srguatuaNysal
(Final Report)

' = aw @ a w 'R w A A
TasanTstosd 3: N153BUALNAILINSHANAULIN LS AuUABALIAEIMTUNUTNEY
Sub-Project 3: Research and Development of Disease-free Citrus spp.

Mother Plant Production for Growing Highland Areas

lassnisgesnielayalasinis: nsadsuasiauinisuaanensenadulasndy

HHUSIUIY: LﬁaLﬁuwanﬁmtaxqmmwwmnﬁmwaanm

Tne

Yoz @350l wasAue

s = o Y - s :?g) H
atuaYuNUIILTAY d01U0UIBUBTHRILIWUTEN (29ANITUNITL)
Uszardauussunn w.e. 2561



sgauatuauysal
(Final Report)

Tasanisgosd 3: M33dBUAAILINTHEAAULIN L duUARALIAEMTUNUNGS

Sub-Project 3: Research and Development of Disease-free Citrus spp.
Mother Plant Production for Growing Highland Areas

lasansdaenieliyalasinis: nsideuazimuIn1suaanensenadulanse

UHU9TIUTY: LINDLNUHNARAALAZAMNTINYDINAAHALNYAS

ANIZHIAY a49nn
UNIANYIRENEATANENS
UUNINYNABLNEASATENS

YatslATeINIsuae

1. ueaezund dssn
2. Y19Uas31 AT0125 (No9aud)
3. YA guUIuung

Su21AUN 2561



AnRnssuUsEnIA

TasanAduiingusrasdiitodnviTouasimuinisudnduusiiusduaonlsadmiy
ﬁuﬁqa Tngldmaiansineidsadadeiia ﬂmstﬁﬁ’mamaUﬂmamﬂ’ﬁﬁ'ﬂuazﬁwmﬁuﬁ@a
(esAnnsuvnan) AldlnsatiuayunuAdeyssideuuszinm wa. 2561 dmsudniiuniside
naoalAsINSITuil

vovouanyaislasiniswals andinuasualslnny wagmeidedulvslios il
AuauATIslun1sIanadregansiarlinisadvayulunuyaainsluseniteiuiy
uidy vaveuAMAITIINITIINGT NedTIIneimans ansAalaansuayineimans
uinendoinwnsmand ieeiiiegunsal ndosiie uazanuiilumsinide veveunw as.
5aa51ﬂﬂaﬁwéaawﬁu%ﬁﬂuarﬁmuﬂﬁuﬁﬂa(aaﬁﬂ1$munﬁu)ﬁlﬁﬁwuuzﬁﬂuaxﬁaa
Uszaruauluseninamsanfiuniside wazveveugaiifidiuieidemnriiliaii
ounsIzvithemAaayvlilasinsifeiusyaudisoqandldded

ﬂm:pﬁﬁa
SUAN 2561



ATHATY

1. Yovamtilasens nilsudeia LLa:ﬁag:
1.1 Fe-ana (nMwlne) weanozana edsmd
MUY MAIINEIAIERT AusAaUumMansLarIngmans
UWINGRELNEATAENT INSUNVAATLNILLEU

=20
[ad]
e

1 vy 6 AUAMUNILAY 81NN
JmInuAsUTY 73140

2. orin3duTAsan1s wuagudnn LLa::{"'lagj
2.1 o-ana (mwlny) WNUETI AI0133 (Mosatiug)
Mgy Tasinsdnsanieiveadaien
AuzAaUmManswarInemans
UMNINYNRELAEATANENT INENVARILAILAY

ey 1 vy 6 AUANMUNILAL BILNBAUNSLEY
Jwminuasusy 73140
= a
2.2 ¥p-ana (Mwlve) UNANTY AUUIUA
M annilinunsnaindnne yadslasainisvais
iog 192 vy 10 suaasiilals dnneasiily

Janiadedlval 50250



unasudmiuguing
1. uni

4 w . e =4 EY o w e = =
wyeszadu (Citrus spp.) WunildlunaldiifianudAgyed vdamnamsegia uilaa
a s al [ 2 = at | H [ oy
valudanwaziuussmulunaliaauazndnduaiuysgy wu tmalldl Tulszmalvelaeyais
lassmsvanaladnidenvilauaziiuduiieduasulmnuninsugnluiiuiias lngvilavesduind
Fneam laun taueu inswiliv wazduain ad1alsinu Tspvesiivmsznadudutymddy
Tumsugndudalsamanildiaegiauusimivnasdnuazannmuenalianas
o 3 . r = | 1 o
lsAnTuila (Citrus greening disease) 1WulsATNIN1TIZUINBETULTS THaumaifia
& . . . . . o w_ oo =
MNFeuuASY Candidatus Liberibacter asiaticus lsansuiladuanvevaniivinliinnis
= A el w o = | = o =
goydeluvarenuivesnisvanduluieidouazuensnineunacgaszuinlulsavasivuuy
= as =5 o= =l & | e i = | = = '
ey Tsanutlsgniseniudeiuandiaiuluusazgiinin 1 Tudszmaiy Sendi yellow
shoot ¥ huanglongbing; Tuldniu Junin likubin; Tudwie 1Sun dieback; luWauTud
38N leaf mottle Tuneansals Sundn yellow branch, blotchy-mottle ED) greening
1 oo o) = s 1 [ =l ot = o o “ . »
fou WedmutauidnyuzvadsauazssyIntulsabednu Jadenlsaiiin “greening
s ] 1 or EJ - ] 1
(Graca, 1991) luldniuldfinisseauiaeiuddungnludangvdiinnuiuniusielsa
s = oW e ol el was I vy W =
n3utle usnanddslifimaausidsnezlesnulsansudsludule udarenisvesdinazinmiu
uan@anuly uasiniSuauneoIn1sludaEWaDY AnI5LEeNTDININIULAZIINAaUTBTNIAITAS
s W w W = o Y v o w = a
Anduuazaninesuliinesq finuudussanasuasfuduninuazifisatasuimig (Su,
2008)
EJ L) at ¢ ‘J :J L) =) -
Lsafiviiinainhisadnlunilduamaiddgyivilliiinn1sanasvesUiunananin
wasn1smnzuaniinraadenie Tee Citrus tristeza virus WulaSaluana Closterovirus &
[ I i 1 |
Juavezeddsanianfiinaneivnszgaduagieuin (Moreno et al., 2008) 1ul A.a. 1920
Isafiinann Citrus tristeza virus lovnangamamnssuduluaiuiniliwazuon3ni wazroun
| a 1 = at al = a
finsunsszuinvadlsaluialanadesimdy hiiaaaiudlvinde CTv-D gnwuaausnlu
Taniulud a.a. 1981 laghsa CTV-D vilviinademesdisndenisugndulelusziy
geamnssy An1ssreauddlsaiinein Citrus tristeza virus 19zlivinliiinaudenigsie
o W = i Ay s | 2 - = a =
nandndulanUgnanglagamginieululszmauniou agrdlsnnu dsenufgiiulsan
o . . . i d o o | = =y
AN Citrus tristeza virus angwugnisuusemiiiiinanudemenenananduuuuaiiuly
ausnliuasielonsTusanideds lngvinlisuuassunsunasyilinandsuasann wuasdy
anad a1n13vedlsaiiinainlisaliemsfiuanasiuiivedivaeiuiveshiia aewugves
du waznsnuiuvasaaiugauazaunolun1sveeiuginvlaeismadevsen lulsniuiey
o W F W o = "= "I TR o w
vinnsveneiugaulaeisnsideveen lagganduilimuniulsn uilldnwasinalunislvina
HARIzgNIdsUERRUUAURDNUAE Citrus tristeza virus Fasuduazliuaniein1sudinasia
\Wolada (Su, 2008)



msmzdsaiieBeftnlunaiaisnisillizunsvensuiivsransamlunisld
Wemsndnsuiuginduaunnifandnuuzasamuiuusiiug Tneialuuds fudouresis
ldnnsmneidsadaderzummnndesuasuuaiide esmnmninmsvudousiuie
wuaiizsluszninnismzdsaieiBesrusngdnvasduda diu Samnsadauenidie
mdnuseuvesiviiinisialsannifosmieuuaiifeeenldfusuiunouvesmamiziss
doide uilunsdivedhiaduduoymaiifvuadnuazannsamsdineyidiiloarduely
waaadiFindudu msusinpdnuarivsveniiinsuuideureshiaddanaiulden diu
Ingjanisvesiiniianidelrdassdsingniendaaniiinfiwlugn uenainil lasaannsn
deveauasiliRndelfosinenglussmienismzdsaieide duu lunisuandundy
Uaonlaia muuuwusﬂ%‘lunmwwLamLuaLaammaamuwwﬂaaml’a'saaa']dLmam

uanm'ﬁwumwaanmww LaﬂaLuawaw'ﬁ Usznouria m‘mmaamuawawuﬁﬂu
nsiwzidssiiuanzasainduiis nswensieuinatuinveadaiBafinidiomdanis
ﬂutﬂaummaaum‘%é mMsanzdsdumsinzdssiivngay dWelilnsiagdvlauasms
Wauwauiieida msnzdsmelfanneiigneuau uaznsusuRvs et zEes
ldsloghenugnidsdulsadou

Mnuan1sAnulutauuszanm wa. 2560 Tagvinisifiufsvesiivnsznady THun
Loy sl wazduain ffveaiiigunmauarlivanieinisvesnisidulsaainaniil
InyRsHaIU 1R Jminle ijaﬁ'lé'haEhﬂwmﬁsﬁmsgaﬁmwa"\ﬁu'lﬁ’m"lw'nfaaau
Tsen3uils wazlsaniandn wud feduluvesiauouiamaniivinisnsiadevlinunisia
Wenouilsanufluarisaniamen odslsfimusotnsluveanswiin saunudouay 33.3
wasdruauluiiiminsivasy asanunsindsuuaiiBsanualsaniudauaziiegidly
vesdunin S1urudesas 66.7 vasdruaulufiviuinsaaey nsaanunishalde Citrus
tristeza virus avelsAvsanegn lnganmsAnwiiamnsadmdensoniaueusiuiu 17 von
lsinunsimdenadoavalsaniuiisuariada Citrus tristeza virus dswasvaaalsamanil
1ﬁﬁ1m'ﬂ,wwzl,§mLLa::LﬁU%’ﬂmwmm‘immgmF'i'al,uﬁnqm Ms Ainglasa 20 nSudedns
luniswensndeusnmitui lunsdlvasauay nudnmslengndousnaiuislagnisud
fudqusenluaisazargrassand aruiduduiosas 5 lnsusuns uazaisazaisdi
AuaudRanusIfeiin Tween 20 anududuiosar 0.1 Tngu3uns Wuan 10 uni 1Wu
Fmsiidusrannmiaeifesazvesmsluitousduvidiiduariifosazvestudiuiianunsa
Wiiudugougs nadivasduainuazinswniv uiinisrensndouuenatsainuia
annsaanarosazveImsUuouqduvels LLGiE‘J’aﬂaﬁﬁﬂmsUmﬁauqﬁuw%sﬂuszﬁuﬁ@a Tu
nsAnwnsnzisaiedeluanwasaide wuindoifediunsanvosausuannse
Lﬁmlﬁuumm‘imwﬁaaﬁugmg{m MS w%mmﬂmmgﬂaﬁugwam WPM 7finng.f
glasd 30 n¥udedns ogslsfinmu oswzAsiugIuia 2 gas liausadndilianns
\iuFinaseanaznstninliAnsnléd



lumsfinunil Winisiaunisnisensdeuinaiiuivesseniivnszqaduills
mﬂﬁuﬁuﬁﬂgﬂ’luuﬂawqﬂ wazvhnsAnynavasesdUsznouresaswziass 1dud ¥iin
wazAMUTUTUYDI9111S AMITUTUYRIYLATA UWaLANITNTUYBIAITAIUALNIST
WSiuTavin BAP sen1siniliiAngenuamiiiniinuoenvasiivasenaduiionzsies
luanwiasnide

2. Inguszeen

lnsan1sgosi 3. N19338uasimuIm I anduultuiduUasnlsndmiuiiuiaa
[ e el [ = = | =gy & A ey at e
ulassmAdenduaunisdniuns 3 U leeluli 2 TingUszasdiie@nwiuasiinunisns
wneiieaiaed miunsnandulaliugienssnaduivasalsn lngvin1swaunisnmsnen
1 - & a a4 o Y o ) o oy v voow o
dndousnaiuiiveswaniivnsynady laun laneu inswiiv wazduadn Aldansudud
Ugnluulaslgn uasfinwasddsznauresemisiniziaes baun aliauavainududuves
913 ATULBNTUTDIYLATA LagAUTNTUTEIAITAIVANNITIRTLHAULR Biln BAP Liveld
& ado P - W P g |
Judsmawnzanlunmsndasuudiugiasznaduivasnlse

3. Wan1s3veuaziIvsal

Mnmsifiveenvesiivnsznady ldun inswwiv Auaiv uaziaueu anduduiilsi
Usingeinisvesnisilulsn luudasanvemiieddedulladey andinynsnaiiiny
Sunousinng Smdadedmi Tnsgenduiiiuiauemeenliitiu 15 wudims vinisduiiu
wegrsluresdundazaiauvinisnsaalsaniuds lnen1snsdeuvuuaiise Candidatus
Liberibacter asiaticus (CLA) Baludioanugvaslsaniuds 1938msnsraaoudieimnaiia PCR
MINTIBV8 9 Jagoueix et al,,1994 waznsialsaviangilagnisnsiaaaunilada Gitrus
tristeza virus (CTV) Sadudeanmalsaviand 1938n15n1asoudemada RT-PCR Ay
35909 Mehta, et al., 1997 annsodadsnduduiliinstuiounuaiide CLA Faduide
annmvaslsaniule uazliia CTv Fuiludeamnlseniamin lnsdudumariarldiiu
wiasduiuglumsivsemitaiuie fosudulunsmsdsaiadedsly adrlsfnw fdu
Fuduatndurunisiiasamunsuudeuliia cTv %‘I’atﬂutﬁammﬁisw%awﬁ’l lngAu
é’uﬁmi’waxgﬂ’i%’ﬁ]umeciaﬁuﬁuﬂum'ﬁl,ﬁu&Jamﬁaﬂmﬁ’mﬁaL‘%f'uﬁua"’w%'umiﬁﬂmmi
L‘W’]SLgﬂﬂLﬁﬂLgaLﬂ%mﬁ?uUﬁﬂﬂﬂaﬂ

'LunW‘iWaﬂ@JWLﬁgaU%nmﬁuﬁwaa%uehuﬁuﬁlﬁmmﬁué’mﬁﬂQn’LumJaa‘UQnmsﬂ.ﬁ
anmewandouund dauingilnisvuiiouvesdsandsn Wesdunid viatenelsaluiiyly
mnnd’nﬁuﬁﬂnﬁﬂqn'luhaﬁauﬁﬁmmauau fatfu Fesndudesldtunaunenisrensinie
UshmituRafivanzay Seinldlaeheendundreiauazeiadietinazornidadlilina
K Fadudududeiinfiazetn Tnedaduausonuazintudiunude anduthdudiudui
Falduualudazeafinauiioniudesiwiiaansivunidy anudududosas 0.5 lne



Y3unas Wunan 20 wiit Sreheriudeseenlasurluhazeraiiiuntsileinde i
Fuduilrsndaluarsararsueanssedananduiudosas 70 Tasuiuns iunan 30 dund
Mnuutluiavenafidunisiende redodeuutluarsazarsraesend pududu
Souaz 10 lngUiuns uazaisazate Tween 20 ANuuTusosay 0.1 TngUsung Wunan
10 wnil thandrahazenaiithunsidsindouda s 3 afs anthiFaihuudluanssuds
N151930y099aUNSE wiin PPM™ antududuiesas 5 lneusuins Wunan 20 uii Teelu
ma‘wan%iw??au%L‘Jmﬁuﬁwaamiwﬂ%:ﬂ Funin wazlauou dAr¥esazvesnisuuiou
98U wiriu Sesar 40 fevar 30 uarieuay 30 uax fiA1fesarvesiiurududiui
annsasudugengauld windu Sasas 50 Sesar 60 uardasar 60 mudsU

nsAnwmmsmnadsaiiaidelnethtudndeiiinine wureusyana 2 - 3 faduns
ﬁﬂaaﬂL%’mﬂL‘w’1::Lgﬂﬂuuaﬂwﬁiﬁ&LL%QQMﬁﬁLLﬂﬂﬁi’]ﬁﬁluﬁfﬂi‘l'm 9 ans laun 9m15gns
Murashige and Skoog medium (MS) gm5 woody plant medium (WP) Lazgns Linsmaier
and Skoog medium (LS) ff’iﬁmmLmnﬁiwamaamﬁmﬁu%’wmaaﬁﬂssﬂawaaﬁmmmi GER
Wi wazviiaurivesgnsnngu) uazaududuvesglaga (15 uas 30 niudedns) wuin
nsmzidsuileieduiis 3 via UUDIMI5ENT ¥ LS Miduglasa 30 nfusodns (4 LS +
su30) Huwnliufislunisdaasunisiaiyvenieeduduliineen o nimsesazue
nsiingongs Taslunisinzidssdududefiiandrsveansninin fuaiv uazipuey vu
9IMN5dAs Y2 LS + Su30 dfrfevazvesnsiingan iy Seuay 70 Sauag 100 uaviovas
70 pudndu dovihnswngiass 4 &Uansi uenaindl msmmﬁﬂwummﬁ@m MS 91115
ans WPM uaremsgns LS ilinisiuglasa 30 nfusiodns duunlivusansdmialiiin
vasldfniremnsgnsiisinsiinglasa 15 n3usedns evhmsmzdsaduna 12 dai
WU 1‘1!?1’13LWWSLgﬂdLﬁBLSE\LﬂﬁWN%:YI ANAIYN WAZLANDY H9TWIULeR 1.1-1.3,1.2- 1.6
WAy 1.2 - 1.4 geasardoiesudy audiu waziisruaulufndy 2.2 - 34,24-69 uag
1.9 - 4.3l sotudruiEuduitldimzdes audidu uiinansensmani liuanunantig
Falausonsiiinyiuiaten ag1elsfng soafilayuuemisans v LS + Su30 Tuendl
gunanaziludiden

=

2 2 = - ¥ = EJ
lun1sfnwinavesanududuresarsaiuaunisiasyivlnlundulelnlaiiunise

mstnirliAngeauaynsiiuUiinuson Tnevinsingdsstudiuteiiiinndneiivaonidod
flawrnadugalseuna 5 Gafluns uuem15gns ¥ LS + Su30 uagliuansniununis
wigiulangulelalaiu via BAP findnuidudu 0 1 2 3 way 5 Sadnfudedns Tunis
wnzidsuiodefunuuemsinizdssiiiiu BAP fianududu 3 fadnsudednsiinis
WSyuesweniiaan fe fldsesazueanisiinsen Wiy Sevaz 100 Wensizdss 4
#Uasi wasiunilusosonasiian uazlufinuduse levihnsnzides 12 dai Tu
nMsmzdsaioidolausy wuin 91n5gRs ¥ LS + Su30 fin BAP fimudiudu 2 uaz 3
fadnsusednsiduenmsgnsimunzan annsadnilfiingeald $esaz 90 evinis
wnziEss Wunan ¢ dUan LmsﬁﬂﬁﬁﬁfyjumﬁluﬁLL%&LL'NLLasﬁﬁ‘hmu’LUﬁaaaﬂqa idloyinnns



weides Wuna 12 flai dlewSeuiisunavenisiaiarestendilunsimnadesiiliil
MSIAN BAP (RAAIUAL) WU N13L93RyvetBenduUUDIMTTIRY BAP dm3ouazueinisiin
yongund1 uariimsduaiumaaialudumiuenvsswontasduaiunisiutuwesiiuay
uiiwdauswioson athdlsimulunsmadoskifinsiaiuvesinusensou

4. a3y

luns3dguasimuinisudaduusiududasnlsadmiuiiuiigs lavinisfne
Farswnzdeaiadafivasenady 3 vda Ussnousie inswniv Auaiv wazaueu Tagiiu

]
= '

Avsouvesduiivgnifesluiiuiivommieiseduldedos amiinumiaiatne sunouang
Jaindeing Iﬂaé‘haéﬂwaﬂuﬁugﬂﬁﬂmmwkmﬂ%uﬁa (citrus greening disease) #8735
PCR uagns1alsANTaLme (citrus tristeza disease) #1835 RT-PCR (e szya1nuvanalsn
YoIA08194N ﬁw%’u%eumaumswanahv’gaﬁnmﬁuﬁwaaé’uﬁﬂ@ﬂ’LULLUmﬂQﬂ vinlagin
Fuduseanietudiutevesiivasnaduurluthaserniinauirerfuidesisinasiuumay
asdudusosar 0.5 TngUsung Wua 20 uil 9nduguivdugonniodudiudoves
duasluarsazarsusanesaamnududuiovar 70 lagusuias 1Wuial 30 Jurd urlu
A1582a79Aa059NG AMMTNTUSaBaz 10 lnaUsung wazaisazaty Tween 20 AULTNTUY
Yaay 0.1 InsvUuas Wunar 10 wil nduudluarsdudnisaiyvesnaunid vin
PPM™  pnnaidiududenas 5 Tngusuans Wuan 20 undl 3imsivinlnlésesazveailode
Fuguilannsaadyugonseuvaunswiin duain wazianeu winfu Josay 50 Yovas
60 uaz So8az 60 MUAINU

nsnwmsmnAsadedslastihiudiutefiindisfinogiime dssuuanmsis
WU9ansIIUY 9 ans lALA 8111585 Murashige and Skoog medium (MS) @ns woody
plant medium (WP) uaz gms Linsmaier and Skoog medium (LS) AflAuunna1eves
amudutuveteidusznauegnseImIs (ASaviLazyluvivesgnsuInssIL) LasAY
Wuduvealasd (15 uay 30 NFusedns) wui Aswzdsuidededudi 3 9la vuemns
gns % LS ﬁLﬁmﬂﬂsa 30 A3UARANT (14 LS + Su30) fuunliuiidlunisduadunisiaiyves
dodeduduliAngen demniirfesazvasnisineangs Inslunsiwizidssiudiudofii
MA1aeLnsHin AuAy waziauou yuewNIans ¥ LS + Su30 didieuavveinisiingen
Wiy $osaz 70 fovar 100 uay fosay 70 mudrdy Weviinisimzides 4 e
uaﬂmnﬁnwst13L§ﬂauuaﬁw15qmﬁ MS 81%15gAs WPM Way 81m115ga5 LS Afinnsiia
glasa 30 NFunedng ﬁLLu'ﬂﬁmaamﬁﬂﬂﬂﬁLﬁmalaﬂlﬁﬁﬂiwmmi@mﬁﬁmﬂﬁmsgim‘sa 15
nfusedns Weviniswnedsadunan 12 §Uanv wudn qmmmsmehﬁhjLLamauaasJ'N
Falusonisiiiny3unusen sdnslsinueeailladyuueinsgns v LS + Su3o flueni
gunanazdludided



lunmsfnvmavesmaiduarsavaunsaigdulangulelalaiiu wila BAP fens
FniliAnsenwasnisiiuuiinaeen Tnevnswisdsdududeiiindeivaendei
YUIRAINFIUTELIN 5 TABLINT UUDIMISANT % LS + Su30 Uzl BAP findnuidudui
WANFININU WU mm‘sqmsﬁ'mmsﬁu“Lum‘stwmgwﬁm?iaﬁuﬂﬁ’w Fun ewnswdeosdl
i BAP fimnundadu 3 fadndudedns Tnadlovhmswnudes 4 §Uav finsasyuesen
fi fidrsavazyosnisiinuen Sauar 100 way Wovhnsmnzides 12 dUav Ssuauluse
ongsiign wazluiinnuudauss lunismnzideailodaaney wuin 81115805 1 LS +
Su30 AN BAP fianuidudy 2 way 3 Tadnsusiedns Li‘JumWﬁqmﬁmmzau dovinns
Wnzides 4 §Uav annsodmirliiAnsenls Sesay 90 uasniievnmsinzdss Wunan 12
dUaii umswscwmlumvwmua #3nulureyonas LuaLﬂsﬂumawaﬂaamﬁmmm
gondulumsimuasiilsidinasiiu BAP (¥AAIUAY) MU N33 QUBIBENFNULD I ST
BAP fiFnfagaryeen1sifingonainidi uaziin1sduasunisiasyludiuainuegnvesen uay

b

dsasunsiinduvesdruiuluiudnssseson agralsAmuluniswnziasdifinnsinduyes
1LY DADDY



Executive Summary

1. Introduction

Citrus spp. is one of the most economically important fruits corps. The fruit is
consumed as fresh fruit and processed product such as fruits juice. In Thailand, the
Royal Project Foundation selects the potential variety of citrus fruit including lemon,
grapefruit and kumquat in order to promote these citrus for planting in highland
areas. However, the disease is one of major problems in citrus cultivation, which
have brought about serious yield loss and deterioration of fruit quality.

Citrus greening disease is a seriously microbial disease caused by the
bacterium Candidatus Liberibacter asiaticus. Greening disease is a major cause of
crop and tree loss in many parts of Asia and Africa. Before it was identified as one
disease, it had been known by various names: yellow shoot (huanglongbing) in China;
likubin (decline) in Taiwan; dieback in India; leaf mottle in the Philippines; and yellow
branch, blotchy-mottle, or greening in South Africa. As it became clear that all these
similar diseases, the name “greening” was widely adopted (Graca, 1991). In Taiwan,
commercial citrus cultivars possess resistance to ereening disease has not been
reported (Su, 2008). Moreover, method for curing greening disease has not been
proposed. Although the disease symptoms differ to some extent among cultivars, it
commonly. starts with yellowing of leaf veins and adjacent tissue. Premature
defoliation will follow, and dieback of twigs, decay of feeder rootlets and lateral
roots are the next stages of symptom development. Finally, the tree gradually
declines in vigor and the entire plant withers (Su, 2008).

Viral disease is considered as one of the most important case of yield loss
and cultivar decline. Citrus tristeza virus, a member of genus Closterovirus is the
causal agent of various diseases with dramatically effects on citrus crops (Moreno et
al., 2008). In 1920 Citrus tristeza virus devastated the citrus industry in South America
and Africa and it has rapidly spread worldwide. A new strain, CTV-D, was first
identified in Taiwan in 1981 which has seriously damaged pummelo industry causing
tree dwarfing. The Citrus tristeza virus was considered not to damage the pummelo

badly under warm temperature in the tropics. However, there have been some



reports of virulent strains attacking sweet orange and/or mandarin in South America
and South East Asia. These strains cause severe stem pitting and stunting, and
resulting to deterioration of fruit yield and quality. The virus causes a variety of
disease symptoms on citrus depending upon virus strain, citrus variety and scion-
rootstock combination. In Taiwan, all the citrus cultivars are propagated as graft
susceptible scions onto Citrus tristeza virus-tolerant rootstocks. The citrus trees, in

general, show no symptoms, even if they are infected by the virus (Su, 2008).

Plant tissue culture is utilized as an effective technique for producing large
numbers of identical copies of a plant from its mother plant. Basically, plantlets from
tissue culture are free of mold and bacteria. The infected plant tissues are clearly
seen and then eliminated during the in vitro culture process. However, in case of
virus infections, the infected tissues are difficult to visualize since viruses replicate
themselves only inside the living cell of other organisms. Most of the symptoms of
virus-infected plants appear after planting. In addition, viruses are easily transmitted
to other tissues during the tissue culture process. Thus, in order to produce virus-free
plantlets, the source plants for tissue culture must be completely free of virus.

The basic principle of plant tissue culture involve the selection of the
adequate explant from a plant source, the subsequent surface sterilization to
eliminate microbial contaminations, cultivation in a proper culture medium to allow
growth and differentiation of the tissue, incubation under controlled conditions, and
finally the adaptation of in vitro regenerated plants to greenhouse conditions.

From recently our results in 2017, the healthy young branch of Citrus spp.
consisting of lemon, kumquat and grapefruit were collected from the Royal
Agricultural Station Pang Da, Chiang Mai province. From the results of citrus greening
and tristeza disease testing showed that both disease were not detected in all of
lemon leaves samples. However, citrus greening disease were detected in 33.3% of
grapefruit leaves samples and Citrus Tristeza Virus were detected in 66.7% of
kumquat leaves samples. Seventeen shoots of lemon which as citrus greening
disease-free and Citrus Tristeza Virus-free shoots were carefully maintained on basal
MS medium containing 30 ¢/L sucrose. At the present, the processes of selection and
collection the disease-free citrus shoots are carried out. For surface sterilization of

lemon shoot, the surface sterilization with 5% (v/v) clorox solution and 0.1% (v/v)



Tween-20 on a sonicator for 10 minutes were the effective procedures exhibits low
percentage of contamination and the highest percentage of explant forming shoots.
In case of kumquat and grapefruit, surface disinfection on a sonicator can reduce the
percentage of contamination although these are still high value. In the study of
in vitro culture, lemon shoot bud explants could be grow on basal MS medium or
basal WPM medium containing 30 g¢/L sucrose. However, both basal medium could

not induce shoot multiplication and root induction.

In this study, the surface sterilization process of field-grown Citrus spp. shoot
were developed. Then the several effects of culture medium composition including
culture medium types and strength, sucrose concentrations and BAP concentrations

on in vitro induction and multiplication of Citrus spp. were evaluated.

2. Obiective

The sub-project 3: Research and development of the virus-free Citrus spp.
mother plant production for growing in highland areas is a three-year long project. In
the second year, the purpose was to investigate and development the tissue culture
process for the production of disease-free Citrus spp. mother plant. The surface
sterilization process of field-grown Citrus spp. shoot were developed and the culture
medium composition including culture medium types and strength, sucrose
concentrations and BAP concentrations were investigated in order to use as suitable

method for producing virus-free Citrus spp. plantlets.

3. Results and discussion

In this study, the healthy young branch of Citrus spp. consisting of grapefruit,
kumqguat and lemon were collected from field growing plants of the Pongnoi
Research Units, Royal Agricultural Station Pang Da, Chiang Mai province. The sample
of these citrus leaves are tested the citrus greening disease by using PCR method
(protocols described by Jagoueix et al., 1994) and citrus tristeza disease by using RT-
PCR method (protocols described by Mehta, et al., 1997) in order to identify that
the citrus plant is disease-free. Disease-free plants were used as source of explants

for in vitro culture,



Shoots of about 15 cm in length of Citrus spp. were taken. Leaves were
removed and shoots were washed carefully with running tap water to remove
surface dirt. Nodal segments with axillary buds were dissected with a sterile blade.
The dissected segment were sterilized by immersed in 0.5 % carbendazim solution
with shaking at 100 rpm for 20 min and rinsed by sterile distilled water three times
(each for 10 min). Dipping these segments into 70% ethanol for 30 sec and rinsed by
sterile distilled water for 5 min. Then, transfer them to immerse in 10% Clorox
solution (commercial bleach) and 0.1% Tween-20 solution with shaking at 100 rpm
for 10 min and rinsed by sterile distilled water three times (each for 10 min) in order
to wash out residual bleach sticking to the segments. Finally, transfer them to
immerse in 5% PPM solution (Plant Preservative Mixture, Plant Cell Technology,
Inc™) for 20 min. All of these steps were carried out in a laminar flow cabinet. These
procedure showed the percentage of survival in grapefruit, kumquat and lemon at
50%, 60% and 60% respectively.

Unfortunately, tissues of field-erown plants are highly contaminated.
Consequently, it is difficult to obtain sterile explants which are suitable for in vitro
tissue culture protocols (Rugini, 1990). Surface disinfection of plant material is
essential for in vitro cell and tissue culture protocol. In this process, an attempt is
made to eliminate microbial contaminants from the surface and interior of plant
material without destroying and killing the plant tissues (Teixeira da Silva et al., 2015;
Lazo-Javalera et al, 2016). Since disinfection agents used for surface disinfection of
explants can also be toxic to plant tissues, a balance between the level of
contamination and explant survival should always be considered when disinfection
agents are used. Traditionally, the disinfection method using chloride hypochlorite
solutions (NaOCl), which usually represents a good option for tissue disinfection
(Lazo-Javalera et al.,, 2016). NaOCLl is highly effective against all kinds of bacteria,
fungi, and viruses. Moreover, NaOCl has a strong oxidizing property which makes it
highly reactive with amino acids, nucleic acids, amines, and amides. The general
reaction between amino acids and NaOCl produces the respective aldehyde, NH4Cl

and CO; (Yildiz, 2012).
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In the in vitro cultivation, the nodal segments with axillary buds of about 2-3
mm in length were cultured on nine semi-solid medium such as Murashige and
Skoog medium (MS), woody plant medium (WPM) and Linsmaier and Skoog medium
(LS) which different strength of medium (%2 and full) and concentration of sucrose (15
and 30 g/L). In the results, Y2 LS media supplemented with 30 g¢/L of sucrose showed
positive effect on shoot induction. From this medium, the shoot induction rate of
grapefruit, kumquat and lemon was 70%, 100% and 70% respectively after 4 weeks
of cultivation. Moreover, the cultivation on all MS, WPM and LS medium
supplemented with 30 ¢/L of sucrose induced greater shoot induction rate than
medium supplemented with 15 g/L of sucrose. For 12 weeks of cultivation, the
averages number of shoots and leaves produced from in vitro culture of grapefruit
kumquat and lemon were 1.1-1.3, 1.2-1.6 and 1.2-1.4 shoot/explant and 2.2-3.4, 2.4-
6.9 and 1.9-4.3 leaves/explant, respectively. Although those medium did not
certainly effect on shoot multiplication, shoots on %2 LS medium supplement with 30
g/L sucrose were produced healthy shoots and greener leaves.

The experiment investigated the effect of exogenous cytokinin on in vitro
shoot induction and multiplication of Citrus spp., the nodal segments with axillary
buds of about 5 mm in length were cultured on % LS containing with 30 ¢/L of
sucrose and individually supplemented with 0, 1, 2, 3 and 5 mg/L of 6-benzyl amino
purine (BAP) for 12 weeks. The best in vitro growth of kumquat was achieved when
using the medium supplemented with 3 mg/L of BAP. From this treatment, the shoot
induction rate was 100% after 4 weeks and it was achieved the highest number of
healthy leaves after 12 weeks of cultivation. In the in witro culture of lemon, the
suitable medium were %2 LS medium containing with 30 ¢/L of sucrose and
supplemented with 2 or 3 mg/L of BAP. Under these formulas, the shoot induction
rate were 90% after 4 weeks and they were achieved high number of healthy greener
leaves after 12 weeks of cultivation. When compared to the medium with absent of
BAP (control treatment), the in vitro growth of citrus shoots on medium
supplemented with BAP produced higher shoot induction rate, enhanced shoot
elongation and healthy leaves multiplication. However all treatment could not

induce shoot multiplication.



4. Conclusions

In the research and development of disease-free Citrus spp. mother plant
production for growing highland areas, the tissue culture process of three species of
citrus including grapefruit, kumquat and lemon were investigated. The young
branches of Citrus spp. were collected from Pongnoi Research Units, Royal
Agricultural Station Pang Da, Chiang Mai province. The sample of these citrus leaves
are tested the citrus greening disease by using PCR method and tristeza disease by
using RT-PCR method in order to identify that the citrus plant is disease-free. For
surface sterilization procedure of field-grown citrus, shoot or nodal section were
sterilized by immersed in 0.5 % carbendazim solution for 20 min, dipped in 70% (v/v)
alcohol for 30 sec, immersed in 10% (v/v) clorox solution and 0.1% (v/v) Tween-20
solution for 10 min, and then immersed in 5% (v/v) Plant Preservative Mixture
(PPM™) solution for 20 min. These procedure showed the percentage of survival in
grapefruit, kumquat and lemon at 50%, 60% and 60% respectively.

In the in vitro cultivation, the explants were cultured on nine semi-solid
medium such as MS, WPM and LS medium which different strength of medium (%
and full) and concentration of sucrose (15 and 30 g/L). In the results, Y2 LS media
supplemented with 30 ¢/L of sucrose showed positive effect on shoot induction.
From this medium, the shoot induction rate of grapefruit, kumquat and lemon was
70%, 100% and 70% respectively after 4 weeks of cultivation. Moreover, the
cultivation on all those medium supplemented with 30 ¢/L of sucrose induced
greater shoot induction rate than medium supplemented with 15 g/L of sucrose. For
12 weeks of cultivation, those medium did not certainly effect on shoot
multiplication. However, shoots on %2 LS medium supplement with 30 ¢/L sucrose
were produced healthy shoots and greener leaves.

The experiments were carried out to determine the effect of exogenous
cytokinin on in vitro shoot induction and multiplication of Citrus spp. In the in vitro
culture of kumquat, the suitable medium were %2 LS medium containing with 30 g/L
of sucrose and supplemented with 3 mg/L of BAP. From this treatment, the shoot
induction rate was 100% after 4 weeks and it was achieved the highest number of

healthy leaves after 12 weeks of cultivation. In case of lemon, the suitable medium



were Y2 LS medium containing with 30 ¢/L of sucrose and supplemented with 2 or 3
mg/L of BAP. Under these formulas, the shoot induction rate were 90% after 4 weeks
and they were achieved high number of healthy greener leaves after 12 weeks of
cultivation. When compared to the medium with absent of BAP (control treatment),
the in vitro growth of citrus shoots on medium supplemented with BAP produced
higher shoot induction rate, enhanced shoot elongation and healthy leaves

multiplication. However all treatment could not induce shoot multiplication.
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Abstract

In the research and development of disease-free Citrus spp. mother plant
production for growing highland areas, the tissue culture process of three species of
citrus including grapefruit, kumquat and lemon were investigated. The young
branches of Citrus spp. were collected from Pongnoi Research Units, Royal
Agricultural Station Pang Da, Chiang Mai province. The sample of these citrus leaves
are tested the citrus greening disease by using PCR method and tristeza disease by
using RT-PCR method in order to identify that the citrus plant is disease-free. For
surface sterilization procedure of field-erown citrus, shoot or nodal section were
sterilized by immersed in 0.5 % carbendazim solution for 20 min, dipped in 70% (v/v)
alcohol for 30 sec, immersed in 10% (v/v) clorox solution and 0.1% (v/v) Tween-20
solution for 10 min, and then immersed in 5% (v/v) Plant Preservative Mixture
(PPM™) solution for 20 min. These procedure showed the percentage of survival in
grapefruit, kumquat and lemon at 50%, 60% and 60% respectively.

In the in vitro cultivation, the explants were cultured on nine semi-solid
medium such as MS, WPM and LS medium which different strength of medium (¥
and full) and concentration of sucrose (15 and 30 ¢/L). In the results, 4 LS media
supplemented with 30 ¢/L of sucrose showed positive effect on shoot induction.
From this medium, the shoot induction rate of grapefruit, kumquat and lemon was
70%, 100% and 70% respectively after 4 weeks of cultivation. Moreover, the
cultivation on all those medium supplemented with 30 ¢/L of sucrose induced
greater shoot induction rate than medium supplemented with 15 ¢/L of sucrose. For
12 weeks of cultivation, those medium did not certainly effect on shoot
multiplication. However, shoots on % LS medium supplement with 30 g/L sucrose
were produced healthy shoots and greener leaves.

The experiments were carried out to determine the effect of exogenous
cytokinin on in vitro shoot induction and multiplication of Citrus spp. In the in vitro
culture of kumquat, the suitable medium were %2 LS medium containing with 30 ¢/L
of sucrose and supplemented with 3 mg/L of BAP. From this treatment, the shoot

induction rate was 100% after 4 weeks and it was achieved the highest number of



healthy leaves after 12 weeks of cultivation. In case of lemon, the suitable medium
were ¥ LS medium containing with 30 ¢/L of sucrose and supplemented with 2 or 3
mg/L of BAP. Under these formulas, the shoot induction rate were 90% after 4 weeks
and they were achieved high number of healthy greener leaves after 12 weeks of
cultivation. When compared to the medium with absent of BAP (control treatment),
the in vitro growth of citrus shoots on medium supplemented with BAP produced
higher shoot induction rate, enhanced shoot elongation and healthy leaves

multiplication. However all treatment could not induce shoot multiplication.



