fertilizer application (cm) (SPAD unit)

1 21-21-21 20 g/20 L once a week 32.8ab 62.00b

2 21-21-21 40 g/20 L once a week 33.2ab 74.57a

3 21-21-21 60 g/20 L once a week 33.4ab 76.83a

4 21-21-21 20 g/20 L twice a week 34.2a 76.60a

5 21-21-21 40 g/20 L twice a week 33.6a 78.43a

6 21-21-21 60 g/20 L twice a week 34.8a 79.80a

7 only water supply once a week 30.8b 56.97b
CV (%) 8.9 6.99
LSD 1.3 412
Fertilizer concentration ns *
Frequency of fertilizer application ns *
Fertilizer concentration x Frequency of fertilizer application ns *

' Means within the same column followed by different letters are significantly different according to LSD test at P<0.05

™ Not significant
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i3 L4 s 4 (=3 il Cd
2aInR22 LTUIUATNUGUAN A LaT

ANMMWARN

ANNN9ANEINATRI B3 WT|asa A NI
panueandog liiuauagnuan luszezaenaendasd 1
(19hau Aquiay D9 AanAN 2561) WuL1 690
pdindiuzesi]e wazaai lumsliide bifinase
AMUIUABNERLFaTe (Table 3) A8AARAINLNNT
NAARYUAY Luangchosiri (2004) Fiwudn nsliidelu
ssuinn 13, 5 uas 7 §u liduaedwaunendede
reandae iisinrananananeiug uanla Dendrobium
Sonia “Bom Jo” wigaKamatadulAutnatanen
Toenasaidah 1 uaznsnad 7 fanadudidudnans
\detiundn n9ssIan 2-6 et TEd Aoy eadA
(Table 3) daufuAnueatenannLIAE g
iile Suasiepniuentanen wasidleuiau ey
nsnsizaauAulng neanAad 7 fanaendaneniads
$iRENINNIINATA 1-6 BtinaThTtdAyneadn (Table
3)

BnusganslunaazdIurasing
MAszionang il was1F3uNsssns
NAABIUIU 12 1Hau wu1 Tadafuanudinduaes
ansararei]eliduadaiunnlulnsau Weaneda
wazvunadonluly daupanadlunislfiarsazans
{lefiuasiatBunalulnaaululy udlifinasefFunm
Weaaneia uarinunaiden aannsnsziAlisen
Fuiusszudnedadunudn nasudsd 6 15uily 60
n3usierin 20 Ans dlanviaz 2 A% HBnadlulasan
Wlumnndnnasudai 1 uaz 7 ateidadndnynig
85 wildunndn9annnesudad o SImmummM
297.90 fadnFusiadi (Table 4) Msfinssadasenan
inliReflunadulnnaululunnndanssdad 1
waz 7 avdsnariniinaEsoiuln uazAnnInmaen
Fndnan aililesanog ulmsauganidudinenis
Wiy v lamaluuazdudaulszneui a1 yaes
paalslad Gefldautanlunisduameiuaainlife

Table 3. Effects of fertilizer application on flowering of Vanda ‘Pat Delight during the first flowering period

(June - August, 2018)

Treatment Fertilizer concentration Frequency of No. of flowers/ Flower Inflorescence
fertilizer application  inflorescence’ diameter’ (cm) Length1 (cm)

1 21-21-21 20 g/20 L once a week 6.71a 9.4b 30.9a

2 21-21-21 40 g/20 L once a week 6.86a 10.1a 30.9a

3 21-21-21 60 g/20 L once a week 7.14a 10.3a 31.3a

4 21-21-21 20 g/20 L twice a week 7.00a 10.2a 31.2a

5 21-21-21 40 g/20 L twice a week 7.29a 10.4a 33.1a

6 21-21-21 60 g/20 L twice a week 7.29a 10.5a 33.1a

7 only water supply once a week 6.57a 8.9b 26.9b
CV (%) 9.82 4.3 8.2
LSD 0.37 0.2 14
Fertilizer concentration ns * ns
Frequency of Fertilizer Application ns * *
Fertilizer concentration x Frequency of fertilizer application ns * *

' Means within the same column followed by different letters are significantly different according to LSD test at P<0.05

"™ Not significant
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amsazanlugdansailulamondanasianns
WwsnylAuTnuasnananaeandaeld (Oiitsaranukul,
2004) dwiuinnaaanasalulunusnngsnisi 6
Flurauneanesaluluninndnnssudsi 1 waz 7
pel el BA1ATYN AT A LA uANF19aINNIINIEN
2-5 e iununeanaiaaaeslutog 24.14-30.90
a a o 1 % 1 a o o =
LaanFumasiy iueanuiuBu s nwmadasnluly
al | PN = = |
AWLINIINAEN 6 NiFunInunatanlkluninngn
NTINAEN 1 uaz 7 ae el wadnAyneats wea
' ad o = = = ,
WANFN9ANNNITNADN 2-5 el Inunaiianiads et
194 64.92-78.96 NaanFusasiy (Table 4)
N139LATIENUTHIUE16BINTIUIINNLGN
o v v +| = 1
anspudinduaesi]aduaseFunnlulngau uas
unadenlusn nnsnna lfFusniesasinafensii
TitFunnuang ulnsiau weanaa uarinunades a1
ndneruasAuad 19N WadNAtY N eaiifA (Table 5)
ARAARBINUNITNAABIVD Panjama et al. (2017) f
1 aal = M Yo +| % v
wudn nesdsAauANsTanis i IE Fuilalun ol
waiuauganuan HiEunaessianaaneialusn
tiaeNgnaenalibdAtyeana

N1934ATITULTNIUEIRN BINTIUAFI WAL
ansandinduaedelidnasesnanmsluaidiv
wiinowd lunnsliifadnasaiuinlulnsauuay
Twunaimenluanfiu us ldfnasaiBunnumasnaiali
° k4 v A Y o 09/ = 1 a
a1 (Table 6) sl lAS Ui ved 1R ea
(m‘imﬁw 7) il meamstienndingsiis
'au'amquuﬂmﬂm Tefltunndilnsawads 26.33
HaanFusiesiu Waaneia 4.66 HaanTumesy uas
TwumaiTes 1.71 Aaaniusiafiu

mnm@mimmmﬂmuum mﬂuﬂﬂmim
avaneninings 2121 21 gaife 40 mmem 20 ams
Sanudilaniaz 1 p%s (nesnAad 4) T denaliinig
Wity AuTa lufuaNgesin A daaeesly
AUNINABN lUAUAIUABNAaT e AU ALENA
2B4ABN AINENITEADN UATNITATANUTNILGT
Tulnsiau Weaneda uazwunades ludovaadluuay
o v yal 1 1 v+ o v ¥
andin 1Al wansnsannisliila udnanaaadisdiu
A = = , oA A ¢ eqyy
NgauarimnlunIIwunNINngn anviedalEfiunu
NSWAR (ANL]e) NANGN Lade 20.8 U (Table 1) e
Wweudunislifemniaazaianings 21-21-21

Table 4. Effects of fertilizer application on nutrient contents in leave parts of Vanda ‘Pat Delight after

12 months of fertilizer application

Treatment  Fertilizer concentration Frequency of N content’ P content’ K content’
fertilizer application (mg/plant) (mg/plant) (mg/plant)
1 21-21-21 20 g/20 L once a week 235.70bc 22.03b 56.16bc
2 21-21-21 40 g/20 L once a week 256.14ab 24 14ab 64.92ab
3 21-21-21 60 g/20 L once a week 266.44ab 26.13ab 65.76ab
4 21-21-21 20 g/20 L twice a week 277.30ab 28.06ab 67.51ab
5 21-21-21 40 g/20 L twice a week 264.32ab 26.09ab 69.49ab
6 21-21-21 60 g/20 L twice a week 297.90a 30.90a 78.96a
7 only water supply once a week 211.64c 19.80b 38.11c
CV (%) 9.66 18.94 16.63
LSD 20.40 3.91 8.55
Fertilizer concentration ns ns ns
Frequency of Fertilizer Application * ns ns
Fertilizer concentration x Frequency of fertilizer application * * *

' Means within the same column followed by different letters are significantly different according to LSD test at P<0.05

"™ Not significant
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Table 5. Effects of fertilizer application on nutrient contents in root parts of Vanda ‘Pat Delight after 12
months of fertilizer application

Treatment  Fertilizer concentration Frequency of N content’ P content' K content'

fertilizer application (mg/plant) (mg/plant) (mg/plant)

1 21-21-21 20 g/20 L once a week 102.06b 30.99bc 8.14cd
2 21-21-21 40 g/20 L once a week 119.42b 30.09bc 10.18cd
3 21-21-21 60 g/20 L once a week 125.07b 34.79ab 12.19bc
4 21-21-21 20 g/20 L twice a week 121.59b 33.21ab 11.99bc
5 21-21-21 40 g/20 L twice a week 128.16ab  34.90ab 15.97ab
6 21-21-21 60 g/20 L twice a week 158.91a 38.29a 17.34a
7 only water supply once a week 60.26¢ 25.69¢ 6.37d
CV (%) 16.35 10.24 23.00
LSD 15.55 2.72 2.20
Fertilizer concentration * ns *
Frequency of Fertilizer Application ns ns *
Fertilizer concentration x Frequency of fertilizer application * * *

' Means within the same column followed by different letters are significantly different according to LSD test at P<0.05

"™ Not significant

Table 6. Effects of fertilizer application on nutrient contents in stem parts of Vanda ‘Pat Delight' after 12

months of fertilizer application

Treatment  Fertilizer concentration Frequency of N content' P content’ K content'

fertilizer application  (mg/plant) (mg/plant) (mg/plant)

1 21-21-21 20 g/20 L once a week 29.92b 7.84ab 1.98bc
2 21-21-21 40 g/20 L once a week 38.04ab 8.51a 2.31bc
3 21-21-21 60 g/20 L once a week 39.97ab 9.02a 2.70ab
4 21-21-21 20 g/20 L twice a week 42.73ab 9,12a 2.74ab
5 21-21-21 40 g/20 L twice a week 51.25a 9.24a 2.74ab
6 21-21-21 60 g/20 L twice a week 52.75a 10.84a 3.14a
7 only water supply once a week 26.33b 4.66b 1.71c
CV (%) 25.59 24.68 18.00
LSD 8.39 1.70 0.36
Fertilizer concentration ns ns ns
Frequency of Fertilizer Application * ns *
Fertilizer concentration x Frequency of fertilizer application * ns *

' Means within the same column followed by different letters are significantly different according to LSD test at P<0.05

"™ Not significant
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Effects of Foliar Fertilizer Application on Growth of Vanda Orchid
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Abstract: Vanda is a potential orchid for export whereas it is long vase-life and good color which fascinated to
customers. Fertilizer is an important factor to stimulate the growth of Vanda for high quality production. This
experiment aimed to study the effects of appropriated fertilizer application on the growth of Vanda Pat Delight.
The experimental design was completely randomized design (CRD) with 5 treatments and 20 replications per
treatment, i.e. T1) use fertilizer grade 21-21-21 year round, T2) 13-27-27 year round, T3) 21-21-21 for 2 times
then 13-27-27 for 3 times, T4) 21-21-21 for 4 times then 13-27-27 for 1 times and T5) no fertilizer use. The
fertilizer concentration was 60 g/20 L of water. The application was done by spraying once a week with 100 ml
of fertilizer per plant. The results showed that the fertilizer grade 21-21-21 for 4 times then 13-27-27 for 1 time
(T4) was not significant difference on the number of leaf pairs and leaf greenness when compared with 21-21-21
year round (T1) which could increase plant height at 37.6 cm but had the smallest flowering percentage at 70
percent. In contrast to T4 which had 100 percent flowering and the highest on number of flowers per plant, the
inflorescence length, flower diameter but was not significant with T1. However, it was significant difference with
the control group. Therefore it should be concluded that fertilizer application by using 21-21-21 for 4 times then

13-27-27 for 1 time was optimum for promote plant growth and quality of flower.

Keywords: Orchid, Vanda, flowering, growth, fertilizer application
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Table 1. Amount of applied nutrient and fertilizer costs of Vanda ‘Pat Delight’ after 12 months of fertilizer

application
Treatment Amount of applied nutrients Fertilizer cost
(g/plant/year) (bath/plant/year)
N P K
1. 21N-21P,0.-21K,O year round 3.28 1.43 2.72 1.64
2. 13N-27P,0.-27K,0O year round 2.03 1.84 3.49 1.72
3. 21N-21P,0.-21K,O for 2 times then 2.51 1.68 3.19 1.69
13N-27P,0,-27K,0 for 3 times'
4. 21N-21P,0.-21K,O for 4 times then 3.04 1.51 2.87 1.65
13N-27P,0,-27K,0 for 1 time'
5. Control (only water supply) 0 0 0 0

' Alternative application in all year round
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2017 to May 2018
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Table 2. Effects of fertilizer application on plant height, number of leaf pairs and leaf greenness of Vanda ‘Pat

Delight' at 12 months after fertilizer application (MAF)

Treatment Plant height1 (cm) No. of leaf pairs1 Leafgreenness1 (SPAD unit)
1. 21N-21P,0.-21K,0 year round 376 a 12 a 79.23 a
2. 13N-27P,0.-27K,O year round 342 b 11 a 7717 a
3. 21N-21P,0.-21K,0O for 2 times then 345 Db 12 a 77.54 a
13N-27P,0,-27K,0 for 3 times”
4. 21N-21P,0.-21K,O for 4 times then 352 Db 12 a 76.23 a
13N-27P,0,-27K,0 for 1 time”
5. Control (only water supply) 274 ¢ 10 b 60.89 b
LSD, 2.27 0.75 4.99
CV (%) 6.63 6.45 3.70

' Means within the same column followed by different letters are significantly different according to LSD test at £<0.05

? Alternative application in all year round

snnusnn astaedadn i omisnauaslusnn
MR 9T N3 AU IS B U (Sruamsir,
2011) #4danASRITLNNINAADITE Panjama ef 4.
(2017) wugns W lulnsiauft 400 fadnsuredns
5u10 50 Dadansseasu A uudlduniliviuan
Ratchaburi Fuchs-Katsura 8n1aiauinnieansiuuas
unnsnesnsluisuinndinaandailifuanny
dWisduaasulnsauiiasandn

[UUA b

sdsanmsldiilavnu 1 Swadn nenidan 14
fidruauglu 11-12 ¢lu Seldf annauansneiunig
407 danilunsaiad 5 Tadlunssiaeaunu S4uau
ﬂ'hﬁ@ﬂﬂfiﬁﬂiiﬁ"ﬁﬁluﬂﬂwﬁﬁﬂﬁ’]ﬁmmmﬁﬁLfa?zlal
10 41U (Table 2) miunﬁm'ﬁ‘w 14 F1l3uud]e
UINNTINTINATR 5 (Table 1) InellanTzaei1adl
1uln31au Ichihashi (2003) s1e9u3 lundae ldnn
LL@uﬂﬂ%ﬁﬁuﬁf [Shirayukihime x (Musashino x White
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aauaedl 2.0 uag 1.7 Waedlant musidu daw
Tun9sAB Al R et R en T n s nd uaesly
e 0.2 Turediland

107

ANANNLT RS LU

wasannsliitlannu 1 dwudn nsldsudle
TuN9TNARR 1-4 R R T Apa @ e eyl
UANFANTUNN9aRA TaadAniede 79.23,77.17,77.54
WA 76.23 ANNATAL UATNITNADAILANTAIAIIN
mmm@ﬂuu@mmﬂnﬁmmu@mmummmm\ﬁmm
L'vm'a 60 89 SPAD unit (Table 2) mummum@’m
N953337 1-4 mﬁ‘mmﬂﬂu‘immumnmﬂﬂﬁmmn
5 ﬁ@lx‘iﬁwiu‘ﬁmmwﬁ'm%mimﬂmﬁummﬁmmzﬁ
paalsnanarLazAaalsiag L:’ijfaﬁmmmﬁmwﬂmmu
nsduazinaelifladiionss saadnnAmandas
uans liiiuAaamlan (Sruamsiri, 2011) Higgaki and
Imamura (1987) Aneeazed lulnsiay neanesa wax
Inunadan luuauan Miss Joaquim W11 N13UA
s hulnnauinliouanenmsvaediluuazan i
wazn3alnunade unn 1N aennslumaeT Ui
dounnsrnaneaanesanilinaneinislais ludsng
yananganLdansanalulnsiauianfuneanesa
mAaluwasatui

nNsaanmAan

annsAnenaedIsNslitlesanisean
panaasndaelduaun1Wug Pat Delight ‘wum
wlesifusnnsaannanlunssudan 4 uaz 5 ildneds
100 wloifus danlunssidad 2 uas 3 finnseannen



A9415LNEAT 36(1): 103-112 (2563)
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Table 3. Effects of fertilizer application on flowering of Vanda ‘Pat Delight at 12 months after fertilizer

application (MAF)

Percent of No. of days from No. of days from
Treatment flowering® (%)  emerge to flowering’ starting treatment
(days) to ﬂowering1 (days)
1. 21N-21P,0.-21K,0 year round 70 46 ab 272 a
2. 13N-27P,0,.-27K,0O year round 89 43 ab 217 a
3. 21N-21P,0,-21K,0 for 2 times then 95 45 ab 208 a
13N-27P,0,-27K,0 for 3 times’
4. 21N-21P,0,-21K,0 for 4 times then 100 49 a 276 a
13N-27P,0,-27K,0 for 1 time”
5. Control (only water supply) 100 41 b 1M1 b
LSD, o - 6.15 74.98
CV (%) - 17.55 4412

' Means within the same column followed by different letters are significantly different according to LSD test at P<0.05

? Alternative application in all year round

° Data has showed by observation in 20 replications per treatment
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Table 4. Effects of fertilizer application on flowering quality of Vanda ‘Pat Delight at 12 months after fertilizer

application (MAF)

Treatment No. of Peduncle Inflorescence Flower
flowers/plant' length' (cm)  length' (cm)  diameter' (cm)
1. 21N-21P,0-21K,O year round 8 a 20.0 ab 29.4 ab 10.7 ab
2. 13N-27P,0.-27K,0O year round 8 a 19.3 ab 28.3 ab 10.8 ab
3. 21N-21P,0,-21K,0O for 2 times then 8 a 19.0 b 271 bc 10.7 ab
13N-27P,0,-27K,0 for 3 times”
4. 21N-21P,0,-21K,0 for 4 times then 8 a 20.8 a 30.1 a 11.0 a
13N-27P,0,-27K,0 for 1 time”
5. Control (only water supply) 6 b 19.4 ab 252 ¢ 105 b
LSD,, o5 0.74 1.72 2.36 0.41
CV (%) 12.55 11.1 10.71 4.85

' Means within the same column followed by different letters are significantly different according to LSD test at P<0.05

? Alternative application in all year round
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Table 5. Effects of fertilizer application on nitrogen content in leaves, roots and stems of Vanda ‘Pat Delight

at 12 months after fertilizer application (MAF)

Treatment N content’ (mg/plant)
Leaves Roots Stem
1. 21N-21P,0.-21K,O year round 280.13 b 326.86 a 59.76 a
2. 13N-27P,0,-27K.O year round 20821 ¢ 17434 ¢ 33.77 ¢
3. 21N-21P,0.-21K,0 for 2 times then 31245 a 280.88 b 60.44 a
13N-27P,0,-27K,0 for 3 times
4. 21N-21P,0.-21K,O for 4 times then 168.03 d 197.58 c 53.08 b
13N-27P,0,-27K,0 for 1 time”
5. Control (only water supply) 157.01 d 200.78 ¢ 26.82d
LSD, 14.29 29.71 3.95
CV (%) 3.49 6.92 4.64

' Means within the same column followed by different letters are significantly different according to LSD test at P<0.05

? Alternative application in all year round

Table 6. Effects of fertilizer application on phosphorus content in leaves, roots and stems of Vanda ‘Pat

Delight' at 12 months after fertilizer application (MAF)

Treatment P content’ (mg/plant)
Leaves Roots Stem
1. 21N-21P,0.-21K,0 year round 38.95 b 30.03 a 437 b
2. 13N-27P,0.-27K,0O year round 28.54 ¢ 28.09 a 5.94 a
3. 21N-21P,0.-21K,0 for 2 times then 4585 a 19.92 b 5.86 a
13N-27P,0,-27K,0 for 3 times”
4. 21N-21P,0,-21K,0 for 4 times then 13.42 d 10.92 ¢ 215 ¢
13N-27P,0,-27K,0 for 1 time”
5. Control (only water supply) 459 e 219 d 0.96 d
LSD, 4.44 2.87 0.70
CV (%) 9.28 8.65 10.00

' Means within the same column followed by different letters are significantly different according to LSD test at P<0.05

? Alternative application in all year round

pngnunsnlumstidinuaziedeutinemeanesa s
wiNg (Fageria, 2014)
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Table 7. Effects of fertilizer application on potassium content in leaves, roots and stems of Vanda ‘Pat

Delight' at 12 months after fertilizer application (MAF)

Treatment K content’ (mg/plant)
Leaves Roots Stem

1. 21N-21P,0.-21K,0O year round 122.71 112.51 a 19.56 a
2. 13N-27P,0,.-27K,0O year round 97.44 77.33 bc 13.66 b
3. 21N-21P,0,-21K,0 for 2 times then 193.21 a 79.54 b 17.99 a
13N-27P,0,-27K,0 for 3 times’
4. 21N-21P,0,-21K,0 for 4 times then 106.60 b 53.61 cd 14.86 b
13N-27P,0,-27K,0 for 1 time”
5. Control (only water supply) 99.19 b 48.71 d 8.34 ¢

LSD, o 41.64 24.27 2.78

CV (%) 18.48 17.95 10.28

' Means within the same column followed by different letters are significantly different according to LSD test at P<0.05

? Alternative application in all year round

i = [ % v v a A d‘ =
Ngaau Mianudniureswunamanluiledan
44931 (Kidsadawanich, 2005)
Tulnsiaunildinisindnwunam@anilssdnsnan

QI dy ﬂy o al dl
11NE9IU PR AUN LN INUN AT NN NN TN

luansazane (Fageria, 2014)
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= a &
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a5 lugausing 7 2eendaelivaun wudannsliide
nelulneldilensn 21-21-21 dnsAandingu 60
n3Nsatin 20 Ang AU 4 AT aaUALTENIR 13-27-
27 dm31ANdNT 60 nFuFR1i 20 ART AU 1
A3e ludnaAia 100 HadAnIsafiu AAN AR

J dl :/I = 3 v ¥ v a
falasnaaniel vliindaelduouniiinag
wanyiule wasiidefidusinisasnaenuazaninin

a K o v Y +| ac o U
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nswaandae iuaunnigonmg
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Nitrogen Use Efficiency and Partitioning in Relation to Growth and Yield

of Rice cv. Khao Dawk Mali 105 and cv. Homnil
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Abstract: Study of nitrogen use efficiency and partitioning in relationship to growth and yield of rice was
performed using split plot design in which main plot was rice variety e.g. cv. Khao Dawk Mali 105 and cv.
Homnil and sub plot was nitrogen application rates e.g. 0, 15 and 30 kgN/rai. The results showed that, when 15
kgN/rai was applied, the dry matter return of Khao Dawk Mali 105 was almost twice higher than that of Homnil
(30.62 and 16.11 kgDM/kgN, respectively). However, at the rate of 30 kgN/rai, the dry matter return of the two
rice varieties showed no significant difference. The agronomic efficiency of Homnil was slightly higher than that
of Khao Dawk Mali 105 with the average values of 5.85 and 7.11 kg yield/kgN, respectively. The results of
nitrogen partitioning (N dynamic) revealed that the nitrogen concentration in root, shoot and leaves of both Khao
Dawk Mali 105 and Homnil showed a tendency to increase from tillering until dough stage. The nitrogen content
in panicle was higher than those of leaves, stem and root with the maximum average values of 10.4, 7.3, 5.4 and
4.8 mgN/g DM, respectively. The higher rate of nitrogen application rate had no significant effect in promoting
nitrogen content in the rice tissue. However, the dry matter of root, shoot, leaves and panicle was increased with
the rate of nitrogen application indicating that the nitrogen concentration in rice tissues had no relationship with
the rice yield. There was no significant difference in grain yield among Khao Dawk Mali 105 and Homnil.
Average greatest grain yield was found at 30 kgN/rai with the value of 420.5 kg/rai.

Keywords: Khao Dawk Mali 105, Homnil, nitrogen use efficiency, nitrogen partitioning
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WANANTUNNETR doutlsrAvEnwnis i ulnsauiieasnalunanan (agronomic efficiency) Wu31 dN9vaNTa
Huualiingandn §19919mnanuzd 105 Lantios Tnefldadminfy 5.85 waz 7.11 nn. nanaa/nn. lulnsay
ANNANSL HANTTANEINIEaneaadlulnsan (admluingan) wuspanudinduresluinganlumn fu wazly
gaeinvaiufannenuza 105 uasvesdaduwifadunnszezuannedszazuleeau Tafisedpanuidadiu
waalulngaugandnly fu wazen el ﬁ’]@;q@mmﬁ'ﬂmﬁu 104, 7.3, 5.4 uaz 4.8 un. Wulasiawn. dminudis
pudiy eenslsfmunisldsanilelulnsauiigaiubinnlirudndusedilanaluilededndausing I
Wndu usigenaliinadiminuiisresn fu lu wazmeiinaniu wandiiuinauduiuredlanaly
ilederesinnliflauduiusiunananueding “lua'fmmmr:mmamwudﬁ’mﬁmmﬁuﬁﬁmmﬁmiﬂmesh\iﬁ’u
asailndrAynieaii uazneuausssiedsiulnnaulufianadeads laannsliide lulnsauiisnsm 30 nn.
hilpnaw/li fnliinandnuniigaiedawinty 4205 nn/ls

AdIA: G1rnenuzd 105 Graventia Uszdnsnmnislidlulnnay nisdednglulnaau

AN HaNART lAuanaInazluegiunisEmIdansiiLag
Angiauda f9Tuegiun1sdAnIIaneeng Ineans
taqiiutszansiiizinadraiuamnsuand  lulnsiau Selulnsswilusigeimsmaniinasionis
Tannalunisdindauavidanislnadaniguantd  wWirydulnwesdng iWudaulsznavaesilsiv wulsd
weINGINTL ianneAuaTn A Wedida uazAniAme Taewlnsd uazaaalsWad (Slocum, 1991) 19z 14
Tnaung Gepnianimnsaiussnaany gl ﬂiv‘i_l'.luﬂ’ﬁ‘@ﬂLm"]y‘wLLENV]@’]ﬂF;Iﬂ@'ﬂIﬁ‘Wmﬂuﬂ’]iﬁm
Fumnsineiu dn9a0nenuzd 105 uazdinavenila  Fuuasiefiazldindseuuasiunisiiazdey
o 1 o oY dl Yo a Y a o o
sondhiginaibiuednmediilnaduddy anfuedlaeenladluemauasin i maiiaan
Fi1d °| (Kemthong et al.,, 2014; Thanananta et al., 2012) Auwiallana1389mazd (photosynthate) ﬂ"ﬂuﬁ@:gﬂ
wazdinnaanennd 105 Weeudalnaunen Yy waswduulazanlludousing - 2essiuding 1Hun
1 ¥ U Ve ¥ & ] b4 a % d‘d v =3 o’/‘ d’/ a a v
asae wligniaeslilidu dowdnventiadudinaid 90 fiu lu wssiwdn MeBnsasyAuinesdiieay
TsRuge wand@sowaflsznaudae cyanidin, duldmudnan waesia vselinnaasavuini

peonidin WA% procyanidin NANAU T189ALsznay anysnd Iuagiunanaifade Gaiunnaesnaaliiag
wianiiiluanslungu flavonoid NBendn ueunlaentiu - Nagludiurasunasndn (source) Nunnefdauses

(anthocyanin) 1l 4a196 11813 a8 A9 (antioxidant) Futinafidnaelsladiilueadilazney uiladednAny
Toevialdnnanaeenazd 105 Tinauanaglute 278- fdadauile fefu lulnnaudailuesddszneves
390 nn./l3 (Punyakaew, 1999) d1udinaneniia’li aaalsflad AnfurladavilaiidauRgdesiunis
nandnat ludaq 400-700 nn./ls (Rice Department, anyinlnasdinnlnams
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WASHARAATBITIINUFIIARNNER 105 wasHufuanTa

Yot uiszaiznasyRuinaaniiu
AR9T29uan 14 urinT9iasey wWulanieanfuuazly
(vegetatlve growth) Lﬁ‘ll LN alNaAdaiAngIan
qum‘zmmqLng?vﬂwma‘mmmmm@ﬂ (panicle
initiation) WazsrezNFASYALTANIH WN1TR LIRS
(reproductive growth) Gu Lﬁ'ﬂ‘?ﬁ’]']f‘ﬁ’]@:i‘zmﬁ’]ﬁmﬁ@
Aan sraznITdtedsdunmsilldunda visanis
@mmf’]wfiﬂ WA R @uﬁqﬁiwmmmm (ripening
period) (Yoshida, 1981) flazayna ACELTRGETAN
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LazazauTmineusadauesddin Az

115

naasyiAuinazanunsadas linaufamanudunug
waslulnsausansas R uInuaznsliinananaas
§0l¥ msAnmafedunsAnendssavsonnnnsl4
waznsdannglulnsiau Aflsenisdyinlnuayns
Winanantesding e s duumalunisdnnis
ﬂﬂ”l.uimmuﬁ winzanlunsigninneeensza 105
uazenila Tnonnsmaaesaiell Hnssuainnsléen
flelulnsand 15 Alansululasaudels Tamnzan
Aan1sastyAsinesding (Nongsin, 1999) nasads la
Tdilelulnaan uaz 1o luinsauludng 30 Alaniu
Tulnsiausield iedhunssdsu By

G aa
AUnsaluazIang

nsAneafiilanfiunnmaasdiame
NERIAIAnS unndnededaslud szudaasen
NINGIAN - AUFUIAN WA, 2557 ATUNUNIT
NARBILLIL spit plot A119U 3 1 Tnes Al main
plot 1l wiugding 2 wug lHun siugananenuzd 105
wazuieniia uaz sub plot ludnaeslulngiau 3
am9n laun 0, 15 way 30 nn.lulasiau/ls Iaeli
Tulasanlugilaeey Bu vamsuiald 2 p% Afausnd
szuzuANNe WazAfed 2 fiszuziilndenan Tu
dndau 60:40 instgndnalunszonenanasnaunm
EueuAugNaN9 10 0 Authunn 55 Alaniuse
nszAs AMwEnaz 30 nazneseniug naguadnnig
th patANdaNT waziTasiunisdininanaannisauas
UNAIAINAHIMHNZANAADANITA UL TUN AR
nawinnmasadlitinaulilvinnisdiranst Weanlea
fuluszlond uasTwunadenivanilaeuly wudad
AN 35.2 uaY 86.0 mg/kg ANA1A L Agliiiniglai]e
eanaa uarlunadan Wanilinaaesfinimi

nisfiuuaziiuiindeyatsznaudion nng
ﬂuﬁnfj”uﬁ'%wL%'m'i”ﬁ”ﬁ’wmmwm 7 5w szee
ndn szzuAnNne sztzinilntanen swHzuNeg sze
vihun sravulegen uazszezgnun lnadaunmann
80% s lunszonanaansidingszes wmmi‘tfuj
WAL UAN8E 19919 AINTEHTWAIWINITAINAY



A9A15INEAT 36(1): 113-121 (2563)

Lmvmmmmm@mq@@mﬁu 3 491 (37N ANFIL WAL
u) uay LillLm_l[ﬂ’mf_l’]\ﬁ"NLN@‘ll’]fJL°]J’12W°"F_I IVANERN
mﬂuummamﬂﬂﬂuw@qmmu 80 B9ANLTA LT
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order polynomial (Pundonfai, 2013)
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X MNele AuauiluAsgn
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Awnnuideyalnanisimmzianuulsleu
N1940 /A (analysis of variance) Wazn1Fa LB
ANALANANTEMIN AR T8 ILARENI91AE TREYn
A LSD (least significant difference)

NANISANBLAZAIANTO

nsdseisyansnnesd]elulnsanly
NS 20N WLFN st AvEnnaes
{|elulnsiaulunisasnsiaminuionaagananlad
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uwaramatle (Table 1) peinelafienunig Usz@nsnn
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Osotsapar et al. (2008) ﬁmmmdﬂmﬂ,ﬁ'uﬁmmﬂﬂ
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(1999) wwmfnJi‘vmmmwmmﬂﬂvl,u‘ﬁmwulumimw
dinunadannaestinnaninensa 105 mmmﬂﬂ
ann 0-7.2 uaz 0-21.6 nn lulnsiaw/ls laawingy
206 nnsiwvinuivnn lulnsiay

Auiuilsrdansninaesi]elulnsaulunng
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WAZRANAALRITIINUEIIRANNER 105 wazWufranila

Table 1. Dry matter return and agronomic efficiency of Khao Dawk Mali 105 and Homnil

Nitrogen Dry matter return (kgDM/kgN) Agronomic efficiency (kgYield/kgN)
(kg/rai) KDML 105 Homnil Mean KDML 105 Homnil Mean
0 N/A N/A N/A N/A N/A N/A
15 30.62 16.11 23.37 6.45 7.58 7.02
30 30.55 2713 28.84 5.25 6.64 5.95
Mean 30.58 21.62 26.11 5.85 711 6.48
F-test (V) ns ns
F-test (N) ns ns
F-test VxN ns ns
CV (V) 23.58 26.6
CV (N),(VxN) 17.28 17.46

ns = not significance, N/A = not applicable

Dry Matter Return
& y =-00113x° +1.2445¢ - 1E-14

40 y =-0.0682x" +3.0641x - 3E-14

30

- I 2
= 20 et e
3 i
< 10 -
0
(A) 0 5 10 15 20 25 30 35
nitrogen level
A Homnil KDML 105
Figure 1.

nanan/nn. lulnsiau (Figure 1) uwanslififudndnad
ANa1nnnluns 1 luinseulunisasananan
praaiiiadinlulasauiannda 15 nn lulasiau/ls
yamdu 1 Eineszinnananenusd 105 Inemaliluda
fmameuauassieilylulnsiausanisainamanan lige
NN Lwiﬂﬂﬂﬁ'mj“miﬂﬂﬂiu‘im\mmmuﬁums
wanysninnigsin uarlusnnngn daudinaiugueniia
1 Hanwenimeuauessielalulnsauadneg
Audnawugaianenued 105 fanafananagNnge
uansliiudntlsz@nsninestjalulnsiaulunisaing
m@mﬁmfu@q Auanuzlszaniug (Tirol-Padre et al.,
1996) nanaAa Nslailaxnnnan 15 nn.lulnsaw/ls
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Agronomic efficiency
& y =-0.0189° +0.7891x - 4E-15
y =-0.017x* + 0.685x - 4E-15

o

@

(o2}

kgYield/kgN
N

15 20 25 30 35

nitrogen level
A

Homnil KDML 105
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Figure 2. Dynamic of nitrogen concentration in plant tissue of Khao Dawk Mali 105
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Figure 3. Dynamic of nitrogen concentration in plant tissue of Homnil
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IRINANAR (Table 3) WLINT19219ABNNEA 105 LAZ
o a % a Ay A ' o o
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Table 2. Nitrogen concentration of Khao Dawk Mali 105 and Homnil under different nitrogen application levels

Nitrogen Root (mg/g) Stem (mg/g)

Leaf (mg/g) Panicle (mg/g)

(kgN/rai) KDML 105 Homnil Mean KDML 105 Homnil

Mean KDML105 Homnil Mean KDML105 Homnil Mean

0 545 6.37 591 2.60 519 390 6.41 8.21 7.31 9.53 1135 1044
15 543 510 546 3.09 960 635 562 1044 803 8.81 11.71 10.26
30 418 6.11 5.14 4.58 3.71 4.15 5.71 743 6.57 9.61 11.37 10.49
Mean 5.02 586 544 342 6.17 480 591B 8.69A 7.30 9.32 11.47  10.40
F-test (V) ns ns * ns

F-test (N) ns ns ns ns

F-test (VxN) ns ns ns ns

CV (V) 4247 44,42 10.8 15.05

CV (N), (VxN) 152 47.67 37.05 10.72

* = Significant difference at P < 0.05, ns = not significance
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Table 3. Yield and yield components of Khao Dawk Mali 105 and Homnil

Nitrogen Tiller/Hill (No.) Panicle/Hill (No.) Fertile/Panicle (No.) 100 Grain Weight (g) Yield (kg/rai)
(kgN/rai) ~ KDML105  Homnil Mean ~ KDML105  Homnil Mean  KDML105  Homni Mean KDML 105  Homnil Mean KDML105  Homnil  Mean
0 467d 5.67d 5147 467e 500de 483  9800ab 10633  102.17 2.06 1.70 1.880 23491 24266 23879
15 5.67d 10.67b 8.17 567d 10000 783  10033ab  78.33c 89.33 2.23 1.77 2.00a 32177 33969  330.73b
30 767c 14.67a 1117 7.67c 13332 1050  85.33bc  73.00c 79.17 2.35 1.77 2.06a 40580 43519  42050a
Mean 6.00 10.33 8.17 6.00 9.44 7.72 94.56 85.89 90.22 221A 1.758 1.98 32083 339.18 33001
F-test (V) ns ns
F-test (N)
F-test (VxN) ns ns
CV (V) 10 6.1 23.57 0.1 15.09
CV(N) (VN) 7.07 6.1 8.67 3.18 7.03
* = Significant difference at P<0.05, ** = Significant difference at P<0.01, ns = not significance
a5 LANR15A1D
annsAnelssdvanmaesilelulasawly Cassman, KG, G.C. Gines, MA. Dizon, M..
1%
nM3a31euMnuRaTann uavlsvansninaesiy Samson and JM. Alcantara. 1996.

Vl,u‘llmlﬂuslumm”im@mammfﬁwmqm@ﬂu:ﬁ 105
uazdinavenila Fewudn dseAnsninaesifalulnsiau
’Lummm\mmuﬂm@mmwmmmqmmmwuﬂN:u
AALANANaTYL wis s lulnsiau 15 nn. lulasiaw
13 §12919n8nuzd 105 FAanansnlunisld
vsinuisEanaarnndlinaveniia 95% waiienm
Tulnsiau 30 nn. lulnsiaw/ls dreanenusd 105 uay
§ravaniailasuaiuisaliiindnuiiedanag
INE IR ETaAEYINAL 28.84 N smTnudiann.
Tulnsiau dauilsz@nsnwaasnisld e lulngaulu
N1IATNNANARTBITN1T19ABNNZA 105 wazdNanas
ia wudn %q‘ﬁmmﬁuﬁ:ﬁmamumumﬁi@ﬁmﬁﬂﬂ
Tulnsiaurigess ns il lluansnaiuneaia ned
ARAEWNTY 6.48 nn.randannn. lulasiau daunns
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Tuanisdi 999 ﬁmmmu”l.u‘lﬁmmutﬁumﬂ?{zﬁmﬁi:m
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Kinetics of Potassium Release of Lowland Soils in Central Plain of Thailand
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Abstract: The study on kinetics of potassium (K) release in lowland soils, Central Plain of Thailand was carried
out by selecting representative soils with different soil development from 10 areas. The studied soils included
Sapphaya (Sa1, Sa2), Ratchaburi (Rb), Bang Phae (Bph1, Bph2), Bang Len (BI1, BI2), Nakhon Pathom (Np1,
Np2) and Pak Tho (Pth) soil series. The soil samples were collected at Ap horizon and under Ap horizon to 60
cm depths. The kinetics of K release was studied by extract soils with Mehlich 1 and K content was determined
at various times from 1 to 168 hours. The data then were fitted by various equations to describe the release of K
from soils. The result showed that Np1 soil series had the highest K release (816 mg kg’w) while Pth soil series
had the lowest K release (240 mg kg'1). Kinetics of K release for Bl1, BI2, Bph1, Bph2, Np1 and Pth were fitted-
well by parabolic diffusion and power function equations. These results suggested that kinetic of K release in
these soils involved with diffusion process and the rate of K release decreased with increasing time. Kinetics of
K release for Sa1, Sa2, Rb and Np2 were fitted-well by zero order equation, suggesting different rate of K
release in these soils. At the initial stage of release, K may slowly release from the external sites of clay minerals
whereas the rapid K release may occur from interlayer sites of clay minerals afterwards.

Keywords: Non-exchangeable K, K availability, paddy soils, illite
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Location
Soil series Soil order Coordinate
Subdistrict District Province
Sapphaya 1 (Sa1) Inceptisol Tha Ngam In Buri Sing Buri 47P 643359N 1656511E
Sapphaya 2 (Sa2) Inceptisol Ban Mo Phrom Buri Sing Buri 47P 655904N 1630176E
Ratchaburi (Rb) Inceptisol  Chaiyaphum Chaiyo Ang Thong 47P 656475N 1626819E
Bang Len 1 (BI1) Mollisol Don Yai Hom Mueang Nakhon Pathom 47P 616865N 1518488E
Bang Len 2 (BI2) Mollisol Lak Song Ban Phaeo Samut Sakhon  47P 621132N 1507926E
Bang Phae 1 (Bph1) Mollisol Bua Ngam  Damnoen Saduak Ratchaburi 47P 610504N 1505861E
Bang Phae 2 (Bph2) Mollisol Pho Hak Bang Phae Ratchaburi 47P 616909N 1507791E
Nakhon Pathom 1 (Np1) Alfisol Plai Na Si Prachan Suphan Buri 47P 629769N 1622120E
Nakhon Pathom 2 (Np2) Alfisol Plai Na Si Prachan Suphan Buri 47P 629459N 1624013E
Pak Tho (Pth) Alfisol Sanam Khli Mueang Suphan Buri 47P 602823N 1610413E
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Table 2. Physical and chemical properties of studied soils

Soils Depth pH (1:1) oM Total N Avail. P CEC Textural class

series (cm) H,0 KCI (- g kg'1 —————— ) (mg kg'1) cmol, kg'1

Sa1 0-20 52 4.3 29 1.1 29 15 Clay Loam
20-60 6.5 5.3 14 0.41 6.0 13 Clay Loam

Sa2 0-20 53 4.5 23 0.70 9.9 15 Clay Loam
20-60 5.6 4.7 14 0.49 11 23 Loam

Rb 0-20 5.0 4.2 24 1.1 11 21 Silty Clay Loam
20-60 57 4.7 14 0.35 8.1 16 Clay Loam

BI1 0-30 6.0 4.4 32 1.5 9.3 35 Silty Clay
30-60 6.4 5.8 19 0.76 6.2 28 Silty Clay

BI2 0-25 59 5.4 33 1.1 5.6 37 Clay
25-60 6.1 5.4 18 0.91 10 32 Clay

Bph1 0-30 6.7 55 28 1.1 3.1 42 Silty Clay
30-60 7.1 6.1 19 0.82 1.4 41 Silty Clay

Bph2 0-30 7.0 6.2 32 1.6 8.4 40 Silty Clay
30-60 7.5 6.4 20 0.34 2.1 32 Silty Clay

Np1 0-20 6.4 5.7 23 0.90 58 11 Loam
20-60 7.1 6.0 15 0.42 51 13 Loam

Np2 0-25 6.0 5.3 24 0.98 25 14 Clay Loam
25-60 6.8 6.1 16 0.48 10 14 Clay Loam

Pth 0-20 5.3 4.5 24 0.96 16 11 Clay Loam
20-60 5.0 3.6 13 0.28 4.7 9.2 Clay

naantaeAI8¢ 19 (digestion tube) LAN 1M HNO,
13077 30 HARART ﬁ@ﬁﬁq@ﬁﬁqﬁqmmﬁ 110°C
{iiaan 1 9aTue anniiuindretanseuarn
prneauilmaedan 0.01M HNO, U5ud3Nms
ansazaneiilu 100 HadART A9e 0.01 M HNO, (Pratt,
1965) waztingsazangludndiunmuinunad@eniae
Lﬂdﬁl"m AAS

nsAnmIRauAanin1slandaaslnunaidan
UBIAU

Fanatingdiu 2.5 n3u lduaen centrifuge
Laﬁdl‘iﬂﬁ’]’&ﬁ/[ﬂ Mehlich 1 (0.05 M HCI + 0.0125 M
H,SO ) 1Bunms 25 Haaans weunan 1 5lue 9
nswAsauazfudnsazatelai e s iunny

126

MA@ aNFag AAS annsiuinfaeteAulurasn
WANNUFANENEn A Mehlich 1 U3N1R9 25 Nadams
LA . v
LAZLAE 5B LAIALATLTZE LA FING "'|1m Wi 24, 48,
72,96, 120, 144 Az 168 42709 AMNANAL NN
wieuazfiuanIazane Al o ATLANNITIZIATGNA ]
sana12 TR I WU g e NF8FTea AAS (Silva
et al., 2013) Y inunadeuninseiflaun

. o o .
AU N U ama NN Uanlaesdazan
(cumulative K released) hazi1dayadTuo
Tmunadannlantdesazanfiszazinansing o w0
afuneanEUznslanlaeafosannigsing o dai
aunsi lesunaaauataninislantlaassinaims
Tumu (Havlin and Westfall, 1985; Jardine and Sparks,
1984; Sparks et al., 1980) l&un



P ' a 4. a =
QAUAIENTNI5LA ﬂﬂﬂ’ﬂiﬂ:w meL%EIN‘ll'mmu‘wqN‘Llﬁ‘muVI'i’mn’lﬂna’N

aasilseinalne

Parabolic diffusion equation K=a + bt'?

Power function equation nK)=in()+bin()
Elovich equation K=a+bin(t)

First order equation In(K, -K=a+bt
Zero order equation (K - PI<) =a+bt

max

Wa Kae Buiuinunadaunlantlaasd
FLUTLIAN t(u@@m‘u/ﬂ‘iam‘u) K_ Aa d3u1m
Twmeenﬂumﬂmﬂ@@ﬂmnmmw 168 Fa 14
@adansu/Alansy); tAe sveizinan i lunn2ai
Tnunaides (19149) InaiAqafAWNUAY (a) 8819019

3 1 = 1
vannediunnunislantasaiwungi@en wazAtAIN
1 (b) aN17LauenteensBa luntsdandans

Twunaiden1s

NANTTNANBILA 33@']‘31’11

a |4

ANTANINANE 1Af wazuddnavasduit
YINNSANEN
AuTiRNsA e Tl AR e Wmunnng
wnnenaiu TnagaRuassnen (Sa) LasgnnuaTLY3
(Ro) Anidupuludusvaumlntesd ganuLIuAY
B)uazgaRBUIILN (Bph) il uAulududy
vendtead qanuuAsAsdgn (Np) iudulu
suAudanaead wazganulnvie (Pth) iunuly

o

dusudangaad AuniansAnedilan uag Tungu
d’l =S da/ = a
athunawnaiieaziasn (Table 2) negaRuLNAY
uartARuLNUnHItaAuat Tunguilaazidan Tuane
dl a dl = dy a 1 1 A d‘/
ngaRuau 7 HileRudaulun)ungusuiielhuna
AN eTredA Ut UL R AT unIAS AN
=® 1 [~3 v a a o 1 o
aunaflusradanties Tinnauisadng e lussay
' y o = g ~ '
Aoudingsnferauiinegs uasiiBunluinsausnag
TuszAuRINIntienn AraRquanilaauuas laaau
Aundsdsusszauaauiiennfegennn noganu
LNIAUIAZT AR ULUNE AN N uani A A laeau
g luszAugannn senafesiudnyuzae e AL
a = = 1a = A 1
Wuhwudequastusnuwmiaalssinn 2:1 Aa w3
awnndidussfilszneunan (Table 3) daugamuiln
WasmLﬂumuiu@umm@wn@m’mmm’m@LL@mﬂ@ﬂu
u,ﬂmifa@au@ﬂluivmumumqm iflegannaug
Wiunsgauazilusialad lumiduesfisznanlu
AndoungendnAuluguALau < (Buol et al,, 2011)
NANTIILATIZHBNA LT NaUNI9wIaINeN U
AYNIATUIAR