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Abstract

The project of selection and micropropagation of rubber root stock
resistant to the white root disease and biological control aimed to: assess economic
loss from the infestation of white root disease, to investigate the growth of
indigenous rubber’s root systems and selection for rubber rootstock tolerant to the
white root disease, to propagate rubber tree through biotechnology techniques and
to select the efficiency antagonistic against rubber white root rot pathogen. The
project divided into 5 subprojects. Subproject 1; The economic loss assessment
from the white root disease in southern Thailand. Sample farmers were purposively
selected from 8 provinces. Data were collected from 263 farmers using structured
questionnaires and representative farmers from each province were selected for in
depth interviews. The results showed that the disease was mostly found in RRIM 600
and BPM 24 rubber clones. Economic loss to rubber-grower households due to this
disease depended mainly on the ages of rubber tree when the disease firstly
infected and the intensity of such infection. If disease infected the rubbers as early as
one year old, the present value of loss until the rubber reached 25 years old was the
greatest in Nakhon Si Thammarat at approximately 478,930 baht per rai, while the
least was found in Ranong province with 24,600 baht per rai. Subproject 2;. Genetic
analysis of indigenous rubber trees (Hevea brasiliensis Muell. Arg.) by DNA markers
and scanning of rubber root-stock using minirhizotron technique . Seeds of
indigenous rubber clones were collected from various areas in southern Thailand to
study root system by minirhizotron. Seedlings of RRIM 600, GT1 and PB5/51 were
included in the study as controls. Results from root growth indicated that the most
active roots were located within 20-40 cm under the soil surface. Seedling of
indigenous clone from Hat Yai central park showed significantly higher root growth
than RRIM 600 and other clones. Preliminary test of the white root disease was
carried out in 13 seedlings of native clones collected within Songkhla province.
Seedlings of RRIM 600 and GT1 were included as controls. The results showed that
seedlings of RRIM 600 and GT1 were sensitive to the white root disease. Among
seedling of 13 rubber clones, three clones from Namnoi district (EIRnam), PSU
(EIRpsu6, EIRpsu8) Songkhla province and two sources from Trang province (EIRsakra,
EIRtr) tended to exhibit the white root disease tolerance. Subproject3 : Compatibility
effects of rubber rootstocks resistant to the white root rot and scions in budded
rubber trees. Genetic variation and relatedness of rootstock seedlings from different
sources were compared with RRIM 600 using RAPD technique. It was found that all
seedlings rootstocks could be grouped into 4 clusters, mainly by the location of the

samples and RRIM 600 varieties clearly separated from others. Study on the



development of graft union between RRIM 600 budded on rootstocks was
investigated. RRIM 600 was bud grafted on various rootstocks at 6 month-old and 30
days after bud grafting, anatomical sectioning of tissue surrounding bud plate of RRIM
600 and rootstock were examined. The present anatomical study revealed well graft
union formation between the scion and all roostocks that resulted in the successful
bud grafting. The influences of various rootstocks on shoot growth of RRIM 600 was
carried out. RRIM 600 was grafted on 5 sources of rootstocks after seedlings were
grown for 8 months. Results indicated that the best rootstock in the present study
was from native clone #2 at plantation 1 in Jundee, Nakorn Si Thammarat province.
Subprojectd: Biocontrol of rubber white root rot and screening of disease resistant
cultivars for root stock production. Aims of this research were to select the
efficiency antagonistic against rubber white root rot pathogen and to select rubber
tree clone resistant to rubber white root rot pathogen. Twenty-seven isolates of
Rigidoporus microporus were collected and all isolates of R. microporus were
inoculated on indigenous rubber clones and RRIM600 to compare the virulence of
each isolate. The results showed that R. microporus Isolate 2 produced the highest
disease symptom on the tested plants. The best inoculation technique was using
cubes mushroom combine with cow manure in soil. A total of 263 isolates of
Streptomyces spp., 169 fungi and 62 bacteria were isolated from soils collected from
rubber growing areas and were characterized for their antagonistic potential against R.
microporus on dual culture plates. The results showed that antagonistic isolates
S110 (Streptomyces spp.), T112, T113 and T142 (Trichoderma spp.) could inhibit R.
microporus mycelial growth at 87.14, 92.38, 90.48 and 88.57%, respectively. Isolate
T142 was identified as Trichoderma asperellum (accession number KC 898149).
Subroject 5: Production of rubber seedlings from white root disease resistant clones
by culturing of young seed through somatic embryogenesis was carried out. Mature
zygotic embryos with endosperm were cultured on MS medium supplemented with
10 mg L-1 BA and 1 mg L-1 IAA under light condition. For multiple shoot induction,
shoot apices cultured on MS medium supplemented with 5 mg L-1 BA and 1 mg L-1
IBA gave the best result in number of shoots and shoots per explant after 40 days of
culture. Assessment of somaclonal variation by microsatellite (SSR) and random
amplified polymorphic DNA (RAPD) was investigated. Markers revealed no genetic
variation among those regenerants. For callus induction, anthers excised from
immature flowers and cultured on callus induction medium which was MS
supplemented with 5% sucrose, 1 mg.L-1 2,4-D, 1 mg.L-1 KN and 1 mg.L-1 NAA gave
the highest results. Somatic embryos could be induced on MS medium
supplemented with 3% sucrose, 0.2 mg. L-1 NAA, 1 mg.L-1 BA, 3 mg. L-1 KN and 0.05



me.L-1 GA3. In case of integument-derived callus, it couldn’t develop into somatic

embryos.

Keywords: rubber, white root disease, economic loss, tree rootstock, genetic
diversity, RAPD, rootstock and scion compatibility, biological control,

micropropagation
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1,122,650.12 Uwisiels uaziilognyhansluengenausiazd wuin lutaisengensdusne yae
agugniiaminiiensnsionguin laeludusnilyadusindu 1,015,352.75 vsels
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Tuvauzdienseny 25 U fiyarwiniu 1,118,011.43 vinsels wﬂmamwawamﬂaf\; Fugns
Lmalmmmmmasﬂu 25 UmJLmammmsﬂumEJ&JNMLLG]@UU TP Na1IAe 1u'ﬂ

ddd

usniuyaAreskarisaziinn foeq tevadulifnun wailyartosfianlulandeviodi
25 szmmam'NGUaagamﬂaquufjmmahgﬂmmaﬂULanﬂwﬁawﬂuawqmﬂuUm 25 iy
4,642.70 vwisels luvazdinasinswesyardagtiugvdiilelignyianefuiilegnianelueny
gnalulusnwinnu 107,301.38 unsiols
(7) MU UANWFSTIENIAATEFRIIINNTTEUINVBLIATINYI UGN

INIANTS

(7.1) MIUTLIUANUFYNIENIUATEFAAIINATTEUIAVDILTATIN
Y1luans Jmienss (nsainsuanluglenaunuiv)

Uszillunudenign1aasugiaainn1sseuinveslsasineily
gavnvesiminnds (nsdinmsndnlugenausiuiv) wui yatagdugnsidelsignviane
Tuseu 25 U weainuwnsnsdaninnsa dsdnuinsdnisadaluguorsunuiv daviadu
1,190,308.50 Umeals LLazLﬁaQﬂﬁwmsﬂumqmumaﬁl Wud1 lueenge19Uusn e YA
Ha9ugniiaainiiensnsionguin laeludusnilyadusinfu 1,033,641.08 vinsels
Tuvaugdtenseny 25 U fiyadwiniu 1,183,529.84 vnsiels hlinassvesyarraqiugns
Lmalmﬂmmmasﬂu 25 Buidegnyinaneluengensluusiasd faiinsadudiu nafe ul
usniuyaAreskariszdinn oy tesadulifnu uasdyadtesfianludaaiineniedi
25 mmamwaayjami’jﬁ]ququﬁmaiugﬂmawmLuagﬂma’miumqmﬂuﬂw 25 Wiy
6,778.66 Uwisiels luvaiziinainawesatagtuavdidelignyharefuilegnvinanslueng
g9lutusniniu 156,667.41 v msials

(7.2) NM3UEUAMAENIENIBATYFAIIINNTIEUIAVBLIATIN
v1lugnemns fainnds (sdimsadeluguiensan)

Uszillunuidenieniaasugiaainnisseuinveslsasineiiiy
gnamrmasimiands (ndimandsluguinensan) wud gaditlagtugvdidieldgnihanslu
s0u 25 ¥ vpunuasniiniands Fsdnuinsdnisndnluguiiensan da1vindy
1,060,346.16 UmAols LLazLﬁaQﬂﬁwmaiuawqmal,wiazﬁ WU lueenge19Uusn e 4aa
Haqtiugvdiasnitenamnsiengann Taeludusnilyarvindu 920,784.29 vnsiols Tuvay
flgnseny 25 U flyadwsiniu 1,054,307.63 vmsels yilvinasiisvesyariagiiugnidlels]
gmvinaneaslu 25 Ytudlegnvhansluongendluusiasd Sendinseduiy nanfe Tulusniy
yaAveInainaLilin Aose tovaslulinun wasiyaddesnanlulanvhensodin 25 4
narinsweyardagiuaviilelignianeduilognvinaneluengendudi 25 windu 6,038.54
vsiels Tuvaigiinasinswesyaragiiugniidelsignvihans fuillegniiansluengendlud
WSAWINAU 139,561.88 U siols

(8) M3UTZIUANMIASMENIUATYFAIINNTTEUIAYBILIATINY 1Y NI

JWInERa (ﬂsa’imiwémiugﬂﬁwmm)

UsetiuAUEemEN19ATEENaINN158U1AT89l5ATINYI LY
gNNTIVDIIININERD (ﬂiaimimamiugﬂﬁfwmm) wuih gartagduavsidloligniansly
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sou 25 U weainumsnsdminana dsfnwinsdinisnanlusuihensan fawiniu 815,451.96
umisels wazidegnyhanelueigenusiazl wuin Tutisengenstusne yarilagiugnsiien
Mnierenetgann Ingludusnilyarviniu 778,374.47 udels Tuvsflenseny 25 3
fiyarintu 813,847.70 uwiiols vilvinasnsveayartiagiugniidlelsignyhaneiaslu 25

=

N A ° ] a1 A v Y] A a & ] | )
‘Uﬂ'ULll@Qﬂﬂqaqfﬂu@qq&ﬂﬂiuu@azﬂ UATNAINVIUNU NANIAD IuﬂLLiﬂuuaaﬂqﬂJ@QNamqﬂﬂzﬂJ

IS 1 o/

] v Py al' P~ 1 A A a = 1 i
Unn ABY u@ﬁaﬂlu‘uaﬂuq LLaSllllaﬂ']u@EJV]Q@INUQ@W']UW?@‘UW 25 g(jQNam']\‘isUaﬂlluaﬂ']

Y
N o

Jagdugnsidieldignianeduiiagniiangluengendluln 25 windu 1,604.26 vnsels

a A

Tuvuginanweygarmdagduansideligniaieduidiegniatslueigensdutusnviniu
37,077.49 v wisiols

UTIUIYNTY
an1widuens. 2549. 1sa wazdngensmnsfiddgluusemalve. ngamna: nsudvnis
INYAT NTENTINNYATLATANNTOL.

Nandris D., Nicole, M. and Geiger, J.P. 1987. Root Rot Disease. Plant Disease 71 (4):
298-305



19
TAsenseoed 2

AsBATIzAUgNIsHEINuSuliaslaeldiaSo munefidue
wazn1sdadanfunalaeldinaiadiilslunsou

Genetic Analysis of Indigenous Rubber Trees (Hevea brasiliensis Muell. Arg.)
by DNA Markers and Scanning of Rubber Root-stock

Using Minirhizotron Technique

5A.05. 35aAT WIAAT  3A.95. AN A9R wae wA. BuTALEN BA AATYINYANENS
ARMENSWYINTTITULIR UWIINYNAYEIVATUAIUNS INVUVARIA LY

NANNITUALLNANA

89N (Hevea brasiliensis Muell. Arg.) Lﬂuwmﬂiwnwmﬂmmaﬂm Tud
2555 aunsavineldliiuussmaliyadiie 647,906 duum Mnitudiugnens 18.76 d1uls
(@onUWideeny, 2556) ‘UiummlmuuLﬂuguﬂumimammaﬁiimmLLaumwm&JQmmmiaﬂ
(n®fiA, 2543) TnsiamNAILB1IINI BT Nesius AT HANERgs MauuENeTus
udosiilsinandni dddusfnonaiudiudosiivgnazdauudusmiusssund vl
g1sanssiUNIUsionsiinlsa uiilledinaiiensiugiiundgnmauny silvuszaudam
TsAenemnsdindu uenaniarwaunsalunsmemnswasysussoanmundoulufudi
1og Iiﬂsmwwﬁmmﬁﬁwiamiﬂqﬂ&JNWWi'}‘[maﬂl’ﬂﬂ Fansdvhanevedsaneliiia
ATuAsmnesoNaNAREIINTIasIag1eden Tsaunaniin Wy TsalugadeUan 13ns)
utls uazlselusradisausvhausunudessnslaglineliAaanudemes wilaemly
wriugnsdionnisiounfagyhlinandnanasisuTunuuasamuamanas winaglivsng
T futaauuafiliduensweinnisesyduls ieinssuunisdunseiuaiiasnis
indoudheemagnsuniu nehludsdduanudidyueslsausazsiinannsgnydenanan
dlofiansannisifnlsaniudiuiigg veefusisudiaznudi lsaszuusiniaiuddayse
nandngsgaiesnnieditaeduililunsgait uazsimemnslitiu niagasianuin
suenadulsnfrodedufegimiofiuiuduuantoints Jailifusnasdmmedeuiiay
AIUANNTTTEUIALA (WLend, 2541)

Tugnemnardslifimsfnweuiumulsaluiusiudomnntdn (fugiudies

=

Aovugildanmamzmdnanduifinsiudunugnluaiousng) uinuin oreiuguusiing
ﬁawqﬂiu‘ﬂmﬁuﬁau%’wéauuaﬁahmwﬂ Wy TsAsinen fugeradidulsauniign e
RRIM 600 (55%) 5@%a9u1A8 BPM 24 (19.6%), 15A31NLAY WUﬁEJ’]WlL‘UuIiMJ’mVIaﬂ AD
RRIM 600 (63.8%) s8dasniie PB5/51 (14.9%) daulsnsinduiaa wusensiidulsamnn
flan fla RRIME00 (51.4%) 03amnfie BPM 24 (22.8%) (an1tuidoen, 2547) deunns
Ugnendluefndainldfundranerstusiuiiondufunaunsinafosnsiusi uisguraly
gashuniiuleuigueeiuiivgneranssidunaldies wazn1adug vessuina wu 1

nziusandeunile waznimuile Audesnisruiugiaiuduluaidu Tuvaeinug
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fudosgrlawfounun aadiszanm 75-80%  vessiusifiugnlutssmalne dusiug
RRIM 600 ilelsifiiudnensiusiiuidies inwnsnsieviuanifumdnesiugi Ssdnlngie
RRIM 600 srwindudume eflaruudausuasnumutesniiensiugiiudios fddalu
awandmdminiimsszuinavedlsa mwma‘mﬂmLﬂuaumwmamumwmmlm 3wl
guiugnssuuaTafunauasisiusR Fedumsdausnaneiudonsdaiuiifidnumed g

sgldilunugiune wazitnisshwaneiugliliagmesiuludwereiusvdvsunn
desmedemudonsiadudeiuiu ednlsinmuludesdursdosinimmoaeuiugnssy
vosufivatudsdagiuiindesgdos dusnsnduiifudusiaiudlinsviuguas
wvidaiian Sndudesiimsdaueniiug fafunisinutusnssuleedeieienune Mduie o
yldnnsfauenitusiussansninaindy wugmdrdazdesiniseusnsliifiosnu gu
#ugnssu vhnsdndeniethunaaeunmsdnuldtuduiugd dmiuliduuwasesdune
Tuowan waziileaiaulamwdnidmiusdmiuldidufune

U326 9AUalATINITITY
A = [ o e = = o v sa
1 Wefn®iugnIsuveIenis tngnnizenaiugnuiloadadunugy
winzandmsuiudune waznusnwaeiugmaiuly

(%

2. WBANYIAILLANAIIVIIRUGNTTUVDIENNITITENTNETUTA UL D

]
a

& v ed o v & v o ¥ ' = Y
wseugnmuzandmiudusunendauaiisalunisiunulsanndiapuSsuieuiu
ganuguuz Ingefeiasomungonslens

3. WNOANLADNITUTHIINNTINULLDINTRALLANNTIUTINIINNUNAII VB
Y A Yo saa 3 v i v a aal
aald elilaiugniseuunnulusaagiumunelsasinuilagldinaiaiidlslensou

ayUnanisAnen

wva o v

msfndendunadmsuldidutanugnensnns auaudfdAgyvesdune fe
Hsvvunnudauss wsaaulag mmamjaﬂiuamwauﬁlmumaﬁﬁ wasiidfydesiniy
NUNTUABLIATINAE iﬂﬂimmawwﬂimmma muuiumiﬁﬂwwumuméfaaﬁﬂmmsmm
LaEWAILINISYBITEUUSINADY UdI3nsUsTEunsNumusielsa uiiluaesdiuiay
Lilgfimudiusiulnenss Aemnsnase wavimunss Wldmneanuindundiduesi
ANUAUNIULISATINYARNDSA wWATINTEUUSINEALLT LS Aflduv s uRonunuse
TsaldAninduiiisyuusnseuue fsieaunsssuinvedlsasinanadaudd w.e. 2531 ud
ANNFULSRLlIAliInuiiaulagiu fly’m'fma]Lf‘iaqmwa']ﬂl,%aﬁﬂfliﬂ%’uéhmﬂamwgﬁmmﬁ
flldsunias viefiddnluuuresnnglaniou uenanidnavauisie dumedilily
gt agldanudeiug RRIM 600 Wudnilug) isgiuiudesfinglfiiusunegnlau
fafeunuauds feuguiugnssuresiunedauay Usznaufuiug RRIM 600 LHuiug
gaularalIngINy1 (gl uazAue, 2539) FaunnsAnwEneAnUesRUnefildnEAYDs
EJN‘wwiﬂﬁuﬁ:ﬁmﬁaﬂumiwwmmsLsﬁwﬁﬁmasuaqiiﬂéﬁ’mmﬁqﬁmmﬁﬁzy

INNNTANBINITLATYUAZNAIUINITVDITEUUTINAUNS1AIN AR UL IINI T

(%
Ly

WIS NUTT AINNITANBINITLATYHALIAUINTVBIAUNAI81INISITLARINATTINE
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widsesuiusiudionniuiu 19 wids (3auifus RRIM 600, GT1 wag PB5/51) wuth dau
Tngnsadyivlauasarumuiniuresssuusneramnsieiusiudosasiuguuzi
WildRfisesuaudn 20-60 RN ﬂﬁﬁLﬂ%mLaUImmaquﬂMWﬂﬁqm fisgfupudnves
fu 20-40 wuRaes ludundenamnsiusiudesnn ausdn oifles ae¥s wae
AASITNE WAUIauATRlNGY 2.d9wan dnsasyiulavessindiruinnindundnann
widady wenaniudanisiinansnasosuandliifuitnumiiusinvesenaniinw
wuanlusedumudnInnniung  eaidlesninlunimeasadunsinuinisnadyuessin
NnFundrengUszinm 6 ey dududundrdildanmamzmanisfiszuunnuianysal
ssnnduiivgnlustasiiiif@nueuniini Aeuimunidusunoniuiesnsdga fifinsda
FINUAMEIRINNITAANT UnANINISFns Nk AT INLINIUSATURRYSalNAToYdAR
ﬁwﬂﬁsmdaﬂw@jﬁmﬂﬂlmjagﬂﬂéju%mmﬁaﬁummdﬂ (Thaler and Pages, 1997) iile
Wisuifeulundudundrannaaiusiudesiedu wuin fundiifssuumndnuasiauinis
A lewA EIRph, PB5/51+EIR, EIRtr, EIR ws Lay EIRKhK 1 dudundannguiuduupiiig
sruuTINGnuaziunTh liud PB 5/51 uaz GT1 Afvandmingsugisd (GT1su) 113
mmmmamwuﬁwmamwmmaqmwummqsvmmimmaaam WU BINTIAAALDIN
aumsIsuE WAuauATmalug Jeigegn Ae 144 vuzflensnsiug RRIM 600 ddn
dnIIEINTENINTINFRYen AB 1.16
mnmsUszdiumadvhaneveadelsasnunlufundisranildanniug

1%
=

WuLﬁaaLﬁamwaaummﬁmimimsmiﬂqﬂL%Ua R. microporus fUAUNATE1 WUIT ndaUgn
Fokus 60 Jutuly Wes1 R microporus lidunduansennisveslsn uasmeatiad
Tnedundranlaauiifsiuudunsuazuantenmsvedsatesiigaie sremsiusiudes
910 miitios e.ualug 28987 (25%) wavaneRusfiiduaudundme Sn1suanieinis
yaslsAunilaniia RRIM 600 (100%) uay GT1 (100%) Faaonadesiunisdnuiuesgls ua
Ay (2539) Tumsdniugduniuselsnsinn Tasnsugnidetufundensiusiuzdies
U 2536 wuin Wiug PR 261 fdumetdositan (53% ) uaziiug RRIM 600 Sdumaanniign
(60%) uaziiloudeslideidinvinats Wuszsznaiuiu wuin fundidulsasnuineed
Srurudumedindu udlifianuwandisiunieads venaniddafisieaiudn dundrensas
uansomsveslsauazmeLiiutumuszernandsUgnidle (ensu, 2501) nNHaNIANYT
ANugUusslunsiinlsavatean s lusdavateiuglulsusou wudn eremnsluisagane
WUThAADINTTURTLLsATINY WY
nn1snaaesluafaiannsofiezdndenaeiusuesersnisdiianm
yumusielsalaluszdunis iislinaasuluuvasgnassifinisssuinveslsnegudnainass
nMsvaaes wui Fundranleauifuuliuannsanunuselsasinunild 5wy 4 Taau
#efufe ERsakra, EIRtr, EIRpsus, EIRpsu 8 wailosaniidesiinlunisidundaudnedly
wiazlaay nsneaeululUatugnase JeAnfentiissdaslaaufe Auna1anlaauAy
ANEINITRININGDL HAZANSNTNEINTFTTUR U Inedeasvaruasuns (EIRpsu6 Way
FIRpsu8) TngugniuisuifisududundudRRIM - 600 uazdundisouneiiiuaisly

a v a s o (% | A
UREINYIAYFIVATUAIUNT (E|RpSU1) a'ﬁ/ﬁ‘UUQﬂIULLﬁaﬂﬂﬂJiﬁﬂ'ﬁWﬂsU']'J'ﬁgU']ﬂ nsnAaedly
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wasugnlfinaiialslensou 1wudu uddunsugndunduenviessddn titeldndesdnnm
szuumniignnaulasidesilsasingm dunaveaesedindagnldhnsugnideriuif
Tituusiaziu welviiulahiideslufiu Ssmantsmesesgnluszorinat 7 Wou wuii du
gauwe (EIRpsul:) uuanionisveslsakazane 1 fuain 4 du Tuvaeiidunddug Sing
L3YANUNR NHANTTNAAEILARSLALIILINTEAUAILBBULBTDIAUNA19 NTAAUA IS &
AUANAITY WIAUNAIE19INITIRUG RRIM 600 T518uingeunasan1sidninaieveslse
510917 wARgatesnindundranlaau  ERpsul egnslsfiny Wesnsyezinandivhnig
eaauiies 7 weuerdadeaiiuludmiunisitiinaieveslsa 3adealin1snsiaaeunIny
nunudnduszeyq uenaini lutisnariiinisaasndugsiianineiniafinaiy
wUsUsu oafinasilvinisunissunveslsaliainae ieannlsnsnunasunsssuin
unlutisggiu asiinsmeaes emAReutauads (fugieyu 2556 Aauwiou 2557)
Hosnduisafuszozinau Wsiilunnludisuaesvesmaivieya Seeamuiims
szuuaraTTuLsIvaslInTnumtuegiuiladiundounansusenis ey nvue
i pH USinauilufiu uwasUSinamy (Soekirman,  2006) LonannhuaInsAnuaSaily
fhetsreutnetes @nameailddelunsiesdlslonseu wasdosindug lunlamaaes
vounumIng) shlsuaiildenadslidaauiin Fedmnusniufomaaedn uaslduTumd
&ALy

agUnannmsfnwnsasyiule wagiauinisvesiundldaingamng
fusiuiios Inglfinedalslonsou wud ssuusnvesiundranduiugiudiesdulveyd
nsaSaudulad fsvuusindn sufedundiainitug PBS/51 wax GT1 Wawfieufudundn
yoawug RRIM 600 daunsusuifiuamumuymudelsasnunduduneildainnsmnsiudad
AUNLTAaLEIge Aunudunataniaauluuming dvaaluaiuns 9.45va1 $1uau 2
1Aau (EIRpsu6 wag EIRpsu 8) wazandaninndidiuau 2 1aau (ElRsakra wag EIRtr) wang
anunumuselseldfninfundianuveasdy
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M EIRpsul EIRpsu2 EIRpsu3  EIRpsud EIRpsu5S EIRpsu6 EIRKI1 EIRKI2 EIRp EIRh
. | J Il A Il | L | |

- - —— el B L

——-5—--‘- — — s —— » —_—
- | [ —— - - . -

M EIRph EIRtr EIRws GT1sk GTlsu GT1r  RRIMG600  PB5/51 PB5/51+EIR
A | | I J A A | ;

1000bp =>

4
i

3
Cwd

500bp 5 o s bt e = -

a a & Y] | a s aa A ¢
ann 2.1 E“LJLL‘UUGU?]QLLQ‘UWLEJULE]GU@\WIFJ@EJ'NEJ’NW'WT]Q']ﬂLﬂﬂuﬂ@qiL@‘Wﬁ LM@I%WiL@J@ﬁ

OPAD-10 M @@ DNA Ladder wu1a 100 fltua

M  EIRpsul  EIRpsu2  EIRpsu3  EIRpsu4  EIRpsu5  EIRpsub EIRKI1 EIRKI2 EIRp EIRh
1 I} A A 1 A 1 I} .

A

LRI

500bp =3 B8 ™

M EIRph EIRtr EIRws GT1sk GTlsu GTlr  RRIM600  PB5/51  PBS/51+EIR

LI dﬁ:‘h.——..*
A L LTI -

3.3 1

a a & o 1 a s aa A ¢
AINN 2.2 EULL'U‘UGUENLLO'U@LEJULQGU@\W]'JQEJ'NEHQW'WiTﬂ']ﬂLVW’]UV'WEN?L@WW LN@IMW?LQJ@i

OPZ-04 M fa DNA Ladder wu1a 100 aLua



pr— R 5111

—{ \—ZIRpSU1-2
2RIM 600-4

ZIRpsud-1

l_= RIM 600-2
e—— 3R M 600-3

ZIRpsu3-1

—
_‘_' ZIRpsu2-4
ZIRKI 1-1
ZIRKI 1-2
ZIRKI1-3
ki 1-4
-1
-2
<-3
-4
-1
2
-4
-3
3B5/51+EIR -4
— e N
ST1r-2
_{ ZIR psu6-3
ZIR psué-4
: psué-1
ZIR psué-2
o ST1r-3
i P—
2B5/51-1
| E BS51-2
2B5/61-3
SB5E1+EIR -1
pe— 2B 5/51+EIR -2
N “B5/51+EIR -3
B5/61-4
I T T T T ] T T T T T T T T T T T
. s " A
08 M 0dl 08 0%

Coafficient

AN 2.3 1AULATUNTULAAIAMUFUNUS VIR UNUE NI TINUT U UL AU ASLAY
313U 19 laau nmsldmatinansiona daelwswasdiuau 7 lnswes
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EIR psu EIR psu 2 EIR psu 3 EIR psu 4
EIR psu 5 EIR psu 6 EIRKI1 EIR kI 2
EIR h EIRp EIR ph EIR tr
0-20
2040
4080
G0-80
80-100
EIR ws PB 5/51+EIR PB5/51 RRIM 600
: E ‘
(«
&
[
—
1< |
EE n 200 4nn ann a0n non
5
'S GT1 sk GT1 su GT1r

ANTHULNLUULRSIIN EURLNES/ BNTITURLNAT)

o
[

AT 2.4 AUNUILUUTBITINAUNAINNITINUTANAN wagiughuzng 19 laau 7

SEAUANEN 0-100 WwuAluns nasanUgnaslulsleveaszesiian 5 ey



FATFE -+ W

i 2.5 duensilgnlulsledon wiaunisugniae

A 2.6 wanstumeulumanseueslinTnkarn1sugniveliia
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AN 2.7 SEAUALLUUNITANLIATINY1INUTETUINAIULDAYDIAUL 1IN TN NLTBLTN
¥angaINTEUUIIN
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UIFTIUIUNTU

NEAA AugUIT. 2543, MINAUITZUUNMITVEIBTUTNETITUNMSHINE 8 Bulug1anIT
(Hevea brasiliensis Muell.Arg.) I. n15LAn Somatic embryogenesis. 115815
#1957 20: 4-11.

W) ASEDNU. 2541, HANTENUVDILIALNRDNISNARYNIUSEIMNALNY. 115815819151 16:
102-108.

A0NUUIFWEN9 NSUIVINTNEHT. 2547, NAUIFULATWAIUI19NISIT 2537- 2546.
NFAVN: NIUIVINITNYAT NTENTIVNBATUATAVNTAL.

a0 WidBeN NILIVINITNWYAT. 2556. BUIANYINNIIINUUTEVIALLATYIAID UYL, 115815
#1915 atuBiannselind 34: 7-16.

p15ual 153adns. 2541. 15m31nv173 [Rigidoporus lignosus (Klotzsch) Imaz.] 984819n15uae
WWININSANUANIAETIIR. I TNUTINe1MansUmTdn W INeIaEavaIuATUNS .

gls Funsuseiiu 2539. 1n53n1539815A51NU12098719M191 Usednd 2539. 518URalAIn1TIe
WK 9ITBRAETRINENY @010UATEN9 NTAYINITNEAT W .329-334.

Thaler P. and Pages L. 1997. Competition within the root system of rubber seedlings
(Hevea brasiliensis) studied by root pruning and blockage. Journal of experimental
Botany 48: 1451-1459.
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TAsaN1seaen 3

¥

N13ANB1BNTNAVBWUAREIINITINUTN WD INAUNIUTIATINVIINURIMIEINUTA

Compatibility Effects of Rubber Rootstocks Resistant to the White Root Rot
and Scions in Budded Rubber Trees

HP.BUTBLEN 86 3A.AT. ATAAT WIAAT LAy SA.AT. Edunt dnf A1AdYINYANERS
ABENTNYINTTITUYIA UNINYIRLEIVATUATUNS Ineuanalne

NANNITUALINANA

8NN (Hevea brasiliensis Muell. Arg.) Lﬂuwmﬁwmf\mmﬂmwwm
vaaUszimalng lagiamznianialdvesusema Jagtunisugnenslavengludaniasingg
yosusza lidandunengfusen nenztusenideuniowszniamie Aufilanints
Useimnealiuszanas 13.80 a1uls Lﬁuﬁuﬁiumﬂiﬁ 9.90 &1l UszanaunisHanAne1awIT I
Useinausyann 3.62 &y nandnade 263 Alaniusiels @dnauasygianinnuns,
2555) wandnewndannsaiauligannniidusgluiagtu Wy msdanisaui
wangan nsliiuasde mmmmﬂwumamLmﬂuimﬂ‘ummmamuwuqm f51891ud
AULANAYDIHANER UL BN BB NavesFURefuANTLSA Tuflynarsvila dmsu
Y9N WU mamﬁmﬁwmaﬁléﬁ'mﬂﬁuﬁuﬁ:aﬁammuuﬁumfﬂ'w6] AULANLANAIIAY
Uszanas 18-20 wWesidud (Goncalves wag Martin, 2002) n1sugnenanisituaidensne ay
Ugnéeiudndsaglinanandoutis esnnudaiithinugnifusdanauda egrslsfing
wiiaglinandni udenaiugiudiesfiugnasfienuudausmusssud vilvduersananse
fumusionsiinlse seundlefinisthonafugfiunganauny silvuszaudamiseslsa
PINITININTY (Nesnm,  2522) uandnfanuanunsaluniameimisuaguiudase
anmndeulufuresiuglmig Aldesniusiudes msugnenansdalenldduinn
Tngldtusiudiondudiune uasfirndefsiusiundddinauimniul ndleuiedua
Tugafiuamiliinsuesfiuiivgneremnsmidlunialdiesuazniadug vesUssmeiiniu
Hudidu eadiesmafuiugiafisdududdy Tunasiinusiudosngnlduieumun aradi
Uszanas 75-80 Wesldudvesenaiugafiugnluussmalneiduiug RRIM 600 iilelsifiudn
patusiudios inumsnsieiunfusdnesiusd dufe srewsiug RRIM 600 vy
dume Faflmnuudenss uasmumutiosniensiusiudes fddylutigtuinssuiaves
Tsasn i Tsns1nn Tsesnthana Ssenadinavhlhdusunsededusnaioun Jadufiu
ﬁuaﬂmqﬂ'lsmst,ﬁm'mswﬁuéuavﬁﬂLﬁaﬂé}’umaﬁwumu‘hﬂﬁﬂ Feunsdnmnsidfule
Euaqmuma‘wuﬁwumawmﬂwmummmmma AaInAsiush saudadnidengfidnful #a
flan ardwmalininaigivinuasnananvosugmnsiu udeduiy
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TngUsTaIAvadlAIINITIvY
1. WVeAN¥BYENAVRIAUADEIINITINALAAINAITUSARENSAT (YA ULATDIAUNUSA

)
[ 7
v

7191570 U DA UN DNHIUNTARLEBNTIFIUITONUNIURBLSATINY?

v saaa

2. WievdunekavisiugAndaumingauiuunigaduaztlugnisandusinn

WJannfivgluaunan

ayUnanIsAnen

Tumsvgnetuseranlagisnsinndu fingUsvasdiasldfuenmnsi
psanaiusuazmnilfumeifiszuunnuign ufauss ansaiydulaldalufuiiitam
Liasnduiunsn fudy viefinrumunudeanimanueiesiiinaint sanmudode
anmiviudeldn fasfunsdaasunisiasaivlnesduiivldfsau (Reynolds ez
Wardel, 1995) fumsiludiudfny ren1siasaiivln mmﬁgﬂawﬁmaﬁia@mmmaw%mm
yosHandnvesity ddlugnamsdnnsenuinersmnsiug RRIM 600 fitandAnuuduned
WANANAUAINARDNANANVDILIINITIANA N AUUTEU 18-20 Washus (Cardinal et al,
2007) Feng WazAny (2011) $1891U31 99M1519UE CATAST-33-97 fiRnuudune GT1 i
AEnuTuReA L sAeudeR Tuthaaiikiusnluussndlne Tnsamgiuiinig
maldmunssruiaveslaasingmifisunsanntu fdunisdmdendunesnsnaisiunum
wndetu fnenudesiuivunennmamzidaiusiiudesdinmaaigivinvesssuusn
fifnadundrannudaiug RRIM 600 (nuasni, 2549) uazdundainiusiudesundlaaud
wualdunumiusenmsidvinasveslsasinann (Wattanasilakorn et al, 2012 ) uagunedia
szuunumfianysaluazufauseidoduunldumunlsasnenaazliannsadhiuld e
dnfuiliidne fuAstugafidandanm Sslymidsndniidatufufivuisde Tnoangly
nsdfdunonarAsiusATauuandmsiugnssuaoudiann ey nsnwludu
(Fallahi et al., 1989; Georgiou, 2000) nsAnwItuegu (Wolf uaz Pool, 1988) 1lusu Tu
nsflvesenemns) uiitusfidnuimundiudu Hevea brasiliensis  wifiAuLANGTS
sgwhsiug SsenatinadenadintuldvesdaiBedunouasaiugh
1. msAnwugnssvasiundrensmaiugiuifiesildiiudunouasismenawisiiug

RRIM 600 lagldinatinasiaia

wmadaonfiofindadunadaniduniomunsluanaiiifdenldtuegis
unsvane wseliuaufiduedlfainnisunuuguresinsmesuudlundiniuinnuaznad
léfﬁmmmL%aﬁaLﬁmwaé’m%ﬂ%ﬁﬂmssmwa’]mnmwwﬁuqﬂiim (Chen et al., 1998)
nsfnwiluafeilfinaiaenfiofififieAnuiarunarnnanenisiugnssunaziasied
Auduiusniugnssnvesfundiensnadildainnisizudaainduiugiudes
gnamriugiudesihianAnwiluaded Wutusfuesdnmesdidungnluatowsngdadu
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FUAINMINIZIWAR (@a10W3dBens, 2538) FadlanumainraienisiugnssuAsutiauin lu
ns3seiRunaldannduudaineg 5 Taau Ao aeluumiiverdoamaiuaiun?d 1 Tnau uay
2N D.UIVBY 1.UATATETINTIY 4 TAau anuedinraumumusenisidwhansvedsasngm
Tusedunisannisussdudesdiu mMsfnwusnssuvesdunddanan eilunsvians
finnt MBuedmsunmslivsslenilumsduuniuddunafionsveneiugluewian st
WisuiisusUuuureaauAfuledu  RRIM 600 iilegaailnddanmisiugnssy Tunns
Anneimathiuldsenindunsiazianiniaudiusleonsmield msAnulilnsies

~ o A

nfmuAuTaNgadua 6 lnswes fie OPB-17, OPR-02, OPR-11, OPZ-04, OPAD-01 U@y
OPAD-10 nu usiazlnsieslvuaudifueiads 8.66 uau iuunudueilimnuunneiig
fuszana 83.09 Wesidud nswes OPZ-04 s wiunaufiduedsgn $1uu 13 uau Tns
wef OPR-11 Widunuuautiesiign $1uru 7 uau Wuwfeafunis@nwives nwan (2555) 7
g9 maulnswes 7 Inswwes e OPB-17, OPR-02, OPR-11, OPZ-04, OPAD-01, OPAD-10
LAz OPAD-12 wuin usiaz Inswesliwaudidueinds 12.14 uau Wunavdue ilviaany
wansneiulszana 71.76 Wesidud Insiwes OPAD-01 Tidwiuuaufdwegegn 31w 16
uov Insiues OPR-02 Tdurunautiosiign $1uau 9 wav waznsAnwives nsny (2550) 1
lgdmaulnswed 8 Inswes Ae OPB-17, OPR-02, OPR-11, OPZ-04, OPAD-01, OPAD-10,
OPN 16 uay OPAD-12 wuin wiaglnsiweslriuaufidulelads 8.75 uau Wuuauiduledils
AMLLANANRUUTENIA 78.57 Wesidud lnsiwes OPAD-01 Wi uiuukaumduLeggn
117w 15 wav lwswes OPR-02 Tdrunuunudesiian S1uau 4 uou usdinsdnunadsdld
Insweslunisuenanuuansaiios 6 Inswefuddslisnuuauiiduegs Weoisuiy
M5ANWI84 Varghese wazAy (1997) Mviinswugnssuvesstamsiugugn S1uau 24
ftug Gausivanifinsugnlulssmaouieids annismaaeuianan 126 Tnawes wui
57 Insweslruaufiduenfmuunnssaaidu 59.00 Weosidud Suuuaufdueiliaiy
uansissiolnsiesoglutas 1-5 uau fidnade 2.6 uau
Sofinnsananuduiusseninaiusiudioauasiug RRM 600 #1803
AUINAIEIT UPGMA Lazni1sasranulasunsy mardviiainulnddanieiugnssulagly
LUsunsa NTSYS (Version 2.1) 3annisldimafinansiofifaiunsawenainudunussenineiug
fudiosuaziug RRM 600 sanléidu 5 ndu wonarmumnsndldnuanuififuundses
e 1y Fundranuvinendamwanuesuniieuaeglunduieatu wenanngudundai
Aumdnandmiauasaisssusy ddunsdvesiinvesndsludiminuaseisssuseman
2 wasilegiefuneauens ifundanuuasi 2 usnnguesnly usildundndruuvilsiiiy
Mnulasit 2 gnineglunguisatuutasd 1 wansinduisinnisaesuUae 9z
e nn1sdeunnunInsiivesaiy fussaesyaiifonglndifsatufiousvanu
60-70 U dyuiug RRIM 600 ugnngueanudalauiiiesiugines Ardutaulnadanis
fugnssuesiundfiaumneglutiesening 0.468-0.952 lnediduaiewity 0.696 Teniild
wandlifiuanuunndtamisiiugnssuAouiiags dseeuiteramsivgnlunaviede
peiureniedlilugausng ¥191NNTUNEAE1INITINIAINYTHUNAUTITA 3INAUYRTIUIY
Uszanal 1,900 Iae Henry Wickham d@uluuseinalneiinisiiudnesainysemanniade
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11Ugndndl egslsfinu Lekawipat (2003) vi1n1susziiuanuduiiusnisiugnssuves
grannsTiusUgnuariusiiuiioslnsldinadia SSCP (Single  Strand  Conformation
Polymorphism) faslnsiuasdiuau 17 ¢ Anwiluiiusugn 40 Wug uwagiusiudesann
UseneAus@a 67 aneug nuirdsdanulnadanisiugnssuliensening 0.75-1.00 laedl
Aiade 0830 Tasnguiudiudiosaunsoneneananiugugnlddaau uazaumainuany
ymaiugnssuiiiatulieuduiussuundsidavesiug wuiefunsfnuilléinadaes
iAo TiAT iU TUTILYeIE N TS UgN 25 Wuganwivew3nild ewdninan
LazLaLTe wudwms%’@mjwﬁuagﬂiﬁuLLmﬁﬂﬁuﬂLLasﬁuﬁﬂLﬁmaqﬁuﬁ:mqquwvﬁuﬁu (Cesar et
al., 2006) dmsunmsdnuasell AdadanulndBaneiugnasusearineiug RRIM 600 fien
gefianifusiundmuneiay 37 way 40 Mnerenaiusiudioaud 3 Tuwasil 1 Trudud
Frfaunsaisssuss Safundlunguiliaiadeanulnddanisiugnssusiuiug RRIM600

A9NIINANDUY
Y 9

2. msAneseesaiiadeseninedune WATAINUSA
nnnsfuiedaiofeuinusesdeseninsiundiusiuiioninuma
#1499 AuAImE1aTIRLS RRIM 600 m1daaniildinnluuda 30 Yu thandanmeang wui
‘1/1ﬂﬂamumamﬂmmmumiwwuwaqLsziaa‘v]wamﬂiumuiaamalﬂLUuLezjaam znaetlu
Luawaammamﬂamm LLaumiUﬁuamiamLmaLLuuaumﬂum 91NN1TANYIVDIUTA (mmma
dufl)  wWuidn L‘LJE]LEJEWIW%J‘LA’]lej’e]llﬁla’iu%’l’]ﬂL‘LJE]LEJE]“UENﬂQW‘HSﬁLLauGIUG]E]EJ’NW’Ii’H]uLill
Wamrlugiwian 15 Jundeian ludrsrarizaunsaneaiuilodorodndoniuaz
013 vdfinsdasuudasidimihidutedndonh wardidsemstiauds Sauans
feAmamsnilonysraueITenfTEnI1aRmNE1IINT LS RRIM 600 Uudunewus
fuiflosfiunndrsfudits 5 ndu wiiindefevudunengudl 3 Wuasdl 1 drudud 2.
UATAISIINTIY) AANURAUNAUTIIUTOEHD Lm'Lﬁamwaaumam’%ﬁg@ﬂmmﬁ'ammawwaw
#ug RRIM 600 wuimsasaiulnvewniunnidusenlmiunda linunmsiinsesusnuan
poninustegdla eradululfimdseny 30 fuilvhmsnmadey mavmunvesiadesosse
fananvszanuiuity Jelilddsmadofmunnmsvesioiusifidduaiailn Peter et al
(2005) 7189137 ilewdeilifenusrauusnasesdevziinsiamn uazdsuudadluiduy
dedesides Fedotnlumsisadulniui 2 ioideddesiiuiedodndoslainduns
wadivunty wazdndedeiwauidelufssnarsduriedndssiuardndsoms mn
dodesgnisiunonasisiusivssauiuliainanavglafinig sesusniiiinduens
danalusveren Budrsenifinanniuenaiiddamsdiuldld Wessnreemsldanse
Feuseturiusesssld SudivieiiAntul Teavdwmaronszuiunismeassinendions
lvgnisinduldlavesignuanle Tngaziinasonsznudonsasyiivlaanmsuay
Meennmsvaivesiy defwuaivildtimsudavadanas iesaniadnusslaing
niasadiivuareouldannsonumusenisgyidedh (Gumsd, 2546) anosde (2533)
ﬂa'nd']msﬂigmummiaEJGia%%m%aL%aﬁuagﬁ’uaﬂﬂwmmamyizﬁu'%amiazaummi%q

v

AuRBLAAITUGA donAdaeiuIIeIUYe Buck uag Heppel (1970) find133n15a379



33

Haaupadalmituegiuanuwlausesiunsuariwiugd wenaniluiivunaviineed
N1583579819 (gum  exudate) MSIUSIALTBLERTRURBTENIIRURBLALAITLG Tednuay
sananiludugramesnsiulildssninduneuasioiugs

3. n1sAnwIUULKU e el
A15UTLAUNITUINUTERINIAUN DA NINUTA FLAWNAIINANY ULDINITN

Antundaaniidnmsinn viemuidluudassevnamil maiiywmidiuldld o1msiiie
JufuAaiugiueniviieninnisuenvessesde fe lusunies veavssinnsiaiyivln
(Hartman et al., 1997) msanwwuuwaulelgleiidusniandefiazldlunsussduniad
fuld Fsannsomldluszazusn nelisududesseganufinniflenaiintududuiia wn
wuuusdlelglesifanumiloutuniolndifseiu wansi1 dumeuagiaiugianansadAuldd
(Santamour et al., 1986; Gucla ffuKoyuncu, 2012) aannisaneuuuwnulelyludvesdiu
Waendia 3 dumitweafuenen fo UlnmsesdeseninauiunIeeNITIRLS RRIM 600
vuFumosaTuSTles UTuAwINSIRLES RRIM 600 vufunosnsmsiugiuiios
uazuTndunessnTiugiuies Tnsvhmsnwuuuuadleleladinesoondina avnd
Anwamzuvuundleleluimeseanding iesnnlelyluitasnuludiunaslalnnanady
wasniamad (andley, 2550) denndesiuseauves @aasni (2547) Alasieeulian loly
lysfinoseandinaaunsanuldviluluiedodi Tnsiawziintaead loleleinesoondia
afimihitdduifeddostuniseandiniin (oxidative) Insanuddgradloldledimasoontin
aflmnuieateatunszuiudndadu (lignifications) ®3n15&LATIERANTY Feanaud
avauluntfaadesdioaiuaiumiunduswessesdoseninadunefuisiugi taai
dodenindiafnuaumaviowasuduiodeurudon (Bad, 2546) uenaniiiaenados
fusneeves Alexandre et al. (2002) 191 Aanssuveslelylusinesoentinaazuand
anuddalunsussauisgninsiuneuisiusalufivana Prunus spp. Tunsinuadedl
elduvuunulelaledinesoanding n519aUANUTIIULATENINAURDLATILHLANE NS
wazanmsAnwuaulelelel wuih Vinudune Aviudiuasidedefiaiadeuszninadiune
wagp LS 3 fuvids fmsuanseonveauavlelelediflndiAssiuiasiuay aun 1ae
waulelelasiiusngidiuau 4 uau Aefisuma Rm 0.275, 0.35, 0.45 uag 0.50 waudiny
Tunniedrefivliinasdufunesien uazWusg RRIM 600 Siivun 3 woufte uaudiden Rm
0.35 0.45 uaw 0.50 sniiunsaflawasosdessninefsniug RRIM 600 UuFuRoEImNT]
fusiuidiosiuan 1 fogwan waedl 2 Tudud fandaunsedssuss Aewizuay
0.35 Wity dhunnufidumisan Rm 0.275 Wuunuiiusnglunieihedns Ssfunedenand
Anuuauiiudiy anauanssiiifeduoradesnindunefiauuanssfumatugnssy
FsaenAd0IUNTNTINABUAILUANFNININLENTTIV IR URBUAAEAGNAUTUS RRIM 600
Tnesunolunguildadieulnddensitugnssudesfianiuiug RRIM 600 idlefieufiy
nguduq (Adrianulnddamaiugnssuadowiiu 0.548) usilevinisnsiaaeudnvus
mednauazmsiaiyAulnvesiansiug RRIM 600 vusiumeiiunnsiisiulsazngulainuingl
naulafiAanisdfulild Ssanuuandnafiietuoraduiissmnisuansooniednumzdsesn
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stusvossuesnshiulilfdumauand fulildvesiune wasimn egrdlsfnuani
uanssiiAntuenvsdssaliAnnisdsuuladlussezevesaudnfuld fanuideves
Zarrouk  wagAny (2006) MAnwiAandfuldseninaiiviudune Prunus uagseauinly
nsdivosmadifulily Smsuanseenlasnisuanvendefoseninafunouasfeiusa Sso1a
Antuludisnan 2-3 8 ndsn1smuis sadies (2550) Anwuuuuulelelesivasesilug
Wuguensdulnsduudunatdesnuiviiadieiu sneuilelyladineseandinaliniiy
varnmansyeanuuLIudull anunsathinldnsvasuanaudiuldseninafeiusitudu
poldffian nsinsgideyanuuununnudleleleinosoontinavesioonnadassvinia
WuAuazdune Tanuduiudiunmaaigiivlauagimuinisvosesilugiiivinnisdenad
uannafy Fauansfaimuinisganandliwasdrfulaildiuandeiu wudsrfuseany
999 Gulen uazAy  (2002) nui1 wuuunulelelesifinuduiusidaiauven e
sewinssesreunmsdenutiulduazidriulililuduiiviuaiud egslsinnalunisdne
adsiigamudnin unureslelslesineseanting asuinaiiadesendeluunaiodis azny
woudlsiusngsisluiug RRIM 600 uarludiume 1y fegnadufinadud 1 uazduil 5 nu
LU Rm 0.275 Winauileifiosesse uslinuuaudindriluisiunowasiugi dedvlianuns
osugldtaiau udannmsfinuives Gulen wazany (2002) AiRnwnndrfuldveadede
flufianuuaiud menuitlunduidisulduisiu uuusumeseendinauinaiieidses
soaznuuauniivieassnnuiilinuluiusiuneuasiugd lunanduiulungudidifulails
wlinuunulelelevinesoondnansuiofosesse udunudanannusnglufunouasgiian
WG

v [

4. N13ANYINITLRTYLAUTALAZHAILINITVDIAIEIIWITINUT AVUAUR WU WULL B9
wANA19AY

INMIAANIEWNITIRUG RRIM 600 UuAURDNRANAATU 5 NaY Fip Aunan
INAUGHULTDINANENITNGINTFTTTUYIR UNINGIFLAVAIUATUNS TN NVAMIAIEY 97N
Wugiuiles 3 laaw wlasil 1 U1udud 8.uusu 2.uATASSIINTIY Wavdn 1 laauanuas
1 2 U1UAUF .08 UATASEITNIIY T30 5 NEN NUIAURe s Ingudn 4 Tdnanly

& o =~ o < oA o v ' Y
nsuanensNaniies 12 Ju sesasundungud 3 Aldvarlunsuanailag 14 Ju
aoenauiludumeinuianeamnsunLUadientiu uiuanaeiunsuuIaLasan v
YDUNAALNINIT dIULNINITIUG RRIM 600 Tdaailunisunnailnduiufigauusunengy
#1 5 Tdnads 24 Ju fefinnsanswiudeyannulnaaniaiugnssy nulinaaenanes
Y} v ¢ a1 v oA va o v v oA
i inseiug RRIM - 6001 dandvdaiulnadaniaiugnssugegaiuiune lunquin 4
(0.666) wagdemulna¥aniugnssutieeigaiudunalungud 5 (0.548) ualiiaNasaun

§ < (3 a ! v & oA f = s a ° <

Wasiduan1sinni nudl Aunee1anis19e 5 nguiesidudnisfinnid1ise 92-100
Wosidud Jaliunnneiunsadd eradumsizinduneensmnsms 5 ngu dauudauss 3
a v a a A v ¢ [d v A Y o yal v
Tdun15aseyiAvle s wagng1amnsiug RRIM - 600 Luiugiiinfulafiuenanis,
wannvatenug winadsavesn1sinanenadilianunsaldBuduinisidniuliveunauas

augh sigaudnislunisfinadalidnuanetdedeninestes wu weadauaziioves
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AU TR anmwindenlugieuiRau Wi aaumall AN 2oNTAUTENINMAAINTS
Ane aeAIUlIA wavuuad (Tufign, 2538)
N13L93EYAULANINEIAUVDINENNISINUG RRIM 600 UUAUADEINNITING 5
! i a a a I Y oA =
NdY AINNITNARBINUIINTHITYAULATDIANIE1INITIWUT RRIM 600 Uusunngud 3 3
N33 LAUIANIAIUAIINES YUIAEEUAUNa1sEIAY kazTiuiuluange diudune
nqudl 4 finsasgiulaneinuanugs vunadurugudnasasulesign Meginguiilu
nauuanasIign Jadshinsvamgininenesls avesdudeyanisasyiulndndn
sregniaiioliwila insgluuansdinsdndululdazuanteinisvessesuanilodeveiu
a o sa % =~ v oW 1 I a o ¢
e uagnanuga en1aldiaamated (Zarrouk et al., 2006) FaLiUFI0E1999INTABAIENANUS
Conference Uu Quince lutiusnaglasosmefiudusannaziviasaiivlng doundn 20 U
Jamuinsegsesaune no1Nsiinulille (ndAll, 2522) nsuseiiuanudniulasenaneduy
mouazRatugh ovdedlivatedtiniu wu nsfnwssuuieulasiuagniginamansaiug
lunsussifiunaninudiulavessesse LWuNANYIVEY NaTiE (2550) NYIN1SANY
AMUENRUSVDIRNBENISFUFIUINGT NeanIa1ans waziuukkulelyludvotaziluen
Wuguansiulnsuvudunatesniiviiasiaiu wuin dmsudusetesnuianuyeu 1013
WiAulanedsius nsuszanuilaiBeseasdediusngliiugesinuiesainiinisasig
weadalinuiunsesse wazduuuwnulolglediunnsisainduaivpuegisdaay a1naay
donnaotvestoyauanstisaulidniuvesfiaiusiuasiune Feaenndosiunuidennuly
a o = . ° o = a Y o Y
WInfuugWaina (Dinant et al, 2003) dwmsun1sfinyilue1anis esvesnisniule
srnAunawaziaiugAinuun analilalgvnlng wieeadumsiziug RRIM 600 1y

v 6

fugfansnsatriusuneldreutianiuing widhdanaduivgnlundasdning sziils
Faiaudn udazugnndenduudnnuwanm19weansasyiulavesaidiu winssiued1aiu
1640 nsfiduned wiwse sxfinalrenssfunisasgivlnvesduiivlaeund nsdania
g1ans1agldsreziiaiUssuia 7 Indaugn wielddiuvesvuindduilunay Tagld
UINTFIUVUIALAUTBUIEGIAY 50 LYURLUAT ﬁizﬁuqqmﬂﬁuauﬂizmm 150 \uflunS
Feifuglddunefiduazidnfulddfuniush frzaunsaduszeznandaninditu 1u
Usglopifuinensnslaenss uenainidsflnuidedbusuindunefidazsilidunamtsd
naNAmLRLTUUTEINL 18-20 % (Goncalves WA Martin, 2002) ftiugdunsuasAeiugd
wanzavasdudnrumaisumadiiusaniaihendlituinunsnsdnge
nmsAnwinsidfuldvesianiug RRIM 600 Audiunogrswistiug
fudlesann 5 ndu fio nduil 1 dundrainerensiusiudies finaeninenssssud
uvAnenduaauaTung Inevamialvg a.aswan ngud 2, 3 wag 4 udundniiug
pravnsiudiominuuasi 1 thuduf e.urveu a.uasedsssnsy S1uru 3 laau naudl 5
dudundriugeramnaiudesninuvasit 2 T1udud o.utueu 1.ussAdsssuay las
yhmsfnwiugnssuresiundamaIeudisusuiug RRIM 600 Tngldinaiinensiofia
AnwanuiiniuldvesiuneuazAsmenasiuiilaedaided onswinusesde dosg

melandesqanssal  Anwvinuuinuleleludinesoandinavefamenaiugd dunouay
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s

dHodeusnusessie wasnunmasydulanasiaunniseanensmnsiugavuiunetus
fudosfiunnstu naarnnisAnuagdldsed

nsRnufusnITNTeIRund s iudles wagiug RRIM 600 Tneldlnsiues
$1uau 7 Insiwes wudh aunsadangunuanulnd@ameiusnssald 5 nau il nguil 1
UINMUAMEVINGNTSIINR W Anenduasaaiung Ingvamelve 2.a9va1 ngud 2
Fundranlaaud 1, 2 wag 3 wlash 1 TuduR 0.uUsL 1. UATATEIINGIY LATUNEILYEY
Fundrnitusiiudiositasil 2 thuduf o.uruou 2.uasAIsTsuTY wnds 2 naudl 3 Fundn
vinelay 41 91nudad 2 Tudud 8.utveu 2.uATAISITNTIY NauT 4 Funddiudu 6
fogsnulas 2 Thududl 8. utue 2.UATASSITNIIY WaznaNTl 5 81aMnI IS RRIM
600 namaTgiadviemulnddaneiugnssuvesiuugisnsiug RRIM 600 il
Humersmnsiusinagenmnaiugiudosdildidusune farogludis 0.468-0.952 wus
RRIM 600 farnulndBametusnssufunguiundraniusiudosiuil 3 anuasii 1 thu
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AW 5.1 Effect of plant growth regulators (BA and/or IAA) and culture conditions on seeds

germination of rubber seed after 13 days of culture (bar=0.3).
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A 5.2 The characteristics of shoots cultured on medium with or/and with plant
growth regulator (BA and/or IBA) from shoot and hypocotyls node after 40 days

of culture (bar 0.5 cm).
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AW 5.3 The characteristics of new forming shoots from different explants with different
orientations on shoot induction medium without or with 0.05% activated charcoal after 1

month of culture (bar 0.2 cm).
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Influences of 4 different concentration of sucrose and 3 clones of Hevea

brasiliensis on callus induction from anther culturing on the MS medium supplemented

with 1 mgL” 2,4-D, 1 mgL" KN and 1 mgL’ NAA for 4 weeks of culture. Mean values

followed by the same letter are not significantly different (p < 0.05)
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A 5.5 Development of SE through somatic embryogenesis from anther culture of Hevea

brasiliensis. (Scale bars= 1 mm)
a: Freshly inoculated anther

b: Callus induced after 4 weeks of culture on MS medium supplemented with 5% sucrose,

1mel” 2,4-D, 1 mgL” KN and 1 mgL" NAA.

c: SEs developed from 8-weeks-old callus on MS medium supplemented with 3% sucrose,
0.2 meL " NAA, 1 mgL” BA, 3 me.L KN and 0.05 me.L" GA, under light condition for 4

weeks.

d and e: SEs at different stages of development from 8-weeks-old callus on MS medium
supplemented with 5% sucrose, 1 mgL" 2,4-D, 1 mgL" KN and 1 mgL" NAA in the dark for 4

weeks.

f: Cotyledonary stage embryos on MS medium supplemented with 5% sucrose, 1 mg.L'1

24-D, 1 mg.L'1 KN and 1 mg.L'1 NAA in the dark for 4 weeks.
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Study on the Root Growth of Early Introduced Rubber Tree Seedlings for Rootstock

Using Rhizotron Technique

C4 1
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Abstract

Root development of early introduced rubber clones from various sources in Songkhla, Trang,
Suratthani and Ranong provinces were studied by the use of Rhizotron technique. Six month-old of 18
early introduced rubber clones including RRIM 600 as a control were transplanted into 40 x 100 cm
rhizobox. The experimental design was CRD with 4 replications, one plant per rhizobox. The following
data, root and shoot length and dry weight, were recorded at 2- week interval for 5 months. Results
indicated that the most active roots were located within 20-40 cm under the soil surface. Early introduced
rubber clones seedlings from Hat Yai central park showed significantly higher root growth than RRIM 600
and other clones. Total dry weigth of seedlings from Hat Yai central park clones were average 213.21 g
while 112.9 g was recorded for total dry weight of RRIM 600.

Key words: Root development, Rhizotron technique, Shoot- root ratio, rootstock
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Table 1 Sources of early introduced and recommended rubber clones used in the present study.

Type Clone code Sources
Early introduced Songkhla Province
rubber clones EIRpsu 1 - Prince of Songkhla University
(More than 50 EIRpsu 2 - Prince of Songkhla University
years)
EIRpsu 3 - Prince of Songkhla University
EIRpsu 4 - Prince of Songkhla University
EIRpsu 5 - Prince of Songkhla University
EIRpsu 6 - Prince of Songkhla University
EIRKI 1 - Tambon Thoong Lan, Klong hoi khong district
EIRKI 2 - Tambon Thoong Lan, Klong hoi khong district
EIRp - Hat Yai central park
EIRh - Tambon Namom, Namom district
Trang Province
EIRph - Ratsadanupradit museum, Tambon Kantang, Kantang district
EIRtr - Tambon Bangrak, Muang district
EIRws - Wangwiset school, Tambon Khaowiset, Wangwiset district
PB5/51+EIR - Tambon Nawong, Huay yod district
Recommended GT1sk - Tambon Pang-La, Sadao district, Songkhla province
rubber clones GT1r - La-oon district, Ranong province
GT1su - Kraburi district, Suratthani province
RRIM 600 - Tambon Bangrak, Muang district, Trang province
PB 5/51 - Tambon Bangdee, Huay yod district, Trang province
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Figure 1Root development among early introduced rubber clones from various sources in Songkhla,

Trang and Suratthani provinces including RRIM studied by the use of Rhizotron technique.
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Figure 2Root development among recommended rubber clones as control from various sources in
Songkhla, Trang, Suratthani and Ranong provinces including RRIM 600 studied by the use of

Rhizotron technique.
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Table 2 Root - shoot dry weight and root-shoot ratio of rubber seedlings at 5 months after transplanted in

rhizotron.

Clone Root dry weight /clone (g) Shoot dry weight /clone (g) Total dry weight /clone (g)
EIRpsut 63.97cdef” 53.88cdef 117.85cde
EIRpsu? 43.38efgh 32.78ghij 76.16fgh
EIRpsu3 76.56bcde 59.90bcde 136.46cde
EIRpsu4 79.01bcd 73.31bcde 152.32bcd
EIRpsu5 56.54cdefg 34.67ghij 91.21efgh
EIRpsu6 32.54gh 29.50hij 62.04gh
EIRKI1 71.54bcd 66.27bc 137.81bcd
EIRKI2 88.47b 73.26ab 161.73b
EIRp 125.69a 87.52a 213.21a
EIRNh 55.48cdefg 23.47jj 78.95fgh
EIRph 56.69cdefg 47.86defg 104.55def
EIRtr 53.73defgh 44.54defg 98.27efg
EIRws 52.19defgh 44.18efg 96.37efg
GT1sk 34.90gh 18.61] 53.51h
GT1su 33.75gh 33.08ghij 66.83fgh
GT1r 30.53h 30.15ghij 60.68gh
PB5/51 40.12fgh 37.36fghij 77.48fgh
PB5/51+
EIR 60.16cdef 62.02bcd 192 180de
RRIM 600 65.84bc 57.06ab 112.9bc
X 59.00 47.86 106.34
F-test . - .

C.V. (%) 19.32 17.48 16.73

" Means within a column followed by a common letter do not differ (p < 0.01) according to Duncan's Multiple Range Test.
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Figure 3 Total dry weights of rubber seedlings at 5 months after transplanted in rhizotron.
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Preliminary Test of the White Root Disease Tolerance in Early Introduced Clones of Rubber Tree
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Abstract

The white-root disease of rubber trees caused by Rigigoporus microporus (Sw.) Overeem is the most well
known destructive disease in rubber plantation. Rigidoporus microports persists on dead or live root debris for a long
time. In this study, selection of early introduced clones for rubber rootstock tolerate to the white-root disease was
carried out. Pathagenicity tests of R. microporus in 13 early introduced rubber clones collected from different areas in
Songkhla province were tested. Seedling of RRIM 600 and GT1 were included in this study as controls. The
experimental design was completely randomized design (CRD) with 4 replication. The white-root disease tolerance
was scored from 1 te 5 (1= more tolerance, 5= more sensitive) based on from the symptom of rubber tree. The results
showed that seedling of RRIM 600 and GT1 were sensitive to the white-root disease. Amomg 13 early introduced
clones, seedling from Numnoi clone was the most tolerance.

Key words: Rigidoporus microporus, root stock
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Figure 1 The symptoms of the white root disease in rubber tree seedlings; yellowing leaves (A), rhizomorph at the root
(B) and fruiting body at the collar of dead stem (C)

Table 1 White root disease tolerance score of 16 rubber clones.

Score for the white root disease

Name Place of collection
’ 90 day 150 day 180 day

indigenous Rubber Clone
Clone# Prince of Sengkla University, Songkhla (Na.1) 2.25 3.00abce 3.50
Clone#2 Prince of Songkla University, Songkhla (No.2) 2,75 4.00ab 4.50
Clone#3 Prince of Songkla University, Songkhla (No.3) 2.50 3.00abc 4.25
Clone#t4 Prince of Songkia University, Songkhla (No.4) 1.50 2.00bc 3.00
Clone#h Prince of Songlda University, Songkhla (No.5) 1.75 2.80ahc 4,00
Clone#s Hat Yai Municipal Park, Songkhta (1} 1.50 2.25abc 3.25
Clone#7 Hat Yai Municipal Park, Songkhta (2} 2.25 2.75akbe 3.25
Clone#8 Banpru Rubber plantation {1}, Songkhla 2.00 2.80abs 3.50
Clone#9 Banpru Rubber plantation (2}, Songkhla 3.25 4.25ab 4.75
Clone#10 Sadao Rubber plantation, Songkhia 3.25 4.25ab 4.75
Clone# 1 Numnoi Rubber plantation, Songkhla 1.00 1.50¢ 2.75
Clone#12 Hat Yai Rubber plantation, Songkhla 1.75 3.25abc 4.00
Clone#13 Khoheng Rubber plantation, Songkhla 2.00 3.25ahc 3.50
Cultivated clones
G Sadac Rubber plantation, Songkhla 3.25 4.50a 5.00
RRIMGOO Klonghoykheng Rubber plantation, Songkhla 2.25 4.25ab 5.00
RRIMGOO Thung Lan Rubber plantation, Songkhla 3.50 4.50ab 4.50
F-test ns * ns
CV(%) 51.34 43.78 32.0

ns = non significantly different
¥ significantly different at the 0.05 level of probability

LR
amnmsinEmsmmusemadinaneestsnmn lufundnenanfugfoin sansliduiszdman,
s lsariam e enshindreusa: Tnauilanu usne i ﬁuﬂé’ﬁmmﬁi\zmm? s 2 -3 Feunds
magnids Tma‘Iﬂauﬁﬁfiﬂmuél’umﬂumm';*u,ﬂmmmsmmbmﬁﬂﬂ‘ﬁlqmﬁﬂ anwRLgFIRNT AU ndnLesiiey dune



P

el ar =J e = o = 5
314 119 42 @19 341 (Wit R9A — Rl 2554 A WNHTANRFRTINHAT

wirlvn) sesnsnde Taauw mnenas 4 fdLenneluminends ‘lumm:ﬁﬁuné’qﬁui RRIMBOC GT1 UAZMMIEReY 9
Waz10 meﬂ’mfﬁmmhmqmmﬁam anpndedfumsmeemiees gls uazane (2539) e N5 WG RRIMBOC
’ﬂi}uLLﬂﬁﬂI’a‘ﬂ‘i"lmﬂQ mu GT1 @ﬂmmﬂmnmq fleeunisszunsmedlsnsnen foustl 2531 Lmewmumwmim‘lu
mﬂmmuﬂmuu mumwmmm@ﬁnm@umma‘ummnﬂmwmmmumﬂaauuﬁm uﬂnmnuﬂnmmmuu\m@ fumed
Mluifagiuazifuadeaindiug RRIM600 iudailun Lufmmnwuﬁmmegn‘lﬂummﬂiﬂmﬂwm muuﬁ'}uwuﬁﬂ?iu
mmmumm&wwmmﬂﬂmnm,m'u Usznauiuiug RRIMB00 dhiugeuvesialinsmnyn ﬂ’NNLﬂEIMWEINW?ﬂ"J’INTuLL?\‘I
M naasong (2548) T8N Luﬂmm\amnwuﬁmLmunw‘lummawmﬂmmmmuﬂmw:r m:uumnmwmam"mm
Wi sdnanmenaallaies RRIMB0O win widamaniitimmmsnzaunis difhdunauasansiinummiusta
madvinaneesalsasnts m?‘lﬁﬂ?“’ia‘ﬂumﬂﬂmwmﬂmﬂﬂmqwuqnﬁmqLﬂu@ﬂLLuqmquuq‘lum?mumummmm
1e4lsm aeiglefimu n’mnmam’tummmﬂum?ﬁnmmmmumummwmmwmﬂﬂuifm FhusundrannisAnsnszuusn iy
lalamsauunnieu mmummma@mwﬂﬂ mﬂvﬂmmm?ﬁnwmwmvmiﬂmmﬂumemu Emﬂwmﬂﬂqnﬁﬂjnnﬁ@’lwnu
Bundnismdenlylotnazen wazis e shetha e fuiunainai

dqlua

MINARAOLUATTNNLMIL AT LY IBIRITT 39UU 16 TR wm’ﬁmqmm'l:uLwiau'tﬂﬂuﬁﬂ"mmmmumu‘tﬁm
LBNBNTTL Tmﬂmunmmﬂwug RRIM 600 waz GT1 ﬂf]uLL’ﬂ[ﬂﬂTﬁ‘m"}ﬂ“ﬂ’Vmﬂﬂﬂﬁﬂ ‘luﬂm:mmuﬂmmnmqwuﬁmmemu
A nFnLAT e Fnewe lving 34LLqumuwﬂumaiﬁmmnm’lwuﬁﬂu'}

ANIRUAN

wrRLARLIARANENRY MARTRTMERS AL NIETININR AW TINEARIIRUARUNS Bz e idei]
1&:’%’ummuum§umuﬁm amngudrnuitudasnumaiuiaifanmnens  dninfnnsiuhndneussidadng
Wenmarfussmaulad dwinausnenssumemsgan@negt nesnednmninag

& =
LHVREREGE
na Tl AUWAN. 2549, AnansuRngz aneaz SR IALTIIaNs nENawngn 10 anesiu. T sssy

TUFnANg NARERTANART ADENTNENIFITNTR M inenduasusumiung Snenasmslve.

anRAReEN, 2551, LA AR NN IWAgT. NEA M. [Online] Avaitable:
hitp:/Avww.tcccthai.com/nmewweb/magazine/255301_36.pdf. [L‘ﬁ'ﬁﬁqtﬁﬂ 23 funnAu 2553).

gle Junslsziin. 2539. Tasanieidelsasnanaunsenannm Usdntl 2539, merunalasnisdiSeusu siadenss
WRMNEN @onUddes Y NadanIaInems. ¥ 329-334,

Kaewchai, 5. and Soytong, K. 2010. Application of biofungicides against Rigidoperus microporus causing white

root disease of rubber trees. Journal of Agricultural Technology 2: 349-363.




Journal of Agricultural Technology 2012 Vol. 8(7): 2385-2395
Auvailable online http://www.ijat-aatsea.com
ISSN 1686-9141

Screening of rubber (Hevea brasiliensis Muell. Arg.) rootstocks
for the white root disease resistance

Suneerat Wattanasilakorn®, Sayan Sdoodee!’, Charassri Nualsri* and
Samerchai Chuenchit?

!Department of Plant Science, Faculty of Natural Resources, Prince of Songkla University,
Songkhla 90112, Thailand, “Department of Pest Management, Faculty of Natural Resources,
Prince of Songkla University, Songkhla 90112, Thailand

Suneerat Wattanasilakorn, Sayan Sdoodee, Charassri Nualsri and Samerchai Chuenchit (2012)
Screening of rubber (Hevea brasiliensis Muell. Arg.) rootstocks for the white root disease
resistance. Journal of Agricultural Technology 8(7):2385-2395.

The white root disease caused by Rigidoporus microporus (Sw.) Overeem is a destructive
disease in rubber plantation, particularly in southern Thailand. It persists on dead or live root
debris for a long time. In this study, resistant clones of white root disease were screened.
Pathagenicity tests of R.microporus in 10 local clones (PSU1, PSU2), Kantang, Bangmark,
Sakraphangsurin, Bangrak, Khaowiset, Wangkere, Bangdee and Huaiyot districts( were done,
compared with clone RRIM 600 and GT 1. The experiment was designed as a completely
randomized design (CRD) with 5 replications. The following data were recorded for 2-week
interval within 5 months: root distributions, area under disease progress curves (AUDPC),
growth and symptom of rubber seedlings. Results indicated that the most of active root
proliferation of 45-60 cm soil layer depth from the soil surface. Root growth of seedlings from
clone Bangmark and Huaiyot districts showed significantly higher than RRIM 600, GT 1 and
the other clones. With the AUDPC observation, the seedlings from clone Bangmark, Kantang
and Prince of Songkla University (PSU1) were significanly higher P>0.05 (AUDPC) than the
other clones. Growth of each clone was monitored by measuring height, circumference and
number of petiole per seedling, the seedlings from clone Bangrak exhibited the highest growth.
Symptom development of the seedlings from clone Kantang, Khaowiset districts and GT 1
clones were evident, around 50%. Among 10 local clones, RRIM 600 and GT 1 clones, the
seedlings from Sakraphangsurin, Bangrak districts, PSU1 and PSU2 clones tended to exhibit
white root disease resistance.

Key words: Rigidoporus microporus, area under disease progress curves, white root disease,
tolerance, local clone

Introduction

White root disease of rubber trees caused by Rigidoporus microporus
Sw. (Overeem is well known as a destructive disease in rubber plantation in

" Corresponding author: Sayan Sdoodee; e-mail: sayan.s@psu.ac.th
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many countries: Cameroon, Ivory Coast, Ghana, Nigeria, Gabon, India,
Indonesia, Malaysia, Sri Lanka, Thailand, West and Central Africa (Hashim
and Malik, 2006; Jayasuriya and Thennakoon, 2007; Kaewchai et al., 2010).
The disease causes economic lost not only for the lost of production, it also
persists on dead or live root debris for a long time. It forms many white,
flattened mycelial strands which grows and extends rapidly through the soil in
the absence of any woody substrate (Nandris et al., 1987; Kaewchai and
Soytong, 2010). The root of healthy rubber tree can be infected by contact with
disease source, such as rhizomorphs, infected root, dead stump, or wood debris
(Nandris et al., 1987; Guyot and Flori, 2002; Kaewchai et al., 2010). It can
result in substantial death of trees and sometimes losses of a whole stand
(Guyot and Flori, 2002). The fruiting bodies of this fungus form at the collar of
the dead stem which produce a large number of basidiospores (Figure 1), but it
has a limited role in dissemination of this disease (Nandris et al., 1987).
Preliminary study reported that the seedling of RRIM 600 mainly grown in
Thailand is sensitive to the white-root disease. (Holiday 1980) reported that
there is no resistant clone of rubber available. Hence, the objective of this study
was to assess white root disease AUDPC, symptom development, root growth
and growth of rubber trees with screening of tentative resistance clones

Fig. 1. Rhizomorph at the root (A) and fruiting body at the collar of dead stem of R.
microporus (B)

Materials and methods

The study was carried out from February to September 2011, in the
glasshouse of Faculty of Natural Resources, Prince of Songkla University,
Songkhla Province, Thailand. Root growth of 10 local clones collected from
different areas in Songkhla, Trang and Suratthani province were tested (Table 1).
Clone RRIM 600 and GT 1 were used for comparison.
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Table 1. Collected locations of local and cultivated clones

Name Local Districts Places of collection

Clone#1 Hat Yai (PSU1) Faculty of Natural Resources, Prince of Songkla University, Hat Yai, Songkhla
Clone#2 Hat Yai (PSU2) Faculty of Environmental Management, Prince of Songkla University, Hat Yai,

Songkhla
Clone#3 (Kantang) Kantang, Rubber plantation, Trang
Clonet#4 (Bangmark) Bangmark, Rubber plantation, Trang
Clone#5 (Sakraphangsurin)  Sakraphangsurin, Rubber plantation, Trang
Clone#6 (Bangrak) Bangrak, Rubber plantation, Trang
Clone#7 (Khaowiset) Khaowiset, Rubber plantation, Trang
Clone#8 (Wangkere) Wangkere, Rubber plantation, Trang
Clone#9 (Bangdee) Bangdee, Rubber plantation, Trang
Clone#10  (Huaiyot) Huaiyot, Rubber plantation, Trang
GT1 (Surat Thani) Rubber Research Institute of Surat Thani, Suratthani

RRIM 600  (Klonghoykhon) Klonghoykhong, Rubber plantation, Songkhla

The experiment was designed as a completely randomized design (CRD)
with five replicates. Each clone of the 5-month rubber was planted in a
rhizobox Figure (2) 30.48x119.38 cm (contained mixed soil) soil: manure:
husk; 3: 2: 2, then the soil preparation analysed at Department of Pest
Management, Faculty of Natural Resources, Prince of Songkla University,
Songkhla. Then, the rhizobox were lined with The rhizobox were lined with
spacing 1m x1m. Root growth of the rubber seedling was assessed in each 15
cm-interval depth. The panel of rhizobox was made of clear acrylic and covered
with the black plastic sheet to avoid light exposure. To investigate root
distribution, a transparent plastic sheet (30.48 x 119.38 cm.) was lined on the
panel. Consequently, the roots were traced using a permanent marker pen with
different colors along observation dates. The total length of the sampled roots
was measured by using Image Rootfly Software a free, open-source software
application to aid researchers in minirhizotron image analysis by the GNU
General Public License. Length, diameter, and color of roots, as well as the
alive and death rates were recorded. All the experimental data were stored in a
single RFY file.
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Fig. 2. The rhizobox used for root investigation

Pathogenicity test

Rigidoporus microporus was isolated from infected roots of rubber trees
by tissue transplanting technique. The culture was maintained in potato
dextrose agar (PDA) medium and deposited at the Department of Pest
Management, Faculty of Natural Resources, Prince of Songkla University,
Songkhla, Thailand. Pathogenicity tests of R. microporus were done in 10 local
clones, RRIM 600 and GT 1 clones. Each treatment consisted of one healthy
and inoculums which placed into the rhizobox closing to the root system.
Symptoms of white root were observed at 2-week interval. Evaluation of
disease infection was conducted according to Kaewchai et al. (2010) with the
following modification: The Disease Index )DI (were determined as follows:
level O = healthy, green leaves, level 1 = 1-25 %yellow of foliage, level 2 = 26-
50 %wilting, level 3 = 51-75% defoliation and level 4 = 76-100% death of
plant. And evaluation the distribution of the white root disease from the soil
surface was also observed up to 16 weeks by using the following modification:

Level 0 = not found in the root fungal infections.

Level 1 = fungal infections in the root is less than 1%
Level 2 = fungal infections in the root, 1-10%

Level 3 = fungal infections in the root, 11-50%

Level 4 = fungal infection in the root, 51-90%

Level 5 = fungal infections in the root of more than 90%
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AUDPC analysis

Data for distribution of the white root disease in root rubber were
assessed from different soil layer depths. Thus, the derived disease parameter,
and the area under disease progress curve (AUDPC) were calculated according
to the equation of Campbell and Madden (1991) using the following formula:

n-1

AUDPC = Z !Zi+zi+1!(ti+1 —ti)
1=1 3

where n = the total number of observations
Y; = disease severity in percentages at the i observation
t = time in days after white root disease inoculation at i observation
ti+1 — t; = interval between two consecutive observations

Analysis of disease development were performed when greater
quantification that needed for resistance evaluation. The disease progress curve
represented an integration of all host, pathogen and environmental effects
occurring during disease development
Means were compared with the Duncan multiple range test (DMRT). These
disease severity were recorded at week 2, 4, 6, 8, 10, 12, 14 and 16,
respectively.

Results and discussions
Soil properties

The texture of the soil was determined along with pH, organic matter,
macro and micro nutrients (Table 2). The soil was sandy clay loam in texture
with moderate compaction. It was characterized as low pH (5.94) and contained
reasonable amount of organic carbon, organic matter and total nitrogen.
Exchangeable cations were generally low with Ca (3.17 cmol/kg) being the
highest, Mg was recessive in the cation exchange (1.11 cmol/kg) but high
available phosphorus and potassium.
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Table 2. Analysis of soil used in the experiment

Soil properties characteristics
pH 5.94

Organic. C (%) 1.54

Organic matter 2.65

Nitrogen (%) 0.13

Available P (mg/kg) 61.88
Available K (mg/kg) 911.00

Exch. Ca (cmol/kg) 3.17

Exch. Mg (cmol/kg) 1.11

Growth of the rubber tree

The result of growth 10 local clones, RRIM 600 and GT 1 clones is
shown in Table 3. Plant height, number of petiole per seedlings and
circumference at 15 cm above soil were measured, it indicated that there were
significantly different away the clones. The local clone from Bangrak,
increased from 68.460 to 105.117 cm, and its circumference increased from
9.070 to 11.220 cm. While RRIM 600 clone had the average number of petioles
per seedling 21.514. In addition, comparing between clone RRIM 600 and GT
1, it was found that RRIM 600 had better growth than the GT 1. Comparing
among the 10 local clones, it showed that PSU2 clone had the highest 19.943
petioles per seedling. (Table 3)

Table 3. The average height, girth and number of petiole per seedlings of 12
rubber clones

Treat t Mean

reatments Height (cm) Circumference (cm) No. of petiole per seedling
Clone#1 77.654 be 7.945¢ 17.457 ab
Clone#2 86.831 ab 9.156 b 19.943 ab
Clone#3 72.663 bc 7.479 cde 19.286 ab
Clone#4 78.211 bc 7.461 cde 19.486 ab
Clone#5 86.497 ab 7.705 cd 18.314 ab
Clone#6 105.117 a 11.220 a 16.943 abc
Clone#7 76.800 bc 6.727 def 15.171 be
Clone#8 94.903 ab 6.375 ef 17.514 ab
Clone#9 40.706 d 4.865 g 12.086 ¢
Clone#10 72.551 be 7.481 cde 17.514 ab
GT1 55.229 cd 5.799 fg 16.543 abc
RRIM 600 86.563 ab 8.328 bc 21514 a
F-test * * *
C.V. (%) 28.431 9.359 26.885

Means with the same superscript in each column are not significantly different by LSD 0.05
* significant difference at P<0.05 by Duncan Multiple Range Test
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Root growth of the rubber tree

Although the root length density in the surface layer manifested different
treatment, there was no definite pattern related to placement. Root distribution
and root development of local rubber clones were compared. The root in the
rhizobox indicated that most of active roots that located within 45-60 cm depth
from the soil surface and rubber roots were proliferated rapidly. In addition,
root growth of seedlings from clone Bangmark and Huaiyot showed
significantly higher than those of the other clones. Active roots of GT 1 were
located within 75-90 cm depth from the soil surface. Root growth pattern of
RRIM 600 were intensed at the 0-15 cm. depth. While root distribution
decreased in the 30-45 cm layer. This indicated that rubber root freedom was at
surface with 55% of the root activity confining to the top 10 cm of soil layer.
Root activity declined with increasing depths (George et al., 2009). Nares and
Sayan (2551) evaluated the growth of rubber tree roots by using a
minirhizotron, and it was found that the high root density was at the 0-10 cm.
soil depth. However, Hamblin (1985) suggested that root development in any
plant is governed by factors such as nutrient availability, soil physical
properties and genetic characters. One problem of rhizobox observation is the
overestimating root length density at depth, which may be due to roots
channeled down the vertical tube to soil interface. The profile of root length
density of the all clones were different as shown in Figure 3 and 4.
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Severity and AUDPC

Among 10 local clones, RRIM 600 and GT 1 clones, the development of
symptoms caused by R. microporus showed that symptoms were different at
various soil depths. The dorsal root was possessed with rhizomorph of the
pathogen and it produced fruiting body at the collar of the dead stem. It also
found that AUDPC is the one that may be used to distinguish clones of rubber
to the destruction of the white root disease. Disease severity scores and
AUDPC value provided evaluation of the reaction of the clones to 0-15, 15-30,
30-45, 45-60, 60-75 and 75-90 cm to R. microporus. The values of AUDPC
were assessed during the entire period of 16 weeks as disease severity scores.
(Table 3). The results showed that after inoculation with R. microporus at 2, 4,
6, 8, 10, 12, 14 and 16 weeks, the seedling of all clones disease severity
expressed as AUDPC were significantly different (P>0.05) within 15-30 and
30-45 cm. depth of the soil surface. At soil depth of 30-45 cm, seedlings from
Bangmark, Kantang and PSUL1 clones were AUDPC values high as 32, 23.25
and 21.25. While Sakraphangsurin, Bangrak and Khaowiset clones had
consistently lower AUDPC values of 8.25, 5.67 and 1.5 (Table 4) Joko (2009)
reported that the development of the disease depends on many factors such as
humidity, temperature, pH, soil porosity and soil characteristics. Besides, this
experiment was a preliminary study in a short period, therefore, it needs to be
investigated in long term.
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Table 4. Area under disease progress curve YAUDPC( among the 12 clones at
various soil layers (0-15, 15-30, 30-45, 45-60, 60-75, 75-90 cm.)

AUDPC

Name 575 1530 30-45 4560  60-75 75-90 Mean
Clone#1 0 13.75a 21.25ab 35.75 21.25 16 18
Clone#2 35 3.5bc 13.75bc 19.25 17.75 16.5 12.38
Clone#3 35 14.25a 23.25ab 20 8 4.25 12.21
Clone#4 0 Oc 32a 23.75 24 28.75 18.08
Clone#5 15 7.5d 8.25bc 9.25 16 14.25 9.46
Clone##t6 0 Oc 5.67bc 13 3 1.5 3.86
Clone#7 1.5 1.5¢ 1.5¢ 25.25 21.25 17.5 11.42
Clone#8 0 11.75ab 17.75abc 19.75 15.5 10.25 125
Clone#9 0 Oc 12bc 12 1475 6 7.46
Clone#10 3.75 3.75bc 16.5abc 23.25 23.5 23.25 15.67
GT1 3.75 3.75bc 16.5abc 16.25 10.75 9.25 10.04
RRIM 0 Oc 12.25bc 155 18 14 9.96
600

P=0.05 ns * * ns ns ns ns
CV(%) 295.27 111.26 64.86 59.19 85.57 82.10 74.34

* significant difference at P<0.05 by Duncan Multiple Range Test
ns = non significant difference by Duncan multiple range test at P>0.05 probability level
AUDPC = Area under disease progress curve

Symptoms of the white root disease

According to the study of 10 local clones, RRIM 600 and GT 1 clones
inoculated with R.microporus, the results showed that each clone had symptom
development of the white root disease was different. Seedlings from Kantang,
Khaowiset and GT 1 clones had affected the white root disease 50% (Table 5).
In addition, it was found that PSU1, Sakraphangsurin, Bangrak and PSU2
clones showed symptom development of the white root less than all other
clones, this indicated to immune for white root.

The symptom development the white root disease depends on the
environment factors. Most commonly, the symptoms would start after the
infection with the R. microporus, it appeared to exhibit almost similar foliar
symptoms. Progress of disease was generally observed first, as yellowing
followed by wilting, defoliation and finally death of the host. In addition,
progress of these symptoms was similar to the report by Mohd Farid et al.,
(2001, 2006), and roots of saplings inoculated with R. microporus had white
rhizomorphs on their surface.
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Table 5. White root disease seedlings of 12 rubber clones

No. of seedlings affected the white root Score for the white root disease

Name disease/total seedlings (16 week)

Clone#1l 0/4
Clone#2 0/4
Clone#3 2/4
Clone#4 1/4
Clone#5 0/4
Clonet#6 0/4
Clone#7 2/4
Clone#8 1/4
Clone#9 1/4
Clone#10 1/4
GT1 2/4
RRIM600 1/4

AR pbpOoOONMNMOO

Conclusion

Among the seedlings 10 local clones, RRIM 600 and GT 1 clones, the
white root and root growth were different. Most of the local clones, their of
active roots of were located within 45-60 cm depth from the soil surface.
Whereas the of root proliferation the seedlings of clone GT 1 and RRIM 600
were located within 75-90 cm and 0-15 cm depth from the soil surface,
respectively. The growth of seedling from clone Bangrak was the most. The
values of AUDPC and severity score assessment of the white root disease
showed that GT 1 seedlings were sensitive to the white-root disease. While the
seedlings from clone PSU1, Sakraphangsurin, Bangrak and PSU2 showed that
they were tentative resistance to the white root disease more than the other
clones.
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Genetic Analysis of Indigenous Rubber Rootstock by RAPD Markers and Influence of Rootstocks on
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Abstract

Influence of rootstock on growth and development of scion (RRIM 600) was carried out at the
experimental field and Biotechnology Laboratory in Plant Science Department, Faculty of Natural Resources,
Prince of Songkla University Hat Yai Campus. RRIM 600 was budded on indigenous rootstock from 5 different
sources: one from Prince of Songkla University, Songkhla province and four from Nakornsi-tammarat province.
The experimental design was arranged in Completely Randomized design (CRD) with 16 replications. Genetic
analysis and relatedness of indigenous rootstock were studied by RAPD with 6 primers, RRIM 600 was included.
Cluster analysis was analyzed using the UPGMA algorithm and it was revealed that all rootstocks and the RRIM
600 could be separated into 6 groups based on seed sources. The similarity coefficients varied from 0.468-0.952.
Influence of rootstock on growth and development of RRIM 600 was investigated during 27 weeks after shoot of
rootstock were cut.  Results indicated that the best rootstocks in the present study were from Chandee district,
Amphur Nabon, Nakornsi-tammarat province (sources no. 2), followed by rootstocks from Prince of Songkla
University. The average height, diameter and leaf number of RRIM 600 on those rootstocks were 2.66 and 2.52
centimeters, 263.50 and 255.54 centimeters and 68.93 and 56.90 leaves, respectively.

Keywords : rubber rootstock, graft budding, stock and scion interaction, RAPD
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Figure 1 Appearance of (a) Dendrograms showing genetic similarities among high yield rubber trees (RRIM 600)
and indigenous rootstock (b) DNA pattern from RAPD technique with primer OPZ-04 lane1-10 Prince of Songkla
University. Chandee district, Amphur Nabon, Nakornsi-tammarat province lane 11-20 (sources no. 1), lane 21-30

(sources no. 2), lane 31-40 (sources no. 4) lane 41-50 (sources no. 4)  and lane 51 RRIM 600 M = DNA Ladder
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Figure 2 Appearance of (a) The diameter of stem of rubber tree (RRIM 600) on various indigenous rootstock. (b)
The plant height of rubber tree (RRIM 600) on various indigenous rootstock. (c) Number of leaf of rubber tree

(RRIM 600) on various indigenous rootstock.
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Callus Induction and Somatic Embryogenesis from Anther Cultures
of Hevea brasiliensis Muell Arg.

Wautthichai Srichuay, Soontreeya Kalawong,
Yupaporn Sirisom and Sompong Te-chato*

ABSTRACT

Hevea brasiliensis is an economically important perennial tree in southeast Asia. However,
few studies have been conducted to evaluate the effects of sucrose and genotype on callus induction
and plantlet regeneration from anther culture. Male flowers at the uninucleate stage were collected
from clones numbered 2-nr, 6-nr, 1-tF and 1-em. An excised cluster of anthers was cultured on callus
induction medium (CIM) consisting of Murashige and Skoog (MS) medium supplemented with 1 mg.L1
2,4-diclorophenoxyacetic acid, 1 mg.L! kinetin (KN), 1 mg.L"! a-naphthalene acetic acid (NAA) and
sucrose at various concentrations ranging from 3 to 10%. The results revealed that the highest callus
induction frequency (87.5%) was obtained from clone 1-em on CIM with 8% sucrose. Callus derived
from clone 2-nr culturing on CIM supplemented with 5% sucrose gave the highest frequency and number
of somatic embryo (SEm) formations. CIM supplemented with 5% sucrose and 5% coconut water caused
a decrease in the percentage of callus induction (30.88%). The highest SEm formation at 20% was
obtained when callus of clone 2-nr aged 8 wk was cultured on MS supplemented with 3% sucrose, 0.2
mg.L1 NAA, 1 mg.L! 6-benzyladenine, 3 mg.L"t KN and 0.05 mg.L™ gibberellic acid (GA3z). When
calluses were cultured on CIM supplemented with 5% sucrose and maintained in darkness, 16% SEm
formation was obtained. Calluses and SEms from the culture medium showed the same ploidy level as
the mother plant after evaluation by flow cytometry.

Keywords: anther culture, callus induction, callus age, somatic embryogenesis, Hevea brasiliensis

INTRODUCTION

Hevea brasiliensis Muell. Arg., belonging
to the Family Euphorbiaceae, is an economically
important perennial tree grown in Thailand
and Southeast Asia as the source of natural
rubber (Srichuay and Te-chato, 2012). In vitro
propagation of Hevea has played a very important
role in the rapid multiplication of cultivars with
desirable traits, true-to-type production, healthy
and disease-free plants (Prammanee et al., 2011;

Sirisom and Te-chato, 2012; Sirisom and Te-chato,
2013).

With in vitro culture, sucrose in a culture
medium is commonly used as a carbon source
and osmotic regulator for plant cell growth and
development and this indicated the relationship
between the concentration of sucrose and the
percentage of callus induction subsequent to plant
regeneration in anther culture of rice (Shahnewaz
and Bari, 2004). Concentrations of sucrose had
an effect on callus induction of Stevia (Pande
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and Khetmalas, 2012). In some species, high
concentrations of sucrose (up to 3%) could
stimulate callus induction, for example, Muscari
azureun (Uranbey, 2011) and barley (Han et al.,
2011). The addition of coconut water (CW) in the
culture medium has also influenced successful
development in cell culture in many plant species,
such as Phalaenopsis cornu-cervi (Breda) Blume
& Rchb. f. (Rittirat et al., 2012) and Curcuma
(Jala, 2013).

The induction and regeneration of
somatic embryo are sensitive to culture conditions,
such as the composition of the culture medium
and environment, the genotype and the explant
source (Fuentes et al., 2000). Successful plantlet
regeneration has been recorded using immature
anthers in Hevea (Jayasree et al., 1999; Hua et
al., 2010; Zhou et al., 2012), Curcuma (Kou
et al., 2013) and Coffea (Silva et al., 2011). In
order to propagate true-to-type clones, somatic
embryogenesis appears to be a promising
technique which can produce a large number of
uniform plantlets in a short time (Ahmad et al.,
2011; Singh et al., 2013). The age of the callus has
been reported as playing a role in the promotion
of plantlet regeneration in day-neutral strawberry
(Nguyen et al., 2012). The plantlet regeneration
rate in Narigi crenulata (Roxb) reflected the
existence of peroxidase activity correlated with
increasing callus age (Singh et al., 2011). Darkness
has been reported to induce the high formation of
somatic embryos in grapevine (Tangolar et al.,
2008) and strawberry (Gerdakaneh and Zohori,
2013). However, somatic embryos of black grama
were highly developed under light conditions
(Osuna and Barrow, 2004).

In the current study, the anthers of rubber
tree were used as explants for the induction of
callus, followed by embryogenic callus formation
subsequent to plantlet regeneration.

MATERIALS AND METHODS

Plant material and culture conditions

The plant material consisted of immature
male flower buds (1.2-1.5 mm in length) of Hevea
brasiliensis Muell. Arg. (clones numbered 2-nr,
6-nr and 1-em) grown around the Prince of Songkla
University, Hat Yai campus, Songkhla province,
Thailand and of clone 1-tF grown in its source
area in Trang province, Thailand. Immature male
flowers containing microspores at the uninucleate
stage were collected and kept in a refrigerator at
4°C for 24 hr. The cold-hardened explants were
washed in running tap water for 20-30 min. All
explants were surface sterilized in 70% ethanol
for 30 s and in 1.05% sodium hypochlorite for 20
min, followed by rinsing three times with sterilized
distilled water.

The anthers (0.8-1.0 mm in length, Figure
2a) were excised from sterilized explants under a
light microscope and cultured on Murashige and
Skoog (MS) medium. The pH of the medium was
adjusted to 5.7 with 0.1 N HCI or KOH before
adding 0.75% agar and autoclaving at 1.05 kg.cm2
and 121°C for 15 min. The cultures were incubated
at 26 + 3°C in the dark for 8 wk.

Effect of sucrose and type of clone on callus
induction

The anthers derived from clones 2-nr, 6-nr
and 1-emwere cultured onacallusinduction medium
(CIM) consisting of MS medium supplemented
with 1 mg.L! ,4-diclorophenoxyacetic acid
(2,4-D), 1 mg.L? kinetin (KN) and 1 mg.L"!
a-naphthalene acetic acid (NAA). The medium
was supplemented with different concentrations
of sucrose at 3, 5, 8 and 10%. All cultures were
maintained under the conditions specified above.
The cultures were routinely subcultured at 4 wk
intervals for 8 wk to induce callus. After 8 wk of
culturing, the callus induction percentage was
recorded.
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Effect of coconut water on callus induction

Immature anthers of clone 2-nr were
cultured on CIM supplemented with 5% sucrose
and two concentrations of coconut water (0 and
5 %). The cultures were maintained under the
same conditions described above. After 4 wk of
culturing, the callus induction percentage was
recorded.

Effect of callus age and type of clone on somatic
embryo induction

Callus derived from anthers of clones
2-nr and 1-tF were subcultured onto the MS
medium supplemented with 5% sucrose, 1 mg.L™!
2,4-D,1mg.L- KN and 1 mg.L-1NAAat 4, 8 and
12 wk and transferred to a somatic embryogenesis
medium (EIM) consisting of solidified MS medium
supplemented with 3% sucrose, 0.2 mg.L "t NAA,
1mg.L1 BA, 3mg.Lt KN and 0.05 mg.Lt GA;
(adapted from Zhou et al., 2012).

The cultures were incubated at 26 +
3°C under a 14 hr photoperiod of cool-white
fluorescent lamps at an intensity of 12.5 umol
m-2.s'1 photosynthetic photon flux density. After
4 wk of culturing, somatic embryo induction and
the number of somatic embryos per callus were
recorded.

Effect of photoperiod on somatic embryo
induction

Callus aged 8 wk derived from anther
culture of clones 2-nr and 1-tF on the CIM
supplemented with 5% sucrose were transferred
to the same media and to EIM media. All cultures
were maintained under two different sets of
conditions—complete darkness and light/dark
(14/10 hr), referred to as light conditions in the
study. After 4 wk of culturing, the somatic embryo
induction percentage and number of somatic
embryos per callus were recorded.

Flow cytometry analysis
Well-developed SEs and callus derived

from anther culture were used as starting material
to analyze genetic instability through the ploidy
level,

Approximately 0.5 cm? of tissue samples
from control plants, callus and SEms were placed
in 90 mm Petri dishes and soaked with 1 mL
of an extraction buffer (50 M Tris-HCI, 0.5%
polyvinylpyrrolidone, 0.01% Triton-X, 0.63%
sodium sulfite, pH 7.5) for 5 min and then chopped
with a sharp razor blade. After mixing the tissue
well, buffer filtration was carried out through a
50 pm nylon mesh. The nuclear suspension was
stained with 100 pL of 0.1% propidium iodide
solution and incubated for at least 5 min at room
temperature. The fluorescent intensities of each
sample were measured by a flow cytometer
(EPICS XL; Beckman Coulter; Tokyo, Japan),
equipped with a 488 nm argon laser with a long
path filter according to Ishigaki et al. (2009).

Statistical analysis

Experiments were performed in a
complete randomized design. All experiments
were replicated four times per treatment, with each
replicate containing 10 explants. Mean values were
analyzed using a one-way analysis of variance.
Significant differences among treatments were
detected using Duncan’s multiple range test at the
0.01 level of probability.

RESULTS

Effects of sucrose and type of clone on callus
induction

The immature anther cultured in CIM
formed callus at all concentrations of sucrose.
Callus induction from immature anther among the
three clones of rubber tree gave different responses
to different concentrations of sucrose (Figure 1).
This indicated an interaction between the clones
and the concentration of sucrose. Clone 1-em
consumed a high concentration of sucrose, but a
high percentage of callus formation from clone
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2-nr was induced with a low concentration of
sucrose in the medium. Clone 1-em had the highest
callus induction (87.50%) on medium containing
8% sucrose (Figure 1). Sucrose at a concentration
of 10% resulted in a low percentage of callus
induction in clone 2-nr. However, callus derived
from clone 2-nr cultured on CIM containing 5%
sucrose was able to develop into somatic embryos
(Figures 2d, 2e).

Callus induction from CIM supplemented
with 5% sucrose for 4 wk promoted friable, moist,
white callus (Figure 2b). After 8 wk, clone 2-nr that
had been transferred to EIM was able to develop
into somatic embryos (Figures 2c, 2f).

Effects of coconut water on callus induction
Coconut water had a reverse effect on
callus induction. After 4 wk of culturing anthers
on CIM containing 5% sucrose in the presence
of coconut water at a concentration of 5%, the
percentage of callus induction decreased to

30.88%. CIM supplemented with 5% sucrose
without coconut water had a higher percentage
(89.38%) of callus induction (Table 1).
Normally, CW has been reported to
promote adventitious shoot formation in the tissue
culture of many orchids (Asghar et al., 2011;
Bodhipadma et al., 2012; Parab and Krishnan,
2012; Mukarlina et al., 2010) and in Curcuma (Jala
and Bobhipadma, 2012). CW acts as cytokinin-like
structure; thus, in the tissue culture of orchid, there
is no need to add BA in the culture medium. The
optimum concentration of CW has been reported
to be 15%; however, its concentration depends
on the species of the orchid (Asghar et al., 2011;
Mukarlina et al., 2010). With perennial trees, there
have been only a few reports on the use of CW in
the promotion of adventitious shoot bud formation.
In oil palm, the addition of 15% CW in MS
medium produced altered shoots that were leafy
with an inflorescent-like structure (Chemalee and
Te-chato, 2008). Asimilar result was also found in
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Figure 1 Influence of sucrose concentration and Hevea brasiliensis clone on callus induction from

anther culturing on Murashige and Skoog medium supplemented with 1 mg.L-1 2,4-
diclorophenoxyacetic acid, 1 mg.L1 kinetin and 1 mg.L-1 a-naphthalene acetic acid for 4
wk. Mean values followed by the same letter are not significantly different (P < 0.01).
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Table 1 Effects of coconut water containing Murashige and Skoog medium supplemented with 5%
sucrose, 1 mg.L! 2,4-diclorophenoxyacetic acid, 1 mg.L! kinetin and 1 mg.L"!
a-naphthalene acetic acid on callus induction after 4 wk of culturing.

Coconut water (%)

Callus induction (% + SD)

0
5
CV (%)

89.38+11.432
30.88+20.82°
27.94

CV = Coefficient of Variation.

Mean values followed by the same letter within a column are not significantly different (P <0.01).

the present study. Even a low concentration of CW
(5%) caused a decrement in the callus formation
percentage. A higher concentration than this might
inhibit callus or SEm formation completely. From
the present study, it is suggested that CW is not
suitable for the tissue culture of rubber tree both
in the callus induction and shoot regeneration
phases.

Effects of callus age and genotype on somatic
embryo induction

The frequency of somatic embryo
induction in the two genotypes and ages of callus
after 4 wk of culturing are shown in Table 2. Clone

2-nr had a high somatic embryo induction (20%)
from callus aged 8 wk whereas the other clones
and ages of callus produced no response. A similar
result was also obtained in the number of SEms.
Callus at age 8 wk of clone 2-nr gave approximately
4 SEms/callus. No SEms were obtained from the
other clones for all ages of callus (Table 2). It is
possible that early aged callus possesses a high
number of meristematic cells and those cells
divide or grow rapidly without any differentiation,
while cells in older aged callus (12 wk) produce
a large number of secondary metabolites, latex or
isoprene. Therefore, the optimum age at which
callus undergoes SEm differentiation was 8 wk.

Table 2 Effect of genotype and callus age on somatic embryo (SEm) induction on the Murashige
and Skoog medium supplemented with 3% sucrose, 0.2 mg.L-1 a-naphthalene acetic acid,
1 mg.L1 6-benzyladenine, 3 mg.L"1 kinetin and 0.05 mg.L GA,.

Genotype/callus age

SEm

Number of SEms/callus (£SD)

(wk)
Clone 2-nr
4 0.00 0.00°
8 20.00 4.18+3.802
12 0.00 0.00°
Clone 1-tF
4 0.00 0.00
8 0.00 0.00
12 0.00 0.00
CV(%) 146.57

CV = Coefficient of variation.

Mean values followed by the same letter(s) within a column are not significantly different (P < 0.01)
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This phenomenon was similar to that reported
for Miscanthus x giganteus (Kim et al., 2010). It
has been already reported that successful plantlet
regeneration of rubber tree was genotype specific
(Blanc et al., 2006; Zhou et al., 2010; Zhou et al.,
2012). The present study also found that only clone
2-nr produced a response in callus subsequent to
SEm formation. Many factors have been varied in
attempts to affect plantlet regeneration including
the concentration of sucrose, and plant growth
regulators (PGRs) and various ages of callus, but
SEm formation and plantlet regeneration were
not obtained. Similar results were also reported in
barley (Han et al., 2011), day-neutral strawberry

(Nguyen et al. 2012) and black grama (Osuna
and Barrow, 2004). In rubber tree, there are many
factors affecting plant regeneration of which the
concentration of sucrose, the use of different PGRs
and various ages of callus are very important.

Effects of light on somatic embryo induction
Generally, the proliferation of callus
derived from the anther of rubber tree was
carried out under light illumination. After being
subcultured for 8 wk, growth of the callus was
sufficient to transfer to fresh medium of the same
component after the first subculture embryogenic
callus (EC) was formed. The calli were white and

Figure 2 Development of somatic embryos (SEms) through somatic embryogenesis from anther
culture of Hevea brasiliensis: (a) Freshly inoculated anther; (b) Callus induced after 4 wk of
culturing on Murashige and Skoog (MS) medium supplemented with 5% sucrose, 1 mg.L1
2,4-diclorophenoxyacetic acid (2,4-D), 1 mg.L1 kinetin (KN) and 1 mg.L"1 a-naphthalene
acetic acid (NAA); (c) SEms developed from 8-weeks-old callus on MS medium supplemented
with 3% sucrose, 0.2 mg.L"t NAA, 1 mg.L ! 6-benzyladenine, 3 mg.L KN and 0.05 mg.L!
GA; under light condition for 4 wk; (d) and (e) SEms at different stages of development from
8-weeks-old callus on MS medium supplemented with 5% sucrose, 1 mg.L12,4-D, 1 mg.L1
KN and 1 mg.Lt NAA in the dark for 4 wk; (f) Cotyledonary stage embryos on MS medium
supplemented with 5% sucrose, 1 mg.L12,4-D, 1 mg.L'1 KN and 1 mg.L-1 NAA in the dark

for 4 wk. (Scale bars =1 mm).
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shiny and contained a globular structure—the so-
called proembryonic mass (PM)—in CIM under
darkness conditions (Figure 2b) while compact,
green calli with white, globular structure were
found on EIM under light conditions (Figure
2¢) after 8 wk of culturing. The development of
SEm at 11.11% was found on EIM under light
conditions whereas CIM induced SEm in darkness
at 16%. The number of SEms with CIM under
darkness produced a higher result (2.75 SEms/
callus) than was obtained in EIM under conditions
of light (1.2 SEms/callus) as shown in Table 3.

Kasetsart J. (Nat. Sci.) 48(3)

Different developmental stages of SEm (Figures
2d, 2e and 2f) were found after 4 wk of culturing.
This experiment suggests that darkness plays a
substantial role in the development of SEms on the
peripheral cells of embryogenic callus. Just after
the induction of SEm formation, the callus should
be transferred to EIM and maintained under light
conditions to promote further development of the
SEms (Figure 2¢). Under darkness on EIM, there
was no new SEm formation (Table 3). However,
light conditions could promote further SEm
formation with the percentage of SEm formation

Table 3 Effect of light on somatic embryo (SEm) induction from culturing anther-derived callus on
callus induction medium (CIM) consisting of Murashige and Skoog (MS) medium
supplemented with 5% sucrose, 1 mg.L? 2,4-diclorophenoxyacetic acid, 1 mg.L kinetin
(KN) and 1 mg.L1 a-naphthalene acetic acid (NAA); or on an embryogenesis medium
(EIM) consisting of MS medium supplemented with 3% sucrose, 0.2 mg.L'1 NAA, 1 mg.L™!
6-benzyladenine, 3 mg.L-1 KN and 0.05 mg.Lt GA; for 4 wk.

Treatment SEm formation (%) No. of SEs/callus (xSD)
CIM
Light conditions 0.00 0.00¢
Darkness 16.00 2.75+1.492
EIM
Light conditions 11.11 1.2+0.45P
Darkness 0.00 0.00¢
CV (%) 94.14

CV = Coefficient of variation.

Mean values followed by the same letter(s) within a column are not significantly different (P < 0.01).
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Figure 3 Histogram of fluorescence intensity of nuclei isolated from leaf sample of rubber tree: (a)
Control treatment; (b) Embryogenic callus; (c) Somatic embryos developed on embryogenic

callus.
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and number of SEms/callus being 11.11% and 1.2
SEsl/callus, respectively.

Flow cytometry analysis

Determination of the ploidy level of
callus and SEms using a flow cytometry technique
showed only one dominant peak at the same
position which indicated the same ploidy level
of embryogenic callus and SEm as in the control
treatment (mothernal tree) (Figure 3). This
phenomenon suggests that SEms derived from
anther culture originated from somatic cells or
tissues.

DISCUSSION

The concentration of sucrose plays an
important role in callus formation in rubber tree
tissue culture. Generally, 3% sucrose has been
used in the culture medium to promote the growth
and development of callus. This carbon source
has been used to promote the percentage of callus
production. A high percentage of maltose (6%)
was reported to be important because it increased
the callus induction of barley (Han et al., 2011).
With Ficus religiosa L., a low concentration
of sucrose decreased the percentage of callus
induction (Siwach et al., 2011). Saikia et al.
(2012) reported in Aquilaria malaccensis Lam.
that 4% sucrose gave the best callus induction and
growth. Different percentages of sucrose (1-6%)
were reported to induce callus formation of Stevia
rebaudiana; however, the highest response of
callus induction was reported at 3% (Pande and
Khetmalas, 2012). A high percentage of sugar
(6%) has been reported to promote the growth
of plantlets of Calanthe hybrids (Baque et al.,
2011).

Coconut water containing complex
compounds such as sugars, vitamins, minerals,
amino acids and phytohormones was reported to
enhance the proficiency of shoot formation (Yong
et al., 2009; Molnar et al., 2011). Souza et al.

(2013) reported that genotype and coconut water
showed an interaction effect on the growth of
plantlets in olive. In contrast, coconut water gave
the lowest callus induction from anther culture
of Hevea in the current study. In anther culture
of rubber tree in the current study, 5% sucrose
was required. In the medium, sucrose is the most
common source of the carbon needed in callus
formation and plantlet regeneration (Saikia et al.,
2012). Moreover, sucrose act as an osmoticum and
has been reported to play a positive role in SEm
formation (Vahdati et al., 2008). A 4% sucrose
content produced the highest callus induction and
plantlet regeneration in rice (Shahnewaz and Bari,
2004) and Aquilaria malaccensis (Saikia et al.,
2012). Ruminska et al. (2013) also reported that a
low concentration of sucrose (1%) gave the lowest
number of embryos whereas the highest number
of embryos was produced with 5% sucrose.

Furthermore, genotype promoted callus
induction. The highest callus frequency were
formed from clone 1-em, followed by clones 6-nr
and 2-nr, respectively, which gave frequencies
of callus formation of 61.46, 60.42 and 35.42
%, respectively (Figure 1). A similar result was
obtained in South Brazilian maize (Grando et
al.,2013), where different genotypes gave different
responses in embryogenic callus induction;
genotypes Hs1 and Hs2 had a frequency of callus
induction higher than from genotypes Hs3, Hs4
and Hsb5. In barley, the genotype Zaoshu 3 gave
the highest percentage of callus induction, whereas
another 10 genotypes had significantly lower
callus formation (Han et al., 2011). Sugarcane
genotype S-2003-us-127 regenerated on callus
formation media 3 but genotype S-2003-us-371
showed no regeneration, indicating that genotype
can play a key role in callus formation and plant
regeneration (Anjum et al., 2012).

Callus age is another important factor
in somatic embryogenesis and SEm induction.
With strawberry, callus aged 2 mth was best for
subculturing to induce plantlet regeneration at the
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highest rate of 16%. However, plant regeneration
was not obtained from callus aged either 1 or 3
mth (Nguyen et al., 2012). In sugarcane, 28-day-
old callus produced the maximum frequencies
and numbers of shoot formation (Anjum et al.,
2012). Long term callus (older than 18 mth) of
Asparagus officinalis L. has also been reported to
give a high number of shoot primordial formations
at 89% (Pontaroli and Camadro, 2005). The
highest regeneration frequency of wheat was 95%
from 26-day-old callus in genotype Chakwal-
97, whereas 48-day-old callus gave the lowest
regeneration at 13% (Raja et al., 2009).

With regard to the impact of photoperiod
on SEm formation,Tangolar et al. (2008)
reported that two types of grapevine and various
concentrations of auxin responded differently
to light and dark conditions. Yalova incisi gave
the best result in SEm induction under darkness
whereas a high frequency of SEms was formed
from 41 B rootstock under light conditions. Light
irradiation may result in an increase in cytokinins,
thus promoting shoot formation in horserdish
(Saitou et al., 1992). Photoperiod also increased
the efficiency of SEm induction on EIM in rubber
tree in the present study.

The germination of somatic embryos
from callus aged 8 wk induced on MS medium
showed the same ploidy level as the mothernal
plant. In most cereal crops, plants regenerated
from anther culture were haploid (Dunwell, 2010)
but some were diploid such as Latvian wheat,
where plants regenerated from anther culture were
reported to be 34 % diploid and 64% mixaploid
(Grauda et al., 2010). With anther culture of
bamboo, 3% of regenerated plants had the same
ploidy level (haxaploid) as the seeding plant (Qiao
etal., 2013). Many researchers reported the ploidy
level in Hevea regenerated from plantlets derived
from anther culture as being diploid (Wang et al.,
1984; Jayasree et al., 1999; Sirisom and Te-chato,
2013). The present study showed clear evidence
from flow cytometry that 100% of the regenerated

plantlets from anther callous were diploid—the
same as the mother plant. This suggests that callus
might be induced from other somatic tissues
of the anther—for example, the anther wall or
tapetum which consists of diploid cells rather than
pollen.

CONCLUSION

Callus from rubber tree clone 2-nr
can be induced from anthers on MS medium
supplemented with 1 mg.L12,4-D, 1 mg.L1 KN, 1
mg.L-1 NAA and sucrose at various concentrations
ranging from 3 to 10%. Somatic embryos were
induced on MS medium supplemented with 1
mg.L12,4-D, 1 mg.L"T KN, 1 mg.L'TNAAand 5%
sucrose. The cultures were maintained in darkness.
Four key factors affecting successful somatic
embryo induction from anther culture in rubber
tree are: genotype, age of callus, concentration of
sucrose and light conditions.
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Assessment of Somaclonal Variation of Rubber Tree Derived from Microcutting
by RAPD marker
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Abstract
Successful on microcutting of rubber trees was obtained from nodal culture on
multiple shoot induction medium (Murashige and Skoog (MS) supplemented with 5 mg/l 6-
Benzyladenine (BA), 0.5% activated charcoal, 1% AgNO;, 3% sucrose and 0.75% agar).
Plantlets obtained by that procedure had the same profiles of DNA patterns as revealed by
4 primers (OPAD-01, OPAD-10, OPAD-12 and OPB-17) of RAPD. The results suggest that
there is no somaclonal variation occurred in our propagation system.
Keywords: rubber tree, microcutting, somaclonal variation, RAPD marker
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Fig.1 Micropropagation of early introduced clones of rubber tree grown naturally at Prince of
Songkla University, Hatyai campus, Songkhla province, Thailand via microcutting and
assessment of somaclonal variation by RAPD marker. A: Multiple shoot formation on
MS medium with 5 mg/l BA, 1 mg/l AeNO3, 3% sucrose and 0.75% agar for 8 weeks; bar
= 5 mm. B: Root induction on MS medium with 5 mg/l IBA, 1 mg/l AgNOs, 3% sucrose,
0.05% activated charcoal and 0.75% agar for 5 weeks. C: Amplification products of in
vitro seedling by RAPD marker obtained with OPAD-01, OPAD-10, OPAD-12 and OPAB-
17 primers. M= 100 bp marker, S1-S10 = leave samples 1-10.
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A Study on Proliferation of Anther-Derived Cell Suspension Culture
of Rubber Tree
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Abstract

A system for proliferation of cell suspension derived from anther culture of Hevea
brasiliensis were investigated. The factors affecting proliferation, including plants growth
regulators and culture conditions were evaluated. Cell suspensions at 0.5 ml packed cell
volume (PVC) were cultured in liquid MS medium supplemented with various kinds of plant
growth regulators, including TDZ, KN, 2,4-D and NAA and maintained under 20 pmol m—1 s—1
(14 h photoperiod) illumination or darkness for one month. The results showed that the
highest PCV at 1.9 ml was obtained from cell suspensions cultured in liquid MS medium
supplemented with 0.25 mg L' TDZ and 1 mg L 2,4-D under light condition after 4 weeks
of culture. For improving proliferation of cell suspension different types of sugar; sucrose,
glucose, sorbitol and mannitol at concentration of 3%, 5% and 7% were studied. The results
revealed that 5% sucrose containing medium gave the best result in PCV at 5.5 ml after 4
weeks of culture. This optimal conditions for cell proliferation will be used for gene
transformation in rubber tree in order to transfer some agricultural important traits in the
future.

Keywords: Hevea brasiliensis, rubber tree, proliferation, cell suspension, anther culture
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Fig. 1 Growth of cell in suspension culture in different plant growth regulators (L=light,

D=dark) after 4 weeks of culture (A) and characteristic of cell suspension after plating



on solid medium with different plant growth regulators; bar=1 cm (B).
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Table 1 Proliferation of cells in suspension culture of rubber tree in different types and

concentrations of sugar containing medium after 3 weeks of culture.

Concentratio Packed cell volume (ml)
ns of sugar Types of sugar 2
Average .ont
(%) sucrose glucose mannitol sorbitol
3 23° 1.13° 1.26° 1.13° 1.718
5 55° 0.87° 0.97° 1.00° 2.09A
7 2.4° 0.80° 0.73° 0.77° 1.18C
Average'yo.  3.4A 0.938 0.998 0.968 *

C.V. (%) : 31.57. * = Significant difference (p<0.05)
“*Mean with different letter within colurnn and row indicate significant differences by
DMRT.

W

Fig. 2 Characteristics of cell suspension in liquid medium with 5 % of different types of sugar
(bar=0.5 cm).
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In Vitro Nodal Culture of Rubber Tree and Assessment of Somaclonal Variation by SSR
Marker
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Abstract
Nodal culture of early introduced clone of rubber tree on multiple shoot
induction medium (SIM) which was Murashige and Skoog (MS) supplemented with 5 mg/l 6-
benzyladenine (BA), 0.5% activated charcoal, 1% AgNO;, 3% sucrose and 0.75% agar gave
100% shoot formation, with a mean number of 3+0.63 shoots per nodal explant. One-
hundred percent root induction, with a mean number of 7.33+3.56 roots per shoot was

obtained from the shoot explant cultured on root induction medium (RIM). Root induction

medium was MS supplemented with 5 mg/l indolebutyric acid (IBA), 5 mg/l O-
naphthaleneacetic acid (NAA), 0.05% activated charcoal, 1% AgNOs, 3% sucrose and 0.75%

agar. Plantlets obtained by this procedure had the same profiles of DNA patterns as revealed
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by 3 primers (hmac4, hmctl and hmct5) of SSR marker. The result suggests that there is no

somaclonal variation occurred in this propagation system.

Keywords: rubber tree, nodal culture, somaclonal variation, SSR marker

Introduction

Hevea brasiliensis is still propagated by grafting clonal axillary buds onto
unselected seedlings to maintain intraclonal heterogeneity for both vigour and productivity
(Hua et al., 2010). Recently, there have been several reports of Hevea micropropagation
using explants raised in different culture media selected according to the objective of the
study. For clonal improvement, most experiments use somatic embryogenesis. Successful
explants have been produced from cells derived from the anther (Jayashree et al., 1999;
Hua et al., 2010), immature inner integument (Te-chato and Chartikul, 1993; Sushamakumari
et al., 2000; Montoro et al., 2003; Lardet et al., 2007), root (Zhou et al., 2010) and embryo
(Dickson et al., 2011). In order to propagate true-to-type clones; the microcutting technique
is always used. This technique begins by culturing axillary buds or cotyledonary nodes and
then inducing plantlets from them. Te-chato and Muangkaewngam (1992) induced multiple
shoot from nodal culture of in vitro seedling of rubber cultivars, local, GT1 and PB5/5. Their
results showed that MS (Murashige and Skoog, 1962) medium with BA (6-benzyladenine)
alone at concentration 4.5-5.63 mg/l gave 100% shoot induction and the mean numbers of
shoots per explant obtained from GT1, PB5/51 and local cultivar were 3.33, 3.00 and 3.00,

respectively. Root induction was obtained from MS medium with IBA (Indolebutyric acid) in

combination with NAA (O-Naphthaleneacetic acid) at equal concentration of 5 mg/L.
However, there are no molecular markers used for investigation of genetic stability in
micropropagation of rubber tree.

Molecular markers have served as useful aids in understanding the genetics of
H. brasiliensis in the recent past. They can play an important role in assisting Hevea clonal
identification. For the last two decades, a large number of molecular markers and
techniques have been applied in Hevea breeding (Venkatachalam et al., 2007). Several
methods of molecular markers have been used with H. brasiliensis. For example, Besse et
al. (1994) studied the genetic diversity of 92 Amazonian and 73 Wickham clones using RFLP
analysis. Low et al. (1996) also used RFLPs for identification of progenies with two common
parents. Varghese et al. (1997) evaluated 24 cultivated Hevea clones to estimate genetic
distances. Subsequently, Venkatachalam et al. (2002) described the genetic relationships for
37 Hevea clones by using RAPD markers. Lekawipat et al. (2003) evaluated the genetic
relatedness of wild and cultivated Hevea accessions with SSCP. Identification of dwarf
genome was performed by RAPD marker (Venkatachalam et al., 2004). Nakkanong et al.

(2008) analyzed 53 early introduced clones of rubber tree collected from different areas in



southern Thailand. The assessment was performed using RAPD and microsatellite markers.
Their results showed that eight primers (OPB-17, OPN-16, OPR-02, OPR-11, OPZ-04, OPAD-01,
OPAD-10 and OPAD-12) were chosen for genetic variation analysis in 87 individual plants.
Four microsatellite primer pairs (hmacd, hmct1, hmct5 and hmac5) produced a total of 44
amplified fragments with an average of 14.67 fragments per primer, of which 37 were
polymorphic (84.09%) while hmac5 produced only monomorphic fragments. In  this
experiment, SSR analysis was used to confirm the uniformity before cultivation in the field
and further using commercially. The size of SSRs can be determined by PCR; the pair of
specific primers designed on microsatellite flanking regions. These kinds of DNA markers offer
the advantage of being simpler to use, less expensive, and less time-consuming than other
markers (Jin et al., 2008).

Materials and methods

Plant materials

In vitro plantlets from microcutting technique were used in the experiment
(Figure 1).
DNA extraction

Total genomic DNA was extracted from in vitro young leaves derived from
microcutting method or SEs derived from anthers culture (clone No.2 of early introduced
clones) by the cetyltrimethyl ammonium bromide (CTAB) method of Doyle and Doyle (1990)
with some modification. In brief, 100 mg of in vitro young leaf or 50 mg of SE tissue derived

from anthers culture were grinded to fine powder in approximately 500 pl of CTAB buffer.

The plant extract mixtures were transferred to microcentrifuge tube and incubated at 60 °C
in water bath for 45 minutes. After incubation, the extracted mixtures were centrifuged at
10,000 rpm for 15 minutes and transferred the supernatant to a new clean microcentrifuge
tube. Each tube were added with 500 pl of chloroform and mixed the solution by inversion.
After mixing, the tube was centrifuged at 12,000 rpm for 10 minutes and transferred the
upper aqueous phase only (contains the DNA) to a clean microcentrifuge tube. The solution
was added with 750 pl Isopropanol and inverted the tube slowly for several times to
precipitate the DNA. Following precipitation, DNA pellet was washed with 70% ethanol for
two times and dried under room temperature. The DNA pellet was dissolved in TE buffer (20
mM Tris-HCl (pH 8.0) and 0.1M EDTA (pH 8.0)), electrophoresed on 0.75% agarose gel,
exposed to UV light and photographed. The amount of DNA was qualitatively measured by

comparison with known quantity of A DNA.

SSR analysis
Three SSR primer pairs (hmac4 hmctl and hmct5) were used for PCR
amplification of DNA following a protocol described by Nakkanong et al. (2008). The PCR



reaction was carried out in 10 pl final volumes containing 20 ng of genomic DNA, 25 mM
MgCl2, 10x Taqg buffer, 0.2 uM each of the forward and reverse primers, 200 uM dNTPs and
0.7 units of Tag polymerase. The temperature profile involved an initial denaturation step of
5 minutes at 95 °C, followed by a touch-down PCR program. Temperature profiles of touch-
down PCR for seven cycles were as follow: 94 °C for 30 seconds, 63 °C for 1 minute,
decreased 1 C for seven cycles, and finally 72 °C for 1 minute. This was followed by a
normal cycling of 94 °C for 30 seconds, 56 °C for 1 minute, 72 °C for 1 minute for 23 cycles
and a final extension at 72 °C for 10 minutes. The touch-down protocol was used to
eliminate stuttering and artifact bands. Amplification products were run on a 6% denaturing
polyacrylamide gel containing 7 M urea using 0.5 TBE buffer at constant 600 V. DNA bands

were visualized with silver nitrate.

Results and Discussion

In plant propagation, the most crucial aspect is to retain genetic integrity with
respect to the mother plants (MP), however, it is known that in vitro culture techniques
could induce genetic variability, namely somaclonal variation (Jin et al., 2008). While this is
considered as a problem in commercial micropropagation, since it can negatively affect the
productions and the uniformity and reduce the performance of elite genotypes (Palombi et
al., 2007). Genetic changes associated with tissue culture process may imply an advantage as
a source of variability for new forms, or whether this variation implies a disadvantage for the
propagation of a specific cultivar or transformed genotype, it is important to achieve a rapid
and easy method to assess the genetic stability of the propagated material (Minano et al,,
2009). In the present works, multiple shoot was successfully obtained on MS medium
supplemented with 5 mg/l BA, 0.05% activated charcoal, 1% AgNOs, 3% sucrose and 0.75%
agar with 100% shoot formation and a mean number of 3+0.63 shoots per nodal explant.
One-hundred percent root induction, with a mean number of 7.33+3.56 roots per shoot was
obtained from the shoot explant cultured on root induction medium (RIM) which was MS
supplemented with 5 mg/l IBA, 5 mg/l NAA, 0.5% activated charcoal, 1% AgNO;, 3% sucrose
and 0.75% agar. The use of the microcutting technique, the nodal segments of seedlings can
be successfully used for in vitro multiplication on the induction medium as earlier described
by Sirisom and Te-chato (2012).  For SSR marker, three primer pairs (hmac4 hmct! and
hmct5) could be amplified. The primers provided monomorphic patterns and the number of
bands for each primer varied from 10 to 17 with an average of 13.33 fragments per primer.
The size of amplified products ranged from 100 to 650 base pair in size. A total of 40 SSRs
fragments were scored from the three primer pairs (Figure 2). These results revealed that
there is no somaclonal variation occurred among in vitro rubber plantlets derived from our
propagation system. The primers used in this study, Nakkanong et al. (2008) reported that

they can be identified early introduced clones of rubber tree (Hevea brasiliensis) collected



from different areas in Southern Thailand. In our study, these primers provided
monomorphic patterns. Thus, in vitro rubber plantlets obtained from this propagation have
uniformity.  Numerous studies on somaclonal variation analysis have been developed using
molecular techniques such as RAPD, SSR, AFLP and RFLP. Among these markers, RAPD or
SSRs being one of the most commonly used method. Previous report by Hua et al. (2010)
indicated the abnormal embryos after in vitro anther culture of rubber tree (CATAS 7-33-97
and CATAS 88-13 clones). These embryos could not develop into plantlets. However, they
did not assess by molecular markers. In this study, somaclonal variation was not observed.
In vitro rubber plantlets derived from microcutting which provides the new shoots from
shoot tips or nodal culture directly. Thus, the opportunities of somaclonal variation are
lower than callus or somatic embryo-derived plantlets. Somaclonal variation is manifested
as cytological abnormalities, frequent qualitative and quantitative phenotypic mutation,
sequence change, and gene activation and silencing. Many factors have the relationship with
the frequency of somaclonal variation (Kaeppler et al. 2000). Among them, the type of
culture plays an important role in the genetic stability of in vitro cultures (Jin et al., 2008).
Many researchers reported that BA was the most toxic cytokinin based on the abnormality
index and it can be produced somaclonal variation in banana (Bairu et al., 2008). The role of
cytokinins in embryo induction and development appears extremely complex (Siragusa et
al., 2007). However, in our culture systems, high concentration of cytokinin (5 mg/l BA) does
not have an effect on somaclonal variation but long-term multiplication may lead to
somaclonal or epigenetic variations in micropropagated plants.

This is the first report on the use of molecular markers to assess somaclonal
variation in rubber micropropagation. The micropropagated plantlets could be distinguished
using three microsatellite primer pairs. SSR primers provide a large quantity of polymorphic
information. It detects genetic mutations at hypervariable sites, such as DNA repetitive
regions, using highly specific 18-bp long primers. For this reason, this technique guarantees
higher reliability and repeatability than RAPD technique (Bornet and Branchard 2001).
However, the joint use of various types of markers is an excellent way of identifying genetic

variations generated by in vitro culture technique.

Conclusion
Assessment of somaclonal variation was to detect uniformity of in vitro
rubber tree plantlet derived from microcutting technique by SSR markers. Plantlets obtained
by this procedure had the same profiles of DNA patterns as revealed by 3 primers (hmac4,
hmctl and hmctb5) of SSR marker. It was clear that somaclones obtained from our protocol
was uniform and successfully used to assess genetic variations in micropropagated plants. /n

vitro techniques have great potential for propagation, collecting and conservation of genetic



resources of rubber tree. An efficient plant regeneration system through microcutting
technique of rubber tree established in this study opens a wide view to apply advanced

biotechnology for propagation or rubber tree improvement.
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The effects of Peptone and silver nitrate (AgNO;) on in vifre shoot formation from cultured
shoot tips of Hevea brasiliensis seedlings raised ev wirre were mvestigated. The addition of
silver mitrate at concentrations of 3-5 mg/1 to the shoot mduction medium (SIM: Murashige and
Skoog (MS) + 5 mgl 6-Benzylademine (BA) + 0.5% activated charceal + 3%esucrose + 0.75%
agar. mnduced multiple shoot formation in all the explants at mean rates of between 2 and 3
shoots per explant. However, the mean numbers of shoots per explant were not sigmificantly
different (p = 0.05) among all the concentrations tested nor were they significantly different
from the mean number of explants raised m a control medium without silver mitrate
supplementation. When the concentration of silver mitrate was decreased to 0-2 mg/l, the
number of shoots per explant improved. The best results were achieved using a medium
contaimng 1 mg/l silver mirate i which a mean number in excess of 5 shoots per explant was
obtained. the shoots having dark green leaves and vigorous growth. while those obtamned from
the medmm without silver mitrate supplementation were pale green. and senescence of leaves
was found after they had been cultured for 4 weeks. The addition of peptone (0-2%) was not
successful in mducing multiple shoots. The number of shoots per explant decreased in
comparison with the control treatment Some shoots developed m the peptone-contammng
medmm were small with senescence of leaves occurming after bemg cultured for 4 weeks.

Kev words: Pepitone, Silver Nitfrate, Multiple shoot formation Hevea brasiliensis

Introduction

Hevea brasiliensis Muell Arg  belonging to the Family Euphorbiaceae, is
an economically important perennial tree grown in Thailand and Southeast Asia
as the source of natural rubber. H. brasiliensis 1s still propagated by grafting
clonal axillary buds onto unselected seedlings to mamtam intraclonal
heterogeneity for both vigour and productivity (Hua ef a/., 2010). Recently,
however, there have been several reports of Hevea micropropagation usmng

' Comrespondmg author: Sompong Te-chato e-mail: stechato@vyahoo com
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explants raised in different culture media selected according to the objective of
the study. For clonal improvement, most experiments use somatic
embryogenesis. Successful explants have been produced from cells derived
from the anther (Jayasree ef al., 1999; Hua ef al., 2010) and from the immature
inner integument (Te-chato and Chartikul, 1993; Sushamakuman et al., 2000;
Montoro ef al., 2003; Lardet ef al., 2007(. In order to propagate true-to-type

clones, the microcuttmg technique 1s always used. This technique begins by
culturing axillary buds or cotyledonary nodes and then inducing plantlets from
them. However, an efficient protocol for the large scale micropropagation of
elite Hevea clones has not yet been developed (Nayanakantha and Seneviratne,
2007).

There have been several reports of peptone bemg used to improve
multiple shoot formation in, for instance orchids (Seen1 and Latha, 1992; Chen
and Chang, 2002) and avocado (Nhut er al., 2008). Silver mitrate (AgNQ3) has
also been shown to be effective mm improving plantlet regeneration dunng
somatic embryogenesis i a number of crop species, meluding Brussels sprouts
(Williams et al., 1990), cassava (Zhang et al., 2001), Paspalum scrobiculatum
L. (Vikrant and Rashad, 2002), Ziziphus jujuba Mill. (Feng et al., 2010), achiote
(Pannmalan ef al., 2010) and turnip (Cogbill ef al., 2010). However, the use of
peptone and silver nitrate have not yet been reported i H. brasiliensis.
Therefore, in the present study, we report on the in vifro shoot multiplication of
H. brasiliensis usmng peptone and silver nitrate in the mass propagation of
uniform plantlets from this tree species.

Materials and methods
Plant material and culture conditions

Shoot tips derived from a native cloned rubber tree grown naturally on the
Hatyai campus of Prince of Songkla University, Songkhla province in Thailand,
were collected from a one-month-old seedling and washed m running tap water
for 10 mmutes. The explants were surface sterilized in 70% ethanol for 30
seconds and in 20% sodium hypochlonte for 20 minutes, followed by three
rinses with stenlized distilled water. The sterilized shoot tips were then cut mto
0.5 cm. lengths and cultured on a shoot mduction medium (SIM; Murashige
and Skoog (MS) medmm supplemented with 5 mg/l 6-Benzyladenme (BA),
3% sucrose, 005% activated charcoal) as described by Te-chato and
Muangkaewngam (1992). The medmum’s pH was adjusted to 5.7 ﬁ.l_s;'ith 01 N
HCI or KOH before adding 0.75% agar and autoclaved at 1.05 kg/em™, at 121°C
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for 15 minutes. The cultures were maintained at 28:05° C under fluorescent
lamps at 12.5 umﬂl-"m}.-"s for a 14 hour photopeniod.

Effect of peptone and silver nitrate on multiple shoot formation

The shoot tips were cultured on SIM under the conditions specified
above, for 4 weeks. The cultures were routinely subcultured at 4 week intervals
to induce multiple shoot formation. After bemng cultured for 4 weeks, the micro-
shoots obtamned from the SIM were individually excised and transferred to SIM,
supplemented with various concentrations of peptone (0, 1, 1.5, and 2%) or
silver nitrate (0, 3, 4 and 5 mg/l). After being cultured for a further 6 weeks, the
extent of multiple shoot formation and the number of shoots per explant was
recorded.

Improved multiple shoots formation by silver nitrate

The Micro-shoots cultured on the SIM were individually excised and
transferred to SIM supplemented with various concentrations of silver nitrate
all of which were lower than i previous experiments (0, 0.5, 1 and 2 mg/1).
The cultures were maintained under the same conditions as described above.
After 6 weeks of bemg cultured, the extent of multiple shoot formation and the
number of shoots per explant were recorded.

Shoor elongation and rooting

Six-week-old multiple shoots denived from the SIM were transferred to a
growmg medium based on solid MS medium supplemented with 1 mg/l silver
nitrate and 0.05% activated charcoal but without the addition of a plant growth
regulator to encourage shoot elongation. After 4 weeks of culture, each
elongated shoot was excised and transferred to a half-strength MS medmm
supplemented with 5 mg/l IBA, 1 mg/l silver nitrate, 3% sucrose, 0.05%
activated charcoal and 0.75% agar for root induction. Complete plantlets were
then hardened and transferred to a greenhouse.

Statistical analysis

Mean values were analyzed usmng a one-way analysis of vanance
(ANOVA). Significant differences among freatments were detected using
Duncan’s multiple range tests (DMRT) at the 0.05 level of probability.

1511



Results
Effect of peptone and silver nitrate on multiple shoot formation

It was found that peptone, and silver nifrate at concentrations of 3 mg/1
and above affected the formation of multiple shoots on cultured shoot tips from
a mubber tree, reducmng the average number of shoots per explant when
compared with the control medmum, although the effect was only significant m
respect of the peptone supplemented medium. The formation of multiple shoots
was detected affer 3 weeks of bemg cultured in SIM contaming peptone.
Between 93 and 100% of the explants cultured in SIM supplemented with all
concentrations of peptone produced shoots without significant difference
between explants raised i media contanmg different concentrations of
peptone, in erther the percentage m which multiple shoot formation occurred or
the number of shoots produced per explant (Tablel) There was however a
significant difference between the number of shoots produced between the
control medum and the peptone-supplemented media. In addition, some shoots
were small and wilted after 4 weeks of being cultured (Fig. 1b).

The explants cultured n SIM supplemented with silver nitrate formed
multiple shoots at all concentrations. The number of shoots was approximately
three per explant and the number was not significantly different among the
different concentrations tested (Table 1), nor was there any significant
difference between the number of shoots produced m the control medum and
the silver nitrate-supplemented media, although 1n all instances the number was
less than that in the control medmum . After bemg cultured for 4 weeks, the
shoots had dark green leaves and produced roots m a similar manner to shoots
cultured m the control medmm consisting of unsupplemented SIM (Fig. 1a, c).

These findings suggest that silver nitrate plays a more significant role
shoot formation than peptone. However, the optimum concentration noted m
this phase of the study was not actually optimal for producing the maximum
number of shoots, since the unsupplemented control medmm resulted in the
production of the largest number of shoots. Therefore, a further experiment
was conducted to test lower concentrations of silver nitrate (0-2 mg/l) to
establish 1f they would result n an merease in the number of shoots. The results
showed that decreasing the concentration of silver nitrate to 1-2 mg/l produced
an average of 5 shoots per explant. However, there was no significant
difference among the concentrations tested (Table 2). The shoots cultured on
SIM contaming silver nifrate were dark green and exlibited vigorous growth
(Fig. le, f) while those cultured on the control medim unsupplemneted with
silver nifrate were pale green and exhibited senescence of the leaves affer 4
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weeks of bemg cultured (Fig. 1d). Silver nitrate at a concentration of 1 mg/l
proved to be optimal for multiple shoot mnduction.

Shoot elongation and root induction

Elongation of shoots was carned out by transferring small clusters of
multiple shoots developed in SIM to a solidified MS medmm without plant
growth regulators in the presence of 1 mg/l silver nitrate and 0.05% activated
charcoal. After 4 weeks of bemg cultured those shoots were ready for root
mduction (Fig. 1g); elongated smgle shoots, 2—3 cm long were excised from the
multiple shoots and transferred to solidified half-strength MS medmum
supplemented with 5 mg/l IBA, 1 mg/l silver nifrate, 3% sucrose and 0.05%
activated charcoal. The shoots developed roots within 3 weeks of being
transferred and there was a 100% rate of root induction (Fig. 1h).

Table 1. Effect of peptone or silver nitrate on multiple shoot formation from
cultured shoot tip explants raised on SIM for 6 weeks

Concentration of Multiple shoot induction Average numb er of
substance (mean %) shoots/explant
Peptone (%4)

0 100a 340=0.55a

1 93 33a 1.60=0.355b
15 100a 140=0.355b

2 93.33a 1.60=0.55b
Silver nitrate (mg/T)

0 100a 340=0.14a

3 100a 300=0284a

4 100a 260=0.289a

3 100a 220=0.45a

Ivlean values followed by the same letter(s) within a column are not sigmificantly different (P <
0.05)

Table 2. Effect of various concentrations of silver nitrate on average numbers
of shoots per explant on SIM supplemented with 5 mg/l BA 3% sucrose,
0.05% activated charcoal after being cultured for 6 weeks

Concentration of silver Multiple shoots Average number of shoots/explants
nitrate (mg/1) induction {%o)

0 100a 350=x135a

0.5 100a 420x 2 68a

1.0 100a 5.60x 3 36a

2.0 100a 5.29+129;s

Ivlean values followed by the same letter(s) within a column are not sagmificantly different (P <
0.05)
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treatment without peptone or silver nitrate. (b) SIM with 2% peptone showing small wilted
shoots (arrow). (c) SIM with 5 mg/l silver nitrate showing healthy shoots with roots. (d) SIM
without silver nitrate showing the senescence of leaves (arrow) after being cultured for 4 weeks.
(e) SIM with 0.5 mg/1 silver nitrate. (f) 1 mg/l. (g) elongation of shoots cultured on MS medium
without plant growth regulators for 4 weeks (bar = 0.5 cm). and (h) complete plantlets after
being cultured on ¥ MS medium supplemented with 5 mg/l IBA for 4 weeks.

Discussion

A number of authors have reported the micropropagation of Hevea using
somatic embryogenesis induction from immature anther tissue (Jayasree et al.,
1999; Hua er al., 2010) as well as from tissue from the immature inner
integument (Te-chato and Chartikul, 1993; Sushamakuman er al., 2000;
Montoro ef al., 2003; Lardet er al., 2007). Usmg the Microcutting technique,
the shoots and nodes of seedlings can be successfully used for in virro
multiplication on the induction medmum as earlier described by Te-chato and
Muangkaewngam (1992). In exceptional cases, the multiple shoots produced
from a node were more vigorous than those produced from a shoot tip culture.
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Peptone has been used as the source of carbon and nitrogen for plant
tissue culture (Nhut er al., 2008) and some reports have shown a posifive effect
on the growth of explants, including embryo production mn Oncidium (Chen and
Chang, 2002) and shoot multiplication m avocado (Nhut er al., 2008).
However, in the present study, the number of multiple shoots produced m the
presence of peptone after being cultured for 4 weeks i SIM was small with
senescence of the leaves, suggesting that peptone might inhibit shoot formation
in this plant.

The mode of action of silver nitrate in plant fissue culture 1s assumed to
be associated with the physiological effects of ethylene, silver ions acting as a
compefitive inhibitor of ethylene action rather than inhibiting ethylene
synthesis (Zhang ef al_, 2001). Many reports have demonstrated the positive
effect of silver nitrate on plant tissue culture (Zhang er al., 2001; Vikrant and
Rashid, 2002; Feng er al., 2010; Panmalan er al., 2010; Cogbill er al., 2010).
In the present study, the addition of silver nitrate in the induction medium at
concentrations ranging from 0.5 to 2 mg/l was successful in promotmg shoot
multiplication 1n all the explants with an average numbers of 5 shoots per
explant. In addition, silver nitrate provides silver ions which may interact with
polyamines, leadng to the promotion of organogenesis and embryogenesis
(Zhang et al., 2001). Normally, ethylene inhibits S-adenosyl methionine (S4M)
decarboxylase, which m tum promotes polyamine (Panmalan er al.. 2010).
Thus, the present study suggests that 1t 1s possible to improve the frequency of
shoot organogenesis mn H. brasiliensis by supplementing the growth medmm
(SIM) with silver nitrate.
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