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Life Cycle of Meloidogyne incognita in Resistant and

Susceptible Chili Varieties

agranwil gilas” yrwrsa meananAn’ uas 991050 sznay”

Waraluk Supina” Nuchanart Tangchitsomkid2 ' and Waraporn Prakob”

Abstract: Life cycle of Meloidogyne incognita in resistant chili variety, POP was compared with the susceptible
variety, Hua Ruea by observing and comparing the rate of growth and development between the first and the
second generations of second stage juveniles (J2). The results show that the second stage juveniles initially
infected root caps of chili cultivar POP and Hua Ruea in 4.67 days and 19.33 hours, respectively, after
nematode inoculation. In addition, the development times from the first to second generation were 42.33 days
for cultivar POP and 26.66 days for cultivar Hua Ruea. The numbers of nematodes infecting root system were
31.67 for POP and 102 for Hua Ruea.

Keywords: Chili, Meloidogyne incognita, life cycle, root-knot disease
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4 days

19 hours

Life cycle
of

Meloidogyne incognita

Figure 1 Life cycle of Meloidogyne incognita in root of chili resistant and susceptible to the nematode.

— Resistant variety (POP)

eeeeee Susceptible variety (Hua Ruea)
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Table 1 Time required for each developmental stage and the number of Meloidogyne incognita observed

within the root system of resistant and susceptible chili varieties.

Chili Amount of time for each stage Number of nematode
variety J2 J3 J4 FEMALE | J2 (2"generation)
4.67 8.67 13.33 23.67 42.33
POP 31.67
days days days days days
19 hrs. 6.67 12.67 14.33 26.66
Hao Ruea 102
33 min. days days days days
J2, J3, J4 = second, third, forth stage juvenile
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Identification of Some Thai Isolates of Root-knot

Nematodes Meloidogyne spp. by PCR Technique

o I'4 at/ L4 1/
FUINT AUNTNIA . WAL 251050 Usenay

Thanakorn Chanmalee” and Waraporn Prakob”

Abstract: Ten isolates of root-knot nematodes were isolated from soil collected from epidemic area of provinces
in northern and northeastern Thailand. The nematode populations were multiplied by planting the 30 days old
tomato cultivar Seeda in each soil sample. Pure cultures of each root-knot nematode isolate were prepared by
using the single egg-mass inoculation technique. Identification of the species of Meloidogyne spp. with perineal
pattern of the mature female indicated that root-knot nematode isolates CM1, CM2, CM3, LP1 and LP2 were M.
incognita whereas isolates LN1, LN2, UB1, UB2 and TK1 were M. javanica. |dentification by using PCR
technique with the use of primer pair 194/195 that is specific to tropical species (M. incognita, M. arenaria and
M. javanica) and also primers that are specific to each species demonstrated that all ten isolates corresponds
with the results from their perineal patterns. Therefore, it can be concluded that species identification of

Meloidogyne spp. by the use of PCR technique is quick and accurate.

Keywords: Root-knot disease, Meloidogyne spp., identification, PCR technique
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unAnga: [HiFeulassnily Meloidogyne spp. wamun 10 lalmandsuenuazisseslFannauiifuaniuing
nsszunateslsnsnly Lnsdasalunamiauaznnansuaenidaaviiereslsumdlng WanBunadlddeusles
Transilgniunduz@ameiuganiany 30 u adlufuusazsoating @fmﬁum?muL%@u?m%rimmmﬁﬂ single
egg mass inoculation duiLiinlUduuneiinedldineuleusntufaedsnimmnsdugnianedaaguuusesey
AuiuaasslANTaWAL e ANRANIIMARBIATNNTOAMUNT TR 1§ me:l@ﬁmﬂﬂuimmum@ lalman CM1, CM2,
CMS3, LP1 uaz LP2 w14 M. incognita ‘nm:m"l,@iem@w LN1, LN2, UB1, UB2 Laz TK1 w14 M. Javanica RUNTHA
& peudesniusamaiin PCR Tnsandes nfinas 194/195 FasmnzsieldiFeulaasntuiinyluansesty
(M. incoginita, M. arenaria uaz M. javanice) LmeVmemmmwmm'a’Lm waulaasnluuAazaia wuan
Meloidogyne s 10 ‘lalaian ‘lm@ma‘mLLuﬂmumwmmmmﬂmwmLmnmmm:rmvsﬂLLum@mumunu AN
HaNINAResaINnInaTLIidn1sauun Meloidogyne spp. Tnamatia PCR anwnsnnnléaniia uazgnsies

AvdAny: 139N Meloidogyne spp.  nM3szyTiln wAllA PCR

AU nanaumiansilesiuindalsasnilud

\iman Meloidogyne — spp. v Sudtusnanfudos

&meulataniy Meloidogyne spp. 4mny  Afadaliinaudatinvesldineudesiiinunngli

W order Tylenchida, family Meloidogynidae, sub ToLau miizqﬁ@'ﬁﬂLLuﬂmﬁmiﬁLﬁﬂuNaﬂmﬂﬂuﬁ
family ~ Meloidogyninae, — genus  Meloidogyne ﬂﬁﬁﬁﬁuimﬁlﬂﬂﬁuﬁmmﬁﬂﬁﬂwm:mqﬁmﬁm
(Hirschmann, 1985) {luawsaeslsasinyy (root- e aaldauinnazgiing 109058 L R H AN HUE
knot disease) naliiinAn@eaunfauateaiin  FAmEng | 10980 uazfowly W Anwuzaesiin
iqmiﬂﬁqﬁmmmqmimwmﬁﬁmma?']ﬁfgmq WARARABIMNG (stylet) UATANHIAZTRINN sau LD
Lﬂmﬂﬁwmﬂmmﬂ%ﬂ Wum?LLwﬁzmm%nnmﬁ sasieludaui (perineal pattern) 1B9AAANTELNALN S

vasznd Tasiannzluammnzlgnitadnluvans (Hirschmann, 1985) dufluseemdnidussdensay
FINTANIIAN AT BLATAIARTI U AN LRI Haanansutin (anus) wartdetlaadasAUWuE (vulva)
”Léﬂﬁ@wl@mﬁnﬂuLﬂﬁﬁﬁﬁmmﬁﬂﬁﬂmmﬁqmﬁu{iﬁ yaafautetiuen (cuticle) anrsazduunldiAau
Léjmumiumuiznumsz‘hLﬁmﬁmamémmmﬁm datdnnsantudauiiuil Favaduffl ey B
nlinnaesyiAuinuesiiaanas LAnan1suaes fFaanisaininlunisasageuiiea ey
wATTUNIU ReNNsLjuLlufi s wenaniinsdn  meaziBessing Il u@ﬂmﬂ‘ﬂmﬁmm:ﬁm\aﬁmgm
vnanereslfiFewlensniudainldniounaias  Anensanaiadeenaldiunanssnuandanndense
Hlugemnei Geqawidiiduameeddafitau @ l&deudesld TaqiudnsAnunisnisszyaiie
divnangdn valdennisseslsaquusannideiy  deuderlneAinmeangdalinanadauenannazd]
flaqiiufintedasuunldideudensndufiodly  Aumeaduszuduinng uazasaniiagiflefudu
genus Meloidogyne 1§71 80 1%im (Siddiai, 2000) R HANTTAUUNARE AN T I A nE T nedniganen s

dszwmalnefanwurnglenimduasiowau atian  Bndoy

LLWfixU’]ﬂLL@ZWUﬁ@&I‘ﬁIZﬂﬁ AR M. incognita M. ﬁmimm%%ﬁuL@Q@mﬁumﬁmﬁmuﬂ
javanica M. arenaria W8y M. hapla (Taylor and T Aeudeslunisineiaieine n1sldimaia
Sasser, 1978) polymerase chain reaction (PCR) Tmﬂmﬁﬁ@j
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Meloidogyne spp. lmginaida PCR n13a1uuntile
T&mautlaesnilu Meloidogyne spp. Inanaiia PCR
sunsyvnaudumenildnenulilag Adam et al
(2006) ‘Emﬁlmmmﬂﬁlmﬂ?mm DNA 284 J2 '1;1% 10
foatnalnaguilszansundudaunulunisdnm foe
weila PCR Tneld Infuesfisumnzsialdifaudes
NUNWsaL species Famnanad 1
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ﬁiﬁq“]ﬁ\i“ﬁ DNA template 1.0 lulAsdms, Forward
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lulnsans, 20 mM dNTPs 0.5 lulasdms, Tag DNA
polymerase (2 unit) 0.5 lulAsansuaz £ 17.0
lulnsans

antui e nT TR ule
(Lﬂ?lm thermal cycle aju geneamp PCR system 2400
13199 PERKIN ELMER 1l3zimelne) Tnesalsunsalsy
151’@qu171|mm:muﬁuLwi@:rjiwﬁmi’mummqﬁ 2

m9Iadal PCR  products  AdemAiiA gel
electrophoresis Imerl agarose Qel ﬁﬁmmﬁuﬁu
1% &aviein ethidium bromide 6 IlATARTHANTINTY
naunamiuadluwinuy anuilldiedealdes
nsvualiinfiiansazans 1x  TBE  buffer Tneld
nezudloiiin 80 Taasidunan 45 WA udrinmw i
ansavanefi ethidium bromide ranag] Hluszazioan
15 17 anviusinldmsaagennelduas ulra violet

InelH AT gel document system

NANIFANE

1.n93nduunginrasldinauedassn
dalneldansuenidugiuineaasgluuusas
dugauii anmsneiseassianansauenlddeu
Hatisniu Meloidogyne spp. &amma 10 lalnian
@'mﬁq@ﬂfmﬁu‘luﬁuﬁmqmmwmmﬂumiﬂqﬂcTﬂ
WATWTIATHENAGNG ] 6 dandn A1nuanisiAsIed
Fmnisreseseudaufiluii T v 10 e
Toian anansniiazutaanidlu 2 ngu WHun ngud 17
fdnwursestudoufuiiuuadunseuduuu

(dorsal  arch) g4 1{usaseu (striae) yiraaianly

Table 1 Primer codes used for identification of Meloidogyne species, their sequences and sources.

Code | Primer sequence 5'- 3' Specificity and source

194 TTAACTTGCCAGATCGGACG 5S-18S ribosome region
195 TCTAATGAGCCGTACGC Blok et al. (1997)

Far TCGGCGATAGAGGTAAATGAC M. arenaria-specific  SCAR
Rar TCGGCGATAGACACTACAAACT | Zijlstra et al. (2000)

Fiav | GGTGCGCGATTGAACTGAGC M. javanica-specific SCAR
Rjav | CAGGCCCTTCAGTGGAACTATAC | Zijlstra et al. (2000)

Finc | CTCTGCCCAATGAGCTGTCC M. incognita specific SCAR
Rinc | CTCTGCCCTCACATTAGG Zijlstra et al. (2000)
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uaynaiin (zigzag) videaaFuauiuuuaay
(smooth to wavy) afludnunrressessudiuiuang
M. incognita (Taylor and Sasser, 1978) Elu"ﬂmz‘ﬁlﬂ@jm
72 seeeiudauiidl lateral line vt alaeu unaidy
NIALANULULAZAUAN (ventral  arch) 8ananniu
lugasdan dadienBeaudieui NINNIATTINLDY
International Meloidogyne Project (IMP)(Taylor and
Sasser, 1978) \luansnuzaas M. javanica (A3 3)

2.1M3ana LUt inradldifaudassin

Unlnevatin PCR sfadaussasi 2 veqldinaunas

sty AvhanaipaEuelngl43annses Adam et
al. (2006) uazifisnBanasfiSwadaemaiia PCR g
1 wfiueg 194/195 ndaanmsaaaudaeinatia gel
electrophoresis 13103 MuNARATUT PCR  Tunn
Fanginai lAANeN SaunuAiSuaRaunawinby 720 bp
LﬁﬂLLﬁ‘ﬂULﬁﬂuﬁu molecular diagnostic key (RNK)
Wa9 wudﬁmmsm‘mmmﬁuﬁﬁLﬁum‘ﬁ'ﬂmﬂgdﬁ%ﬁ
10 lelnamivldiFeudessfiniinliuanfoudy
(tropical species) ﬁﬁﬂmmamﬂuﬁﬁq Meloidogyne

incognita, M. javanica Wax M. arenaria (MNA 1 A)

Table 2 PCR amplification profiles used with different primers for identification of Meloidogyne species.

Preparing |Denaturati
Methods
on

Annealing (45 cycles)

Primer extension

50 °C for Primers 194/195

61 °C for Primers Far/Rar

Temperature| 94 °C 94 °C 72 °C 72°C |4°C
64 °C for Primers Fjav/Rjav
62 °C for Primers MI-F/MI-R
1 min
Times 2 min 2 min 30 sec (90 sec for 7 min o0

Primers 194/195)

Table 3 Species identification of Meloidogyne by perineal pattern analysis.

Population code Origin Species
CMA1 Maewang, Chiang Mai M. incognita
CM2 Maewang, Chiang Mai M. incognita
CM3 Chiang Dao, Chiang Mai M. incognita
LP1 Banhong, Lamphun M. incognita
LP2 Banhong, Lamphun M. incognita
LN1 Koh Kha, Lampang M. javanica
LN2 Koh Kha, Lampang M. javanica
UB1 Muang, Ubon Ratchathani M. javanica
UB2 Muang, Ubon Ratchathani M. javanica
TKA1 Pobpra, Tak M. javanica
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Figure 1 DNA fingerprint from Meloidogyne spp. (J2) when using primer 194 /195 (A), primer Fjav/Rjav and

primer Finc / Rinc (B). (CM1, CM2 and CM3 =

Chiang Mai isolates; LP1 and LP2 = Lamphun

isolates; LN1 and LN2 = Lampang isolates ; UB1 and UB2 = Ubon Ratchathani isolates and TK1 =

Tak isolate)
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dq@ﬂﬂﬁ@:ﬁﬂﬁlﬁﬁum@nizwuﬁ’uauﬁﬂﬁu°*| ilagann
134mummﬁ’mm@muumﬂmswuvlfmmﬂa‘vmﬂmm
mmmumuu TneAugitinnstuiionaesldiAon
N@ﬂiﬁﬂﬂuuu@wgnmmwmmemﬂ neldinin
MWN@HWIH‘V}’NLﬂ?ﬂﬁﬁﬂ‘ﬂmﬂi‘zmﬁéﬁm'ﬂﬂﬂauﬁﬁ
&uj fingl mm”l,iﬁmuzgmi"mﬁ (2550) 9128113019
Ewmeila PCR-RAPD  lunisauunaiinldineusles
iqﬂﬂm&ﬂ%mm‘ﬁ'z%uﬂfjﬁmimq@mu‘ﬂmﬂﬁmgm
Anen wardponuligalunismsasey agnelsfiau
WwAtA PCR-RAPD

WANFIN9IEUINg race 2
nagauldl (ganFml, 2550) FaiupasiinAsefiudiy
Tuetnpnianaineda PCR  Taeldelnaiesiay
1 unnsanuunefinldneudeesniuaiia

fananaldanuisanenAy
wazrrace 4 nusnlpeiv

WA
2w Anvludszmalng Taeinsiuaulalaiany
= o X X A ai

AN NI uazAsaUAgN WUz lgnainunig
szunnvetannlnludandngu o veslszinalne
sanlUfansAne W FeuieuiunnsaLLn race 1ng
Nt Al
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annnIsAnEgluLLANaRNTR e ue TaY
&\ pautlassia 10 lalaan TnaldnsiindFunomeu
Ao 9 A o ~ °
whanpanldneutessnlufigeuszasi 2 a1uau
169 foemeila PCR 1alde lnfiues 194/195 uaze
InSias RRAMNATNIzIAzaese R auleesnyy
1 a = a cal @ d‘ v ?-I/
WAATTHA WAz BaUEUANSRNITA B WA LA anNe
11U molecular diagnostic key ivmuaulng Adam et
al. (2008) Nuq1 M HANITR LUNARBAARAIALNNT

ATt Ud O UALIBIFNAN TN ALH Y NT

auunaialdmautlessindulsewmaiin PCR - §

aunsanilisande wazdnauan1slanandnnng

AAITYIRtit UgI U LIRSS N TN AL

LANAITANDY

andy ansezianu]. 2544. 40 MiPeurenuaznig
AANI9. LANA1TITINNT AuLITadg
Unusfl annwiddedie nendaans
INMFIT. 85 NN,

Audnh audinu. 2541 TdiAeudendpgiie: leauay
nsdans. drdnfiaiiaden, NN,
204 wtin.

gn13md TrAAL. 2550. N13ARRIUUN species WAL
race 10914 AauassNUN (Meloidogyne)
Tuntanzduaaniaaunile laaddinig
Tuana wasdsldnaanmng. anenfinug
ANUIANAATUNNTUNR NUIINUIAE
WAL, VAU, 84 NN,

a1lus ASTYana uaziena Asns. 2538, IAaudas
sniduresnzaznalunianziuaan
\Rerwille. unnemg 23(4): 172-178.
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b.

wﬁgﬁumumﬁm%mum%u

Characterization of Colletotrichum gloeosporioides

Resistant to Carbendazim

wsilsswa memssna’? uas astyen a a1ue”
Pornprapa Kongtragoul“ ? and Sarunya Nalumpang"’ 7

Abstract: Isolates of Colletotrichum gloeosporioides causing anthracnose disease were obtained from infected
mango fruits collected from fresh market in Chiang Mai. One hundred isolates were successfully isolated. The
carbendazim-resistant assay was conducted on potato dextrose agar amended with carbendazim at various
concentrations: 0.1, 1, 10, 100, 500 and 1,000 mg/l, respectively. These isolates were classified into four
representative phenotypes of reactions as highly resistant (HR; > 500 mg/l), moderately resistant (MR; < 100
mg/l), weakly resistant (WR; <10 mg/l) and sensitive (S; <1 mg/l). The results showed that 95 isolates were HR,
and 5 isolates were S phenotype. The differences in the carbendazim-resistant phenotypes were conspicuous
in sequence analysis of the partial second beta-tubulin (TUB2) gene. Amino acid sequence analysis in
comparison with wild type C. gloeosporioides f. sp. aeschynomene (accession no. U14138) was carried out. HR
phenotype revealed a substation of codon 198, which encoded glutamic acid (E) in S phenotype, was
converted to a codon for alanine (A) which was closely associated with conferring carbendazim resistance of

phenotypic mutation from the field.

Keywords: Fungicide resistance, mango anthracnose disease, Colletotrichum gloeosporioides
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unARsia: iLsumuies Colletotrichum gloeosporioides awinlsauauunsaluaLuNaNzaaRINaaInan Ty
Faindeslual 41uau 100 Talnian antumegeuantasn N9 astlea Ui dades A f T
1UAMNT potato dextrose agar FANENsTNdATeI AN FIIUA T NTsE AL 0.1, 1, 10, 100, 500 uAY
1,000 mg/l AMNAAL Tnelasi s uA BN UR FUNIUIEALES (HR; > 500 mg/l), sinumnuseduitmg
na (MR; < 100 mg/l), FuvusYAUAY (WR; <10 mg/l) wazszALaauLa (S; <1 mg/) HANIVIAABINLIE A9
ngN HR Amu 95 lalmian uazngn S auau 5 lalaian dleAmzinnsseziilunniesadesudazsziy
AYINFAIUNL 171'cﬁwmemﬁzﬁqummﬁumﬁmgau (TuB2) wWRauWiaudu C.  gloeosporioides . sp.
aeschynomene (accession no. U14138) wunslasuiasednsnesi iunsas L codon 198 m@\n%famnzg'm
HR AN glutamic acid (E) m@qé@mn@:m S \{lu alanine (A) fﬁqﬁuﬁuﬁﬁuﬁﬂwm:ﬂmﬂﬁuﬁﬁL.me@ﬂm;i@msm{
wuAdNanKLastgn

AANATY: ANNEUNUANINNAATe TaanauunsaTuaaszaag Colletotrichum gloeosporioides

AU laaziuuanlaa (thiabendazol) L{IuF (Akem, 2006)
mimﬁﬂ@juﬁﬂumﬂﬂm@m%u (systemic fungicides)

u:;iqqLﬂum@iﬁ‘ﬁlzﬁqﬁquqLmiuﬂﬁqﬁnmﬁm ?{@ﬂﬂqmﬁlmumwwzaﬂ (site specific mode of action)
vilsrestsznalng moluudacfinandnuzdes  namAeandnlUsuiuTsfiugyan (ubulin) eedild
@@ﬂéma’]m%\m’miuﬂjgmﬂ wardsnansnaLlszine AuptiNanziazasiulilsiy beta-tubulin subunit
ATUININ (NETFINSAT, 2547) WA MULZIRARWA (Ma and Michailides, 2005) ifiasannanunizaaans
WUIHARRRAUS N LA LA EIS 1 wninn TE AN @@ﬂqw’ﬁrtmuﬁwm nit Usznaufunisldansiadl
Rawng annisdvianeeaien Coletoichum  atveidies azdeuadninldidesifianaia vie
gloeosporioides anugasslsanauunsalua ﬂ?"uﬁqmuﬁ@mwmgmm AUAANIINANE UG
(anthracnose) e lFiAndEnzandAn givnan A1eugiidiunuanstlaafuindndesiu e
lujgufj']qn’]j‘]_imu?@mudqqqmmmmd’]‘ﬁqgmgmlum Lmﬂﬁ]ﬁ‘ﬂiﬁ\‘iﬂ\ﬂ%@’]ﬁ‘mﬁﬁ\‘iﬂﬂ"]ﬁ)L%@iﬂ@ﬂﬂﬁuﬁﬁﬂ@’m
T uazqnany Wlfuiviaeld enimqaninduune  Wuftensagsanld ednsaizmenaeiugiiauns
AU AR e S U ] 2ifeuynanawug dnevnenggugnuauls AvdanalifiuFunoniely
u@ﬂmﬂﬁl,%mwﬁmﬁﬁqmmmLLr:J\ifag_uiﬁum@r;T\uwimgj LLﬂ@\‘iﬂQﬂ"ﬂ’NLﬂ‘iﬂfﬁl?ﬂ?im@ﬂiﬂiﬁq (acquired
lTuudasdgnine Tduamsainisla 7 Wl \ile fungicide resistance) (Deising et al., 2008; Damicone
anmuwndesanzan i uagqn siedlianaduge . and  Smith, 2009) iinliinemansyszauilomilal
329 NANTLA LS M‘%“@Uj\j"?ﬁuﬁfﬂLﬂlﬂﬂ’]iﬂudq qy mmimfm@umilﬁmmmws’axmmmimﬁiﬁ
[,L'g\]m\jfa’mqﬂﬁ %qﬁﬁqﬂqqg\“ﬁﬂuqﬂLﬂu@ﬂ'qquqﬂ mu%\arﬁmémﬂﬁmﬁunmmmmﬂumiﬂmﬁuﬁﬁm
(Akem, 2006) z%qvﬁ’unqsﬁmﬂq@ﬁ@qﬁuﬁqﬁ’mimﬁlu 13p %x‘i@ﬁﬂi’m\‘i’mﬁl@\‘l Damicone and Smith (2009) ¢
uilaatgn inemsnsiionldansnifleiuindnides Isziuanudessienmimmnanufumustedis
Tnaannzarsnquiuudianlea  (benzimidazole) ﬂ@jumu%ﬁm‘lmaq"luazﬁuvﬂnml,?ingq dsenauiu

asannAluanlsalananuazsantso 11U Deising et al. (2008) $12NWIN 1TA9N Venturia
ANFLLIUANTN (carbendazim), WiLRa (benomyl) viTe inaequalis Waz Botrytis cinerea @NNNINAFINAIN

204



AN®UZARILTA5 Colletotrichum gloeosporioides

a v e
Vlmuwmﬂ’]‘m’]‘:mum%u

ﬁmmummmzjmﬁ'lummLﬁmmaﬂ ARG

fanannasn liinaanudnmanlunistlesiunidn

TsniliAniy
flaquiniSavanavuildAneanu

rﬁ”mumuﬁi@mﬂuﬂfquLuu?nﬁmiéﬁmml,%mﬂ
Colletotrichum  spp. ﬁizrﬁu phenotype AT genetic
mutation WUFNTeFINARIRARNKENINLABANS
Iun@jufﬁuuﬁqiwmﬂﬂmm (Kumar et al., 2007;
Ru-Lin and Jun-Sheng, 2007) TagAneusguiusii
VLAY (beta-tubulin - gene;  TUB) FauAnaNnNNg
Lﬂ?ﬂlwuﬂmmmmmmmumméhLLmiﬁmmmamg'u
WwwENAN T (benzimidazole binding  site) WL
Lﬁmi’iﬂ\ﬁmmmwﬁuﬁ(point mutation) AV
codon 198 ﬁmmmmﬂ‘ﬁ'zgm nataAeansaasiii
glycine, lysine, alanine 38 valine %Lil"]vlﬂmeﬁ
glutamic  acid Tusuuls codon ﬁ (Ma and
Michailides, 2005) b ElseunsAnsnA9
Frunuaesiden C. gloeosporioides FaaNTluNg
wuEdenlea 1Bendy TUB2  Wesannifluifnai
mmfiﬁﬁrﬁﬁmeﬁlﬁmmﬂmwﬁuﬁf(Peres et al., 2004;
Chung et al., 2006; Maymon et al., 2006; Kim et al.,
2007) feiudsindlufesdnmieqananeiuguugiu
LAY YA (TUB2) 99913831 Colletotrichum
gloeosporioides mma‘ia‘ﬂLL@uLma‘ﬂ‘Eummmm\iﬁ
FumuanstlesiuindndasAfiuungy Weldiie
mmimmLﬁﬂiﬁlﬁqmimwﬁuﬁ:ﬁLﬁm%usl,uim"u?m
Tuiana Suaziihllgnisudansnzanlunsnoun
flasiuldiaeingnid

L4 ac
’@‘ﬂﬂimu@&’]ﬁﬂ’]‘iﬂﬂﬂ’ﬂﬂ

TWENUAZLALSIUTINLT RSN C
gloeosporioides A1LWATSALBUUNTATURLUNA
Nz IFURaNzaneTiuansannislsALeuunsAlis
ANAAAEN ATIALTEANNLNANE ENEaaLne3le
mﬂ&mmﬂ L?'E'aa‘ﬂmﬁ% tissue transplanting
technique FrduRmBnnusaiuiied el
WNPlTZa0L 0.5 x 0.5 LuAmAT sindenEalneug 1y
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A17a2a18 sodium (10%
terannd 1-2 W Aesnsninnauiiesnmalsyainn

Ao &2 A ey vy P \
2-3 U sﬁumuwcﬂl‘ﬁLLﬁQﬁQﬂﬂ?zﬂqHﬂ?'ﬂ\?WNquﬂq?mq

hypochlorite Clorox)

{9 Ui gneLLanng potato  dextrose  agar
(PDA)  LinlATignumnfivias (30°C) tazaniu 34 Fu
sledunniuduladesssyesnanaugouiis aq
Aensanlanendulannonssensns PDA luided
gnungiivias (30°C) unan 10 Su ieAnanmou
Tnlatiuazatled amivueniiudadouniieldluanms
PDA luvinenides dvstlFlunimeassdisiel

2 sziiusrAuANNAI UMD LT a9
C. gloeosporioides Aagnsilasturnamdasang
WUANEN  RENeNVNTIAENITE PDA HANALANS
Hasfuindniasamfiunandy Anaududusydy
sina o 1w 0.1, 1, 10, 100, 500 (BmsUUN) uay
1,000 mg/ M cork borer MAEUNUANETNAN 5
TaAwas Fminnmenlalatsesderudaslelnan
[AELLawNg PDA  Tinguanstlesiuindndasang
AT s L AN s 1 wWieuaunIg
winyreslelailideniugapmunuAs a1ms PDA 7l
LA st AE A innnImeaeeaadid
A% 5 9 ﬁuﬁﬂmm?tymml,%mﬂ Taedpanadueinu
@uﬂ’ﬂmq‘lﬁﬂ‘lﬁ@ﬁmauég@m LalesiiusEALAIN
Fonmuseanstlesiuindadasanfiuundudy 4
S PAMANINDLTT BadauLlasan Koenraadt et al.
(1992) uax Peres et al. (2004 ) uagmdly 19197 1 Uy
proageudnusduletede s uAaz LA LAY
FLYNUTIAENLIUE1NT PDA UaY PDA HANANFLL
pFET 500 mg/ meldindesaanasdaeng 400 W
meA% slide culture

3siinlFanaiiaue wazdiasizisiay
HandlalnAnsIfuUUSEVILA LAY afnsEY
leannduleread eI fifalAenuAaysLAuAY
Fnunusostm NucleoSpin® kit wazifiuiianm
AP UEATIALLILNguYesEn TUB2  Taemin
UfjAsen PCR lwswes TUBZL (5 GTT TCC AGA
TCA CCC ACT CC 3) wazlnsies TUB2R (5" TGA
GCT CAG GAA CAC TGA CG 3') AIRADLINAKAS



A9ANTINEAT 26(3): 203-212 (2553)

AUz lélaeis gel electrophoresis LU 1%
agarose gel 134 0.5X TBE buffer uazfiauiaasnag 0.5

ﬂﬂmaﬂwmmwﬁmmmwmmmmmmLmﬂvl,m Ine
L@ENL“]]@‘E"]U‘L!@’]HW? PDA W‘LI’)WL“TJ@ﬂVNMNﬁN@ﬂHMV

ugm wimanluslug neaaguovpiauenisls TalafiLenyns PDA dail iledewdulafidanasionn
uasdananlalaan uaziliffeezimadutiondle  avees o Wasududmiuaziasafinaiuainsiaes
e #oueses automated  fluorescent DNA  i@iedszinni 10 Ju uleTaiana¥engualasadu
o w o o a al rdl [ o =1 . a o % '
sequenceruwagammummiﬂmwimLLﬂmﬁmﬂu (spore mass) wazwuLln sclerotium Annidesinag i
nanezdlusoglsunsn  BioEdit version 5.06. 893 PDA Hanwozalesjinsanszuaniafinauy

P P o v = o a Ao
L‘Ll??m_lwm'ummmu@uﬂmmﬂmmﬂumm‘mﬂu@umu
sealilugudeya GenBank 189 National Center
for Biotechnology Information (NCBI) #nailisunsu
BLAST  Taendnluf

Ho o 2 - = - {
uananiindeyasivaeailreuinaududes) C.

http://mww.ncbi.nlm.nih.gov

gloeosporioides f. sp. aeschynomene (accession no.
U14138) ANNT1E1UABN Buhr and Dickman (1994)
fnelalsunsu ClustalX, version 2.0.10 L‘W'famfmmum
ANANENUG

IWENLASLNUTAIUTINLT AT
Colletotrichum gloeosporioides ®#1L 1 ﬁﬂ‘a‘ﬂ Lau
LNTALUANZNG AINNITUENLAZILF2981919ALD1

uwnsaluauuNaNsiannaingals 100 lalaian

Table 1 Phenotype-resistant

concentrations: 0.1, 1,

levels of Colletotrichum gloeosporioides

(cylindrical) mm‘lﬁm & (l6ifR) 11, 4.2-5.1 x 15.4-
20.6 m (mwm 1) %wmﬁﬂﬁmvrﬁmzﬁqmmmﬁm
“MLLuﬂL‘H‘ﬂ?’]@’)LM&‘I@Qﬂ@’]QLﬂ%L‘H‘E?W C.
gloeosporioides ANNUANINILT U8 Sutton (1992)

2. UszilusEAuANNATUNUARENS
flasiumidadasimfiuumds  annisdne
AN EUNIUAAANTANFIIUA TR AL
phenotypic mutation InelsUIZALANAIUNIU
‘11@«3]]@?1 C. gloeosporioides mma‘ﬂmﬂum@m
[B031ANFIULANTNLLEMT PDA TIHANENTANFILY
ANTN 6 srAuAINd g Taun 0.1, 1.0, 10, 100,
500 &z 1000 mg/l AUV LAR S A3
1 wudesfiduniudeaistlesiuindnidasang

wunduluseiuge (HR) Sﬁqmmimuummmm

to carbendazim at various

10, 100, 500 and 1,000 mg/l supplemented with potato dextrose agar

(Modified from Koenraadt et al., 1992; Peres et al., 2004).

Carbendazim concentration (mg/l)

Phenotype-resistant levels

0.1 1 10 100 500* 1,000
- v X X X X X
Sensitive (S) V4 v " " " "
Weakly resistant (WR) v v v X X X
Moderately resistant (MR) v v v v X X
v v v v v X
Highly resistant (HR) 7 7 7 7 7 7

* = the field recommendation rate

V=

the percentage of growth > 10% compared with the control

X = the percentage of growth < 10% compared with the control
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Y numzmmtﬁ’asw Colletotrichum gloeosporioides

a v 4
APUNURITATLLUATN

AfLuANFIN1S > 500 mg/l anwau 95 lalbian
LAZIZALIARULE (S) %qm’%miﬁuummmmumﬁuu
pfEnle < 1 mg/ anuau 5 laloan (mwﬁ' 2) Tu
NNINARDIATIL LN I TN us T AL N AN
(MR) Ua232fuA (WR) uaziilensiaaeuiduleide
$1AEWUE S Az HR AdeaLuemNg PDA LAy

(C)

PDA HANANFILUANTENT 500 mg/ e lfindes
qanssdueNY 400 Wi TneRd
Anwouzidulaaeamesiaasa s W gAY

slide culturewu

811113 PDA UAY 11098189 Ug HR MLAENLIWaIuIs
PDA H&N  ANFILUANTENA 500 mg/l HAnmausidu
leldunnsnein douimesnaiawug S Miae

Figure 1 Morphological characteristics of Colletotrichum gloeosporioides isolates causing mango anthracnose

disease; (A) anthracnose symptom on fruits, (B) Colony growth on potato dextrose agar for 10 days,

(C) sclerotia, (D) slimy spore mass, (E) conidia (X100).

NDM_F006 (S)

control

500 1000 mg/l

(A)

NDM_F116 (HR)

control

500 1000 mg/l

(B)

Figure 2 Carbendazim-resistance assays of Colletotrichum gloeosporioides causing mango anthracnose on

potato dextrose agar supplemented with carbendazim at control (0), 0.1, 1, 10, 100, 500, and

1,000 mg/l; (A) Sensitive (S) phenotype. (B) Highly-resistant (HR) phenotype.
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U879 PDA HENANSILILANSTNR 500 mg/l liwu
ngaF1adule (mwﬁ 3)
NS i uanaziiasizisay
fandlalnanseduuieBuuAIguan  an
NNIANHNANETUNUA AN AN FLLILAN ST s AL
WugNaIN (genetic mutation) TaeufintFundidue
APRNUVLNLNIEIUTRsEY TUB?  a991de3n C.
gloeosporioides  AaamAilan PCR Tmmﬁmﬁqﬂﬂ'wéﬂ
341 HR A9 20 lalsan LL@&%@@%@N S AU
5 lelman iflenmaseuuatlfAzenlneia gel
electrophoresis WLWDUABWAIWIALTEZNNDL 474
wa et lAmssimnanduinnalelng uazuila
siailunsansnaziiy Lﬁ@mmmﬂﬁﬂuuﬂmmwwzﬁm
wunnsulasuulasesnsnesilunsedumie 139,
149, 151, 156, 176, 194 uaz 198 Inalaw1znng
waenuilasmseiumds codon 198 m@qé@mﬂ@:u
FAUNIUITALIES (HR) ﬁmmzﬁ”mﬁuﬁﬁuﬁqmm’%@m
nau HR N lalaian Tuanuziinssiumisiizesden
ngus ldwAsuuas namAaianswasuuas
neaaziluann glutamic acid (E; GAG) gmmu‘ﬁ'é’fm
alanine (A; GCG) 111 codon ANN&D (mw17'1' 4)

F50iHA

anntlssfiussdnNE UL a
C. g/oeosponozdes m‘ﬂm‘a‘ﬂ'ﬂ\‘mum@mﬁjm’]mi‘mu
Y WLTeTiE N useansTlasiuindaideseng
W TN lusTALgs (HR) 20143 95 % Anuanag
‘wmmummemsﬂmwuﬂmmu phenotypic
mutation mmmLm@mmmmiﬂmmmm@ﬂm@ﬂ
TRAUAY mmm?mumumm?mmmnmqum'aﬂ‘l,u
AP TUTRTULA mekummﬁﬂ@u HR wmmm
waryldAUUans PDA AnanansA AT NT
srAUAMNdNTL > 500 mg/] Faflusuannudad
Tudmauuzti uazunnanamauustin Inganatluna
wrannsldansaiilesiuindalsaiuniiudasm
wuzinuaz lAafefwdunanuu Hnagenndasiu
$EULRY Kumar et al. (2007) RAsageLAIny
él’wumuﬁi@mal,mﬁ’l,umjuLuu%ﬁm‘llmmmt,%mw
Colletotrichum spp. l1sA1 phenotype mutation W
L%@mﬁm@'ﬂqﬁﬁuwﬂuﬁi@mmmumiuLuu%ﬁm‘lsm
o TuseALga

NDM F006_S

500 mg/l

NDM F116 HR

500 mg/l

PDA PDA+carbendazim
(A)

PDA PDA+carbendazim
(B)

Figure 3 The mycelia (X40) of Colletotrichum gloeosporioides causing mango anthracnose on fruits between

A) Sensitive (S) phenotype, (B) Highly-resistant (HR) phenotype on potato dextrose agar (PDA) and

on PDA with carbendazim 500 mg/l.



ANBUEARTR5T Colletotrichum gloeosporioides

AAUNIURITANSLLUA TN

ANNIANHIAMNATUNIUABANTANFLLIN
PNFFuTis=i genetic mutation Tngifis BunnudiEuy
OATIAUMLILNSAIUTDEL TUB2 10913031 C.
gloeosporioides fienATiA PCR ‘Emmﬁmﬁq@ﬁ'ﬁaé@
3ng HR LL@ZL%@‘;“’W]@:N s dlevAeesfunansy
Tedlelng uazutlasiailunsansaezily awmnns
Lﬂ?}lﬂuuﬂmquwm WURANANENUE (point
mutation) 2109N3AAZH IUATIAILULY codon 198 284
m@mﬂ@m HR ﬂmfm@mmﬂf]ﬂﬂ@ﬂuuﬂmmm@m‘ﬂu
/7N glutamic acid (E; GAG) qmmu‘wmﬁ alanine (A;
GCG) Ui codon AINATA sanalusaeddnden
C. gloeosporioides @R 13ALAULNIATUALRINTHI
WANIINANERUFAUNIUA AN TANTILUAT Y 4
fmmﬂ@fmﬂummfrmﬂmmwmmmummﬂuﬂmu
mumumimmmmam C. g/oeosporIO/des mﬂmm
NAEWUE F99AUMLS codon 1 198 TaeiAnwIaTnsiu
northern jointvetch lutlszimAanigawiini (Buhr and
Dickman, 1994) lsm postbloom fruit drop 210940 lu
fgvlaedan Useiraniy uas Waatla Uszine
usda (Peres et al, 2004) lsauauunsalugann 1l
HARINN ] Tuﬂa‘zmmjﬂu (Chung et al., 2006), 1sm
LEULNTATUALRIRUALARA TULTZINAR AT LR
(Maymon et al., 2006) l3ALAULNTIATUATAINTN WAL
mmmmﬁl TuilssmAnua (Kim et al., 2007) wazlsa
waLunsAluareaNzdaelulszmAaunauld (Ru-Lin
and Jun-Sheng, 2007) Faannnsulaenlaei Asty
‘lm:ﬁuﬁu@ﬂﬁmﬁ Husarivinuandldidiudamtu
drAuEmNusess AT FINa T8 03 a19D
fnanenganuany meL%fammiu?{ﬂmﬂﬁuﬁﬁmmu
siaannipd7indailldUmngTuudalusssuai vije
wlaslgnaaanemsns upzidafaBinnduies y
mavasiusnludesuusinnemsnlfassuings
mal¥ansaiitlastuindnlsafiaacinesziingy s il
HloafuTesAnAud e ARt daint
wanalFifiudnazdeeiinisdanisatnesedngeda
deliianseauAx uazilpeiuindmdelsniimmng
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Tidsz@nsnmgega Amdunisnansiugninaauil
(2009)

v v ¥ . 4
ANNITDATNAMNATUNIUAN (cross resistance) 5
Aot naame N1sfLasawe laatasieaau

£1959181974270 Damicone and  Smith ol

v ' a A a d‘ 1% o ¥
ANUNUFeANTANTHA I TRANTILAY S9dNNNTna59
ANAN LU a1 sl atinauneg lunguiaaiy
m@mmm@mumm@iﬂm?mnqwﬁLﬂm‘vmm&
mu@uﬂum@ﬂmmu FatuNNIA NI ATIRA LA AT
mudqmmm@mmﬂﬁuqmummﬁi@m?m?mumﬁﬁu
1 ansazfumusessrinaulunguiuuiian s
v =< o £ o U d‘ g"
gl AR UABLUZINEAINT T anANNALailag
nsldansiadisnanguaduiu ize ldudnnisdanis
AngNruuunannaiunn I luulasilgn (integrated
pest management) (Prabakar et al., 2008; Singh et
al., 2008; Damicone and Smith, 2009) atnalafmnu
nsnanRufiNef unIusAea1sARTY a1afinan
Huihen 7 videnanaEy Genisnaneiufresiuena
N ATUINNIZATMAULAEN YTDLAATUNANE AT LAL
=® £ = ¢QI a 1
AussRnsANHANRAN D 11

GE)

@ﬂﬂﬂﬁiLLﬂm%@ﬁ C. gloeosporioides &6
TsauauunsaTugaraInanzdag Lazn1sdseliugsziu
AnUELUR AN 9S4 A I 031 A FLLUANEY
wurjm%@mﬁmmﬁmmuixﬁum (HR) ?ﬁ'm?miﬁuu
ANMNTNAN msmumamim >500 mgll muqu 95
wefifud  aniuaiaafueandetiadasiive
quﬂ?‘mmm\irmmem\izﬁ'qummﬂummmﬂgmu
(TUB2) #nsimaiia PCR TAuauaifueaunaLlsssin
474 fuwa uazifledinsziunsndunsnezdlu
wWieudeudy C. sp.
aeschynomene U14138) Wun19
waenualasasnsmeslumsasumii codon 198 194

gloeosporioides f.
(accession no.
\183Ng8 HR 21N glutamic acid (E) 2931T@3Ngw S
w114 alanine (A)
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code Phenotype Target site codon 198®
U14138® wild type MGTLL I SKIREEFPDRMMATFSVVPSPKVSDTVVEPYNATLSVHQLVENSDETFCIDNEA

1 FO03 S MGTLL I SKIREEFPDRMMATFSVVPSPKVSDTVVEPYNATLSVHQLVENSDETFC IDNEA
2 FO06 S MGTLMISKIREEFPDRMMATFSVVPSPKVYDTVVEPYNATLSVHQLVENSDETFCIDNEA
3 F102 S MGTLL I SKIHEEFPDRMMATFSVVPSPKVYDTVVEPYNATLSVHQLVENSDETFC IDNEA
4 F118 S MGTLL I SKIREEFPDRMMATFSVVPSPKVYDTVVEPYNATLSVHQLVKNSDETFC IDNEA
5 F125 S MGTLLISKIREEFPDRMMATFSVVPSPKVSDTVVEPYNATLSVHQLVENSDETFCIDNEA
6 F002 HR MGTLL I SKIREEFPDRMMATFSVVPSPKVSDTVVEPYNATLSVHQLVENSDATFCIDNEA
7 FO12 HR MGTLLISKIREEFPDRMMATFSVVPSPKVYDTVVEPYNATLSVHQLVENSDATFCIDNEA
8 FO14 HR MGTLLISKIREEFPDRMMATFSVVPSPKVSDTVVEPYNATLSVHQLVENSDATFCIDNEA
9 FO18 HR MGPLLISKIREEFPDRMMATFSVVPSPKVSDTVVEPYNATLSVHQLVENSDATFCIDNEA
10 F026 HR MGTLL I SKIREEFPDRMMATFSVVPSPKVSDTVVEPYNATLSVHQLVENSDATFCIDNEA
11 FO027 HR MGPLL I SKIREEFPDRMMATFSVVPSPKVYDTVVEPYNATLSVHQLVENSDATFCIDNEA
12 FO33 HR MGTLL I SKIREEFPDRMMATFSVVPSPKVSDTVVEPYNATLSVHQLVENSDATFCIDNEA
13 FO61 HR MGTLL I SKIHEEFPDRMMATFSVVPSPKVSDTVVEPYNATLSVHQLVENSDATFCIDNEA
14 FO66 HR MGTLMISKIREEFPDRMMATFSVVPSPKVSDTVVEPYNATLSVHQLVENSDATFCIDNEA
15 FO76 HR MGPLL I SKIREEFPDRMMATFSVVPSPKVSDTVVEPYNATLSVHQLVENSDATFCIDNEA
16 F095 HR MGPLL I SKIREEFPDRMMATFSVVPSPKVSDTVVEPYNATLSVHQLVENSDATFCIDNEA
17 F103 HR MGPLL I SKIREEFPDRMMATFSVVPSPKVSDTVVEPYNATLSVHQLVENSDATFCIDNEA
18 F106 HR MGTLL I SKIREEFPDRMMATFSVVPSPKVSDTVVEPYNATLSVHQLVENSDATFCIDNEA
19 F110 HR MGTLL I SKIREEFPDRMMATFSVVPSPKVSDTVVEPYNATLSVHQLVENSDATFCIDNEA
20 F114 HR MGPLL I SKIREEFPDRMMATFSVVPSPKVSDTVVEPYNATLSVHQLVENSDATFCIDNEA
21 F116 HR MGTLL I SKIREEFPDRMMATFSVVPSPKVSDTVVEPYNATLSVHQLVKNSDATFC IDNEA
22 F130 HR MGPLL I SKIREEFPDRMMATFSVVPSPKVSDTVVEPYNATLSVHQLVENSDATFCIDNEA
23 F131 HR MGPLL I SKIREEFPDRMMATFSVVPSPKVSDTVVEPYNATLSVHQLVENSDATFCIDNEA
24 F135 HR MGPLL I SKIHEEFPDRMMATFSVVPSPKVYDTVVEPYNATLSVHQLVKNSDATFC IDNEA
25 F146 HR MGTLL I SKIREEFPDRMMATFSVVPSPKVSDTVVEPYNATLSVHQLVENSDATFCIDNEA
D e *__ _* 60
code Phenotype

U14138® wild type LYDICMRTLKLSNPSYGDLNHLVSAVMSGVTTCLRFPGQLNSDLRKLAVNMVPFPRLHFF

1 FO03 S LYDICMRTLKLSNPSYGDLNHLVSAVMSGVTTCLRFPGQLNSDLRKLAVNMVPFPRLHFF
2 FO06 S LYDICMRTLKLSNPSYGDLNHLVSAVMSGVTTCLRFPGQLNSDLRKLAVNMVPFPRLHFF
3 F102 S LYDICMRTLKLSNPSYGDLNHLVSAVMSGVTTCLRFPGQLNSDLRKLAVNMVPFPRLHFF
4 F118 S LYDICMRTLKLSNPSYGDLNHLVSAVMSGVTTCLRFPGQLNSDLRKLAVNMVPFPRLHFF
5 F125 S LYDICMRTLKLSNPSYGDLNHLVSAVMSGVTTCLRFPGQLNSDLRKLAVNMVPFPRLHFF
6 F002 HR LYDICMRTLKLSNPSYGDLNHLVSAVMSGVTTCLRFPGQLNSDLRKLAVNMVPFPRLHFF
7 FO12 HR LYDICMRTLKLSNPSYGDLNHLVSAVMSGVTTCLRFPGQLNSDLRKLAVNMVPFPRLHFF
8 FO14 HR LYDICMRTLKLSNPSYGDLNHLVSAVMSGVTTCLRFPGQLNSDLRKLAVNMVPFPRLHFF
9 FO18 HR LYDICMRTLKLSNPSYGDLNHLVSAVMSGVTTCLRFPGQLNSDLRKLAVNMVPFPRLHFF
10 F026 HR LYDICMRTLKLSNPSYGDLNHLVSAVMSGVTTCLRFPGQLNSDLRKLAVNMVPFPRLHFF
11 F027 HR LYDICMRTLKLSNPSYGDLNHLVSAVMSGVTTCLRFPGQLNSDLRKLAVNMVPFPRLHFF
12 FO33 HR LYDICMRTLKLSNPSYGDLNHLVSAVMSGVTTCLRFPGQLNSDLRKLAVNMVPFPRLHFF
13 FO61 HR LYDICMRTLKLSNPSYGDLNHLVSAVMSGVTTCLRFPGQLNSDLRKLAVNMVPFPRLHFF
14 FO66 HR LYDICMRTLKLSNPSYGDLNHLVSAVMSGVTTCLRFPGQLNSDLRKLAVNMVPFPRLHFF
15 FO76 HR LYDICMRTLKLSNPSYGDLNHLVSAVMSGVTTCLRFPGQLNSDLRKLAVNMVPFPRLHFF
16 F095 HR LYDICMRTLKLSNPSYGDLNHLVSAVMSGVTTCLRFPGQLNSDLRKLAVNMVPFPRLHFF
17 F103 HR LYDICMRTLKLSNPSYGDLNHLVSAVMSGVTTCLRFPGQLNSDLRKLAVNMVPFPRLHFF
20 F106 HR LYDICMRTLKLSNPSYGDLNHLVSAVMSGVTTCLRFPGQLNSDLRKLAVNMVPFPRLHFF
18 F110 HR LYDICMRTLKLSNPSYGDLNHLVSAVMSGVTTCLRFPGQLNSDLRKLAVNMVPFPRLHFF
19 F114 HR LYDICMRTLKLSNPSYGDLNHLVSAVMSGVTTCLRFPGQLNSDLRKLAVNMVPFPRLHFF
21 F116 HR LYDICMRTLKLSNPSYGDLNHLVSAVMSGVTTCLRFPGQLNSDLRKLAVNMVPFPRLHFF
22 F130 HR LYDICMRTLKLSNPSYGDLNHLVSAVMSGVTTCLRFPGQLNSDLRKLAVNMVPFPRLHFF
23 F131 HR LYDICMRTLKLSNPSYGDLNHLVSAVMSGVTTCLRFPGQLNSDLRKLAVNMVPFPRLHFF
24 F135 HR LYDICMRTLKLSNPSYGDLNHLVSAVMSGVTTCLRFPGQLNSDLRKLAVNMVPFPRLHFF
25 F146 HR LYDICMRTLKLSNPSYGDLNHLVSAVMSGVTTCLRFPGQLNSDLRKLAVNMVPFPRLHFF

———————————————————————————————————————————————————————————— 120

Figure 4 Comparison of amino acids of Colletotrichum gloeosporioides f. sp. aeschynomene a second
beta-tubulin gene (maccession no. U14138) at the target sites of benzimidazole between
carbendazim-resistant C. gloeosporioides causing anthracnose on mango fruits ((Z)Buhr and
Dickman, 1994; Peres, et al., 2004).
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Efficiency of Wood Vinegar Extracts from Eucalyptus and

Neem Trees for Controlling Colletotrichum gloeosporioides
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Abstract: Assays on the efficiency of wood vinegar extracts of eucalyptus and neem trees in controlling
Colletotrichum gloeosporioides were carried out. The methods used in this study included isolation of the C.
gloeosporioides from mango cv. ‘Nam Dok Mai’, sensitivity assays of the C. gloeosporioides to the carbendazim
fungicide and inhibition activity assays of wood vinegar extracts of eucalyptus and neem trees to the C.
gloeosporioides. The results showed that from a total of 131 C. gloeosporioides isolates that isolated from
mango cv. ‘Nam Dok Mai', 94 isolates (71.76%) were highly resistant (HR), 2 isolate (1.53%) was moderately
resistant (MR) and 35 isolates (26.72%) were sensitive (S) to the carbendazim fungicide. Three isolates, one
from each phenotype, were selected in the inhibition activity assays of the wood vinegar extracts of eucalyptus
and neem trees to the C. gloeosporioides. Both wood vinegar extracts were screened for their inhibition activity
against C. gloeosporioides on agar plates by mixing the extracts with potato dextrose agar (PDA). In this
experiment, both wood vinegar extracts could completely inhibit the hyphal growth of C. gloeosporioides (100%
efficiency) at 2% (v/v) concentration, and showed inhibition activity to the conidial germination of C.
gloeosporioides (100% efficiency) after 24 hour at 1% (v/v) concentration. The lower eucalyptus vinegar extract
concentration could inhibit the hyphal growth and conidial germination better than neem vinegar extract. The
inhibition activity assays was also carried out by soaking mango fruits into eucalyptus vinegar extract at 1, 2 and
3% (v/v) concentration for 1, 3 and 5 min. The soaking mango fruits in 1% eucalyptus vinegar extract for 1 min
produced the highest inhibition activity on the anthracnose disease incident of the mango fruits. The vinegar
extract smell wad faded away within a day. Using this combination, the mango fruits did not show any
anthracnose symptom up to 16 days incubation period while the control had shown the symptom over the
mango. The skin and taste were not differences from the mango before soaking. In conclusion, wood vinegar
extract of eucalyptus wood has a potential as an alternative agent for controlling anthracnose disease of mango

fruits.
Keywords: Wood vinegar extract, Colletotrichum gloeosporioides, mango
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Figure 1
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450 bp

Amplification of partial ITS region for species identification of various isolates of mango

anthracnose pathogens (Colletotrichum gloeosporioides) by PCR using species-specific

primers of CgIT and ITS4. Markers are 100 bp ladder, and arrow on the left side indicates

the position of 500 bp. The arrow on the right marks the group-specific band.
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Table 1 Efficiency of wood vinegar extracts for controlling mycelium growth of Colletotrichum
gloeosporioides of causing anthracnose on potato dextrose agar for 7 days

Source of . Y.
i Concentration Percentage of growth inhibition
wood vinegar pH

% ppm 8537 MR63 HR12

Eucalyptus 0.5% 5,000 4.09 27.94% 45.02° 25.18'
1% 10,000 4.24 39.71° 63.49" 36.20°

1.5% 15,000 4.19 100° 100° 81.33°

2% 20,000 4.14 100° 100° 100°

Neem 0.5% 5,000 4.10 8.77° 22.03° 10.29°
1% 10,000 3.92 29.82° 43.22° 34.56°
1.5% 15,000 3.85 100° 100° 51.47°
2% 20,000 3.81 100° 100° 67.65°

%CV 3.52 3.79 3.85
LSD 3.83 4.70 3.39

0.05
l/Average from 3 replications
“Means in a column followed by the same letter are not significantly different at p 0.05
’s: sensitive, MR: moderately resistant and HR: highly resistant

Table2 Efficiency of wood vinegar extracts for controlling conidial germination of Colletotrichum
gloeosporioides causing anthracnose on potato dextrose agar for 24 hours

Source of Concentration Percentage of conidia growth inhibition”
wood vinegar % ppm P s537 MR63 HR12
0% 0 5.15 0™ 0o 0o
0.5% 5,000 4.09 75.33° 81.33" 86.67°
Eucalyptus 1% 10,000 4.24 100° 100° 100°
1.5% 15,000 4.19 100° 100° 100°
2% 20,000 4.14 100° 100° 100°
0% 0 5.15 0 0 0°
0.5% 5,000 4.1 69.33° 78.67° 80.00°
Neem 1% 10,000 3.92 100° 100° 100°
1.5% 15,000 3.85 100° 100° 100°
2% 20,000 3.81 100° 100° 100°
%CV 1.55 0.75 0.47
LSD 1.97 0.98 0.59

0.05

1/Average from 3 replications
“Means in a column followed by the same letter are not significantly different at p 0.05

¥s: sensitive, MR: moderately resistant and HR: highly resistant
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1 minute soaking

5 minutes soaking

~ »

Figure 2 Anthracnose symptom on mango fruits soaked with eucalyptus vinegar extract 1, 2 and 3% (v/v)
concentration for 1, 2 and 3 min. before inoculated by Colletotrichum gloeosporioides causing
anthracnose disease of Mango cv. ‘Nam Dok Mai’ for 16 days; (C1) non soaked and non inoculated
control and (C2) non soaked and inoculated control. The left column shows non-inoculated control

and the right column shows inoculated treatment
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Table 3 Efficiency of wood vinegar extracts from eucalyptus trees for controlling Colletotrichum

gloeosporioides mango cv. ‘Nam Dok Mai’ on causing anthracnose for 16 days

Percentage of growth inhibition”

Concentration Period o

S53? MR63 HR12

1 min 100% 100° 55.17°

1% 3 min 55.78" 45.65° 35.86"
5 min 100° 42.03' 49.66°

1 min 100° 49.27° 48.28°

2% 3 min 55.78" 49.27° 46.21°
5 min 55.78° 45.65° 55.17°

1 min 55.78" 51.45 41.38'
3% 3 min 55.78" 52.90° 44.83°
5 min 100° 50.72° 40.00°

%CV 1.07 2.31 1.54
LSD 1.38 2.14 1.22

0.05

l/Average from 3 replications

“Means in a column followed by the same letter are not significantly different at p 0.05
s sensitive, MR: moderately resistant and HR: highly resistant
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(Geocoris ochropterus Fieber)

Biology and Predation Capacity of Big Eyed Bug

(Geocoris ochropterus Fieber)

a 1,2/ _a 1/ _aa 2 a g/
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wazIImd idaazan””

Oraphan Kernasa" 2/, Kittiya Suksen", Athitiya Kaewpadit"

and Wiwat Suasa-ard” ?

Abstract: Biological study of big-eyed bug, Geocoris ochropterus Fieber (Hemiptera: Lygaeidae) was done
under laboratory condition. It was found that the egg was elongate and green. Female adult laid egg singly
and the incubation period averaged 7.30+0.48 days. The nymphal stage consisted of 5 instars with dark brown
body and became a predator immediately after hatching from the egg. The developmental times of the nymphal
stage averaged 36.70+2.91 days. Both male and female adults were black. Longevities of male and female
adults averaged 12.80+1.55 and 15.20+0.79 days, respectively. The individual female could lay 4.40+0.84
eggs per day. Predation capacity of G. ochropterus with 6 species of preys; Thrips palmi Karny, Aphis
gossypii Glover, Macronellicoccus  hirsutus (Green) nymph, Bemisia tabaci (Gennadius) nymph, Corcyra
cephalonica Stainton and Tetranychus truncatus Ehara indicated that A. gossypii was the most preferred by
both nymphs and adults of G. ochropterus with the consumption average of 866.10+10.24 and 566.60+11.30
individuals respectively. B. tabaci nymph was the least preferred by nymphs and adults of G. ochropterus with

the consumption average of 234.15+£8.69 and 101.45+2.19 individuals respectively.

Keywords: Geocoris ochropterus, biology, predation capacity, preys
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AdAay: waualn Geocoris ochropterus Fieber T9Anen Auanunanlun1sun wile

AU v TudsumAanigewsing Bell and  Whitcomb
(1964)3789 U797 Arkansas  1oumnlm  Geocoris
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(Geocoris ochropterus Fieber)
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UNANNINTRENAAIRAL 101.4542.19 5 Taupnsine  PilsuineABuine Taanudn wousntagaufumasin
R1n Kumar and Ananthakrishnan (1985) MIdn®Y  wnfiga sesaasnliun wasaau doutinuio uay
pnaaLunsiumtiateswauninG. ochropterus WHASWITN FNAAL

Table 1 Duration of various developmental stages of Geocoris ochropterus Fieber under laboratory

condition (27.83+1.2 °C and 78.56+4.53% RH)

Developmental stage Mean+S.D. (days) Range (days)
Egg: 7.30+0.48 7-8
Nymph: 1% instar 6.40+0.70 5-7
2" instar 6.60+0.97 5-8
3“instar 6.50+1.35 5-8
4" instar 6.30+1.34 5-8
5" instar 10.90+1.10 10-13
Total from first to fifth instar: 36.70+£2.91 33-43
Adult: Male 12.80+1.55 10-15
Female 15.20+0.79 14-16

Table 2 Measurements of various stages of Geocoris ochropterus Fieber under laboratory condition

(27.83+1.2 °C and 78.56+4.53% RH)

Developmental stage Width (mm) Length (mm)
MeanzS.D. Range Mean=+S.D. Range

Egg: 0.34+0.04 0.26-0.38 0.86+0.08 0.69-0.97
Nymph: 1% instar 0.46+0.08 0.38-0.64 0.85+0.10 0.64-1.02
2" instar 0.82+0.10 0.56-1.10 1.30£0.11 1.02-1.66

3" instar 1.06+0.11 0.77-1.41 1.63+0.14 1.28-2.05

4" instar 1.45+0.14 1.08-1.66 2.10+0.18 1.66-2.43

5" instar 1.89+0.13 1.62-2.15 2.63+0.09 2.50-2.85

Adult: Male 1.83+0.22 1.60-2.10 3.78+0.31 3.560-4.25
Female 2.03+0.04 2.00-2.10 4.22+0.26 4.00-4.50
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Table 3 Predation capacity of Geocoris ochropterus Fieber per instar when fed with Thrips palmi Karny, Aphis gossypii Glover, Macronellicoccus
hirsutus (Green) nymphs, Bemisia tabaci (Gennadius) nymphs, Corcyra cephalonica Stainton eggs and Tetranychus truncatus Ehara under

laboratory condition (27.83+1.2 °C and 78.561+4.53% RH)

Number of preys fed by G. ochropterus (Mean+S.D.)

Prey species Nymphal stage Adult
1% instar 2" instar 3“ instar 4" instar 5" instar 1%.5" instar
T. palmi 17.60£1.090"  64.20+1.91a  134.05+1.82b  218.90+5.12b 257.65+1.23b 692.40+7.27b 418.05+5.25b
A. gossypii 22.80+1.06a 55.90+1.65¢c  145.70+4.57a 298.20+5.25a 343.50+6.79a  866.10+10.24a 566.60+£11.30a

M. hirsutus nymph 156.50£1.28c  59.65+2.81b  107.10£3.21c 185.30£3.52¢c  198.95+£10.52d  566.50+9.97d 333.90+£3.42d

B. tabaci nymph 5.15£2.16e  16.80+3.80e 44.50£5.93e 78.80+2.02e 88.90£2.77f 234.15+8.69f 101.45+2.19f

C. cephalonica egg 12.70x1.22d  37.95+2.06d 130.60£15.04b 185.50+20.61c  241.70+12.06c 608.45+39.45¢c  351.90+10.33c

T. truncatus 17.95+£0.80b  55.55+1.39¢c 86.45+1.96d  139.35+£3.22d 175.00£2.59¢ 474.30+5.86¢e 255.90+2.43e

"Means in the same column followed by different letters were significantly different by DMRT (P< 0.05)

(£6G2) 0£2-€22 *(£)9Z s¥RUIELBELE
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Table 4 Predation capacity of Geocoris ochropterus Fieber per day when fed with Thrips palmi Kamy, Aphis gossypii Glover, Macronellicoccus
hirsutus (Green) nymphs, Bemisia tabaci (Gennadius) nymphs, Corcyra cephalonica Stainton eggs and Tetranychus truncatus Ehara
under laboratory condition (27.83+1.2 °C and 78.56+4.53% RH)

Number of preys fed by G. ochropterus (Mean+S.D.)

Prey species Nymphal stage Adult
1% instar 2" instar 3 instar 4" instar 5" instar 1%.5" instar
T. palmi 5.86+0.36b"  16.05+0.42a 26.81+£0.36b 36.48+0.85b 42.94+0.20b 28.85+0.30b 41.80+0.52b
A. gossypii 7.60+0.35a 13.96+0.42c 29.14+0.91a 49.70+0.87a 57.25+1.13a 36.09+0.43a 51.51+£1.03a
M. hirsutus nymph 5.16+0.42¢c 14.91+0.70b 21.4240.64c 30.88+0.59¢ 33.12+£1.75d 23.60+0.41d 41.74+0.43d
B. tabaci nymph 1.72+£0.72¢ 4.16+£0.96¢ 8.90+1.19%e 15.76+0.40e 17.78+0.55f 10.64+0.39f 16.91+0.36f
C. cephalonica egg 4.23+0.41d 9.49+0.56d 26.12+3.01b 30.92+3.43¢c 40.28+2.01c 25.35+£1.64c 35.194£1.03c
T. truncatus 5.98+0.29b 13.89+0.35¢c 17.29+0.39d 23.22+0.54d 35.004£0.52e 20.62+0.25e 42.65+0.40e

"Means in the same column followed by different letters were significantly different by DMRT (P< 0.05)

(499214 snusjdoiyoo s102099))
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Heritability and Correlations of Agronomic Characters

in Tenera Oil Palm Hybrid

P4 1/ o 1/, 2/
VASWIA L@ﬂﬂ&l?’lﬁ"ﬂ&lﬂj ha a9 Lﬂﬂﬂ&li’l?’n&lﬂg

Wasapong Eksomtramage” and Theera Eksomtramage”’ 7

Abstract: The objective of this study was to estimate the heritabilities of agronomic characters (oil yield, bunch
yield and its components and vegetative characters) and the correlations of their traits in oil palm (Elaeis
guineensis Jacq.). Nine half-sib progenies of eight years old tenera hybrid which were derived from the crossing
between one pisifera and nine dura parents were studies during the period of January 2007 to December 2008
at the Klong Hoi Khong Research Station, Faculty of Natural Resources, Prince of Songkla University, Thailand.
Eight palm samples per progeny according to a completely randomized design were used to record the
characters. The variance analyses of progenies showed that fresh fruit bunch (FFB) yield, number of bunch
(NB), fruit/ounch (F/B), kernel/bunch (K/B), oil/wet mesocarp (O/WM), trunk size, leaf area and leaf dry matter
weight were significantly difference. These characters had medium to high heritabilities varied between 51 to
100% and had significantly positive correlations with oil yield. So selections for such traits are useful for oil yield

improvement in oil palm.

Keywords: Oil palm, Elaeis guineensis Jacq., heritability, correlation, agronomic characters
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Table 2 Overall means, analysis of variance and narrow sense heritabilities (hzns) of oil yield, bunch yield,

bunch components and vegetative characters of oil palm

Characters Overall means MS cv? hzns
+SE ' Progenies Error (%)
d.f. 8 63
Oil yield (kg/palm/year) 46.31 £ 1.65 220.32 192.33 29.95 715
Bunch yield °
FFB (kg/palm/year) 151.03 £ 4.37 3131.11 1151.97 22.47 70.72
NB (no./year) 11.77 £ 0.34 19.45 7.03 22.52 72.38
SBW (kg/bunch) 13.07 £ 0.29 7.14 5.77 18.39 11.52
Bunch components N
AFW (g) 15.90 £ 0.44 19.14 13.57 23.17 19.53
AKW (g) 1.15+0.03 0.11 0.07 22.97 29.47
%F/B 70.16 £ 0.95 125.26 57.55 10.81 51.29
%K/B 6.04 £ 0.27 1013’ 4.53 35.26 53.52
%WM/F 83.99 £ 0.65 34.26 29.42 6.46 8.05
%S/F 9.51+£0.52 23.73 18.51 45.26 13.61
%K/F 8.52 +0.32 11.76 6.68 30.36 34.68
%0O/WM 52.36 £ 0.81 95.61 41.28 12.27 56.50
%0O/DM 77.36 £ 0.56 9.30 24.29 6.37 0.00
%O/F 4410+ 0.84 84.89 46.39 15.45 37.60
%0/B 30.85+0.67 40.97 31.51 18.19 14.48
Vegetative characters
Height (m) 2.55+0.05 0.21 0.14 14.64 25.18
Trunk size (m) 2.39+0.03 020" 0.04 8.73 100.00
leaf length (m) 4.46 +0.04 0.20 0.09 6.89 47.84
Leaf area (m’) 3.10 +0.06 0.80" 0.15 12.55 100.00
Leaf dry weight (kg) 1.75+0.03 0.17 0.06 13.82 77.53
Notes : *, ** significant difference at P < 0.05 and P < 0.01, respectively,

" mean from 9 half-sib progenies of tenera hybrid and standard error (SE), ? CV = coefficient of variation,

° FFB = fresh fruit bunch yield, NB = number of bunch, SBW = single bunch weight, *AFW = average fruit
weight, AKW = average kernel weight, F/B = fruit/bunch, K/B = kernel/lbunch, WM/F = wet mesocarp/fruit,
S/F = shell/fruit, K/F = kernel/fruit, O/WM = oil/wet mesocarp, O/DM = oil/dry mesocarp, O/F = oil/fruit,

O/B = oil/bunch

Values showing negative and > 100% estimates of heritability were treated as zero and 100%, respectively
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Table 3 Correlation coefficients among oil yield, bunch yield and its components of oil palm

Characters Oil Bunch yield ! Bunch components :
FFB NB SBW AFW AKW F/B K/B WM/F SIF K/F OWM  ODM  OF
FFB 0771 -
NB 0574  0.754 -
SBW 0.203 0282  -0.395 -
AFW 0.093 -0.085  -0.070  0.009 -
AKW 0.002  0.070 0172 -0.135 0.277 -
F/B 0.228  -0.070  -0.062  -0.051 -0.180  0.156 -
K/B 0118 0.064 0.069  -0.031 - 0493 0551 -
WM/F 0092 -0193  -0230  0.085 0646  -0.338"* -0.329"  -0.827** -
SIF 0179 0.150 0.130  -0.015 - 0.165 03400  0732°  -0.883* -
K/F 0204  0.102 0.123  -0.044 - 0528 0291 0954  -0.836* 0722 -
O/WM 0504  -0.009 0.017  -0.064 0.161  -0.091 0032 04177 0314 -0.507*  -0.460** -
O/DM 0.293  -0.031 -0.106  0.058 -0.004  -0.035 0.093 -0.077 0.087 -0.066 -0.095 0.544" -
OfF 0.444"  -0.084 -0.088  -0.002 0.387  -0.198  -0.146  -0.652**  0.640  -0.745"  -0.692**  0.929 0491 -
omB 0531 -0.117 -0.099  -0.057 0251  -0.082 0465  -0269  0.385  -0.467** -0.458"  0.805  0.482  0.804

Notes : *,** Correlations significant at P< 0.05 and 0.01, respectively

" FFB = fresh fruit bunch yield, NB = number of bunch, SBW = single bunch weight, * AFW = average fruit weight, AKW = average kernel weight, F/B = fruit/bunch,

K/B = kernel/bunch, WM/F = wet mesocarp/fruit, S/F = shell/fruit, K/IF = kernel/fruit, O/WM = oil/wet mesocarp, O/DM = oil/dry mesocarp, O/F = oil/fruit, O/B = oil/ounch
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Table 4 Correlation coefficients among oil yield, bunch yield and vegetative characters of oil palm

Characters  Oil yield Bunch vyield ! Vegetative characters

FFB NB SBW Height Trunk Leaf Leaf area
Height 0.165 0215  0.057  0.205 -
Trunk size 0.430 03417 0250  0.159 0.020 -
leaf length 0.393" 0447 0246 0278 0.454" 0.148 -
Leaf area 0.362" 0.309°  0.164  0.199 0.254" 0.315 0.419" -
Leaf dry 0.410" 0419° 0163 0333 0.447" 0.321 0.699 0.529"

Notes : *,** Correlations significant at P< 0.05 and 0.01, respectively

' FFB = fresh fruit bunch yield, NB = number of bunch, SBW = single bunch weight
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Effects of Waterlogging During Reproductive Stage on
Growth and Yield of Soybean

qnde assounal " uaz An3 idunae”

Supachai Wanmanee” and Chuckree Senthong"

Abstract: Growth and vyield response of four soybean [Glycine max (L.) Merrill] varieties, SJ.5, CM.60, #75 and
AGS292 under 4 durations of waterlogging (3, 5, 7 and 9 days) at reproductive stage (R1-R2) was studied in dry
season during November 2008 to February 2009 at Mae Hea Agriculture Research and Training Center, Faculty
of Agriculture, Chiang Mai University. Increase the durations of waterlogging from 3 to 9 days during the
reproductive stage (R1-R2) reduced total dry matter accumulation, 100 seed weight ,crop growth rate (CGR),
pod growth rate (PGR) and partitioning coefficient of photosynthate to the pod of all varieties. It was clear that
under waterlogging conditions soybean plants partitioning more assimilation to the leaf and to the stem than to
the pod. The #75 variety (vegetable soybean type) produced the highest seed yield (15.61g/plant) and have the
highest partitioning coefficient of photosynthate to the pod (49.61%) under the long waterlogging duration (9
days). Vegetable soybean type varieties (#75 and AGS292) had higher vyield and tolerated greater
waterlogging stress than the grain type varieties (SJ.5 and CM.60).

Keywords: Soybean, waterlogging, total dry matter accumulation, yield, partitioning coefficient
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Figure 1 Relationship between total dry matter and day after waterlogging of four soybean varieties: SJ 5,

CM 60, #75 and AGS292
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Table 1  Crop growth rate (CGR), leaf growth rate (LGR), stem growth rate (SGR), root growth rate (RGR),
pods growth rate (PGR) (g/plant/day) of four soybean varieties under different duration of

waterlogging. ( b = slop (g/plant/day) obtained from the linear regression equation : y = a + bx )

Water management

Variety control 3(days) 5(days) 7(days) 9(days)

Crop growth rate (g/plant/day)---------------------

SJ.5 0.55 0.52 0.49 0.45 0.38
CM.60 0.56 0.54 0.53 0.49 0.46
#75 1.29 1.03 0.95 0.88 0.85
AGS292 1.28 1.25 0.98 0.88 0.83

Leaf growth rate (g/plant/day)---------------------

SJ.5 0.15 0.21 0.21 0.22 0.19
CM.60 0.15 0.25 0.22 0.24 0.22
#75 0.19 0.48 0.39 0.40 0.41
AGS292 0.18 0.63 0.51 0.41 0.41

Stem growth rate (g/plant/day)--------------------

SJ.5 0.12 0.28 0.27 0.21 0.16
CM.60 0.13 0.28 0.29 0.24 0.21
#75 0.18 0.45 0.45 0.39 0.39
AGS292 0.21 0.49 0.36 0.40 0.35

Root growth rate (g/plant/day)---------------------

SJ.5 0.03 0.03 0.02 0.01 0.02
CM.60 0.02 0.02 0.02 0.01 0.01
#75 0.03 0.05 0.06 0.06 0.03
AGS292 0.02 0.08 0.07 0.05 0.05

Pods growth rate (g/plant/day)--------------------

SJ.5 0.33 0.25 0.23 0.22 0.15
CM.60 0.34 0.25 0.25 0.21 0.17
#75 0.88 0.79 0.62 0.51 0.42
AGS292 0.86 0.73 0.57 0.48 0.41
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Table 2  Partitioning coefficient (%) of photosynthate to the leaf , stem, root and pod of four soybean
varieties.
Water management
Variety control 3 5 7 9
Leaf(%)
SJ.5 27.27 40.13 42.38 49.60 51.70
CM.60 26.79 46.30 41.89 49.12 48.26
#75 14.73 47.04 41.14 45.27 47.90
AGS292 14.06 50.10 52.27 46.74 49.16
Stem(%)
SJ.5 21.82 53.50 55.38 47.52 42.70
CM.60 23.21 51.39 53.96 49.12 45.63
#75 13.95 43.72 47.84 45.02 46.62
AGS292 16.41 39.36 36.54 45.15 42.13
Root(%)
SJ.5 5.45 6.21 4.37 2.80 4.06
CM.60 3.57 3.24 4.43 2.05 2.99
#75 2.33 5.26 6.33 6.40 3.61
AGS292 1.56 6.40 7.00 5.22 5.59
Pod(%)
SJ.5 60.00 47.77 46.75 49.36 39.82
CM.60 60.71 46.30 4717 42.98 36.65
#75 68.22 76.76 65.40 58.24 49.61
AGS292 67.19 58.44 58.25 54.81 46.03

wrnindnuissiasu Wegnunviandanudn
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L v e V¥ . v . u
dowiaes dnaeiugH7s  Wimindnuissiasueas
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Table 3  Yield and yield components of two grain soybean varieties (SJ.5 and CM.60).

Variety

Water management

SJ.5

Seed yield 100 Seed weight Pod Dry Pod/plant Seed/pod

(g/plant) (9) matter (g)

Control (0 day) 9.38 7.70 4.00 18.50 1.99
waterlogging 3 days 8.75 7.68 3.94 17.25 1.98
waterlogging 5 days 8.66 7.64 3.84 13.75 1.97
waterlogging 7 days 8.64 7.55 3.56 11.25 1.97
waterlogging 9 days 8.38 7.54 3.16 11.50 1.94
Mean 8.76 7.62 3.70 14.45 1.97
LSD, 4 ns ns ns ns ns
CV(%) 20.20 4.69 26.44 32.96 9.43
Water management CM.60

Seed yield 100 Seed weight Pod Dry Pod/plant Seed/pod

(g/plant) () matter (g)

Control (0 day) 9.75 11.17A 3.65 12.00 2.00
waterlogging 3 days 9.26 10.00B 3.55 11.50 1.98
waterlogging 5 days 9.02 9.94B 3.53 11.00 1.98
waterlogging 7 days 8.95 9.89B 3.48 9.75 1.96
waterlogging 9 days 8.86 9.60B 3.41 9.25 1.97
Mean 9.16 10.12 3.52 10.70 1.98
LSD, o ns 0.83 ns ns ns

CV(%) 24.68 5.49 23.53 15.36 6.10
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Table 4  Yield and yield components of two vegetable soybean varieties (#75 and AGS292)

Variety
Water management #75
Seed yield 100 Seed weight Pod Dry Pod/plant Seed/pod

(g/plant) (9) matter (g)
Control (0 day) 18.95 36.09 4.74 15.25 1.68
Waterlogging 3 days 17.59 35.39 4.63 13.50 1.67
waterlogging 5 days 17.19 35.00 4.64 13.25 1.64
waterlogging 7 days 16.39 34.69 4.59 12.00 1.64
waterlogging 9 days 15.61 34.38 4.26 13.25 1.59
Mean 17.14 35.11 4.57 13.45 1.64
LSD,, s ns ns ns ns ns
CV(%) 24.60 7.00 19.30 17.93 27.82
Water management AGS292

Seed yield 100 Seed weight Pod Dry Pod/plant Seed/pod

(g/plant) (9) matter (g)
Control (0 day) 17.47 30.17A 3.87 11.75 1.68
waterlogging 3 days 15.78 29.13A 3.82 11.25 1.67
waterlogging 5 days 15.58 27.39AB 3.80 11.50 1.64
waterlogging 7 days 15.42 27.30AB 3.92 12.00 1.65
waterlogging 9 days 14.80 25.52B 4.82 12.25 1.60
Mean 15.81 27.90 4.04 11.75 1.64
LSD, s ns 3.00 ns ns ns
CV(%) 24.30 7.15 20.24 17.20 7.28
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Effects of Water Deficit During Reproductive Stage on
Growth and Yield of Soybean

a 1/ o 2 1/
AINAE El@ﬂol"? ag Aang tqdunad

Atitaya Yodjai" and Chuckree Senthong”

Abstract: The response of four soybean [Glycine max (L.) Merrill] varieties; SJ.2, SJ.4, #75 and AGS292 to
drought stress imposed at 3, 5, 7 and 9 days during reproductive stages (R1-R2) was under investigation during
November 2008 to February 2009 at Mae Hea Agriculture Research and Training Center, Faculty of Agriculture,
Chiang Mai University. It was found that increase the duration of water deficits from 3, 5, 7 and 9 days during the
reproductive stage (R1-R2) had reduced the total dry matter accumulation, crop growth rate (CGR), pod growth
rate (PGR), partitioning coefficient of photosynthate to the pod, seed vyield, 100 seed weight, pod dry matter,
pod per plant and seed per pod of all varieties. AGS292 (vegetable soybean type) performed well under long
duration of water deficit (9 days), followed by SJ.2, SJ.4 (grain type) and #75 (vegetable soybean type)

Keywords: Soybean, drought stress, total dry matter accumulation, yield, partitioning coefficient
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Figure 1 Relationship between total dry matter and day after water deficit of four soybean varieties
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Table 1  Crop growth rate (CGR), leaf growth rate (LGR), stem growth rate (SGR), root growth rate (RGR),
pods growth rate (PGR) (g/plant/day) of four soybean varieties, under different duration of drought

stress. (b = slope (g/plant/day) obtained from the linear regression equation: y = a + bx)

Water management

Variety control 3 (days) 5 (days) 7 (days) 9 (days)
Crop growth rate (g/plant/day)
SJ.2 0.65 0.63 0.54 0.56 0.48
SJ.4 0.60 0.60 0.46 0.40 0.36
#75 0.81 0.76 0.70 0.65 0.64
AGS292 0.80 0.80 0.71 0.66 0.61
Leaf growth rate (g/plant/day)
SJ.2 0.17 0.30 0.24 0.23 0.24
SJ.4 0.16 0.26 0.22 0.18 0.15
#75 0.18 0.38 0.30 0.30 0.29
AGS292 0.16 0.47 0.38 0.36 0.32
Stem growth rate (g/plant/day)
SJ.2 0.14 0.23 0.25 0.26 0.20
SJ.4 0.16 0.27 0.18 0.18 017
#75 0.19 0.32 0.29 0.27 0.22
AGS292 0.19 0.25 0.22 0.19 017
Root growth rate (g/plant/day)
SJ.2 0.02 0.09 0.06 0.07 0.04
SJ.4 0.02 0.07 0.07 0.04 0.03
#75 0.02 0.02 0.07 0.06 0.06
AGS292 0.01 0.01 0.05 0.06 0.06
Pods growth rate (g/plant/day)
SJ.2 0.44 0.38 0.32 0.32 0.27
SJ.4 0.36 0.34 0.26 0.22 0.15
#75 0.42 0.36 0.33 0.30 0.28
AGS292 0.46 0.39 0.39 0.37 0.34
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Table 2  Partitioning coefficient (%) of photosynthate to the leaf , stem, root and pod of four soybean
varieties.
Water management
Variety control 3 (days) 5 (days) 7 (days) 9 (days)
Leaf (%)
SJ.2 26.15 47.87 44.39 41.14 49.54
SJ.4 26.67 42.64 47.08 44 .44 42.64
#75 22.22 49.56 42.54 46.54 45.21
AGS292 20.00 58.45 53.36 54.55 51.87
Stem (%)
SJ.2 21.54 37.23 45.41 46.88 41.56
SJ.4 26.67 45.69 38.64 44.80 4713
#75 23.46 42.11 40.90 41.54 34.65
AGS292 23.75 30.98 31.30 28.30 27.87
Root (%)
SJ.2 3.08 14.89 10.19 11.99 7.29
SJ.4 3.33 11.39 14.07 10.84 8.60
#75 2.47 3.07 10.28 9.89 10.09
AGS292 1.25 1.35 7.42 8.39 9.34
Pod (%)
SJ.2 61.54 60.64 59.31 57.14 55.80
SJ.4 60.00 56.67 56.28 55.20 41.86
#75 51.85 47.37 4711 46.15 43.66
AGS292 57.50 48.50 54.62 56.06 55.74
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Wug #75 Hauauiinsesiuanuuansnsiuluneans
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Table 3  Seed yield and yield components of two grain soybean varieties.
Variety
Water
SJ.2
management
Seedyield 100 Seed weight Pod dry matter
Pod/plant  Seed/pod
(g/plant) (9 (@)

Control (0 day) 10.09 12.58a 8.80 33.25a 1.72
water stress 3 days 9.30 12.04ab 8.23 33.00ab 1.60
water stress 5 days 9.28 11.49abc 7.99 32.00ab 1.50
water stress 7 days 9.25 10.73bc 5.94 25.00bc 1.50
water stress 9 days 8.78 10.37¢ 577 23.50c 1.38

Mean 9.34 11.44 7.34 29.35 1.54
LSD, s ns 1.41 ns 8.10 ns
CV(%) 19.00 8.16 25.40 18.32 13.28
Water
SJ.4
management
Seed yield 100 Seed weight Pod dry matter
Pod/plant  Seed/pod
(g/plant) (9) (9)

Control (0 day) 10.35a 12.94 13.85a 33.75 1.95
water stress 3 days 9.98ab 12.58 13.02ab 31.00 1.91
water stress 5 days 9.17abc 12.32 12.11abc 30.50 1.88
water stress 7 days 8.16bc 12.30 11.07bc 28.25 1.83
water stress 9 days 8.13c 12.06 10.03c 26.50 1.84

Mean 9.25 12.44 12.02 30.00 1.88
LSD, s 1.37 ns 210 ns ns
CV(%) 9.83 8.71 11.60 10.87 8.85
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Table 4

Seed yield and yield components of two vegetable soybean varieties.

Water management #75
Seed yield 100 Seed weight Pod dry matter Pod/plant  Seed/pod

(g/plant) (9) (9)
Control (0 day) 13.13a 25.78a 14.12a 23.25a 1.46
water stress 3 days 12.00a 24.46ab 13.47a 20.75ab 1.38
water stress 5 days 9.95b 23.97ab 11.14ab 17.75bc 1.81
water stress 7 days 8.91b 21.91b 9.22bc 14.25¢cd 1.79
water stress 9 days 6.08c 21.50b 7.43c 13.00d 1.84
Mean 10.02 23.52 11.07 17.80 1.66
LSD, s 1.98 3.03 3.04 3.83 ns
CV(%) 13.09 8.54 18.20 14.29 16.27
Water management AGS292

Seed yield 100 Seed weight Pod dry matter Pod/plant  Seed/pod

(g/plant) (9) (9)
Control (0 day) 12.90 24.30 12.23 17.25 1.64
water stress 3 days 12.38 24.02 11.92 17.00 1.63
water stress 5 days 11.63 23.86 11.43 16.50 1.64
water stress 7 days 11.13 22.16 11.25 16.50 1.66
water stress 9 days 10.86 22.86 11.19 15.25 1.66
Mean 11.78 23.63 11.60 16.50 1.65
LSD, s ns ns ns ns ns
CV(%) 13.67 6.92 16.20 13.78 26.56
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Effect of Nutrient Deficiency on Growth of

Cymbidium ‘Super Freak’.

qe376 inTsAa” uas Taszen sonsei”

Chaiwichit Pechsila” and Soraya RuamrUngS,,ﬂ/. 2

Abstract: Effect of mineral nutrient deficiency on growth and deficiency symptoms were studied in Cymbidium
‘Super Freak’. The plants were grown in pine bark and supplied with six treatments of nutrient solutions i.e. T1)
the solution consisted of complete essential elements (control), treatment 2-6: the solution lacked of N, P, K, Ca
and Mg, respectively. The result showed that nitrogen-deficient treatment gave the lowest plant height, shrub
width, leaf length, number of leaves per plant and number of leaves per cluster. Moreover, visible symptoms
were dwarfishness, leaves were yellowish green and gradually turns into yellow. In P-deficiency treatment,
leaves were small, leaf surface was not shiny and old leaves turned into dark green color. In K-deficiency
treatment, the symptoms were bending leaves, chlorosis of leaf apex and yellowish green. In Ca-deficiency
treatment, the symptoms were the same as in K-deficiency but leaves were more dark green than K-deficiency
treatment. The Mg-deficiency treatment showed yellowish green in both young and old leaves, bending of

leaves and chlorosis of leaf apex.

Keywords: Cymbidium, deficiency symptom, plant nutrient
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Table 1 Plant height, shrub height and width of Cymbidium ‘Super Freak’ which supplied with six

treatments of nutrient solutions during 10 months after planting.

Plant height " Shrub height” Shrub width"
Treatment
(cm) (cm) (cm)
1. Control 39.63 b 23.99 ab 45.63 a
2. -N 19.27 d 14.43 ¢ 19.85 ¢
3. -P 31.91¢ 21.02b 37.93b
4. K 38.57 b 21.71b 45.37 a
5. -Ca 41.79 ab 24.81 ab 46.50 a
6. -Mg 4529 a 26.52 a 48.11a
LSD 4.85 4.44 4.81

0.05

"Means within the same column followed by different characters showed significant difference between treatments by LSD

test at p<0.05
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Table 2 Leaf width leafe length, number of leaves per plant and number of leaves per cluster of Cymbidium

‘Super Freak’ which supplied with six treatments of nutrient solutions during 10 months after

planting.
. 11 11 Number of
Leaf width Leaf length Number of leaves
Treatment 1 leaves per
(cm) (cm) per plant W
cluster
1. Control 1.08 ab 34.69 ab 9.80 a 16.10 a
2. -N 0.86c 16.62d 4.00b 420c
3. -P 0.96 bc 27.59 ¢ 480 b 520c
4. K 1.07 ab 32.75Db 8.70 a 12.20b
5. -Ca 1.06 ab 36.08 ab 9.40 a 16.50 a
6. -Mg 114 a 38.91a 10.10 a 16.40 a
LSD 0.14 4.33 2.06 2.94

0.05

"Means within the same column followed by different characters showed significant difference between treatments by LSD test at

p=<0.05
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Figure 1 Symptoms of mineral nutrients deficiency in Cymbidium ‘Super Freak’ compared with

complete solution (control (A), -N treatment (B), -P treatment (C), -K treatment (D), -Ca

treatment (E) and -Mg treatment (F))
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